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Abstract 
This report describes the results of a master thesis project about obsolescence management for 

sustainment dominated systems. Typically, sustainment dominated systems require support for many 

decades. Research on this topic continues to grow, due to the increased impact and the increased 

number of obsolescence issues during the in-service phase of long-term projects (Romero Rojo et al., 

2009). Research related to obsolescence management seeks to understand how it can be managed, 

mitigated and resolved. This report aims to clarify and classify different obsolescence types and 

introduces a capability maturity framework. Furthermore, it describes the trends and most used 

obsolescence strategies focusing on physical items, such as mechanicals, materials and electronics, 

within the maritime defence industry. Often, the industry selects a resolution strategy based on the 

most economical (re)solution by minimizing the direct costs. However, there are factors other than 

cost, such as the number of suppliers and timing of the (re)solution, which can play a crucial role in 

determining the overall best decision. This report introduces a conceptual model that can be used to 

estimate the risk of obsolescence on item level within indentured bills of material. The model has been 

developed in close collaboration with an asset owner, system integrator and original equipment 

manufacturer, to identify factors that play a crucial role in determining the most effective 

obsolescence management strategy. Furthermore, a case study has been executed to illustrate the 

application and usage of the model in practice.  
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Executive Summary 
This report is the result of a master thesis project conducted in close collaboration with RH Marine, 
the Royal Netherlands Navy and Thales. The main duty of the Royal Netherlands Navy is to provide 
peace and security in (inter)national waters. Their state-of-the-art weapon systems should be in 
excellent condition to accomplish these important tasks. Therefore, the Royal Netherlands Navy tries 
to maximize the functional availability of their fleet in close collaboration with their suppliers, such as 
RH Marine and Thales. Despite their combined efforts, this goal is threatened by rapidly decreasing 
availability of components, in contrast to the clearly increased lifetime of solutions and assets. The 
common practice in the capital goods industry is to react on obsolescence after the obsolescence 
phenomenon has occurred by minimizing the direct costs associated with the problem. 
 
Technological obsolescence 
There are many forms and terms related to obsolescence. Several standards and articles tried to align 
these concepts. However, there is still a lot of ambiguity and there is a lack of clear practical guidelines 
to manage obsolescence proactively. It is important to understand these concepts, such as the 
obsolescence areas, causes of this phenomenon and possible solution strategies. In this project, 
obsolescence is brought back to its core essence: the transition from availability to a state where a 
physical item is no longer available, sometimes referred to as technical obsolescence. This period is 
often initiated by a product discontinuance notice released by the manufacturer. Once a manufacturer 
stops the production, the item becomes obsolete and its availability slowly decreases to a state where 
the item is no longer available.  
 
Causes for production discontinuances 
The motive for a manufacturer to stop the production of a specific item cannot always be assigned to 
a single cause, more often it is triggered by a combination of circumstances. Frequently, it is triggered 
by market forces. There may be economic reasons to discontinue the production, for instance to stop 
the production of low-volume or slow-moving items. Manufacturers may also plan obsolescence to 
force their customers to replace their systems with newer ones. The initiation of the discontinuance 
can also be triggered by new regulations. A recent example is the light bulb; governments around the 
world, for example the European Union, have passed measures in 2009 to phase out incandescent 
light bulbs. Other reasons to stop the production are related to mergers and acquisitions. Often a 
merger or acquisition leads to a re-evaluation of the product portfolio, which may result in a 
discontinuance of the production of an item. 
 
Research motivation 
Obsolescence issues arise when the asset support life does not coincide with product life cycle. The 
number of life cycle mismatches and their impact have increased over the last decades. This can be 
explained by the following trends: 

1. Since the end of the cold war in the 1980s, there is an increased public pressure to reduce 
defence budgets. This resulted in a decrease of assets owned by the defence industry and an 
increase in the supported life of individual assets. 

2. The transition from the use of traditional military specifications (Mil-Spec) towards the use of 
commercial standards and performance specifications (COTS), also driven by budget cuts. This 
integration of COTS parts in Mil-Spec systems, sometimes referred to as Perry’s law, caused a 
decrease in the reliability of military system. Resulting in an additional need for parts in a later 
stage.  

3. In addition to the aforementioned trend, a growth of the commercial sector has led to a 
decrease in the average life cycle of COTS parts. Resulting in an even larger lifecycle mismatch. 

4. Assets have become more complex and there is a growing need for integration of several 
(sub)systems, leading to more substantial consequences when obsolescence issues arise.  
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Although this history is associated with the (maritime) defence industry. Many non-defence 
applications face similar difficulties, such as the avionics, the oil well drilling and automotive industry. 
Nowadays, decisions regarding obsolescence management across all these industries are often based 
on experience and gut feeling or intuition, leading to the following problem statement: 
 
There is an increasing need to reduce the negative effects of obsolescence issues, however there is a 
lack of knowledge in how to cost-effectively use proactive obsolescence mitigation and resolution 
approaches to reach this goal.  
 
This master thesis investigated and identified factors that can help making this decision in a more 
structured and fact-based way. The project focused on implementing proactive obsolescence 
management strategies and rationalizing the decision to proactively manage an item, by means of a 
decision support tool. 
 
Obsolescence management 
Obsolescence management is the collection of methods, tools, and processes for detecting and 
resolving obsolescence issues. In general, they can be assigned to two categories with a different 
focus: 

1. Focus on resolving obsolescence issues after these arise: obsolescence resolution. 
2. Focus on active measures to avoid or reduce the impact of obsolescence: obsolescence 

mitigation. 
 
There are several ways to mitigate obsolescence. Preferably, obsolescence is already considered 
during the design phase of an asset. Engineers and managers must be aware of the life cycle of the 
parts they include in the system design and take into account the potential consequences of 
obsolescence issues. In designing the system, it is highly recommended to use standardized interfaces 
to minimize the impact of obsolescence. Furthermore, organizations could incorporate availability 
agreements in contracts with suppliers to ensure the continuous support and provision of critical 
components.  
 
During the operation and maintenance phase of an asset, the obsolescence status of processes, 
materials and components used in the product design should be tracked. There are commercial tools 
available that match the system bill of material with databases, providing detailed information about 
the current and future state of each component. This information can be used to resolve obsolescence 
in advance, as input to determine optimum points in time for design refreshments, and to increase 
the stock of critical components.  
 
Unfortunately, obsolescence is unavoidable but a proactive approach could reduce the potential 
harmful impact on costs and availability. In general, the resolution cost increases at amplified speed 
after an item is no longer available. Therefore, it is expected that proactively managing obsolescence 
could significantly reduce the total cost of ownership of a system. 
 
Trade-off between proactive and reactive obsolescence management 
Over fifty factors that influence the decision how to manage item obsolescence are identified by a 
thorough literature review, analysing recent obsolescence cases and interviewing over 75 experts. 
Approximately twenty-five factors are incorporated in the model that supports the decision maker in 
choosing which items in a bill of material should be managed proactively. The importance and effect 
of these factors are based on a survey and semi-structured interviews with 9 experts and engineers in 
the field of asset life cycle management, integrated logistics support or supply chain management 
associated with the maritime industry. In a later stage the effects are re-evaluated and if necessary 
recalibrated by several test cases. The developed tool is applied in two case studies to demonstrate 
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its practical applicability: a cabinet of the Smart-L radar system and a cabinet in an Integrated Platform 
Management System. Both cabinets are operational for several years on a frigate of the Royal 
Netherlands Navy and consists of multiple technologies. 
 
The model 
The model considers the following three dimensions: 

1. The dimension item criticality considers the operational impact that an obsolescence issue 
may have. 

2. The dimension probability of an obsolescence issue is related to the likelihood a demand 
occurs for an item that is no longer available in the market and cannot be fulfilled from stock.  

3. The last dimension, solution consequences, is related to the time and costs associated to the 
resolution. 

The dimensions do not necessarily relate linear towards each other. The model is incorporated in a 
decision support tool. The tool uses the bill of material including the identified relevant parameters as 
an input. Based on the three dimensions mentioned above, it gives an advice how an item within the 
bill of material could be managed best. Whenever the item lights red, the advice is to manage the item 
proactively. In case the item colours green, the advice is to manage the item reactively.  
 
Results 
By implementing the decision support tool, the costs related to obsolescence management can be 
reduced with approximately 25 percent. Furthermore, it appears that for most items, a reactive 
approach is the most efficient approach in terms of costs. However, for some items major cost 
reductions can be achieved by applying proactive obsolescence management strategies. 
 
Conclusions 
In general, for electronic safety critical items with a limited number of manufactures, with a long 
planned remaining service life and high expected resolution consequences, a proactive approach is 
advised. Inexpensive, low critical items, such as non-moving mechanical items with a high number of 
manufacturers are more likely to be managed reactively. Altogether, there is still a lot of work to do, 
especially in managing obsolescence on higher indenture levels across multiple stakeholders within a 
supply chain. Nevertheless, the foundation for supply chain collaboration in the Dutch maritime 
defence industry is established. When asset owners, system integrators or OEMs are forced to make 
a decision regarding item obsolescence, they are ready to rationalize and quantify it. 
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Glossary 
DMSMS The loss, or impending loss, of manufacturers or suppliers of 

items, raw materials, or software 

Supply risk The probability of an incident associated with inbound 

supply, in which its outcomes result in the inability of the 

purchasing firm to meet their customer’s demand 

Obsolescence The transition from availability from the (original) 

manufacturer to unavailability 

Obsolete An item is considered obsolete once it is no longer available 

from the (original) manufacturer 

Obsolescent An item is considered obsolescent immediately after the 

information about a discontinuance is issued until the item is 

obsolete 

Obsolescence 

concern 

A potential obsolescence issue in the future, often identified 

as a result of a proactive approach 

Obsolescence issue An item that is obsolete or obsolescent that causes a problem 

(in the foreseeable future) if no action is undertaken 

Obsolescence 

problem 

A demand for an item that cannot be fulfilled due to 

insufficient stock and the fact that the item is no longer 

available in the market 

Obsolescence risk The likelihood and degree of hazard an obsolescence problem 

has on an organization  

Obsolescence 

management 

Coordinated activities to direct, control and mitigate 

(unwanted) obsolescence 

Original Component 

Manufacturer 

Manufacturer of an item, material or component that is 

intended for embodiment into an assembly or a product by 

an Original Equipment Manufacturer 

Original Equipment 

Manufacturer 

Manufacturer of an assembly, product or system. Note: The 

term is used to identify a position in the supply chain. The 

assembly, product or system might be regarded as a 

component by a customer 

Functional 

obsolescence 

The system still operates, functions and can be produced as 

originally planned, but it does no longer comply with the 

current operational requirements or functional demand 
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Logistical 

obsolescence 

The parts, materials, processes, machinery, knowledge or 

software necessary to manufacture or support a product are 

no longer available 

Technological 

obsolescence 

The item is no longer available from the (original) 

manufacturer 
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1. Introduction 
This report describes the results of a master thesis project about obsolescence management. The 

project is carried out in collaboration with RH Marine, the Royal Netherlands Navy and Thales. Both, 

RH Marine and Thales are suppliers for the Royal Netherlands Navy. RH Marine is a leading system 

integrator and innovator of electrical and automation systems in the maritime industry. RH Marine 

delivers tailored solutions for complex defence, safety and security ships, but also solutions for yachts 

and special vessels (RH Marine, 2017). The main expertise of Thales Netherlands is the development 

of fire control, radar and combat management systems for navies around the world (Schmal, 2014). 

The Royal Netherlands Navy is the maritime division of the Netherlands armed forces. In order to 

provide peace and security on international waters they have to be flexible, therefore they have to 

maximize the availability of their state-of-the-art weapon systems (Buiting, 2014).  

Sustainment dominated systems require support for many decades. Typically, asset or system owners 

(e.g. the RNLN) and their suppliers (e.g. RH Marine and Thales) would like to maximize the functional 

availability of their sustainment dominated systems while minimizing the costs. Therefore, they want 

to tackle parts obsolescence problems, also known as parts unavailability problems, in a proactive 

manner. The goal of this project is to determine for which items proactive obsolescence management 

can be beneficial in terms of costs and availability. Subchapter 1.1 gives a holistic view of 

obsolescence; discussing the different areas were obsolescence can be prevalent and evaluates terms 

related to obsolescence. Subchapter 1.2 and subchapter 1.3 provide more detailed information 

regarding the research environment including an introduction of the involved organizations. This 

chapter is concluded by describing theoretical relevance including the research contributions and 

research gaps. 

1.1. Holistic view on obsolescence 
“The English word obsolescence is derived from the Latin term obsolescere which means to go out of 

use or fashion. The associated adjective obsolescent is derived from the Latin term obsoletus, meaning 

worn out” (Bartels, Ermel, Pecht & Sandborn, 2012). In other words, obsolescence is the state of being 

where a part, system or service is no longer supported or wanted, while obsolete refers to something 

that is no longer used, “worn out” or discarded (Bartels et al., 2012). There are many forms and terms 

related to obsolescence (Amankwah-Amoah, 2017). Echegaray (2016) refers for example to 

(psychological) obsolescence, which results from consumer realization of the declining use value of 

goods, based upon negative judgments of product desirability. Diminishing Manufacturing Sources 

and Material Shortages (DMSMS) is a term that is often used interchangeably with obsolescence. 

Hagan (2009) defined DMSMS as the loss, or impending loss, of manufacturers or suppliers of items 

or raw materials and obsolescence as a “lack of availability of an item or raw material resulting from 

statutory and process changes, as well as new designs”. The relationship between DMSMS, 

obsolescence and supply risk is evaluated in more detail in section 1.1.2. Jaarsveld and Dekker (2010) 

describe obsolescence as parts on stock that are no longer used, sometimes referred to as inventory 

obsolescence (Amankwah-Amoah, 2017; Bartels et al., 2012). Similarly, Brown, Lu, and Wolfson (1964) 

defined obsolescence as “a demand state, in such a fashion as to permit appraisal, ex ante, of the 

probability of arrival of obsolescence at future times, under the assumption that there are many 

possible states of demand”. Downs (1995) refers to (people) obsolescence, were talented and 

motivated employees are hired based on job descriptions that were accurate yesterday but are 

meaningless the day after tomorrow. Muttart (2009) refers to (computational) obsolescence, were he 

states that computers have made computational formulas obsolete. Allocation obsolescence is caused 

by long product lead times resulting in temporary obsolescence, also known as short-term supply 

chain disruptions (Bartels et al., 2012). The IEC 62402 (2007) standard states that obsolescence affects 
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all products, including capital equipment, infrastructure, consumer durables, consumables and 

software products, and it impacts upon all stages of their life. The focus of this study is limited to 

involuntary obsolescence for complex systems, which can generally be assigned to one of the 

following categories: 

 

- Logistical obsolescence: The item is no longer in production due to missing parts, materials, 

processes, machinery, knowledge or software necessary to manufacture or support the item. 

- Functional obsolescence: The item does no longer comply with the current operational 

requirements or functional demand, but it still operates, functions and can be produced as 

originally planned (Bartels et al., 2012).  

 

1.1.1. Obsolescence areas 

Most literature focuses on logistical obsolescence related to electronic parts, however the problem is 

not only restricted to electronic parts (Pecht & Humphrey, 2006; Romero Rojo, Roy, Shehab & Wardle, 

2009; Sandborn 2013a; Bartels et al., 2012). There are many other areas within the sustainment 

dominated domain that can experience obsolescence problems (Romero Rojo et al., 2009): 

 

1. Electronics – Electronic part obsolescence is generally a result of the rapid growth of the 

technological developments within the electronics industry (Bartels et al., 2012). As a result, 

many of the electronic parts in a system have a life cycle that is significantly shorter than the 

life cycle of the system that they support, especially in sustainment dominated systems 

(Bartels et al., 2012). 

2. Mechanicals and Materials – Technological changes in non-electronic parts, such as 

mechanicals and materials, is happening at a much slower pace than for electronic parts and 

software (Bartels et al., 2012). Mechanical and material parts in aging systems often break 

down unexpectedly, these failures can trigger obsolescence due to the potential unavailability 

of spares and materials (Romero Rojo et al., 2009). The unavailability of mechanicals and 

materials is often the result of new or strict legislations (Avlonitis, Hart & Tzokas, 1999). The 

principles for managing electronic part obsolescence and non-electronic part obsolescence 

issues are basically the same (Bartels et al., 2012). 

3. Processes and Procedures – A part obsolescence issue can make a manufacturing process or 

procedure obsolete and vice versa, making these areas of obsolescence interrelated (Romero 

Rojo et al., 2009). The common reason of obsolescence in manufacturing processes is new or 

strict environmental legislations (Romero Rojo et al., 2009). 

4. Software – Software does not wear out in contrast to hardware, although it could degrade 

through modification (IEC 62402, 2007). Additionally, the cost of generating copies of 

software can be neglected (IEC 62402, 2007). Therefore software obsolescence results from 

changes in demand that make the software no longer suitable for the current requirements, 

earlier referred to as functional obsolescence (Bartels et al., 2012). One of the main reasons 

for software upgrades is the innovation in hardware. Often improvements in hardware, such 

as the implementation of faster processors, lead to incompatibility with the software, 

resulting in a software obsolescence issue. Another reason to upgrade software is the 

increased demand for security and integration.  

5. Knowledge and Skills - The knowledge and skills available within an organization need to be 

managed wisely in order to avoid knowledge and skills obsolescence (Romero Rojo et al., 
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2009). Knowledge and skills obsolescence often leads to obsolescence in other areas, such as 

software or electronics obsolescence. This type can often be managed internally by keeping 

skill registers, using standardization and offering trainings to employees (Romero Rojo et al., 

2009). 

6. Manufacturing and Test Equipment – Manufacturing and test equipment becomes obsolete 

at the end of production or changes in the production process, because the equipment is no 

longer required (Romero Rojo et al., 2009). 

 

To summarize, the term obsolescence is used in a variety of industries and applications. It differs both 

in terms of timing, for example when an item is called obsolete and in terms of nature, for example 

functional versus technical obsolescence. In principle, obsolescence affects all items, for example 

capital equipment, infrastructure and software products and it can impact upon all stages of their life 

(IEC 62402, 2007). To minimize ambiguity, the following definitions are used for the remainder of this 

report: 

 

- Obsolescent: An item is considered obsolescent when it is subject to an announced future 

discontinuance notice by the original manufacturer until the item is obsolete.  

- Obsolescence: The transition from availability from the (original) manufacturer to 

unavailability. 

- Obsolete: An item is considered obsolete once it is no longer available from the original 

manufacturer. 

- Unavailable: An item is considered unavailable when it is no longer available from any sources, 

for example when it is no longer available from the authorized aftermarket or distributors. 

- Obsolescence concern: A potential obsolescence issue in the future, often identified as a result 

of a proactive approach. 

- Obsolescence issue: An item that is obsolete or obsolescent that will cause a problem in the 

foreseeable future if no action is undertaken. 

- Obsolescence problem: A demand for an item that cannot be fulfilled due to insufficient stock 

and the fact that the item is no longer available in the market. 
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Figure 1 - Obsolescence terminology (based on Kelly & Williams (2015)) 

Figure 1 illustrates the relationships between the definitions mentioned above. The illustration 

provides an overview of the availability of an arbitrary item over time. In general, the period of 

obsolescence of an item starts immediately after the information regarding a discontinuance of an 

item is issued (IEC 62402, 2007). This information is often in the form of a Product Discontinuance 

Notice (PDN), an End-Of-Life (EOL) notification or a Lifetime Buy (LTB) notification. From that moment 

the item becomes obsolescent until it is no longer available from the (original) manufacturer (IEC 

62402, 2007). A characteristic timeline for product discontinuance is shown in Figure 2. After a PDN is 

received, the customer (for example an OEM) of the manufacturer (for example an OCM) has usually 

three to six months to place a last final order (Bartels et al., 2012). This does not necessarily mean that 

the order has to be fulfilled within this time, final orders may be delivered over the following six 

months to one year depending on the type industry (Bartels et al., 2012). Moreover, it is common that 

during the in-service phase of sustainment dominated systems the parts are only needed in small 

quantities. This clashes with the minimum order quantity imposed by many suppliers, and may hinder 

the customer (for example the OEM) from receiving obsolescence notifications sent by the 

manufacturer (for example an OCM) (Romero Rojo et al., 2009). An item that is obsolete does not 

necessarily cause an obsolescence issue. As long as there is no demand for the item, there is no 

obsolescence issue. There need to be unfilled (expected) demand for an item that is obsolete in order 

to create an obsolescence issue.  
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Figure 2 - Example of Product Discontinuous Notice time line (based on Bartels et al. (2012)) 

1.1.2. Obsolescence and its relationship to DMSMS and supply risk 

This section grasps the key differences and similarities amongst the terms supply risk, Diminishing 

Manufacturing Sources and Material Shortages (DMSMS) and obsolescence. There are many 

additional terms used, for example supply disruptions and input risk (Atasoy, Güllü & Tan, 2012; 

Harland & Knight, 2001). However, the first three terms appear to be most frequently used in the 

maritime defence industry. 

 

A Diminishing Manufacturing Sources and Material Shortages (DMSMS) issue can be defined as “the 

loss, or impending loss, of manufacturers or suppliers of items, raw materials, or software“ (SD-22, 

2016). The term obsolescence seems similar, but is slightly different and often used in another context. 

First of all, the term DMSMS is almost exclusively used within the defence industry in particular the 

industry associated with the Department of Defense of the United States of America (USA). The term 

obsolescence is used in a variety of industries, in previous literature it is mostly linked to the capital 

goods industry, in particular capital goods with a long-life cycle. Furthermore, the term obsolescence 

is used in a much broader perspective. For example, ‘inventory obsolescence’, which refers to the 

obsolescence of parts that remain as inventory after the demand for the part disappears (Brown et 

al., 1964; van Jaarsveld & Dekker, 2010). Note that this type of obsolescence merely serves as an 

example and is not relevant for the remainder of this report, since it is almost opposite to the problem 

central to this study.  

 

After conducting a thorough study of the different definitions associated with supply risk, Zsidisn 

(2003) defined supply risk as “the probability of an incident associated with inbound supply from 

individual supplier failures or the supply market occurring, in which its outcomes result in the inability 

of the purchasing firm to meet customer demand or cause threats to customer life and safety”. The 

term supply risk is used in a wider range of applications than the term obsolescence. It entails all forms 

of risks associated with all forms of supply, not solely limited to the availability of an item.  

 

It appears that the terms DMSMS and Obsolescence are more closely related and more often used 

within literature about the (maritime) defence industry than the term supply risk. Therefore, the first 

two terms are evaluated in more detail. Although the basic concepts of obsolescence as considered in 

this study have been used since the 1960’s, the first known reference of the obsolescence problem 

was the transition from vacuum tubes to solid-state electronics in 1978 (Bartels et al., 2012). 

References to DMSMS first appeared in the early 1980s when the Department of Defense of the USA 

began sponsoring obsolescence workshops and conferences (Bartels et al., 2012). So, the origin of 

DMSMS lays within the Department of Defense of the USA which most likely explains why this concept 

is mainly used in the context of defence and not in other fields and industries. As mentioned earlier a 

high degree of overlap exists between an obsolescence issue and a DMSMS issue. However not all 

DMSMS issues result in an obsolescence issue and vice versa (SD-22, 2016). Figure 3 illustrates the 

relationship between an obsolescence issue and a DMSMS issue. 
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Figure 3 - Obsolescence and its relation to DMSMS 

1) An obsolescence issue may arise when there is no longer demand for an item. It results in an 

obsolescence issue when there are still parts on stock but no longer used, previously referred 

to as inventory obsolescence.  

2) A non-obsolete item may have a DMSMS issue. For example, a natural disaster may affect 

production and lead to a temporary termination of the production of a particular item (SD-22, 

2016). Even if this item is still produced at another OCM, it is considered as a DMSMS issue. 

This ‘temporary type’ of obsolescence is usually not considered in the existing literature as 

obsolescence, while it is often referred to as a DMSMS issue. 

3) An obsolescence issue may arise when the functional requirements of an item do no longer 

meet customer’s demand, earlier referred to as functional obsolescence. However, if the item 

is still in production, there is no DMSMS issue as long as the production capability or capacity 

is still in operation. 

 

1.2. Research environment 
This subchapter introduces the environment where the research is conducted. Although the focus is 

on the maritime defence industry, the results and insights presented in this study can be used by any 

industry within the scope of sustainment dominated systems. This research is part of the larger 

MaSeLMa Bridge program as introduced in section 1.2.1. Sections 1.2.2, 1.2.3 and 1.2.4 introduces the 

organizations involved in this research.  

