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ABSTRACT

AN OBSOLESCENCE MANAGEMENT FRAMEWORK FOR A
DEFENSE INDUSTRY COMPANY

Saygin, Niliifer

MBA, Department of Business Administration

Supervisor: Assoc. Prof. Dr. Zeynep Onay

January 2020, 155 pages

This thesis presents an analysis of the processes related to the obsolescence
management of electronic components in a large scale defense industry
company.  These proceses are: Project Management, Research and
Development, Manufacturing and Services, and Supply Chain
Management. The current obsolescence problems, and the company’s
reactive approach to resolving these are described. A new obsolescence
management framework is proposed in order to mitigate and resolve
obsolescence problems in electronic components. The framework targets
the reduction of the negative impacts of obsolescence throughout the
lifecycle of products, as well as the elimination of the communication and
integration deficiencies in existing processes. It recommends the extension
of the scope of Product Lifecycle Management in the company, the
establishment of a companywide Preferred Parts List and standardization
of existing electronic component libraries, the introduction of Complex
Event Processing to manage obsolescence, and the incorporation of a new
obsolescence management process within a “shell structure” that

integrates all obsolescence related processes.



Keywords: Obsolescence, Obsolescence Management, Electronic

Components, DMSMS, Defense Industry



0z

BIR SAVUNMA SANAYI SIRKETI ICIN TEMINSIZLIK YONETIMI
MODELI

Saygin, Niliifer

Yiiksek Lisans, Isletme Boliimii

Tez Danigmani: Dog. Dr. Zeynep ONAY

Ocak 2020, 155 sayfa

Bu tez, biiyiik Olgekli bir savunma sanayi sirketinde, elektronik
malzemelerin teminsizlik yonetimi ile ilgili siireglerinin analizini
sunmaktadir. Bu siiregler sunlardir: Proje Yonetimi, Arastirma ve
Gelistirme, Uretim ve Hizmetler ve Tedarik Zinciri Yénetimi. Mevcut
teminsizlik problemleri ve sirketin bunlar1 ¢6zmek igin reaktif yaklasimi
aciklanmaktadir. Elektronik malzemelerde teminsizlik sorunlarini
azaltmak ve ¢6zmek igin yeni bir teminsizlik yonetim modeli sirket igin
Onerilmistir. Model, {riinlerin yasam dongiisii boyunca, teminsizlik
problemlerinin  olumsuz etkilerinin azaltilmasini ve dahasi mevcut
stireclerde iletisim ve entegrasyon eksikliklerinin  giderilmesini
hedeflemektedir. Bu model; “Uriin Yasam D&ngiisii Ydnetimi”
kapsaminin genisletilmesini, sirket genelinde “Tercih Edilen Parga
Listesinin  olusturulmasin1” ve  mevcut elektronik  malzeme
kiitiiphanelerinin ~ standartlagtirilmasini,  teminsizlik  yonetimi igin
“Karmasik Olay Isleme”nin baglatilmasini ve yeni bir teminsizlik yonetimi
stirecinin girketin teminsizlikle ilgili tiim siireclerini birlestiren bir “kabuk

yapist” i¢inde kurulmasini onerir.
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Anahtar Kelimeler: Teminsiz, Teminsizlik Yonetimi, Elektronik
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CHAPTER 1

OBSOLESCENCE MANAGEMENT OF ELECTRONIC
COMPONENTS IN THE DEFENSE INDUSTRY

1.1 Introduction to Obsolescence Management of Electronic

Components

Obsolescence is the unavailability of components from their original
manufacturers due to the end of their product lifecycles (Sandborn, 2012).
Obsolescence of electronic components, when they cannot be produced by
original component manufacturers, or cannot be found in the electronic
components market, create obsolescence management (OM) issues for
defense organizations, as electronic components constitute the building
blocks of the company’s products; components are used in electronic
cards, electronic cards are part of assemblies used in final products. The
unavailability of electronic components creates obsolescence problems
when manufacturing and sustaining systems. As the design, time to
manufacture, the planned support life, and unforeseen life extensions of
systems span long periods of time in the defense industry, obsolescence of
electronic components is often unavoidable. The term ‘obsolescence’ is
also known as Diminishing Manufacturing Sources and Material
Shortages (DMSMS- this acronym is used in the U.S. to refer to
obsolescence) (Rojo, 2011).

Defense industry products have long lifecycles from concept to disposal,
spanning 20 to 30 years. The scope of defense projects is large, complex,
and rather costly. Thus, very often, they are termed ‘mega-projects’, or

programs, often encompassing several interrelated projects. Moreover, as

1



the development of these products involves multi-year projects,
obsolescence problems occur not only during the in-field life of products,
but also during their development, especially in terms of electronic
component obsolescence. Therefore, organizations must have a systematic
approach to manage obsolescence issues arising in these complex systems
(Pobiak, Mazzuchi, & Sarkani, 2014).

As new electronic component technologies emerge, and as these
components are put to use in more and more complex systems with
particularly lengthy product lifecycles, it becomes imperative to monitor
and maintain constant technical surveillance over the components used in
defense industry products, beginning at the concept design phase and
extending all the way to the disposal of the product, in order to foresee the
effect of such developments on the obsolescence of components.

In addition to rapid changes in technology, regulations about
environmental, health and safety restrictions on the use of certain
hazardous materials found in electronic components, also called
Restriction of Hazardous Substances (RoHS) compliance standards and
requirements, have a significant role in the obsolescence of electronic
components, further accelerating the need for changes which result in

earlier obsolescence.

Moreover, long procurement lead times for electronic components cause
prolonged delays in supply chain activities. When rapid changes in
technology, or RoHS on electronic component occur, even when
components begin their active status as they are ordered from the supplier,
they can become obsolete before the supply chain activity is finished.
Along with that, mergers and acquisitions of electronics companies
shorten the lifecycle of electronic components, directly affecting supply
chain processes for defense industry companies.

2



Hence, defense systems are vulnerable to obsolescence, resulting in
extensive project delays and financial losses in the absence of appropriate
obsolescence management ativities.  Equipped with effective OM
capabilities, companies are able to foresee potential threats from the
beginning of a product’s lifecycle all the way to its disposal, and can react
with proactive and/or reactive strategies, mitigation and resolution
approaches. In that way, companies are able to minimize delays in projects
and hence penalties, as much as they are able to mitigate the risks of
obsolescence and minimize these risks encountered during project
management, research and development (R&D), manufacturing and

services, and supply chain management.

The obsolescence of electronic components must be taken into account
from the beginning of a product’s lifecycle, which is the concept design
phase of defense systems. Obsolescence is also a major issue during the
in-field life of these systems in relation to the warranty and maintenance
contracts with customers. Throughout the lifecycle of defense systems
obsolescence management is of critical importance affecting the

sustainability of systems and related costs.

For companies in the defense industry, obsolescence management is one
of the Critical Success Factors. Keystone companies in the defense
industry heavily invest in obsolescence management and attach great
importance to this issue. The ministries of defense of the United States
(US) and the United Kingdom (UK) emphasize this issue by developing,
adapting, and implementing international standards such as IEC
62402:2007 as well as BS EN 62402:2007 (IEC 62402:2007, BS,
62402:2007, JSP 886, 2012). Several leading companies in the defense
industry, such as British Aerospace and Marconi Electronic Systems,

Thales Aerospace, Selex Galileo, have OM related activities. Moreover,



there are several organizations that work on obsolescence management,
such as the UK Ministry of Defense Equipment and Support, the Joint
Obsolescence Management Working Group, the Defense Logistics
Agency of the United States Department of Defense, Naval Sea Systems
Command, and Aeronautical Radio Incorporated, the Component
Obsolescence Group (Rojo, 2011). Investments in obsolescence
management directly affect the cost and time-effectiveness of projects,
which can give rise to a competitive edge when bidding for defense

systems.

1.2 Aim

The aim of this thesis is to propose an obsolescence management
framework to mitigate and manage the obsolescence risk of electronic

components in a large-scale defense industry company.

The framework targets the reduction of the negative impacts of electronic
component obsolescence throughout the lifecycle of products, as well as
the elimination of the communication and integration deficiencies in the
company’s existing obsolescence related processes. The elements of the
proposed framework will enable the company to adopt proactive and/or
reactive strategies, mitigation and resolution approaches to deal with

obsolescence problems.

1.3 Scope

The focus is the company’s electronic component obsolescence
management related processes which are: project management, research
and development, manufacturing and services, and supply chain

management.



Electronic components constitute the largest group of items under threat
of obsolescence. There are approximately 12,000 unique electronic
components in the company. Electronic components are the building
blocks of the company’s systems, assemblies, and electronic cards which

are used in multiple projects.

1.4 Thesis Structure and Outline

Chapter 2 presents the company background and projects, processes
related to obsolescence management, electronic component categories,
types of customer contracts, and the company’s relationship with its

electronic component subcontractors.

Chapter 3 covers the literature survey on obsolescence management in the
defense industry. The literature covers publications from 2010 to 2018.
The survey also covers past studies (1996 to 2010) due to their importance

in pinpointing the emergence and effects of obsolescence management.

Chapter 4 presents the analysis of the company’s current obsolescence
management related processes, describing the workflow among these
processes and the obsolescence problems encountered due to the lack of a
formal OM process.

Chapter 5 describes the proposed obsolescence management framework
developed in order to mitigate and/or resolve obsolescence management

issues.

Chapter 6 presents an overview of the OM framework, its implications,

and limitations, as well as suggestions for future work.



CHAPTER 2

OBSOLESCENCE MANAGEMENT OF ELECTRONIC
COMPONENTS IN A DEFENSE COMPANY

2.1 Company Background

The large-scale defense industry company has approximately 5,000
employees, and works in different areas, which include communication
and information technologies, microelectronics, guidance and electro-
optics, radar and electronic warfare systems, defense systems
technologies, transportation, security, and aerospace. Its annual revenue is

approximately one billion dollars.

The company produces technologically advanced electronic systems. It is
capable of prototyping, product development, sub-assembly, and final
assembly of sustainment-dominated systems, including repair and

maintenance services, as well as the provision spare parts.

Electronic component obsolescence problems often occur in military
systems before being fielded; this is due to the fact that the development
of these systems spans on average 8 to 10 years. Moreover, these systems
nearly always experience obsolescence problems during their in-field life.
The in-field life of most of these systems is expected to be around 30 years.
Currently, the company does not have formal procedures and processes for

managing obsolescence.

The company deals with intricate system designs, and these systems
include hundreds and thousands of electronic components interconnected

6



with different serial and parallel configurations. Moreover, these systems
have high-performance requirements and are subject to military and
avionics standards. These requirements are related to predefined
specifications of military standards in design rules. These interconnected
and complex systems are affected by obsolescence issues and are at high
risk in terms of obsolete components. These risks can create problems for
contracts in terms of time delays in delivery, as well as maintenance
agreements after delivery. As a consequence, the company faces the threat
of obsolete electronic components during development as well as during
the in-field phase of products while providing maintenance and repair

services.

2.2 The Company’s Projects

The company is project-based, and every project ends as a system for the
company. Its customers are mainly the military forces in the Republic of
Turkey and abroad. The company has an Enterprise Resource Planning
(ERP) system where all files and attachments are saved and shared within
specific subfolders for each project. Documents and information on
electronic components are included in the ERP. The company also has a
Product Lifecycle Management (PLM) system, where some processes and
documents are saved and shared within specific subfolders for some
electronic card designs. Currently, not all projects are entered in the PLM

system; therefore, not all electronic cards are in the system.

Currently, the company has approximately 100 projects. The company
uses a wide variety of electronic components in its projects. For this
reason, the management of the company's electronic components is
conducted through registering them in electronic components libraries.
There are two categories of libraries: the first is the library in the ERP

system, the second category consists of a number of libraries that are part
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of Electronic Design Tools (ECDT) used by the company. These electronic
card design tool component libraries (ECDTL) include the components

that are in the ERP system’s database.

The company’s projects life cycle can be divided into six main phases,
namely concept, assessment, development, manufacturing, in-service, and
disposal (CADMID). Each phase of CADMID involves electronic
components and the obsolescence of these components which have their
own CADMID cycles, starting at different periods of time. This is
described in detail in Chapter 3.

The company’s projects are multi-year projects, and, for instance, the
design phase can take up to 8 years. Since the completion and system
fielding take many years, the risk of the emergence of obsolescence
problems is rather high during and after the design phase. Coupled with
the phases of manufacturing and testing, the completion of a project is
about 10 years. After completion, the electronic components of the
projects are often exposed to obsolescence problems. Since the field life
of projects is very long, approximately 20 to 25 years or more,
obsolescence issues in electronic components constitute a considerable
threat as the company is obliged to fulfill customer needs. In the following
section, the company’s processes directly related to obsolescence

management are described.

2.3 Processes Related to Obsolescence Management

The company's projects are managed by specific processes, which are

project management, research and development (R&D), manufacturing

and services, and supply chain management and their subprocesses as

shown in Figure 2.1. Project management includes the follow-up of all

processes related to the project, such as bidding, contract management, risk
8



management, and configuration management. The R&D process includes
system engineering, design, and safety and reliability subprocesses. The
process of manufacturing and services includes production planning,
delivery management, maintenance and repair services, evaluation of
customer requests and complaints, and manufacturing inspection and other
quality control processes for electronic components. The supply chain
management process includes all types of material procurements and
subcontractor management subprocesses. Electronic components are used
in all of the company’s projects and can be seen as the building blocks of

the company's products when developing products.

Research & Supply Chain
Development Management
| o
System Production Brocurement.of
— Project Follow-up En \i/neerin — Dy — All Types of
e J g Materials
— —_—
— E— f—
- ‘ . Delivery Subcontractor
Bidding Processes Design Management Management
— R —
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Figure 2.1 Processes Related to Obsolescence Management

As mentioned above, the electronic components used in projects are
available in two libraries: the company's ERP system and ECDTLs. The
ECDTLs are constantly updated as new components are used, and/or

existing components become obsolete. This is carried out by R&D under
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the design subprocesses. It is also important to carry out these updates
when a new version of electronic design tools becomes available. But these
electronic component libraries of the design tools are not overseen by a
process owner who is related to obsolescence management. This means
that other process owners can register new components in the ECDTLS
without checking them against obsolescence, which makes the information
on these components unreliable. The electronic components data are
managed in an incompatible manner between the ERP system and the
ECDTLs as well as the company’s inventory. Moreover, some component
data may be redundant due to multiple entries of components. There are
also missing components when the ERP and ECDTLs are compared. There
is no data integrity between the ERP system and the ECDTLSs, nor the

company’s inventory.

In fact, the company has the necessary know-how to manage obsolescence;
however, there are no formal procedures to this end. The Production,
Planning, Procurement and Design Departments only react when an
obsolescence problem occurs. There are no specific procedures for
integrated OM activities. As will be discussed in Section 2.5, since there
is no official obsolescence management process of the component lists
among the four main processes, the know-how capability of the Design
Department cannot be transferred to the other departments responsible for
project management, manufacturing and services, and supply chain

management.

The design subprocess begins once the projects have started, and the
system requirements have emerged. After the design is complete, the
necessary prototypes are formed, hardware and software verifications are
completed, and the system tests are conducted, after which the
manufacturing process starts. When manufacturing is complete, and all

qualification tests are over, the products are ready for delivery. The
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systems are delivered to customers for use in the field. During the long
lifecycle of projects, there are risks of obsolescence until project
completion, however this risk is even higher after project completion,
during the in-field lives of systems. This is due to the fact that the in-field
life, requiring the provision of maintenance and repair services, is much

longer than the project lifecycle.

The company also does not have a methodology or roadmap for
establishing an optimum design refresh planning (DRP) schedule for
electronic systems based on forecasted electronic part obsolescence.
Determining the date of design refreshes in order to avoid future costs is
the main purpose of DRP. It allows identifying which obsolete system
components should be redesigned, and when the change should happen.
The company needs a methodology and procedure for deciding the best
dates for design refreshes, and what are the optimum reactive management
approaches to use between each refresh. DRP is discussed in Chapter 3

under the strategic management of obsolescence.

The company’s main processes (Figure 2.1) produce electronic component
data such as component usage frequency, the number of components used
in electronic cards, their preferred rates, the results of manufacturing
inspections and other quality control data for components, alternative
components to select in case of obsolescence, obsolescence data, logistical
data such as supplier selection criteria, delivery lead time, and customs
clearance. These data can provide insights for future decisions when
deciding on components of critical projects, or redesigning existing
components as a result of obsolescence. As far as is known, there are no
statistical analyses conducted using these numerous electronic component
data sets produced during the company’s processes. These data are crucial

for DRP, and critical for the proactive management of obsolescence.
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The sources of these data are contract management, risk management, and
configuration management (under the project management process);
design, and safety and reliability (under the R&D process); production
planning, delivery management, maintenance and repair services,
evaluation of customer requests and complaints, manufacturing inspection
and quality control (under the manufacturing and services process),
procurement and subcontractor management (under the supply chain

management process). Further details are given in Chapter 4.

The performance of electronic components is controlled by the safety and
reliability engineering process which provides technical support to the
project management, design, manufacturing and services processes, by
examining the electronic components’ reliability in terms of conformance
to failure rates, mean time to repair as specified in the technical
requirements which come from project management. All Bill of Materials
(BOM) that are used for listing the electronic components in the electronic
cards of the system are sent to safety and reliability engineering to
calculate the reliability of the system. When the results of the reliability
analysis of the system do not meet the requirements, it is reported back to
the design subprocess. Consequently, the designer can change the
electronic component(s) in the BOM. The Safety and Reliability
Department have all BOM lists, the data of the electronic components’
reliability and the data of replaced components. The information about the
replaced component (i.e. alternative component) includes the reason for
the replacement and both the old and new component data. The Safety and
Reliability Department is directly related to obsolescence management
activities, and also monitors component changes in in-field products by
following reliability analyses of that product, based on customer feedback
while providing maintenance and repair services. However, there are

currently no OM related studies using these data.
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The Design Department supports the Production Planning, and
Procurement Departments in order to find alternatives for obsolete
components. The Production Planning, Procurement, and Design
Departments are collaborating via e-mails when common component
obsolescence problems occur. For instance, when obtaining the news of
discontinuance or change notifications of components from suppliers [also
known as product discontinuance notification (PDN) and product change
notifications (PCN)], these departments communicate via e-mails about
obsolescence mitigation and resolution activities. This communication is
informal and does not ensure that the information reaches all related parties

in time, nor is this information formally recorded.

There is no specific procedure or policy in the company to identify
mitigation approaches to determine alternative components or alternative
sources of supply for obsolete electronic components. Mitigation
operations towards solving a problem of obsolescence are carried out after
the problem occurs, and these problems usually emerge at unexpected

times for the company.

2.4 Electronic Component Categories

The number of electronic components in the company is approximately
12000. These are recorded in the ERP as well as ECDTLs. The electronic
components libraries can be divided into five main categories: integrated
circuits (ICs), non-integrated circuits (Non-ICs), inductors, capacitors, and

resistors, as shown in Table 2.1.
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Table 2.1 Electronic Component Categories

Number of Number of
Electronic Component Suppliers
Categor Components Recorded in
gory Recorded in Library Library
ICS Category 3200 105
NON-IC Category 2100 98
INDUCTORSs Category 1200 100
CAPACITORS 3000 100
Category
RESISTORS Category 2500 100
TOTAL 12000 503

Furthermore, these component categories are sub-classified as passive,
active, and electromechanical components. Passive components are
resistors, capacitors, magnetic devices such as inductors, coils choke and
transformers, PN junction diodes, potentiometers, transducers, sensors and
detectors. According to their electrical characteristics, these components
are low complexity components. Electromechanical components are also
passive components. Due to their electrical characteristic, these
components are categorized in another class. Electromechanical
components are crystals, resonators, connectors, and switches. These
components are classified as low complexity components. Active
components rely on a source of external energy and include amplifying
components such as transistors. Active components are integrated circuits
(ICs) such as FPGAs, diodes such as photodiodes, Zener, schottky, light-
emitting diode (LED) (diodes might be active or passive depending on
their properties), transistors, logic gates, operational amplifiers,
optoelectronic devices, vacuum tubes, discharge devices and power

sources. These components are classified as high complexity.

FPGAs and LEDs from among the high complexity components are
designated for use during the concept design phase. These components in

fact carry a high risk of becoming obsolete and creating design problems
14



in the future. Also, crystals and connectors from among the
electromechanical components carry high obsolescence risks. Despite
being among the low complexity components, connectors may require
long periods of time to find alternatives when there is an obsolescence
problem due to design requirements. It may even be impossible to find pin-
to-pin compatible alternatives to these components depending on their

parametric properties. Such cases would drag designs into re-designs.

The total number of suppliers for electronic components for all categories
is approximately 503, as shown in Table 2.1. The number of suppliers is
shown per category; some suppliers produce components for other

component categories as well.

However, there are incompatibilities between the information of electronic
components in the ERP system and in ECDTLs. For example, a component

registered in the ERP system is not present in the ECDTL, and vice versa.

The ECDTLs and their categories are formed and managed by the Design
Department, without any input from the safety and reliability engineering,
system engineering, manufacturing and services, and supply chain

management processes. This is a significant problem.

The company does not have an OM process based on the classification of
these components or determining the obsolescence mitigation and
resolution strategies covering all departments related to component
obsolescence issues. The Procurement Department usually gets a Product
Discontinuance Notification (PDN) from suppliers and informs the
Production Planning Department, or sometimes the Production Planning
Department receives a PDN from suppliers and informs the Design
Department. However, the Design Department sometimes does not get this
information due to the lack of communication between these departments.
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There is a lack of communication between Production Planning, Design,
and Procurement Departments in terms of component suppliers PDN and
Product Change Notifications (PCNs). The technical knowledge of the
Design Department about the replacement of obsolete components is often
not shared with other departments as there is no single standardized library
of electronic components, and there is no formal obsolescence
management process. Therefore, other departments directly related to the
obsolescence management of electronic components are not aware of the
components’ technical information as much as the Design Department in

order to deal with this issue in their departments.

Furthermore, as mentioned above, the electronic component data are not
used for statistical analysis, and this is another major problem for the
company. Statistical analysis is required to organize electronic component
libraries towards monitoring the frequency of usage of components in the
company’s products. This statistical analysis can contribute to the

establishment of a standardization for components.

Most of the electronic components mentioned above consist of
Commercial-off-the-shelf (COTS) components. The impact of COTS

components is further explained in the next section.

