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Abstract: To address the risk and reliability challenges in both private and regulatory 

sectors, the reliability engineering discipline has gone through a number of 

transformations during the past few decades. This article traces the evolution of these 

transformations and discusses the rise of mechanistic-based reliability modeling 

approaches in reliability engineering applications in recent years. In this paper we discuss 

the ways reliability models have progressively become more practical by incorporating 

evidence from the real causes of failure.  Replacing constant hazard rate life models (i.e., 

exponential distribution) with other distributions such as Weibull and lognormal was the 

first step toward addressing wear-out and aging in the reliability models. This trend was 

followed by accelerated life testing, through which the aggregate effect of operational and 

environmental conditions was introduced to the life model by means of accounting for 

stress agents. The applications of mechanistic reliability models were the logical 

culmination of this trend. The physics-based (or mechanistic-based) reliability models 

have proven to be the most comprehensive representation, capable of bringing many 

influential factors into the life and reliability models of the components. The system-level 

reliability assessment methods currently available, however, seem to have limited 

capabilities when it comes to the quantity and quality of the knowledge that can be 

integrated from their constituent components. In this article, past and present trends as 

well as anticipated future trends in applications of mechanistic models in reliability 

assessment of structures, systems, components and products are discussed. 
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1.    Introduction 

Quality of an item is a direct function of its form and functionality. Most reliability 

engineering efforts, however, concentrate on the functionality rather than the appearance 

of the product. The reliability at a specific time is defined as the probability that the item 

will perform the intended functions under specified environmental and operational 

conditions. The reliability function, which is a monotonically decreasing function of the 

life time, is a quantitative measure for the quality of the item. If the service life of the item 

is allowed to proceed unlimitedly, the item will eventually cease to perform its intended 

function. All mechanical systems exhibit decreasing reliability over time because their 

components are not ideal and their materials degrade as they age. The system degradation 

is supported by the second law of thermodynamics, by which every system degrades and 

the total entropy generation is always positive [1].                                                                 
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Engineering professionals in many different technical applications practice reliability 

engineering. This discipline has gone through several transformations during the course of 

its relatively short history, especially, after World War II. These gradual changes have 

permitted the discipline to position itself so as to meet the requirements of technical 

applications. The achievements have been overwhelming, but there are always new 

challenges to be addressed by future developments. The end users, designers, 

manufacturers or regulators depending on the application typically propose these 

challenges.  Regarding consumer products for example, the consumer culture has been 

dramatically altered in the past few decades. Today, most consumers anticipate shorter 

product lives, but expect higher dependability of their products. The product is discarded 

not because it is no longer functional, but rather because it is simply obsolete or because 

more affordable, newer versions with extra features are available. Consumer tolerance of 

defective products has also dramatically decreased. Only two decades ago it could take 

years before consumer reviews could sufficiently damage a product’s reputation in the 

market. Today, however, it can be a matter of only a few days before customer reviews in 

Internet forums can isolate a brand name that may lead to financial misfortune for the 

company. A combination of these factors, plus ever-increasing demand for better after-sale 

services, has created a very competitive environment and has left a tiny allowable margin 

for error and negligence.  

From the manufacturer’s point of view, however, it is not just the market demands, 

but the technical resources, availability of new technologies, and above all, the profit 

margin that dictate their strategies. Recent advancements in manufacturing and diagnostic 

technologies in addition to improvements in engineering basic knowledge about the 

behavior of materials have created a totally different environment for design, 

manufacturing and user/operation. Today, reliability engineers are asked to develop 

reliability assessment platforms that are capable of integrating diverse sources of 

knowledge, from simple field returns to the results of the most sophisticated physics-of-

failure and finite-element stress analyses of the component.  

