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Abstract

Obsolescence, defined as the transition of a component from being available to
unavailable from the original manufacturer, has raised concern in industries where
the asset works for a long time, such as the railway sector. It becomes more of a
problem when it causes disruption to the operations. While standards and guidance
regarding obsolescence for other industries are available, i.e. military, avionics, and
nuclear, no universal guidelines exist in the railway sector, especially for rolling stock.
This study develops a framework on how obsolescence management can be applied to
address the issue. The exploratory analysis method is adapted through the literature
survey, adopting a taxonomy and convergent study approach to the rolling stock
sector, and integrating it with relevant common practices. The framework of a
proactive strategy is presented in five steps: Initiation-Identification-Assessment-
Execution-Monitoring, and it incorporates principles from the CSM-RA (Common
Safety Method and Risk Assessment). This approach is proposed to reduce
obsolescence risks and enhance rolling stock utilization.

Keywords:

Obsolescence, obsolescence management, railway, rolling stock, proactive strategy,
Common Safety Method and Risk Assessment



Sammanfattning

Inkurans, definierad som Gvergangen av en komponent fran att vara tillganglig till
otillganglig fran den ursprungliga tillverkaren, har vackt oro i branscher dar tillgangen
fungerar under lang tid, sdsom jarnvagssektorn. Det blir mer av ett problem nir det
orsakar storningar i verksamheten. Aven om standarder och vigledning om inkurans
finns tillgdngliga for andra industrier, sisom militar, flygelektronik och karnkraft,
finns inga universella riktlinjer inom jarnvagssektorn, sarskilt for rullande materiel.
Denna studie utvecklar ett ramverk for hur inkuranshantering kan tillampas for att
l6sa problemet. Den explorativa analysmetoden anpassas genom en litteratursokning
litteraturundersokningen, med en taxonomi och konvergent studiemetod for rullande
materielsektorn och integrerar den med relevanta vanliga metoder. Ramverket for en
proaktiv strategi presenteras i fem steg: Initiering-Identifiering-Vardering-Utforande-
Uppfoljning, och den innehaller principer frain CSM-RA (Common Safety Method and
Risk Assessment). Detta tillvigagangssatt foreslas for att minska riskerna for inkurans
och forbattra utnyttjandet av rullande materiel.

Nyckelord:

Inkurans, inkuranshantering, jairnvag, rullande materiel, proaktiv strategi, gemensam
sidkerhetsmetod och riskbedomning
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Chapter 1: Introduction

This chapter discusses the background, objectives, methodology, and delimitations used in
this study.

1.1 Background

Obsolescence is one of the critical issues for asset management, though it is not
something new to discuss. That is due to obsolete components affecting both
operational and financial. If alternative solutions are not thoroughly qualified, it could
cause increased asset downtime due to part shortages, leading to decreased availability
and reliability [1]. In long-lifecycle projects, obsolescence has become a significant
problem as it could prevent the maintenance of the system or asset [2]. The issue has
become more critical nowadays since the rapid pace of technological advancement.
One of the biggest causes of obsolescence is the life cycle mismatch between the parts
or components that work inside the products or systems. The problem of obsolescence
is most prevalent in electronics technology, wherein the lifetimes for microelectronic
parts are often significantly shorter than those of manufacturing and support life
cycles for the products or systems that use the parts [3]. However, obsolescence also
extends beyond electronic parts to other items, such as materials, mechanical parts,
textiles, software, and soft resources, such as human skills. Obsolescence issues also
emerge in almost all industries. The natural act to overcome the issue is by applying a
reactive strategy, which means the solution approach will appear once the component
becomes obsolete. However, the reactive action often leads to significant costs.
Therefore, a proactive strategy and systematic approach through obsolescence
management is encouraged to apply. Reducing the costs associated with obsolescence
can lead to substantial savings up to 35 percent of total lifecycle cost, depend on the
specific case [4].

The obsolescence phenomena can occur to the long industries, such as defense &
military, aircraft, nuclear, railway, etc. [5]. Railways are one industry affected by
obsolescence because railway systems are considered long-lifecycle systems supported
by short-lifecycle components. Such condition makes obsolescence issues due to a
mismatch of life cycles inevitable in railways [6]. General standards regarding
obsolescence have already been introduced and produced to counteract the issue, for
instance, EN 62402:2019. Other standards and guidance for different industries are
also available. However, apart from the defense, avionics and nuclear sectors, there is
still no official unified standard or universal guidelines available for obsolescence
issues that can be used as a reference for most organizations in the railway industry,
especially for rolling stock assets. Some factors might be the causes of why it could be
happened. This could be due to the diversity and customized of rolling stock types that
exist in this era, could be due to the different regulations and safety concerns in
different regions or countries, or could be due to the complex supply chain systems
that caused by specific needs. In addition, financial considerations between
maintaining old rolling stock type and procuring new type of rolling stock can be a
factor as well.
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Figure 1. 1 The life cycle mismatch between components, equipment, and rolling stock as a
system /6]

Rolling stock or rail vehicles are one of the most critical systems in the railway
industry, and they generally have a life cycle of approximately 30-40 years [7]. While
the longevity of rolling stock becomes a significant advantage in the railway industry,
it potentially creates an obsolescence problem due to the misalignment of the life cycle
between the components and the rolling stock as a system. Only the car body might
reach the expected life cycle of all the components without needing replacements.

Moreover, obsolescence has become a challenge in the Swedish railway industry. One
of the main problems the railway industry faces is the breakdown of rolling stock
operations due to obsolescence [8]. The issue has already influenced RAMS
performance and forced the related organization to spend an unplanned budget to
overcome the matter, creating a significant problem. This situation then encourages
Systra, as a railway consultant company, to solve the problem, help the stakeholders,
and utilize the maximum value of the rolling stock asset.

Therefore, this study has been developed and produced to assist Systra in solving the
obsolescence issue of rolling stock asset management. It is hoped that this study can
help develop a framework that can be employed to manage the problem. Addressing
this challenge is crucial for effectively maintaining and utilizing the rolling stock asset
to support reliable railway operations and ensure safety. In addition, addressing the
obsolescence issue can help the organization reduce and avoid unplanned downstream
costs [9].

1.2 Objectives

This study addresses how obsolescence management can be performed for rolling
stock assets, particularly for any organization or party that owns the rolling stock. The
study result will then be streamlined with common best practices in the railway
industry, such as RAMS performance [10] and Common Safety Method and Risk
Assessment (CSM-RA) [11] , which have already existed and been used by related
parties. Eventually, it is hoped that the results of this study can help develop a
framework that can be applied to actual cases.



1.3 Methodology

This study employs an exploratory analysis method focusing on specific areas within
the railway industry, i.e. rolling stock. The methodology is illustrated in Figures 1.2
and 1.3. The literature survey explores various aspects of obsolescence, including its
definition, causes, mitigation strategies, and so on, from multiple studies and
references in the past. Given the lack of existing obsolescence studies for rolling stock
area, this study adopts a convergent and taxonomy study approach. This approach
begins with a general examination of obsolescence, exploring sectors where it is
considered mature, progressively narrowing the focus to the railway industry and,
more specifically, the rolling stock sector, as shown in Figure 1.2. The methodology
then integrates multiple studies on obsolescence with common practices within the
railway industry, providing a relevant understanding of obsolescence in this context.

Obsolescence in general
and mature industries

Obsolescence in
railway

Obsolescence in
Rolling Stock

Figure 1. 2 The taxonomy study approach used in this study.

The study then continues by adopting obsolescence policies and adapting to rolling
stock application to develop obsolescence management principles that can be applied.
The principle then applied to an actual case study, and the result of the application is
discussed before it finally leads to the study's conclusion.

Topic and Integrate and

Background thsetra(;ure Adopt Multiple 'I:D;\;ileovsénrﬁ
Study iy Studies
Conclusions Result Framework

Implementation

Figure 1. 3 The methodology process used in this study.



1.4 Delimitations

This study is limited to the application for rolling stock. It addresses the organization
or party that manages rolling stock asset. Other sectors in the railway industry are not
part of the study. The study also does not consider the issues related to supply chain
and the commercial interests of suppliers and manufacturers, which is beyond the
scope of this investigation. Further explanation related to CSM-RA in this study will
be applied to obsolescence resolutions related to the engineering process.



Chapter 2: Study Literature

This chapter presents the literature for this study. Discussing obsolescence theory,
obsolescence management, RAMS, and Common Safety Methods for Risk Assessment
(CSM-RA).

2.1 Obsolescence Definitions

Obsolescence is the transition of an item from being available to unavailable from the
manufacturer following the original specification [12]. An item will be considered
obsolete once it is no longer available from the original manufacturer, even though it
still exists in the supply chain, such as from distributors or retailers. Figure 2.1 depicts
the phase of the component's life cycle obsolescence can occur.

Other definitions of obsolescence can be the unavailability of parts or services that
were previously available, caused by various reasons [13] or the manifestation of two
kinds of phenomenon: the item no longer available from the Original Equipment
Manufacturer (OEM) or the item is no longer suitable for current demands [14]. The
latter statement has a similar interpretation to standard AFNOR NF X60-012: 2006,
where it defines "obsolete" as "no longer used" or "outdated" but does not necessarily
mean that it is no longer available [15].