2.5 Status of Commercial-off-the-Shelf Components in the Company

Commercial-off-the-shelf (COTS) components are designed for
commercial products such as PCs. Its manufacturers determine and control
their performance, configuration, and reliability, including design,
material, process, and testing specifications without customization for
users. COTS components are ready-to-use hardware products, and highly
available in the commercial electronic component market. The company’s

power on the supply chain for COTS electronic components is weak, as
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these components become obsolete rather quickly because of the
conditions in the commercial electronic market as discussed in Chapter 3.
Thus, using COTS electronic components in the company carries risks.
Due to this, it is recommended that the company makes partnership
agreements with its suppliers in order to guarantee critical COTS
component support. The company may engage in partnership agreements
or in expanded partnerships (such as for high complexity components)
with COTS suppliers through contracts. This plays a key role especially
when an electronic component cannot be found in the market, or suddenly
becomes obsolete due to a market strategy determined by its manufacturer.
Through partnership agreements, the supplier may keep the component in
its inventory for an agreed period of time. In this case, the price of the
obsolete component is much higher than its original price, due to the fact
that the supplier agrees to keep excess inventory, and hence incurs
inventory holding costs. The company can do this for its critical, frequently
used components. In order to determine which components are critical, the
company needs to analyze electronic component data. However, currently,
the company does not monitor and evaluate COTS components’
obsolescence situations in order to develop appropriate partnership
agreements with its suppliers. Partnership agreements with suppliers are

not based on the data of the COTS components’ statistical analysis.

The following section discusses how all electronic components, including

COTS components, are being monitored in the company’s designs.

2.6 Monitoring Tools for Bill of Materials

The Bill of Materials (BOM) contains detailed information on parts
(electronic and non-electronic) used in the company's designs. BOMs are
included in the Circuit Card Assembly (CCA) document. Updated CCA
documents are vitally crucial for the company’s processes. This vitality is
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justified with for example changes in component manufacturer names due
to acquisitions or keeping Manufacturer Part Numbers (MPNSs) up-to-date
in order to update these information in CCA documents for BOM
components affected by changes of electronic components in the market.
System delivery times are also directly related to the lead times of BOM
components (logistical data). Control and review of BOMs in terms of
sustainability and supportability of the system design, procurement, and

manufacturing is crucial for obsolescence management.

During design, components are selected according to industry standards
by hardware design engineers. Besides, there is an obsolescence prediction
tool for monitoring and controlling BOMs in the Design Department. The
Design Department uses the electronic component data and BOM
obsolescence monitoring software tool to manage the BOM, monitoring
and controlling the electronic component library, offering some
customization properties such as the recommendation of alternatives for
obsolete electronic components. On the other hand, the electronic
component data and the software to manage BOM are not used in the
manufacturing and services nor in the supply chain management
processes. The manufacturing and services as well as the supply chain
management processes obtain the information for monitoring
obsolescence and alternative components from distributors, suppliers, and
manufacturers of components. Besides, the Manufacturing and Services as
well as the Supply Chain Management Departments get the information of
BOMs obsolescence analysis from the Design Department only when they
ask via e-mails. Since there is no standardized procedure throughout the
company, these departments are not always informed about the
obsolescence of components if they do not ask the Design Department.
These departments are generally informed by supplier and distributor
notifications, or Original Equipment Manufacturer (OEM) and Original
Component Manufacturer (OCM) notifications.
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2.7 Customer Contracts

This section discusses the types of contracts implemented in the in-service
phase (in-field life of systems) and how components of projects are
managed in line with these contracts between the company and its
customers. Additionally, warranty types included in contracts are

discussed below.

There are four types of contracts for the company’s in-service phase. The
first type is the main contract in which the scope of the warranty period is
included in the clauses of the contract. The company is liable to keep its
products in working condition and provide after-sale services, including
repairs and upgrades to its customers as stated in each main contract. In
addition to the main contract warranty clauses, there can also be additional
contracts to extend the warranty. Contracts with their warranties extended
can be undersigned to extend the warranty at the beginning of the main

contract, or before the end of the warranty, or after the warranty expires.

The second type of contract is support-logistics contracts, and such
contracts are undersigned for repair and maintenance services to provide
support to devices owned by customers in case of failure, or maintenance
of the devices. The maintenance and repair services provided to the
customer in such contracts may also apply to the system that the company
has previously sold to the customer or to the system that the customer
receives from other original equipment manufacturers (OEM). This second
type of contract can also be prepared according to the condition and scope
of the type and size of equipment failure. Besides, the company’s
maintenance services are not often included in the main contract but can
be covered by support-logistics contracts based on the types of service
requirements. Support-logistics contracts, all types of services related to
repair and maintenance are made explicit to address needs for critical
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response to devices owned by customers. Technical support, spare parts
and repairs of contracted systems are included in support-logistics
contracts. While providing maintenance and repair services, the solution
can be proactive, since the electronic components of contracted systems
are stated in the contract. Support-logistics contracts transfer the risk of
obsolescence to the customer, since when obsolete components are
identified by the company during maintenance and repair services, the
customer accepts long lead times, high prices, and even the payment for

redesign services in order to overcome the obsolescence problem.

The third type of contract covers case-by-case failure applications, which
means the company also contracts for never-encountered failures. There is
no limited scope in such contracts. Thus, failure is a unique status for both
parties, the company and the customer. According to the condition of the
failure, contracts can be made per component or per device. A large
percentage of the risk in such contracts belongs to the customer. The
reason is that in cases of failure, the customer agrees by this type of
contract to pay for services towards a resolution to be provided by the
company. The fact that the risk belongs to the customer means that the

higher the risk, the higher a cost the customer will face.

The fourth type of contract is performance-based logistics (PBL) contracts.
PBL contracts, the type of contracts that have become widespread in the
defense industry in recent years, are used by the company less frequently
compared to the types described above. These contracts are also known as
capability availability-based contracts, which cover entire systems. With
regard to these contracts, the customers pay not only for the systems, spare
parts, and repairs and maintenance services, but also for the performance
of the system (determined under the contract) during its field life. The
customer wants to ensure that the systems meet their competency target
(or in other words, delivery’s usability and capability goal) during their
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performance in the field in their main area of usage, and do not fall under
the defined competency target. Thus, the customer does not only purchase
the product, but also the product’s performance. During the long-term
operational field life of military systems, the system’s performance in the
field is expressed as a percentage or proportional metrics in the clauses of
PBL contracts. The company is obliged to provide the safety and reliability
requirements as well as ensure that the competency target in terms of
performance is met. For example, if one of the clauses of the contract is:
“During the in-field life of the systems, 99 percent of the systems shall be
fully operational without any error,” the company must provide support so

that the systems are operational at least 99 % of the time in the field.

In terms of after-sale services provided during a system’s in-service phase,
all types of contracts cover after-sale clauses, stating that the company
must supply spare parts and direct its professional service team to its
customers. The company has high sustainment costs which include the
costs of maintaining, and supporting a fielded system with a long field life
because of the nature of military systems. The contract clauses indicate
that necessary measures are to be taken regarding occurrences of
obsolescence, when last time buys will be made, and when alternative
components will be developed to replace obsolete components in systems.
Since the company does not have a specific obsolescence management
process, it cannot foresee the scope of obsolescence, and cannot estimate
the approximate net present values (NPV) of contract costs. Consequently,
the cost of these contract clauses and the obligations undertaken by the

company can be much higher than expected.

For all these types of contracts, the company is obliged to provide its
customers support for maintenance and repairs during the warranty period
in the in-service phase. There is a warranty clause in all contract types. The
warranty type used by the company is classified as a ‘failure-free’ warranty
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or zero-error warranty. Almost every contract of the company includes a
failure-free warranty clause and the company undertakes all maintenance
and repair tasks no matter what the malfunction might be in the system
(except user errors) throughout the warranty period, which is a minimum

of 5 years.

For this reason, the company must take the necessary measures against
possible obsolescence problems of electronic components that may arise
during the warranty period. Further, if maintenance costs are estimated
realistically and future risks are foreseen, much lower costs of warranty
will be reflected. These estimations will enable the company to offer lower
prices during bidding processes. However, with the existing high deviation
of warranty cost estimations, any low-price offer for a product during the
bidding process will mean that the company will have to perform

maintenance repairs at high costs.

As mentioned above, companies in the global defense industry have
recently shifted towards performance-based (PBL) contracts, and
obsolescence management of electronic components in these contracts has
gained greater importance. The company’s PBL contracts are hinged upon
the performance of systems that are vulnerable to obsolescence in the field.
However, the company does not have an established infrastructure for PBL
contracts. In PBL type contracts, comprehensive and detailed performance
studies and analyses are required for high-reliability products. The risk for
the customer is low, whereas the risk for the company is very high in this
type of contract. Having high-reliability performance in products raises
costs, which heavily influences the chances of winning the initial bidding
process for a project. Therefore, a detailed obsolescence management plan
coupled with reduced maintenance cost for products, and the measures to
be taken against future obsolescence related problems can significantly

reduce the total product cost. Moreover, the estimation of obsolescence of
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electronic components and finding alternative components play a key role
in reducing total product costs. These can also lower the final offer to a
great degree when bidding. With these efforts, the company as a contractor
will better foresee future risks, take necessary measures, and carry out
contingency plans for these risks methodically. Consequently, the
company will be able to provide the high-performance criteria defined in

the PBL contract for the customer.

Another point for contract management is that a breach of contractual
obligations can lead to severe penalties. Penalties are monetary or can lead
to contract termination in terms of sanctions for violations in law when

failing to fulfill contract clauses.

The costs incurred, including penalties, can be much higher than the
original purchase price of the product. The cost of obsolete components,
or the cost to redesign could exceed the original price of the product or the
component. Costs for requalification and costs for recertification can also
be incurred when using alternatives for obsolete components. In the case
of failures caused by electronic components, if the electronic component
is already in the company’s inventory, a requirement to replace the
component provided under the maintenance services will not cause a high
cost. However, when the component to be replaced cannot be found in the
company’s inventory or in the market, the time spent during the search for
an alternative component is added to the cost of engineering services.
Besides, if requalification and recertification are mandatory for the new
component to replace the obsolete component when proactive solutions
are not applied in time, providing such solutions to the customer may
exceed the original price of the product sold. Moreover, a reactive
approach will cause delays for the customer, since the necessary service
cannot be provided in time. Also, these delays may be subject to penalties

under the terms of the contract.
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Providing low-risk resolutions to the customer by applying an
obsolescence management plan is as valuable to the customer as it is for
the company. Effective obsolescence management can decrease the risks
related with failure to fulfill contract requirements, while at the same time
directly increase the efficiency of business processes within the company.
The optimization of a maintenance policy requires the prediction of the
failure rates in a system. The company has a safety and reliability
engineering subprocess for the prediction of failure rates; however, this
subprocess should ideally be integrated with an obsolescence management
process in order to be effective.

2.8 Relationship with Subcontractors

The company uses subcontractors for some of its electronic components
and guides them in their manufacturing processes. However, no specific
rule or procedure regarding OM is applied. During manufacturing the
company lends components to its subcontractors when necessary. The
subcontractors use these components, and subsequently return these
components to the company when they obtain the components from their

suppliers.

The company’s CCA documents containing the BOM lists are given to
subcontractors. However, electronic components, lent or listed under the
BOM lists, sometimes become obsolete. When a subcontractor
experiences a shortage of components, for example, due to obsolescence
or unavailability of supplies resulting from long lead times from the
market, the company provides obsolete components or their alternatives
from its own inventory or purchases those components from its suppliers
to give to its subcontractors. These processes are not formally controlled
or followed by specific procedures, and data about these processes are not
utilized to give insights for other occurrences in the future.
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If there were an obsolescence management process, it would reduce the
risks of obsolescence and project delays that might occur with the
company’s subcontractors. Alternatively, at least, it could have previously
predicted the risks of component obsolescence and provided earlier
assistance to the subcontractor to eliminate project delays. Nonetheless,
the company and its subcontractors do not have a specific procedure,
policy, or guideline on OM for the management of electronic components

among themselves.

The following chapter presents a literature survey on the advantages and

challenges of obsolescence management.
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CHAPTER 3

OBSOLESCENCE MANAGEMENT APPROACHES

3.1 Introduction to Obsolescence

Managing the obsolescence of electronic components in the defense
industry requires an organization to have control over its supply chain.
This is in part due to the extreme length of manufacturing and support
processes, as well as the nature of developing defense systems.
Obsolescence management is needed to better forecast sustainment costs
during the lifecycle of defense systems (Sandborn, 2013). In this chapter,
several approaches to planning and managing obsolescence are described
with a review of the literature for the purpose of establishing a framework

on drivers of obsolescence for companies in the defense industry.

Different terms are used for obsolescence in the literature. These include
Diminishing Manufacturing Sources and Material Shortages (DMSMS) as

used in the US, and the term obsolescence is used more often in the UK.
The phase of obsolescence in an electronic component begins after the

information about its discontinuance is published, and the electronic

component is regarded as obsolescent as shown in Figure 3.1.
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Figure 3.1 Availability Phases of Electronic Components based on
Production Volume (BS EN 62402:2007)

According to the British Standard BS EN 62402: 2007, as soon as the
information regarding discontinuance of a component is published and
information of obsolescence for a component is issued through the product
discontinuance notification (PDN), end-of-life (EOL) notification or life-
time buy (LFTB) notification, the obsolescence phase of the component
begins. Moreover, a product change notification (PCN) issued by the
original equipment manufacturer (OEM) or original component

manufacturer (OCM) also initiates the product’s obsolescence phase (BS,
62402:2007).

3.2 Electronic Component Lifecycle Phases and Project Lifecycles for

Obsolescence Management

An electronic component’s life cycle is defined under six lifecycle phases
which are introduction, growth, maturity, decline, phase-out and lastly
obsolescence also known as discontinuance (Meyer et al., 2004; Meng et
al., 2012). The introduction phase of an electronic component launches the
new product into the market and samples are then available, while final
qualifications of a new electronic component may be in progress as shown
in Figure 3.1 during the initial stages of the availability phase. The growth
phase of the electronic component is when sales of a product are
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increasing, and the OEM or OCM can begin to benefit from economies of
scale in production and profit margins. The maturity phase often involves
competition among the OCMs, and for this reason, modifications or
improvements on the electronic component may occur during this phase in
order to maintain competitive advantage in the market. With the beginning
of the decline phase, the production volume of the component begins to
shrink due to saturated market conditions or technological advances.

During decline, the obsolescence phase begins.

Even though the obsolete electronic component might be available from
aftermarket sources, it is quite risky to use. One of those risks is the danger
of purchasing counterfeit components from these aftermarket sources. The
most significant problem of Diminishing Manufacturing Sources and
Material Shortages (DMSMS) is the existence of a pre-determined
procurement life, or in other words the availability phase, of the
component from its original manufacturer within a specified period. In
some cases, this period may be less than one year (Sandborn, 2013). For a
component to have less than a lifecycle of one-year means that these
components are in the phase of their Last-time-Buy (LTB), or are not
recommended for new designs (NRND). Suppliers notify their customers
with PDNs, LTB, or NRND notifications about the unavailability of

components.

In each lifecycle phase, any kind of electronic component can have a
different life cycle progression with a different rate of completion. Some
components may remain in the maturity phase for 5 years, while others
may become obsolete within 12 months (Sandborn, 2013; Meyer et al.
2004). Considering this, while the system itself is still in its early lifecycle
phase, some of its electronic components may have already reached the
obsolescence phase. Along with that, the obsolescence rates of
components and of the system are different from one another, and as a
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result, this can lead to severe risks for companies, especially for those in
the defense industry (Meyer et al., 2004).

Lifecycles of electronic components can be categorized under the
lifecycles of other systems, as systems are formed by combinations of
electronic components. In order to understand, represent, and manage the
life cycle processes of systems in addition to the lifecycles of components
within systems, the term “Concept Assessment Demonstration
Manufacture In-service Disposal (CADMID)” is used (Figure 3.2). The
term CADMID was first coined in Britain during the ‘Smart Procurement’
initiative program aiming at better specifying the expected performance,
cost, and time parameters from projects in the defense industry (UK
Ministry of Defence, 2006).

Initial Main
Gate Gate

Concept Assessment Demonstration =~ Manufacture In-service

Logistic support

Procurement management

Figure 3.2 CADMID Cycle (UK Ministry of Defence, 2006)

According to EN 62402: 2007 standards, lifecycles of projects can roughly
be defined by phases in CADMID cycles. Steps in projects for managing
obsolescence under the CADMID cycles of systems and product lifecycles
of components are summarized in Figures 3.3 and 3.4. Figure 3.3
demonstrates how the processes of obsolescence management can be
mapped to the product lifecycle phases. Figure 3.4 details the obsolescence

management processes shown in Figure 3.3. The process includes the
29



provision of economical and applicable supply and support activities in
replacing components as well as planning coordinated activities
throughout a product’s lifecycle (BS EN 62402:2007). In every project,
each CADMID cycle may involve different types of electronic
components, and the obsolescence of these components which have their
own CADMID cycles, starting at different periods of time. Thus, it is
crucial to evaluate and monitor the current electronic component lifecycle

in projects based on the intended lifecycle of the entire project.

30



Informaticn about future obsolescence of parts
or equipment from CCM/OEM

I_1 1

Manufacturing Installation Operation and
development maintenance

Plan for Check for and Act as
obsolescence obsolescence

planned
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the Intended Lifecycles of Products (BS EN 62402:2007)
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Figure 3.4 Demonstration of OM for Intended Product Lifecycle (BS EN
62402:2007)

Obsolescence management must be viewed from both sides of the supply
chain; the user and the supplier as shown in Figure 3.5 (BS EN 62402:
2007). In order to ensure a reciprocal benefit for both sides which are the
OCM (the supplier) and the OEM (the user or the manufacturer of the
product), obsolescence management responsibility lies with the OEM but
ideally in communication with the OCM according to British Standard
62402:2007.
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Figure 3.5 The Obsolescence Management Relationship between
Supplier (OCM) and Users (OEM and the Customers) within the Supply
Chain (BS EN 62402:2007)

As can be seen in Figure 3.5, when the OCM decides to designate a
component as obsolescent, the OEM is informed by a PDN for the LTB
option. On the other hand, the OEM applies obsolescence strategies
according to the obsolescence management plan (OMP) of the product
lifecycle based on PDNs. At that point, the OEM informs the customer
within the framework of the OMP. This information includes repair,
maintenance, and support services to be provided by the OEM to its
customer within the scope of their contract, as well as actions to be taken

against future obsolescence situations.
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3.3 Obsolescence Perspective of Managers

The problem of obsolescence is usually not fully understood or is not
known by executives and designers in terms of methods to deal with it
(Rojo, 2011; Meyer et al. 2004; Howard, 2002). Thus, after the occurrence
of a problem of obsolescence, managers often solve the problem either in
a reactive manner, or by implementing “quick-fix” solutions to the
problem (Rojo, 2011; Meyer et al., 2004). As understood from these
studies, it is crucial to intervene before an obsolescence problem occurs. It
Is strongly recommended that obsolescence mitigation and resolution
approaches are implemented proactively and applied to all relevant

projects in order to reduce obsolescence problems (Rojo, 2011).

Besides, there is another management issue that must be taken into
consideration. Engineers complain to program-level management about
technical and logistical problems in electronic components on a daily
basis. These problems, most of the time, involve lead-free, tin whiskers,
counterfeit and obsolescent components during supply. However, until the
risks related with such complaints are evaluated and a quantitative analysis
is made, or until a major catastrophe occurs, management often does not
take any action (Sandborn, 2013).

According to Sandborn, there are two questions which are asked by staff
at management level in order to identify to what extent resources should
be allocated for obsolescence management. The first question is “Has a
serious event occurred as a result of this problem (loss of life, equipment,
or mission)?”, and the second question is “What is the likely future impact
of this problem on me if I don’t take action (e.g., in terms of cost and/or
availability)?” (Sandborn, 2013). These two questions are quite important
for the management to create and implement OMPs in order to mitigate
risks in projects.
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Besides, the focus of production and design processes must be on high-
value components to ensure that there is always an alternative within reach.
Furthermore, the components used in systems should be as standardized as
possible, and systems should be as modular as possible, thus increasing the
availability status of electronic components.

The next section describes the causes and effects of obsolescence, while
also discussing its significance with examples from the world's leading
defense projects, emphasizing the importance of management’s role in

dealing with this issue.

3.4 Causes and Effects of Obsolescence

The problem of obsolete parts going unnoticed in systems contributes to
the early disposal of military systems. For example, the majority of
components and electronic cards of the Defensive Management System of
the B-2 stealth bomber, which first took-off in 1989, were discovered to
have gone obsolete in 1996. The B-2 program officers estimated that a
budget amounting up to 21 million USD was needed for the re-design of
several circuit boards and the repair of the system in addition to the
replacement of the obsolete integrated circuits on the cards. Another option
was to spend up to 54 million USD for the original main contractor to
replace the entire system (Sandborn, 2008). According to the US
Department of Defense (DoD), obsolescence plays a crucial role in
military systems, and it is challenging to supply the parts needed to build
or repair them (Geng, Dubos, & Saleh, 2016). According to US defense
logistics sources, which include the DMSMS Guidebook, the F-16
program spent a total of $500 million to redesign an obsolete radar system
(Meyer et al., 2004; Sandborn, 2008).
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Moreover, an estimated $10 billion a year is spent by the US Department
of Defense in order to manage obsolescence issues and mitigate
obsolescence problems in systems (Sandborn, 2008). As seen from the
above examples, one of the main reasons of obsolescence is time, and the
obsolescence of components can cause massive costs and time losses when

not monitored or noticed in systems.

The fact that the military systems must work in a way that is almost close
to perfect, they are affected the most by obsolescence problems.
Furthermore, after very long design and testing stages, they are expected
to have a very long field life. These types of products only meet the
investments returns when they have been in the field for more than 20
years. As an example of this situation, even though some of the electronic
parts become obsolete, some of the aircraft projects under the US Air Force
are expected to have an average filed life of more than 30 years by 2020
(Sandborn, 2008).