1.2.1. MaSeLMa Bridge 

In 2012 a consortium consisting of maritime companies, knowledge institutes and service providers 

engaged into a service logistics innovation program, known as the Integrated Maintenance and Service 

Logistics Concepts for Maritime Assets (MaSeLMa) (Rustenburg, 2017). The main objective of this 

program was to enhance benefits for both public and private organizations by reducing the total cost 

of ownership, improving sourcing of services, and improving the uptime of assets in the maritime 

sector (Dinalog, 2013). This research project is part of the MaSeLMa Bridge program which is the 

follow-up of the MaSeLMa program and a predecessor of the MaSeLMa Next program (Rustenburg, 

2017). 

The projects within MaSeLMa can be divided into three distinct categories, referred to as work 

packages. The first work package aims to increase the predictability of maintenance (Dinalog, 2013). 

This research is an element of the second work package, which focuses on the design of service 
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logistics to generate optimal maintenance plans, while the third work package focuses on improving 

and extending cooperation of service logistics and supply chain management (Dinalog, 2013).  

For the year 2017, the MaSeLMa Bridge program was developed to contribute among others by 

exploring new promising angles and delivering input for test cases for the MaSeLMa Next program 

(Rustenburg, 2017). Hellegers (2017) already wrote a master thesis as part of the MaSeLMa program 

focusing on reactive obsolescence management strategies, specifically the Last Time Buy and 

Modification strategy from the perspective of the asset owner within the maritime industry. His 

research gained interest within the consortium regarding the topic obsolescence management, since 

the industry experiences obsolescence issues but is unfamiliar with handling these issues effectively. 

The research described in this report responds to the need of the involved stakeholders to get more 

insight in how to handle and mitigate the consequences of obsolescence effectively. It focuses on 

determining when it is effective to cope with obsolescence proactively. Obsolescence can be 

experienced throughout the whole supply chain. In order to address the problem from a broad 

perspective, an asset owner, the Royal Netherlands Navy (RNLN), and two large suppliers of this asset 

owner, namely RH Marine and Thales are involved in this research. 

 

1.2.2. Royal Netherlands Navy 

The Royal Netherlands Navy (RNLN) is the maritime division of the Dutch armed forces with 

approximately 58.000 employees of which there are approximately 10.000 employees active within 

the RNLN (Ministerie van Defensie, 2015). The RNLN is the oldest division of the Dutch armed forces 

and has officially been established in 1488 (Geschiedenis marine, n.d.). They are deployed worldwide 

to ensure security at sea. Currently, the purpose of the RNLN is to protect international trade, to 

prevent armed conflicts and to provide medical and humanitarian aid for countries in need 

(Karremann, 2009).  

To ensure security, the RNLN wants to maximize the availability of their Weapon Systems (WSs), 

sometimes referred to as frigates. This requires effective management and maintenance policies to 

maximize availability while minimizing expenditures. The RNLN budget is approximately 30 percent of 

the total available budget from the Dutch Ministry of Defence. The board of directors creates the 

strategy and distributes the defence budget among the departments, for example the ground, air and 

maritime forces (Bestuursstaf, n.d.). For decades, the Dutch defence budget as a percentage of the 

Gross Domestic Product (GDP) has been shrinking. From almost 2 percent in 1975, towards 

approximately 1.2 percent of the GDP in 2014, as indicated in Figure 28 in the Appendix 1 (Notten, 

2015; Karremann, 2016). As a result, the RNLN budgets have been shrinking simultaneously, which 

have led to several reorganizations. Because of the budget cuts, a part of the fleet was sold and 

disposed prematurely to generate a positive cash flow. For instance, the Standard-Frigates (S-Frigates) 

were sold prematurely in the late 90’s (Karremann, 2015). For the remaining WSs, most planned 

replacement programs have been postponed, which have led to an increase in the life cycle of the 

ships that are operational within the RNLN, making the problem of obsolescence more prevalent 

(Karremann, 2015). 

The organization of the RNLN can roughly be divided into five departments; Finance & Control, 

Operations, Material Sustainment (DMI), Personnel & Organization and Caribbean as illustrated in 

Figure 27 in the Appendix 1. The departments Operations and DMI are involved in the maintenance 

of the WSs. In general, the Operations department executes basic maintenance tasks when a ship is 

operational, whereas DMI is responsible for the coordination and sustainment of the WSs. DMI tries 

to maximize the operational and functional availability of the WSs in the long-term. The focus of this 
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research is within the DMI department as specified in the red frame in Figure 27 in the Appendix 1. 

The objective of DMI is to realize and secure the material readiness in accordance with the 

predetermined operational objectives. To maintain the assets properly, repairs can be executed on 

board or at the dock, where trained technicians can perform more complex tasks using advanced 

equipment. However, maintenance activities that demand more specialized resources or additional 

capacity, like technology, special equipment, or knowledge, can be outsourced to an external party. 

Note, that most navies have limited knowledge related to maintenance and usually outsource these 

activities for their WSs. In contrary, the RNLN has thorough insight in maintaining their equipment and 

can therefore manage obsolescence on lower indenture levels. The RNLN even maintains equipment 

for numerous other navies, for example the Multi-purpose Frigates (M-Frigates) from Belgium 

(Kuijpers, 2016).  

1.2.3. RH Marine 

RH Marine is a system integrator and innovator of electrical and automation systems within the 

maritime industry (RH Marine, 2017). The company delivers tailored solutions for complex Defence, 

Safety & Security ships, Yachts and Special Vessels (RH Marine, 2017). RH Marine faces the following 

market trends: an increased complexity of vessels, growing connectivity demands and more 

demanding rules and regulations (RH Marine, 2017). This may lead to an increased number of 

obsolescence issues. Additionally, the increased connectivity and complexity may make it harder to 

(re)solve an issue related to obsolescence. 

Recently, RH Marine started to standardize their product portfolio, by introducing the Rhodium family, 

consisting of the Rhodium Bridge, Rhodium Hybrid, Rhodium Automation and Rhodium Power. This 

standardization may lead to a change in their obsolescence management strategy. Obsolescence does 

no longer need to be handled case by case, which may lead to a decrease in the overall costs. Besides, 

RH Marine no longer solely focuses on the development and sales of their systems, but also on advising 

the customer, from the design phase through the entire life cycle of the ship to ensure sustainable 

and cost-efficient continuity, which includes obsolescence management (About RH Marine). RH 

Marine is located in the Netherlands, USA and Spain. There are approximately 300 employees of which 

the majority is positioned at the headquarters in Schiedam, the Netherlands. 

The activities of RH Marine can roughly be divided into three distinct categories; Yachts, Special vessels 

and Defence, security & safety as mentioned earlier (RH Marine, 2017). For yachts, the focus lays on 

cost effective solutions for high level integration and maximum functionality for (semi-)customized 

ships from 30 meters up to >100 meters (Yachts, n.d.). The category special vessels consists of a variety 

of systems, from platform automation and bridge systems to high-voltage generators and 

switchboards (Special Vessels, n.d.). Even though the results obtained by this research may be 

applicable and can be used in a wider perspective within the maritime sector, the focus of this study 

will lay on the defence, security & safety category, as indicated by the red frame in Figure 30 in the 

Appendix 1. RH Marine is an established technology service provider for customers operating globally 

in the defence, safety and security sectors (Defence, Safety & Security, n.d.). The company provides 

technical solutions that guarantee safe and secure operations at sea in the full range of ship types 

including frigates, corvettes, patrol vessels, auxiliary ships and submarines, for example for the RNLN 

(Defence, Safety & Security, n.d.).  

1.2.4. Thales 

Thales Group is a French multinational that manufactures and designs various kinds of electronic 

systems within the aerospace, space, ground transportation, defence and security industry (The 

Thales group - Corporate presentation, 2017). The group is active in over 50 countries and has over 

64.000 employees (The Thales group - Corporate presentation, 2017). Their operations are for two 
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distinct markets, the military and civil market. Both markets are responsible for approximately 50 

percent of the total revenue. 

 Thales Nederland B.V. (TNL) functions as an independent country site within the Thales Group. TNL 

has almost 2000 employees of which the majority is located at the headquarters of TNL located in 

Hengelo, the Netherlands. TNL is active within the defence, security and ground transportation 

sectors. The focus of this study is on the defence sector, note that the non-defence sectors are only 

responsible for approximately 10 percent of TNL’s total revenue in 2015. TNL is the largest defence 

contractor within the Netherlands (Kommelt, 2015). TNL can be split into three divisions; the Land 

defence and C4I transportation systems, Naval and Sensors. A major objective for Naval is to enhance 

competitiveness by reduction of contract specific non-recurring activities. Standardization in 

solutions, products and/or building blocks is therefore a key driver for the division Naval. This may 

lead to standardized obsolescence solutions, and eventually results in a decrease in costs related to 

obsolescence management. The emphasis of this research is on the business unit, Standard Solution 

Management, responsible for achieving this goal, as indicated by the red frame in Figure 31 in the 

Appendix 1. Standard Solution Management develops and provides services and support for the 

complete life cycle of a system. 

TNL produces advanced radar, infra-red and fire control systems, for example the Smart-L, APAR and 

Goalkeeper. Besides the production and sales of complex systems, TNL offers several services, for 

instance, the repair of failed parts, the supply of spare parts, inventory optimization and obsolescence 

monitoring (Thales Netherlands, 2013). The complexity of the systems developed by TNL did increase 

over the years, particularly the offered functionality per square centimetre. As a result, the 

maintenance of the systems has become more complex, making the impact of obsolescence issues 

more significant. Furthermore, the company outsourced a large part of their own production activities, 

which have led to a decrease in knowledge of individual components and an increase in obsolescence 

issues. Recently, TNL changed from a project oriented organization towards a product oriented 

organization which have led to an increase in standardized solutions and increased the awareness 

about obsolescence issues within the organization. 

1.3. The maritime industry 
Capital goods are purchased to use for their useful life (Oliva & Kallenberg, 2003). These systems 

require services throughout their life cycle to sustain the system. Typically for capital goods, the cost 

of these services exceeds the cost of manufacturing or procuring the system (Romero Rojo, Roy, & 

Shehab, 2010). Therefore, it is important to already consider these costs during the development and 

acquisition phase. It is known that the type of services needed depends on the characteristics of the 

system and the environment where the system is operating in. Movement of systems, varying 

operating conditions and safety regulations are examples of complex system characteristics within the 

maritime industry. The sector is characterized for its complex, high capital value and long-life cycle 

systems. The maritime industry exists of a variety of organizations and can be approached as a 

network of Original Equipment and Component Manufacturers (OEMs and OCMs), system integrators, 

service providers, fleet managers, asset owners and users (Wolkenfelt, 2017). The organizations 

mentioned earlier in this chapter are a subset of this network and are the focus of this study. The roles 

of these organizations are explained at the end of this section. Formerly, every stakeholder could be 

assigned to one specific role, but over the years, manufacturers and system integrators started to pose 

as service providers as well due to the increased complexity (Castellacci, 2008). This increased 

collaboration and complexity within the network has also led to a transition in the services which 

OEMs and system integrators offer. For example, selling functionality for a certain period instead of a 
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standalone system has become more popular over the years. Shifting the responsibility of solving 

obsolescence issues higher upstream in the supply chain. 

Sustainment of capital goods within the maritime industry includes maintenance and repair activities 

to keep the systems operational. In general, maintenance can be executed on the equipment (ships) 

itself or on shore. The user of an asset is usually the asset owner within the maritime industry and 

generally performs the basic maintenance activities on the equipment. More complex activities are 

partially or fully outsourced to (external) service providers. The asset owner is regularly unpleasantly 

surprised by obsolescence issues as soon as something breaks down, while service providers are 

sometimes aware of the fact that a part has become obsolete. An OCM or OEM develops and produces 

standardized components or equipment, making them sometimes the initiator of obsolescence; it may 

be a financial decision for an OCM or OEM to stop the production of a certain component or system. 

A system integrator typically works on project basis, were every project is unique. They develop the 

software to support the integration between multiple systems and have limited knowledge about the 

Bill Of Material (BOM) of each individual system. The RNLN is asset owner and user within this network 

and the department DMI is a service provider for the RNLN. Thales is both an OEM and service provider 

for their own products and RH Marine is a system integrator and service provider for the projects 

executed at the RNLN. For simplicity, the RNLN will be seen to as an asset owner, Thales as an OEM 

and RH marine as a system integrator for the remainder of this report.  

 

1.4. Research contributions 
In preparation for this research project a thorough literature review has been executed, to get a better 

understanding of the topic obsolescence and to address potential research gaps. This is explained in 

more detail in subchapter 2.4. The literature study was twofold in nature; the first part focused on the 

topic obsolescence and presented common obsolescence management practices. The second part 

introduced and evaluated the most common forecasting techniques related to obsolescence in more 

detail. Below, a summary of the most interesting findings are given. Before obsolescence can be 

managed, it is important to understand the different types of obsolescence, the role of obsolescence 

throughout whole life cycle of a product, the relationships in the supply chain and the effects of 

obsolescence. These topics are addressed in the discussion of the research scope in subchapter 2.5.  

Both, the number of obsolescence issues, and their consequent impact, is growing. Therefore, it is 

expected it will become an increasingly important issue for sustainment dominated systems. 

Subsequently, research in the field of part obsolescence has increased. Especially the amount of 

research related to the military and aerospace industry has increased over the past years, as explained 

in more detail in subchapter 3.2. Consequently, there is a proliferation of definitions and terms related 

to obsolescence, leading to ambiguity. In order to align the used terminology, there is a need to 

develop global accepted definitions in the field of obsolescence. The definitions developed during this 

research project, the Obsolescence Management Maturity framework that has been introduced in 

section 2.5.3, the first half of the literature review, the given workshops and presentations may be 

used as a basis for a common language using the definitions within the obsolescence management 

field. 

Forecasting obsolescence methodologies are essential in managing obsolescence proactively. The 

most common approach for strategic or proactive obsolescence management is design refreshment 

planning. Design refreshment planning determines optimum points during the product’s supporting 

life at which the design of all, or parts, of the system is updated and obsolete items are replaced. 

Design refreshment planning is highly dependent on obsolescence forecasts and the associated 
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quantitative uncertainties. The OEMs are being increasingly forced to manage both manufacturing 

and long-term sustainment of a system through concepts such as performance-based logistics 

(Sandborn, 2015). Although performance-based logistics implies many things, at its core it is 

essentially a shift from purchasing products or systems and separately purchasing their support, to 

purchasing functionality (Sandborn, 2015). Shifting procurement and logistics practices are thus 

making the OEMs more involved and co-responsible in dealing with obsolescence, which brings the 

OEM and the asset owner to a new scenario in which they need to make accurate estimations of the 

obsolescence cost at the bidding stage (Romero Rojo et al., 2009). 

1.4.1. Research gaps 

Most models in the literature related to obsolescence forecasting focus on forecasting the end of life 

date of an item. For example, Solomon, Pecht, & Sandborn (2000) developed a methodology to 

forecast life cycles of electronic parts, in which both years to obsolescence and life cycle stages are 

predicted. However, an item that is obsolete does not necessarily lead to an obsolescence issue; there 

need to be a demand for an obsolete item in order to cause an obsolescence issue. Furthermore, most 

models focus on the OCM or OEM, while only a few models recognize the importance of the view of 

the asset owner.  

Most of the research in the field of obsolescence concentrates on electronics, more specifically 

electronic components and assemblies. For example, Josias, Terpenny, & McLean (2004) developed a 

regression model for the introduction dates of computer processors. Forecasting electronic part 

obsolescence might be easier than forecasting obsolescence for different technologies, because for 

electronics there is a considerable and well documented history of part introductions and 

discontinuances (Sandborn, 2015). Only a few studies offer a holistic approach for obsolescence, 

considering the effects of mechanical components, materials, software, knowledge and processes 

(Romero Rojo et al., 2009).  

Moreover, the majority of the forecasting methodologies put emphasis on forecasting the life cycle 

on component level (Sandborn, 2013; Josias et al., 2004; Gravier & Swartz, 2009; Solomon et al., 2000; 

Zheng et al., 2013; Sandborn & Terpenny, 2006; Sandborn, Mauro & Knox, 2007; Romero Rojo et al., 

2012). Looking at obsolescence on assembly or rack level may lead to interesting new insights. Besides, 

most methodologies consider only a limited amount of (parametric) parameters, making them 

impractical to use for different obsolescence types. For example, Sandborn, Mauro and Knox (2007) 

introduced a data mining approach to forecast the window of obsolescence for electronic parts. To 

identify the window of obsolescence, the model needs evolutionary parametric drivers of the parts 

(Sandborn, Mauro & Knox, 2007). An evolutionary parametric driver is a parameter (or a combination 

of parameters) that describes a part that evolves over time (Sandborn et al., 2011). As an example, 

Sandborn, Mauro and Knox (2007) evaluated memory modules. The obsolescence of memory modules 

is usually not initialized by the obsolescence of the memory chips that are embedded within them. 

Basically, the obsolescence of memory modules is related to the availability of monolithic 

replacements for identical amounts of memory. In short, the 16M DRAM module became obsolete 

when monolithic 16M DRAM chips became available (Sandborn & Penny, 2006). Unfortunately, such 

parameters are only available for a limited amount of items and cannot be generalized over multiple 

item categories, not even mentioning different obsolescence types. 

The emphasis, associated with the development of methodologies, tools and databases to manage 

obsolescence, has been on forecasting the risk of parts becoming obsolete, enabling the application 

of resolution approaches when parts do become obsolete, and accurately tracking and managing the 

availability of parts (Sandborn, 2004). Several authors already expressed their concerns that the 

obsolescence problem is underexposed. Already in 2004, Sandborn wrote a letter to address the 
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importance of robust strategic obsolescence planning. After this letter, several authors addressed 

importance and potential consequences of obsolescence issues (Romero Rojo, 2012; Kelly & Williams, 

2015; SD-22, 2016). Incorporating the potential operational impact, the resolution costs and the fact 

that there need to be a demand in order to have an obsolescence issue will open new doors in the 

research about obsolescence management. 

Although, most literature regarding obsolescence is related to the defence industry, only a limited 

number focuses specifically on the maritime industry (Tomczykowski, 2003). Most developed models 

rely on years of historical input data, however asset owners especially within the maritime industry 

often have only a limited amount of data available, since they operate only small amount of vessels. 

Therefore, a model should be developed that could be used effectively, even with a limited amount 

of historical data.  
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2. Research Design 
Chapter 2 explains the design of the research into more detail. First the problem statement is 

introduced in subchapter 2.1. Subchapter 2.2 and subchapter 2.3 introduce the research objective and 

the research questions respectively. Furthermore, the project approach is discussed into more detail 

in subchapter 2.4. The chapter is concluded by introducing and discussing the scope of the project in 

detail in subchapter 2.5. 

2.1. Problem description 
Recent complex challenges and continuous military budget cuts have forced nations to align their 
military system procurement strategies to embrace more Commercial Of The Shelf (COTS) products 
(Özkan & Bulkan, 2016). The life cycle of COTS products is significantly shorter than the life cycle of 
Mil-Spec products. Mil-spec products, sometimes referred to as Mil-specs, are products that meet the 
defence standard. In principle, these products specifically designed and developed for the military 
industry. The asset life cycles at various navies, including the RNLN, has increased over time caused by 
continuous budget cuts. Therefore, the mismatch between life cycles of individual parts and assets 
within the maritime defence industry has drastically increased over time. This mismatch has 
contributed to an increase in the probability of obsolescence issues within the maritime sector. 
Additionally, the consequences of an individual obsolescence issue have increased over time, due to 
the increased system complexity and integration. Concluding, engineers and managers must be aware 
of the life cycles of parts they incorporate into their systems, especially for systems with a designed 
life cycle lasting for decades (Kumar & Saranga, 2010). If not, they can end up with a system whose 
parts are not available or a system that cannot perform as intended, and cannot be maintained 
without high life cycle costs (Bartels et al., 2012). 
 
Prior research shows that technological obsolescence can lead to major costs if not properly managed 
(Özkan & Bulkan, 2016). In general, these solution costs increase exponentially with the time needed 
to find and implement a solution (Sandborn, 2013). Until recently, asset owners and service providers 
were unaware how to handle obsolescence effectively. Current practice is therefore to solve 
obsolescence issues reactively (Romero Rojo et al., 2010). However, several papers advise proactive 
obsolescence mitigation approaches to minimize the costs associated with obsolescence (Feng, Singh, 
& Sandborn, 2007; Romero Rojo et al., 2010; Sandborn, 2004).  
 
Asset owners, like the RNLN, and its suppliers, for example RH Marine and Thales, would like to reduce 
the costs associated with obsolescence. It is expected that proactive mitigation strategies can be used 
to achieve this goal. Assets of the RNLN can easily consist of over hundreds of thousands of 
components. It is known that only a subset of those components will become obsolete during the life 
time of the asset. A risk assessment, including the probability for a component to become obsolete, 
and the impact it would have can be used to determine which components need special attention 
while managing obsolescence (Romero Rojo et al., 2010). Combining the information stated above, 
the following problem statement is formulated:  
 
There is an increasing need to reduce the negative effects of obsolescence issues, however there is a 
lack of knowledge in how to cost-effectively use proactive obsolescence mitigation and resolution 
approaches to reach this goal.  
 

2.2. Research objective 
Asset owners within the maritime sector and its suppliers are aware of the need for handling 

obsolescence as mentioned in subchapter 2.1. Current practice is to solve obsolescence issues 

reactively. The goal of this research project is to identify factors that can support the decision whether 

to invest in proactive obsolescence mitigation and resolution strategies. The aim is to create a 
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standard methodology that can be used by both, asset owners and their direct suppliers within the 

maritime defence industry. After establishing standards and definitions within the scope of this 

project, a model is developed to calculate the obsolescence risks. The ambition is to design a decision 

support tool that can be used, both by asset owners and their direct suppliers, to determine for which 

set of parts it is worth to invest in proactive obsolescence management. The model advices in the 

decision whether to act proactively or wait until the product becomes obsolete. However, it does not 

necessarily specify which specific proactive mitigation or reactive resolution strategy should be used. 

An important sub goal of this project is to align the obsolescence management strategies of the 

involved parties by sharing information, organizing workshops, developing a framework to evaluate 

the obsolescence management maturity within an organization and creating joint definitions related 

to obsolescence management. Based on the information above, the following objective is formulated: 

The research objective is to get a better understanding how obsolescence can be managed 

(proactively) by harmonizing obsolescence strategies, developing a model that can support the 

decision to manage an item proactively and identify factors that play an important role in this decision. 

2.3. Research questions 
To achieve the research objective, the following research questions are defined. The main research 
question is:  

Which factors can be used to estimate the risk of obsolescence and therefore support the decision 
whether to invest in proactive obsolescence mitigation?  

 
In order to answer the main research question the following sub questions are defined and need to 
be answered first:  
 

1. What are the main causes of obsolescence? For instance, what are the main reasons for an 
OEM or OCM to stop the production of a certain item? 

2. Which are the most commonly used reactive obsolescence resolution approaches, and what 
are their positive and negative aspects? 

3. Which are the most commonly used proactive obsolescence mitigation approaches, and what 
are their positive and negative aspects? 

4. How can the risk of obsolescence on item level be calculated? 
5. To what extent does the risk of obsolescence vary for different item characteristics? 
6. To what extent does the risk of obsolescence vary for different market factors? 
7. How should a decision support tool be developed to determine which obsolescence strategy 

to use? 
 
The first three sub questions set a standard for obsolescence management and give a deeper insight 
in how obsolescence can be managed. This gives a deeper understanding of all the aspects involved 
related to obsolescence. Based on this first analysis, definitions can be set and obsolescence 
management strategies can be better aligned. The fourth sub question gives a better understanding 
how the risk of obsolescence could be calculated. The fifth and sixth sub questions give an overview 
of potential factors to include in the decision support tool. 
 

2.4. Project approach 
This part will briefly explain the approach of this master research project. The project approach 

involves three distinct phases, as illustrated by Figure 4. The initial phase focuses on the exploration 

of the field, obsolescence management, through an extensive literature review. Additionally, over 75 

interviews were conducted during this project. The interviewees were experts and engineers in the 

field of asset life cycle management, integrated logistics support or supply chain management 
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associated with the maritime industry. This phase also included gathering factors and parameters that 

could influence the risk of an obsolescence issue. The interviews were unstructured, with the aim to 

unravel the complexity and degree of component obsolescence during the in-service support phase 

of a maritime asset. During phase one, the interviews usually lasted more than an hour and consisted 

over multiple interview rounds. In general, the first round was to present the aim and topic of the 

research project. A second and sometimes third round were used to identify the current practice, 

trends and challenges. This phase was concluded by evaluating the results during a meeting with a 

group of experts, in so called workgroups. 