From the safety regulation perspective, the diversity of design and alternative safety 

features, the cost saving requisite of the projects, and environmental concerns have all 

forced experts to abandon traditional conservative views and adopt new, promising, risk-

informed, risk-based and/or performance-based decision-making approaches [2]. This was 

mostly because even the conservative approaches to design, manufacturing, and operation 

could not eliminate the possibility of accidents. The risk assessment techniques that were 

originally developed to support conservatism in design, construction, manufacturing, and 

operation were increasingly used to develop comprehensive probabilistic risk assessment 

models to support critical decisions about the alternatives. The achievements of risk-

informed approaches in safety of nuclear power plants and space missions, for example, 

have reinforced the importance of utilizing risk information alongside other measures in 

reliability engineering practices.  

Traditional reliability methods and concepts should be revised in order to address the 

fast-growing demand for highly reliable and quickly evolving engineering systems, 

structures, and components. Traditional reliability assessment techniques were originally 

developed based on empirical models fitted to field data. These models are available in 

several standards and publications such as the MIL-HNBK-217 [3].These techniques have 

long been criticized for their shortfalls. For example, the popular constant hazard rate 

failure model is not practical in many applications and is sensitive to departure from the 

initial assumptions [4, 5]. 
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In this article, the rise of mechanistic methods and the physics-of-failure (PoF) 

approach in developing reliability models and data for highly reliable mechanical and 

electronic items is discussed. The paper argues that a paradigm shift away from reliability 

methods solely driven by historical data from field and test observations and toward 

engineering-based methods is inevitable. Technological advances and the breadth of the 

knowledge that has become available about the underlying degradation processes and 

applicable mechanisms of failure have accelerated this pattern. Technologies are evolving 

at a pace much faster than the time needed to generate enough field data or to perform a 

large amount of reliability tests economically. The first section of this article describes the 

historical trend in expanding POF methods as a dependable technique for reliability 

assessment of today’s electronic, mechanical and electromechanical items. Then, drawing 

from lessons from the past and models of the future, an attempt is made to tentatively 

outline the future of this mechanistic approach. 

2.    Historical Remarks 

     Regardless of the name and purpose of the individuals who first used the term 

“reliability” in industry or literature and whether or not reliability is an ancient or modern 

concept, here we are interested only in the history related to the development of methods 

used in reliability engineering and risk assessment, which are used mostly to assess the 

performance of mechanical and electromechanical items. Through this review we will 

highlight the general trends in the past and present to ultimately propose a tentative future 

for the reliability assessment techniques.  

In this historical review we focus on the last five decades, which have been notable 

for the rise of reliability engineering as a formal and independent discipline (for more 

information on early and pre-early history of reliability see [6]). 

2.1   Initiatives in 1950’s 

     Interest in establishing a quantitative measure for the quality of design began during 

World War II, as did the design concept that a chain is only as strong as its weakest link. A 

number of applications of such techniques in weapon systems development during that 

war are notable. The concepts were primitive and ad hoc. After the war, between 1945 and 

1950, there was a great deal of concern in the US Air Force regarding the quality of 

electronic products. It was found that these parts were operative only about 30 percent of 

the time during their missions, and that the cost of their repair and replacement was more 

than 10 times their original cost [6]. The starting point of a formal reliability engineering 

practice for electronics may be traced back to the Ad Hoc Group on Reliability of 

Electronic Equipment established in December 1950. However, it is in fact the formation 

and active involvement of the Advisory Group on the Reliability of Electronic Equipment 

(AGREE) by the US Department of Defense in 1956 to 1958 that is often considered as 

the turning point in modern reliability engineering [7].  

     It is conceivable that most of the methodologies available for reliability assessment 

were originally developed for electrical systems. For electronic systems it is relatively 

easier to perform repetitive tests to produce many failure samples in a fairly short period 

of time.  Therefore a statistically based reliability representation was a natural outcome. 

This was basically the reason for the original statistical based definition of product 

reliability or failure in early stages. There are other instances of the electrical engineering 

community developing methods for reliability assessment. For instance, the logic 

function, with two possible conditions of success and failure for the component, is nothing 

but binary logic in electronic systems.  
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In contrast to electronic systems, there are usually no abrupt failures in mechanical 

systems, and degradation processes leading to failure happen on a slower time scale. In 

mechanical systems there are always one or more degradation processes that weaken the 

component and ultimately cause the failure. Study of the actual modes of failure and the 

degradation phenomena themselves was never a limiting factor for the study of reliability 

of electronic components, since they were relatively inexpensive and small in size.  