Another important cause of obsolescence is that the expected market
availability for chips is between 2 to 5 years. Moreover, the number of
transistors on chips doubles every 18 to 20 months, according to Moore’s
Law (Sandborn, 2008). Moore's law was first put forth by Intel's founder
Gordon Moore. It predicts that the number of transistors placed on a single
square inch of the integrated circuit chip would double every two years
(Figure 3.6). Thus, weak and inefficient planning in the management of
electronic components can lead to unforeseen expenditures to combat the
effects of obsolescence. Naturally, this would mean fewer financial
resources for new investments in the future for the company, creating huge

maintenance costs and delayed upgrades (Sandborn, 2008).
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Figure 3.6 Demonstration of the number of transistors doubling every

two years (Moore, 1965)

Figure 3.7 shows forty-two years of microprocessor trend data from 1970

to 2020 and as can be seen Moore’s Law still applies.
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Looking at the economic effects of Moore's law, it is emphasized that there
is a rapid technological transition from microelectronics to nanoelectronics
parts and that nanotechnology, an industry segment with exponential
growth, triggers very rapid reduction in costs. This transition has also led
to an increased interest in new areas, including new optimization
technologies for nanotechnology materials and semiconductor production.
Despite reports that the law "slowed down", it continues to be the

industry's widespread torchlight (Investopedia, accessed 2019).

Yet another economic impact of the obsolescence of electronic
components is that, with the end of Cold War, the U.S. defense industry
turned towards commercial-off-the-shelf (COTS) components to save
money (Sandborn, 2008), because military specification electronic
components are more expensive than COTS components. The Pentagon
turned to producers of COTS electronic components for their military
systems. U.S. authorities began to pursue a policy of acquisition reform,
and with this reform, military systems were designed and manufactured
with at least 90 percent COTS components (Sandborn, 2008). It must be
noted that COTS components enter the obsolescence phase faster due to
the highly competitive environment in the consumer product market, as

discussed the next section.

3.5 The Role of Commercial-off-the-Shelf Components in Defense

Systems

To compete in and maintain the rate of market occupancy, as well as

competitive advantage, the COTS manufacturer must improve its products

for the consumer market. There is always the need to adopt the newest

components, materials, or processes in designs for advanced technologies,

with product redesigns remaining among the possibilities (Meng et al.,

2012). Due to this, COTS components are directly affected by the rapid
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technological changes in the consumer market, so they have fast-changing
and short product life cycles. Consequently, the ongoing and highly
competitive environment in consumer products causes the obsolescence
cycle for electronic components in the defense industry to become more
visible (Meng et al., 2012). In most cases, most of the COTS electronic
components become obsolete before the systems are fielded due to the long
design cycles in the defense industry. As stated by Sandborn, the fielding
and support of defense systems can take 20 years or more (Sandborn,
2013).

The obsolescence problem in avionic and military systems is considered
to be very critical in terms of identifying system risks by the DoD of the
US, UK, and Australia as well as NASA. COTS products are used to
reduce obsolescence problems in the defense industry. NASA’s Orion
Spacecraft engineers define the obsolescence problems as a “huge
challenge and the biggest problem” they deal with, while their spacecraft
avionic products have a lifecycle of 30 years with electronic components
becoming obsolete in four to six years (Michale, 2008; Geng, Dubos, &
Saleh, 2016).

One of the cornerstones of electronic component obsolescence was that the
European Union (EU) banned the use of lead material in electronic
components in 2006. Although military and avionics systems are not
included in the ban, it ignited problems and obsolescence issues for the
defense industry. From the beginning of the EU lead-free policy, COTS
manufacturers of integrated circuits (ICs) removed lead from their
components (Sandborn, 2008), which had a direct influence on electronic
systems in the defense industry. The prominent reason behind the change
of policy is that lead-free alloys are cheap and have comparable
appropriateness to lead in terms of mechanical, thermal, and electrical
characteristics. However, lead-free alloys tend to sprout tiny whiskers over
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time, potentially causing short-circuiting compared with traditional solder
which includes lead (Sandborn, 2008). The transition to lead-free
electronic components resulted in the obsolescence of many COTS and
military unique (mil-spec) electronic components used in defense systems.
Therefore, the trend towards lead-free alloys should be closely monitored

by the defense industry.

The defense industry has lost its influence on the supply chain for COTS
electronic components (Sandborn, 2007; Feng et al., 2007). Marshall &
Lambert (2008) also indicate that: “Obsolescence is often considered to be
linked to the technological life cycle of components. Since technology has
changed significantly compared to 30 years ago, the life cycle for
commercially off the shelf (COTS) components obtained from suppliers is
between two and three years”. The management of COTS components
requires a risk management perspective in the defense industry. The
impact of this dominating influence of consumer electronics products
creates additional risks to the defense industry. An example is discussed in
detail under the “The Company's Sub-Contractors and Electronic

Component Relationship” in Section 2.8 in Chapter 2.

There are different strategies at different levels of management related to
the mitigation or resolution of obsolescence while monitoring designs or
developing strategies required for effective obsolescence management.
The following section presents literature definitions of various methods at

different levels of obsolescence management.
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3.6 Proactive, Reactive and Strategic Obsolescence Management

Levels

In Sandborn’s 2013 article titled “Design for obsolescence risk
management”, the three different levels of OM are summarized, as shown

in Figure 3.8.

Mitigation
approach
strategy and
refresh plans

Mitigations
Mitigations applied

applied

Pro-active Strategic

Forecasts

System health Refresh plans
measurement

Figure 3.8 “Three Levels of Obsolescence Management” (Sandborn,
2013)

The first OM level is reactive, where resolution approaches for
obsolescence problems are carried out. The goal of reactive management
is providing prompt solutions to obsolete components (Sandborn, 2013).
Rojo also highlights that in the application of a reactive strategy, there is
no prior action about the component before the need arises in the system
(Rojo, 2011).

The second OM level is proactive management which requires the
identification of critical parts. In order to minimize future obsolescence
problems, component selection methods are applied in the design process
and form the basis of a proactive strategy. Critical parts are classified into

three main categories as follows:
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1. Atrisk of becoming obsolete,
2. Will have an insufficient quantity of components after
obsolescence to meet expected demand, and

3. Will represent a problem to manage if/when they become obsolete.

After the identification of critical components, their actual events of
obsolescence are prioritized. The ability to forecast the risk of
obsolescence of components is indispensable for a proactive management

strategy.

The third OM level is the strategic management of obsolescence, using
obsolescence data, logistics data, technology forecasting, and demand
forecasting, also known as business trending. Strategic management of
obsolescence allows strategic planning, life-cycle optimization, and long-
term business case development for system support. Design refresh
planning (DRP) is the widespread approach for the strategic management
of obsolescence. It enables the designation of the set of design refreshes
that minimize future costs (Sandborn, 2013). It is also essential to
understand the importance of re-configurable systems and modular
replaceable designs to support design refreshes (Meyer et al., 2004). DRP
would be impractical if applied to every system in a company. The
changes in technology insertion roadmaps, the system’s functionality and
performance over time must be considered when determining in which

systems of the company DRP should be applied.

The next section describes mitigation strategies and resolution approaches
for OM.
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3.7 Mitigation Strategies and Resolution Approaches for Obsolescence

Management

Rojo (2011) recognized in his studies that it is important to make a
distinction between the terms ‘mitigation’ and ‘resolution’ which are often
used interchangeably. The term mitigation is used to refer to minimizing
the effects of obsolescence, or minimizing the possibility of obsolescence.
On the other hand, the term ‘resolution’ is used to refer to resolving an

obsolescence problem once it arises.

When identifying the mitigation strategies and resolution approaches for
obsolescence management, studies demonstrate that it is essential to
manage obsolescence in the design phase in a proactive manner (on the
basis of a proactive OM level). It is strongly recommended by several
studies that mitigation strategies in obsolescence management must be
implemented in a proactive manner in all projects (Singh et al., 2002;
Meyer et al., 2004; Josias et al., 2004; Torresen and Lovland, 2007; Rojo,
2011). The analyses of obsolescence shown in Figure 3.9 reveals the
effects of proactive versus reactive OM in terms of how the evolution of
the levels of obsolescence differs between proactive and reactive

management over time (Rojo, 2011).
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Figure 3.9 Evolution of the levels of obsolescence based on the

obsolescence management approach (Rojo, 2011)

On the other hand, there is no clear exact mitigation or resolution strategy.
Firms should primarily identify their needs and then tailor their processes
according to the most appropriate strategy for themselves. In Figure 3.9,
the graph shows how the evolution of the level of obsolescence progresses
based on whether obsolescence is unchecked, managed reactively, or
managed proactively. As can be seen, for unchecked obsolescence, the
level increases steeply in a short period of time. When the proactive
management is applied, obsolescence does not reach very high levels. The
comparison between the unchecked obsolescence and proactive
management is based on monitoring, planning, Form Fit Function (FFF)
replacement, and LTB mitigation strategies. While applying reactive
management strategies, it can be observed that the obsolescence level is
higher compared to when proactive strategies are applied. The underlying
reason is that a reactive management strategy is applied after obsolescence
problems occur. In the broader sense, the level of obsolescence has already
increased in such a scenario. A company’s capabilities in redesign,
upgrade, and management of data on electronic components enable it to
decrease the level of obsolescence. With redesign or capability upgrades,

a company can efficiently intervene in sudden increases of obsolescence
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by applying reactive and proactive management strategies. When this

happens the level of obsolescence drops.

Moving forward, obsolescence is a critical challenge for companies to
meet their annual business goals, taking into consideration the fact that
long-life products face the consequences of obsolescence much more
frequently, especially in specific components of any given system. Such
components are sometimes manufactured by the company that uses them,
or are procured from other companies in the defense industry. In light of
these circumstances, Sandborn et al. (2011) claim that “The fundamental
disparities in life cycle needs and business objectives impose inevitable
obsolescence challenges. Many long field life products particularly suffer
the consequences of electronic part obsolescence because they have no
control over their electronic component supply chain due to their relatively

low production volumes.”

There are certain models and tools such as Silicon Expert (Silicon Expert,
2019) and IHS (IHS/Part Intelligence 2019) that estimate electronic
component obsolescence and are used to tailor mitigation strategies for a
company in order to replace such obsolescent components with newer
technologies. Such models come from the field of electronics, and are also
utilized in other sectors as well. These models are used to predict

obsolescence, and apply mitigation strategies (Kidd and Sullivan, 2010).

It is also essential to understand that the level of obsolescence is quite a
significant factor in deciding on the implementation of a mitigation
strategy. The level of obsolescence is determined by the probability of the
component’s obsolescence and its resulting influence over costs. An initial
assessment of obsolescence probability for a component and its costs helps
to determine the level of “proactiveness” which needs to be met at the
component level. Its effects are shown in Figure 3.10. In the proactive
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mode, there are two options: one is to intervene immediately, the other is
to wait to until the problem occurs. If the cost of obsolescence of a
component is very low, it may be more useful to develop a strategy in the
reactive mode. It should also be noted that the decision to resolve the
problem in the reactive mode is taken after performing the necessary risk
assessments. This decision, therefore, becomes a part of proactive OM. If
the obsolescence of the component has a high impact on the costs, but the
probability of becoming obsolete is low, proactive mitigation methods can
be applied. A component is labelled as “critical” if the component has a
high probability of becoming obsolete as well as its effects on costs are
high. Then, proactive mitigation measures are applied (Rojo, 2011). Figure
3.10 shows the relationship between the component’s probability of

obsolescence and its effect on costs.

PROBABILITY OF 4
OBSOLESCENCE

Hig § CRITICAL
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Figure 3.10 Evolution of the Level of Obsolescence Based on the

Management Approach (Rojo, 2011)

When the level of obsolescence is determined, and the decision on whether
to apply proactive or reactive OM strategies is made, then mitigation
strategies are implemented. The next section discusses such obsolescence

mitigation strategies.
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3.7.1 Obsolescence Mitigation Strategies

Experts in the British defense sector agree that there is a distinction
between “mitigation strategies” and “resolution approaches”. Mitigation
strategies are actions which are applied in order to reduce obsolescence
risk and potential impacts on systems, whereas, resolution approaches are
actions which are used once an obsolescence problem arises and needs to
be dealt with (Rojo, 2012). Usually by combining multiple mitigation
strategies, a strategy for OM can be formed to reduce the risk of
obsolescence. In three main process of a company related to OM, which
are supply chain management, design, and planning, mitigation strategy
actions can be applied in order to reduce the risks of obsolescence. The

following sections explain the mitigation strategies shown in Figure 3.11.

Life-Tima Buy
Supply Chain Partnering agreements with suppliers

Use mulli-sourced components
Modulanty
Design for Transparency

Obsolescence Use of technology/components/materials
less likely to become obsclete

Mitigation Open system architeciure
Strategies

Menitoring Databases
Suppliers

Forecasting Market Trends
Life-cycle

Planning

OMP Risk Assessment

Technulogy Roadmapping
Technology Refresh

Figure 3.11 Obsolescence Mitigation Strategies (Rojo, 2011; Rojo 2012)

3.7.1.1 Mitigation Strategies for the Supply Chain

Life-time Buy (Life of Type) and partnering agreements with suppliers are
two choices in a supply chain mitigation strategy (Rojo, 2011). Such

strategies must not be limited to the mitigation for the supply chain, but
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they must take into account production planning, manufacturing, and

maintenance and repair services related to after-sales services.

1. Life-time Buy (Life of Type):

The Life-time Buy (LFTB) (also known as Life-of-Type) mitigation
strategy is defined as buying and storing sufficient quantities of
components to fulfill a system’s forecasted manufacturing and sustainment
lifetime requirements (Singh et al., 2002; Feng et al., 2007; Rojo, 2011;
Sandborn, 2013). However, it can also be put forward that it is also related
with the supply chain plus production planning strategies as well as
manufacturing and services. Determining the number of components to
purchase required for LFTB is a crucial activity for optimization to
minimize lifecycle costs. The critical cost factors include procurement,
inventory, disposal, and penalty costs (Feng et al., 2007; Rojo 2011;

Sandborn 2013). The critical cost factors are presented in Figure 3.12.
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Figure 3.12 Life-time Buy Costs (Sandborn, 2013)
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With PDN, PCN, and LTB notifications, semiconductor manufacturers
generally warn their customers and distributors with a notification about 6
to 12 months before a component is about to be discontinued. These
notifications are the opportunities for customers or distributors to place
final orders for components through a “Life-time Buy (LFTB)” (Feng et
al., 2007; Sandborn, 2013). For the final order, users of the component
must determine the quantities needed to fulfill the manufacturing and
sustainment requirements of the system until the end of the project’s life.
Procuring sufficient numbers of components is called a Bridge-Buy (LTB)
until the system is at a point of design refresh in the future. In almost every
obsolescence management plan, there are LTBs which play a critical role
no matter which reactive, proactive, or strategic OM level is being used
(Sandborn, 2013). To manage the risk of obsolescence in certain expensive
components, management should decide to invest in the Last-Time Buys
according to statistical data obtained from design manufacturing and
requirements for the future. The decision can reach millions of dollars,

affecting budget allocation.

One of the most critical advantages of LFTB is being always ready to use
a component in the system, and the other benefit is to avoid requalification
testing (Rojo, 2011). Nevertheless, there can be certain disadvantages in
practice (Sandborn, 2013). Such drawbacks are defined by Rojo (2011):

a) Inventory costs will increase, due to the purchase of these
components in advance, well before they are needed (Feng et al.,
2007; Rojo, 2011).

b) Forecasting the demand on the component and correctly
identifying the Life-time Buy amount is challenging (Feng. et al.
2007; Rojo, 2011). Thus, there can be excess inventory or shortage
problems (Rojo, 2011).
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¢) An assumption of LFTB is that the design of the system will be
stable (Feng et al., 2007; Rojo, 2011). Yet, the stock that comes
through Life-time Buy may become obsolete because of
unscheduled or unplanned design refresh, and thus may not be
needed (Rojo, 2011). This issue can create millions of dollars of
damage, and therefore risk management must be carried out
carefully based on forecasts.

d) Buyers have minimal negotiation options against suppliers because
of dependency on a specific supplier (Rojo, 2011). Namely,
defense companies do not have much power while negotiating with

the suppliers of electronic components.

The following section discusses partnering agreements with suppliers, in
order to minimize the drawbacks of OM.

2. Partnering Agreements with Suppliers:

COTS components are heavily used in the supply chain of defense and
aerospace industries, and for this reason, companies have less power of
control on COTS components (Sandborn, 2007a; Feng et al., 2007; Rojo,
2011; Sandborn, 2013). Thus, in order to ensure continuous support from
the supplier side and provision of critical components, it is strongly
recommended to engage in partnering agreements with suppliers (Rojo,
2011).

The importance of these agreements is also recognized by the UK Ministry
of Defense (MoD) and the Defense Equipment & Support (DE&S) (DE&S
supports the UK's defense forces for current and future operations). In
accordance with the Defense Industry Strategy, DE&S and its

obsolescence management team engage in partnership agreements and

49



private finance initiatives to apply effective solutions, and manage

industry collaborations (Rojo, 2011).

3.7.1.2 Mitigation Strategies for the Design Phase

It is inevitable that technology obsolescence will affect military systems
during their long lifetime (Rojo, 2011; Sandborn, 2007a). This stresses the
importance of the design phase where components are determined, and the
design is fixed for long periods of time (Meyer et al., 2004; Feldman and
Sandborn 2007; Rojo, 2011). Overcoming obsolescence problems, which
may occur at the component or Line Replaceable Unit (LRU) level, will
be easier through the use of open systems architecture, modularity, and

increase of standardization during the design phase (Rojo, 2011).

Condra (1999) and Rojo (2011) assert that the functionality of a military
aircraft and the effect on the lifecycle cost of the electronic component’s
obsolescence may dramatically be decreased by implementing the

following:

1- The methods used to select components to assure cost-
effectiveness, safety, and reliability should be well managed (Rojo,
2011).

2- New methods can be created for using components produced for
other industries (incorporating COTS) (Rojo, 2011).

Hence, the electronic components manufactured for the commercial
market should be used and taken advantage of by the defense industry,
according to Condra (1999) and Rojo (2011). Nevertheless, the fact that
COTS have a shorter lifecycle, using them can have both favorable and

unfavorable consequences. It may increase the rate of obsolescence
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problems in the system, or aggravate the problem as discussed in Section
2.5 (Rojo, 2011).

The use of multi-sourced components is important when designing for
obsolescence. The total number of manufacturers and suppliers which are
producing a specific component (incorporating a specific technology)
should be determined at the design stage before any of the components are
included in the BOMs. In order to minimize the number of critical
components, it is important to be able to ensure that they can be supplied
by multiple manufacturers (Rojo, 2011). Thus, a company can add
alternative choices of components on BOMs at the design phase. It is
especially important to define alternatives for transistors, which quickly
become obsolete in the market. Similarly, when using LEDs in designs,
alternatives must also be identified in the BOMs, and “Partnering
agreements with LED suppliers” are essential to consider when creating

mitigation strategies for LED components.

3.7.1.3 Mitigation Strategies for Planning

Planning is an effective way of mitigating obsolescence, by improving the
Obsolescence Management Plan (OMP) and enabling efficient use of
obsolescence monitoring tools along with the technology roadmaps (Rojo,
2011). Monitoring can provide important information for planning and
proactive obsolescence management. Monitoring BOMs is carried out by
commercial tools which have large component databases. These
commercial tools are matched with the databases of companies containing
BOMs. They provide the current status for each component where
obsolescence data can be known or estimated in years to EOL in the
market. The estimation via tools is based on an algorithm. This algorithm
is based upon several factors such as type of component, technology
maturity, and market trends. Moreover, BOM monitoring tools may
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provide information about FFF replacement alternatives to replace the
obsolete, LTB, and NRND components (Rojo, 2011).

Forecasting obsolescence for planning must take into account market
trends and the life cycle of products. Factors to be considered are (Rojo,
2011):

1. Component type (e.g., electronic or mechanical)

2. The complexity of the component (low complexity versus high
complexity, or IC versus Non-IC such as resistors versus
MICroprocessors)

Technology built in the component

Level of maturity of the technology built in the component

Number of suppliers of the component

Market trends

N o g b~ ow

Changes in laws and regulations, due to electronic market

developments

According to the above factors, companies use obsolescence management
data of electronic components to classify their component library.
Moreover, they use commercial obsolescence monitoring tools such as Q-
Star, IHS, TACTRAC, and Silicon Expert.

An OMP embodies methods to deal with obsolescence issues in a proactive
manner. The OMP includes the mitigation and resolution obsolescence
approaches proactively across the lifecycle of the project (DoD, 2005;
Rojo, 2011). The OMP document considers obsolescence risks, and the
most suitable obsolescence strategy is provided to the customer and the

prime contractor (Rojo, 2011).
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Technology road mapping enables the selection of technologies with a
long lifespan. This method facilitates the identification and selection of
various technology alternatives (Bray and Garcia, 1997; Rojo, 2011). The
main advantage is to allow better technology investments to be made and
to identify gaps in technology (Bray and Garcia, 1997; Rojo, 2011).
According to Rojo’s study in 2011, the use of technology road mapping is
important for planning technology refreshes. Renewing technology may
help a system, and may be required within the ‘in-service’ phase of the
CADMID cycle, for avoiding and resolving obsolescence issues (Rojo,
2011).

3.7.2 Obsolescence Resolution Approaches

Obsolescence resolution approaches are divided into four categories: same
components, FFF replacement, emulation, and redesign (Figure 3.13).
After electronic components become obsolete, in order to deal with the
obsolescence problem in hand, resolution approaches must be applied as
soon as possible. With the resolution approach chosen, it must be
guaranteed that no pre-existing capabilities are overlooked. The suitability

of the resolution approach should be evaluated case by case (Rojo, 2011).

Existing Stock
Last Time Buy

Same component Authorised Aftermarkel
Cannibalization

Allernate

ReSOquon FFF replecemem Equivalent

Approaches

Emulation

Minor

Redesign Major

Figure 3.13 Obsolescence Resolution Approaches (Rojo, 2011; Rojo,

2012)
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3.7.2.1 Same Component

As a resolution approach, the term ‘“same component” defines the
replacement of obsolete components with the same component. This can
be achieved from existing stock, as LTB, from authorized aftermarket

sources, and through cannibalization.

1. Existing Stock:

These are the obsolete parts available in the supply chain that can be used.
The existing stock resolution approach is a cheap solution; however, it is
short term. Therefore, after applying this solution, there will be a need to

search for a longer-term solution. (Rojo, 2011).