Phase two, data collection, involved a survey and semi-structured interviews to capture the 

availability, importance and effects of the parameters gathered during phase one, on the 

obsolescence risk. Afterwards, two real life projects were examined through documents, semi-

structured and structured interviews to evaluate the BOM. An asset owner, OEM and system 

integrator were approached to demonstrate conceptually the impact of obsolescence. This phase was 

concluded by evaluating the results during a meeting between a group of experts. 

Phase three, tool development & verification, involved the development of a tool (embedded in MS 

Excel) to assess the risk of obsolescence for each item in the BOM. As part of this phase interviews 

were administered, and the responses were initially used to develop the tool. The responses of the 

interviews were in a later stage used to update the tool. Furthermore, the phase also involved the 

validation and verification of the tool and the results obtained by this study. The model is tested in 

practical environment for both an integrated platform management system and a naval long-range 

search radar. The phase is concluded by evaluating the results during a meeting with a group of 

experts. 

 

Figure 4 - Overview of project approach 

2.5. Project scope 
This subchapter describes the scope of the project. In subchapter 1.1 two involuntary obsolescence 

categories were introduced. For the remainder of this report only the category logistical obsolescence 

is considered. Technical obsolescence in particular, meaning that a physical part is no longer available. 

This implies that only the obsolescence types ‘Electronics’ and ‘Mechanicals and Materials’ are 

considered as explained in section 1.1.1. Furthermore, the focus is on (proactive) obsolescence 

management, on the lower indenture levels as indicated in section 2.5.1. Only systems that are already 

operational are considered, such as WSs of the RNLN, as explained in section 2.5.2. Furthermore, the 
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obsolescence problem is tackled from the lower positions within a supply chain such as the OEM, 

system integrator and asset owner as explained in section 2.5.2.  

The final model is tested on systems developed by Thales and RH Marine that are used for several 

years by the RNLN. The LCF frigates are used as example, because this is a class that is already 

operational for more than a decade and uses both complex systems from RH Marine and Thales. 

Additionally, the LCF class was the first class of frigates were obsolescence management including 

obsolescence monitoring was included in such detail within an In- Service Support (ISS) contract 

between Thales and the RNLN for the SMART-L, Active Phased Array Radar (APAR) and CDS system. 

Subchapter 2.5 is concluded by introducing a developed framework in section 2.5.3. The framework 

can be used as a guideline to improve and assess the obsolescence management capability of an 

organization. 

2.5.1. Product structure 

Obsolescence can be initiated and encountered at different places or levels within the supply chain. 

Often the lowest levels in the product structure are produced higher up in the supply chain. A decision 

to stop the production of a product is often triggered by (obsolescence) events higher up in the supply 

chain and thus low in the product structure. The following example illustrates the complexity of an 

obsolescence problem: 

• A small supplier of Intel goes bankrupt due to a natural disaster. 

• Consequently, Intel stops producing an old processor. 

• As a result, Hatteland can no longer produce and support a computer that RH Marine uses for 
integrating a radar within a navigation system. 

• Leading to the fact that the RNLN can no longer repair a navigation system on the LCF. 

• Consequently, the frigate can no longer be used due to strict regulations. 
 

It is just one of the possible scenarios, but it demonstrates the complexity and amount of stakeholders 

involved in an obsolescence issue. An actual recent example; Thales decides to stop the production of 

a version of a product and continues with the next version. At that moment, for instance the old 

version of the SMART-L, becomes obsolete and is replaced by the SMART-L ELR version. 

There are several definitions used, both in literature and practice, to refer to a certain product or item. 

Often these terms represent a certain level of complexity associated with each item and correspond 

to a certain position in the total product structure. For example, Thales uses the term system to refer 

to a SMART-L, while the RNLN uses the term system to refer to a WS, for example a LCF frigate.  

A product structure is a hierarchical decomposition of a product, typically laid down in an (multi-level) 

indentured Bill Of Material (BOM). A BOM identifies components, assemblies, racks, cabinets and 

systems used in making an asset.  The list may be in a flat format, but preferred an indentured format. 

A flat BOM is a simple list of items, while an indentured BOM shows the relationship if components to 

assemblies, to racks, to cabinets, to systems to the asset. BOMs are an important input for 

obsolescence risk analysis (Bartels et al., 2012). In order to minimize ambiguity and align definitions 

within the consortium, six different levels are identified as explained in Table 1. Each level represents 

a certain degree of complexity within the product structure of a WS. Figure 5 gives a practical example 

for each of the levels mentioned in Table 1, starting on the highest level with a LCF frigate from the 

RNLN. Small chips or transistors, for example produced by Intel are considered at the lowest level. This 

distinction is needed since obsolescence on asset level should be managed differently than 

obsolescence on component level. The focus of this project is on the lowest indenture levels, in 

particular on components, assemblies and racks as indicated with the dashed red line in Figure 5. 
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 Definition within this research project Design 
authority 

Asset  An item owned by a company having high value, complexity and 
demand. The largest item considered in this study is a Weapon 
System of the RNLN, such as the LCF frigate, comprising various 
(sub) radar, navigation, communication, bridge systems 

RNLN 

System  A system is an interacting or interdependent group of cabinets 
forming a unified whole. For example, an end product of Thales 
or RH Marine, such as the SMART-L or an integrated platform 
management system. 

Thales, RH 
Marine, RNLN 

Cabinet  An item forming a part of a system, which incorporates racks or 
groups of additional assemblies and components. A cabinet 
usually consists of multiple racks, for example the SPU-cabinet 
from the Smart-L. 

Thales, RH 
Marine 

Rack  
 

An item forming a part of a cabinet, which can be provisioned 
and replaced as an entity which normally incorporates 
replaceable assemblies. A rack usually consists of multiple 
assemblies and components. 

Thales, RH 
Marine 

Assembly  An item forming a part of a rack, which can be provisioned and 
replaced as an entity. An assembly usually consists of multiple 
components, for example a printed circuit board. 

Thales 

Component  
 

A physical part or element of a larger whole. The smallest item 
considered in this study, for example a transistor. 

Original 
Component 
Manufacturer 

Table 1 - Product structure definitions 

Note: Be aware that for each item in the product structure there is a related design authority (for 

example a small supplier, Intel, Hatteland, RH Marine, Thales, the RNLN, etc.) holding the intellectual 

property rights. Column three in Table 1 gives a generalization of the design authority of each 

indenture level. 

 

 

Figure 5 - Practical example of the break down structure of a LCF frigate 
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2.5.2. Obsolescence management process 

Obsolescence management has the objective to ensure part obsolescence is managed as an integral 

part of design, development, production and in-service support in order to minimize cost and 

detrimental impact throughout the product life cycle (IEC 62402, 2007). Part obsolescence should be 

managed differently depending on the phase in the product or system life cycle. Figure 6 illustrates 

the relationship between the different stages in the product life cycle and obsolescence management 

(IEC 62402, 2007). During the concept and definition phase of the product life cycle, one should 

develop an obsolescence management plan as part of the product life cycle plan. During the design 

and development phase of the product life cycle one should try to implement proactive obsolescence 

strategies to deal with obsolescence. Examples of such strategies are technology transparency and 

design considerations as discussed in more detail in section 3.3.2. During and after the manufacturing 

phase, regular checks for potential obsolescence issues should be conducted, especially during the 

installation and the operations phase, to ensure early detection and acting as planned. The focus of 

this project is on the installation, and especially on the operations phase, sometimes referred to as 

the in-service phase, indicated by the dashed red line in Figure 6. 

 

 
Figure 6 - Obsolescence management process (based on IEC 62402 (2007)) 

Obsolescence management can be observed from several positions within a supply chain. It is 

important to understand the different organizations involved in an obsolescence issue, since 

communication is key to effective obsolescence management. Figure 7 illustrates a simplified version 

of the relationship between the different positions within a supply chain. For simplicity, only three 

stakeholders are considered, in real-life there are many more stakeholders involved.  

1) An OCM manufacturing components 

2) An OEM producing systems from the components the OCM manufactures 

3) The Asset Owner of the system 

Figure 7 depicts the relationship between these stakeholders. It is crucial that the OCM notifies its 

customers (OEMs) as soon as it decides to stop the production of a certain part. This gives the OEM 

the opportunity to review the obsolete part and act accordingly towards the Asset Owner, if needed. 

The focus of this study is on the two most downstream locations, the asset owners and the OEMs as 

indicated by the dashed red oval in Figure 7. 
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Figure 7 - Schematic overview of relationship between stakeholders involved in an obsolescence issue (based on 

IEC 62402 (2007)) 

2.5.3. Obsolescence Management Maturity framework 

Within obsolescence management, definitions and terms are often used interchangeable leading to 

ambiguity, both, in literature and practice. In order to provide structure, minimize ambiguity and guide 

the improvement process across different projects, divisions and organizations, an Obsolescence 

Management Maturity framework is developed. In addition, the framework can be used to appraise 

the obsolescence management maturity and capability of an organization. The structure of the 

framework is based on the theory of the Capability Maturity Model Integration maintained by the 

Capability Maturity Model Integration Institute. The DMSMS management program proposed by the 

SD-22 standard (SD-22, 2016) and the common practices identified by Tomczykowski (2003) are used 

as sources to identify the different maturity levels. An overview of the framework can be found in 

Figure 8. More in-depth information is provided below, additionally an overview of practical 

implications associated with each level is provided in Table 2. The goal of this research is to provide a 

tool, align definitions and identify factors that can support the improvement from a capability of level 

2 towards a capability of level 3 as indicated by the dashed red line in Figure 8. 
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Figure 8 - Obsolescence Management Maturity framework 

- Level 1, Initialized: Represents a minimal obsolescence management capability and maturity. 

Obsolescence is not identified, unpredictable and practices are entirely reactive, only 

resolution strategies are on a case by case basis. 

- Level 2, Identified: Represents an obsolescence management capability superior to Level 1. 

Aware of obsolescence issues, practices are largely reactive. Obsolescence monitoring and 

resolutions are individually managed per project. 

- Level 3, Defined: Represents an obsolescence management capability superior to Level 2. 

Mitigation practices are somewhat proactive in situations where proactive practices are 

needed and resolutions are implemented for multiple projects during the in-service support 

phase. 

- Level 4, Managed: Represents an obsolescence management capability superior to Level 3. 

Proactive mitigation is used based on risk assessments. Resolutions are implemented for 

products used in multiple projects. Obsolescence is measured and controlled organization 

wide during the whole life cycle, starting in the design phase, of a complex product or system. 

- Level 5, Optimized: Represents a robust obsolescence management capability and maturity. 

Obsolescence management is an integral part of managing the whole life cycle of a complex 

product or system. The product or asset management plan includes a long-term obsolescence 

strategy. Comprehensive efforts are applied whenever required. The focus lies on mitigating 

risks, cost avoidance and product evolution. Obsolescence processes follow the ‘plan, do, 

check, act’ cycle for continuous improvement. 
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Table 2 - Obsolescence management capability levels 

 Level 1 Level 2 Level 3 Level 4 Level 5 

 Very low involvement Low involvement Moderate involvement High involvement Very high involvement 

Obsolescence 
cases 

No record keeping Ad-hoc record keeping  Record keeping 
formalized 

Robust record keeping  Robust record keeping  

Evaluating 
metrics 

No metrics collected Ad-hoc metrics 
collected 

Limited metrics 
collected  

Metrics collect and 
limited evaluated 

Metrics collected and 
evaluated in detail 

Prioritize items No prioritization Limited prioritization 
on component level 

Limited prioritization 
of material on all 
indenture levels 

Prioritization of material 
and software 

Prioritization of material, 
software and knowledge 

Monitoring 
tools 

No tools are used Predictive and data 
management tools 
partially in place 

Predictive and data 
management tools in 
place 

Comprehensive 
obsolescence 
management systems in 
place 

Comprehensive obsolescence 
management systems in place 

Collect and 
prepare item 
data 

Only miscellaneous 
item data collected; 
everything driven by 
PDNs or the inability 
to procure an item 

BOM data collected Indentured BOM data 
collected 

Indentured BOM data 
collected including 
software 

Indentured BOM data 
collected (including software 
interface specifications and 
materials) 

Analyze item 
availability 

No analysis Predictive tools used 
occasionally 

Predictive analyses 
used regularly 

Predictive tools and 
analyses used continually 

Predictive tools and analyses 
continually examined in detail 

Assess impact 
of obsolescence 
issue 

Ad hoc; only when 
PDN received 

Only parts availability 
is considered 
 
 

Some logistics and 
vendor specific data is 
used to determine 
impact 

Logistics and vendor 
specific data is used to 
determine operational 
impact including timing 

Extensive logistics and vendor 
specific data is used to 
determine operational impact 

Determine 
obsolescence 
resolution costs 

Ad-hoc; limited cost 
data used 

Using unrefined cost 
factors 

Refined cost factors, 
tailored to specific 
problem 

Resolution costs 
determined at lower 
indenture levels 

Life cycle costing including 
cost of obsolescence 
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3. Exploration phase 
This chapter provides more information about the background of obsolescence, starting by 

introducing the most common causes of obsolescence in subchapter 3.1. Subchapter 3.2 introduces 

some recent and future trends in the field of obsolescence (management). Next, in subchapter 3.3 the 

most commonly used obsolescence resolution and mitigation strategies are introduced. Finally, this 

chapter summarizes the literature regarding obsolescence resolution costing. This chapter is the result 

of a thorough literature review and insights gained by observing and interviewing a numerous amount 

of people in the field of obsolescence management. The knowledge is later used to develop the 

decision support model introduced in chapter 4.   

3.1. Causes of obsolescence 
It is important to understand the reasons and potential causes of obsolescence in order to effectively 

combat technical obsolescence. Avlonitis et al. (1999) analyzed different product deletion scenarios 

to develop a framework related to product deletions. Using this framework as guideline, several 

reasons for technical obsolescence are identified and subsequently evaluated in the remaining 

sections of subchapter 3.1. 

 

3.1.1. Slow moving products 

Obsolescence is often caused by market forces, it relates to the decision of a manufacturer to stop 

producing low-volume or slow-moving products (Avlonitis et al., 1999). It occurs when demand for a 

component falls and a manufacturer considers it uneconomical to continue production, for example 

due to technological evolutions or revolutions (Bartels et al., 2012; Gravier & Swartz, 2009). This is 

happening at an increased frequency, especially with electronic parts, where the amount of time a 

part is available from its OEM can be less than a year (Sandborn 2013a; Romero Rojo et al., 2009). A 

well-known example is Moore’s law (1998), which is the observation that the number of transistors in 

a dense integrated circuit doubles approximately every two years. The observation is named after 

Gordon Moore, whose 1965 paper described a doubling every year in the number of components per 

integrated circuit. In particular, avionics and military systems often encounter obsolescence caused 

by market forces (Romero Rojo et al., 2009; Solomon, Pecht & Sandborn, 2000; Sandborn, Singh, 

Geiser & Lorenson, 2002). This is caused by relatively low volumes and a low purchasing power which 

is required to influence manufactures to continue the production of a component. An example of the 

decreased military market share in the semiconductor industry is shown in Figure 9 (Stogdill, 1999; 

Condra, Anissipour, Mayfield & Pecht, 1997; Gravier & Swartz, 2009).  

 

Moreover, the military industry has shift away from military specific parts, also known as Mil-Specs, 

to Commercial Of The Shelf (COTS) parts (Sandborn et al., 2002; Singh & Sandborn 2006). This shift is 

sometimes referred to as Perry’s law, based on a memo he wrote in 1994. In the memo, the defence 

secretary William Perry proposed commercial standards should be accepted more often, and Mil-

Specs would only be required by exception (Gansler & Lucyshyn, 2008). Since then, there has been a 

push to use COTS items in newly developed military systems. Typically, Mil-Spec items are 

manufactured over longer-periods of time and have a lower failure rate, therefore the obsolescence 

problem for Mil-Spec items is less prevalent (Sandborn et al., 2002; Condra et al., 1997). An original 

goal of embracing COTS items was to mitigate parts obsolescence. However, because of the increased 

speed of technological change in the COTS environment, the use of COTS items actually increased the 

amount of obsolescence issues. Subsequently, suppliers of the Mil-Spec market have accelerated their 

departure in order to serve more lucrative and stable markets, for example computer, consumer 
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products and telecommunications (Gravier & Swartz, 2009; Condra et al., 1997). This has accelerated 

the problem of technical obsolescence even more due to slow-moving products. 

 
Figure 9 - Declining military presence in the total semiconductor market over the years 1975 to 1995 (Stogdill, 

1999) 

3.1.2. Product variety 

Another reason for obsolescence is the strategic decision to reduce the product variety offered by a 

manufacturer (Avlonitis et al., 1999). Usually these products only contribute a small part to the total 

revenue and have been around for an amount of time (Solomon et al., 2000). Mergers and acquisitions 

often lead to a re-evaluation of the product portfolio of a company which may lead to a reduction in 

product variety (Avlonitis et al., 1999). For the customer, it is much harder to estimate when an item 

becomes obsolete in the latter case, since mergers and acquisitions and their decisions often come 

unexpected. 

 

3.1.3. Products deletions due to coercion from external forces 

The initiation of the deletion is the result of an accumulation of uncontrollable stimuli or outside 

forces, for example by directives, rules, and other legislation imposed by governments (Avlonitis et 

al., 1999). REACH is an example of such a regulation of the European Union, adopted to improve the 

protection of human health and the environment from risks that can be posed by chemicals. To 

illustrate how these rules affect obsolescence, an example is given using the Restriction of Hazardous 

Substances (RoHS). Lead (Pb) is commonly used in the electrical and electronics industry in solder, 

lead-acid batteries, electronic components, cable sheathing and in the glass of cathode-ray tubes 

(Rohsguide, 2017). Through the RoHS, the usage of lead is limited to 1000 ppm (Rohsguide, 2017). 

Consequently, lead-free solder, for example tin-silver-copper (SnAgCu) has replaced tin-lead solder 

(Bartels et al., 2012). As a result of the RoHS regulation many tin-lead solder finish electronic products 

have been discontinued, in other words, gone obsolete (Bartels et al., 2012). Another example is the 

light bulb; governments around the world, for example the European Union, have passed measures in 

2009 to phase out incandescent light bulbs (EC 244, 2009).  

 

3.1.4. Product deletions due to loss of support 

In addition to the aforementioned causes of obsolescence, a common motive for an organization to 

stop the production of an item is the absence of supporting material, processes, knowledge or 

software (Avlonitis et al. 1999). This is sometimes referred to as logistical obsolescence as mentioned 

in subchapter 1.1 (Bartels et al., 2012). It becomes infeasible to produce the product due to the 

inability to purchase or use supporting material, processes, knowledge or software necessary to 

manufacture a product. 
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3.1.5. Planned obsolescence 

Furthermore, obsolescence can be ‘planned’. Slade (2007) referred to planned obsolescence as the 

assortment of techniques used to artificially limit the durability of manufactured goods in order to 

stimulate repetitive consumption. The practical implication is that manufacturers try to achieve 

shorter product life cycles on purpose, in order to sell more and newer versions of a product.  

 

Another form of planned obsolescence is built-in obsolescence. This is a method performed by 

manufacturers to stimulate consumer demand by designing products that wear out or become out-

of-date after limited use (Bartels et al., 2012). The real problem with planned obsolescence for the 

defence sector appears when using COTS parts, designed for use in commercial systems with short 

lifetimes. This poses a problem because of system life cycles within the defence sector are much longer 

than life cycles of COTS products as mentioned earlier (Bartels et al., 2012). 

 

3.2. Observed trends related to obsolescence 
At the end of the cold war in the 1980s, there was an accelerated public pressure to reduce defence 

budget (Singh & Sandborn, 2006). This resulted in a decrease of assets owned by the defence industry 

and an increase in the supported life of individual assets, for example the Boeing B-52 Stratofortress, 

an American strategic bomber, with a planned service life of over 90 years (Josias, Terpenny & McLean, 

2004). Furthermore, it resulted in the migration from the use of traditional military specifications (Mil-

Specs) towards the use of commercial standards and performance specifications (COTS) (Özkan & 

Bulkan, 2016; Singh et al., 2006; Josias et al., 2004). The lifetime of these consumer goods, for example 

computers, is predicted to decrease over time (Echegaray, 2016).  A Rapid growth of the commercial 

sector due to increased technology content in consumer products such as computers, cell phones and 

audio equipment, has moved manufacturers to stop producing low volume products for the defence 

industry. They have shifted their production to high-volume consumer electronics markets (Josias et 

al., 2004). The defence market share in the integrated circuit market declined drastically, in the period 

of 1975 to 1995 from 16 percent to 1 percent respectively (Josias et al., 2004). Eventually this has led 

to an increased life cycle mismatch; shorter lifetimes of individual components and an increase in the 

lifetime of an individual asset, leading to an increase in the amount of obsolescence issues (Bartels, 

2012). Although this history is associated with the defence industry, the problem reaches much 

further, since many non-defence applications depended on Mil-Spec parts, for example avionics, the 

oil well drilling and the automotive industry (Singh & Sandborn, 2006). Additionally, systems become 

more complex, leading to an increase in the amount of (unique) components in a system (Bartels et 

al., 2012). This, subsequently results in an increase of the amount of obsolescence issues per system. 

Furthermore, there is a growth in the need for integration between several (sub)systems, which 

eventually results in an increase in the consequences of an individual obsolescence issue. 

 

Prior research shows that obsolescence can lead to major costs. The solution costs increase 

exponentially over time (Sandborn, 2013). The awareness of obsolescence is rising, due to the increase 

in frequency and consequences of obsolescence issues. The number of yearly publications on 

obsolescence has, for example, increased from 1996 to 2008 as shown in Figure 10 and is expected to 

increase even further (Romero Rojo et al., 2009). Traditionally, the industry dealt with obsolescence 

in a reactive way (Josias et al., 2004; Romero Rojo, Roy & Shehab, 2010). However, there is an 

increased awareness for the importance of proactive obsolescence management strategies (Feng, 

Singh, & Sandborn, 2007; Romero Rojo et al., 2010; Sandborn, 2004).  
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Figure 10 - The number of yearly publications on obsolescence within the defence and aerospace sector 

(Romero Rojo et al., 2009) 

3.3. Obsolescence management 
Obsolescence management is the collection of methods, tools, and processes for detecting and 

resolving obsolescence issues (Wilkinson, 2015). It is a set of coordinated activities to direct and 

control an organization with regard to obsolescence (IEC 62402, 2007). In general, these methods, 

tools and processes can be assigned into two categories as described by Wilkinson (2015);  

- The first category focuses on resolving obsolescence issue when they arise (the reactive 

process). 

- The second category focuses on active measures to avoid or reduce the impact of 

obsolescence (the proactive process).  

Section 3.3.1 introduces and subsequently evaluates the commonly used reactive obsolescence 

resolution approaches. Subchapter 3.3 is concluded with an overview of the proactive obsolescence 

mitigation approaches in section 3.3.2. 

 

3.3.1. Obsolescence resolution 

This section discusses different resolution approaches to deal with technical obsolescence. Reactive 

resolution approaches focus on minimizing the costs of resolving the problem after an issue has 

occurred (Singh & Sandborn, 2006). It is important to note, these resolution approaches can also be 

deployed in a proactive manner, in that case the item is replaced before an obsolescence issue has 

arisen. Usually this is driven by forecasts or a need for increased functionality. It can be a complex task 

to decide which action to undertake, factors as system complexity, time availability, future design 

refreshments plans and expected product lifecycles should be included in this decision (Wilkinson et 

al., 2015; Condra et al., 1997; Bartels et al., 2012). Sometimes a combination of resolution approaches 

is used to handle obsolescence, for example the adoption of short-term solutions to bridge future 

design refreshments (Bartels et al., 2012). In the literature eight solution types for reactive 

obsolescence handling are identified (United Kingdom Ministry of Defence, 2004; Defense 

Standardization Program Office, 2006). This paragraph will introduce and evaluate these eight solution 

types sorted by their expected costs, starting with the low-cost option as indicated by Figure 13 which 

can be found in subchapter 3.4, on page 30: 

 

1. Existing stock – The use of an original part that is owned within the supply chain and 

can be allocated to the system. This is considered an inexpensive resolution to an 

obsolescence problem, as the only costs that might arise are the costs for (functional) 

testing of the parts (Bartels et al., 2012). 
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2. Reclamation – Refers to the use of a part obtained from systems beyond economical 

repair or ‘retired assets’, sometimes referred to as cannibalization (Bartels et al., 

2012). This strategy is only relevant when the demand for the obsolete part is small. 

It is important to note, reclamation has possible drawbacks such as handling, test and 

rework efforts and potential usages or disassembly damages (Bartels et al., 2012). 

Sometimes, especially within the maritime defence industry, reclamation is used as a 

temporary resolution. For example, by replacing a defect radar system with a working 

radar system from another vessel in the harbor, in order to fulfill the operational 

requirements to go on a mission.  