Obsolescence is something that cannot be avoided and, in most cases, can occur
quickly, generating a significant amount of cost to be addressed and putting at risk
organization's operations, financial stability and reputation. However, there is often
uncertainty about when this case will happen and what and how far the impacts will
take place when the case happens. Obsolescence can occur across the long life of assets
to different components, subsystems, materials, software and all manufactured items.

7N
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Figure 2. 1 Life Cycle Phase of Component [16]

The concept of obsolescence was introduced around 1820-1830 but became primarily
known in 1932 in the United States through the book Ending the Depression Through
Planned Obsolescence [15]. In the United States, obsolescence is more famously
known as Diminishing Manufacturing Sources and Material Shortages (DMSMS). The
US Department of Defense (DoD) released the guidance book Standardization
Document-22 (SD-22), which defines DMSMS as the loss or impending loss of



manufacturers or suppliers of items, raw materials, or software [17]. The concept
began in the mid-90s in the aerospace industry in the USA. Electronic components
with military-grade that used in aircraft military and aerospace industries were once
immune to obsolescence issues, but this changed when the original manufacturer
decided to stop producing military-grade components and chose to switch over to
more beneficial electronic retail industries such as computer, telecommunications,
consumer appliances, etc. [18].

While some people think that obsolescence and DMSMS are similar because they
share the same concern about the availability of the components, they have different
meanings in terms of definition and approach. This study argues that obsolescence is
primarily about the parts or components becoming outdated or replaced by newer
versions or technology, while DMSMS is about the challenges of maintaining supply
chain and material sourcing in the long term. Hence, in this study, obsolescence will
refer to the components or parts that become non-procurable from their original
manufacturer or supplier [3].

There are four different types of obsolescence, based on the source of the problem, as
shown in Table 2.1.

Table 2. 1 Type of obsolescence. Adapted from [3].

Obsolescence Type Definition

Functional The product or components still operate as intended. They

Obsolescence are still manufactured and supported, but the requirements
or regulations have changed, making the product's function,
performance, or reliability obsolete. They were often caused
by changes made to other portions of the system.

Technological More technologically advanced components have become

Obsolescence available. This becomes an obsolescence issue when the
manufacturers and suppliers of older parts move on to newer
components and no longer support older products.

Functionality Manufacturers cannot maintain market share unless they
Improvement evolve their products in order to keep up with the competition
Dominated and customer expectations. They are forced to change their
Obsolescence (FIDO) products by the market.

Logistical Loss The loss of the ability of an organization to procure the parts,

materials, manufacturing or software necessary to
manufacture or support a product.

When the manufacturer no longer produces components, those items become
obsolete. In such cases, the manufacturer usually declares a Product Discontinuance
Notice (PDN) before their last production, so the customers may have the opportunity
to procure the components for one last time and store enough to fulfil their needs [12].
This action can be called LOT (life-of-type) buys, LTB (lifetime or last time) buys, or
bridge buys.



2.2 Obsolescence Causes

There are various possible reasons why component obsolescence can take place.
Janson & Norman, in 2020 [19], compiled the causes of obsolescence cited from
multiple sources.

Table 2. 2 Causes of Obsolescence [19].

Obsolescence
Causes
Technological
Evolution

Technological
Revolution

Supplier (Original
Component
Manufacturer, OCM)
Withdrawal

Market Forces

Environmental
Policies and
Restrictions
Allocation

Planned
Obsolescence

Description

A new generation of a specific technology
makes its predecessor increasingly obsolete.
Typically, the newer generation has improved
performance and functionality at a lower cost.
A new technology displaces its predecessor
completely.

The supplier or OCM (Original Component
Manufacturer) disappears from the market due
to bankruptcy or industry exit.

Demand for components or technology
decreases, forcing manufacturers to find it
uneconomical to continue production.

Directives, rules, and other forms of legislation
imposed by governments can cause the
obsolescence of components or technologies.
Long product lead times result in temporary
obsolescence, usually categorized as short-
term supply chain disruption.

It involves artificially limiting the durability of
goods to simulate increased consumption. It
often implies purposefully designing products
that wear out or become out-of-date after
limited use.

Effect

Technological
Obsolescence

Technological
Obsolescence
Logistical Loss

Functionality
Improvement
Dominated
Obsolescence
(FIDO)
Functional
Obsolescence

Logistical Loss

Another factor contributing to obsolescence issues is the extensive usage of
commercial-off-the-shelf (COTS) parts procured in an open market rather than
commissioning custom-made solutions [19]. COTS products are commoditized and
standardized products that are easily accessible. Usage of COTS products increase the
risk of obsolescence caused by market forces since there are no formal partnerships or
contractual obligations. Consequently, using COTS results in limited ability to work
out agreements with suppliers regarding how obsolescence issues should be handled
if they arise and how long the component should remain in production.

2.3 Obsolescence Management

Obsolescence management seeks to reduce the risk of obsolescence through
undertaking planned activities to reduce the frequency of obsolescence issues and/or



reduce the impact when a component becomes obsolete. The effects of obsolescence
can be various. According to EN 62402:2019, it can be categorized as follows:

e Financial Impacts. Responding to obsolescence can introduce significant costs
to an organization, from changing supply chains, design or testing new
components, or increased component costs as supply increases.

e Operational Impacts. When an item becomes unavailable, the user can no
longer derive benefit from the item. Hence, it may also impact the user's ability
to derive benefits from the component's surrounding area, such as the system
or other sub-components.

e Compliance Impacts. The obsolescence of specific components may prevent an
organization from complying with regulatory requirements such as safety
procedures.

e Reputation Impacts. The inability of an organization to provide specific
components or services due to obsolescence may have long-term impacts on the
organization's reputation.

Therefore, it is necessary to implement a management process to mitigate the negative
effects of obsolescence [3]. It is essential that obsolescence needs to be addressed in a
risk management context by understanding the level of risk and taking any necessary
actions to treat the risk.

An obsolescence management plan should be continuously improved to ensure
consistent qualitative performance [20]. Besides, improving reliability obsolescence
management can reduce the cost, which can be significant [21]. One preferable way to
do this is to implement the PDCA concept (Planning-Do-Check-Act) into obsolescence
management, as described in Figure 2.2.

e Planning for obsolescence on a strategic level.

e Designing strategies to minimize obsolescence risk.

e Checking for obsolescence risk continuously.

e Acting on the obsolescence risk and monitoring and improving.

ACT on the risks ! PLAN

and improve conceptual
’ design
CHECK for DO or
obsolescence DESIGN

risks « strategies

Figure 2. 2 Application of PDCA concept for obsolescence. Adapted from [22] and [12].



2.4 Mitigation Strategies and Resolutions

Two types of mitigation strategies can be used to overcome obsolescence. The first one
is a reactive strategy, which is the natural countermeasure that occurs as reaction
when the obsolescence issue appears. The latter is proactive strategy, when the
strategies are to be thought and planned in advance before obsolescence emerges. The
implementation of the obsolescence management plan (OMP) is considered as a
proactive strategy [12].

a) Reactive Strategies

A reactive approach is to do nothing until the obsolescence becomes an issue. This
problem is often identified and comes from the suppliers providing EOL (end-of-life)
notices or PDN. The reactive approach has become natural approach organizations or
parties use to obsolescence. It is mainly about determining an appropriate and
immediate resolution to the problem of components becoming obsolete, executing the
resolution process, and tracking the actions taken [3]. This approach has proven
ineffective since identifying obsolescence in an exclusively reactive manner leads to
failure in planning for hardware and software replacements in systems, which has a
negative impact on total cost because it generates higher costs in the long term [20].

One of the most common mitigation actions considered to be a part of reactive
strategies is Lifetime Buys or Last-time Buys (LTB). This action is to procure as many
parts or components as needed to fulfil the asset's life cycle. When the original
manufacturers are about to end production, they usually issue an EOL notice or PDN
to give their customers a chance to buy one last time. This action has advantages: no
change is needed in operation and related documentation, and relatively low lead time
[23]. However, performing this action comes with the risk of the possibility of loss or
damage to the components during storage time. Therefore, organizations should
consider many factors while calculating the total cost, such as procurement, inventory,
disposition, and penalty costs [24]. The total cost might be outside the budget or not
accounted for within the current business plan and might stop other works or projects
due to diversion funds [23]. Similar to LTB, another reactive action is Bridge Buy. One
factor that distinguishes them is that Bridge Buy is intended to meet the demands until
the system where the components work is modified or redesigned [19]. In the updated
version of EN 62402: 2019, these two actions are simplified as Life of Need Buy (LNB),
which calls to procure the components one last time to fulfil the requirement for the
defined period. The standard recommends that LNB should be performed only when
certain situations occur:

e when the exact number of components needed is known in the forecast.
e when there is an urgent operational needed.

e when there is enough storage capacity.

e when the life expectancy of the components is short.

b) Proactive Strategies
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A proactive approach means that selected actions must be taken before a component
becomes obsolete or before an actual obsolescence impact. Proactive measures involve
identifying components at risk of becoming obsolete and finding solutions to reduce
that risk and its impact [19]. A proactive strategy aims to track the life cycle
information of selected components and prevent obsolescence-related issues, such as
production stoppages or expensive redesigns. This strategy should be applied to
critical components that are likely to become obsolete, have insufficient quantities
available after obsolescence, and will be difficult to manage once they are no longer
produced [3]. The crucial point distinguishing proactive from reactive strategies is that
it has more time to plan and take necessary actions, potentially leading to more
beneficial decisions.