2. Last-time Buy:

After a Product Discontinuance Notification (PDN), Product Change
Notification (PCN), or EOL notification from the component’s supplier,
Last-time Buy (Bridge Buy) means purchasing and storing the component
in sufficient quantities. Last-time Buy (LTB) components support a
product or system during its life cycle or until the next planned technology
refresh (Meyer et al., 2004; Rojo, 2011). Last-time Buy (LTB) should not
be confused with Life-time Buy (LFTB). While LTB is triggered by a
supplier’s notification reporting a future end of manufacturing, LFTB is a
risk mitigation option, which is triggered by the users’ risk analysis of the
component as described above. The most important benefit of Last-time
Buy is that it saves time by resolving OM problems, until a redesign
becomes necessary. Last-time Buy is frequently used, and it is an effective
resolution approach. However, it is a short-term solution until deciding on

a permanent solution such as redesign (Rojo, 2011).
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3. Authorized Aftermarket Sources:

When the original manufacturer of the electronic component discontinues
production, the production of the obsolete component can be authorized
by the original manufacturer to third parties. The procurement of this
obsolete component from these third-party manufacturers is called
Authorized Aftermarket Sources (Rojo, 2011). Authorized Aftermarket
Sources is an advantageous resolution approach, since, it is relatively
cheap compared to other solutions (Rojo, 2011) such as buying obsolete
components directly from the market. On the other hand, quality
considerations must be at the forefront when purchasing from these

Ssources.

4. Cannibalization (Reclamation):

The cannibalization resolution approach is the use of recoverable
maintenance parts from unserviceable systems, which is also known as
using salvaged serviceable parts. (Meyer et al., 2004; Rojo, 2011). This
resolution approach is functional during the last stage of the in-service
phase in sustainment-dominated systems. However, the danger is that the
used part might be just as prone to obsolescence as the one it is replacing
(Rojo, 2011).

There are two other approaches: purchasing parts from the grey market, or
from secondary markets. The grey market is the purchase of goods from
unauthorized, informal, unofficial or unwanted distribution channels of
new goods by the original manufacturer. There are several companies that
purchase grey market goods as an alternative to redesign. Nevertheless,
sources of grey market need to be investigated in terms of component’s
counterfeit risks which create high safety and reliability concerns. In

addition, testing all electronic parts is not a feasible solution to counterfeit
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risk, thus, this approach is not recommended. It is also quite risky to buy
a component from a secondary market such as eBay, since the risk of
counterfeit is also high, as well as quality issues, as in grey market
components. Therefore, this is also not recommended as a resolution

approach (Rojo, 2011).

3.7.2.2 Form Fit Function (FFF) Replacement

There are two categories in form fit function replacement: alternate

component and equivalent component.

1. Alternate:

The definition of an alternate component is “a part available that is equal
to or better than that specified” (Rojo, 2011). One of the most important
advantages of this approach is that it is cheap (as there is no need for re-
qualification tests) and is often used as a long-term alternative. On the
other hand, finding a replacement with the same form fit function is
challenging (Rojo, 2011), especially for high complexity parts.

2. Equivalent:

The definition of an equivalent component is “a part available whose
performance may be less than that specified for one or more reasons (e.g.,
quality or reliability level, tolerance, parametric, temperature range)”
(Rojo, 2011). The equivalent resolution approach is also known as
“substitute” in the US DoD (ARINC, 1999; Rojo, 2011). A substitute
component might work with full performance in terms of form, fit, and
function. However, the component’s substitute needs to be tested in order
to ensure that the COTS equivalent meets the characteristics and

specifications required by the company (Rojo, 2011).
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3.7.2.3 Emulation

This approach can be used for electronic components such as Field
Programmable Gate Arrays which can be programmed with emulators
(FPGAS). Emulation is the development of the same form of the obsolete
component with the latest technology. An emulator is an interface software
that makes it possible to “continuing the use of legacy software in new
hardware where otherwise the legacy software would not work properly”
(Rojo, 2011). It is a short-term solution by using the built-in adapter with
COTS components (Rojo, 2011).

3.7.2.4 Redesign

The redesign alternative is based on upgrading the system changing the
obsolete components with new ones, and the goal of the redesign
alternative is improving systems or card’s performance, maintainability,
and reliability, as well as enabling the use of new components. This is the
most expensive solution due to requalification/re-certification
requirements. Thus, this long-term solution should be used as a last resort.
It should also be used when functionality upgrades (technology insertion)
are required (Rojo, 2011). Replacing the obsolete part with the redesign
alternative entails long time and high cost when compared with other

resolution approaches.

Following the discussion of mitigation and resolution approaches, the
relationship between obsolescence and inventory is presented in the next

section.

3.8 Obsolescence and Inventory

Analyzing and evaluating obsolete components in inventory is based on

data of the electronic components from the company’s processes and MRP
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data of the company. In order to decide which OM strategy should be
implemented, inventory control plays a crucial role in a company’s
financial situation. Anything related to obsolescence that can affect
inventory must be carefully monitored. The probability of component
obsolescence and its impact on cost is not only related to determine the
estimated obsolescence of the component, but also managing inventory in
a more controlled manner. It leads to the determination of which OM
strategy to apply. Inventory control in relation to obsolescence is
important. However, Song & Zipkin (1996) put forward that: “Traditional
inventory-control methods make no allowance for possible obsolescence.”
It is true that traditional methods of taking inventory will have to adapt to
the difficulties brought by component obsolescence. In order to perform
efficient inventory control, the obsolescence dates of components need to
be established. Additionally, obsolescence managers must consider not
only the date of estimated obsolescence of the component, but also the
impact of environmental regulations, as well as the financial risks,
manufacturing schedule, and other external constraints that can affect the
system, resulting in inevitable obsolescence (Herald et al. 2009).

An inventory policy is the Consignment Stock (CS) inventory policy that
companies adopt to deal with new manufacturing and supply chain
management challenges. CS policy addresses cooperation between the
buyer and its supplier. The CS policy brings a uniform exchange of
information and consistent sharing of risks between the parties. Product
obsolescence impact is assessed carefully in terms of supply chain costs.
CS means the supplier continues to keep inventory for the buyer, even
though it no longer keeps inventory for general sales purposes. The buyer
has the advantage of sustaining the availability of the component, where
the vendor undertakes the replenishment and inventory management
responsibility, making it possible to reduce total joint costs and stock-out
risks based on agreements between the two parties (Catena et al., 2014).
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The CS policy is not applicable to all components in inventory, and can be
applied to high complexity components because of their obsolescence risks
and impact on cost. It is suitable for critical components, and can be
considered for partnering agreements with suppliers as a mitigation
strategy as described in Section 3.7.1.1.

When identifying resolution approach options for obsolete components,
excess inventory must also be assessed. Furthermore, when redesign is the
option to mitigate obsolescence, in cases where supply related options are
not applicable, inventory data is required when changing the obsolete
component. Moreover, standardization of the Preferred Part List (PPL),
which provides a better component selection for designers and reduces

inventory, is based on careful inventory management (Meyer et al., 2004).

As a supply chain mitigation strategy, Life-time Buy (discussed in 3.7.2.1)
affects the company’s inventory, since it leads to the advanced storage of
obsolete parts. In order to decide which obsolescence strategy is
implemented, obsolescence costing is significant for defense systems.

3.9 Obsolescence Costing for Contracts of Defense Systems

The cost of resolving obsolescence issues are not included in contracts to
support a sustainment-dominated system. The prime contractor is obliged
to resolve obsolescence issues and the customer meets the cost of these
problems. However, the current trend in contracting for the support of a
sustainment-dominated system is moving towards contracting for
availability. In theory, availability-based contracts shift the risk from the
customer to the prime contractor. However, the risk of obsolescence is in
effect shared between the customer and prime contractor in line with the
clauses in the contract. As a result, in this new contract type, both parties
need to accurately estimate the WLC of obsolescence, since contracts
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cover long periods, and the prime contractor has a low-profit margin and
high risk (Rojo, 2011), and risk factors and cost drivers (cost metrics) need

to be carefully identified.

A cost model is needed to estimate the total cost that will be incurred while
mitigating and resolving obsolescence issues. This cost model should be
able to estimate the cost of obsolescence with information from the BOM
and the data of obsolescence predictions from the BOM monitoring tool.
To estimate life-cycle costs of systems, there are many commercial tools
such as True Planning (PRICE Systems, 2019) and SEER (Galorath,
2019), however, these tools are not capable of estimating obsolescence
costs (Rojo, 2011).

The following chapter presents the detailed analysis of the current

obsolescence management related processes within the company.
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CHAPTER 4

ANALYSIS OF OBSOLESCENCE MANAGEMENT RELATED
PROCESSES WITHIN THE COMPANY

This chapter presents the analysis of the current workflow among the four
main obsolescence related processes, and the obsolescence issues
encountered due to the lack of a formal OM process in the company. An
obsolescence management problem recently encountered is also described
in order to highlight the shortcomings in the workflow, and the impact of

obsolescence.

4.1 Methodology

The methodology for deriving the above mentioned consists of structured
systems analysis, document inspection, interviews, and observations. The
results are presented in Figure 4.2 as workflows created by using the

Microsoft Visio modelling notation.

Structured systems analysis starts with the determination of each
obsolescence related process, the detailed examination of each of the steps
of these processes, and the process owners. Then, the data inputs required
to carry out each of the process steps and the information produced as
outputs of these steps are established. Next, the time it takes to complete
the process, its frequency, and volume (i.e. the number of times it is carried
out) are examined. Finally the controls related to these processes are

investigated, and missing controls are found.
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Document inspection is carried out in order to understand the existing
processes in the company. These documents consist of the company’s

formal policies, regulations, directives and procedures.

These cover, among others, processes such as: procurement, resource
management, configuration management, project monitoring and control,
design verification, system development and safety, product life cycle
management, proposal preparation, bidding and contract implementation.
Project management principles, procedures for the creation of material
documents in the ERP, and directives for the electronic components

management plan are also among the documents reviewed.

In addition, procedures for establishing the quality assurance provisions
for purchased parts, supplier quality performance grades; reliability
prediction analysis, and electronic component selection; product
maintenance principles and methods, as well as procedures for stocking
spare parts; procedures for the preparation of documents related to
hardware requirements, hardware tests, schematic design; change
decisions in designs workflows, production follow-up, production

planning, and material transfers to subcontractors have been examined.

Interviews have been conducted with: two experts, and an expert engineer
from Integrated Logistics Support and Contract Management, four
employees from Supply Chain (two experts, two expert engineers), 10
employees from R&D (8 senior hardware design engineers, two hardware
design engineers), and two experts from Project Management. Interviews

have also been conducted with PLM maintenance engineers.

Observations have been conducted to assess the company's response to
notifications of obsolescence by suppliers, and this revealed that the

transfer of obsolescence information from supply chain management to
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other processes is incomplete, or sometimes such information is not even
shared. Similarly, the search mechanism for alternative electronic

components has been observed.

4.2 Processes Related to Obsolescence Management

As stated in Chapter 2, there are four main processes related to
obsolescence management. These are: project management, research and
development (R&D), manufacturing and services, and supply chain
management, as shown in Figure 4.1. The company’s R&D process, as
further explained in this chapter, forms the basis of product development,
hence obsolescence management (OM) of electronic components during
R&D is of crucial importance. The emphasis of R&D is due to the fact that
obsolescence problems should be identified during the design phases of
the R&D process so that obsolescence mitigation and resolution strategies
can be developed proactively. Another reason is that owners of the other
three main processes consult R&D process owners about the OM of
electronic component issues, and hence, the outputs of this process form

the inputs to the other three processes.
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Figure 4.1 The Company’s Current Obsolescence Management Related

Processes and Subprocesses

The following section analyzes the current workflow among these four

main processes.

4.3 The Product Development Workflow

The company's products (also referred to as systems) are composed of

assemblies and electronic cards. The electronic cards form the assemblies,

whereas the assemblies form the systems. The smallest building blocks of

electronic cards are electronic components.

The flow among the four main processes is shown in Figure 4.2. These

main processes are represented on the x- coordinate of the figure, and are

analyzed on the vertical decomposition (y- coordinate) consisting of three

main design phases: concept design, pre-design, and critical design.
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The design phases represented in the y-coordinate, serve to understand
how electronic components advance across the four main processes within

the existing workflows of the company.

The company’s design phases shown in Figure 4.2 can be mapped to the
CADMID phases described in Chapter 3. This is to facilitate the
monitoring of electronic components throughout the workflow. Phases of
CADMID are built atop the phases of the company, where the Concept (C)
phase in CADMID is equivalent the company’s “Concept Design Phase”,
the Assessment (A) phase in CADMID corresponds to the company’s
“Pre-Design Phase”, and the Development (D) phase in CADMID is the
company’s “Critical Design Phase”. The Manufacturing (M) phase in
CADMID is the phase that begins after the “Critical Design Phase” where
the production type of the electronic card is determined, and the card is
transferred to the process of manufacturing and services. The in-service
phase (1) in CADMID matches the in-field life of the system, followed by
the Disposal (D) of the system.
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The following sections describe in detail the product development
workflows and documents related to OM, starting with the “Concept

Design Phase”.

4.3.1 The Concept Design Phase

In the concept design phase, the first step is “Choose a Design State” with
respect to the design process of R&D. There are three design states: new
electronic card design, schematic (SCH) revision with printed circuit board
(PCB) revision, and SCH revision without PCB revision.

The first design state involves starting the design of a brand-new electronic
card. The second design state is when an electronic component change is
necessary on the schematic of the electronic card, and if it involves a
change with a potential impact on the circuit paths and connections to other
components on the SCH and PCB, it is referred to as the schematic revision
state with PCB revision. The alternative component to replace the one that
is obsolete, requires changes on the SCH, on the Circuit Card Assembly
(CCA) document, and on the PCB. The PCB document contains
information about PCB layers, electrical paths, PCB manufacture
information, and size of components. For instance, when there is a change
in the component dimensions during component replacement, this must be
reflected in the PCB document. Further, due to the replacement of
components, the CCA document must be updated as per the change in
component information. This state begins with the process of “Design
Schematic” if electronic component changes lead to the schematic changes

on the electronic card.

The third design state, the SCH revision state without PCB revision, is
initiated for electronic component changes without any modifications in
PCB layouts. But as a component is replaced, information of the new
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component needs to be updated in the CCA and SCH documents. For
example, when pin-to-pin compatible (form-fit-function) alternatives are
utilized in the replacement, its dimensions will remain the same while

changes will not be necessary on the PCB document.

During SCH revisions, it is of paramount importance to plan well for the
electronic component changes and conduct a thorough research for their
alternatives. In that way, consequent PCB revisions will be avoided during
SCH revisions. It is therefore a must to appropriately manage

obsolescence-related issues and component replacements.

The electronic components of electronic cards are included in the Bill of
Materials (BOM) lists, and the BOM lists are cited as design documents
of R&D process in the company's Circuit Card Assembly (CCA)
documents. CCA Document-related process is initiated by the process of
“Prepare Circuit Assembly Card (CCA) Documents”. In CCA documents,
information on alternative components (if any) are saved in an extra box
under the location information for the electronic components. However,
this is at the discretion of the designer. There is no set procedure for adding

alternative component information in CCA documents.

Replacing the electronic component in the second and third design states
is a significant factor in the calculations of the performance of electronic
cards. For instance, if there are multiple occasions of obsolete component
replacement on a card, it means that several workflows are restarted during
card design and manufacture processes. In such cases, the number of
revisions stemming from changes of electronic components on cards may
occur more than once. Consequently, this acts as a significant but negative
blow to the efforts on maintaining a reasonable total cost of design,
resulting from heavily increased redesign costs. At the same time, the more

revisions are made on the electronic card, the more time, financial
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resources, and labor will be expanded. Along the same line, had the
company adopted an obsolescence management plan, such costs could
have been avoided or at least reduced. Therefore, controlling and
managing design revisions that may result from obsolescence is a factor
that significantly affects electronic card design costs which are directly

related to project performance.

In the concept design phase, the initiation of new electronic card design is
triggered by the “Technical Specifications Document” or “Project
Contract Requirements Document” within the framework of the project
management process, as well as the “System Requirements Document”
within the framework of system engineering subprocess of the R&D
process. The “System Requirements Document” defines the system,
assembly, and electronic card level properties. These are inputs to the
“Initiate and Plan New Electronic Card Design” process of R&D. The
other inputs to this process include the “Reliability Analysis Planning
Document” stemming from the safety and reliability subprocess of R&D,
and the “Hardware Design Architecture Document” created by hardware

design architecture.

One of the primary activities in the concept design phase is the generation
of the “Hardware Design Architecture Document”. The electronic
components of the system are included in the functional blocks (also
defined as modularity of design) of the “Hardware Design Architecture
Document”. The critical components with high complexity (such as Field
Programmable Gate Array components (FPGA)) are contained within the
modular blocks and they are also included in the “Hardware Design
Architecture Document”. Thus, the monitoring of an FPGA component
until the end of the product lifecycle is crucial in order to minimize the
abovementioned costs. Hence, future obsolescence risks must be

considered, yet there is currently no such procedure.
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The outputs of the concept design phase include the “Hardware Design

Document Package” and “Design Planning Document”.

According to a project’s reliability requirements, the “Planning Reliability
Activities” subprocess of R&D begins while the concept design phase
continues. The output is the “Reliability Analysis Planning Document”,
which is used in the “Initiate and Plan New Card Design” process, as an

input.

4.3.2 The Pre-Design Phase

The pre-design phase consists of the preparation of the “Hardware Design

Requirements and Pre-design Document — I”.

This document is an input to the safety and reliability subprocess of R&D,
and is reviewed according to reliability analysis requirements in pre-
design. If the electrical components meet the requirements in relation to
electrical stress information of components for reliability analysis at the
pre-design phase, the “Pre-design Reliability Analysis Document” is

generated as an output.

If the electronic components do not meet the requirements, the process
owners of the “Prepare Hardware Design Requirements Document and
Pre-design Document” assess the electronic components within the
reliability framework of the design. In such a case, the reliability analyses
of electronic components that do not meet the requirements during the pre-
design phase are not recorded in internal electronic component libraries,

due to the fact that there is no such formal procedure.
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If the review has an appropriate result, the “Hardware Design and Pre-
design - II”” is generated and the “Hardware Design Document Package” is

updated, which is then transferred to the critical design phase.

4.3.3 The Critical Design Phase

After the completion of the pre-design phase, the critical design phase
begins with the “Design Schematic” process. The schematic circuit design
is done by using electronic card design tools (ECDTSs). The electronic
components of electronic cards are selected from electronic card design
tool libraries (ECDTLs). The current obsolescence approach within the
company consists of checking the obsolescence conditions of components
in ECDTLSs once every six months, which is questionable in terms of its
frequency. Another problem is the lack of obsolescence checks of other
electronic components, which are only registered in the ERP and not
controlled at this stage. Only components in the ECDTLs are checked.
Hence, OM issues arising during the six months between obsolescence
checks cannot be reported to relevant process owners immediately after
they occur due to the length of these periods. It should also be noted that
designers are only informed about the obsolescence status of the
components through ECDTL checks by designers, meaning other process

owners are not informed of the issue.

Once the “Design Schematic” is complete, the result of this process is
reviewed in terms of circuit properties. Simultaneously, BOM lists are
checked for obsolescence of electronic components. If new components
are to be added or removed, this decision is to be made at these stages.
Checking obsolescence conditions from BOM lists does not suffice, which
often gives rise to obsolete components being overlooked, since the OM
checks on BOM lists are performed on a case by case basis when each card
arrives. In other words, according to current procedures, obsolescence
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checks are performed for every new design; however, the company does
not undertake the same efforts for systems in the field, or projects that were
designed previously. This is why obsolescence issues can go unnoticed for

electronic cards that have not been checked.

When obsolescence as well as the components’ future obsolescence
conditions are reported to designers, the Last Time Buy (LTB) or Not
Recommended for New Designs (NRND) status of the components are
recorded in the “BOM Obsolescence Analysis Document”. The process is
performed only for new designs by the Design Department without any
contributions from system engineering, safety and reliability engineering,
and manufacturing and services. Consequently, as all components in the
electronic card are not evaluated for OM in line with inputs from these
processes, it also becomes more difficult to create an obsolescence strategy

for issues to be faced in the future.

In addition, a comparison of the components based on their years to end-
of-life (EOL) properties is performed for the schematic design. But the
information is only stored in the “BOM Obsolescence Analysis
Document”. For example, obsolescence risks can be high for a component
in its maturity phase, which should be monitored, but are not. The cost
analysis of electronic components and recording the components’ prices
under the umbrella of the design subprocess is also incorporated in this
step. If there are expensive components, their alternatives should be looked
into. But once again this is limited to discretion of the designer of the
electronic card. Components selected in this stage are currently not
subjected to a supervision jointly conducted with, for example, the supply

chain management process.

The “Collect Electrical Stress Information of Components” starts in
parallel to the process of “Assess BOM Lists with OM Procedures”. Along
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with the electrical stress values (voltage, current, temperature) of
components, the BOM data is sent to the subprocess of “Collect Electrical
Stress Information of Components” for the purposes of reliability

prediction analysis.

The “Components Data from BOM for Reliability Analysis” data is
forwarded to the subprocess of ‘“Reliability Analysis with BOM
Component Data”, consequently the error status of components is
examined within this process. In the case where appropriate results are
achieved, the “Reliability Analysis” Document and “Reliability Analysis
of BOM” data are produced as outputs. When the safety and reliability
requirements are not met, the process owners of the “Collect Electrical
Stress Information of Components™ and “Design Schematic” processes re-
assess the electronic components. The results of whether electronic
components in the BOMs meet reliability requirements or not are kept in
the subprocess of safety and reliability engineering and are not formally
recorded. During these processes, if records were kept about the design
histories of these components under preferred part list practices against
components that do not conform to the reliability requirements, the
company could indeed take advantage of an up-to-date record and know-

how on preferred and non-preferred parts for its future designs.

Further, the “Reliability Analysis of BOM” data is merged together with
the “BOM Obsolescence Analysis” document. The results produced by the
“Review Schematic” process as well as the results of “BOM Obsolescence
Analysis” are inputs to the schematic and BOM data file. Next, the
“Reliability Analysis of BOM” data and “BOM Obsolescence Analysis”
document are included as updates in the “Hardware Design Document
Package”. However, data such as electrical stress values of components

are not kept in a standardized preferred part list for the purpose of
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developing OM strategies against obsolescence risks. Thus monitoring

them dynamically throughout product lifecycles is not possible.