3. Alternate – An alternate part is a part equal to, or better than, the part it replaces 

(United Kingdom Ministry of Defence, 2004). Alternate parts can be provided by the 

OCM or may include a smaller company that might undertake production that is no 

longer profitable for a large supplier (Defense Standardization Program Office, 2006). 

An alternate is often a preferred resolution, since it can be implemented in a limited 

amount of time against relatively low costs (United Kingdom Ministry of Defence, 

2004). Note that costs associated with an alternate part are heavily dependent on the 

component complexity and system application due to certification and testing (United 

Kingdom Ministry of Defence, 2004).  

4. Substitute – Part substitution refers to the selection of a replacement part, whose 

performance may be less capable than the unobtainable part, however fully functions 

without redesign. For example, a part which has a lower reliability, tolerance or 

temperature range than the original part, like the downgrade from a Mil-Spec grade 

part to a COTS part (United Kingdom Ministry of Defence, 2004). A substitute 

resolution is often used when suitable downgrade is acceptable for the system. 

5. Aftermarket – Aftermarket parts are parts that are available on the market, but not 

from the original manufacturer (United Kingdom Ministry of Defence, 2004). 

Aftermarket sources can generally be divided into three types; authorized 

aftermarket, approved aftermarket and unapproved aftermarket. The authorized 

aftermarket sources provide finished parts and often have formal agreements and 

approvals from original manufacturers to resell their parts (Bartels et al., 2012). The 

approved aftermarket sources remanufacture parts to minimize the probability on 

counterfeits. Brokers are an example of unapproved aftermarket sources. Note that 

the quality and costs can vary greatly depending on the source of the component. 

Even authorized aftermarket sources do not necessarily guarantee that items are of 

the same quality and have the same reliability as the original items (Bartels et al., 

2012). 

6. Emulation – Emulation refers to the process of creating unavailable parts from 

technical data sheets, specifications and additional information (Bartels et al., 2012). 

Accurate and complete part specifications are essential to ensure that the emulated 

product matches all of the characteristics of the original part (Bartels et al., 2012). The 

costs and time needed for emulation can vary depending on the product complexity 

and the available (technical) information. It should be remarked, emulation parts are 

occasionally categorized as substitute or alternate parts. 

7. Redesign (minor) – This involves redesigning out obsolete parts via engineering and 

design changes. It often includes improving reliability, maintainability and the system 
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performance (Bartels et al., 2012). An example of a minor redesign would be a 

rearranging of the lay-out of a printed circuit board. 

8. Redesign (major) - This involves redesigning out obsolete parts via engineering 

changes at various system indenture levels. It often includes improving reliability, 

maintainability and the system performance (Bartels et al., 2012). A major redesign 

should only be considered after the evaluation of all the other alternatives mentioned 

above, since the costs and time needed for a major redesign are significantly higher 

than other resolutions due to testing and revalidation. An example of a major redesign 

would be a redesign of a complete printed circuit board. In general, redesign costs are 

program specific and driven by system complexity and the type of redesign planned 

(United Kingdom Ministry of Defence, 2004). The major redesign resolution approach 

is sometimes categorized together with the minor redesign resolution approach.   

 

In addition, to the aforementioned eight approaches a ninth option is introduced known as Last-Time-

Buy (LTB). 

 

9. Last-Time-Buy – Also known as the purchase and storage of components after a 

product discontinuance notice from a supplier is received. Enough to support the 

product throughout its remaining life cycle or until the next planned technology 

refreshment (Romero Rojo et al., 2009). This resolution approach is sometimes 

considered as a proactive approach, but it differs from the lifetime buy in the fact that 

the LTB is triggered by a supplier announcement. Whereas the lifetime buy is a risk 

mitigation option triggered by the user’s risk analysis, as explained in more detail in 

section 3.3.2 (Romero Rojo et al., 2009). It is often an inexpensive option for relatively 

cheap, low-indentured small parts, since it does not require any requalification, 

testing or redesign. However, it may be difficult to estimate the number of items 

needed. 

 

3.3.2. Obsolescence mitigation 

Proactive obsolescence management is the sum of methods, tools and processes that focus on active 

measures to avoid or reduce the impact of obsolescence; it deals with the obsolescence problem 

before it actually happens (Wilkinson, 2015). The adoption of a proactive strategy may reduce the 

probability of obsolescence issues and, or decreases the impact when obsolescence issues arises (IEC 

62402, 2007). The categories most frequently used are discussed and evaluated below: 

 

1. Design considerations – Engineers and managers must be aware of the life cycles of parts they 

incorporate into their systems, especially for sustainment dominated systems (Kumar & 

Saranga, 2010). To minimize the probability of future obsolescence the following factors 

should be considered when designing a new system or a design refreshment. First, the market 

and regulations should be taken into account, for example indications of future restrictions 

on technologies or materials (IEC 62402, 2007). Second, the component selection should be 

considered, for example only components that have multiple suppliers and no indication for 

a production phase out should be incorporated in the system. In particular, parts that are 

relatively in the beginning of their product life cycle (Tomczykowski, 2003). Third, the type of 

technology technology should be considered. Exclude for example technologies with an 
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indication of significant changes that could make the whole system or set of components 

obsolete in the foreseeable future (IEC 62402, 2007). 

2. Technology transparency – This method is particularly effective for new projects, however it 

can also be used during system upgrades similar to design considerations (IEC 62402, 2007). 

During the design phase of a system, focus should be on the specification of standardized 

interfaces (Tomcykowski, 2003). Preferably, it should be possible to substitute every individual 

component or module provided that the form, fit and function is maintained (IEC 62402, 

2007).  

3. Partnering agreements with suppliers – To assure continued availability especially for single 

source components and materials, one should try to make partnering agreements with 

suppliers to ensure the continuous support and provision of critical components (Romero 

Rojo, Roy, Shehab, & Wardle, 2009). For example, incorporate availability guarantees in 

contracts with the suppliers (Tomczykowski, 2003). Note, there is always a risk that a supplier 

goes bankrupt. This risk should always be considered during the development of an 

agreement. To partially mitigate this risk, an additional clause could be included in the 

contract. For example, force the supplier to give all technical data packages, such as drawings, 

after the supplier goes bankrupt. 

4. Lifetime buy – A lifetime buy or all time buy involves acquiring the expected quantity needed 

of a component for the remaining lifetime of a system (IEC 62402, 2007). The main benefit of 

this approach is that time issues are avoided and requalification testing is often not necessary 

(Romero Rojo et al., 2009). However, the initial cost is high and it can be difficult to forecast 

the demand and determine the all time buy quantity accurately (Romero Rojo et al., 2009; 

Tomczykowski, 2003). Note, a lifetime buy is different from a Last Time Buy as explained in 

section 3.3.1, since the lifetime buy is not triggered by a supplier announcing a future end of 

production. 

5. Obsolescence monitoring and forecasting – Obsolescence monitoring involves tracking the 

obsolescence status of processes, materials and components used in the product design (IEC 

62402, 2007). Nowadays there are commercial tools available that match the BOM with 

databases, providing information about the current state of each component and a forecast 

when it will become obsolete on component level (Romero Rojo et al., 2009). The forecast is 

often based on an algorithm that takes component features and technology maturity into 

account (Romero Rojo et al., 2009). Examples of such products are IHS Markit and AVCOM. 

Obsolescence can also be tracked and forecasted without the support of commercial tools. 

For example, by contacting suppliers on a regular basis and gathering relevant market 

information. 

6. Design refreshment planning – This method determines optimum points during the product’s 

supporting life at which the design of all, or parts, of the system are updated and obsolete 

items replaced (Singh & Sandborn, 2006). Often this method uses the earlier mentioned 

obsolescence forecasting methods as input to determine the critical components in a system 

(Singh & Sandborn, 2006). Design refreshment planning includes defining the number of 

design refreshment activities, their content and when they will be performed (Romero Rojo 

et al., 2009). Figure 11 shows a practical example of the design refreshment planning (Singh, 

Sandborn, Geiser & Lorenson, 2002). For simplicity, only one part is presented, however in 

reality, there are linked parallel timelines for many parts. 
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Figure 11 – A general design refreshment plan (Singh et al., 2002) 

The focus of this project is on systems that are already developed and operational as mentioned in 

section 2.5.2. Although design considerations and technology transparency are important and 

effective strategies to deal with obsolescence proactively, the focus of this research is on obsolescence 

monitoring and obsolescence forecasting including risk assessments. Figure 12 provides an overview 

of the categorization of different obsolescence approaches. 

 

 
Figure 12 - Overview of the different obsolescence management approaches 

3.4. Obsolescence resolution costing 
Traditionally, contracts for sustainment dominated systems did not include the cost of resolving 

obsolescence issues. It was accepted that the OEM was responsible for solving obsolescence issues 

and the asset owner would bear the costs (Romero Rojo et al., 2009a). However, the current 

contracting trend is moving towards contracting for availability (Romero Rojo et al., 2009b). 

Contracting for availability is a commercial process which seeks to sustain a system or capability at an 

agreed level of readiness, over an extended period of time, by building a partnering arrangement 

between the asset owner and the OEM (Leaflet 5 – Contracting for availability, n.d.). In theory, this 
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process shifts the risk of obsolescence and its associated costs from the asset owner more towards 

the OEM. This new trend in contracting leads to a scenario in which both parties need to make 

accurate estimations of obsolescence costs at the contracting phase. Estimating costs of handling 

obsolescence over long periods of time (for example over 10 years) has become a major challenge 

(United Kingdom Ministry of Defence, 2004). The costs of resolving problems related to obsolescence 

are currently of primary concern of program managers (Bartels et al., 2012). On behalf of the 

Department of Defense of the USA (Shaw, Speyerer & Sandborn, 2010; Shearer & Tomczykowski, 

2001) and the Ministry of Defence of the United Kingdom (United Kingdom Ministry Of Defence, 2004) 

studies have been executed to estimate the average costs associated with the most popular resolution 

approaches. A collection of these studies is shown in Figure 13. Important to mention, the data 

presented in this figure is manipulated in order to group and compare the data to the eight resolution 

methods. The focus of these studies was on non-recurring engineer costs of the obsolescence 

problems in relation to microelectronics. Costs estimated for each resolution approach should be 

compared with the cost of a proactive approach in order to make the decision whether to act 

proactively or reactively. Costs mentioned in Figure 13 cannot be considered as a requisite estimation 

within the scope of this study due to potential changes over time, different parts and industries. 

 

 
Figure 13 - Non-recurring engineering costs associated with reactive obsolescence management approaches 
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4. Model  
This chapter introduces the conceptual model to assess the obsolescence risk. Starting with an 

introduction to item prioritization in subchapter 4.1. Subchapter 4.2 describes the collection of 

relevant item attributes. Subchapter 4.3 goes into detail about obsolescence management costing. 

Where after the conceptual model is introduced in subchapter 4.4. This chapter is concluded by a 

short evaluation of the model in subchapter 4.5. 

4.1. Introduction to item prioritization 

Robust obsolescence management may require monitoring and surveillance of hundreds of thousands 

of items simultaneously. This can be a time-consuming and costly process, depending on the size of 

the system, the availability, the format of the data and the available manpower to load all the 

(indentured) BOMs into a predictive tool. Prioritizing the scope and focus of a program, using a risk-

based approach, is crucial for complex systems to manage obsolescence effectively. Prioritizing has as 

purpose to assess whether items should be managed proactively or reactively: 

- A proactive approach implies doing something to mitigate obsolescence. Proactive 

management can entail varying levels of effort and activity. It can be described as actively 

planning, acting and mitigating obsolescence during the whole life cycle of a product within 

the whole supply chain. Those items classified as medium level risk, based on a risk 

assessment, will not earn the same level of effort and activity than those assessed as a high 

risk. Obsolescence problems are often proactive mitigated by life time buys, design 

refreshments plans, monitoring and predicting market or technology factors and trends. A 

proactive strategy is assumed to lead to a higher availability and it may lead to lower solution 

costs (provided that an obsolescence problem will arise in remaining system lifetime). 

However, sometimes obsolescence problems can be solved relatively easy or problems will 

not even arise during the remining system lifetime. In such cases, a reactive approach is more 

suitable. 

 

- A reactive approach implies doing nothing until the need arises to do something. So, to resolve 

an obsolescence issue after it occurs. The approach includes procuring an alternative or 

substitute preferably from the OCM. If that is not possible it should be procured from the 

aftermarket. Furthermore, an obsolescence issue can be solved reactively by means of 

reclamation or redesign as explained in more detail in section 3.3.1. Another option is to 

(re)solve the obsolescence problem using a LTB opportunity after receiving a PDN. This latter 

option is not always available. Often there need to be a (proactive) process in place to gather 

and evaluate such notices. A reactive strategy is assumed to only lead to costs when an 

obsolescence issue arises, so no forecasting and monitoring costs are included in this type of 

strategy. As mentioned, a reactive approach should not be interpreted as ignoring the 

problem. The selection of a reactive approach should be an informed decision based on an 

assessment of the obsolescence risk in the context of the specific system. It is a suitable 

strategy for items that are not operationally critical or where the diminishing supply can be 

easily and quickly resolved. 

Most prioritization approaches, sometimes referred to as risk assessments, consider two dimensions, 

namely the probability and the impact of the risk. These assessments do not explicitly include the cost 

associated with the different management approaches. The IEC 62402 (2007) and SD-22 (2016) 

emphasize the importance of risk assessments and propose a method to evaluate the risk of 

obsolescence for new projects based on its impact, the costs and the probability of occurrence. 

Unfortunately, none of the models define explicitly a process or clear practical guidelines to assess the 
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risk of obsolescence. For example, it may be difficult for a program manager to estimate the 

probability, impact and cost associated with the management of obsolescence. Besides, the model 

focuses on OCMs and OEMs, not necessarily on asset owners and system integrators.  

 

 

 

Figure 14 - Visualization of risk assessment determining whether to act proactively on obsolescence 

Risk mitigation introduced in this thesis is facilitated by evaluating the likelihood of an obsolescence 

issue, its impact and related costs which requires both quantitative and qualitative analysis. Figure 14 

provides a visualization of the risk assessment based on these three dimensions. This figure is only a 

visualization, in reality, the relationships between the three dimensions are not necessarily linear. Red 

suggests a proactive approach while green suggests that the item could be best managed reactively. 

Based on a thorough literature review, twelve articles were selected to identify factors that may 

contribute to the estimation of the obsolescence risk of an item. Factors, sometimes referred to as 

item attributes, were added and evaluated based on interviews with over 75 experts, employees and 

academics in the field of asset life cycle management, integrated logistics support or supply chain 

management associated with the maritime industry as explained in more detail in subchapter 4.2. 

Each dimension is divided into multiple categories and subcategories. The item attributes are used to 

estimate the value of their parent category.  

4.2. Factor collection 
The risk assessment along with the resolution process should form the basis of a products 

obsolescence management plan (Kelly & Williams, 2015). The goal of this subchapter is to give insight 

about factors that can support the decision to manage items proactively, from the perspective of the 

asset owners and their direct suppliers within the maritime sector. Based on interviews and articles, 

parameters are gathered and prioritized on whether they could be used in an obsolescence risk 

assessment. 
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4.2.1. Probability obsolescence issue 

The dimension ‘Probability obsolescence issue’ gives an answer to the question, what is the probability 

that the item turns into an obsolescence issue? In order to turn into an obsolescence issue, the item 

needs to meet the following requirements: 

1) An item is no longer available 

2) There is demand for an item 

Therefore, for the remainder of this report, an obsolescence issue is defined as; a demand for an item 

that cannot be fulfilled due to the fact that the item is no longer available in the market. Basic 

backorder theory can be used to identify relevant factors for the category stock versus consumption 

rate. Examples of such parameter are the inventory level, reorder up to level and expected demand. 

It is worth to mention, that within the scope of the project, a demand for an item can only arise when 

an item fails. It may be a time consuming and error-prone process to estimate the expected demand 

for an item. Therefore, relevant parameters are identified, that are regularly widely available within 

an organization, to estimate the expected demand. The following parameters were identified: the 

failure distribution, Mean Time Between Failures (MTBF), the usage profile, the operating conditions 

and the planned remaining service life. It is common for asset owners, especially for asset owners like 

the RNLN, and its direct suppliers to repair an item when it failed. Therefore, parameters such as Mean 

Time To Repair (MTTR) and the successful repair distribution are also included to determine the 

demand. 

The second category, ‘Supply chain vulnerability’, within the dimension ‘Probability obsolescence 

issue’ is related to the fact that an item is no longer available. Unfortunately, there is only a limited 

amount of research done to estimate the risk that an item becomes unavailable. Most literature 

focuses on the OEM and rely on a large-scale input data. Parameters were gathered by interviewing 

experts, evaluating recent obsolescence issues and reviewing articles. Again, timing is of great 

importance, since it is assumed that eventually all items become unavailable. However, it only 

becomes an issue, if the item becomes unavailable before the (expected) last demand for that 

particular item. A supply chain is potentially vulnerable if there are a limited amount of sources 

available, represented by the parameter number of suppliers. Furthermore, the financial health of a 

source is an indicator if the source will be there for the long-term. The expected years to end of life of 

an item is dependent on the item type, as well as the technology type used in the item. Other indirect 

parameters suggesting that the current supplier stops with the production of a part are a sudden price 

increase, a decrease in the mean time between two demand moments, the time since the first order, 

the time since the last order, the market share and changes in lead time. The fact that the current 

supplier stops with the production of a certain item does not necessarily mean that the item is no 

longer available at all. Factors as, changes in regulations, item type and technology type can be used 

as indicator to estimate if an item will become soon no longer available in the market. Table 3 provides 

an overview of all the parameters and the relationship to the above lying categories of the dimension 

‘Probability obsolescence issue’. 

  



34 
 

Dimension Category Parameter 

Probability obsolescence 
issue [2], [3] 

Supply chain 
vulnerability [1] 

Current life cycle stage [3] 

Introduction date [4], [6] 

Type of item [6], [8] 

Current obsolescence status 

Technology cycle time 

Technology type [8], [9] 

PDN promptness [3], [4], [7] 

Relationship supplier [3], [6] 

Reduction in distributor inventory [4], [7] 

Time since last order [1], [8], [11] 

Time since first order 

Financial health supplier [1] 

Price increase [1], [4], [5], [10] 

Change in demand (decrease) [1], [10] 

Mean time between demand [3] 

Change in lead time [5] 

Market share [5], [8] 

Changes in regulations [3] 

Number of (other) suppliers [3], [6], [7], [8] 

Amount of item modifications [5] 

Stock vs consumption 
rate [3] (probability 
backorders) 

Inventory level 

Expected demand 

Planned service life [1] 

Usage profile [1] 

Number of items used [1] 

Planned until refreshment [1] 

Reorder up to level 

Operating conditions 

MTBF 

Amount of items in system 

Failure distribution 

MTTR 

Repair distribution 

Repair rate 

Table 3 - Overview of parameters associated with dimension 'Probability obsolescence issue' ([1] SD-22, 2016; [2] IEC 62402, 
2007; [3] Romero Rojo et al., 2012; [4] Sandborn et al., 2011; [5] Solomon et al., 2000; [6] Gravier et al., 2009; [7] Sandborn, 

2015; [8] Sandborn et al., 2007; [9] Romero Rojo et al., 2009; [10] Jaarsveld et al., 2011; [11] Sandborn et al., 
2006) 
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4.2.2. Solution consequences 

The dimension ‘Solution consequences’ only addresses the direct (expected) consequences associated 

with the (re)solution. The downtime costs or operational impact that a specific solution may have on 

the system is addressed with the dimension ‘Operational impact’. The consequences heavily depend 

on the effort needed, associated with the implementation of the solution. Again, timing is of great 

importance. It is expected that the costs and time needed to implement a solution increases over 

time. This assumption is clarified in more detail in subchapter 4.3. The dimension can be divided into 

two categories, the time to implement a solution and the cost to implement a solution. Naturally, 

these categories are strongly related. Because a redesign is a time-consuming process and therefore 

to major costs. However, sometimes, for example when requalification is needed, the time needed to 

find a solution might be very long, while the costs associated with requalification are limited. Other 

relevant parameters are the item complexity and the level of integration. The parameter item 

complexity, addresses the relationship between different modules and the functions the modules 

perform.  Whereas the parameter, level of integration, solely focuses on the amount of modules or 

items linked to that particular item; the integration level increases over the amount of modules linked 

to the item. It is expected that a higher complexity and higher level of integration lead to larger 

solution consequence, since it will be costlier to implement a solution. If the technical data of an item 

is not available, reverse engineering is required; this can take a long time and adds significantly to the 

risk. Reverse engineering of material such as mechanicals is often easier than material related to 

electronics. Measuring manufacturing difficulty and other parameters may be subjective, but it gives 

an indication of the potential solution consequences. In the case of measuring manufacturing 

difficulty, questions such as, is there a need for specialized skill, test equipment or high capital 

equipment, can be used to estimate the difficulty. Another measurement for the time and cost to 

implement a solution is the expected type of resolution; a redesign is expected to take longer than 

the search, and implementation of an alternative. An overview of the individual parameters and the 

relationship between the categories and dimensions is shown in Table 4. 

4.2.3. Item criticality 

The dimension ‘Item criticality’ addresses the direct operational impact of system that is down. It does 

not necessarily address the downtime of a system, because this is already reflected in the dimensions 

‘Probability obsolescence issue’ and ‘Solution consequences’. It purely reflects the degree to which an 

item is critical to the functionality of the system and ultimately the operational readiness of the unit 

employing that system. Again, several categories are identified in order to structure the dimension. 

For example, whether an item is a safety critical item. A top priority for the scope and focus of an 

obsolescence management program is, any system or item, containing a critical characteristic whose 

failure, malfunction, or absence could cause a catastrophic or critical failure. Resulting in the loss or 

serious damage to the WS, an unacceptable risk of personal injury or loss of life, or an unwanted 

engine shutdown that jeopardizes safety. Another important category that addresses the criticality of 

an item is the fact if the item is a mission critical item. Items are missions critical when a failure or 

disruptions during a mission will likely result in the failure of the (mission) operations. Such items are 

especially critical, when there is a single point of failure or a significant impact on the above lying 

assembly. These last aspects are included in the parameter contribution to system performance, 

which addresses the level of contribution to the above lying indenture levels. Furthermore, the SD-22 

(2016) suggests that there should be a high correlation between high cost and/or high demand items 

and criticality. Other parameters such as item complexity and modularity are also included and 

expected to influence the criticality of an item. An overview of the individual parameters and the 

relationship between the categories and dimensions is given in Table 5. 
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Dimension Category Parameter 

Solution consequences 
[2] 

Time to implement solution 
[1] 

Technical data package availability [1] 

Availability of tooling and test equipment [1] 

Time to or from obsolescence date 

Source controlled [1] 

Item complexity 

Type of item 

Manufacturing difficulty [1] 

Lead time to requalify [1] 

Expected type of resolution 

Level of integration/complexity of interfaces 
[3] 

Cost to implement solution Technical data package availability [1] 

Availability of tooling and test equipment [1] 

Time to or from obsolescence date 

Source controlled [1] 

Item complexity 

Type of item 

Manufacturing difficulty [1] 

Expected type of resolution 

Level of integration/complexity of interfaces 
[3] 

Number of items in system [3], [12] 

Original item cost [1], [12] 

Table 4 - Overview of parameters associated with dimension 'Solution consequences' ([1] SD-22, 2016; [2] IEC 62402, 2007; 
[3] Romero Rojo et al., 2012; [12] Singh et al., 2002) 

 

Dimension Parameter 

Item criticality 
[1] 

Safety critical [1], [3] 

Contribution to system performance 
[3] 

Level of integration [3] 

Complexity [3], [9] 

Modularity [3] 

Mission critical [1], [3] 

High Demand [1] 

High Acquisition cost [1] 

Table 5 - Overview of parameters associated with dimension 'Item Criticality' ([1] SD-22, 2016; [3] Romero Rojo et al., 2012; 
[9] Romero Rojo et al., 2009) 
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4.3. Obsolescence management costing 
Subchapter 3.4 already introduced the topic obsolescence resolution costing. However, it only 

indicated the non-recurring engineering costs associated with a specific resolution type, for example 

the costs associated with a substitute or a redesign. It did not address the costs associated with 

proactive obsolescence mitigation. Unfortunately, cost associated with proactive obsolescence 

management is a complicated topic and literature pays only little attention to it. Besides, the costs 

considered in subchapter 3.4 are primarily associated with microelectronics and is the aggregation of 

multiple industries combined. This study focuses on the maritime defence industry as discussed 

earlier, in subchapter 2.5. Therefore, additional analyses are necessary to generalize the costs of 

obsolescence management for multiple items within the maritime defence industry.  