By screening infant mortalities out of a large population, the hazard rate of the 

remaining electronic items is well approximated by the constant rate model in the limiting 

condition, which suggests the exponential reliability model. It was about 1953 when the 

applications of the probabilistic notions of reliability represented by the exponential 

distribution became systematically and widely used. One of the main driving forces for 

this popularity was the simplicity of the corresponding reliability functions. Having 

limited computational resources, the early reliability practitioners were evidently seeking 

a simple reliability model with a straightforward mathematical representation. A 

combination of these factors made the exponential distribution the dominant model in 

early reliability assessments. This simplicity accelerated many improvements in 

traditional statistical and probabilistic approaches to measuring, predicting and testing of 

item reliability in the 1950s. 

2.2   Exponential Distribution Retreat, 1960’s 

     By the 1960s, the exponential distribution turned out to be not so practical for many 

applications and sensitive to departure from the initial assumptions. The application of this 

model for components with high reliability targets could result in unrealistic mean-time-

to-failure (MTTF) [7]. Further, this model basically ignored any aging and degradation in 

the component and had no memory to keep track of the damage being accumulated in the 

item. Similarly, a repairable item that starts as new was expected to experience the exact 

same rate of occurrence of failure (ROCOF), which is also unrealistic.  After such 

disappointments, reliability practitioners made an attempt to capture some of the physical 

characteristics of failure into their modeling by using other available traditional 

distributions, such as the Weibull and lognormal distributions. The hazard rate for the 

Weibull distribution, for example, is time-dependent and can be either monotonically 

decreasing or increasing, which effortlessly explains infant mortality and aging. No 

maintenance, test or repair activities are usually required for electronic components within 

a system, since failed components are simply replaced by new parts. But, while this 

assumption is consistent with applications of memory-less exponential distribution for 

electronic products, it is not the case for mechanical systems due to the size, durability 

and maintainability of such systems. For these systems other life models with variable 

hazard rate appeared to be a better option. 

The concept of physics of failure (PoF) was introduced in the early 1960’s as part of a 

series of symposia that took place at the Rome Air Development Center (later became 

Rome Laboratory)[8]. Unfortunately, the electronic industry continued using the lot 

tolerance percentage defective (LTPD) statistic to address failures of electronics.  It was 

not until late 1980s that PoF was revisited as a serious alternative. 

2.3   Birth of the Fault Tree Analysis in 1970’S 

     The 1970’s marked the birth of fault tree analysis, which was motivated by the need for 

safety assessment in the aerospace industry and later for nuclear power plants [2]. Up to 

this point, most reliability engineering efforts were focused on reliability of components 

and devices. Nevertheless, there was intense interest in system-level safety, risk and 
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reliability in different applications such as the gas, oil, and chemical industries, and above 

all, in nuclear power applications. These challenges were immensely appealing to 

reliability community in the 1970s. 

     The electronic system origins of reliability assessment can also be seen in the 

appearance of parallel and series configurations in reliability block diagram and fault 

tree/event tree applications. In mechanical systems there are hardly any such redundancies 

in place, and the design concept of the weakest link appeared often enough to define the 

failure logic of the system. The operation of electronic components in parallel or series 

has a small and sometimes negligible impact on each other (e.g., in electronic boards). 

This also explains the popularity of independent-event assumptions in early reliability 

assessment methodologies. The fact that, in normal operation, each component sees a 

specific voltage that is supported by the board no matter what happens to the other 

components made the independent-event assumption a very common practice in early 

reliability modeling attempts. However, mechanical components instead usually operate in 

highly varied dynamic environments in which the operational condition of one component 

strongly depends on the neighboring ones. The functional dependency of mechanical 

components acts through operational conditions such as temperature, pressure, lubrication 

and other transient characteristics of the system dynamic, all of which must be addressed 

in the reliability model of the components. The community of mechanical engineers 

struggled with this issue and proposed some early parametric, data-driven methods to 

address presence of functional dependencies at the system-level analysis (for example see 

K.N. Fleming [9]). 