One method of proactively managing obsolescence is the usage of design refresh
planning. It is a practical approach to strategically plan for obsolescence by
determining the best timing for design refreshes and the optimal mixture of actions to
take when those designed refreshes are necessary [22]. Proactive management
however requires the ability to forecast obsolescence risk for certain components.
Besides, it also involves the process of articulating, reviewing, and updating system-
level obsolescence status [25].

Another method counted as proactive strategies is establishing an obsolescence
management policy, followed by developing and implementing an OMP. According to
EN 62402, the OMP should describe the activities for preventing, detecting, and
treating the effects of obsolescence through the system's life cycle and its components.

¢) Obsolescence Resolutions

Resolution is the collective term for the different activities that either treat the risk of
obsolescence impact or overcome an obsolescence issue [12].

Some of the most common resolutions related to obsolescence issues are as in Table
2.3.

Table 2. 3 Obsolescence resolution options. Adapted from [12], [3], and [26].

Resolution Description

Life of Need Buy Activity that procures and buys the will be the obsolete
component for the last time, in the amount that is needed
to cover the defined period.

Aftermarket Search Procure the same component that is needed from
another party outside the original manufacturer that
already has the intellectual property of technology and
production.

Substitution/Replacement Substitute the obsolete component with an equivalent
item or alternative item that has existed in the market.
Equivalent means the function and technical parameter
are the same as the obsolete one but still heed minor
testing.
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Alternative means having limited parameter matching
with obsolete components, but it is still acceptable after
consideration and agreement with affected parties.

Emulation

A process that produces an equivalent item using the
original specification or from characteristics gained from
an in-depth examination of examples of obsolete
components.

Mainly applicable to electronic components.

Reverse Engineering

Producing the new components with the effort to be as
similar as possible to the original obsolete components
by knowing the technical specifications of the
components. This process can involve significant cost
and time to do.

Design Change/Upgrade

Updating or upgrading the obsolete components to fulfil
the requirement and enabling newer components. A
design change can be used to treat multiple lower levels
of obsolescence issues in the same sub-system level to
be more cost-effective. This process should include an
assessment of the need for re-qualification.

Singh and Sandborn [22] categorized Life of Need Buy (LNB) and Aftermarket as the
short-term mitigation that can be used to overcome the obsolescence issue, as long as
Lifetime Buy might be working until the end of the system’s life cycle. On the other
hand, the rest of the obsolescence resolutions in Table 2.3 can be classified into long-
term mitigation strategies that might change the system's or subsystem’s design. Those
options are classified as design refresh resolutions in the proposed simplified analysis

timeline.

Part is not obsolete

* Spare replenishment
* Other planned production

Part is obsolete

Start of Life

Part becomes
obsolete

f

“Short term”
mitigation strategy
* Stock
* Last time buy
* Aftermarket source

* Lifetime buy ------

short term mitigation strategy used T

v

Design refresh

|
I [ I [

“Long term” Redesign non- Re-qualification? Functionality
mitigation strategy  recurring costs  * Number of parts changed Upgrades
* Substitute part « Individual part properties
« Emulation — =

o ~ - v
Uprate similar part Hardware and Software

Figure 2. 3 Design refresh planning analysis timeline [22].

In Nuclear Industries, guidelines exist for obsolescence resolutions related to
instrumentation and control systems in nuclear power plants. They produced a



12

hierarchy of obsolescence resolutions that can be applied to any related organization,
as shown in Figure 2.4.

4
&
fé’ Last time buy
e
'-‘9\9"' Aftermarket buy
& & Second user stock
g
'.o .
;é’ K Alternative form/fit/function
asé,; Rmm!actute/reenglneeri;
o
F& Reverse engineering
87
‘?f f Subsystem replacement
7 System replacement

Figure 2. 4 Potential obsolescence solutions for instrument and control concerning
complexity, plant change and cost [23].
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Chapter 3: Methodologies

This chapter discusses the obsolescence in industries where obsolescence management is
prevalent such as military, avionic and nuclear industries. Continued by obsolescence in
the railway industry, rolling stock and the proposed framework.

3.1 Prior Experience with Obsolescence

The concept of obsolescence management began in the early to mid of 1990s in the
aerospace industry in the USA. Electronic components with military grade, used in
aircraft military and aerospace industry, once were immune to obsolescence issue,
because they had long-term agreement with suppliers to fulfill the aircraft life cycle.
However, the situation changed when the original manufacturer decided to stop
producing military-grade components and chose the more economically beneficial
electronic retail industry such as computer, telecommunications, consumer
appliances, etc. [18]. The reasons were associated with global competitiveness and the
financial benefits of manufacturing high volume electronics in retail.

Since then, the obsolescence issue, more known as DMSMS in USA, caught the
attention of Department of Defense (DoD) due to the costly impacts on military
operation. For example, price for chips or semiconductors in their afterlife, if available,
are generally 10 to 15 times higher than the original cost. For the subsystem, a
complete redesign due to DMSMS could cost between 500 kUSD and 3,000 kUSD [27].
The cost includes engineering cost, testing, and certification process required to ensure
the compatibility. In addition, procuring obsolete components have long lead times. It
can be around 14 to 36 weeks, depending on if reverse engineering is required, which
can lead to schedule disruptions to the military operation.

The cost impact of DMSMS issue also occurred in avionics industry. In the
development of F-22 program, $81M were spent for the obsolete electronic
components resolution, nearly the quarter of the total cost of the airplane itself [18],
[27].

In the late 1990s, DoD produced Standard Document with title SD-22: DMSMS
Guidebook [17], that provides guidelines and best practices for managing the risks
associated with DMSMS, addressing any organization that is involved in supply chain
of components or subsystems, mainly related to military industry. The development of
the guidebook continues until the latest update has been released in March 2024 [17].
In overall, the SD-22 document examines on how to implement DMSMS Management
Process to reduce the impact of DMSMS. The process itself, shown in Figure 3.1,
declared as dynamic process, has five tailorable steps, consist of Prepare — Identify —
Assess — Analyze — Implement. These steps are constructed through Risk
Management principle and supported by strategic process that aims to improve
effectiveness and efficiency. The depiction of DMSMS Management Process is shown
in Figure 3.1.
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strategize

Implement

Identify

Prepare

Figure 3. 1 Steps in the DMSMS Management Process [17].

The obsolescence management process in the aerospace and defense industries can be
considered as mature [4]. Proactive obsolescence management is carried out before
the issues emerge to mitigate the impacts of obsolescence. Three priority measures are
considered. They are implementing obsolescence best practices, applying dedicated
tools, and creating dedicated roles. If somehow obsolete components inevitably occur,
McKinsey experts suggest three obsolescence resolutions to do, which are aftermarket
search, substitution component, and redesign the component or the subsystem.

3.1.1 Case Study - Large Plants

One of obsolescence's best practices takes place in heavy industries in Southern
California, USA. Trevor & Bradley in 2022 [28], conducted a study on managing
obsolescence issues for the automation system through a risk-based approach. The
study was conducted in large-scale materials processing, such as refineries and
chemical plants. Those facilities have many decades of life spans but depend on the
operation of automation hardware and electrical equipment, which will reach
obsolescence much sooner than the rotating equipment or other major systems.
Through a risk-based approach, which started by analyzing the database and
identifying the taxonomy of the components, the assessment was carried out to
produce ideas and proposals on how to prioritize the replacement of the components.
The approach then being implemented and validated through the application to 13
industrial facilities indicated a 70% reactive replacement reduction due to
obsolescence and a 24% reduction in unplanned downtime due to component failure
during normal operations.

3.1.2 Case Study - Nuclear Powerplants

The nuclear industry is another industry that can be considered mature enough to
react to obsolescence issues. This is proven by the availability of a guidebook on the
Management of Ageing Obsolescence of Instrumentation and Control Systems,
published by the International Atomic Energy Agency (IAEA) [23]. The guidebook
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discusses guidance and recommendations IAEA on ageing instrument and control
(I&C) equipment, supported with relevant good practice, key points that need to be
taken into consideration when modernizing the equipment, and strategies that could
be employed to address the related issues. Obsolescence management is one of the key
elements involved in this guidebook. The four sequences phase in their obsolescence
management in I&C equipment are:

¢ Equipment identification, data collection and recording
e Equipment obsolescence status identification
e Prioritization of equipment obsolescence issues

¢ Resolution of equipment obsolescence issues
Figure 2.4 in the previous chapter shows the resolution that the IAEA recommended.

Examples of applications of obsolescence management were made by GE-Hitachi
Nuclear Energy (GEH). In order to extend the life of the boiling water reactor (BWR)
nuclear power plant by 20 years, which has been running for 40 years, the
obsolescence management was carried out by modernizing the 1&C equipment. One of
the components being modernized is the BWR reactor rod control board. The board
was identified, modified, and simplified to fit the requirements and regulations.

Figure 3. 2 A programmable device used to simplify and upgrade the design of BWR
reactor rod control board [29].