It appears that the costs and time needed to solve an obsolescence issue are not structurally logged 

into a database by the parties involved. Frequently, information concerning obsolescence 

management is diffused over multiple databases and documents. Therefore, interviews with experts 

are conducted to gather the required information. To gather the information regarding obsolescence 

(re)solution costing, dozens of un-structured interviews were conducted. After that, semi-structured 

interviews were held with eleven experts in the field of obsolescence management to obtain the 

relevant information. The interviews lasted on average around 60 minutes and included often a 

second round of approximately 45 minutes. Additional research should be done, to determine if these 

values are accurate and generalizable for the entire maritime defence industry. Several factors should 

be considered when doing a similar study. An example of a factor, is the fact that, an OEM (re)solves 

obsolescence issues for items that are used in systems that are still in the development phase. These 

items may also be used in other systems which may be operational for several years. It might be 

difficult to assess whether the trigger to solve the obsolescence issue arises from the system in the 

development or the system that is already operational. It is worth to note, that this information is still 

valuable, since the associated resolution cost and time can still be used to determine the 

consequences of a certain resolution type. However, it may interfere with the moment an 

obsolescence issue would be normally resolved during the in-service support phase. For the remainder 

of this paragraph, these results are based on experiences and focus on the operational phased. The 

results are used as a guideline to develop a model to estimate the obsolescence management costs 

and obsolescence resolution time as explained in more detail in subchapter 4.4. Below, the most 

important findings are discussed. 

It appears the resolutions costs are highly dependent on the type of resolution, which is partially 

dependent on the type of organization. For example, asset owners use relatively regularly reclamation 

to solve an obsolescence issue, while system integrators and OEMs hardly ever use this option. This 

type of resolution is typical for the defence industry, especially for the maritime defence industry. A 

study, performed on behalf of the Department of Defense of the USA, showed that approximately 10 

percent of the obsolescence issues are solved using reclamation in the maritime defence industry by 

its asset owners (SD-22, 2016). While for both, the ground forces and air force, less than 1 percent of 

the issues are solved using a reclamation (SD-22, 2016). Furthermore, they found that within the 

maritime defence industry, issues are more often solved on a higher indenture level compared to 

other defence industries (SD-22, 2016). System integrators often use, three quarter of the time, an 

alternate, substitute or a source from the aftermarket to solve obsolescence issues. Only in a limited 

amount of cases, approximately 1 out of 25, the LTB opportunity was implemented. The possibility to 

choose for a LTB opportunity is dependent on the relationship with the supplier of the item. In 

approximately 20 percent of the cases, a minor to major redesign was needed. An OEM uses the LTB 

opportunity more often. In 2017 approximately one third of the cases were solved using the LTB 

opportunity. The credible reasons why OEMs use the LTB option more often, is that they have a closer 
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relationship with their suppliers, order larger quantities and above all, solve obsolescence issues at a 

lower indenture level compared to asset owners and system integrators. In approximately one fifth of 

the cases the issues were solved using existing stock. It could be the case, that asset owners and 

system integrators also used this option, but this is usually not logged in a database. Habitually, asset 

owners and system integrators tend to act reactively and do therefore not know if an item has become 

obsolete. Or they do know it but it is not logged into a system already before the demand arises for 

that specific item. In approximately two fifth of the cases, the issues are solved using an alternate, 

substitute or via the aftermarket by the OEM. Only a small percentage of the cases was solved by 

doing a redesign. 

The availability of resolution types usually changes over time. Often, multiple resolution types are 

available when an item is still in production. The one with the lowest associated direct costs and, or 

time will most likely be picked. It is expected that the amount of resolution types available reduces 

over time. For example, it is more likely for an item that has just become obsolete to have the option 

to choose an alternate than for an item that is already obsolete for years. Since a redesign is more 

expensive than an alternate, the expected costs increases over time. It is assumed, that the resolution 

costs increase over time, since the probability of a redesign is also expected to increase over time. 

After an item becomes obsolete, it is expected that the costs rise at an amplified speed, since the item 

will become scarce and the number of available alternatives will decline. An example of this relation, 

between the obsolescence resolution cost over time, is depicted in Figure 15. 𝑡𝑖 indicates the moment 

that a resolution is put into place for item 𝑖. 𝑆𝑖(𝑡𝑖) represents the resolution cost function for item 𝑖.  

 

Figure 15 - Obsolescence resolution cost over the life cycle of an item 

The resolution time is related to the type of resolution and its associated costs. The effective resolution 

time, for example finding an alternative or using the LTB opportunity, only takes several hours. 

However, the total cycle time or lead time to find, test, qualify and implement the item may take 

several weeks or even months. For a redesign, the effective resolution time will easily take hundreds 

or even thousands of hours, but the total lead time can take up to months or even years, depending 

on the complexity of the resolution. The timing of the resolution also has a great impact on the 

resolution time. Although in general, the resolution time increases in relation to the solution costs, it 
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behaves different from the resolution cost graph shown in Figure 15. When a resolution is put into 

place, before the item has become obsolete, the need is less urgent, than when a resolution is put 

into place after an item is already obsolete. Therefore, the resolution type implemented at that 

moment an item is already obsolete tend to take shorter, since there is, among others, often still stock 

available. This longer implementation time does not necessarily lead to more downtime, therefore it 

is considered during the development of the model. Other parameters that have an influence, and are 

included in the model, are factors like the indenture level and the fact if (re)qualification is needed.  

Until now, only costs and times related to the resolution are considered. However, (proactive) 

obsolescence management is much broader than just finding and applying a resolution. An effective 

and robust obsolescence management program touches all divisions within an organization, including 

all management layers during the whole life cycle of an asset. It is very hard to quantify the costs and 

time needed to implement a robust obsolescence approach, especially on item level. Additional 

analysis should be done to quantify the costs needed to implement robust (strategic) obsolescence 

management. For now, the cost associated with cleaning up data and evaluating the indentured BOMs 

are neglected in this study. It is assumed that, when acting proactive, there is a high probability of 

knowing in advance when an item becomes obsolete, for example by receiving PDNs. 

4.4. Conceptual model 
This subchapter introduces the conceptual model which is used to develop the decision support tool 

to identify which items in a BoM should be managed proactively based on an initial assessment. The 

selection of a specific strategy depends on a wide range of factors, the decision maker needs to analyze 

the trade-offs among these factors. The decision maker is preferable a team consisting of stakeholders 

from various divisions and several management levels within an organization to manage 

obsolescence. It is the decision maker’s role to develop and implement processes that predict the 

obsolescence impact of items or systems and develop strategies to mitigate these issues. The model 

introduced in this chapter can be used as a tool to support decisions related to different obsolescence 

management strategies. It is a first step towards a general obsolescence management model that can 

be used by asset owners, system integrators and OEMs. The model is developed in such a way, that it 

can easily be extended and changed in a later stage. The model considers two phases, as explained in 

more detail in section 4.4.1. The second phase of the model considers the likelihood of an 

obsolescence issue, the resolution consequences and the item criticality. The likelihood of an 

obsolescence issue is explained in more detail in section 4.4.2. Where after, the consequences related 

to the resolution are clarified in section 4.4.3. And finally, the criticality of an item is introduced in 

section 4.4.4. 

 

4.4.1. Introduction to conceptual model 
A database of items is the primary resource in obsolescence management, both for the decision maker 

and the model introduced in this subchapter. BOMs may contain any number of items that do not 

need to be analyzed thoroughly to assess whether to act proactively or reactively on obsolescence. 

Gathering and structuring the data relevant to develop an indentured BoM can be a time-consuming 

process. Especially, considering the number of relevant attributes needed to assess what the best 

obsolescence management strategy will be. To make more effective use of limited amount of 

resources, organizations should adopt a risk-based approach to proactive monitoring. Therefore, the 

model is divided into two phases as shown in Figure 16. During the first phase, only a limited number 

of attributes are evaluated to determine if an item needs a more thorough analysis. For some items, 

it is already known in advance that the best possible way to manage obsolescence is reactively. For 

example, items that have one, or a combination of, the following characteristics. An item that is a 
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consumable, has no operational impact when failing, does not fail at all or has barely any costs related 

to a resolution. The following two categories are identified: 

1) Items that need a thorough analysis. These items include certain item classes known to have 

a high propensity of obsolescence issues. In general, these item types include, radiofrequency 

components, memory components, networking gear, computers and microprocessors. It 

includes, items with limited number of available sources, MOTS items and items with a low 

demand. 

2) Items that do not need a further assessment. These items include items that are already 

obsolete, standard industrial items, such as cabling, consumables, that typically do not 

present a significant risk. In some circumstances, this generalization does not hold. For 

example, some of these items may operate in a unique environment and may require 

requalification of the entire system. Therefore, a manual check is needed to assess if a more 

thorough analysis is needed. 

 

Figure 16 - Overview of the two-stage model 

The second stage of the model is a more in-depth analysis, which considers the likelihood of an 
obsolescence issue, the resolution consequences and the item criticality. Before going into detail, the 
basic notation, which is used in the remainder of this report, will be introduced. 
 
Notation 

Indices  
𝐼 Set of items 
𝐽 Set of attributes 
  
Parameters  
𝑥𝑖,𝑗 Value of attribute 𝑗 𝜖 𝐽 for item 𝑖 𝜖 𝐼 

 
Consider the following items in a BOM, a transistor and a fan as shown in Table 6. In this case, the set 

of items in the BOM can be described as 𝐼 = {𝑇𝑟𝑎𝑛𝑠𝑖𝑠𝑡𝑜𝑟, 𝐹𝑎𝑛}. There are various item attributes 
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that characterize an item, for example the item type, the procurement price and the obsolescence 

status. Now, the set of attributes can be described as 𝐽 = {𝐼𝑡𝑒𝑚 𝑡𝑦𝑝𝑒, 𝑃𝑟𝑖𝑐𝑒, 𝑂𝑏𝑠𝑜𝑙𝑒𝑠𝑐𝑒𝑛𝑐𝑒 𝑠𝑡𝑎𝑡𝑢𝑠}. 

An overview of the item attributes mentioned and considered in this study can be found in Appendix 

2. Imagine, the transistor is characterized as an electronic with a procurement price of 0.1 euro that 

is already obsolete. The following notation enables the use of these values in calculations. Let 𝑖 be an 

element of set 𝐼. Similarly, let 𝑗 be an element of set 𝐽. Let 𝑥𝑖,𝑗 be the value of attribute 𝑗 for item 𝑖. In 

the example above, the value of the attribute price for the item transistor is 0.1 euro 

(𝑥𝑇𝑟𝑎𝑛𝑠𝑖𝑠𝑡𝑜𝑟,𝑃𝑟𝑖𝑐𝑒 = 0.1 𝑒𝑢𝑟𝑜). For the remainder of this report, 𝑖 and 𝑗 refer to the position in a set, 

so in the example, 𝑗 = 1 = 𝐼𝑡𝑒𝑚 𝑡𝑦𝑝𝑒, similarly the value of the procurement price for the transistor 

can be referred to as 𝑥1,2 = 0.1 𝑒𝑢𝑟𝑜. In the remainder of this chapter, there is often a reference 

made towards an attribute of an item. In the Appendix 2, an overview with a more detailed description 

of each attribute and its parent category can be found. 

 Attributes 

Items Item type (𝑗 = 1) Price (𝑗 = 2) Obsolescence status (𝑗 = 3) 

Transitor (𝑖 = 1) Electronic 0.1 Yes 

Fan (𝑖 = 2) Mechanical 2 No 
Table 6 - Example of a flat Bill of Material 

The purpose of the first phase is to reduce the workload for the decision maker. It is recommended to 

skip this phase in case all relevant information is already available or easily accessible. The following 

formula is used to assign item 𝑖 to a group in the first phase: 

𝐴𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡𝑂𝑛𝑒𝑖 = ∏ 𝑎𝑜𝑛𝑒𝑗(𝑥𝑖,𝑗)𝑗 𝜖 𝐽𝐴        ∀ 𝑖 𝜖 𝐼 

Where, 𝐽𝐴 ⊆ 𝐽 
 
Item 𝑖 is assigned to group 2 if 𝐴𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡𝑂𝑛𝑒𝑖 < 𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑, otherwise item 𝑖 is assigned to group 

1. Items in group 2 should be manually checked to make sure that the best approach is a reactive 

approach. This includes items for which the value for 𝑥𝑖,𝑗  for 𝑗 in 𝐽𝐴 is undefined.  Items in group 1 

should be assessed more thoroughly and will be evaluated in more detail in phase two of the model. 

A multiplicative model is chosen, since the attributes considered are interrelated. It is worth to note, 

that item 𝑖 should be assigned to group 2 if, for example, one of the values for 𝑎𝑜𝑛𝑒𝑗(𝑥𝑖,𝑗) is zero.  

The value of an attribute can be either numerical or categorical. A numerical or continuous variable 

(attribute) is one that may take on any value within a finite or infinite interval. For example, the value 

for attributes related to time, price, height and weight. A categorical variable (attribute), is a variable 

that can take only a limited, and usually fixed, number of values on the basis of a qualitative property. 

An example of a categorical attribute is the obsolescence status. This status, is basically an answer to 

the question; “is the item already obsolete?”. Which either has a positive response “Yes” or a negative 

response “No”. Other examples are the item type or technology type. Now, assume that the attributes 

are numerical for 1 ≤ 𝑗 ≤ 𝑎 and categorical for 𝑎 < 𝑗 ≤ 𝑏 (1 ≤ 𝑎 and 𝑎 ≤ 𝑏). Let 𝑆𝑗 (for 𝑗 > 𝑎) be the 

preferred categorial value for attribute 𝑗 (𝑗 𝜖 𝐽𝐴).  

 

𝑎𝑜𝑛𝑒𝑗(𝑥𝑖,𝑗) = {

𝑥𝑖,𝑗 𝑓𝑜𝑟 1 ≤ 𝑗 ≤ 𝑎

0 𝑖𝑓 𝑥𝑖,𝑗 = 𝑆𝑗 𝑓𝑜𝑟 𝑎 < 𝑗 ≤ 𝑏

1 𝑖𝑓 𝑥𝑖,𝑗 ≠ 𝑆𝑗 𝑓𝑜𝑟 𝑎 < 𝑗 ≤ 𝑏
     ∀ 𝑖 𝜖 𝐼  
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The application of the above-mentioned assessment is illustrated by the following example. Consider, 

the attributes, item type and obsolescence status, procurement price and expected demand. Now the 

set of attributes 𝐽𝐴 can be defined as: 

𝐽𝐴 = {𝑃𝑟𝑜𝑐𝑢𝑟𝑒𝑚𝑒𝑛𝑡 𝑝𝑟𝑖𝑐𝑒, 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑, 𝑂𝑏𝑠𝑜𝑙𝑒𝑠𝑐𝑒𝑛𝑐𝑒 𝑠𝑡𝑎𝑡𝑢𝑠, 𝐼𝑡𝑒𝑚 𝑡𝑦𝑝𝑒}.  

Logically, 𝑎 = 2 and 𝑏 = 4. Furthermore, the preferred values of the categorical attributes are 𝑆3 =

"𝑌es" and  𝑆4 = "𝐶𝑜𝑛𝑠𝑢𝑚𝑎𝑏𝑙𝑒". A higher threshold leads to an increase in the number of items 

assigned to group 2. Based on the considered item attributes, a 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 value of 100 is chosen. 

The computation is illustrated by the following example. Consider a non-consumable screw that is not 

yet obsolete with a procurement price of 2 euros and an expected demand of 2.5 for the remaining 

service life of the system where it is incorporated in. 𝑥𝑖,𝑗  can be described as 𝑥1,1 = 2, 𝑥1,2 = 2.5, 

𝑥1,1 = "𝑁𝑜" and 𝑥1,1 = "𝑛𝑜𝑛 − 𝑐𝑜𝑛𝑠𝑢𝑚𝑎𝑏𝑙𝑒". So, 𝐴𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡𝑂𝑛𝑒1 = ∏ 𝑎𝑜𝑛𝑒𝑗(𝑥1,𝑗)𝑗 𝜖 𝐽𝐴 = 2 ∗

2.5 ∗ 1 ∗ 1 = 5 which is smaller than the threshold. Therefore, this particular item is assigned to group 

2. 

The second phase of the assessment, represented by filter 2 and the second manual check in Figure 

20, is a more thorough analysis of the BOM. It relies on a numerous number of attributes. The output 

of the assessment is an obsolescence management score. A high score implies that the item should 

be managed proactive, while a low score implies a reactive approach for that particular item. The 

following formula is used to calculate the obsolescence management score: 

 
𝐴𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡𝑇𝑤𝑜𝑖 = 𝑃𝑂𝐼𝑖 ∗ 𝑤𝑜𝑖 + 𝐼𝐶𝑖 ∗ 𝑤𝑖𝑐 + 𝑆𝐶𝑖 ∗ 𝑤𝑠𝑐    ∀ 𝑖 𝜖 𝐼  
 
Notation      

Index  
𝐼 Set of items 
  
Parameters  
𝑃𝑂𝐼𝑖 The likelihood of an Obsolescence Issue for item 𝑖  (0 ≤ 𝑃𝑂𝐼𝑖 ≤ 1 ∀ 𝑖 𝜖 𝐼) 
𝑤𝑜𝑖 The weight indicating the importance of the term 𝑃𝑂𝐼𝑖 
𝑆𝐶𝑖 The (re)Solution Consequences for item 𝑖  
𝑤𝑖𝑐 The weight indicating the importance of the term 𝑆𝐶𝑖 
𝐼𝐶𝑖 The Criticality of Item 𝑖 (0 ≤ 𝐼𝐶𝑖 ≤ 1 ∀ 𝑖 𝜖 𝐼) 
𝑤𝑠𝑐 The weight indicating the importance of the term 𝐼𝐶𝑖 

 
In the remaining sections, each of the above-mentioned dimensions is discussed in more detail. 
 

4.4.2. The likelihood of an obsolescence issue 
An obsolescence issue arises when there is a demand for an item that is already obsolete and cannot 
be fulfilled from stock as explained in more detail in section 4.2.1. The likelihood of an obsolescence 
issue for item 𝑖 is therefore approximated by the probability that there will be demand for item 𝑖 
multiplied by the probability that item 𝑖 is no longer available in the market. This leads to the following 
formula: 
 
𝑃𝑂𝐼𝑖   =  𝑃𝑂𝑖 ∗ 𝑃𝐷𝑖         ∀ 𝑖 𝜖 𝐼   
 
Notation 

Indices  
𝐼 Set of items 
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𝐽 Set of attributes 
  
Parameters  
𝑃𝑂𝐼𝑖 Likelihood of an obsolescence issue for item 𝑖 𝜖 𝐼 
𝑃𝐷𝑖 Probability that demand cannot be fulfilled from stock for item 𝑖 𝜖 𝐼 
𝑃𝑂𝑖 Obsolescence probability for item 𝑖 𝜖 𝐼 
𝑥𝑖𝑗  Value of attribute 𝑗 𝜖 𝐽 for item 𝑖 𝜖 𝐼 

𝑥𝑖,𝑀𝑇𝐵𝐹 Mean Time Between Failure for item 𝑖 𝜖 𝐼 
𝑥𝑖,𝑠𝑢𝑝𝑝𝑜𝑟𝑡 𝑙𝑖𝑓𝑒 Remaining support life (in hours) for item 𝑖 𝜖 𝐼 

𝑥𝑖,𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 Quantity of item 𝑖 𝜖 𝐼 used in system 

𝑥𝑖,𝑟𝑟𝑎𝑡𝑒 Probability of a successful repair of item 𝑖 𝜖 𝐼 
𝑥𝑖,𝑖𝑛𝑣 Inventory level of item 𝑖 𝜖 𝐼 
𝑤𝑜𝑖,𝑗 Weight of attribute 𝑗 𝜖 𝐽 on the obsolescence probability for item 𝑖 𝜖 𝐼 

𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) The effect of attribute 𝑗 on the obsolescence probability for item 𝑖 𝜖 𝐼 based on 𝑥𝑖,𝑗 

and 𝑛𝑗 

𝑤𝑑𝑖,𝑗 Weight of attribute 𝑗 𝜖 𝐽 on the likelihood that demand cannot be fulfilled from 
stock for item 𝑖 𝜖 𝐼 

𝑣𝑗(𝑥𝑖,𝑗; 𝑛𝑗) The effect of attribute 𝑗 on the likelihood that demand cannot be fulfilled from stock 
for item 𝑖 𝜖 𝐼 based on 𝑥𝑖,𝑗  and 𝑛𝑗 

𝑃𝐵𝑂𝑖 The theoretical approach to determine the likelihood that demand cannot be 
fulfilled from stock for item 𝑖 𝜖 𝐼 

𝑧 The percentage a decision maker would like to rely on theoretical values to 
determine the likelihood that demand cannot be fulfilled from stock (𝑃𝐵𝑂𝑖) 

 
First, the term 𝑃𝑂𝑖 is discussed into more detail. The obsolescence probability (𝑃𝑂𝑖) is estimated by a 

set of attributes. For simplicity, it is assumed that the effects of individual attributes on the probability 

that an item becomes obsolete are independent of each other. For this formula, an additive model is 

applied, as it is a practical methodology due to its easier computational analysis and it is more 

understandable for decision makers which are not familiar with such models compared to a 

multiplicative model: 

𝑃𝑂𝑖 = ∑ 𝑤𝑜𝑖,𝑗 ∗𝑗 𝜖 𝐽 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗)       ∀ 𝑖 𝜖 𝐼 

Subject to 

 ∑ 𝑤𝑜𝑖,𝑗𝑗 𝜖 𝐽 = 1        ∀ 𝑖 𝜖 𝐼 

Where, 𝑃𝑂𝑖 is the probability that item 𝑖 becomes obsolete, 𝑥𝑖𝑗  is the value of attribute j for item 𝑖 

and 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) is the function that determines the effect of attribute 𝑗 on 𝑃𝑂𝑖 based on the value of 

𝑥𝑖𝑗  and 𝑛𝑗 (0 ≤ 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) ≤ 1). 𝑛𝑗 determines the form of the function 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗). For 𝑛𝑗 < 1 the 

function 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) is concave, for 𝑛𝑗 = 1 the function 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗)  is linear and for 𝑛𝑗 > 1 the 

function 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) is convex. In order to aggregate the single utilities (𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗)), the attribute 

weights (𝑤𝑜𝑖,𝑗) need to be determined. The weights indicate the importance of the attribute on its 

parent category. A parent category, is the above lying category, as illustrated by the following 

example.  

Consider the setting, were the probability that an item becomes obsolete depends on the remaining 

service life of the system and the number of manufacturers that produces the item.  In this setting, 

the parent category is the probability that an item becomes obsolete. The attributes, remaining 

service life, and, the number of manufactures, are assumed to be independent and can be used to 

estimate the probability of an obsolescence issue as visualized in Figure 17. 
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Figure 17 - Visualization of parent category 

In general, it is assumed that the weight of each attribute is equal for all items (𝑤𝑜𝑖,𝑗 = 𝑤𝑜𝑖′,𝑗 𝑖  ′ ∈

𝐼 \ {𝑖}). However, sometimes the value for 𝑥𝑖,𝑗 is not defined for a certain item 𝑖, in that case, as an 

exception, the weight of that particular attribute for that item will decrease to zero. So, if 𝑥𝑖,𝑗 =

′𝑈𝑛𝑑𝑒𝑓𝑖𝑛𝑒𝑑′ then 𝑤𝑜𝑖,𝑗 = 0. The sum of the remaining weights should still add up to 1. Therefore, 

the weights are recalculated: 𝑛𝑤𝑜𝑖,𝑗 =
𝑤𝑜𝑖,𝑗

∑ 𝑤𝑜𝑖,𝑗𝑗 𝜖 𝐽
, were ∑ 𝑛𝑤𝑜𝑖,𝑗 = 1𝑗 𝜖 𝐽  ∀ 𝑖 𝜖 𝐼. This is illustrated by 

the following example. Consider a heat element in a conditioned cabinet with an unknown sales price 

and three manufacturers.  Originally the weights were set on 𝑤𝑜1,1 = 𝑤𝑜1,2 = 0.5. However, the sales 

price is undefined, so 𝑤𝑜𝑖,2 reduces to zero. Leading to a re-evaluation of the weights: 𝑛𝑤𝑜𝑖,1 =
𝑤𝑜𝑖,1

∑ 𝑤𝑜𝑖,𝑗𝑗 𝜖 𝐽
=

0

0.5
= 0 and 𝑛𝑤𝑜𝑖,1 =

𝑤𝑜𝑖,1

∑ 𝑤𝑜𝑖,𝑗𝑗 𝜖 𝐽
=

0.5

0.5
= 1. For the remainder of this report, this re-

evaluation of weights when the value for an attribute is undefined is always incorporated when 

defining the value of the weights. However, it is not discussed into detail for reader-friendliness.  