2.4   Accelerated Life Testing Era of 1980’s 

     The decade of the 1980’s experienced explosive growth in integrated circuit (IC) 

technology. The traditional approach to developing a life model for such components was 

to collect as much field failure data as possible to build a statistical model for the 

component life. For ICs, however, the collected data evidently showed a strong correlation 

between the failure rate and the complexity of the ICs. This complexity, which was 

measured by the number of gates and transistors, later was successfully incorporated into 

the life model of ICs [10]. As the technology advanced, the gate or transistor count 

became too high to be useful as measure of complexity. Measures such as defect density, 

the die area and the yield of the die were introduced later as different physical measures to 

be considered along with the statistical life models.  

     Because of decreasing budget and resources, and also due to faster trends in mass 

production, great emphasis was placed on capturing the needed information with much 

less effort.  As a result, design and assessment methodologies that addressed the root 

causes of failure and other operating conditions emerged as powerful cost saving 

techniques. The accelerated life modeling approach was a direct outcome of this 

movement. Accelerated life models took into account some of the operational conditions 

and were a primary attempt by reliability practitioners to make the life models more 

flexible. In the first step of this approach a stress agent, which could be an aggregate 

effect of many physical and operational conditions, was introduced. In the next step this 

agent was added to the statistical distribution of TTF to form a robust and general life 

model. Such models had more flexibility, yet needed much less reliability (failure) data 

[11]. 

     Nevertheless, it is usually very complicated (if possible at all) to introduce one or two 

stress agents to replace the aggregate effect of all influential factors in accelerated life 

testing approach. Many assumptions and simplifications need to be made, which could 
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unacceptably limit the relevance of the outcomes. Yet, this was not the only challenge, 

since the accelerated life models, like all other statistical-based approaches, needed data 

for validation, and data collection meant time and resources that were decisively tight for 

most start-ups and fast-growing businesses. In addition, there were no data available for a 

product in the design stage or for a highly reliable product that was hard to break. In such 

cases, if the modeler was lucky, reliability models could be constructed based on some 

generic data from the history of similar products.  This data could be updated later with 

expert judgments or other soft data with statistical inference techniques. The uncertainty 

bounds of such predictions depended upon direct failure data, if available. Therefore, 

more dependable reliability techniques needed to be developed to address reliability 

challenges imposed by emerging mass manufacturing technologies. 

     The other interesting trend in the 1980’s was the growing application of Bayesian 

method in probabilistic data analysis. Using this approach, engineers utilized data 

available in generic handbooks and from expert opinions and any previous experience 

with similar products to make a probability density referred to as a prior distribution. The 

Bayesian framework made it possible to update this prior knowledge later and by just a 

few available data to make an upgraded posterior state of knowledge [12]. The 

applications of this approach, however, were originally limited to simple reliability 

models due to the mathematical complexity of involved algorithms. The integrals 

necessary for normalization at Bayesian conditional probability calculations can be very 

complex when dealing with multi-parameter reliability models. This remained one of the 

two most important constraining elements of this approach (the other was developing a 

proper likelihood function representing reliability data as evidence) until recently, when 

advanced computational tools and techniques became available after revolutionary 

improvement in the computational power of personal computers. For more information on 

Bayesian statistics, see Martz and Walter [13].  

     As noted earlier, the dependency of failures can be a critical factor in reliability 

modeling of mechanical systems and components. In the study of system behaviors there 

are situations in which progressive failure of one component may activate/accelerate the 

failure of others, or one failure mechanism may activate/accelerate other mechanisms of 

the same/other components. There are usually many links between different components 

by means of their properties and environmental conditions. The system-risk hierarchical 

model is not necessarily able to include all these links to cover for dependency among 

failure of components. This is mainly because the roots of these dependencies are in 

operational conditions that are no longer present in the risk model of the system.  