After the generation of the “Schematic and BOM” data, the phases of the
critical design workflow continue simultaneously in three different
processes: “Initiate PCB Layout Design”, “Preparation of the Hardware
Test Document”, and “Initiate Collecting the Components of BOM”. The
process of “Assess BOM Lists with OM Procedures” must be completed
before proceeding to the layout design of the card since placing
components on the card and its PCB manufacture begin after the initiation
of the “PCB Layout Design” process. If there is a change of component
after assessing obsolescence conditions in BOM lists, possible component
changes on the card become more difficult, leading to a waste of time and
failure to achieve cost efficiency. If obsolescence issues are encountered
after the PCB design, and obsolete components are replaced after PCB
design and electrical paths are modified, this results in a waste of financial
resources. Effectiveness in such cases can be achieved by checking against
obsolescence during schematic design.

The first process among the three simultaneous processes is the “Initiate
PCB Layout Design” process of the design subprocess. Following that, the
process of “PCB Layout Design” starts. After the process of “PCB Layout
Design”, the subsequent process is “Review Layout”. In the case that
appropriate results are achieved in the process of “Review Layout”, two
processes start simultaneously, which are “Prepare Circuit Card Assembly
(CCA) Documents” and “Prepare Manufacturing (PPAP) Documents”.

After the component placement is complete in “Design Layout”, the
review of the component placement step begins and is performed
according to the review checklist. If the placement of components on the

PCB is found to be inappropriate both electrically and mechanically, the
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process owner of the “PCB Layout Design” re-assesses the electronic
card’s layout. In other words, the electrical paths on the card between
components begins to be drawn. After the electrical paths on the card are
complete and once the reviews are found to be appropriate, the “Prepare
CCA Documents” and “Prepare Manufacturing PPAP Documents”
processes required for electronic card production are initiated
simultaneously. If the “Prepare CCA Documents” and “Prepare
Manufacturing PPAP Documents” processes produce inappropriate
results, the process owners of “Prepare CCA Documents” and “Prepare
Manufacturing PPAP Documents” re-assess the electronic card’s CCA and
PPAP documents. After completing the preparation and review of these
documents, these outputs are included in the “Hardware Design Document
Package” (i.e., the package is updated). It is rather important to define
alternatives for almost all components in BOMs of designs within the CCA
documents. However, no definitive rule is enforced on designers to do so.
Likewise, it is essential to constantly monitor the components that pose a
risk in terms of EOL in these documents which should contain OM-related
clauses. The lack of the enforcement of such rules causes significant costs

to the company.

Once the necessary parameters are determined, the electronic card PCB
design tool is used for placing components on the card. For the mechanical
examination of the PCB, the design is then transferred to the mechanical
engineering workstations. For example, heights of each component on the
card at system and assembly levels are evaluated. If there is a need for
change, components can be modified. Therefore, at this stage, components
such as connectors and Light Emitting Diodes (LEDs) may be subject to
change due to the obsolescence of the electronic components, which can
lead to electronic card revisions (depending on the design state, for
example design states 1 and 2). These are re-assessed during the design
subprocess. At this stage, replacing LEDs, connectors, and the likes will
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have an impact on the component connections and paths in close
proximity, as well as the fact that it might create further problems such as
the difficulty of finding FFF alternatives for delicate components like
LEDs. Having to replace components on grounds of obsolescence at this
stage of the design may lead to risks such as the need to redesign. This is
the main reason why OM monitoring and checks need to be performed

carefully when selecting such components during design.

The second of the three simultaneous processes is the process of “Prepare
Hardware Test Document”. After this, the process of “Review Hardware
Test Documents” begins. When appropriate results are obtained, a
“Hardware Test Document” is generated as an output. This output is used
for the hardware verification of the electronic card, since once the PCB is
manufactured, it must be verified together with its electronic components.
This document does not contain information on alternative components to
be used in case of obsolescence or failure in the supply of components in

the electronic card.

The third of the three simultaneous processes is the “Initiate Collecting the
Components of BOM”. This process is divided into two separate
processes: “Transfer Electronic Components in the Inventory to
Designers” and “Initiate Procurement Process of the Non-Transferred
Electronic Components from Inventory”. Electronic components in the
BOM are collected in accordance with the number of components in the
CCA document during the process of “Initiate Collecting the Components
of BOM” of the design subprocess. During the process of “Transfer
Electronic Components in the Inventory to Designers”, the components in
the BOM are withdrawn from the company inventory based on the number

of electronic cards being produced.
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For components unavailable in inventory, the process of “Initiate
Procurement Process of the Non-Transferred Electronic Components from
Inventory” begins and the supply chain management process initiates the
subprocess of “Start Procurement Workflow of the Non-Transferred
Electronic Components from Inventory”. After the procurement
subprocess is completed, all components in the card’s BOM list are
brought together to manufacture a prototype of the electronic card. During
the procurement subprocess of supply chain management, as per the
specified and planned durations in the project, the subprocess owners of
design are once again consulted on whether there are alternatives with
shorter lead times in place of the components with longer lead times in the
BOM. The problem and inefficiency here is the fact that a period of time
that was once dedicated for the progression of the workflow has already
elapsed in the project. It is hence an approach condemned to lead to delays
to ask designers to re-designate an alternative component at this stage in
the project. Instead of this, the exchange of information with supply chain
management about these common components after specifying
alternatives should be achieved early in the project lifecycle at the “ Design
Schematic” stage. However, there is no such common platform in the
company where designers and supply chain management staff can interact
about alternatives to components. The coordination in this regard is
currently achieved through e-mail.

According to the information gathered from the outputs of the previous
design subprocesses, the “Hardware Verification” process of the design
subprocess regarding the hardware and the electronic components
according to the revision checklist are prepared. Verification data is
collected from previous processes for the verification of electronic
components. The “Hardware Verification” process is performed after the
prototype electronic card is manufactured. Then, according to production
type, the subprocess of “Start Manufacturing Process” of manufacturing
and services process is initiated for the production of the verified design.
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Once all requirements are met and the “Hardware Verification” process IS
complete and system engineering, design, safety and reliability, and
manufacturing and services documents are approved, the prototype
electronic card is manufactured. The number of electronic cards to be
manufactured are determined by the production planning department, and
since the number of electronic components is determined by the number
of electronic cards, this phase bears vital importance for the determination
of OM strategies in the future. Further, for components that can fall in to
the LTB category in BOMs in the future, it is important to develop accurate
and foresighted Life Time Buy (LFTB) strategies. All the four main
processes must be involved in reaching a decision on this, as they will be
expected to present and develop OM-related approaches with regard to
their own fields of expertise. There are no such processes to support this
in the company.

When the Production Planning Department decides that cards are to be
produced by subcontractors, common OM strategies can be developed
with subcontractors depending on the number of components in these
electronic cards. The company does not implement a specific OMP with
its electronic card subcontractors, which may lead to severe obsolescence
problems in the future. If the company and its subcontractors agree upon
an OM checklist and on an OMP, potential obsolescence risks can be

avoided or minimized.

In the design subprocess, the necessary hardware and software for
prototype card manufacturing are designed, and the necessary components
are selected for the project. After that, electronic card tests are conducted.
The “Design Planning” and “Hardware Design Document Package”
documents contain all of these plans from the beginning of the concept
design phase to the end of the critical design phase. As a matter of fact, on

grounds that the “Hardware Design Document Package” holds all
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hardware-related electronic component issues right from the beginning, it
can be the foundation of the OM plan to be established within the company

in the future.

Furthermore, the design subprocess utilizes a BOM obsolescence
management tool to monitor the obsolescence of electronic components.
During the “Assess BOM Lists with OM Procedures” process, the BOM
obsolescence management tool helps to monitor BOM lists proactively.
Also, the Product Lifecycle Management (PLM) tool is used by design
engineers for managing the design subprocess. Yet the project
management, supply chain management, and manufacturing and services
processes do not utilize this tool. In fact, the company’s PLM tool can be
used to manage the information flow between these processes and enable
various process owners to be involved in compliance with their levels of
authorization. However, this is process integration through PLM is not
done in the company.

The following section illustrates the OM problem of the company through

an example.

4.4 Example of an Obsolescence Management Problem in the

Company

A year ago, a Product Discontinuance Notification (PDN) from the
Original Component Manufacturer (OCM) about the obsolescence of a
flash memory component, which is a COTS component, was received as
an alert by the Procurement Department (the supply chain management
process). However, this crucial information was not delivered to designers
of the projects involving this component. In other words, PDN information
was not available to the project management process, R&D process,

manufacturing and services process with respect to electronic cards,
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assemblies, and systems where the flash memory was used. Projects were
underway without the necessary measure being taken. As there was no OM
process to deal with this issue, nor a way to implement mitigation and
resolution OM strategies, the situation went unnoticed by most of the
related parties.

Thus, the necessary precautions regarding this flash memory component
(for instance, the option of LTB) were not put into action for systems,
assemblies, and cards produced or to be produced, that were using this
component. It was discovered that necessary production planning
activities were not performed adequately. No action was taken to develop
an OM strategy by identifying the electronic cards, assemblies, and
systems that employed the obsolete component in question. Particularly,
since the LTB notification was not delivered by supply chain management
to production planning, no act of LTB was considered by production

planning.

The obsolescence problem was noticed by total coincidence by the system
engineering staff while working on a project. Then, the issue of the flash
memory component’s obsolescence was forwarded by system engineering
to the designer using the component in an electronic card, stating that it
would be not possible to immediately supply the component for the system
because of its obsolete status in the market. The system engineer began
searching for an alternative component to ensure the supply of the obsolete
component in sufficient quantities, reporting this only to the designer of
the card in the system via e-mail.

While a search for the obsolete flash memory component in the market
was conducted, the design engineers identified stockists that still stocked
the obsolete component at much higher prices. At this point, there were
two options: the first was to supply the obsolete flash memory from
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stockists in the market, the second was to find alternative components to
replace the obsolete one, both of which meant high cost and delay for the
projects’ lifecycle. The quantities available from stockists were inadequate

for the systems in which they were being used.

Having received a notification about the problem from the system
engineering staff, the designer in attendance of the matter informed other
designers who used the COTS flash memory component in their designs.
Following this, a team from the design subprocess prepared a list
containing the quantities of various cards, assemblies, and systems that
used the obsolete flash memory. The list was obtained from the ERP
system’s library. The total number of flash memory components used was
determined in this list. The list was first shared with the Departments of
Production Planning and Supply Chain Management. It was also shared
with the Department of Software due to the flash memory’s software
revision related to the obsolescence issue. It was further announced to
designers using the COTS flash memory component in their projects via

e-mail that-approximately 80 electronic cards were using this component.

Next, the design team took the initiative of alerting the departments of the
four main processes, and project managers who use the COTS flash
memory component through an e-mail containing the advisory information
described below. The purpose of this e-mail was to initiate the
development of a reactive obsolescence mitigation strategy and resolution

approaches to the problem.

e According to the e-mail, in order to resolve the obsolescence
problem, the type of revision on the cards must first be established.
In addition, the problem should be discussed among members of

the design and production planning subprocesses.
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Necessary obsolescence management approaches should be
discussed with subcontractors producing cards containing this

component.

Alternative components in all categories, including the FFFs,
should be identified for electronic cards using the abovementioned
flash memory. Their designs should be examined, and decisions on
which type of revision should be applied to the cards should be
determined. Schematic revision, PCB revision, or CCA revision
should be applied according to the conditions of the alternative

components found.

Because of the category and high level of complexity of the flash
memory component, the alternatives should be evaluated from both
hardware and software aspects. The electronic cards, assemblies,
and systems using the alternative flash memory component should
be re-evaluated by software teams if software changes are also

required.

Due to the software and hardware changes caused by the
replacement of the flash memory component, necessary hardware
and software tests should be carried out on the alternative
component. The tests are to be executed through the processes of

R&D as well as manufacturing and services.

The Production Planning Department should determine the future

needs of the obsolete component through the MRP system. In the

production planning subprocess, the future requirements of

systems using this flash memory component, in terms of quantity,

delivery date should be determined for each project and customer.

In line with all the product contracts entered with customers on this
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component, and in compliance with the warranty clauses in these
contracts, new strategies should be developed by specifying all

actions to be taken within the framework of these clauses.

e The quantities of the obsolete flash memory component used in
electronic cards should be obtained from the production planning
subprocess; likewise, the available quantities of the obsolete
component to be procured from the market should be obtained
from the supply chain management process based on information
from the stockists who still sell them. In other words, for electronic
cards that cannot be revised, the obsolete component should be
purchased from all stockists in the market, to be kept in company
inventories. Considering the number of cards using this component
(80 in total), especially the ones with multiple units of the
component, a decision to revise cards would result in tremendous
costs. Further, it would not be a feasible solution if implemented
for all the systems in question. Since there is already an insufficient
quantity of the component in the market, and as it is also commonly
used for consumer products such as medical products, the
component should be procured from the stockists in final
possession of the component by the supply chain management

process.

e The contracts covering the systems in which the obsolete electronic
component is used, specifically the warranty clauses of these
contracts, must be re-evaluated under the supervision and guidance

of the contract management process.

Despite the measures recommended through e-mail described above, this
obsolescence problem remained unresolved for approximately a year. This

demonstrates the gravity of the issue. A decision as to which electronic
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cards among the set of 80 would be subject to which OM strategy could
not be made. The determination of which electronic cards would be
allowed to continue to contain the obsolete component could not be made.
Aside from the costs incurred because of this problem, the more critical
aspect is the fact that the obsolescence problem was not eliminated even

after a year.

This example led to delays and high costs for the projects due to the lack
of an independent OM process. One of the most prominent reasons for this
problem is that electronic components used in product designs are not
monitored through an internal PPL database within the company. Also, the
electronic components of products at the levels of systems, assemblies, and
cards should continuously be tracked within for obsolescence
management. However, the company does not currently implement an
independent obsolescence management process at any level other than

under the design subprocess.

As can be seen, an OM capability joining the four main processes must be
developed to foresee potential obsolescence threats during project
development and manufacture. Moreover, the company also requires an
OM capability for in-field systems and warranties in order to mitigate the
risks and costs arising from such situations. This example shows the
reactive approach of the company, and the damage caused by the lack of a
formal OM.

Chapter 5 proposes an OM framework for the mitigation and resolution of

such obsolescence issues in the company.
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CHAPTER 5

FRAMEWORK FOR OBSOLESCENCE MANAGEMENT

In order to alleviate the obsolescence management problems in the
company, a framework consisting of four main elements is proposed.

These are:

1. The extension of the scope of Product Lifecycle Management
(PLM) in the company,

2. The establishment of the company’s Preferred Part List (CPPL)
and standardization of the electronic component libraries,

3. The institution of Complex Event Processing (CEP) to administer
obsolescence,

4. The “Shell Structure” connecting the company’s existing
obsolescence related processes with the new obsolescence
management process recommended for the company, thus
establishing a common platform for the flow of obsolescence

information.

Each of these elements are described in detail in the following sections.

5.1 Extension of the Scope of Product Lifecycle Management

The company has a Product Lifecycle Management (PLM) system, where
design subprocess documents are saved and shared for some electronic
card designs and products which use these electronic cards. Currently, not
all projects are registered in the PLM system; therefore, not all electronic

cards are found in the PLM system, and consequently not all electronic
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components are included. Hence, the company must transfer all of its main

processes to the PLM environment.

This will enable to see which phase the products containing these
components are in, as well as to keep track of the projects throughout their
lifecycle. The new OM process (Section 5.4) proposed for the company
must also be included the PLM environment. Thus, the company can keep

track of OM issues throughout the lifecycle phases of its products.

Furthermore, the design subprocess uses a BOM obsolescence
management tool to monitor the obsolescence of electronic components
(as described in Chapter 4). The company requires a fresh perspective by
combining this BOM external obsolescence management tool and PLM,
feeding the latter with a continuous flow of information coming from the
former. As described in Chapter 4, during the “Assess BOM Lists with
OM Procedures” process, the BOM obsolescence management tool helps
to monitor BOM lists proactively. The Product Lifecycle Management
(PLM) tool is used to manage the design subprocesses. Yet the project
management, supply chain management, and manufacturing and services
processes do not utilize either the PLM or the BOM obsolescence
management tool. When all processes migrate to the PLM, the workflow
can easily be followed by process owners.

The importance of PLM is that it enables control of all the processes,
managing the flow of information during the phases of project lifecycles.
Along with this, depending on their levels of authorization, process owners
from different departments have the ability to follow OM related issues.
Currently, the company does not use its PLM platform to integrate OM
related processes. The proposed extension of PLM, enables the company
to track electronic components as products’ parts in the processes, as they
move from one phase the product lifecycle to another.
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5.2 Establishment of the Company’s Preferred Part List and

Standardization of the Electronic Components Libraries

Currently, electronic components are recorded in the ERP, ECDTLS, PLM,
and registered in the BOM obsolescence management tool’s external
database. As such, information pertaining to a single component is
fragmented, and tracking is difficult, requiring the use of these different
tools separately. Moreover, this situation gives rise to redundancies,
duplications, and errors. It is therefore necessary to integrate this

fragmented component information.

In order to create the company’s PPL (CPPL) as an internal database and
tackle obsolescence issues, the first step for the standardization of
electronic component libraries is the classification and collection of
electronic components data from the internal systems (ERP, ECDTLs,
PLM) of the company and the external BOM management tool, as well as
from the external electronic component market (suppliers, distributors). It

is essential that process owners access this CPPL database.

Monitoring the frequency of usage of components can contribute to the
establishment of the CPPL. When alternatives of components exist, their
frequency of usage will show that a component is more preferred by
designers, which will make this component a “preferred part” to be

included in the CPPL.

Efficient management of electronic component data produced by the

company's processes is a critical success factor for the company.

Electronic component data are crucial inputs to the OM process. From the

beginning of the concept design phase to the manufacture of a product, the

usage frequency of the component needs to be managed with an OM

process for each system within the company. In that way, the CPPL
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database is updated continuously. In addition, the usage frequency of
categorized sets of electronic components in projects based on their
obsolescence status can guide future decisions. These decisions may
involve whether a given component category will still be procured after a
number of years, whether it is necessary to upgrade to a better technology,
or whether a design refresh plan should be undertaken. The usage
frequency can further play a significant role in bidding for projects as
explained in Chapters 2 and 4, and prevent future contract cost overruns.
The results of the usage frequency of components with regard to their OM
status should therefore be assessed, and the CPPL database must be

established based on the interpretations of those analyses.

The CPPL constitutes a digital portfolio of electronic components. The
CPPL contains the following:

1. Fundamental information on the electronic component on a
summary tab, such as Manufacturer Part Number (MPN), company
part number, brief description of the electronic component,
Original Component Manufacturer (OCM), distributor, electronic
component taxonomy path about its electronic component category
and complexity level, the EU's Restriction of Hazardous
Substances (RoHS) compliance, and lead-free data.

2. Logistical information on the electronic component (supplier
selection criteria, lead time, customs procedures and custom
clearance). The suppliers’ merger and acquisition policies in the
electronic component market are also monitored per category of
suppliers, and their news about components are also followed up
here. Taking this information directly from the external BOM
obsolescence management tool and from the company’s electronic
component suppliers, enables the transfer of information to
relevant process owners through the internal CPPL.
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3. Detailed parametric information on the electronic component
which contains electrical data and reliability data of the component
(such as voltage, tolerance, operating temperature, storage
temperature, failure rate, mean time between failure), and other
comparably important information in connection with the
component’s electrical elements.

4. Package information such as mounting information (surface mount
or through hole), termination style, case type, size, pin data, size,
weight, and other relevant information referring to the
component’s logistics.

5. Supplier packaging information such as bulk, tape and reel, and
other information relative to the component’s bind and bundle.

6. Manufacturing information such as manufacturing data about
maximum reflow temperature, reflow solder time, and other
information concerning the component’s fabrication.

7. Environmental, conflict minerals data, and chemical data on the
electronic component such as lead-free status of the electronic
component and EU RoHS compliance information, whether it is a
halogen free, waste electrical and electronic equipment (WEEE);
supplier status, EICC membership, item/sub-item mass data,
material types, and other complementary information with regard
to the component’s relationship with the environment.

8. Risk analysis information on the electronic component such as part
status (as an active, LTB, obsolete, NRND, preliminary phase of
the electronic component lifecycle); part lifecycle stage
(introduction, growth, mature, decline, phase-out, and
obsolescence), estimated years to-end-of-life (EOL), and other
corresponding information about the component’s lifeline.

9. Documents of an electronic component, such as datasheets of the
electronic components, design resources files such as the electronic
component diagrams enclosed within design tools, packaging
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10.

11.

12.

13.

14.

15.

16.

information, datasheets in HTML format, CAD models, catalog of
the family of the electronic component, picture of the electronic
component, error reports of the electronic component, problems
experienced with this component within the company, background
story of the components, and the reason to cease utilizing this
component as well as the search for its alternatives.

Application field categories of the electronic components in
systems, such as electronic cards for interfaces, radars, and
EMI/EMC filters.

Component quantities in inventory, and alternative component
availability information acquired from the electronic component
market.

Reasons why alternative components are used instead of obsolete
ones, Not Recommended for New Designs (NRND), LTB, and
their histories.

Information on which systems use the alternative instead of the
original component.

The phase of the CADMID project lifecycle the electronic
component is in, owing to the fact that other designers who will use
the component will benefit from knowing which stage or time
period the component is issued in the project lifecycle, and
knowing who utilizes this component in which part of a project.
PDN and PCN notifications from the CPPL are forwarded to
relevant process owners. PDN and PCN notifications are received
from suppliers and through searching the BOM obsolescence
management tool. The information resulting from such incidents
are transferred to the CPPL, enabling all concerned to access such
information about the component.

The information on quantities available in the company’s

inventory, as well as their alternatives.
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The CPPL must have the following properties:

a. A user friendly software interface that is easy and simple to use,

b. An electronic components’ properties filter, which includes, for
instance, electrical or reliability data, the information of series or
family of the components, part status (such as active, LTB,
obsolete, NRND, preliminary phase of the electronic component
lifecycle), number of logic elements or cells for FPGAs, number of
Input/Output (1/0) information of an FPGA, Number of Gates of
an FPGA, operating temperature, package case information, and
supplier package information of the filter, and other parallel
information to the electronic component’s distinctive
characteristics.

c. A “BOM Manager” page to facilitate uploading and managing the
company’s BOMs in a spreadsheet format. For instance, a page
unique to every project can be hosted below “BOM manager”
pages, accessible by all project managers and other process owners,
providing revision information of electronic cards within this
project. Subfolders for all assemblies and electronic cards can be
created under this project folder, all the way down to files
pertaining to the electronic components.

d. A document page, containing guidelines about electronic
components, new releases of documents, OM-related documents,
handbooks, and standards.

e. A comparison ability where various electronic components can be
compared against one another,

f. A forum where CPPL administrators and process owners can
communicate. This can also act as a platform for Frequently Asked
Questions (FAQs) where explanations and discussions about
electronic components can be displayed for reference. The
advantage of this forum is that when a project member experiences

92



a problem about a given component, the accruing discussions will
constitute valuable know-how visible to others using this

component.