The weights are constructed on semi-structured interviews, a survey and calibrated based on a case 

study. The combination of multiple sources is chosen, since there is limited research available on the 

effect of an item attribute on the parent categories, such as the availability of the item in the market. 

Furthermore, it appears that in the field of obsolescence management the weights associated with 

each attribute differ per industry. This method is used for the remainder of this report to estimate the 

weight of each attribute. For reader-friendliness, this method is only stated here and is not repeated 

every time the estimation of weights is discussed. Assigning the weights included the following steps: 

1) During an initial round, each stakeholder assigns a value to each attribute which represents 

the weight from the attribute on its parent category. In this case, this was accomplished by 

semi-structured interviews and a survey with nine experts on a four-point scale. 

2) Next, each stakeholder assigns a value to each attribute which represents the practical 

availability of that attribute within the corresponding organization. This was also 

accomplished by semi-structured interviews and the question was included in the 

aforementioned survey with nine experts on a four-point scale. 

3) The weights are averaged per organization. After that, the differences were identified. The 

significant differences were discussed later during a plenary session with a subset of the 

experts involved. A revote was executed until the group agrees on a common ranking. 

4) Develop weighted averages and normalize them so they sum to one. 

5) Gather practical case data by structured interviews and a survey to adjust outliers. 

6) Again, develop weighted averages and normalize them so they sum to one. 
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Depending on the industry, other methodologies can be applied to determine the relevant weights, 

such as the Delphi or swing weight method. Preferably, the weights are determined based on a large 

set of (historical) data. Currently, such data is not yet available. It is expected that such data will 

become available when implementing a robust obsolescence strategy. As soon as this data is available, 

the weights used in the model should be calibrated based on this data. Logically, the weight of item 

attributes that have no relationship with the probability of an obsolescence issue is zero.  

Next, a methodology to determine the function 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) will be introduced. When 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) is 

equal to 1, the attribute has a positive effect on its parent category, such as the probability that an 

item becomes obsolete. Similarly, when 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) is equal to 0, there is no or a negative effect on its 

parent category, such as the probability that an item becomes obsolete. Where 𝑤𝑜𝑖,𝑗 is zero, the 

𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) is zero as well for all 𝑖 𝜖 𝐼. For 𝑗 𝜖 𝐽 where 𝑤𝑖,𝑗 is greater than zero, the 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) is 

determined using the following methodology. 

The value of 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) represents the effect of the attribute 𝑗 on its parent category. It is assumed 

that the effect of each individual attribute is similar for every item. Often, the effect of an attribute on 

its parents’ category is not linear. Consider for example, the number of available manufacturers for a 

specific item. It is expected that the probability of an item becoming obsolete decreases over the 

number of available manufactures. However, the risk does not increase linearly with the number of 

manufacturers available. The decrease in risk between one or two available manufactures is 

substantial. However, the decrease in risk between five and six manufacturers is limited. It can be hard 

to determine what the exact effect is, since there is only a limited amount of data available. Therefore, 

the following general method is developed, based on utility theory, to determine a function to 

approximate the relationship between a factor and its parent category. This method can be used for 

every attribute that has an effect on its parent category: 

1) Go to step 3 for all 𝑖 𝜖 𝐼 and all 𝑗 𝜖 𝐽 for which 𝑤𝑜𝑖,𝑗 > 0 

2) 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) = 0 (for all 𝑖 𝜖 𝐼 and 𝑗 𝜖 𝐽 for which 𝑤𝑜𝑖,𝑗 = 0). Skip the remaining steps. 

3) Find three points (at least the minimum (𝑚𝑖𝑛𝑗, 0) and maximum (𝑚𝑎𝑥𝑗 , 1) point) that 

represents the effect for attribute 𝑗 on its parent category.  

4) If 𝑚𝑖𝑛𝑗 < 𝑚𝑎𝑥𝑗 go to step 7. 

5) Find 𝑛𝑗 for the function (
−(𝑥𝑗−𝑚𝑖𝑛𝑗)

𝑚𝑖𝑛𝑗−𝑚𝑎𝑥𝑗
)𝑛𝑗 + (−(𝑦𝑗 − 1))𝑛𝑗 = 1. Where 𝑚𝑎𝑥𝑗 < 𝑥𝑗 < 𝑚𝑖𝑛𝑗 and 

0 < 𝑦𝑗 < 1 is preferable close to point (𝑚𝑒𝑑𝑗, 0.5). 

6) Now, the value of 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) can be found for every item 𝑖 using the following equation:  

𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) = 𝑦𝑖,𝑗 = 1 − (1 − (
−(𝑥𝑖,𝑗−𝑚𝑖𝑛𝑗)

𝑚𝑖𝑛𝑗−𝑚𝑎𝑥𝑗
)

𝑛𝑗

)
1

𝑛𝑗. Skip steps 7 and 8. 

7) Find 𝑛𝑗 for the function (
𝑥𝑗−𝑚𝑎𝑥𝑗

𝑚𝑖𝑛𝑗−𝑚𝑎𝑥𝑗
)𝑛𝑗 + 𝑦𝑗

𝑛𝑗 = 1. Where 𝑚𝑖𝑛𝑗 < 𝑥𝑗 < 𝑚𝑎𝑥𝑗 and 0 < 𝑦𝑗 < 1 

is preferable close to point (𝑚𝑒𝑑𝑗, 0.5). 

8) Now, the value of 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) can be found for every item 𝑖 using the following equation:  

𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) = 𝑦𝑖,𝑗 = (1 − (
−(𝑥𝑖,𝑗−𝑚𝑎𝑥𝑗)

𝑚𝑎𝑥𝑗−𝑚𝑖𝑛𝑗
)

𝑛𝑗

)
1

𝑛𝑗. 

The method described above can be used in several settings, so it is not only limited to the probability 

of item obsolescence. In principle, the effect of an attribute heavily depends on the point (𝑥𝑗, 𝑦𝑗) 

identified in step 3). To achieve the highest accuracy, it is recommended to find point 𝑥𝑗 which 

corresponds closely to point 𝑦𝑗 = 0.5. Currently, these points are based on a combination of expert’s 

opinion and test cases. 
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The method is illustrated by the following example. Consider again, the number of manufacturers for 

a certain item. The minimum utility point can be defined as seven manufactures (7,0) and the 

maximum point as zero manufactures (0,1). Naturally, an item can have more than seven sources, 

however, it is assumed that this does not affect the probability that an item becomes obsolete. Using 

as a third point one manufacturer which has an expected effect of 0.5 (1,0.5).It can be hard to 

compute 𝑛 algebraically, therefore a script in VBA is written to approximate the solution, which 

resulted in an 𝑛 value of approximately 1.95. A graph of the function 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗 = 1.95) for the 

attribute number of manufacturers is shown in Figure 18. 

 

Figure 18 - The effect of the number of manufacturers on the probability of an obsolescence issue 

Now, the theory of the above-mentioned methodology is explained. The function introduced in step 

5 of the method is derived from the formula of a super ellipse, also known as the Lamé Curve. Figure 

19 shows several examples of the super ellipse for 𝑎 = 1 and 𝑏 = 0.75 (|
𝑥

𝑎
|
𝑛

+ |
𝑥

𝑏
|
𝑛

= 1). For the case 

mentioned above, only the upper right section is relevant as indicated by the red dashed line. Sarbia, 

Jordá and Trueba studied the class of Lamé Lorenz curves (2013). This class has the advantage of 

modeling inequality with a single parameter. The Lamé class of Lorenz curves is given by the curves: 

𝐿1(𝑥, 𝑛) = (1 − (1 − 𝑝)𝑛)
1

𝑛    0 ≤ 𝑝 ≤ 1 

And 

𝐿2(𝑥, 𝑛) = 1 − (1 − 𝑝𝑛)
1

𝑛    0 ≤ 𝑝 ≤ 1 

Sarbia, Jordá and Trueba (2013) proved that 𝐿1(𝑥, 𝑛) and 𝐿2(𝑥, 𝑛) can be a genuine Lorenz curve. 

Similarly, the formulas for step 6 and step 8 are obtained. For 𝑛𝑗 = 1 the function 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) is linear 

(𝑢𝑗
′′(𝑥𝑖,𝑗; 𝑛𝑗) = 0), for 𝑛𝑗 < 1 the function 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) is concave (𝑢𝑗

′′(𝑥𝑖,𝑗; 𝑛𝑗) > 0) and for 𝑛𝑗 > 1 

the function 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) is convex (𝑢𝑗
′′(𝑥𝑖,𝑗; 𝑛𝑗) < 0). Preferably, 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) is determined based on 

a large set of (historical) data for every 𝑗. Currently, such data is not yet available. It is expected that 

such data will become available when a robust obsolescence strategy is implemented. As soon as this 

data is available, 𝑛𝑗 can be calibrated based on the observations consisting of 𝑚 pairs of points 

(𝑦1, 𝑥1), … , (𝑦𝑚, 𝑥𝑚) by using the mean absolute error method, which is given by: 

Find 𝑛𝑗 that minimizes 𝑀𝐴𝐸𝑗 =
1

𝑚𝑗
∑ |𝑦𝑙 − 𝑢𝑗(𝑥𝑙; 𝑛𝑗)|

𝑚𝑗

𝑙=1     ∀ 𝑗 𝜖 𝐽 
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In the future, when a sufficient amount of data is available, a unique function for every attribute 𝑗 can 

be plotted through the observation points. This will increase the accuracy of the method.  

 

Figure 19 - Examples of super ellipses for a = 1, b = 0.75 

Now, the second term, 𝑃𝐷𝑖, in the formula to calculate the likelihood of an obsolescence issue, is 

explained into more detail. This term is related to the likelihood that there will be a demand that 

cannot be fulfilled from stock. 

 

𝑃𝐷𝑖 = ∑ 𝑤𝑑𝑖,𝑗 ∗𝑗 𝜖 𝐽 𝑣𝑗(𝑥𝑖,𝑗; 𝑛𝑗) + 𝑧 ∗ 𝑃𝐵𝑂𝑖     ∀ 𝑖 𝜖 𝐼 

∑ 𝑤𝑑𝑖,𝑗𝑗 𝜖 𝐽 + 𝑧 = 1  

 
Normally, basic inventory theory can be used to calculate the probability of a demand that cannot be 

fulfilled from stock, sometimes referred to as backorder theory (𝑃𝐵𝑂𝑖). Basic inventory theory relies 

on parameters such as the Mean Time Between Failures (MTBF) and the failure distribution. In 

general, these parameters are based on theoretical values for an item that is operating under constant 

conditions. However, within the maritime defence industry, items are used in a numerous of 

applications under different operating conditions. Therefore, it is important to not only look at these 

theoretical values, but also take the practical experiences of experts in the field into account. This is 

represented by the first term of the equation above, ∑ 𝑤𝑑𝑖,𝑗 ∗𝑗 𝜖 𝐽 𝑣𝑗(𝑥𝑖,𝑗; 𝑛𝑗). Previously, a 

methodology was introduced to determine the function for 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) and the weights for 𝑤𝑜𝑖,𝑗 to 

calculate the probability that an item becomes obsolete. The terms 𝑣𝑗(𝑥𝑖,𝑗; 𝑛𝑗) and 𝑤𝑑𝑖,𝑗  can be 

computed similarly. Attributes such as the operating conditions and the usage profile of an item can 

be included. Only now, the weights of the attributes (𝑤𝑑𝑖,𝑗) are dependent on a factor 𝑧 (0 ≤ 𝑧 ≤ 1). 

The decision maker chooses how much he or she wants to rely on theoretical principles. For 𝑧 = 1 the 

decision maker completely relies on basic inventory theory and for 𝑧 = 0 the decision maker 

completely relies on practical experiences. Note, if one of the values 𝑥𝑖,𝑗  needed to calculate 𝑃𝐵𝑂𝑖 is 

missing, 𝑧 reduces automatically to zero. The second term can be calculated using the following 

formula: 

 

𝑃𝐵𝑂𝑖(𝐼𝑛𝑣𝑖) = 𝑃(𝐵𝑂𝑖 > 0) = 1 − ∑ 𝑃(𝑌𝑖 = 𝑦)
𝑥𝑖,𝑖𝑛𝑣

𝑦=0     ∀ 𝑖 𝜖 𝐼 

 
Consider for instance a relay and a magnet. It is assumed that there are no replenishments during the 

remaining life cycle of a system. Often, data related to replenishments is only available at the asset 

owner. This is a general model, that can be used by asset owners, OEMs and system integrators, 
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therefore are replenishments not considered in the model. The item life time of both the relay and 

the magnet is assumed to follow a two-parameter Weibull distribution with shape parameter 1. In this 

special case, the Weibull distribution reduces to an exponential distribution. Consequently, the 

failures in a period of time follow a Poisson process with λ𝑖 =
𝑥𝑖,𝑠𝑢𝑝𝑝𝑜𝑟𝑡 𝑙𝑖𝑓𝑒∗𝑥𝑖,𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦

𝑥𝑖,𝑀𝑇𝐵𝐹
. Naturally, 

𝑥𝑖,𝑠𝑢𝑝𝑝𝑜𝑟𝑡 𝑙𝑖𝑓𝑒, and all the other parameters used in this section, can be represented by a number, such 

as 𝑥𝑖,1. However, for reader-friendliness, they are presented with a reference to the name. A more 

detailed explanation of the variable can be found in the notation overview at the beginning of this 

section.  

𝑃𝐵𝑂𝑖(𝐼𝑛𝑣𝑖) = 1 − ∑
(λ𝑖)𝑦

𝑦!

𝑥𝑖,𝑖𝑛𝑣

𝑦=0 𝑒−λ𝑖        ∀ 𝑖 𝜖 𝐼 

In some cases, it is possible to repair an item. For instance, if the magnet fails, it can be repaired with 

probability 𝑟. It is assumed that the repair yield is constant over time and parts are as good as new 

after a repair. In reality, this assumption may not hold. However, it is expected that items only fail one 

or two times during the service life of an asset. Therefore, it is expected that this assumption has 

limited influence on the accuracy of the model. For simplicity, it is assumed that there are no repair 

lead times. The time horizon considered in this method is often years or even decades. Often, repair 

lead times are often a few hours, therefore they are neglected in this study. Using the binominal 

distribution to estimate the number of successful repairs, results in the following formula: 

𝑃𝐵𝑂𝑖(𝐼𝑛𝑣𝑖) = 1 − (∑ (𝑃(𝑌𝑖 = 𝑦)
𝑥𝑖,𝑖𝑛𝑣

𝑦=0 ) + ∑ (𝑃(𝑌𝑖 = 𝑦) ∗ ∑ (𝑦
𝑘

)𝑥𝑖,𝑟𝑟𝑎𝑡𝑒
𝑘(1 −

𝑦
𝑘=𝑦−𝑥𝑖,𝑖𝑛𝑣

∞
𝑦=𝑥𝑖,𝑖𝑛𝑣+1

𝑥𝑖,𝑟𝑟𝑎𝑡𝑒)
𝑦−𝑘

))          ∀ 𝑖 𝜖 𝐼 
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4.4.3. (Re)solution consequences 
The dimension discussed in this section addresses the direct (expected) consequences associated with 

the (re)solution. The (expected) resolution consequences of an obsolescence problem for item 𝑖 can 

be approximated by a resolution consequence function (𝐶(𝑡𝑖)) over time. It is expected that the 

gradient of the resolution consequence function is not the same for every item. However, it is 

expected that similar items have similar functions. Therefore, items are assigned to a certain item 

family. An item family is group of similar items. Item families can be defined by a set of (representative) 

attributes 𝐽. Attributes can either be numerical or categorical. Consider for instance, the item 

attributes item class and procurement price (𝐽 = {𝐼𝑡𝑒𝑚 𝑐𝑙𝑎𝑠𝑠, 𝑃𝑟𝑜𝑐𝑢𝑟𝑒𝑚𝑒𝑛𝑡 𝑝𝑟𝑖𝑐𝑒}). The attribute, 

item class, classifies if an item as a COTS, MOTS or Mil-Spec item. To illustrate this example, an 

overview of nine item families is given in Table 7. Note, for reader friendliness all possible families for 

the attribute item class are considered in this example. In practice, the difference between the 

resolution cost functions for items with a low procurement price may be relatively small. Therefore, 

for simplicity, families I, II and III may be reduced to one family. 

 
Notation 

Indices  
𝐼 Set of items 
𝐽 Set of attributes 
𝐾 Set of item families 
  
Parameters  
𝑥𝑖,𝑗 The value of attribute 𝑗 ∈ 𝐽 for item  𝑖 𝜖 𝐼 

𝑋𝑘,𝑗 The (representative) value of attribute 𝑗 ∈ 𝐽 for item family 𝑘 ∈ 𝐾 

𝑤𝑎𝑘,𝑗  The weight of attribute 𝑗 ∈ 𝐽 on item family 𝑘 ∈ 𝐾 

𝐶𝑘(𝑡) Resolution consequence function of item family 𝑘 ∈ 𝐾  
𝑡𝑖 Resolution moment of item 𝑖 𝜖 𝐼 

 
 

 Attributes 

Families Procurement price (𝑗 = 1) Item class (𝑗 = 2) 

Family I (𝒌 = 𝟏) 100 COTS 

Family II (𝒌 = 𝟐) 100 MOTS 

Family III (𝒌 = 𝟑) 100 Mil-Spec 

Family IV (𝒌 = 𝟒) 10.000 COTS 

Family V (𝒌 = 𝟓) 10.000 MOTS 

Family VI (𝒌 = 𝟔) 10.000 Mil-Spec 

Family VII (𝒌 = 𝟕) 100.000 COTS 

Family VIII (𝒌 = 𝟖) 100.000 MOTS 

Family IX (𝒌 = 𝟗) 100.000 Mil-Spec 
Table 7 - Example of several item families 

In the example above, item family I has as preferred values for the procurement price, 100 euro, and 

for the item class a, COTS, item. The resolution consequences are strongly related with each other, 

therefore it is assumed that the same item families can be used to determine the resolution 

consequences. Thus, each item family 𝑘 will have its own resolution consequence function (𝐶𝑘(𝑡)). 

The following method is developed to assign item 𝑖 to item family 𝑘: 
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Let 𝑥𝑖,𝑗  be the value of attribute 𝑗 (𝑗 ∈ 𝐽) for item 𝑖 (𝑖 ∈ 𝐼). The value of this attribute is numerical for 

1 ≤ 𝑗 ≤ 𝑎 and categorical for 𝑎 < 𝑗 ≤ 𝑏 (1 ≤ 𝑎 and 𝑎 ≤ 𝑏). Similarly, let  
𝑋𝑘,𝑗 be the (representative) value of attribute 𝑗 for item family 𝑘 (𝑘 ∈ 𝐾). Let 𝑤𝑎𝑘,𝑗 be the weight of 

attribute 𝑗 on item family 𝑘. For simplicity:  
∑ 𝑤𝑎𝑘,𝑗 𝑐

𝑗=𝑎 = 1         ∀ 𝑘 ∈ 𝐾. 

 

For every item 𝑖, find the item family 𝑘 for which 𝑑𝑘
𝑖  is the smallest: 

Where 𝑑𝑘
𝑖 = ∑ 𝑤𝑎𝑘,𝑗 ∗

|𝑥𝑖,𝑗−𝑋𝑘,𝑗|

𝑥𝑖,𝑗

𝑎
𝑗=1 + ∑ 𝑤𝑎𝑘,𝑗 ∗ 𝛿(𝑥𝑖,𝑗 , 𝑋𝑘,𝑗)𝑏

𝑗=𝑎+1   ∀ 𝑖 ∈ 𝐼, ∀ 𝑘 ∈ 𝐾 

   𝛿(𝑥𝑖,𝑗, 𝑋𝑘,𝑗) = {
0 𝑖𝑓 𝑥𝑖,𝑗 = 𝑋𝑘,𝑗 

1 𝑖𝑓 𝑥𝑖,𝑗 ≠ 𝑋𝑘,𝑗
      ∀ 𝑖 ∈ 𝐼, ∀ 𝑘 ∈ 𝐾 

 

Whenever 𝑑𝑘
𝑖 = 𝑑𝑘′

𝑖  for 𝑘  ′ ∈ 𝐾 \ {𝑘}, item 𝑖 is assigned to the smallest item family 𝑘. 
 
In the example mentioned above, only one numerical and one categorical attribute is considered. 

Therefore, 𝑎 = 1 and 𝑏 = 2.  Imagine that the weights 𝑤𝑎𝑘,𝑗 are all equal for every attribute and every 

item families, leading to 𝑤𝑎𝑗,𝑘 = 0.5 (∀ 𝑗 ∈ 𝐽, ∀ 𝑘 ∈ 𝐾). Now, consider a Mil-Spec item with a 

procurement price of 20.000 euro. Using the above-mentioned formula, results in assigning the item 

to item family VI. 

After assigning every item 𝑖 to an item family 𝑘, the expected resolution consequences for item 𝑖 can 

be approximated using the following formula, where 𝑡𝑖 is the solution moment for item 𝑖: 

𝐸[𝐶𝑘(𝑡𝑖)]         ∀ 𝑖 𝜖 𝐼 
 
𝐶𝑘 is dependent on the time that an item becomes obsolete. The functions are approximated, by 

identifying points in time and their associated resolution costs and resolution time using semi-

structured interviews, a thorough literature review and data analysis of recent obsolescence cases. 

These points were used to fit a function through these points. The Curve Fitting Tool in Matlab was 

used in the following example. For item family VI, the following function to approximate the resolution 

consequences was determined 𝐶6(𝑡𝑖) = 0.05 +
0.95

(1+1.5−1.2∗𝑡𝑖+4)
 as shown in Figure 20. Where, 𝑡𝑖 

represents the time to (for 𝑡𝑖 ≤ 0) or from (for 𝑡𝑖 > 0) the obsolescence date in years. On the y-axis 

the resolution consequences are shown, the value 1 represents the most expensive resolution 

method, such as a major redesign. 

When acting proactive, the expected resolution moment is normally distributed with 𝜇𝑝𝑖 = −𝑥𝑖,𝑒𝑟𝑡 ∗

𝑤𝑝𝑖,𝑒𝑟𝑡 − ∑ 𝑚𝑎𝑥𝑒𝑟𝑡 ∗ 𝑢𝑝(𝑥𝑖,𝑗; 𝑛𝑗) ∗ 𝑤𝑝𝑖,𝑗𝑗∈𝐽\{𝑒𝑟𝑡}  and 𝜎𝑝𝑖 = ∑
(𝑚𝑎𝑥𝑒𝑟𝑡−𝜇𝑝𝑖)0.5+𝜇𝑝𝑖

2
∗ 𝑠𝑝(𝑥𝑖,𝑗; 𝑛𝑗) ∗𝑗∈𝐽

𝑤𝑝𝑠𝑖,𝑗. Where 𝑢𝑝𝑗(𝑥𝑖,𝑗; 𝑛𝑗), 𝑤𝑝𝑖,𝑗, 𝑠𝑝(𝑥𝑖,𝑗; 𝑛𝑗) and 𝑤𝑝𝑠𝑖,𝑗  can be calculated using the same 

methodologies for calculating 𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) and 𝑤𝑜𝑖,𝑗 as explained in section 4.4.2. 𝑒𝑟𝑡 is the 

abbreviation for expected resolution time. Relevant attributes that are considered are the relationship 

with the supplier, the expected resolution time and the PDN promptness. It is expected that for 

example, a strong relationship with the supplier reduces the deviation of the mean. Whereas, when 

acting reactive, the expected resolution moment is normally distributed with 𝜇𝑟𝑖 =

∑ 𝑢𝑟𝑗(𝑥𝑖,𝑗; 𝑛𝑗) ∗ 𝑤𝑟𝑖,𝑗 ∗ 𝑥𝑖,𝑟𝑠𝑙𝑗∈𝐽{𝑟𝑠𝑙}  and 𝜎𝑟𝑖 = ∑ 𝑠𝑟𝑗(𝑥𝑖,𝑗; 𝑛𝑗) ∗ 𝑤𝑠𝑖,𝑗 ∗ 𝑥𝑖,𝑟𝑠𝑙𝑗∈𝐽{𝑟𝑠𝑙} . 
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𝑆𝐶𝑖 = 𝐸[𝐶𝑘(rt𝑖)] ∗ 𝑃𝑂𝐼𝑖 − 𝐸[𝐶𝑘(pt𝑖)]       ∀ 𝑖 𝜖 𝐼 
Were pt𝑖 represents a proactive approach and rt𝑖 a reactive approach. Normally the expected value 

of 𝐸[𝐶𝑘(t𝑖)] where t𝑖~𝑁(𝜇𝑖, 𝜎𝑖) can be calculated by ∫ 𝐶𝑘(t𝑖) ∗
𝑒

(−
𝑡𝑖

2

2
)

√2𝜋

∞

−∞
. However, for most 𝐶𝑘 

functions hold a Cauchy principal value. Which is an integral whose positive and negative parts are 
both infinite, so the expected value does not exist. Therefore, it is assumed that the upper and under 
limit cannot be greater than 100 and -100 respectively. This is a valid assumption, since it is highly 
unlikely to (re)solve an obsolescence issue 100 years before or after an item becomes obsolete.  
 