     The 1980’s also marked the development of initiatives for modeling dependencies at 

the system level. Most of these efforts tackled the common-cause failures as frequent 

dependency problems in systems. The common-cause failure (CCF), which is the failure 

of more than one component due to a shared root cause, is classified as a dependent 

failure. In the 1980’s many implicit and explicit methods were developed to incorporate 

common cause into the system failure analysis [14]. In early attempts to model CCF at the 

system level, a new independent failure event with a specific probability was usually 

added to the system model. The probability of this event was estimated using field data 

available on the dependent failures of components [15]. 

2.5    Rise of Physics-of-Failure Modeling in 1990s 

     The 1990’s marked the rebirth and widespread development of the PoF approach. 

While the roots of PoF methods can be found in fracture mechanics, which by itself 

started through the work of Alan A. Griffith just after World War I and was developed by 
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George R. Irwin in the 1950s, the PoF approach started through a series of four symposia 

from 1962-1966, but the concept lost its drive until the late 1980’s. Enormous 

advancements in computational tools and faster personal computers on one side and 

emerging, advanced testing technologies in material science, on the other side, accelerated 

this trend. In this approach, facts from root-cause physical/chemical failure processes are 

used to prevent the failure of the products by robust design and better manufacturing 

practices [16]. Because of the competitive environment in production of consumer 

products and limited budget and resources, great emphasis was placed on capturing the 

needed information more quickly and with less effort.  As a result, design and assessment 

methodologies that address the root causes of failure have emerged as powerful cost 

saving techniques.  

      In the early 1990’s, the US Army and Air Force initiated two reliability-physics related 

programs. In 1992, the Army authorized the Electronic Equipment PoF projects to 

promote a more scientific approach to reliability assessment of electronic equipment [17]. 

This concept had been in use by structural engineers for many years, but in the 1990’s it 

was borrowed by reliability engineers to eliminate the need to rely solely on life tests and 

historical failure data in reliability assessment of electrical, electronic and even 

mechanical systems and components. The PoF approach to reliability utilized scientific 

knowledge of degradation processes and the load profile applied to an item, its 

architecture, material properties and environmental conditions to identify potential failure 

mechanisms that individually or in combination lead to the item’s failure. The PoF 

models, once developed and validated, would be used to estimate life expended and 

expected.  Use of PoF reduced the need for a substantial amount of life data to arrive at a 

reliability model, since PoF employs the available well-developed knowledge about the 

process of failure. Such knowledge models how and why the item fails and reduces the 

need for large quantities of life data. 

 2.6    The Era of Hybrid Methods of 2000s 

     By the middle of the 1990’s, criticism against the application of generic data in general 

and MIL-HDBK-217, in particular, became increasingly intense, and the basic idea of 

using failure rate data gathered in such databases was seriously questioned. However, the 

critics who wanted to abandon the data provided in handbooks for being irrelevant and 

useless in many applications had difficulties proving that the PoF approach could do any 

better in reliability predictions [18]. In fact, most of the PoF models strongly depended on 

life or test data in one way or another. The question was, if there is enough data available 

to evaluate a PoF-based model, why not use the same data for statistical inference and 

take the traditional failure-rate modeling path again? A combination of the above concerns 

caused the reliability community to move toward an integrated use of both approaches. 

Where the PoF-based approach could save time and money by addressing the root causes 

of failure and reduce the burden of gathering a substantial amount of data, the traditional 

statistical failure rates could be useful in probabilistic reliability predictions considering 

uncertainties involved. However, the uncertainty bounds were often so wide as to make 

the result almost worthless in decision-making processes. In order to better manage 

uncertainty and make practical engineering decisions, two factors needed to be 

considered. The first important element was indeed reliance on more data, for which 

accelerated life testing, step-stress testing, expert judgment and many different resources 

were exhausted. The second element, which was considered as important as the first, was 

an appropriate computational framework that allows new data to be easily added to the 

analysis. The classical maximum likelihood estimation (MLE) method introduced by 
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Fisher [19] was one of the possible choices. Fisher based his MLE method on an implied 

Bayesian uniform prior for the parameters, and he named the method as leading to “the 

most probable set of values” for the parameters [20]. Fisher suggested that the ratio of the 

likelihood function and its maximum, which he derived in case of normal sampling 

curves, may be used to find confidence intervals for the model parameters.  