3.2 Experiences with Obsolescence in Railway

Obsolescence inevitably also occurs in the railway industry. As one of the oldest
transportation modes in the world, the railway has been going through various
technological evolvements and challenges in maintaining and upgrading its system.
Such a condition should encourage the railway industry to care more about
obsolescence in order to utilize the life cycle of railway system factors as much as
possible. That is because the obsolete components could cause increased downtime of
the system (asset) due to component shortages and decreased reliability if alternative
solutions are not thoroughly qualified [1]. Furthermore, the increased use of
electronic systems in rolling stock and rail infrastructure nowadays has improved
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operational and safety for rail operators (passenger and freight) and enhanced the
passenger experience. However, those electronic systems simultaneously come with
added challenges of managing obsolescence [30].

One of the examples of obsolescence phenomena in railway occurred in March 2023.
A digital train radio system failure occurred in Sydney Metro that caused disruptions
to 250,000 commuters during evening peak hour [31]. One of the strategies used by
the railway industry to compete with the obsolescence issue is Mid-Life Refurbishment
(MLR). The strategy is being used because the railway is a niche market, and it will be
difficult to find substitute components due to the uniqueness and customized of the
system and components [32]. By practice, the OEM only builds the system or
components on a project delivery basis, which usually the contract can only protect the
availability of the components for up to 10 to 15 years. By performing MLR, the issue
could be solved, and the system's life cycle could be prolonged up to another 10 to 20
years.

Besides the obsolescence issue of electric components in the industry, railway
organizations should also consider the obsolescence of materials, tools and workforce
skills. Regulations in certain areas have restricted the use of hazardous chemicals and
some raw materials that, as a result, may affect maintenance activities

As discussed in the first chapter, there are no official guidelines available regarding
obsolescence issues that organizations in the railway industry can refer to. However,
London Underground has already addressed the issue since the 2010s with their
internal routines created by Transport for London (TfL). The guidance overall
provides guidelines and proposes best practices for managing obsolescence so they can
fulfil their commitment to delivering safe and reliable railway operations. They
propose a obsolescence management process with four stages of sequence activities,
as shown in Figure 3.3.

OBSOLESCENCE MANAGEMENT PROCESS

Stage 1 Stage 2 Stage 3 Stage 4
‘Design to ‘Identify and ‘Devise and ‘Monitor and
minimise effects’ assess’ e plan’ review’

Figure 3. 3 Obsolescence Management Process by Transport for London /33].

The first stage suggests that the consequences of obsolescence should be considered at
the earliest opportunity so that, in the future, obsolescence can be easily managed. The
activities include supplier selection process, technology transparency through
modular design and complete interfacing system specification, usage of Commercial
Off the Shelf (COTS) products with caution, and clear Intellectual Property Rights
(IPR) ownership.

The second stage is about identifying where obsolescence is likely to be more
prevalent, assessing the criticality, approximating its timescales, and determining an
obsolescence impact score for comparison and prioritization.

Stage three discusses the plan for mitigating or resolving the effects of obsolescence
during the asset’s service life. The mitigation plan and resolution shall consider the
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value for money throughout the asset's life. It might be appropriate to apply different
plans to different asset subsystems and involve suppliers in mitigation planning.

The last stage is to conduct a regular review of the OMP plan in predefined intervals
and to conduct reassessment if any significant changes occur, such as changes in
operational requirements, system updates, discovery of new unavailable components
or a cessation partnership with OEM suppliers.

Unlike usual mitigation strategies, TfL pointed out Do Nothing, originally part of the
reactive strategy, to stand alone as part of three mitigation strategies alongside
proactive and reactive. The approach is only suitable when the risk of obsolescence is
very low or the asset's remaining life cycle is short, i.e. under five years. The guidance
also discusses specifically managing software and people obsolescence. For software
obsolescence, they emphasize the importance of technological transparency so there
will be no need for complex software that is only supported by the use of specialist
agencies and the importance of interdependencies between hardware and software,
where changes on the hardware may necessitate changes to the software as well.

Obsolescence also occurs in railway infrastructure assets. Traditionally, railway
Command Control and Signalling (CCS) systems have long life cycles, in the order of
30-40 years or even more [30]. The organizations address the problem of component
obsolescence by redesigning functions for like replacements, thus keeping their
systems operational for the railways they served.

Managing obsolescence nearly always involves understanding the humans impacted
by changes in technology and whether safe and efficient service is to be maintained.
So, it is vital that stakeholders in railway industries become better at managing
obsolescence and its related changes while retaining the essence of Common Safety
Method approach because the real challenge is maintaining the high safety standard
in a more complex system.

3.2.1 Obsolescence Management and RAMS

Railway systems are one of the most important transportation modes in modern
infrastructure, providing an effective and efficient system to move people and goods
from one place to another. When discussing railways, it must consist of a rolling stock
system and an infrastructure system. As mentioned in the previous chapter, only the
rolling stock system will be addressed. RAMS is one of the essential standards that has
become the reference for all organizations and stakeholders in the railway industry to
ensure railway systems can operate safely and efficiently throughout their lifecycle.

e Reliability means that the railway system, in this case, rolling stock, can
perform as required and intended under certain time intervals and conditions.

e Availability ensures that the rolling stock is ready and accessible for operation.

e Maintainability focuses on retaining the condition to perform as required after
being operated.

e Safety ensures that the rolling stock can operate without causing unacceptable
risk or harm to people or assets.

EN 50126 specifically addresses RAMS in railway system and discusses more detail
regarding rolling stock in EN 50126-3 [10].
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In the standard, there are no specific statements that discuss obsolescence issues.
However, the implicit expressions that lead to it are available. Sub-section 7.12 of EN
50126 states that compliance with RAMS requirements shall be assured throughout
the operation and maintenance phase by conformity of logistics, spare parts, and
quality measures. More specifically, in EN 50126-3, sub-section 5.3, the rolling stock
system's maintenance requires logistic support, including spare parts availability.

Since obsolescence is related to spare part availability, obsolescence has a connection
to the RAMS of the overall rolling stock system. Figure 3.4 shows the influence of
obsolescence issues on overall RAMS performance.

L ROLLING STOCK J

RAMS
[ AVAILABILITY ] [ SAFETY ]
[ RELIABILITY ] [ MAINTAINABILITY ]
PROCEDURE SPARE PART
[ HLAN BAC OB } S [ AVAILABILITY }
OBSOLESCENCE

Figure 3. 4 The relationship between obsolescence and RAMS performance.

3.2.2 Obsolescence Management and Common Safety Method for Risk Analyses

In Figure 3.4, it is explained that obsolescence has influence to the maintainability of
RAMS performance that can affect the safety sector. Since the obsolescence might
produce any changes to the asset’s component or sub-system, especially related to
certain obsolescence resolutions such as component replacement or design changes,
safety might become the significant point that should be considered. To address this
issue, aligning obsolescence resolutions with current safety regulation can be a viable
solution. The European Commission has produced a regulation called Common Safety
Method for Risk Analyses (CSM-RA) for any organizations and parties in the railway
sector. This regulation, which was established under EU regulation 402/2013, created
a framework to be used by a correspondent organization when they intend to make
any significant changes. The purpose is to align and harmonize safety approaches for
all the members within the European Union area. The European Commission
demands the proposer to perform structural risk analysis when significant changes
may affect the railway system's safety, including the rolling stock system, due to
uncertainties related to risk analyses and the potential severe consequences if failure
occurs [34].

The significance of change can be evaluated by considering six things and these need
to be considered for obsolescence mitigating activities:
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- Failure consequences: the worst-case scenario in the event of system failure under
assessment. The smaller, the better;

- Novelty used in implementing the change; The novelty is considered low if the
organization or the system has made a similar change previously. Otherwise, it
should be considered as medium or high;

- Complexity of the change. The smaller, the better;

- Monitoring. To measure how difficult it is to monitor the change and intervene
appropriately;

- Reversibility. To measure how difficult it is to revert to the previous system
condition before the change;

- Additionality. Assessment regarding the previous change affects the current change
or if the current change might affect the following planned change.

After all the above considerations, a complete risk assessment needs to be carried out
if a significant change occurs. The depiction of the process can be seen in Figure 2.6.
The process consists of four main parts that can be described as follows:

e System Definition — number of factors defining the system in which the change
and risk assessment occur. This activity includes:
o The purpose or goal of the system
The function of the system and its elements (technical, operational,
human factor/operator)
o System boundaries, interfaces, and interacting systems
o System environment
o Existing safety measures and safety requirements
o Assumptions that determine the limits for the risk assessment

O

e Risk Analysis includes hazard identification, where hazards and safety
measures shall be registered in the hazard record. Hazard in this context means
a condition that could lead to an accident [11]. Three methods are possible:

o Use existing codes of practice to manage the risks
If technical standards, operational procedures, regulations, or guidelines
are covering the change or modification in the system,

o Comparison with a similar system
A similar system, and the way it works that has been in safe operation
under similar operational and environmental conditions.

o Explicit risk estimation
This estimation should be used if the previous two approaches do not
cover the change. This can be done by estimating the likelihood and
severity of the change.

e Risk Evaluation — assessing whether the risk is acceptable or not. This activity
can be done by the organization that proposed the change or by the independent
safety assessor.

e Safety Requirements — performing all the safety measures listed during the risk
assessment process.