At present, process owners are only able to exchange information with
regards to alternative and replacement components via e-mail. It would be
ideal for them to have the capability to do so through automatic alerts to
relevant process owners, putting an end to the difficulty of exchanging
such critical information through e-mail. The approach proposed in this
thesis enables to achieve this through PLM and CEP. With the help of the
proposed CPPL which is the interface to manage electronic components
used in the company, process owners can see the electronic component

recommended alternatives information whenever necessary.

There are various methods to obtain information on electronic components
used in designs as well as manufacturing. It is possible to obtain them
through component distributors or websites of component manufacturers.
This is information is obtained and updated by the obsolescence
management team, i.e. the process owners of the new obsolescence
management process. Thus, the electronic components in the CPPL will
include potential alternatives scanned and entered from these sources by
the obsolescence management team. This information will be used for
replacing the component if the original in the BOM list cannot be supplied
or found in inventory. With the use of the CPPL, the company can

proactively produce a solution to obsolescence problems.

As mentioned in Chapters 2 and 3, the defense industry lost its power over
COTS components, which account for more than 90 percent of the
company’s electronic components. This is due to the fact that COTS
components become obsolete rather quickly in the commercial electronic

market. In the CPPL, it is also necessary to monitor the market status of
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COTS components, and it is important to define alternatives for COTS

components.

Also, as mentioned in Chapters 2 and 4, it is crucial to monitor high
complexity components throughout the period extending from concept
design to manufacturing. The CPPL will enable designers to select
components based on the information contained in the CPPL during SCH

revisions or new electronic card designs.

When the company’s different types of contracts are taken into
consideration, the designer’s choice of component influences the whole
contract management process. It is therefore critical that electronic
component selections are made from the CPPL as early as the design
phase. Moreover, when an obsolescence problem is encountered related
with a contracted equipment while providing maintenance services, OM
solutions can be rapidly found from the detailed information contained in
the CPPL. In support logistic contracts, malfunctions in equipment
(products sold by the company to the customer) are related to the
designer’s choice of electronic component. This is also the case for
availability-based (PBL) contracts. The reason is that performance of the
product in such types of contracts is directly related to the reliability of the
system. All support to be provided during the in-service phase of the
products’ lifecycle will influence contract costs. As an example, the
optimization of maintenance and repair costs requires the prediction of the
failure rates in the system. It is therefore critical that component selections
are made from the CPPL, where relevant data is managed and refined

during the design process.
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5.3 Architecture of Complex Event Processing to Manage

Obsolescence

Complex Event Processing (CEP) is a technology for managing and
integrating information from distributed systems. The term was coined by
Luckham et al.(1998). CEP systems continuously collect data from various
sources about events within a company’s processes, and use algorithms
and rules to determine trends and patterns that combine them into complex
events. The findings are then sent to the appropriate process owners
(Leavitt, 2009). As such CEP is central to the integration of OM related
processes. It allows process owners to specify the information they need
and receive alerts in real time. There are several open source and
commercial tools for CEP (Top 20, Open Source and Premium Stream
Analytics Platforms, 2019; SAP, 2019).

The architecture proposed for CEP within the framework put forth in this
thesis is shown in Figure 5.1. It consists of event producers, an event
processor, and event consumers. Events refer to the movement of

processes over a predefined workflow.
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Complex Event Processing
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Figure 5.1 Architecture for CEP to administer OM processes in the

Company

Event producers are PLM, ERP, CPPL, and the BOM obsolescence
management tool. Event consumers are PLM, ERP, and “Dashboards and
Notifications” for process owners. The event processor is the integrator
between event producers and event consumers. It detects patterns,
relationships, trends, filters irrelevant events, enriches data and puts them

in context.

The company’s processes do not currently communicate with one another
in real-time for the purpose of tracking electronic components within the
framework of the CADMID lifecycle. In the proposed CEP system, the
electronic components registered and used in the ERP, PLM, ECDTLs,
and CPPL can be tracked, and with the help of CEP, events in these tools
can be interpreted into necessary actions as they occur in the real-time.

With the help of CEP, the company will be able to establish an operational
business framework in order to effectively interpret and administer
electronic component events in its processes.
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CEP enables instant tracking of components data. Considering that the five
main obsolescence management related processes of the company
(including the proposed new OM process) each constitute a cluster, it is a
necessity for the company to establish channels of communication among
these clusters. The CEP infrastructure unites these clusters, including the
new OM process, in order to ensure the integration among these processes
through a dynamic information flow. In other words, it is very critical to
have an exchange of information and establish consistent channels of

communication among departments of the five processes.

The event producers of this architecture include:

1. The company’s ERP system and its processes (including MRP)
which produce electronic component data.

2. The company’s PLM system through which relevant
subprocesses of the five main processes are transferred.

3. The BOM monitoring tool’s external database.

4. The CPPL as an internal database.

Event channel 1 is a processing element that receives events from the event
producers, makes routing decisions, and sends the input events unchanged
to the event processor’s target processing elements following routing

decisions.

The event processor hosts algorithms to calculate the results of these
events, providing an option to identify obsolescence problems while
monitoring business processes as well as critical resources of the company.
In the event processor, data from event producers acquire a context to find
unique and meaningful ways to explain complex events. The electronic
component supplier data are acquired from the ERP, the obsolescence data
are obtained from CPPL and the BOM obsolescence management tool, and
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the data of process owners in the workflow are acquired from PLM.
Accordingly, these data are processed by CEP algorithms and they obtain
a context, which has a unique meaning for the OM process owners of the

company.

The event processor transfers these processed contextual electronic
component data through event channel 2 to the event consumers. It
generates notifications on any potential obsolescence issue, including
which electronic cards or assemblies are, can, or even could be affected by
an obsolescence issue. This information is published on the event
consumer’s Dashboard and Notification interface as an alert for mitigation

and resolution strategies to be considered.

The purpose of CEP is to analyze and react to events to solve electronic
component obsolescence management problems by keeping process

owners up-to-date.

The following section describes the fourth element of this framework; i.e.
the “shell structure”, and describes the details of the new obsolescence

management process proposed in this thesis.

5.4 The “Shell Structure” and Obsolescence Management Process
The Shell Structure (Figure 5.2) aims to eliminate the OM related
communication and integration deficiencies in existing processes. It

incorporates the existing processes related to OM described in Chapter 4,

as well as the new OM process proposed in this thesis.
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Figure 5.2 Obsolescence Management Shell Structure

The Shell Structure was inspired by the protective shell of a shellfish,
which protects it from outside interference. Likewise, the Shell Structure
is to protect the systems, assemblies, and electronic cards produced and
maintained by the company throughout their lifecycles. This is also the
reason why each phase of a CADMID lifecycle is implemented. As
explained in Chapter 3, CADMID consists of the “Concept, Assessment,
Demonstration/Design, Manufacture, In-service, Disposal” phases. The
environment where the shellfish exists can be likened to the phases of the
CADMID lifecycle of products. The “Concept, Assessment,
Demonstration/ Design, Manufacture” phases can be considered as the sea
life of the shellfish; whereas the “In-service, Disposal” phases can be
considered as the land life of the shellfish. In this OM shell structure, the
company can safeguard the vitality of its products under the sea as in their
CADM phases, and on land as in their ID phases. The Shell Structure
preserves the vitality of existing processes, contributes to their endurance,

while at the same time increasing the quality of the lifecycle, performance,
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and reliability of products. The Shell Structure aims to act as a protector
of electronic components as project lifecycles make progress for the
purpose of preventing potential OM problems. It aims to protect the
company’s products as a shell with reactive and proactive strategies,
mitigation and resolution approaches for OM problems almost like a shell

protecting the pearl -the product- inside the shellfish.

Through the Shell Structure, the company can monitor its electronic
components in their environment. The term environment here refers to
each phase of the CADMID lifecycle.

To begin with, a CADMID lifecycle can be implemented for each main
process within the company. For example, the project management process
can benefit from each “environment” (i.e., phase) of the CADMID
lifecycle and use them to categorize its operations. Under the four main
processes, every subprocess within the company can use the phases of the

CADMID lifecycle to administer tasks undertaken as described below.

e The project management main process covers and governs all
phases of the CADMID lifecycle of a project, at the system,
assembly, electronic card and even electronic component level,

e The design subprocess of the R&D main process covers and
governs the CAD phases in the project lifecycles of the product,

e The manufacturing and services process covers the manufacturing
- the “M” phase - of the CADMID lifecycle of the product, as well
as the delivery management subprocess of the manufacturing and
services process, which is the in-field lifecycle of the system - the
“I” in the CADMID cycle,

e The supply chain management process covers the DM part of the
CADMID cycle.
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As shown in Figure 5.2, the Shell Structure consists of 5 processes: project
management, research and development, manufacturing and services,
supply chain management, and the new obsolescence management
process. The new OM process consists of the following three
subprocesses: the development of the Project Obsolescence Management
Plan (POMP), the development of OM Strategies, and monitoring of the
POMP.

The five main processes of the Shell Structure produce electronic
components data in real-time. OM as a Shell Structure enables the flow of
information with regards to electronic components to these five processes
through CEP.

The following sections describes the new workflow within the Shell
Structure enabling the detection of, making decisions on, and responding

to OM issues.

The workflow among the processes within the Shell Structure is shown in
Figure 5.3. This figure emphasizes the changes achieved by the framework
through the addition of the OM process and its integration with the four
main OM related processes. Thus, it shows the improvements in
monitoring obsolescence when compared to the current situation described
in Figure 4.2. The new workflow is described for each of the of the design
phases: the concept design phase (Section 5.4.1), the pre-design phase
(Section 5.4.2), and the critical design phase (Section 5.4.3).

The next section describes “The Concept Design Phase of the New OM

Process”.
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5.4.1 The Concept Design Phase of the New Obsolescence

Management Process

This phase includes three main processes: the development of the Project
Obsolescence Management Plan, the development of obsolescence
management strategies, and the monitoring of the Project Obsolescence

Management Plan.

5.4.1.1 The Development of the Project Obsolescence Management

Plan

In the concept design phase, the first step is to “Develop a Project
Obsolescence Management Plan” (POMP). The POMP manages the
obsolescence of all electronic components in a product. The main objective
of the POMP is to ensure that electronic components are available when
they are needed, including sufficient component quantities for
maintenance and repair services, and to avoid project delays and cost

overruns.

A POMP must be prepared for each project because the requirements of
each project are different from the concept design phase to the end of the
project disposal phase. Thus, the POMP must be applied from the
beginning of the concept design phase of the CADMID lifecycle, until the
end of the in-field life of the electronic product; i.e., the disposal phase. If
new components are included in the phases of the lifecycle, the POMP is

updated to include these components.

In order to achieve electronic component level obsolescence management,
the POMP must include all hierarchical levels of products, which are the

system, assembly, electronic cards, and the components levels. It is
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necessary for POMP to follow up electronic components in the project’s
CADMID lifecycle within the POMP timeline. All revisions on electronic
cards (SCH revision with PCB revision or SCH revision without PCB

revision) are followed through the POMP.

Each project has a CADMID lifecycle and the CADMID phases are used
to divide and control the POMP. Each electronic component of the project
also has its own CADMID lifecycle. The manufacturing, in-service and
disposal phases of electronic component are considered as “availability
phases of electronic components based on production volume” as shown
in Figure 3.1. Besides, “the availability phases of electronic components
based on production volume” is defined under six lifecycle phases, which
are introduction, growth, maturity, decline, phase-out and obsolescence.
The six lifecycle phases of electronic component are placed both on the
project’s CADMID phases and the POMP timeline. This nested CADMID
structure can be used to create timelines as reference points to schedule
and monitor POMP.

For example, during the concept design phase of the project, an electronic
component in its growth phase in the electronics component market is
included in the project. Furthermore, this electronic component is in the
category of high complexity. Over the years, the project has reached the
end of the manufacturing phase in its CADMID lifecycle. In the POMP
timeline, the project is in the manufacturing phase now. If at this point, the
electronic component has reached its decline phase, which means the
component is close to the obsolescence phase, the OM level of the
electronic component must be re-evaluated in the POMP. Therefore, OM

strategies will have to be updated for that component.
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Furthermore, the POMP must consider the effect of technological
developments in the electronic component market, and the technology
roadmap of the company as described in Chapter 3, especially in relation
to COTS.

In order to monitor and manage the POMP, it is necessary to create a set
of controls which can be carried out by obsolescence management

checklists which are documented in detail in the POMP.

The benefits of the POMP include the capability to address obsolescence
risks in the hands of the right process owner or the right business partner
at the right time and place. This includes improved communication with
subcontractors, support to subcontractors to develop their capabilities in
terms of OM, and developing OM strategies at the beginning of the project
lifecycle. Within the scope of the project, milestones are determined in the
POMP timeline for the electronic cards produced by the subcontractors.
The BOMs given to subcontractors are also audited with the obsolescence

management checklists periodically.

The development of the POMP consists of two subprocesses: the
“Categorization of electronic components according to each OM level”
(Section 5.4.1.1.1), and the ‘“Analysis of the Project for the Project

Obsolescence Management Plan” (Section 5.4.1.1.2).

5.4.1.1.1 Categorization of Electronic Components according to each

Obsolescence Management Level

In order to identify the scope of and the risks of obsolescence, which is
crucial for the POMP, electronic components must be categorized based

on their complexity levels as described in Chapter 2, and their levels of
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obsolescence in the project, which are reactive, proactive, and strategic

levels, as mentioned in Section 3.7.

1. Reactive Management Level (RML): Under the RML, first,
resolution strategies must be executed to provide prompt solutions
to obsolete components. According to the revision type and the
component’s obsolescence state, resolution strategies can be
defined under the POMP. For example, if an electronic components
is detected to be obsolete at the critical design stage, and the
alternative component is found to be compatible with the old
component's form fit function, then the CCA revision is required
only within the design subprocess. The obsolete component
information in the CCA document is replaced with the one that is
compatible to the original. The newly added alternative component
will continue to be monitored under its appropriate OM level in the
POMP.

2. Proactive Management Level (PML): At this level, critical
electronic components must be identified and classified according
to their criticality levels. Critical electronic components are

classified as:

i.  Critical electronic components that are at risk of becoming
obsolete,
ii.  Electronic components that will have insufficient quantities
after obsolescence to satisfy the expected demand, and
iii.  Critical components that will lead to problems if or when

they become obsolete.

107



After the identification of critical components based on the above three
categorizations, their actual obsolescence events are prioritized. For
example, during the process of “Assess BOM Lists with detailed OM
Procedures”, as shown in Figure 5.3, obsolescence studies are
performed under the OM process. Then, components at the risk of
becoming obsolete, NRND, or LTB as identified during the
examination of BOMSs, are sorted according to their levels of
criticality.  Accordingly, mitigation strategies and resolution

approaches are developed under the POMP.

3. Strategic Management Level (SML): The SML uses:

e Obsolescence data,

e Logistical data (such as supplier selection criteria, lead
time, and customs clearance of the electronic component),

e Technology forecasting and technology road mapping, and

e Demand forecasting, also known as business trending.

SML allows strategic planning, life-cycle optimization, and long-
term business case development for system support purposes.
Design refresh planning (DRP) is the most significant and common
approach in the strategic management of obsolescence. It
determines the set of refreshes that maximizes future cost
avoidance as described in Chapter 3. Technology roadmaps should
be identified, and these roadmaps are reflected by the company’s
internal targets, timing and budgeting limitations (Chapter 3).
When deciding OM strategies under the POMP, preparing review
lists for obsolescence issues in the project lifecycle is vital. Based
on the examination of BOM, whether or not DRP is required can
be established.
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Furthermore, taking the revisions of the electronic card into account,
affected processes and documents can be accessed by process owners of
the project. After that, OM levels are considered for selecting mitigation
strategies and resolution approaches depending on the revision type.
Replacing the electronic component due to revisions is a significant factor
in the calculations of performance using predefined performance criteria,
as discussed in Section 4.3.1 in “The Concept Design Phase”. Thus,
controlling and managing design revisions that may result from
obsolescence is a critical success factor that significantly affects project
performance and DRP. By virtue of the POMP, future obsolescence risks
can be identified, and strategies can be developed in a way that requires a

minimum number of revisions.

Another step of developing a POMP is to analyze the project information

to develop OM strategies for projects, which is discussed below.

5.4.1.1.2 Analysis of the Project for the Project Obsolescence
Management Plan

The process of ‘“Analysis of the project for POMP” is initiated
simultaneously with five inputs from the other four main processes. The

inputs from the four main processes involve:

1. The “Technical Specifications Document or Project Contract
Requirements Document” from the project management process,

2. The “System Requirements Document” from the system
engineering subprocess of R&D,

3. The “Hardware Design Architecture Document” from the design

subprocess of R&D,
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4. The “Hardware Design Document Package” from the design
subprocess,

5. The “Reliability Analysis Planning Document” from the safety and
reliability subprocess of R&D.

The “Analysis of the project for POMP” and “Categorization of electronic
components according to each OM level” results in the “POMP Document
Package” and “Obsolescence Analysis Data of BOM’s Critical

Components”.

Moreover, “Obsolescence Analysis Data of BOM’s Critical Components”
is assessed via the CPPL. If the electronic component is not included in
the CPPL (if it is a new component in the design), it must be defined in the
CPPL. The CPPL is also updated continuously through the BOM
obsolescence management tool as an external database. The CPPL checks
the obsolescence information of components through the use of the BOM
obsolescence management tool, and the websites of distributors or original
component manufacturers, and updates the component information in the
CPPL.

In the design subprocess of R&D, when “Initiate and Plan New Card
Design” begins, designers choose electronic components from the CPPL.
With the help of the CPPL, the company’s electronic components are
monitored against obsolescence because designers are able to use
electronic components which have active lifecycles.

The CPPL also contains the list of critical and high complexity electronic
components contained within the “Hardware Design Architecture
Document” and their possible future alternatives will be used in the design

subprocess. Obsolescence of FPGAs, LEDs, and connectors is critical for
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projects, and for that reason, obsolescence of such critical components is

dynamically monitored in the CPPL.

All revisions, meaning all modifications in electronic components
performed on electronic cards during projects, must constantly be
monitored under OM strategies, while additional OM approaches under

the POMP must be updated in relation to these components.

In terms of the revision state, if the second design state is necessary, which
is the schematic revision state with PCB revision, and especially if it is a
component that is a new alternative and undefined in the CCA document,
OM strategies can be developed within the context of the project. The
alternative component is also included in the project’s POMP. Further, the
reasons why the component is used as an alternative and its advantages for

the project must be included in the CPPL.

In electronic component replacements with the SCH revision state without
PCB revision, as in the case of Pin-to-pin compatible (form-fit-function)
alternatives, POMP documents such as OM strategies reports, the BOM
obsolescence management report and OM strategies need to be updated
with regards to the newly-added replacement component’s obsolescence

management strategies.

It is critically important for the company to keep track of revisions in
existing designs, electronic cards, assemblies and systems with regard to
OM in conjuntion with a Design Refresh Plan (DRP), as well as to develop
a technological roadmap and plan accordingly. Without an OM process for
monitoring component replacements due to SCH revision with or without
PCB revision, which are often caused by obsolescence, there will be grave

problems that increase exponentially as described in the example presented

111



in Section 4.4. Design refresh dates need to be established and monitored.
If DRPs are managed and controlled in an efficient manner, SCH revisions
with or without PCB revisions can be avoided proactively, and hence
future problems in the supply chain, and system engineering processes can

be avoided.

Electronic component changes in BOM’s and CCA documents can be
monitored via DRPs, because the history of CCAs show the revision
histories of the designs. DRP recommendations and calculations of
performance are also conducted based on past information of revisions on
electronic cards. Revisions performed based on cost calculations and
obsolescence have significant impact on the cost of design. With OM in
place, there would be less revisions; hence, by using a DRP, it will be
possible to engage in a design refresh before it is too late and prevent the

possibility of failing to find components to replace the obsolete ones.

Furthermore, to determine a suitable obsolescence strategy under the
POMP, projects must be analyzed according to contract types stemming
from the project management process. Contract types can be classified
according to their clauses and characteristics related to safety and
reliability requirements, warranty periods, in-field life of projects, and risk
assessment - high risk to low-risk projects, cost of the projects, value gains,

and manufacturing volumes.

The company's in-field products require high sustainment costs, such as
the cost of operating, maintaining, and supporting a fielded system during
its long field life due to the nature of military systems. The OM clauses
currently used in contracts (Chapter 2) are not adequate, as the contract

management subprocess is unable to determine the scope of OM and use
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it to estimate contract costs. OM clauses are not prepared according to the
POMP at the beginning of CADMID.

Within the scope of the POMP, OM related costs can be estimated more
accurately, due to the fact that the warranty period is also part of the
POMP. Hence, the company is adequately prepared for the risks arising

from the obsolescence of electronic components.

Besides, defense companies worldwide are now shifting towards
Performance Based Contacts (PBL), and the capability analysis of
projects, and due to that reason, the reliability analysis of electronic
components has become crucial. Since the company has a built-in
infrastructure for PBL contracts with the help of POMP, the company can

meet the high performance (reliability) criteria defined in such contracts.

High-reliability systems require comprehensive and detailed performance
studies and analyses. The requirement of high reliability increases the cost,
and thus has a direct impact on the chances of being awarded a bid. In this
matter, the POMP can be used to predict the total project cost more
accurately. Furthermore, with the help of analyzing the contract types,
obsolescence-related clauses can better be determined under the POMP,
total product costs can be reduced. Likewise, by identifying alternatives
for critical components under the POMP, it is possible to reduce total

product costs.