 

Figure 20 - Example of resolution cost function for item family VI 

4.4.4. Item criticality 
The last considered dimension is related to the criticality of an item. It considers the operational 
impact an obsolescence issue may have. 
 
Notation 

Index  
𝐼 Set of items 
𝐽 Set of attributes 
  
Parameters  
𝐼𝐶𝑖 Operational impact for item 𝑖 𝜖 𝐼 
𝑤𝑐𝑖,𝑗 Weight of attribute 𝑗 𝜖 𝐽 for item 𝑖 𝜖 𝐼 

𝑥𝑖𝑗  Value of attribute 𝑗 𝜖 𝐽 for item 𝑖 𝜖 𝐼 

 
 
𝐼𝐶𝑖 = ∑ 𝑤𝑐𝑖,𝑗 ∗𝑗 𝜖 𝐽 𝑢𝑡𝑗(𝑥𝑖,𝑗; 𝑛𝑗)      ∀ 𝑖 𝜖 𝐼 

 
Where 𝑢𝑡𝑗(𝑥𝑖,𝑗; 𝑛𝑗) and 𝑤𝑐𝑖,𝑗 can be calculated using the same methodologies for calculating 

𝑢𝑗(𝑥𝑖,𝑗; 𝑛𝑗) and 𝑤𝑜𝑖,𝑗 as explained in chapter 4.2.1.   
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4.5. Model evaluation 
In this subchapter the most important assumptions are discussed and evaluated in more detail: 

- Repair lead times are zero. This assumption is made based on the effect that the repair lead 

times are small compared to the considered time horizon. 

- Replenishments are not allowed. This assumption is made, because the tool assesses the risk 

of obsolescence in general.  

- A large part of the conceptual model is based on the subjective evaluation of weights by 

various stakeholders. Therefore, there is a possibility that the solution might be too sensitive 

to the weights assigned to various item attributes, therefore it is important to check the 

robustness of the method at a later stage. This assumption is made due to time restrictions 

and limited data availability. 

- The weights and attribute effects are constant over time and do not correlate with each 

other. This assumption is made due to the limited amount of data available. Unfortunately, 

it was not possible to include regression analysis to investigate the effect of the attributes 

towards each other. 

5. Case study 
This chapter describes a practical implementation of the model previously introduced in chapter 4. 

The implementation is executed in close collaboration with an asset owner, an OEM and a system 

integrator within the maritime defence industry, using two case studies. Due to time limitations, only 

the second stage of the conceptual model is evaluated in detail. Subchapter 5.1 introduces the 

attribute evaluation.  After that the individual effect of each attribute on its parent category is 

introduced. Subchapter 5.3 provides more detail related to the item families and resolution 

consequences. Where after this chapter is concluded with a brief summary of the final results. 

5.1. Attribute evaluation 
Several items attributes are introduced in chapter 4 related to the obsolescence risk. These attributes 

are expected to have an effect on the obsolescence risk, however their exact influence is unknown. 

Consider for example, a decrease of the total market demand for a specific item. Several articles 

suggest that this may be an indicator that the item will become obsolete in the foreseeable future. 

However, such information is not always available within organizations, especially for organizations 

located at the most downstream locations within a supply chain. In principle, it is only relevant to 

incorporate the attributes that can be quantified and are available within an organization. Therefore, 

item attributes that have a low practical availability are excluded in the model. However, keep in mind 

that these attributes might be relevant in some settings or situations. 

The decision to include or exclude item attributes is based on an attribute evaluation. Each attribute 

is evaluated based on their practical availability and their importance, this expressed by their effect 

on their parent category. The evaluation consisted roughly of three phases. The first phase involved a 

survey, were each attribute was ranked on a four-point scale by nine experts. During the second phase, 

semi-structured interviews were held, to clarify the different attributes and discuss potential outliers. 

The evaluation has been concluded with the third phase, were the results of the survey and interviews 

were discussed in a meeting with a group of experts. The differences were discussed until everyone 

agreed on the level of importance of each individual attribute. Parent categories were ranked similarly 

to individual item attributes. Parent categories and item attributes that received, on average, a value 

of 3.5 or higher out of 4 on their importance are included in the model. Of the remaining parameters, 

only the parent categories and item attributes that received, on average, a value of 2.5 out of 4 or 
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higher for both, their practical availability and their importance are also included in the model. The 

remaining parameters are excluded from the model due to their lack of importance and/or practical 

unavailability. Below a summary of the most important observations during this evaluation is given. 

Although there is room for interpretation, it seems that there is only a limited amount of ambiguity 

among the different item attributes. This is confirmed by the received feedback and the individual 

scores. The individual scores appear to be similar within each organization, while the differences are 

more significant between the average scores given by each organization. It appears, that the expected 

effect of each attribute differs and depends on the position within the supply chain. The OEM and 

system integrator give similar weights to each attribute compared to the asset owner. The asset owner 

emphasizes, for instance, the importance of practical experiences and the opinion of experts, while 

the system integrator and OEM rely more on theoretical values, such as the MTTR and failure 

distribution. An explanation for this difference may be that an asset owner has actual experience data 

and knows the operating conditions of an item, while such information is often unknown for an OEM 

or system integrator. Furthermore, an OEM or system integrator often has a larger amount of systems 

operating in the field, but these systems are not always updated to the latest configurations. 

The most significant differences can be seen between the practical availability of the item attributes. 

The outcome of the survey suggests that the OEM has more data available compared to an asset 

owner and a system integrator. This seems logical, since the OEM is positioned between the asset 

owner and the OCM and therefore has more knowledge about the supply chain than the asset owner. 

Furthermore, an OEM is often a product-oriented organization and has in-depth knowledge on how 

systems are developed. While a system integrator is often a project-oriented organization and is less 

likely to have recurring contact with suppliers, or does not have the in-depth knowledge of the 

components included in their systems. It seems that every organization has his own expertise related 

to the different aspects of the data. For most of the attributes at least one of the three organization 

has the necessary data. This suggests that there is a need to share data in order to make more accurate 

forecasts and decisions related to obsolescence.  

Several articles suggest that a price increase, a demand decrease or a change in lead time can be used 

as indicators to predict the obsolescence date in the foreseeable future (SD-22, 2016; Sandborn et al., 

2011; Sandborn et al., 2000; Jaarsveld et al., 2011). However, the importance of these indicators was 

ranked relatively low. More important, these parameters are often unavailable within the considered 

organizations, because such attributes are not structurally logged into databases due to low volumes. 

Therefore, these attributes are excluded during the implementation of the model. It is important to 

keep in mind that they might be relevant in different business settings, for instance for a high-volume 

manufacturing environment. Other parameters, such as the financial health of the supplier, market 

share, reduction in distributor inventory and the manufacturing cycle time are also excluded in the 

implementation phase. Due to their limited effect on their parent category in combination with the 

fact that there is no or limited data available related to such attributes. Furthermore, it is expected by 

the experts that the attributes (high) demand and (high) acquisition costs have no relation to the 

criticality of an item and are therefore excluded as well. The MTTR is suggested to be neglected when 

calculating the consumption rate, therefore this attribute is excluded as well. Furthermore, the repair 

distribution is practically unknown, therefore it is assumed that there is a constant successful repair 

rate as mentioned earlier.  

In general, it is expected that the probability of obsolescence can be calculated using a combination 

of the effect of these parameters. There are different views regarding calculating the likelihood of 

backorders. Therefore, a combination of an exact calculation and the effect of attributes is chosen, 

with the flexibility to choose the importance of each term, as explained in section 4.4.2. It is expected 



54 
 

that the estimation of the (re)solution consequences should be done differently, since these attributes 

are not always known and do not necessarily lead to the most valid forecast. Therefore, items are 

grouped into families, to develop a resolution cost function per item as explained in section 4.4.3. It is 

expected that the item critically can be estimated based on these attributes as introduced in section 

4.2.3. To minimize ambiguity a short explanation for each item attribute is introduced. The allocation 

of values towards each attribute is limited, in order to quantify and improve the consistency of each 

attributes. Furthermore, some additional attributes are added in order to be able to identify the item 

at a later stage, such as a reference number and a short item description. A list including an 

explanation of the considered item attributes is provided in Table 8, Table 9, Table 10 and Table 11 

which can be found in the Appendix 2. Most of the considered item attributes are evaluated based on 

the methodology introduced in section 4.4.2. An overview of the default weights given to each 

attribute and their parent category is in Figure 21. These weights are also based on the attribute 

evaluation. 
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Figure 21 - Overview of the considered attributes and their relationship towards their parent category
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5.2. Attribute effects 
Applying the conceptual model introduced in subchapter 4.4 to the considered attributes for the 

implementation results in attributes effects as visualized in Figure 22. It is worth to note, that this is 

only a subset of the attributes considered as shown in Figure 21. Consider for example the important 

item attribute “number of manufacturers”. It is expected that the probability of an item becoming 

obsolete decreases when the number of manufactures increases. It appears that this relationship is 

not linear based on the experts’ opinion. So, the decrease from seven to six manufacturers has a 

relatively small impact on the probability that an item becomes obsolete compared to the decease 

from two to one manufacturer as visualized in Figure 22 – A. The x-as indicates the type of attribute 

and its associated value. The y-as represents the effect that value of x has on the parent category. 

 

Figure 22 - Visualizations of the effect of item attributes on their parent category 
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5.3. Item families 
The type of resolution used is dependent on the type of organization as explained in more detail in 

chapter 4.3. Therefore, item families are created per organization types: Asset owner, OEM and 

System integrator. Based on the case study, the resolution costs appear to differ dependent on the 

item class (whether it is a COTS, MOTS or Mil-Spec item), the item complexity, the level of support 

needed, the availability of support and expected resolution time. Based on these item attributes, four 

different resolution consequence functions are identified for the item families. The resolution 

consequence functions are similar to the resolution consequence function showed in Figure 20. 

However, they differ in terms of initial resolution consequence and steepness of the curve as shown 

in Figure 21. The gradient of the curve is highly related to the fact if something is a COTS or a MOTS 

item. Unfortunately, no Mil-Spec items were incorporated in the test cases. Therefore, these functions 

are excluded in the practical implication of the model.  

 

Figure 23 - Overview of the resolution consequences functions for the item families identified during the implementation 

5.4. Results 
The model introduced in the previous subchapters is incorporated in a decision support tool 

developed in Visual Basic and tested in the case study to demonstrate its practical applicability. An 

overview of the dashboard is shown in Figure 24. An example of the output is provided in Figure 25, 

the output is altered due to confidentiality restrictions of the companies involved. 
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Figure 24 - Decision support tool: Dashboard overview 

 

Figure 25 - Overview of the output of the decision support tool 

Preferable, the model is tested on multiple cases ranging from new state-of-the-art technologies 

specifically developed for military systems to general and technologies that are used for centuries 

already. In order to attain a holistic view of the problem, the following requirements were developed 

in order to identify suitable test cases: 

• The BOM should consist of a minimum of 30 items. 

• The BOM should at least incorporate the indenture levels, component, assembly and rack. 

• The system should be operational for a minimum of t 5 years. 

• The BOM should be evaluated by at least two of the involved stakeholders. 

• Some of the items in the BOM should be obsolete at the moment of attainment of the data. 

• There should be items in the BOM that are not yet obsolete at the moment of attainment of 

the data. 

• The BOM should at least incorporate two item classes and at least three technology types. 

A cabinet of the Smart-L radar system and a local processing unit cabinet in an Integrated Platform 

Management System are considered as the most suitable test cases. The cases are chosen based on 

data availability and the fact that the meet the abovementioned requirements. Furthermore, these 

cabinets are already operational for several years on a frigate of the Royal Netherlands Navy and 

contain multiple technology types. The cabinet in the Smart-L consist of over 75 unique items, while 

the cabinet of the IPMS consist of over 50 items. The exact cabinets and its associated values are not 

mentioned in this report due to confidentiality restrictions. The cabinets are reviewed by the asset 

owner and its associated supplier. As expected, it appeared that the data availability differs among 

the different organizations. In general, the asset owner relies on and has more practical data, such as 

the amount of failures and the conditions the item is operating in. While the suppliers often do not 

have access to this information, and rely more on theoretical values, such as the theoretical failure 
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distribution and MTBF. The perceived risk of an obsolescence issue for an item differs per organization. 

This may be caused by the different perceptions in failure behaviour. Additionally, it appears that 

suppliers tend to have more accurate information related to availability of an item in the market. 

Which can result in more accurate risk estimations. However, frequently the aftermarket considered 

for asset owners tends to be larger compared to the aftermarket considered by its suppliers. In 

general, suppliers, such as system integrators, but especially OEMs, only allow a small degradation of 

the performance in a system. So, consider for instance that a Mil-Spec item is no longer available in 

the market. However, a similar COTS item is still available. But if the COTS item does not comply with 

the original requirements, the OEMs and system integrators will not consider it as a suitable 

alternative, because they can no longer guarantee the performance of the entire system. An asset 

owner often has other interests, and therefore allows such degradations. This could be for example a 

lower temperature range in which the part can operate. The perception of item criticality and 

operational impact an obsolescence issue may have on the asset also differ per organization, although 

these differences appear to be rather small and will therefore not be discussed in detail. 

The following results are obtained when running the tool for the test cases. It appears that most items 

tend to favour the option to be managed reactively as shown in Figure 26. The tool advices for 

approximately 35 percent of the considered items a reactive approach, as indicated by the colour 

green. It is worth to note, that approximately 15 percent of the items considered in this case study is 

already obsolete. These items are included in this evaluation and are automatically advised to be 

managed reactively. For only 4 percent of the items a proactive approach is advised, as indicated by 

the colour red. The remaining items do not have a strong obsolescence management preference. For 

the cabinet in the Smart-L, a proactive strategy seems to be suitable for a substantial number of items. 

Furthermore, it seems that the position within the supply chain is an important indicator if items 

should be managed proactively.  

  

Figure 26 - Results of running the tool 

Assuming that every item will be managed reactively in the current situation. Applying the tool will 

lead to an overall cost reduction of approximately 8 percent. The highest gain can be obtained by 

items that are indicated in red. On average, for each item a cost reduction of over 450 percent can be 

achieved by managing these items in a proactive manner. The results are most promising for the OEM 

for the Smart-L. By applying this tool, it is expected that an obsolescence management cost reduction 

of approximately 25 percent can be achieved. 

Although, these figures seem promising, there are also some concerns that need to be addressed. 

Sometimes an expert characterized an item as low critical and having low obsolescence issue 

consequences. However, the still tool advices to manage the item proactively. This example was 

caused by the fact that only a few item attributes were entered in the tool for that particular item. 

Although this example is considered an outlier, it emphasizes the importance of validating the model. 

ttan
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Furthermore, the differences between organizations seem to be substantial. Additional analysis and 

re-calibration of the importance of each attribute may result in a higher accuracy. The cost savings are 

based on the expected resolution consequences. However, the development of such functions is 

largely based on questionable assumptions. Those assumptions should be verified to identify if these 

are valid.  

6. Discussion 
This chapter discusses the conclusions, the limitations, the recommendations and the potential future 

research in the field of obsolescence management. Conclusions are drawn in subchapter 6.1 by 

answering the various research questions formulated in subchapter 2.3. Subchapter 6.2 addresses the 

most important limitations related to the conceptual model and decision support tool introduced in 

chapters 4 and 5. In subchapters 6.3 and 6.5 several recommendations and further research topics are 

provided respectively.  

6.1. Conclusions 
The primary objective of this research is to provide insight in how item obsolescence can be 
management proactively. This is achieved by identifying factors that play an important role in this 
decision as explained in more detail in subchapter 2.2. Which led to the following main research 
question introduced in subchapter 2.3: 
 
Which factors can be used to estimate the risk of obsolescence and therefore support the decision 
whether to invest in proactive obsolescence mitigation?  
 
This chapter addresses this main research question in an integral way by answering each sub research 
question defined earlier in subchapter 2.3. 
 

1.1 What are the main causes of obsolescence? For instance, what are the main reasons for an 
OEM or OCM to stop the production of a certain item? 
There are several causes for obsolescence as introduced in subchapter 3.1 The reason for an 
OCM or OEM to stop the production of an item cannot always be assigned to a single cause, 
more often it is caused by a combination of circumstances. Obsolescence is frequently caused 
by market forces, this implies that a manufacturer decides to stop the production of low-
volume or slow-moving items. It occurs when demand for a component drops and a 
manufacturer considers it no longer profitable to continue production, for example due to 
technological advances or revolutions. Another reason to stop the production of an item is 
related to mergers and acquisitions. Often a merger or acquisition leads to a re-evaluation of 
the product portfolio of an organization, which may result in a reduction in the product 
variety. A third cause of obsolescence is related to external forces, for example due to new 
directives and regulations. In addition, a common motive for an organization to stop the 
production of an item is the absence of supporting material, processes, knowledge or 
software. Lastly, a common cause is related to planned obsolescence. Manufactures reduce 
the life cycles of items on purpose, to stimulate repetitive consumption and the acquisition of 
newer versions of an item. 
 

1.2 Which are the most commonly used reactive obsolescence resolution approaches, and what 
are their positive and negative aspects? 
The industry, the item type and the position within the supply chain are related to determine 
the most suitable resolution approach. Reclamation is a relatively often used resolution 
method within the maritime defence industry as explained in subchapter 4.3. This strategy is 
only relevant when the demand for the obsolete part is small. Reclamation has possible 
drawbacks such as potential usages or disassembly damages. Asset owners tend to use 
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reclamation as a resolution, while OEM and system integrators rely more on alternates or 
substitutes. A substitute, but especially an alternate is often a preferred resolution, since it 
can be implemented in a limited amount of time at relatively lowcosts. OEMs tend to use the 
LTB resolution quite often, because they manage obsolescence at a lower indenture levels. 
The LTB approach is an inexpensive option for moderately cheap, low-indentured small parts, 
since it does not require any requalification, testing or redesign. However, it may be difficult 
to estimate the number of items needed. Other resolution approaches are an emulation or a 
redesign. However, these options are expensive and are only used as last resort. A redesign is 
more suitable for the higher indenture levels to solve multiple obsolescence issues 
simultaneously. The most inexpensive resolution approach is the use of an original part that 
is owned within the supply chain and that can be allocated to the system. A more detailed 
evaluation of the most common resolution approaches can be found in section 3.3.1. 

 
1.3 Which are the most commonly used proactive obsolescence mitigation approaches, and what 

are their positive and negative aspects? 
The industry and research tend to focus on reactive obsolescence management. Therefore, 
the proactive obsolescence mitigation approaches may be undervalued. However, proactive 
obsolescence management, especially during the design phase, is essential for dealing with 
obsolescence in a sustainable way. The most suitable proactive obsolescence mitigation 
approach depends on the life cycle phase of an item, the type of organization and the industry. 
The maritime defence industry leans towards to a stripped-down form of design refreshment 
planning. Asset owners regularly incorporate a mid-life upgrade of their vessels to improve 
the maintainability of a WS. Both, technical and functional obsolescence are considered 
during such upgrades. These upgrades could be more effective when engineers and managers 
are aware of the life cycles of items they incorporate into the systems. Another approach that 
can be incorporated in both the design phase of an asset and during a mid-life upgrade is 
technology transparency. The focus should be on the specification of standardized interfaces. 
OEMs and system integrators already try to improve the modularity of the systems they 
incorporate into a WS to improve the maintainability. Obsolescence monitoring and 
forecasting is another approach, which involves tracking the obsolescence status of processes, 
materials and components used in the WS. The model developed in this report can be used as 
a tool to identify high risk items. There is already a trend going on for contract for availability, 
this is a form of partnering agreements with suppliers to divide the risk over multiple 
stakeholders. This helps suppliers and manufacturers to think of obsolescence management 
already during the design phase. The last proactive mitigation approach considered in this 
study is the life time buy, most often used by the OEM. The main benefit of this approach is 
that requalification and testing is not necessary. However, the initial cost may be high and it 
might be difficult to forecast the demand to determine the all-time buy quantity precisely. A 
more detailed evaluation of the most commonly used proactive mitigation approaches can be 
found in section 3.3.2. 
 

1.4 How can the risk of obsolescence on item level be calculated? 
There are multiple ways to address the risk of obsolescence on item level. First of all, it is 
important to explain what the risk of obsolescence exactly comprises. Most models focus 
solely on electronical components and consider the risk of obsolescence as the probability 
that an item becomes obsolete. However, this definition of risk is too limited within the scope 
of this research project. The risk of obsolescence can be characterized as the likelihood that 
an obsolescence issue arises, combined with the operational impact and (re)solution 
consequences. Where the (re)solution consequences are related to the moment a (re)solution 
is implemented. Furthermore, an obsolescence issue can be characterized by the probability 



62 
 

that there is a demand for an item that is no longer available in the market and cannot be 
fulfilled from stock. 
 

1.5 To what extent does the risk of obsolescence vary for different item characteristics? 
It appears that the risk of obsolescence varies greatly for different item characteristics as 
explained in more detail in subchapter 5.1. To estimate the likelihood that a specific item 
becomes unavailable several item characteristics can be used. The most important item 
characteristics are the item type, the type of technology used in the item and the remaining 
service life of the item. Relevant characteristics to estimate the probability of backorders are, 
the MTBF, failure distribution, successful repair rate, usage profile, operating conditions and 
remaining service life. To estimate the operational impact, characteristics such as the 
contribution to the system performance, the complexity and modularity of an item are 
appropriate. Furthermore, the function it fulfils within the WS is important, whether it is for 
example a safety critical or mission critical item. To estimate the resolution consequences, 
characteristics such as the item complexity, item modularity and support needed are relevant. 
 

1.6 To what extent does the risk of obsolescence vary for different market factors? 
It appears that the risk of obsolescence varies greatly for different market factors as explained 
in more detail in subchapter 5.1. Market forces are especially important to calculate the 
likelihood that an item becoming unavailable in the foreseeable future. The most important 
market factors for estimating the likelihood are the current life cycle stage, potential changes 
in regulation, the number of manufacturers, the elapsed time since the last order, the passed 
time since the first order and the type of relationship with the manufacturer. Market factors 
also have an effect on the resolution consequences. Relevant market factors are yet again the 
relationship with the manufacturer but also the availability of support and PDN promptness 
as explained in more detail in subchapter 5.1. 
 

1.7 How should a decision support tool be developed to determine which obsolescence strategy 
to use? 
A guide to use the conceptual model was introduced in subchapter 4.4. Chapter 5 showed an 
example of how the model can be implemented in Visual Basic. The major steps and factors 
to implement the decision support tool within an organization are to involve all people 
affected by the change from all levels in the organization. 

 

6.2. Limitations 
Due to the nature and limited time available for this study some limitations have arose. These 

limitations should be considered while reading this report and are addressed in more detail in this 

chapter. First of all, the absence of substantial and reliable historical data has led to make several 

assumptions during the development of the conceptual model. A general methodology has been 

introduced to estimate the effect of item attributes on their parent category. Although this method is 

in line with the opinion of the consulted experts, no actual data was available to prove the accuracy 

of the method. Although the general methodology seems to be accurate, it is expected that a higher 

accuracy can be achieved by finding the key driver behind the effect of each individual attribute. In 

addition, the limited amount of data that was available has been used to successfully validate the 

model for two configurations. However, there are many more configurations that should be used to 

test and subsequently validate the model.  

It appears that obsolescence resolution approaches differ between the involved organizations. As a 

result, the resolution costs vary greatly per organization. In the implementation of the model the 
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assumption was made that the different approaches are related to the type of organization. However, 

additional analysis should be performed to determine if this is really the case.  

The model introduced in this report addresses each indenture level as unrelated. However, if a 

component in an assembly is obsolete and breaks down, the assembly will most likely also has an 

obsolescence issue. This relation is excluded due to the lack of data available to link each component 

to the above lying assembly. Furthermore, the involved organizations are interested in the item that 

causes the obsolescence problem and not necessarily the above lying indenture level. However, 

incorporating these relations may result in a lower overall cost. For instance, proactive managing an 

assembly may change the output of managing a component within that assembly to reactive.  