Obsolescence management and CSM-RA share the same concern of ensuring the
continued safety and reliability of the railway system. These two approaches can be
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integrated by incorporating the CSM-RA process into obsolescence management.
Some resolutions of obsolescence management require a change from the original
component. The CSM-RA approach can be implemented to execute the component's
change safely. By applying the CSM-RA, obsolescence resolutions can be executed
more securely and more structured manner since the proposer should perform risk
identification and risk analysis and then mitigate the risk by implementing safety
measures. The complete flow process of conducting the CSM-RA application is shown
in Figure 2.6. The CSM-RA is suitable for application to obsolescence resolutions that
require technical analysis, such as substituting or replacing components, reverse
engineering components, and component or sub-system design changes.
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Risk management process and independent assessment
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3.3 Obsolescence in Rolling Stock

Since its first introduction as a transportation mode, the railway has evolved from
wooden rail drawn by animals to metal rail powered by steam, diesel, electric motor
and even hydrogen. As technology played an essential part in the development of
railways, obsolescence was undoubtedly involved, and so was rolling stock as a rail
vehicle.

The rolling stock can be in various forms. It can be a locomotive, electric or diesel
multiple units, passenger coach, freight wagon or service train. Every type of rolling
stock has its own uniqueness and advantages, but in general, they all have a common
system and sub-system. Typical rolling stock as a complete system will have all of these
sub-systems or at least most of them, as shown in Table 3.1.

Table 3. 1 Example of Sub-systems of the rolling stock system as passenger train /35].

Sub-System Function

Car body Carry and protect train crew, passengers, and load.

Running Gear Support and guide the rail vehicle on the rail track

Doors Provide access and loading.

Interiors Provide appropriate conditions for the train crew, passengers, and
load.

Energy Supply Provide energy to the train.

Propulsion and | Provide acceleration and braking and maintain speed.
Braking System
Information and | Provide train communication
Communication
Auxiliary ~ and | Provide appropriate conditions for the train crew, passengers, and
Lighting load.

Train Control Provide control and monitoring to the rail vehicle.

Coupling  and | Integrate the vehicles into a more complete train system.

Interconnection

From the table, all the sub-systems have their own potential obsolescence issue. Most
of the sub-systems consist of mechanical, electrical and electronic components.
Modern locomotives and train systems, constructed with advanced materials and
engineering practices, are designed for 30-35 years of service life. The longevity of the
rolling stock has an obsolescence challenge, especially in electrical and electronic
subsystems and components, due to the rapid pace of technological evolution [36].
Mechanical and non-electronic components also encounter similar challenges, but in
different ways, as technological advancements in these areas are not as rapid. Instead,
they are prone to obsolescence due to material availability and manufacturing
processes. When operated in an ageing system, these non-electronic components
might be considered an obsolescence issue because they tend to break down more
often and unexpectedly. Unexpected causes include corrosion damage, fatigue
cracking, and wear. Usually, designers and logisticians anticipate these problems by
scheduling replacement and refurbishment, but when they arrive in ageing systems,
the breakdown of the components becomes more unpredictable. When unanticipated
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damage occurs and the system needs a replacement component, the scope of the
obsolescence problem becomes apparent in the form of long lead times for spares and
reduced readiness [37].

Examples of that kinds of components are hoses, tubes, special mechanical fasteners,
seals, gaskets, analogue indicators and gages. Those components are relatively
inexpensive and simple in design, except for indicators and gages, even if they started
with no previous data. They can be remanufactured by applying reverse engineering.
However, it can go another way regarding complex and safety-critical components
such as bearing, engines, or primary structural components.

Rolling stock manufacturers as main contractors will not produce all of the
components independently. Instead, the rolling stock is a system that is assembled by
various components from various suppliers and sub-suppliers. Usually, during the
bidding process in a rolling stock project, main manufacturers will contact various
sub-suppliers of brakes, lighting, seats, propulsion, etc., about the specifications to
determine who can or is willing to meet the performance requirements [38]. Many of
these sub-suppliers will have a framework contract with the main contractor and will
know the levels of quality and production requirements. Every sub-system in Table 3.1
usually has multiple suppliers in it. It varies from two to four layers of sub-suppliers,
as shown in Figure 3.4. Such reality is vital to be understood by the rolling stock asset's
owner to determine the strategy for dealing with the obsolescence issue and which
parties should be contacted.

Main manufacturer /
main supplier

Sub-supplier 2" Sub-
supplier 4t

Sub-supplier 3

Figure 3. 6 Simplified depiction of multi-layer suppliers in rolling stock system and
subsystem.

Besides the actual case of obsolescence issue mentioned previously, other sub-systems
that potentially can experience the same case are CCTV System, Passenger
Information Displays, especially for dynamic displays, Driver Console Systems,
Braking Electronic System, Door Pneumatic Systems, Public Address System, etc.
Some of those systems might have a minimum impact on the safety or reliability of
railway operations. However, it might not fulfil the regulations or may potentially
decrease the passengers' satisfaction, which would affect the company's reputation.
Such a condition should be avoided, and one of the methods to keep those systems
functional is to promptly manage the spare part availability and obsolescence issue.
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3.4 Obsolescence Management Plan for Rolling Stock Asset

Based on integrating the multiple existing obsolescence standards, policies and
implementations in other industries with the situation in railway and rolling stock, an
obsolescence management plan (OMP) has been developed. This OMP embodies a
proactive obsolescence strategy and shall be performed as a framework to guide the
continuous activities that should be undertaken to reduce of obsolescence impact. The
OMP consists of five sequential steps, as shown in Figure 3.7, and adopts the PDCA
concept mentioned in the previous chapter. There are initiation, identification,
assessment, execution, and monitoring.

1 Initiation Identification Assessment Execution lMonitoring >

Figure 3. 7 Five sequential steps of Obsolescence Management Plan (OMP).

3.4.1 Initiation

In this step, two main activities should be taken: establishing the obsolescence policy
and planning resources. Policymakers are necessary to set the policy for sustainability
and as a form of sincerity to ensure the policy will be followed through the process.
The policy also can be a strategy to engage all the related stakeholders. The policy will
include a statement from the organization that shall identify the procedures, roles,
responsibilities, and management skills [12]. In addition, it is hoped that the policy
can cover all obsolescent activities that would be performed in the organization and
allow for multiple OMPs.

Once the policy has been established, policymakers should plan the resources needed
to implement the policy. The resources might be but not limited to people or teams,
budgets, and recommendation tools. A dedicated team or at least a person or manager
is needed to ensure the focus on the policy and not getting distracted by other
responsibilities. Since obsolescence management is a continuous process [39], the
budget should be secured to support all the needed activities, including the necessary
tools or software for monitoring.

* Set the
Policy

e Establish

resources

> ° D

Figure 3. 8 The Initiation step.
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3.4.2 Identification

The following task is to create a list of components that form the system, usually called
Bills of Material (BoM), and filter it. BoM is a list of components that make up a
system/subsystem [39]. BoM lists all the sub-assemblies, components, and raw
materials that go into an end item [40]. This task is important in identifying the rolling
stock at the lowest component level because most obsolescence issues are experienced
at the component level [2]. The BoM is recommended to follow the guidance of sub-
system classification in rolling stock that might follow the EN 15380 standard
mentioned in the previous chapter or the customized version applied in the
organization.

The apparent low-risk components are recommended to be filtered out to get the task
done efficiently. The criteria considered low risk in rolling stock for example are:

e Standard bolts and nuts with common materials
e Standard electrical connectors

e Components manufactured with uniform design by standard, such as wheels,
axles, bearings, couplers, etc.

e Open architecture sub-systems, such as braking system and HVAC system.

However, the list of components filtered out should be reviewed by the sub-system
expert and/or Obsolescence Manager in case any component only came from a single
supplier or the impact criticality is high. In that case, the component should be
returned to the filtered BoM for further analysis.

The remaining components that should be included in the identified BoM then at least
have this list of information [2]:

Part Number

Part Description

Number of Products or Sub-Systems that contain this component

Stock Level

Consumption Rate (number of being used per year, including used for
preventive and corrective maintenance)

o Consumption Ratio
a b

¢ Define the
scope

* Set Objectives

* Asset
Identification

¢ Extract and

filter the BoM

o 0O O O O

Figure 3. 9 The Identification step.

Considering that the required information is similar to the usual information that the
logistic team has, it is recommended the list of BoM for obsolescence to be integrated
with the logistic team so there won't be any gap between those lists.
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3.4.3 Assessment

Risk assessment on every component on the list is the next step that should be done
following the BoM that have been developed. The obsolescence risk assessment for the
BoM is an essential activity in order to manage obsolescence proactively and cost-
effectively [2]. This is because it will be an ineffective if all the components are treated
with a single strategy without prioritization. Hence, in order to prioritize the resources
for obsolescence resolution allocation, it is suggested that priority assigned through
obsolescence risk assessment [41]. In addition, by identifying which components are
most at risk of obsolescence, resources such as time, budget and manpower can
be directed to areas that require immediate attention. This targeted approach not only
helps to reduce the risks associated with the obsolescence of components but also
optimizes the use of financial resources by avoiding unnecessary costs for low-risk
components.

¢ Risk Analysis &
Assessment

* Obsolescence
Risk Rating

Figure 3. 10 The Assessment step.

Adopting the method from [2] and [12], the risk assessment, which is called an
Obsolescence Risk Rating Assessment, is the combined evaluation of the likelihood of
obsolescence and the impact criticality of the component or Line Replaceable Unit
(LRU) if it becomes unavailable.