     The MLE method used the likelihood function of the available data for the model 

parameter estimation. This method provided no means to incorporate prior knowledge 

available for the model parameters. When different types of data were available, the 

modeler had to translate them to a failure type in order to keep the MLE approach 

functional. For example, suppose there is plenty of knowledge available about the 

parameters of the life distribution of interest. The possible sources for this knowledge can 

be previous generation of product, fuzzy engineering judgments from the design 

department such as upper/lower limits driven from conservative assumptions in design, or 

even the best estimate resultant from MLE or other regression approaches on an old set of 

data which is no longer available. In such cases there is usually no way to pool different 

types of data together and make a clean and coherent time-to-failure data. There was, also, 

another drawback for this method. This method would mathematically collapse when no 

complete failure data was available. This was almost always the case with new, highly 

reliable components and systems. In fact, highly reliable components are very hard to 

break, and even if some failures become available in the lab, it is usually difficult to 

associate them with the field-observed failure mechanisms, because the components do 

not break unless at a stress far beyond the normal level, which makes the diagnostic root 

cause analysis very frustrating. Additionally, when using the MLE approach the mean 

effect of the data is often masked due to over-reliance on the mode of the likelihood 

function, and the uncertainty bounds provided by the local Fisher information matrix are 

not useful when dealing with small sample sizes.  

     In contrast with MLE methods, the Bayesian approach [21] provided many useful 

features, including a powerful means to incorporate prior knowledge, dealing with the 

whole distribution of the likelihood function, fair coverage of uncertainties, and finally the 

possibility of using many different forms of data (exact, censored, fuzzy, partially relevant 

and expert judgments). Nevertheless, one of the limiting factors of the Bayesian inference 

methods in practical reliability analysis was the mathematical complexity of the problem. 

Multidimensional joint distributions are generally hard to deal with. Later in the 2000’s, 

the numerical and computational advancements in Bayesian statistical methods [22], such 

as Markov Chain Monte Carlo (MCMC) simulations [23], [24] and other sampling-based 

methodologies [25], combined with advancements in computational tools and 

development of powerful programming platforms, made the Bayesian inference 

techniques a common reliable practice.  

     Employing Bayesian analysis, reliability practitioners combined different types of data, 

including simple failure rates from traditional handbooks, engineering expert judgments, 

simulated results of sophisticated PoF models and direct test results, in a hybrid platform. 

With availability of fast computing, hybrid methodology became widely available and 

practical. These techniques could rely on the physical and, to a lesser extent, chemical 

phenomena that drive degradation and failures. Along with small (accelerated) tests and 

field or expert judgment data, such hybrid models became the source of industry-specific 

reliability data and analytical models needed to assess the life and safety of highly reliable 

consumer products and other complex engineering systems in the 2000’s. 
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3.    Lessons from the Past 

     Figure 1 outlines the history of developing methods in reliability engineering.  As 

illustrated in this timeline, from 1950, which marks the official birth of reliability 

engineering, to the present, continuous efforts have been made to create reliability models 

that represent the real systems as closely as possible. This trend was certainly accelerated 

by advances in technology and emerging computational tools and techniques in recent 

years. Today’s reliability models are complex and consider many influential factors and 

contributing variables.  

     Figure 2 illustrates the gradual paradigm shift to applications of PoF modeling methods 

in reliability assessment of components and systems in the last 50 years. As shown in this 

figure, the early reliability models, which were originally developed to address the 

probability of the occurrence of a failure event, gradually became more complicated to 

address the real cause of failure. This important change was first realized through 

statistical representation of the TTF. Applications of other distributions were attempts 

made by reliability engineers to at least consider some of the real-life characteristics by 

introducing variable hazard rate models. 