For instance, when the company develops an obsolescence
strategy/approach for each component under the POMP, the number of
components to be used in the project can be estimated more accurately.
Additionally, this method can prevent the purchase of excess components

for the maintenance and repair services of the project. Therefore, the initial
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overestimation costs can be avoided. On the other hand, taking into
account such analyses for contracts, the whole life cycle cost of the project
can be anticipated more accurately based on the duration of the project,

and the technical specifications included in the contract type.

Moreover, to determine a suitable obsolescence strategy under the POMP,
projects must be analyzed according to the production volume of the
systems, which is determined by the production planning subprocess.
According to production volume, the MRP is used for buying electronic
components and deciding OM strategies such as Life-time Buy (LFTB)
and Last Time Buy (LTB). Besides, the production volume, and the type
of contract and its clauses contained in the POMP enables the management
of supplier relations. Based on such analysis of the project, mitigation
strategies, such as partnership agreements with suppliers, as described in

Chapter 3, are implemented where necessary in the POMP.

Another important consideration when developing an OM strategy, is the
determination of when and where an electronic component is used within
a system, including its use in ongoing projects and their assemblies as well
as electronic cards. Movement of electronic components within projects
makes it difficult to see where they are in terms of the CADMID lifecycle
phases, or in which obsolescence state they are in the life cycles of each of
these complex systems. As the completion and fielding of projects take
many years, electronic components should be monitored in each phase of
product lifecycle of each projects in real-time in order to identify the risks
of obsolescence.

As mentioned in Section 5.4.1.1, the six lifecycle phases of electronic

components are placed on the project’s CADMID phases on the POMP
timeline. This nested CADMID structure can be used to create timelines
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as reference points to schedule and monitor POMP. The CADMID
lifecycle in Figure 5.4 represents the system lifecycle of the product, as
well as nested CADMID sub-system lifecycles for electronic cards used in
assemblies and systems, and the electronic components of these cards.
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The arrows in Figure 5.4 represent the continuous flow of electronic
components in each CADMID phase. The electronic components for the
company’s products are procured for projects and recorded in the ERP
system at the beginning of the project life cycle. As they used, they are
deducted from inventory. However, in the CADMID cycle of the product,
the CADMID cycle of these components is unknown. Therefore, it is

crucial to track the nested lifecycles of projects.

When ordering electronic components for the project, evaluating and
monitoring the project phases and the component's own lifecycle phases
will play an important role in the procurement process. If the CADMID
lifecycle of the project and components’ lifecycle during procurement are
managed on the timeline of the POMP, the OM information of the

components in the procurement subprocess can also be monitored within
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the scope of the project. In this way, the procurement subprocesses of the
company are strengthened. Thus, the company’s bargaining power for
components clusters to be purchased is increased. Project’s lifecycle
phases also determine the inventory quantities of electronic components,
and their follow-up enables the reduction of the inventory holding costs
due to overstocking, as well as the costs incurred due to the unavailability

of components.

5.4.1.2. Development of Obsolescence Management Strategies

OM strategies are developed according to the hierarchical levels of
projects (i.e. system, assembly, electronic card, and electronic component
levels), the categorization of electronic components according to each OM
level, and the analysis of the project for POMP. The OM strategies of the
project must be updated in the “POMP Document Package” as shown in
Figure 5.3. So long as the BOM list is generated following the schematic
design during the critical design phase, it is possible to develop OM
strategies in relation to any component, taking into account the issues and
criteria described in Section 5.4.1.1 for the development of POMP.
Strategies must be updated in the POMP Document Package (POMP DP)

in all phases of the design subprocess.

5.4.1.3 Monitoring the Project Obsolescence Management Plan

In order for the POMP to be sustainable, electronic components must be
monitored constantly. CEP is used for monitoring the obsolescence sate of

electronic components and posting alerts to relevant process owners.

Furthermore, the monitoring of supply chain, and manufacturing processes

of electronic cards by subcontractors provide inputs to the POMP. In order
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to avoid the risks of the joint ventures with subcontractors, supply chain
management, manufacturing and services, and design R&D processes
must be managed through an obsolescence perspective to provide inputs
for mitigation and resolution options in every phases of the lifecycle of
products. The OM of electronic components and requirements arising from
supply chain activities with subcontractors must be determined, and OM
checklists must be prepared to control subcontractors. The checklists must
include the procurement activities of the supply chain management
process, and OM information of electronic components must be collected
and monitored through these checklists. This also necessitates the
continuous review of the BOM lists given to subcontractors. OM
checklists are included in the POMP.

As explained in Chapter 2, the company supports and guides its
subcontractors, including the exchange of electronic components between
the two companies. With the application of the POMP subcontractors can
be provided with early assistance regarding component obsolescence
strategies, thus reducing obsolescence risks and project delays.

5.4.2 The Pre-design Phase of the New Obsolescence Management

Process

The pre-design phase begins with the “Update POMP” process. When a
new component is added to the project in the pre-design phase, it is
evaluated in the POMP, and added to the CPPL database. The “POMP
Document Package” has all the plans and strategies for obsolescence
management of the project. At each design phase, it is used to update the
POMP of the project.
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At the beginning of the pre-design phase, the POMP is updated according
to “Hardware Design Requirements and Pre-design-11”. The checklists of
the POMP begin to take form in the process of “Update POMP”.

The elements of the “Hardware Design Requirements and Pre-design-11”’
document also includes the pre-design reliability analysis output of the
safety and reliability subprocess. For this reason, during pre-design, using
the safety and reliability analyses information of components integrated
until this phase can solve potential POMP issues in the system, or can also
trigger the re-assessment of these component during the pre-design phase.
The “Review Pre-design According to Reliability Requirements” safety
and reliability subprocess in R&D is carried out in conjunction with the
CPPL administrators. After completion of the review of the POMP at the
pre-design phase, the POMP is updated in the “POMP Document
Package”.

5.4.3 The Critical Design Phase of the New Obsolescence Management

Process

The critical design phase begins with the process of “Assess BOM Lists
with detailed OM Procedures” under the new OM process. During this
process, OM strategies are formed based on the inputs from other four
main processes. Inputs of this new process include the following as shown

in Figure 5.3:

1- “POMP Document Package”,

2- The BOM data of the schematic,

3- Analysis of BOM in terms of manufacturing and services process,

4- Analysis of BOM in terms of supply chain management process
and cost comparison activities on electronic components from

suppliers.
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During this process, all electrical components in the schematic are checked
against an obsolescence status. The inputs to this process come from the
“Analysis of BOM in terms of manufacturing and services” subprocess
from Manufacturing and Services, and “Analysis of BOM in terms of
supply chain management” subprocess” from Supply Chain Management.
If new components are to be added or removed from the BOM, it must be
done in “Review Schematic” and “Assess BOM Lists with OM
Procedures” subprocesses in R&D. When a new component(s) is added to
the BOM in the “Design Schematic”, it will be evaluated in the OM
process and then added to the CPPL database. During the subprocess of
“Collect Electrical Stress Information of Components” under the safety
and reliability subprocess, process owners check the electronic

components data related to reliability from the CPPL.

As stated in Chapter 4, ECDTLs are currently only checked every six
months. With the new OM process, the CPPL administrators constantly
monitor the components and perform checks on ECDTL libraries.
Moreover, the existence of pre-defined OM procedures under the OM
process requires BOM control during the subprocess of “Assess BOM List
with detailed OM Procedures”. In line with these pre-defined OM
procedures, the BOM is controlled via a checklist over the POMP.
Concurrently, the alternatives to be defined in the CCA documents need to
be checked at this phase. If there are alternatives outside the CPPL
identified by the designer, these alternatives must be evaluated by the
subprocesses of both manufacturing and services, and supply chain
management processes. The selected components are then registered in the
CPPL. As the components can be queried by relevant process owners over
the CPPL, OM-related information on the components is shared by all

concerned.
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If the subprocess of “Assessing BOM with detailed OM procedures" (in
the new OM process) provides an appropriate result, outputs of this
process form the “BOM Obsolescence Analysis” data as well as the “BOM
Obsolescence Analysis Document - II”. These become inputs, in addition
to the element of “Reliability Analysis Document” from the safety and

reliability subprocess, to the “POMP Document Package”.

After updating the “POMP Document Package”, the process of “Analyze
POMP and Develop OM Strategies” begins under the new OM process.
During this process, BOMs in the systems, assemblies, and electronic
cards of the project are analyzed within the scope of POMP. For instance,
if a component is identified by the OM process at high risk of becoming
obsolete (such as at the mature phase of its production volume in the
market), then OM strategies will guide actions that follow as discussed in
Chapter 3. The output of this process are “OM strategies”. The outputs of

this process are also included in the “POMP Document Package”.

As mentioned in Chapter 4, a comparison of the components based on their
years to end-of-life (EOL) properties is performed for the schematic
design. However, the information is only stored in the “BOM
Obsolescence Analysis Document”. For example, obsolescence risks can
be high for a component in its maturity phase, which should be monitored,
but is not. With this new OM process, components in their maturity phase
will constantly be monitored in the CPPL, and CEP notifies and alerts
relevant process owners on modifications pertinent to the component, and
incoming LTB information. In that way, process owners in system
engineering, project management, and supply chain management can
reach up-to-date information about the component and act in accordance
with the POMP.
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The “Initiate Procurement Process for Electronic Components Non-
Transferable from Inventory to Project” subprocess of the design process
triggers the subprocess of “Start Procurement Process for Electronic
Components Non-Transferable from Inventory to Project” in the supply
chain management process. If alternative components are available in the
market, their procurement is started. The “Procurement of Electronic
Components” data is included in the “POMP Document Package” and also
stored in the CPPL. If there are no components available in the market,
the subprocess of “Search for Alternative Components” begins under the
OM process. Alternative components are sought from internal and external
electronic component databases. External electronic component databases
are reached through the company’s external BOM Monitoring Tool, and
the websites of electronic component suppliers and distributors.
Alternatives are selected by the designers. The alternatives are added to
the “POMP Document Package” and the CPPL.

As described in Chapter 4, during the procurement subprocess of supply
chain management, designers are consulted on whether there are
alternatives with shorter lead times in place of the components with longer
lead times in the BOM. With CEP and the CPPL, an exchange of
information is ensured about the manufacturers, distributors, and lead
times of components. That is how failures in the communication between
designers and supply chain process owners can be avoided, as they will be
able to make earlier and more informed decisions about components. Lead
times of components can be noticed much earlier, and alternatives can be

designated faster.
The electrical stress values (voltage, current, temperature) of components,

the BOM data are sent from the “Collect Electrical Stress Information of

Components” to “Assess BOM Lists with OM Procedures” (a subprocess
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added to R&D) for the purposes of reliability prediction analysis. Project-
based records on the reliability prediction analyses from each different
BOM will remain unique even when different projects involve different
types of components. This means that even though components on the
circuits can be the same in various systems, the electrical stress values in
the circuits will be different and show different electrical characteristics.
Consequently, the project-based reliability prediction analyses should be
recorded in the CPPL separately for each BOM. POMPs must be shaped
by components in projects, whereas OM strategies should be shaped by
reliability prediction analyses. At this stage, the OM process owners must
co-operate with those in the safety and reliability process while refreshing

the POMP document package.

Once the “Hardware Verification” process in R&D is complete, the
prototype card design, manufacturing, reliability documents, and
documents on other processes are approved, the decision about “Mass
Production” has to be made. If the answer is “Yes”, the process of “Start
Manufacturing” is initiated under the “manufacturing and services”
process for the verified electronic card. The output of the subprocess of
“Start the Manufacturing Process” is the “Electronic Card Production”
data. This data is an input of the “Analyze Card Production Volume
Decision for POMP”. During this process, the production volume is
analyzed for POMP, and future OM strategies are considered according to
the production planning subprocess under the manufacturing and services
process. Based on the MRP results from the production planning
subprocess, OM strategies are updated during the process of “Update for
OM Strategies”. The outputs of the “Update for OM Strategies” are
included in the POMP DP.
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In the proposed OM process, new alternatives must be defined for obsolete
or obsolescence threatened components in the BOM. While identifying
alternatives, priority should be given to components in the company

inventory and then to those registered in the CPPL.

Depending on the design state, the POMP is developed or updated. Within
the context of the project’s contract management and system requirement
specifications, the POMP DP is a vital document package that should be
controlled and updated dynamically during each design state, with the
contributions of the five main processes. This POMP Document Package
will be valid from the project’s concept design until its disposal. For this
reason, the POMP should constantly be kept up to date with review

checklists.

5.5 Discussion

The existing processes of electronic product development and the
electronic components used throughout their subprocesses (as described in
Chapter 4) are currently not being monitored along the CADMID lifecycle
of projects. This, as a consequence, gives rise to planning errors and loss
of time measured in months for projects, resulting in monetary losses. The
mismanagement of electronic components, and the additional costs fueled
by the lack of OM procedures directly focusing on electronic components
lead to a situation where the costs of design, manufacturing and services

as well as supply chain exceed what was planned in the beginning.

In light of the shortcomings described in Chapter 4, the framework
integrates processes where electronic components are monitored, checked,
and tracked at each phase of the lifecycle throughout the project duration.

The framework encompasses the extension of PLM, the formation of
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CPPL, the introduction of CEP, and the Shell Structure with the new OM
process. The new OM process as part of the Shell Structure is to operate
alongside the main four OM related processes. It covers all electronic
components for obsolescence monitoring and control, and hence the
determination of reactive, proactive and strategic OM levels, and OM
strategies. In order to achieve this, it is necessary to develop a POMP with
detailed and realistic estimates of OM risks in electronic components, so
as to cover nested CADMID lifecycles of the project, from the Concept
phase to Disposal.

Within the framework, another imperative requirement has been identified
as the lack of a confirmed and standardised company’s preferred part list
(CPPL) for electronic components. Beginning with the concept design
phase during product development, the CPPL constantly manages and
monitors electronic components, and ensures the progressive utilization of
components in their maturity or near obsolescence phase, based on
production volume. Currently, for electronic components that are in their
maturity phases, registered as active in the production volume curve, and
with fast approaching PDN and LTB notifications, it is possible to
overlook their discontinuance. By creating an internal CPPL, it is possible
to continuously update and manage electronic components through the
OM process.

The OM focused framework enables interdisciplinary bonds among the

main processes of the company through the Shell Structure.

5.5.1 Breaking Barriers with an Obsolescence Management Team

To manage the OM process activities, an “Obsolescence Management

Team” (OMT) must be established.
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The OMT uses the following tools for managing the OM process:

1. ERP,

2. PLM,

3. CPPL as an internal database,

4. BOM Monitoring Tool as an external database, and

5. Complex Event Processing (CEP).

Departmental silos are known to be troublesome for a majority of
organizations regardless of their size. Considering the enormous size of
the company, the integration proposed by this framework can be
challenging. The OMT acts as catalyzer to destroy the silos and resolve

communication deficiencies.

OM as a Shell Structure must achieve good inter-departmental interaction
and collaboration. The exchange of information and cooperation between
the OMT and the process owners of other OM related processes is certainly

a critical aspect of the proposed framework.

Individual undertakings to mitigate the risk of obsolescence leads to lack
of transparency and communication described in Chapter 4. Obsolescence
management strategies should be carried out with the contributions of all
departments. The problems associated with obsolescence must be
managed by the OMT, and the strategies/approaches must be determined

collaboratively.

Top management must support the implementation of an obsolescence
management plan and form the OMT that manages, coordinates, controls,
and evaluates obsolescence management activities within the company.
This team should include design engineers, manufacturing and planning,

safety and reliability, and finance experts, business analysts, data science
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specialists, supply chain specialists, and personnel with an R&D
background who are also experienced in business administration as well

as project management.

In order to decide which obsolescence management strategy/approach will
be applied in the design phase, a hardware design engineer must be part of
the OMT for technical expertise in electronic card design. This OMT
member will review BOM data and evaluate it in terms of design
requirements. Furthermore, this member should monitor the alternatives
used in BOMs and alternatives in the CPPL by communicating with the

card’s designer. This monitoring is kept up to date by use of the CPPL.

The CPPL is formed and managed by the OMT in the company. On the
other hand, the management of the CPPL is performed in conjunction with
the Design Department with inputs from safety and reliability engineering,
system engineering, manufacturing and services, and supply chain
management processes. All electronic components are controlled with the
help of these processes. The obsolescence mitigation and resolution
strategies are unique to each project based on their scope. Although the
CPPL covers all component and obsolescence information, all the

project’s process owners must be involved when the POMP prepared.

The OMT needs a team member from the manufacturing and services
process to take necessary precautions. For instance, technical expertise is
essential for the heat treatment of the alloys of components, or the rework
of components on electronic cards. This technical expertise will also
increase the safety and reliability when a printed circuit board (PCB) is

assembled in the device.

126



The production planning engineer has the vital role of deciding to make
the final purchases of obsolete components, or bridge buy decisions, or

deciding the quantity of components needed in the future.

It is necessary to assess the effects of obsolescence on the total cost of the
project, especially to manage contract processes during bidding.

Therefore, a member from the Finance Department must be in the OMT.

Business analysts play a central role in ensuring the harmony between the
capabilities of information technologies used in the OM framework and
the needs of the company's departments. A business analyst can act as an
interpreter by collecting and evaluating the information requirements of
departments, and undertaking the business analysis activities according to
the OM process.

There is a need for a data science specialist to process the collected
component usage data and to extract component information from the
various internal databases. These component usage data sets consist of
customer feedback, after-sales services, and component usage data
patterns within the company’s processes. Consequently, a data science
specialist can develop predictive models, using data mining models based
on these data sets. The data science specialist will work closely with
designers and planners, and achieves collaboration with project
management and the company’s R&D teams regarding components’

technical information.

The supply chain specialist coordinates the supply chain activities related
to committing the company resources to purchasing components,
developing supplier relations, developing bid packages, proposal analysis,
and developing contracts according to reports from data analysis. Besides,
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the supply chain specialist is key when making partnership agreements
with suppliers on critical components by measuring and reporting key
performance indicators from component data extracted and analyzed from
multiple sources in the company. This role is responsible for developing
and executing supply chain plans for the obsolescence management
process, and also improving supply chain’s operational goals taking into

account obsolescence issues.

Formal policies and procedures are necessary in order to ensure the
implementation of the OM framework. The following section discusses

OM policies and procedures.

5.5.2 Obsolescence Management Policies and Procedures

In order for the company to implement the new OM framework, formal
policies and procedures are required. Top management needs to establish
and approve new policies and procedures, supporting and enforcing the

framework to ensure its adoption and operation in the company.

Policies should enforce the development of POMPs for each project as

well as the implementation of OM strategies.

Procedures must be established for the formal workflow for OM, and the
responsibilities of process owners in the Shell Structure. Procedures are
also needed for the management of CPPL, PLM and CEP.

5.6 Conclusion

This chapter has described the extension of the Product Lifecycle

Management (PLM) scope in the company, the establishment of the
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company’s preferred part list (CPPL) and standardization of the electronic
component libraries, complex event processing (CEP) to administer the
obsolescence management process, and the concept of obsolescence
management through a Shell Structure. These are the elements of the OM

framework for the company.

The implementation of this framework requires the establishment of an
interdiciplinary OMT. Currently, OM issues are dealt with by a small
group under R&D. lIdeally a new unit as a line function must be formed to
manage and coordinate OM activities.

This framework also necessitates the development of formal policies and

procedures that set and enforce the mechanisms for OM.
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CHAPTER 6

CONCLUSION

6.1 Overview of the Obsolescence Management Framework

Electronic components are used almost in all projects of the company and
can be seen as the building blocks of the company's products. Therefore,
the obsolescence management of electronic components must start at the
concept design phase of the CADMID lifecycle, and be integrated with the
other processes, which are project management, research and
development, manufacturing and services, and supply chain management.
Undetected obsolescence issues, especially during the initial phases of
project lifecycles lead to failure in enforcing resolution approaches or
mitigation strategies in time, and hence give rise to a snowball effect that
can give rise to monetary losses reaching millions of dollars even in a
single project. More importantly, attempting to only reactively resolve
obsolescence issues is an open invitation for irreversible time losses. Thus,
the company must administer each project through an obsolescence

management perspective.

The framework proposed in this thesis puts forth the extension of the PLM
scope in the company, the establishment of a CPPL and standardization of
electronic component libraries, the introduction of complex event
processing to detect obsolescence and alert relevant parties, and a Shell
Structure, (including the new OM process), that unifies all OM related
processes within the company. The above stated elements of this
framework enable the company to integrate OM activities and develop OM

strategies to cope with obsolescence.
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6.2 Implications of the Obsolescence Management Framework

Products in the defense industry are often complex systems, developed a
maintained through elaborate and complicated business processes.
Throughout these processes the obsolescence of electronic components
must be managed like “clockwork™ during the CADMID phases of
projects, starting from concept design to the product’s in-field phase, until
its disposal. With the extension of the scope of Product Lifecycle
Management (PLM) in the company, it is possible to keep records of each
process as well as the role of project members in each project. Through the
extension of PLM, which was formerly only used for design processes, to
all processes of the company, integration and traceability is achieved.

The establishment of the CPPL and the standardization of all component
libraries eliminates duplications and redundancies in the existing libraries
of the company (ECDTLs and ERP). The lack of a CPPL prevented the
accurate determination of obsolescence threatened components. The CPPL
enables all historical data related to any component to be accessed, as well
as information on alternative components. Once an alternative is
designated for a component with the new CPPL integration, designers
using the component are able to access information about the alternatives
specified by other designers, saving precious time which would be wasted
on a tedious search for a viable alternative. In conjunction with this, the
CPPL allows process owners to quickly respond to any modification or

discontinuance notification of an electronic component.

The extension of PLM and the establishment of the CPPL also enable
better project management. For instance, contract requirements can be
determined more precisely in light of the knowledge of the CADMID

lifecycle phase in which electronic components are, signaling future
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obsolescence issues. Moreover, this will affect the maintenance and
service contract clauses, and the cost of services to the customer. A better
determination of these costs will give rise to advantages when the company

is bidding for new projects.

Complex Event Processing (CEP) enables process owners in project
management, research and development, manufacturing and services,
supply chain management, and obsolescence management to be alerted
about the status of electronic components. The algorithms in complex
event processing use data from the company’s ERP, PLM, CPPL and
BOM Obsolescence Management tool, including manufacturing analysis
of the electronic cards, system engineering, and safety and reliability
analysis. Dashboards and obsolescence notifications are created to warn
relevant process owners, who can then develop OM strategies to reduce

the impacts of obsolescence.