The obsolescence likelihood evaluation is contributed by several factors, such as
number of suppliers, components' life cycles, consumption rates, stock available, and
regulations. While the references suggested the likelihood assessment based on the
cross-combination of those several factors, this study proposes an or-combination
instead of a cross. The reasoning behind is that all factors contribute to the likelihood
and combining them with another factor will not reduce this likelihood. Therefore, of
all the related contributed factors, the likelihood will be selected from the worst. In
addition, not all the information from each factor is known from every component on
the BoM list. Some components might be known for one or two factors only. All factors
are briefed in Table 3.2.
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Table 3. 2 Classification of obsolescence likelihood. Adapted from [2] and [12].

Category / Low MEDIUM HIGH
Obsolescence
o (Score 1) (Score 2) (Score 3)
Likelihood Status
Number of Suppliers / | More than two Two Single
Manufacturers
Life Cycle Component | More than 7 years Between 3 to 7 years Below 3 years
/LRU
Combination of | Consumption Ratio< Consumption Ratio Consumption Ratio >
Consumption & Stock | 30% 30-70% 70%

The consumption ratio is the ratio between the consumption amount of the component
compared to the number of stocks in a certain period, usually in an annual year or up
to four years, considering that in the rolling stock maintenance area, sometimes there
are components that being inspected or changed every four years. In summary, the
obsolescence likelihood status will be selected from the worst contributed factor from
that assessed component, as shown in Table 3.2. For example, if one certain
component has life cycle more than seven years (low) and consumption ratio 40%
(medium), but only supplied by single manufacturer, it will be considered to have high
obsolescence likelihood status. If another component is supplied by various
manufacturers (low) but the life cycle always be below three years, then the component
will be regarded having high obsolescence likelihood.

For severity impact, the classification is adopted from EN 50126 [10] with
modification into the impact unavailability of the component due to obsolescence
issue. This is shown in Table 3.3.

Table 3. 3 Parameter of severity impact of unavailability of component. Adapted from EN
50126 with modification from author.

Category / Status Parameters of Unavailability Impact
Low The unavailability of components or LRU has little impact on
(minorimpact) train services and/or does not prevent the train from

achieving its specified performance.

MEDIUM The unavailability of components or LRU causes loss of
(majorimpact) specific functions or train performance below the minimum
threshold. The train can still be operated with caution.

HIGH The unavailability of components or LRU causes the train
(significant impact) cannot be operated for service and/or it is related to safety
critical.
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Severity assessment can also be captured from the failure history of the component or
LRU (Line Replaceable Unit), combined with experts' justification on specific rolling
stock subsystems.

After the component is assessed for likelihood and severity, obsolescence risk rating
can be obtained by combining those factors with the matrix guidance in Figure 3.8.

Obsolescence Likelihood

»

Figure 3. 11 Obsolescence Risk Rating Matrix. Adapted from [2].

Unavailability Impact Criticality

Once the obsolescence risk rating assessment is finished for each component, they can
be ranked from very high to low category to make a priority list.

e The very-high-risk shall be the first priority to think about and to decide which
mitigation action should be done immediately, followed by the high-risk
category.

e The medium-risk will be monitored after all the very-high and high-risk factors
are considered in the decision.

e The low-risk category then can be filtered out and can be done by reactive
strategy since it would not be cost-effective and time-effective to put effort into
managing them proactively.

Fig 3.12 shows an example of the implementation of obsolescence risk assessment into
the obsolescence database. If available, the implementation can also be carried out
with any specific tools or software.

Obsolescence Data Type:

N Year of Produced:
Rolling Stock System Year of

Identification Obsolescence Risk Assessment

Likelihood
Hielihoo Impact  |Risk Rating

[Consumption

Rate
[Consumption

Number of
Components
contained in
one train
Stock Level
(annually)
(annually)
Ratio
Number of
Suppliers
Expected Life
Cycle (years)

Sub-system Sub-system 2 C Part Number |Part Desc

Lightbulb for train driver
Auxiliary System Lighting | Train Driver Cab Bulb _[XXXX cabin area

Moving the mechanical door

Possible

~
@
I
kS
IS

High Low Medium LNB

Door Control System |Door Interlock Assembly |Actuator XXXX Low Medium Low LNB, Substitution

I Transmitting signal of door
Contact Block XXXX indicator position 10 8| 0.8 High Medium Substitution, Design Change

Control electrical power
Contactor [XXXX supply to the actuator 8 20 7] 0.35 2 4[Medium Medium Medium LNB,

©
@
1=}
IS
o
B
@
&
w
~

®
S
IS

Figure 3. 12 Example of Form of Obsolescence Database.
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3.4.4 Execution

This step will explore obsolescence resolutions for each component based on the
priority list. The exploration could be based on the resolution cost, resources
availability, organization's policy, suppliers' capability or operational impact. All the
possibilities should be thoroughly assessed, and the main focus of this task is to reduce
the risk of obsolescence. The decision of which resolution is being chosen shall be well
informed to related stakeholders, such as the logistic team, maintenance team, finance
team, etc.

Once the resolution is decided, it shall be performed by the responsible team, and the
status of how the resolution is being executed shall be promptly communicated to the
obsolescence team. For instance, if the LNB is chosen, the logistics and finance team
should negotiate with the related suppliers to procure the component to cover the rest
of the expected life of the sub-system or the rolling stock. If the technical component
strategy is chosen, then the obsolescence team shall be in touch interaction with the
maintenance team about the progress of the possibility of substituting with another
component.

/" N\

* Set
strategies

¢ Perform
Resolution
Plans

Figure 3. 13 The Execution step.

3.4.5 Monitoring

The aggregate of all activities must be thoroughly documented, reviewed, discussed
and regularly updated. This final step is called Monitoring. An obsolescence report
shall be developed periodically as part of implementing the Obsolescence Plan (OMP).
This report should cover all relevant issues and lessons learned and is an essential tool
for measuring the effectiveness of managing obsolescence issues [33].
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Initiation |:> Identification |:> Assessment

Monitoring <j Execution

Figure 3. 14 The cycle of OMP implementation. Method adapted from [28].

Any deviations or nonconformities discovered during execution should be reviewed
and discussed. A return step to the component identification and assessment could be
performed if necessary. This circular process shall ensure continuous improvement
until obsolescence risks are reduced to an acceptable level, defined as medium or low.
The monitoring step is also not a static framework. The OMP shall evolve with the
updated technology landscape and market conditions, so it requires regular updates
by integrating new insights and data through iterative updates [36]. In summary, the
monitoring step evaluates the organization's policies for managing obsolescence in
rolling stock assets, emphasizing continuous improvement of those practices.

¢ Evaluation
of OMP

* OMP
Reports

> ° 2

Monitoring

Figure 3. 15 The Monitoring step.

It is recommended that each system or rail vehicle type have its own OMP. A separate
OMP for each type allows for more effective progress monitoring and ensures that each
rolling stock's specific needs and challenges are adequately addressed. This
proprietary approach makes it easy to monitor performance, implement targeted
actions, and adjust strategies as needed.



31

Chapter 4: Method Implementation

This chapter discusses the implementation of proposed obsolescence management plan that
can be utilized for rolling stock assets, followed by the examples of obsolescence cases.

4.1 Implementation of CSM-RA to Obsolescence Resolutions

During the execution step of the proposed Obsolescence Management Plan (OMP),
some obsolescence resolutions will be explored to reduce the obsolescence risk. The
available options are shown in Table 2.3.

4.1.1 Short-term solutions

Among the available options, Lifetime Buy or Life Need Buy is one of the most
prevalent approaches employed to solve the obsolescence issue, especially for
electronic components. The opportunity to perform LNB is usually offered by
manufacturers prior to component discontinuance, where they announce the "last
order date". LNB, on the one hand, gives a high advantage of the certainty of quality
and performance of the component to meet its specific requirements. However, on the
other side, the LNB option is risky since forecasting demand and sparing requirements
for potentially 5-20 years into the future is difficult to be accurate [24]. In addition,
LNB assume the system design will remain static while, in reality, it is not guaranteed
to be that way. LNB might also incur significant inventory and financial expenses as
there is a risk that the component will be lost, pilfered or un-usable when needed after
being inventoried for a long time. In short, it is not only the procurement cost that
must be considered when choosing this option but also the inventory cost, disposal
cost, and penalty cost.

Lifetime _ ' i
Buy Cost

e

m Loss of parts in inventory
0

Figure 4. 1 Cost factors affecting component lifetime buys /24].
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While LNB might cause significant costs, Bridge Buy can be another option to consider
in the short term until a fixed and long-term resolution is decided. Therefore, this can
be considered as a compromise between the short-term LNB and the longer
resolutions of introducing change into the system.

4.1.2 Medium & Long-term solutions

For medium- and long-term resolution, reverse engineering, replacement, and design
change are the choices. Those options share similarities as they need to develop and
examine the new component to suit the required functionality and performance.
Reverse engineering is typically one of the most costly solutions that aim to recreate
the original component. The most difficult challenge in this solution is defining
dimensional tolerance correctly, mainly for mechanical components [37]. Incorrect
tolerance can lead to premature failure of the component. Another option to explore
is the substitute component that can comply with the original component, whether to
have an equivalent with minor different parameters or an alternative component with
the same or better performance than the original. However, finding a replacement with
the same form, fit, and function (FFF) might be challenging. In this context, form
refers to the physical shape, size, and dimension of a component, while fit refers to
how well a component has a mechanical interface with other components in a system.
Function means a component can work purposely as intended.