Some literature suggests, that this risk of obsolescence is different for electronic items compared to 

mechanical items. Although both categories are addressed, perhaps the accuracy of the model can be 

improved by changing the weight of each attribute dependent on the item type. For example, 

electronic items often become obsolete due to technology changes, while mechanical items 

obsolescence is usually related to a source going out of business or changing its product portfolio.  

Several time related factors are not yet included in the model. Such as the change in demand over 

time. Often, the bathtub curve is used in reliability engineering. It describes a particular form of the 

hazard function which comprises three phases, a decreasing failure rate (early failures), a constant 

failure rate (random failures) and an increasing failure rate (wear-out failures). Such changes over time 

are not yet allowed in the model introduced in subchapter 4.4. The same holds for the successful 

repair probability. Furthermore, the importance of each attribute on the decision to act proactively or 

reactively is assumed to be constant over time. However, in some cases, the importance of an 

attribute can depend on the life cycle phase of an item. For example, the importance of the number 

of manufacturers for an item in the maturity phase may be less important than the number of 

manufacturers for an item in the decline phase. This dependency is not accounted for in the model. 

Additional analysis should be made to verify these assumptions. 

The model addresses obsolescence from the most downstream location within a supply chain. 

However, the type of relationship with the customer may also be a valid attribute to consider and 

include in the model to assess the risk of obsolescence. 

6.3. Implementation 
This subchapter discloses the implementation procedure for implementing the conceptual model and 

decision support tool in an organization. To maintain an updated decision support model, it is 

recommended to periodically update all model parameters with the most recent data, using the 

methodology developed in this research. Preferable, after a few years of data collection, another study 

should be executed to improve the accuracy of the model and to reinvestigate the relevance of each 

item attribute. To be able to improve the model at a later stage, it is crucial to maintain structured 

registration of the occurred obsolescence issues and its associated costs and consequences. To 

maximize the data availability, it is recommended to share the data among stakeholders within the 

supply chain. For implementation of the decision support tool within the Dutch maritime defence 

industry, two alternatives are possible. Each with a different level of automation and associated costs: 

1. In the first alternative, the decision support tool needs to be fully integrated with the already 

existed databases. This involves new software development to integrate the decision support 

tool for continuous assessments. Furthermore, it requires manpower and some additional 

tooling to collect and store the relevant data in a structured way. Since this alternative 

involves a high level of automation in the long-term, the operational costs will be relatively 
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low. However, it requires high initial investment, in terms of costs (for software development), 

manpower (for tool development), and time necessary to successfully implement the tool. 

2. The second alternative involves a lower level of automation. It requires similar tooling to 

collect and store the relevant data in a structured way. Periodically an engineer loads the 

BOMs including the relevant attributes into the decision support tool. Subsequently, the tool 

provides an advice about the best obsolescence management strategy for each item within 

the BOM. Next, the decision maker needs to decide which strategy to use for each item. This 

alternative would require a relatively low initial investment into process automation. 

However, its disadvantage is the inability to automatically improve the accuracy of the tool 

based on historical data. Furthermore, it requires an engineer to periodically make 

assessments and a decision based on these assessments, which results in higher operating 

costs. 

On the short term, the second alternative seems to be most feasible, since the tool is still in a 

development phase. An additional study should be executed to verify the accuracy of the tool. This 

second alternative would require the following resources: 

- Implementation: The implementation phase requires an engineer or student who spends a 

few months full-time on process automation (and possibly costs for software procurement). 

Furthermore, a practical interface for the tool should be developed. 

- Maintenance: Updating and calibrating the parameters to new obsolescence data requires an 

engineer to spend approximately one week per year. After a few years a large re-evaluation 

is needed, which requires relatively high investment in terms of cost, time and manpower. 

- Operation: The processing costs are approximately three hours per BOM.  

Implementation of the decision model for companies outside the maritime defence industry context 

will require additional data processing. Although many of the default values and relations introduced 

in chapter 5  hold outside the maritime defence industry, it is recommended to do some additional 

analysis to improve and verify the accuracy of the tool. For example, re-evaluating the weights for 

each attribute by the methodology introduced in subchapter 4.4 including a re-evaluation of all 

attributes. Depending on the type of industry this involves some additional set-up cost. It will take half 

a day per expert to re-evaluate the attributes and a few days to process the information. Preferable 

at least five experts are considered when doing the re-evaluation. At a later stage, when enough data 

is available, these evaluations should be reconsidered based on a combination of the view of experts 

and historical data. 

6.4. Recommendations 
During the execution of this project several difficulties were encountered and controlled. Some of 

these challenges can be solved more easily by implementing the following recommendations. First of 

all, as already mentioned, obsolescence is a problem encountered during all lifecycle stages, within 

every department, across all positions within a supply chain. Therefore, collaboration between 

different stakeholders is key in solving obsolescence issues. However, introducing a robust 

obsolescence management program is a step-by-step process as indicated by the obsolescence 

maturity framework introduced in section 2.5.3. Starting by introducing standards and developing a 

common language. The IEC 62402 (2007), SD-22 (2016) and definitions used in this document can be 

used as a first handle. At the beginning of this research project, there was a lot of ambiguity about the 

definitions of obsolescence. It is essential to have a holistic view of problem before discussing 

potential management approaches. Furthermore, the collaboration can be stimulated by planning 
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regular meetings with experts within the entire supply chain to address problems related to 

obsolescence issues. 

It appears that data related to obsolescence is divided over multiple organizations. Asset owners have 

the best knowledge about operating conditions, current configurations and data related to demand, 

such as the successful repair probability. However, system integrators and OEM have supplementary 

data related to the configuration on component level and supply chain information of the OCM. This 

includes the data of the origination of a specific component and the reliability of a certain OCM. 

Furthermore, OEMs are more likely to have more data, since they have more than one of the same 

product in the field. For example, consider an OEM that produces radar systems. An asset owner only 

has a few radars on their ships and might not know, if a system brakes down, what the cause of that 

specific failure is. While the OEM has information of multiple systems across multiple asset owners, 

combining this information may lead to more accurate forecasts. So, data should more often be shared 

within the supply chain to manage obsolescence more effectively. 

The developed maturity framework introduced in section 2.5.3 can be used to identify needs and as a 

guide to implement proactive obsolescence management programs. Subchapter 1.1 and the causes, 

obsolescence resolution and mitigation strategies introduced in chapter 3 can be used to get a better 

understanding of obsolescence and its related terms. The conceptual model including the identified 

factors introduced in chapter 4 can be used in addition to current practices to determine if an item 

should be managed proactively related to obsolescence. Although the focus of this thesis was on the 

maritime defence industry, the insights obtained and described in this report stretches much further. 

It is expected that the model is most-efficient for the low-volume capital goods industry, especially on 

the lower indenture levels of a systems with a long support life. For high-volume industry, it is 

expected that more data is available and therefore other models can achieve a higher accuracy. For 

example, models that consider evolutionary parametric drivers. The implementation and the weights 

identified for the case study introduced in chapter 5 focused on the maritime defence industry. 

Although many effects will be similar for other industries, it is expected that a higher accuracy can be 

achieved by re-evaluating the weights and effects of each attribute. In general, it is a simple model 

that can be used as a filter to automatically filter the low and high-risk items. 

Currently, a substantial amount of the costs related to obsolescence issues are incurred at the most 

downstream location of a supply chain, such as the asset owner. Although this study focused on 

(proactive) obsolescence management during the in-service and support phase of an asset. It is more 

effective to proactively mitigate obsolescence during the design and development phase to avoid the 

consequences and amount of obsolescence issue at a later stage. Currently, suppliers higher up in the 

supplier chain do not necessarily have a direct benefit to mitigate obsolescence for a niche market 

such as the maritime defence industry Since they produce items in large volumes, and the defence 

industry is a relatively small consumer. As an extreme, it may even be beneficial, in terms of revenue, 

for manufactures to force their customers to embrace a newer version of a certain system. It is 

expected that a lower total cost of ownership can be achieved by spreading the obsolescence risk 

among multiple stakeholders and giving suppliers an incentive to mitigate obsolescence risk upfront. 

The RNLN, but also Thales or RH Marine can achieve such incentives by incorporating clauses in 

contracts with their suppliers during the acquisition phase of an asset or system to ensure the 

continuous support and provision of critical components. The goal of these clauses is to reduce the 

total cost of ownership which can benefit all actors within the supply chain by technology 

transparency, such as using open standards and design considerations. 
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6.5. Future research in the field of obsolescence management 
The decision support model introduced in this report is based on only a limited number of test cases 
while making several assumptions. Future research should therefore ensure additional testing of the 
model, the corresponding assumptions and the factors based on real cases. It should also broaden its 
application to situations that have not yet been mentioned in this study. The study can be expanded 
with scenarios outside the maritime defence industry. For instance, including the ground forces, as 
mentioned earlier, the asset owner of the material of the ground forces deal differently with 
obsolescence issues than the navy generally does (SD-22, 2016).  A subsequent study could analyze 
the potential differences and identify whether the model reacts different in the various environments. 
Besides, more test data should be used to validate the model completely. Currently, the model is 
tested for a part of a radar system and part of an integrated platform management system. Additional 
analysis of multiple systems, for instance a naval artillery system, such as the OTO Melara 76mm, 
could be used as a case study to see how the model reacts with different and in this instance also older 
technologies. 
 
As mentioned earlier, there are several commercial tools available to predict the life cycle of electronic 
components. Future studies could assess whether the model introduced in this report can compete 
with the commercial tools that are specifically developed for electronic components. Another 
potential research topic could regard obsolescence management costing. The researches that are 
already executed in this field show very different results and focus on obsolescence resolution. A 
holistic view of developing a robust strategic obsolescence plan and its associated costs should be 
included in the research. 
 
This study focusses on obsolescence of mechanicals, materials and electronics. A successive study 
could be, to enlarge the current model by including additional obsolescence types, such as software, 
processes, procedures, knowledge and/or tooling equipment obsolescence. Moreover, this study’s 
focal point is on the lower indenture levels, such as components, assemblies and racks. It could be 
compelling to get a better understanding of how obsolescence can be managed on a strategic level, 
for instance obsolescence management on cabinet, system or asset level. Additionally, as mentioned 
in the obsolescence management process in Figure 6, this study considered only obsolescence issues 
in the maintenance and operations phase of a maritime asset, while obsolescence can already be 
managed at the concept and definition phase. It can be managed, among other things, by using open 
standards, as discussed in section 3.3.2. Currently, there is only little attention for obsolescence 
management during the design and manufacturing phase of an asset in the literature, therefore 
another study could lead to promising insights how obsolescence can be planned and managed in an 
early phase. 
 
Romero Rojo et al. (2010) already addressed the need for developing an approach to measure the 
obsolescence management capability of OEMs. This research gap is largely fulfilled by the 
development of the obsolescence maturity framework, introduced in section 2.5.3, but this 
framework could be further developed. During the execution of this project, the question; who is the 
best actor to manage obsolescence within the supply chain, has been asked several times. Although, 
it appears to be a simple question, it is relatively difficult to give a forthright answer. Obsolescence is 
a problem experienced throughout the full life cycle of an asset within the entire supply chain. 
Communication and standardization are key in managing obsolescence effectively. Therefore, a study 
could develop a systematic process for the development of fair contractual clauses to share the 
obsolescence risk between OCMs, OEMs, system integrators and asset owners in a way that is 
beneficial for all stakeholders. 
 
Similarly, there is a need for data sharing within a supply chain. But, for example, asset owners 
habitually do not share their operational data with anyone outside their organization, to minimize the 
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probability of jeopardizing future missions. However, breakdown data might be very useful, for 
instance, for OEMs to estimate the expected demand for a certain printed circuit board. There is a 
need for identifying a proper incentive and way to safely store and share the data. Perhaps, a 
decentralized database, can be put in place to achieve this goal. A study could be, how to set up such 
a database and create an appropriate incentive for the involved organizations to store and share such 
data. 
 
There is a lot of ambiguity in the field of obsolescence management. This study established some initial 
definitions and aligned the obsolescence management strategies of the involved parties. However, 
there is still a necessity for the development of auditable standards for obsolescence management 
processes and capabilities which can be applied globally for defence manufacturers, suppliers and 
asset owners (Wilkinson, 2013). 
 
In practice, the LTB resolution, is mostly used by a single actor within the supply chain. For example, 
an asset owner decides to place a last time order, this is an individual made decision. Perhaps, it is 
possible to combine the requests of multiple asset owners to one large order. Currently, this only 
happens occasionally on a small scale. For example, the RNLN has a joint stock together with Germany 
and Belgium for some specific systems. Another example, is the fact that system integrators and 
OEMs, sometimes buy spare parts based on an estimate of the total demand for all the asset owners 
for their remaining support life. A feasibility study could be executed, to investigate whether joint LTB 
opportunities or an agreement whereby a supplier, for example an OEM or OCM, offers a service to 
use the joint LTB option for a small additional fee are effective solution options. This could be a 
fragment in a contract for availability. 
 
To conclude, the research related to obsolescence management is growing. This holds especially for 
research conducted in the electronical components industry for the military and aerospace sector, 
because obsolescence is becoming an increasing important issue for sustainment-dominated systems. 
The focus of the literature is rather limited. The need for robust obsolescence management planning 
will becoming increasingly important. Therefore, a holistic view should be considered, to achieve 
better and more sustainable results, to deal effectively with the obsolescence. 
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Appendix 1 

 

Figure 27 - Organizational chart RNLN 

 

 

Figure 28 - Dutch defence budget as percentage of Gross Domestic Product over the years 1995-2014 (Notten, 
2015) 
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Figure 29 - Amount of the most important active WSs at RNLN over the years 1945 - 2015 (Karremann, 2015) 

 

Figure 30 - Organizational chart RH Marine 
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Figure 31 - Organizational chart TNL 
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Appendix 2 
Item attribute Values Explanation 

1.1 Indenture level 
 

Assign to each item a number of detail where it fits in the 
hierarchy of the Bill of Material. For example: 1 - LCF; 1.1 - Smart 
L; 1.1.1 - SPU cabinet; 1.1.1.1 - Local Processing Unit; 1.1.1.1.1 - 
Printed Circuit Board; 1.1.1.1.1.1 - Transistor 

1.2 Internal item 
number 

 
Assign the internal item (reference) number to each item in order 
to refer to and identify the item in a later stage 

1.3 Identification 
number 
manufacturer 

 
Assign the reference number used by the supplier or (original) 
manufacturer to each item in order to refer to and identify the 
item in a later stage 

1.4 Item name  
 

Record the unique name of each item in order to identify the item 
in a later stage 

1.5 Item 
description 

 
Optional: Provide a detailed description of each item that can help 
to distinguish between similar items and identify specific items 
more easily 

1.6 Dimensions <cm> What are the dimensions of the item (length x width x height) 
expressed in centimetres? 

1.7 Manufacturer   What is the name of the manufacturer of the item? 
Table 8 - Item attributes used to refer to identify the item at a later stage 

Item attribute Values Explanation 

2 Item criticality [0,1] This category addresses the degree to which an item is critical to the 
functionality of the system and ultimately the operational readiness 
of the unit employing that system.  
(Response: A value between 0 and 1) 

2.1 Safety 
critical 

{1,0} Is it a safety critical item? An item is safety critical if any failure, 
malfunction, or absence could cause a catastrophic or critical failure 
resulting in the loss or serious damage to the weapons system, an 
unacceptable risk of personal injury or loss of life, or an 
uncommanded engine shutdown that jeopardizes safety. 
(Response: Yes (1); No (0)) 

2.2 Mission 
critical 

{1,0} Is it a mission critical item? Items are mission critical if a failure or 
disruption during a mission will result in the failure of the (mission) 
operations.  
(Response: Yes (1); No (0)) 

2.3 Contribution 
to system 
performance 

{0,1,2,3} Assign a level of contribution to the system performance (the above 
lying indenture levels) 
(Response: No contribution (0); Limited contribution to the above 
indenture level (1); Substantial contribution to the above indenture 
levels (2); Results in a not functioning system on the highest 
indenture level (3)) 

2.4 Item 
complexity 

{0,1,2,3} What is the relationship between modules and the function that the 
modules perform? 
(Response: low complexity (i.e. has modules that independently 
support a function) (0); Some complexity (1); Moderate complexity 
(2); High complexity (i.e. has highly dependent modules that support 
a variety of functions) (3)) 

Table 9 - Item attributes used to estimate the item criticality 

Item attribute Values Explanation 
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3 (re)solution 
consequences 

[0,1] This category addresses the (expected re)solution consequences of 
an item assuming that there is a demand for the item while the item 
is already obsolete. 
(Response: A value between 0 and 1) 

3.1 Resolution 
consequences 

{0,1,2,3} What are the consequences of implementing a resolution? 
(Response: (Almost) no consequences related to the resolution (i.e. 
instant FFF available without testing/redesign) (0); Little 
consequences related to the resolution (1); Substantial 
consequences related to the resolution (2); Major consequences 
related to the resolution (i.e. a major redesign is needed) (3)) 

3.2 Support 
needed 

{0,1,2,3} What is the level of support that is needed to develop a 
(re)solution? 
(Response: No support needed (0); Technical data package needed 
(1); Technical data package and/or machinery needed (i.e. test 
equipment) (2); Technical data package and/or machinery and/or 
specific knowledge needed (3)) 

3.3 Support 
availability 

{0,1,2,3} What is the expected availability of the support attribute at the 
moment the support is needed (i.e. when an obsolescence issue will 
be resolved)?  
(Response: Nothing is (expected to be) available (0)); Limited 
support is (expected to be) available (1); Substantial support is 
(expected to be) available (2); Everything that is needed is (expected 
to be) available (3)) 

3.4 
Requalification 

ℤ≥0 
<months> 

Is it expected that requalification is needed to solve the 
obsolescence issue, and if so, how many months does the 
requalification (i.e. testing or re-certification) takes? 
(Response: If no requalification is needed 0, otherwise the expected 
months to requalify (leadtime to requalify)) 

3.5 Expected 
months from 
unavailability 
date 

ℤ 
<months> 

What is the (expected) months from or to the date that the item is 
no longer available? 
(Response: When positive -> the part is still available, when negative 
-> the part is unavailable) 

3.6 Type of 
item 

{COTS, 
MOTS, 
Mil-Spec} 

Is it a Commercial Off The Shelf (COTS - An item that is used "as-is"), 
Modified Off The Shelf (MOTS - typically a COTS product that is 
customized) or Mil-spec item? 
(Response: COTS; MOTS; Mil-Spec) 

3.7 PDN 
promptness 

[0,1] What is the probability of receiving PDN of the 
manufacturer/supplier.  
(Response: a value between 0 and 1) 

2.4 Item 
complexity 

{0,1,2,3} What is the relationship between modules and the function that the 
modules perform? 
(Response: low complexity (i.e. has modules that independently 
support a function) (0); Some complexity (1); Moderate complexity 
(2); High complexity (i.e. has highly dependent modules that 
support a variety of functions) (3)) 

3.8 Expected 
resolution 
time 

ℝ≥0 
<months> 

What is the expected (re)solution time of solving an obsolescence 
issue for the item? (expressed in months) 

3.9 Expected 
resolution cost 

ℝ≥0 
<euros> 

What are the expected (re)solution cost of solving an obsolescence 
issue for the item? (expressed in euros) 
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3.10 
Procurement 
price 

ℝ≥0 
<euros> 

What is the (average) procurement price of the item? (expressed in 
euros) 

3.11 
Relationship 
supplier 

{0,1,2,3} How strong is the relationship with the supplier? 
(Response: Only used the supplier for this particular item (0); 
Moderate relationship (1); Good relationship (i.e. on preferred 
supplier list) (2); Strong and long-term relationship (3)) 

Table 10 - Item attributes used to estimate the (re)solution consequences 

Item attribute Values Explanation 

4 Probability 
obsolescence 

issue 

[0,1] This category addresses the likelihood of an obsolescence 
issue (there will be a demand for an item that cannot be 
fulfilled from stock and is no longer available in the market) 
before end service life. 
(Response: A value (probability) between 0 and 1) 

4.1 Probability 
obsolescence 

[0,1] This subcategory addresses the likelihood that an item 
becomes obsolete within the remaining service life of the 
item. 
(Response: A value (probability) between 0 and 1) 

3.5 Expected 
months from 
unavailability 
date 

ℤ <months> What is the (expected) months from or to the date that the 
item is no longer available? 
(Response: When positive -> the part is still available, when 
negative -> the part is unavailable) 

3.6 Type of 
item 

{COTS, MOTS, 
Mil-Spec} 

Is it a Commercial Off The Shelf (COTS - An item that is used 
"as-is"), Modified Off The Shelf (MOTS - typically a COTS 
product that is customized) or Mil-spec item? 
(Response: COTS; MOTS; Mil-Spec) 

3.7 PDN 
promptness 

[0,1] What is the probability of receiving PDN of the 
manufacturer/supplier.  
(Response: a value between 0 and 1) 

3.11 
Relationship 
manufacturer 

{0,1,2,3} How strong is the relationship with the manufacturer? 
(Response: Only used the manufacturer for this particular 
item (0); Moderate relationship (1); Good relationship (i.e. 
on preferred manufacturer list) (2); Strong and long-term 
relationship (3)) 

4.1.1 Current 
life cycle stage 

{Introduction, 
Growth, Maturity, 
Decline, Phase-
out, 
Obsolescence} 

What is the current life cycle stage of the item expressed in 
life cycle phases 
(Response: Introduction; Growth; Maturity; Decline; Phase-
out; Obsolescence) 

4.1.2 
Technology 
type 

{Static mechanic, 
Moving 
mechanic, Passive 
electronic, Active 
electronic, Other 
electronic} 

What type of technology is used in the ite? Is the item a 
static mechanical; moving mechanical; passive electronical 
(i.e. resistors and capacitors); active electronical (regulators; 
semiconductors; microcircuits); Other electronics? 
(Response: Static mechanic; Moving mechanic; Passive 
electronic; Active electronic; Other electronic) 

4.1.3 Time 
since first 
order 

ℝ≥0 <months> How many months have passed since the first order of the 
item? 
(Response: A non-negative real number) 
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4.1.4 Time 
since last 
order 

ℝ≥0 <months> How many months have passed since the last order of the 
item? 
(Response: A non-negative real number) 

4.1.5 Changes 
in regulations 

{0,1,2,3} How sensitive is the item towards changes in regulations? 
(Response: There are never changes in regulation for this 
item (0); There are rarely changes in regulations (1); There 
are occasionally changes in regulations (2); There are 
frequently changes in regulations (3)) 

4.1.6 Number 
of 
manufactures 

ℤ≥0 
<manufactures> 

How many sources do manufacture the item? 
(Response: A non-negative integer) 

4.1.7 Planned 
remaining 
service life 

ℝ≥0 <years> What is the planned remaining service life of the item 
(expressed in years)? 
(Response: A non-negative real number) 

4.2 Probability 
backorders 

[0,1] This subcategory addresses the likelihood that there will be 
a demand for an item that cannot be fulfilled from stock 
within the remaining service life of the item. 
(Response: A value (probability) between 0 and 1) 

4.1.7 Planned 
remaining 
service life 

ℝ≥0 <years> What is the planned remaining service life of the item 
(expressed in years)? 
(Response: A non-negative real number) 

4.2.1 
Inventory level 

ℤ≥0 <units> What is the current inventory level of the item? (Response: 
A non-negative integer) 

4.2.2 Usage 
profile 

{0,1,2,3} What is the usage profile of the item (or system were the 
item is operating in), i.e. how often is the item used or 
active? 
(Response: Never (0); Occasionally (1); Frequently (2); 
Always (3)) 

4.2.3 MTBF ℝ≥0 <hours> What is the Meant Time Between Failure (expressed in 
hours) of the item? 
(Response: A non-negative real number) 

4.2.4 Failure 
distribution 

  What is the failure distribution of the item including 
relevant parameters? For example, Weibull (k, lambda), 
Exponential (lambda) or Uniform (a, b). If it cannot be 
specified: random failures; increasing failure rate; 
decreasing failure rate 

4.2.5 
Successful 
repair 
probability 

[0,1] What is the probability that a failed item can be repaired? 
(Response: If it cannot be repaired 0, otherwise the 
expected successful repair probability) 

4.2.6 Quantity 
used 

ℤ≥0 <units> How much items are used in the specified indenture level? 
(Response: A non-negative integer) 

4.2.7 
Operating 
conditions 

{0,1,2,3} What is the operating environment of the item?  
(Response: Operating under changing conditions (i.e. 
changes in temperature and moisture) (0); Operating under 
slightly unstable conditions (1); Operating under stable 
conditions (2); Operating under clean and stable conditions 
(i.e. a conditioned cabinet) (3) 

Table 11 - Item attributes used to estimate the likelihood of an obsolescence issue 