     The next step was the accelerated life modeling approach, in which the aggregate effect 

of operational conditions (or stress) was added to the life model to be used as a link 

between the failure data available in different operational conditions. To introduce a stress 

agent for an accelerated life model, a complete understanding of the progressing failure 

mechanisms was needed. The acquisition of this type of knowledge, alongside 

advancements in materials testing, helped the development of an inclusive library of 

deterministic PoF models that was later used as a basis for the Monte Carlo-based 

simulations in probabilistic PoF modeling approaches in the 1990’s. 

     Those with the view that the deterministic PoF would be sufficient to address 

reliability and could be used to assure that no failure would occur during the expected life 

of the item soon realized that there were many uncertainties associated with the PoF 

models.  This forced further testing and data collection and accounting of the associated 

uncertainties. Generally speaking, the uncertainty of TTF in real data is wider than that 

predicted by the PoF model. To address this issue, reliability engineers are currently 

utilizing hybrid approaches within a Bayesian data assessment framework, meaning that a 

prior TTF distribution is first developed utilizing the POF model/s; this prior is updated 

later, using appropriate field or test data to make the final posterior TTF distribution.  

     The other important drawback of the PoF approach is that, despite the considerable 

achievements in component reliability assessment, the approach lacks a general structure 

to be presented at the system level. This issue, however, may be viewed from another 

perspective, meaning that it is basically the traditional hierarchical reliability models of 

the system that are unable to incorporate facts from the real cause of failure, or the so-

called PoF model of the components. Common system reliability techniques such as the 

reliability block diagram and fault/event tree methods are event-based and require a 

probability for each contributing event in the model of the system. The PoF models are 

deterministic by nature, since they are usually predicting the basic behavior of the 

materials in a controlled condition. These models therefore need a separate stochastic 

process, such as Monte Carlo simulation, to generate the statistical-based probability 

measures of reliability. Limited computational resources were the other restrictive factor 

for the further development of PoF modeling approach into the system-level in early 

stages. However, this constraint was overcome by the overwhelming advancements in 

personal computers and their truly inexpensive computational power, related operating 

systems and computational tools. Today, the hybrid physics-statistics approach is the most 
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popular approach for assessing the reliability of components and subsystems. This is 

mainly because the Bayesian inference data analysis platform allows integration of many 

different independent sources of knowledge into the reliability assessment. The 

restrictions in the available system level reliability methods, however, still remain as the 

main barrier limiting the versatility of the PoF models. 
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Figure 1: History of Methods Developing in Reliability Engineering 

4.   Conclusions  

     Today’s competitive design environment calls for precise reliability predictions for 

components and systems. In the age of advanced technology, the time-to-market has been 

dramatically reduced [26]. Due to higher reliability and durability, new products are much 

harder to break in tests, and therefore reliability analysts have usually very few data 

available to verify their predictive models.  

     There are basically four characteristics of systems and components that are not 

appropriately addressed in conventional reliability modeling approaches, which will 

continue to be the topic of future research in the risk and reliability fields of study. These 

features are dynamic behavior, failure knowledge administration, complexity, and 

dependency of the systems and components. These features have become particularly 

critical for the new generation of consumer products due to the highly competitive market 

for which the precise reliability assessment is vital. 

     Since PoF approaches make the modeler capable of integrating different sources of 

knowledge to better represent the failure process, this method seems to continue rising as 

the dominant method for reliability modeling of future mechanical, electromechanical and 

electronic SSC. This trend will be certainly accelerated by new, advanced computational 

platforms for simulation. 
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Figure 2: Emerging PoF Modeling Approaches in Reliability Assessments 

     The versatility of PoF models, however, cannot be efficiently utilized in the available 

system-level reliability/risk assessment models. This is mainly because platforms such as 

fault trees and reliability block diagrams were originally developed to integrate 

probability events. Probability is an integrated measure that masks the useful failure 

knowledge formerly available about the failure process.  Therefore, the main challenge of 

future system-level approaches will be the effective utilization of PoF models in their 

original format, without the critical need for integration of the probability measures. Such 

models will make access to the critical failure properties of all components possible for 

the entire duration of the mission. 
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