Michael Howard [37] argued that FFF only is inadequate for assessment. Instead,
additional interfacing matter should be included so the analysis can be in the form, fit,
function, and interface sequence (F3I). Interface in this context refers to an electrical
interface, different from fit for a mechanical interface. The biggest challenge of
substitution resolution is to ensure that the substitute component will not adversely
affect the performance and reliability of the rest of the sub-system or system. The
challenge is related to the rolling stock conditions where modern replacement
components often do not mesh well with the existing sub-system, creating puzzle
issues that can be complex and costly [36]. Hence, in response to this matter, Krishna
(2023) developed a flow process for the analysis process of the substitute component.
When the flow gets stuck to the F3I issue, the process should look to one level up of
the component to its sub-system to reduce the complexity and solve the F3I problem.
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Figure 4. 2 Proposed flow process to exem(lte sug)stitution resolution. Adapted from Krishna
2003).

Another long-term obsolescence resolution option is an upgrade or design change.
This option involves changing the component design to improve its performance,
reliability, and maintainability while tackling the main issue of obsolescence ([16];
[37]; [26]). Michael Howard [37] and Singh & Sandborn [22] argued that this
resolution is the most costly choice regarding budget and time as the functionality
upgrade with technology insertion might require new certification testing and
approval related to the existing regulations.

4.1.3 Incorporating safety guidelines in obsolescence management

In the European railway industry, such situations of changing or upgrading
components require Common Safety Methods and Risk Assessment, primarily if
significant change occurs. This study then proposes leveraging the CSM-RA as a
methodological tool to assist the obsolescence team in the redesign resolution process.
The CSM-RA can also be extended to perform F3I analysis to explore substitute
resolution. The reason is that the CSM-RA, which aims to ensure safety is not
compromised, offers a well-structured and systematic approach to evaluate the
changes that can cover the aspects that became the concerns of the obsolescence
experts. In addition, the CSM-RA framework provides a thorough and robust
methodology that aligns with the objectives of most obsolescence resolutions, ensuring
the availability of component's performance to support reliability and safety.

4.2 Measures for Existing Rolling Stock

This study recommends implementing the proposed Obsolescence Management Plan
(OMP) in sub-chapter 3.6 to address the challenges in reactive and proactive strategies
for the existing rolling stock system. The strategy will depend on the timing of whether
some components have been obsolete or not.

For rolling stock systems with components that have been identified as obsolete, the
reactive strategy will be carried out, so the step will directly go to the fourth step,
execution. It shall explore the short- and long-term solutions by applying the CSM-RA
framework to decide the most suitable obsolescence resolution. The drawback of this
situation is that the asset owner's small window time may lead to improper decisions
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that might worsen the problem or produce a disadvantage in the near future. In the
opposite direction, if a decision is taken into consideration over a long time, the rolling
stock will become idle and non-productive, leading to unavailability for operation that
might cause domino effects.

A better situation will occur if the proposed OMP is applied in a proactive strategy,
which is the condition where the obsolete has not happened yet in the rolling stock’s
life cycle phase. By performing the proposed OMP in advance, the owner will have
more time and room to make proper and effective decisions to face the phenomenon
of obsolescence.

For instance, identifying and classifying the sub-systems and components through the
BoM is the critical step in the beginning after the initiation step. A comprehensive
inventory of all components in the rolling stock system is needed in this step. Besides
creating the BoM list based on the typical subsystem level of rolling stock, the
obsolescence team should also pay attention to the critical component based on
analysis of the failure history. Information on failure history could be used as a
baseline for input for the component life cycle and its effect on the operational
condition. This input would be valuable in deciding the likelihood and impact of
criticality during the obsolescence risk assessment process.

Moreover, for the existing rolling stock assets, the obsolescence team have to consider
the expected life cycle left of the rolling stock when considering and executing the
obsolescence resolution. While the commonly expected life cycle of rolling stock is 30
years, the timing of the obsolescence strategy would be a matter of implementation.
For example, if the rolling stock age is still under 15 years, the supply of component
spare parts will still be available and can be secured by long-time agreement supply or
LNB. However, when it gets older than that, the availability likelihood will be reduced,
and it will be difficult to find the substitute component. On this occasion, the intended
component might need redesign at a higher cost than the previous option. When
multiple components have to be redesigned, it might be better to perform MLR to
overcome the obsolescence issue and simultaneously prolong the life cycle of rolling
stock to another 10 to 20 years [32].

4.3 Measures for New Rolling Stock

Implementing obsolescence management principles during the design and
procurement stages will give more chances to ensure that the rolling stock remains
functional and reliable throughout its service life. [41] suggested that addressing
obsolescence assessment from the earliest design stages would reduce the
obsolescence risk in the future.

The earliest activity can be done when the rolling stock project is still in the concept
and system definition phase. Aligning with the V-cycle diagram of the product life cycle
[10], the plan and strategy for managing obsolescence shall already take place from
the first stage. This will ensure that the component's life cycle and the rolling stock
system are in sync. Observing obsolescence management from the beginning also
means that the concern to be included in risk analysis and evaluation, the diagram's
third stage, leads to continuous attention throughout the rolling stock life cycle.
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Figure 4. 3 V-cycle diagram life cycle for a[’é}ipical railway system, including rolling stock
The strategy continues to develop through the timeline of the rolling stock life cycle.
As mentioned in sub-chapter 3.6, identifying obsolescence risk can start by creating
the BoM list. The identification process can then be inserted into the tender document
as a requirement from the project owner to the prospective rolling stock manufacturer.
By inserting this, the obsolescence team will not need to develop the list from the
beginning and will only have to review the list and make adjustments if necessary. The
names of suppliers of every component can also be requested since sometimes this
kind of information is difficult to find when the rolling stock is already in the operation
phase. Continuing to the obsolescence risk assessment, since the rolling stock is still
in the design phase, the obsolescence strategy can be designed too at the same time.
The objective is to reduce the obsolescence risk rating when the rolling stock is finished
production and being operated by reducing the likelihood and impact criticality
factors.

The likelihood can be reduced by designing the rolling stock to use more standard and
universal components and reducing the customized components. Another way is by
increasing the number of manufacturers or suppliers that can supply components for
along time. The last statement can be mitigated by quickly securing the supply through
long-term supplier partnerships. However, there would still be a challenge since the
long-term agreement requires a minimum quantity to procure. This can be resolved
by looking at historical data from similar types of rolling stock.

Reducing the impact criticality can be done during the design phase as well. One of the
methods is designing the operational conditions with more redundant components.
This reduces the dependability on certain critical components that might force the
train to stop operating. With redundant components, the sub-system will have backup
components if the component is unavailable for spare parts. For example, this can be
done by providing a backup pantograph, HVAC system, lighting system, train control
units, and so on. Hence, the critical component can be lowered from high status to
medium or even low. By reducing the obsolescence risk rating from the design phase,
the task of managing obsolescence in the operation phase will be to maintain the
obsolescence risk rating at a medium level and avoid the high-risk rating.



36

Another option that can be explored to reduce the obsolescence risk rating from the
design phase is the possibility of using an open design standard. Any stakeholders in
the railway ecosystem, such as manufacturers, regulators, operators, and
governments, can agree on specific points of common component in rolling stock, such
as standard range dimension, input voltage, output voltage, range of current for
electrical components, etc. Such agreements will reduce the risk of obsolescence due
to various components. It can make it easier for other manufacturers to produce and
upgrade older components to be compatible with older designs, which can lead to
extending the life cycle of sub-system and rolling stock system overall. However, this
idea comes with the challenge of current conditions, such that open design may be
resistant to established players in the market. Also, the initial cost required for
transitioning to an open standard may become an issue as manufacturers must
redesign their current products or components.

Information about future obsolescence of parts
or equipment from OCM/OEM

Product life cycle phases i _ L ____________ IJ/\ __ % __________ J\ __ /l _

Concept and Design and Manufacturing Installation Operation and Disposal
definition development maintenance

Plan for Design for Check for and Act as
obsolescence obsolescence obsolescence planned

Figure 4. 4 Obsolescence management in relation to the product life cycle timeline.
Adapted from [37].

4.4 Examples of Obsolete Components in Rolling Stock

This sub-chapter will explore the application of the proposed Obsolescence
Management Plan (OMP) to the case studies. Through these cases, there would be
highlights on how the execution steps on the proposed OMP align with the CSM-RA
flow process.
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Figure 4. 5 Simplified CSM-RA flow process. Adapted from [11].

4.4.1 Obsolete Incandescent Bulbs That Fail New Regulations

A dimmable lightbulb in the train driver compartment has been obsolete and needs a
new replacement, but the original supplier stopped producing the same product. The
challenge is the lightbulb's uncommon voltage, which has a value of 60V, which makes
it difficult to find a similar component. The assessment needs to be carried out before
it can be decided which obsolescence resolution to be chosen.

BA15S (1156)

Singbe Contact Bayonet

Figure 4. 6 Illustration of lightbulb in train driver compartment (Amazon).

According to CSM-RA guidance, the component should be analyzed for preliminary
definition and case assessment. In the definition, the goal of this lightbulb is simply to
provide adequate lights for train drivers to perform activities inside the cabin. During
the case assessment and its six factors, it can be considered that the lightbulb might
have low complexity, additionality, and innovation, so the component change will not
be significant. However, the availability of this light is essential for train drivers,
especially during nighttime operations. So, it is suggested that any suitable F3I
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substitute components be found through the networks between suppliers. Suitable
means it can fit the housing light, has a similar connection, works at the same voltage
and can be dimmable for operation. Once the substitute component is accepted, going
with the LNB resolution is recommended. Otherwise, a design change might need to
be considered for the electric line to adjust the voltage input to more common light
bulb voltage in the market. To summarize, adapting the method depicted in Fig 4.2 is
recommended to apply for performing the execution step and then continue to the
monitoring step.

4.4.2 PLC Unit in Train Control in New Metro Train in Indonesia

The newly rolling stock metro in Indonesia has been operated for five years. One of the
important components in train driver control is the Central Control Unit and
Monitoring (CCU-MON), which delivers information from the underfloor equipment
on the cars to the driver display and vice versa to transmit instructions from the driver
to the underfloor equipment, such as powering and braking. This Programmable Logic
Controller (PLC) unit suddenly indicated failure and needed to be replaced after being
used for six years, including the testing period. While the spare is still available from
the contract package, the challenge emerged when the logistic team wanted to
purchase for the stock. Unexpectedly, the component has been discontinued in
production by the original manufacturer. Re-manufacturing is possible with a six-
month delivery time but comes with an additional design fee, a minimum quantity of
purchase and more than two times higher cost than the original one.

Ethernet 1 CCUmON ut

%

RIO unit
RIO unit
RIO unit
RIO unit

\

On board equipment
6n boa}d équlpmenl ]
On board iqu ipment
On board équ;pmenl

Figure 4. 7 PLC system called CCU-MON and)its electrical diagram (Personal document,
2022).

Finding a substitute component for this PLC unit is difficult since it was manufactured
in custom requirements for the specific metro line. This case was then assessed
through six considerations, and it concluded that this PLC unit has a very high
complexity, consequences, reversibility, and monitoring. The risk assessment must
then be carried out before possibly conducting the substitute LRU. However, since
this component is crucial to the operation and safety since it interfaces with the
signalling system for automatic operation, the severity factor is too high to be
tolerated. Therefore, the best recommendation for this case is to perform LNB until
the expected life cycle of the rolling stock as spare units for all the trainsets while the
offer is still valid. The cost would possibly be a high burden to go with the choice, but
hopefully, it can be negotiated so the price can be disbursed over the years. If the
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financial factor still becomes an issue, it might still need to go with Bridge Buy with
the option to carry out design changes in the future but with the risk of higher costs.

4.4.3 Potentiometer in Locomotive in Sweden

A potentiometer is categorized as an obsolete component in one of the old locomotives
in Sweden. This potentiometer works as voltage control to adjust the speed of the wiper
blade for the windscreen wiper system. The potentiometer originally had a resistance
value of 20 kQ. However, the component is no longer produced by the original
manufacturer. Instead, the manufacturer only produces lower (10 kQ) and higher (100
kQ) resistance values with precisely the same physical dimension. While the
component fulfils the FFF, the interface aspect still needs to be confirmed before it can
be officially used and substituted for the original component.

Vin
Vout

— Potentiometer 20 kQ — Control Unit —
() windscreen

I cound

Figure 4. 8 Illustration scheme of potentiometer in wiper windscreen system.

Assessment through CSM-RA analysis is then carried out to ensure the interface aspect
is acceptable or not. The potentiometer works as a voltage divider that will adjust the
speed of the wiper motor moving the wiper blade on the windscreen. From the case
assessment, it might be an insignificant change as long as the previous resistance range
is still covered. Nonetheless, the higher resistance of the new component might cause
interface problems, as if the voltage input is too high, it can increase the wiper motor
speed, which can lead to failure that would put safety concerns for the train driver.
Another effect is that can change the sensitivity of the wiper knop for train drivers.
Hence, additional safety measures are recommended to reduce the failure risk of
substituting this potentiometer. It might be adjusting and recalibrating the control
unit between the potentiometer and wiper motor or providing a procedure for manual
wiper operation. A thorough assessment process must ensure the new component can
substitute the obsolete component without compromising reliability and safety.

4.4.4 Door Interlock Assembly in Door System in Sweden

The Door Interlock is a crucial assembly installed in the Door System. In this case, one
of old locomotives in Northern Sweden (more than 30 years) has an obsolete issue on
its rotary switch door interlock sub-system. The assembly consists of an actuator,
contact block, and contactor. The actuator has a function to control the movement of
the door, the contact block ensuring the door position is checked, and the contactor
managing the power for the actuator.
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Unfortunately, all of which have been declared obsolete, and the original manufacturer
has produced the new version. Yet, the latest version has different dimensions
compared to the previous ones. The old version of the contactor has a connection of
2x2.5 mm? and 1x2.5 mm?2 while the new version has a connection of 2x1.5 mm? and
1x0.22 mm?. The different condition creates doubt about whether or not the latest
version can be utilized as a substitute component.

Figure 4. 9 The examples of contactor and contact block for electrical door system.

Referring to the proposed flow process in Figures 4.2 and 4.5, the substitute
component or assembly should fulfil the F3I principles. From preliminary define
analysis through the CSM-RA method, the different dimensions might be solved by
adding a mechanical adapter so it can fit into the overall door system. However, the
function and interface criteria are still in doubt. The lack of information on the
assembly’s position and function in the door system makes it challenging to analyze
system function and interface criteria. Moreover, the door system usually integrates
mechanisms with traction control for safety reasons. Such conditions mean the
analysis cannot be continued, and we have to look one level up in to the subsystem to
understand more details regarding this door interlock assembly and its functionality
in the overall door system. In addition, a high level of knowledge from door system
experts might be needed to review this matter.

Unfortunately, all cases with conditions similar to those of the mentioned component
have been declared obsolete by the manufacturers and suppliers. Hence, the strategy
being applied is more reactive than proactive and needs immediate obsolescence
resolution. It is suggested to implement the proposed strategy on the existing
component of rolling stock before it is declared obsolete to see how significant the
impact of applying obsolescence management in proactive manner.
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Chapter 5: Conclusions

This chapter discusses the result and conclusion of this study and some
recommendations for future works.

5.1 Conclusions

Obsolescence has been an important issue in managing rolling stock assets. This study
develops the methodology on how obsolescence management as a proactive approach
should be applied to solve the issue for rolling stock, since a standard method is still
unavailable in the railway industry.

The Obsolescence Management Plan (OMP) is proposed to be the framework for
applying obsolescence management in managing rolling stock. The OMP consists of
five sequential main steps. There are initiation, identification, assessment, execution,
and monitoring. In each primary step, specific actions are performed. The OMP itself
is not a static process. It shall be optimized through an iterative process, adjusting to
how the situation works, including technology development, market and regulatory
conditions and organization policy.

* Risk Analysis /_\
& Assessment

* Obsolescence Execution .
Risk Rating - * Evaluation of

OMP

( e
-~ ~ Identification
* Setthe

Identification

* Extract and
filter the BoM

Policy * Define the * Set * OMP
* Establish scope strategies Reports
resources * Set Objectives * Perform

Plans

Figure 5. 1 The summary of the Obsolescence Management Plan for Rolling Stock

During the Assessment and Execution step, the CSM-RA, a European Regulation for
the railway industry, is utilized to assist the OMP process in performing risk
assessments and deciding the strategies and obsolescence resolution for certain cases.
The CSM-RA is a powerful tool that can help ensure the resolution has covered
important aspects, such as system definition, system functions, interfacing, and safety
assessment.

The timing of when the obsolescence management is to be applied for rolling stock
assets is also essential. Component identification through the BoM list is a critical step
needed to understand the current situation and perform obsolescence risk assessment,
combined with existing failure history, for the existing rolling stock that has already
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been in operation. The steps are important since they will affect the obsolescence risk
rating of the component and subs-system and which resolutions to consider.

Obsolescence management for new rolling stock projects has a slightly different
approach than that of existing systems. Since the new rolling stock will be designed
from the very beginning phase, the obsolescence management strategy can be
considered from the early stages of the life cycle. The methods include involving
obsolescence issues in the risk register during the project, requesting a BoM list from
the beginning, and forecasting technology ahead with the expected rolling stock life
cycle. The obsolescence risk rating can be reduced by reducing the likelihood factors
and impact of component criticality during the design phase. In short, the
obsolescence management plan and strategies can be designed and performed
simultaneously with the rolling stock life cycle.

To conclude, the proposed OMP is a form of proactive strategy that can be
implemented as a framework for managing rolling stock assets to overcome the
obsolescence challenges. By doing so, it is hoped that it can reduce the obsolescence
risks so the rolling stock can be utilized as much as possible for operation without
compromising its safety, availability, and reliability. Systra, as a railway consultant,
can consider applying the framework to real case study situations when having related
issues with the client.

5.2 Future Works Recommendations

Some future studies and works that are recommended based on the result of this
study are:

1. How effectively can the obsolescence management plan and its framework solve the
obsolescence challenge in the actual asset?

2. After performing the OMP alongside the CSM-RA method, measure and find any
gap between the plan and the implementation.

3. Optimize the strategy by closing the finding gap. Machine learning can be applied
in the OMP application, mainly to manage the obsolescence database, then continue
with analyzing the effect.

4. Extend the obsolescence framework to other sectors in the railway industry,
including railway infrastructure assets such as signalling and electrical supply
systems.
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