The new Shell Structure enables the protection of electronic components
used in products, comparable to that of a shellfish protecting the pearl at
its core. Regardless of the phase of lifecycle they might be in, electronic
components are continuously monitored, potential risks are identified, and
future losses are minimized, as the company is able to foresee

obsolescence risks and manage them accordingly.

As mentioned in the obsolescence management example in Section 4.4,
currently obsolescence issues can remain unresolved for a year, giving rise
to irreversible delays and costs. The proposed OM framework enables
obsolescence problems to be recognized in real-time, and the detected

problem is automatically shared with relevant process owners.
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In the current situation, even after receiving a notification about the
obsolescence problem, it took weeks to identify which electronic cards
used the obsolete component, and notify all designers who used this
component in the electronic cards in their projects. With the new
framework, for example, if an alternative component is required for 30
electronic cards out of 80 electronic cards, this issue is immediately
relayed to the relevant process owners through CEP. It will no longer take
weeks to investigate who is responsible for which electronic card and reach
the relevant process owner as mentioned in Chapter 4. Furthermore, if an
alternative component has already been defined in the CPPL, it can be used
directly. In other words, instead of searching for a suitable alternative
component for weeks or days, an alternative component that has been
approved and included in the CPPL can be used. This means that the
investigation for a suitable alternative is reduced from weeks to days.

Currently, sending obsolescence information to all designers using the
component consists of sequential steps. First, obsolescence information is
obtained from the company’s ERP, and all relevant process owners are
identified. Then, an obsolescence alert is transmitted to the relevant
process owners through e-mail. Now, with CEP, obsolescence alerts can

be sent automatically in real-time.

Presently, obsolescence issues are often realized by chance. With the new
OM framework, it is now possible to follow-up each of the company's
approximately 12,000 electronic components, and monitor critical
components at risk of obsolescence. Hence, proactive obsolescence
management strategies can be adopted, significantly reducing the negative
impacts of obsolescence on time and cost. Such monitoring is also likely
to reduce the need for design refreshes, which is a time consuming and

costly activity.
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The framework also affects the company’s relationship with its
subcontractors and suppliers. Under this new framework, obsolescence
information can proactively be shared with subcontractors, including
information on critical components obtained by measuring and reporting
key performance indicators from component data extracted and analyzed
from the company’s multiple data sources. This can also change
relationships with suppliers positively, affecting the partnership
agreements with suppliers. Moreover, a preferred supplier list can be
established to be used in supply chain planning and execution in relation
to obsolescence management, facilitating the procurement process.

The OM framework requires the establishment of an Obsolescence
Management Team. This team must be cross functional. It must involve
representatives from design, manufacturing and planning, supply chain,

safety and reliability, business analysts, data scientists, and finance.

6.3 Limitations of the Obsolescence Management Framework

The implementation of this framework requires top management
acceptance and support. Formal company policies and procedures related
to the extension of PLM, the establishment and use of the CPPL, the flow
of processes within the Shell Structure need to be developed and approved.
Visible top management support will enforce the new policies and
procedures and potentially reduce resistance to change.

The quality of data is of paramount importance for the success of this
framework. Therefore, the consolidation of existing component libraries,
the creation of the CPPL must be conducted with great care. The data
collected from internal systems of the company (such as ERP, ECDTLYS)

must be analyzed carefully to determine the usage frequency of electronic
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components when establishing the CPPL. Also, the CPPL must be user-

friendly to facilitate its adoption and reduce resistance to change.

New software tools are required for CEP and the CPPL. CEP software is
available commercially, but must be integrated with the company’s
existing systems. For the CPPL, the required software can be developed
in-house, as the company has the required expertise. Budget allocation for

these must be undertaken by top management.

Access authorizations to obsolescence information must be formally
controlled for the OM framework: which process owners can input data
and under which circumstances, who can update the data and information,
who can only receive information must be determined. Similarly, the
recipients of CEP alerts (i.e. event consumers) must be defined carefully.

Any omissions will jeopardize the integration sought by the framework.

The establishment of an OM unit and its place on the organization chart
must be decided. One option would be to place this unit as part of the R&D
Department, since the processes in the design phases are the most affected
by obsolescence. Further, the job definitions of members of the OMT must

be prepared.

The proposed OM Framework brings change in the way OM related
processes are carried out. This change process must be carefully managed
in order to cope with the resistance. A change agent preferably from the
OMT can be appointed by top management during the transition to the OM
Framework. Top management support is the essential to deal with

resistance to change.
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6.4 Recommendations for Future Work

Obsolescence cost drivers are an important element for the company when
selecting obsolescence management strategies. Future research can focus
on developing models that enable the determination of the most cost

effective obsolescence management strategies.

Another area for future research involves the determination of CEP
algorithms that create contextual data used to alert process owners about

the obsolescence issues of electronic components.

As mentioned in Chapter 3, the UK and US have national standards
covering the management of obsolescence in the defense industry. These
standards facilitate and describe obsolescence management for defense
companies. In this study the OM Framework is based on the CADMID
lifecycle put forth by the UK Ministry of Defense standards (2006). But
the framework is specific to the workflow of a particular company, and as
such covers the company level. In Turkey, there are no national standards
to guide other defense companies for the resolution of obsolescence issues.
It would be beneficial to carry out research to form standards at a national

level.
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APPENDICES

A: TURKISH SUMMARY / TURKCE OZET

BIR SAVUNMA SANAYI SIRKETI iCIN TEMINSIZLIK YONETIM
MODELI

Bu tez, biiyiik oOlg¢ekli bir savunma sanayi sirketinde, elektronik
malzemelerin teminsizlik yonetimi (TY) ile ilgili siire¢lerinin analizini
sunmaktadir. Bu siiregler sunlardir: Proje YoOnetimi, Arastirma ve
Gelistirme, Uretim ve Hizmetler ve Tedarik Zinciri Y&netimi. Bu ¢alisma,
mevcut teminsizlik problemleri ve sirketin bunlar1 ¢6zmek igin reaktif
yaklagimi  agiklamaktadir.  Elektronik  malzemelerde teminsizlik
sorunlarini azaltmak ve ¢ézmek i¢in yeni bir teminsizlik yonetim modeli
sirket icin Onerilmistir. Model, {riinlerin yasam dongiisii boyunca,
teminsizligin olumsuz etkilerinin azaltilmasimn1 ve dahast mevcut
stireclerde iletisim ve entegrasyon eksikliklerinin  giderilmesini
hedeflemektedir. Bu model; “Uriin  Yasam Dongiisii  Yonetimi”
kapsaminin genisletilmesini, sirket genelinde “Tercih Edilen Parga
Listesinin  olusturulmasmmi” ve mevcut elektronik  malzeme
kiitiiphanelerinin ~ standartlagtirilmasini,  teminsizlik  yonetimi  igin
“Karmagik Olay Isleme nin baslatilmasini ve yeni bir teminsizlik yonetimi
stirecinin, sirketin teminsiz elektronik malzemelerle ilgili tiim siireglerini

birlestiren bir “kabuk yapis1” i¢inde kurulmasini onerir.

Teminsizlik, elektronik malzemelerin iriin yasam dongiilerinin sona

ermesi nedeniyle orijinal {reticilerinde bulunamamasidir (Sandborn,

141



2012). Elektronik malzemeler savunma sanayi sirketlerinin {riinlerini
olusturan en kii¢iik birimler olduklar1 i¢in, elektronik malzemelerin
teminsizligi, orijinal malzeme treticileri tarafindan tiretilmedikleri veya
elektronik malzeme pazarinda bulunamadiklarinda, teminsizlik yonetimi
(TY) sorunlar1 yaratir. Elektronik malzemelerin bulunamamasi, sistemleri
tiretirken ve siirdiiriirken teminsizlik sorunlar1 yaratir. Tasarim, tiretim,
planlanan destek omrii ve sistemlerin ongdrillemeyen Omiir uzatmalari
savunma sanayinde wuzun bir siireci kapsadigindan, elektronik
malzemelerin piyasadan teminsizligi genellikle kaginilmazdir. “Teminsiz”
terimi aym zamanda “Uretim Kaynaklarmin ve Malzeme Kithiginmn
Azaltilmas1” olarak da bilinir (UKMKA- bu kisaltma ABD'de teminsizlik
anlamina gelir) (Rojo, 2011).

Savunma sanayi tiriinleri 20 ila 30 y1l arasinda degisen, tiriinlerin konsept
fazindan saha hayatlarinin bitimine kadar uzun bir iiriin yasam dongiisii
sliresini kapsar. Savunma sanayi projelerinin kapsami genis, karmasik ve
olduk¢a maliyetlidir. Bu nedenle, siklikla, birbirleriyle iliskili birkag
projeyi kapsayan “mega projeler’ veya programlar olarak da
adlandirilirlar. Ayrica, bu iriinlerin gelistirilmesi ¢ok yillik projeler
oldugundan, teminsizlik sorunlari yalnizca iriinlerin saha i¢i yasami
sirasinda  degil, aym1 zamanda Ozellikle elektronik malzemelerin
teminsizlikleri agisindan da iriin gelistirmeleri sirasinda da ortaya
cikmaktadir. Bu nedenle, sirketlerin ve kurumlarin (savunma sanayi
bakanliklar1 gibi) bu karmagik sistemlerde ortaya g¢ikan teminsizlik
sorunlarint yonetmek icin sistematik bir yaklagimi olmalidir (Pobiak,

Mazzuchi ve Sarkani, 2014).
Yeni elektronik malzeme teknolojileri ortaya g¢iktikca ve bu malzemeler

ozellikle uzun iiriin yasam dongiilerine sahip daha karmasik sistemlerde

kullanildik¢a, konsept fazlarindan baslayarak, savunma sanayi iiriinlerinde
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kullanilan malzemeler tizerinde siirekli teknik gézetimin yapilmasi ve
stirdiiriilmesi zorunlu hale gelmektedir. Tasarim asamasi ve bu tiir {iriin
gelistirmelerinde malzemelerin  teminsizliginin  projeler {izerindeki
etkilerini ve risklerini 6ngdrmek, iriiniin sahadan kaldirilmasina kadar

izlenmesi gereken bir siiregtir.

Teknolojideki hizli yenilik ve degisimlere ek olarak; elektronik
malzemelerde bulunan ve Tehlikeli Maddelerin Kisitlanmasi (TMK)
uygunluk standartlar1 ve gereklilikleri olarak da adlandirilan, belirli
tehlikeli maddelerin kullanimina iliskin, cevre, saglik ve giivenlik
kisitlamalarin1 iceren diizenlemeler bulunmaktadir. Bu standartlar
elektronik malzemelerde, teminsizlik problemleri ile sonuglanan ve
teminsiz malzeme yerine yeni bir alternatif malzeme degisikligi ihtiyacini
daha da hizlandirr.

Ayrica, elektronik malzemeler i¢in uzun tedarik siireleri, tedarik zinciri
faaliyetlerinde uzun siireli proje gecikmelerine neden olur. Elektronik
malzemelerde TMK uygulamalari ile meydana gelen teminsizlik
durumlarinda; malzemeler tedarikgiden siparis edildiginde aktif bir
durumda olsalar bile, tedarik zinciri faaliyeti bitmeden teminsiz duruma
gegebilirler. Bununla birlikte, elektronik malzeme {iretici sirketlerinin
birlesme veya birbirlerini devralmalari, elektronik malzemelerin yasam
dongiilerini kisaltarak savunma sanayi sirketleri igin tedarik zinciri
stireclerini dogrudan etkilemektedir. Sonug olarak teminsizlik problemleri
yaratirlar. Bu nedenlerle, savunma sanayi projeleri teminsiz elektronik
malzeme problemlerine karsi savunmasizdir. Bu durum da, sirkete uygun
teminsizlik yonetimi faaliyetlerinin yoklugunda ciddi proje gecikmelerine
ve finansal kayiplara neden olur. Etkili teminsizlik yonetimi yetenekleri
ile donatilmis olan sirketler, bir tiriiniin yasam dongiisiiniin baglangicindan

sonuna kadar potansiyel elektronik malzeme teminsizlik tehditlerini
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ongorebilir ve proaktif ve / veya reaktif stratejiler, azaltma ve ¢oziim
yaklasimlariyla teminsizlik durumlarina karsi stratejiler gelistirebilirler.
Bu sekilde savunma sanayi sirketleri, elektronik malzemelerde teminsizlik
risklerini ve proje yonetimi, aragtirma ve gelistirme (Ar-Ge), iliretim ve
hizmetler ve tedarik zinciri yonetimi sirasinda karsilasilan bu riskleri en
aza indirebildikleri kadar, projelerde gecikmeleri ve dolayisiyla proje

gecikme cezalarin1 da en aza indirebilirler.

Savunma sistemlerinin konsept tasarim asamasi olan bir iirlinlin yasam
dongiisiiniin baglangicindan itibaren elektronik malzemelerin teminsizligi
dikkate alinmalidir. Elektronik malzemelerin teminsizligi, bu sistemlerin
saha i¢ci Omrii boyunca miisterilerle yapilan garanti ve bakim
sOzlesmelerine iligkin dnemli bir konudur. Savunma sistemlerinin yasam
dongiisii boyunca teminsizlik yonetimi, sistemlerin ve projelerin

stirdiirtilebilirligini ve ilgili maliyetlerini etkileyen kritik 6neme sahiptir.

Savunma sanayiindeki sirketler i¢in teminsizlik yonetimi Kritik Basari
Faktorlerinden biridir. Savunma sanayiindeki oncii ve en iyi sirketler
teminszlik yonetimine biyiik yatirimlar yapmakta ve bu konuya biiyiik
onem vermektedir. ABD ve Ingiltere savunma bakanliklar1, IEC 62402:
2007 ve BS EN 62402: 2007 (IEC 62402: 2007) gibi uluslararasi
standartlar1  gelistirerek, uyarlayarak ve uygulayarak bu konuyu
vurgulamaktadir ve her sene biiyiik Ol¢iide biitge ayirmaktadirlar. BS,
62402: 2007). Savunma endiistrisinde British Aerospace ve Marconi
Electronic Systems, Thales Aerospace, Selex Galileo gibi birgok 6nde
gelen sirketin TY ile ilgili faaliyetleri vardir. Ayrica, Ingiltere Savunma
Bakanlhigi Ekipman ve Destek Bakanligi, Ortak Teminsizlik Yonetimi
Calisma Grubu, Amerika Birlesik Devletleri Savunma Bakanligi Savunma
Lojistik Ajansi, Deniz Sistemleri Komutanligi ve Havacilik Kurumu gibi

teminsizlik yonetimi tizerinde ¢alisan ¢esitli kuruluslar1 bulunmaktadir.
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(Rojo, 2011). Teminsizlik yonetimine yapilan yatirimlar, projelerin
maliyetini ve zaman etkililigini dogrudan etkiler, bu da savunma sistemleri

i¢in teklif verirken rekabet avantaj1 saglamaktadir.

Bu tezin amaci, biiyiik 6l¢ekli bir savunma sanayi sirketinde, elektronik
malzemelerin teminsizlik risklerini azaltmak ve yoOnetmek igin bir

teminsizlik yonetimi modeli dnermektir.

Bu calismada Onerilen model, iriinlerin yasam dongiisii boyunca
elektronik malzeme teminsizliklerinin olumsuz etkilerinin azaltilmasinin
yani sira sirketin mevcut teminsizlik ile ilgili siireglerindeki iletisim ve
entegrasyon eksikliklerinin giderilmesini de hedeflemektedir. Onerilen
modelin unsurlari, sirketin teminsizlik sorunlar1 ile basa ¢ikmak igin
proaktif ve / veya reaktif stratejiler, azaltma ve ¢oziimleme yaklasimlari

benimsemesini saglayacaktir.

Modelin odak noktasi sirketin elektronik malzeme teminsizlik yonetimi ile
ilgili stirecleridir: proje yonetimi, arastirma ve gelistirme, lretim ve

hizmetler ve tedarik zinciri yonetimi.

Elektronik malzemeler teminsizlik tehdidi altindaki en biiylik kalem
grubunu olusturmaktadir. Sirkette yaklasik 12.000 farkl tiirde elektronik

malzeme bulunmaktadir.

Elektronik malzemeler, birden fazla projede kullanilan, sirketin
sistemlerinin, takimlarinin ve elektronik kartlarinin yapi taslari olarak
diigiiniilebilir. Bu nedenle, elektronik malzemelerin teminsizlik yonetimi
sistemlerin yasam dongiilerinin konsept tasarim asamasinda baglamalidir.
Teminsizlik yonetim siiregleri, proje yonetimi, arastirma ve gelistirme,

tretim ve hizmetler ve tedarik zinciri yonetimi gibi diger siireglerle
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biitiinlestirilmelidir. Tespit edilememis teminsiz malzeme problemlerinde;
ozellikle proje yasam dongiilerinin ilk agsamalarinda, ¢6ziim yaklagimlarini
veya teminsizligin olumsuz etkilerini azaltma stratejileri zamaninda
uygulanmadiginda projeler i¢in zaman ve maliyet basarisizliklarina yol
acar. Boylece elektronik malzemelerin teminsizligi tek bir projede bile
milyonlarca dolara ulasan parasal kayiplara yol agabilecek bir kartopu
etkisi yaratir. Daha da Onemlisi, teminsizlik sorunlarin1 sadece reaktif
olarak ¢6zmeye ¢alismak geri doniisii olmayan zaman kayiplari i¢in agik
bir davettir. Bu nedenle, sirket her projeyi teminsizlik yonetimi

perspektifinden yonetmelidir.

Bu tezde 6nerilen model, “Uriin Yasam Dongiisii Yonetimi” kapsaminin
genisletilmesini, sirket genelinde “Tercih Edilen Parca Listesi’nin
olusturulmasini ve mevcut elektronik malzeme kiitiiphanelerinin
standartlastirilmasini, teminsizlik yonetimi icin “Karmasik Olay
Isleme”nin baslatilmasmi ve yeni bir teminsizlik ydnetimi siirecinin
sirketin teminsizlikle ilgili tim stireclerini birlestiren bir “kabuk yapis1”
iginde kurulmasini 6nerir. Bu model sirket i¢indeki teminsizlik yonetimi
ile ilgili tiim siiregleri birlestirir. Bu modelin yukarida belirtilen unsurlart,
sirketin TY faaliyetlerini biitiinlestirerek ve teminsizlik problemlerini

¢ozmek i¢in teminsizlik yonetim stratejilerini gelistirmesini saglar.

Savunma endiistrisindeki trlinler genellikle karmasik sistemlerdir,
ayrintili ve karmasik is siiregleri ile de korunurlar. Bu siiregler boyunca
teminsiz elektronik malzemeler, projelerin yasam dongiisii fazlarinin
asamalarinda konsept tasarimindan {iriiniin saha i¢i asamasina, saha hayati
yasamindan da imhasina kadar “saatin mekanik bir sekilde tikir tikir
caligmasi” gibi ydnetilmelidir. Sirkette Uriin Yasam Déngiisii Yonetimi
(UYDY) kapsammin genisletilmesiyle, her bir siirecin kayitlarmin

tutulmasmin yani sira, her projede proje ekip elemanlarinin roliiniin ve
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yaptiklari iglerin ve is akislarinin kayitli tutulmasi da miimkiindiir. Daha
once sadece tasarim siireglerinde kullanilan Uriin Yasam Déngiisii
Yonetimi aracinin, sirketin tiim siire¢lerine genisletilmesiyle entegrasyon

ve izlenebilirlik gergeklestirilmektedir.

Sirket genelinde “Tercih Edilen Parga Listesi’nin” kurulmasi ve mevcut
elektronik malzeme kiitliphanelerinin standartlastirilmasi, sirketin mevcut
elektronik malzeme kiitiiphanelerindeki (Elektronik Kart Tasarim Arag
Kitiiphaneleri ve ERP) yinelemeleri ve bilgi girisi fazlaliklarin1 ortadan
kaldirir. Sirketin “Tercih Edilen Parca Listesi’nin” (STEPL) eksikligi,
teminsizlik tehdidi altindaki malzemelerin dogru tespit edilememesine yol
a¢cmaktadir. Sirketin “Tercih Edilen Parga Listesi”, herhangi bir malzeme
ile ilgili tiim ge¢mis verilere sahiptir ve alternatif malzemeler hakkindaki
bilgilere erisilmesini saglar. Yeni bir sirketin “Tercih Edilen Parga Listesi”
veri tabani yonetimi sistemi aract entegrasyonuna sahip bir malzeme i¢in,
bir alternatif belirlendikten sonra, malzemeyi kullanan tasarimcilar, diger
tasarimcilar tarafindan belirtilen alternatifler hakkindaki bilgilere erisebilir
ve uygulanabilir bir alternatif i¢in uzun siiren bir aramada harcanacak
degerli zamandan tasarruf edebilirler. Bununla birlikte sirketin “Tercih
Edilen Parca Listesi”, siire¢ sahiplerinin elektronik bir malzemenin
herhangi bir modifikasyonuna veya teminsizlik veya piyasadan ¢ekilme

bildirimine hizli bir sekilde yanit vermesine izin verir.

“Uriin Yasam Déngiisii Yonetimi” kapsamimin genisletilmesi ve sirket
genelinde “Tercih Edilen Parga Listesi’nin” kurulmasi projelerin daha
verimli bir sekilde yoOnetilmesine ve takip edilmesine olanak saglar.
Ormegin, sozlesme gereklilikleri, gelecekteki teminsizlik sorunlarmi
gosteren elektronik malzemelerin yasam dongiisii asamalarinin bilgisi
1s1¢inda daha kesin olarak belirlenebilir. Ayrica bu, bakim ve servis

s0zlesmesi maddelerini ve miisteriye verilen hizmetlerin maliyetini de
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etkileyecektir. Bu maliyetlerin daha iyi belirlenmesi, sirket yeni projeler

icin teklif verirken avantaj kazanmasina yol acacaktir.

Karmasik Olay Isleme (KOI), proje ydénetimi, arastirma ve gelistirme,
tiretim ve hizmetler, tedarik zinciri yonetimi ve teminsizlik yonetimindeki
stire¢ sahiplerinin elektronik malzemelerin durumu hakkinda uyarilmasini
saglar. Karmasik olay islemedeki algoritmalar, elektronik kartlarin iiretim
analizi, sistem miihendisligi ve giivenlik ve giivenilirlik analizi de dahil
olmak iizere sirketin ERP, UYDY, STEPL ve BOM Teminsizlik Yénetimi
aracindaki verileri kullanir. Ilgili siire¢ sahiplerini uyarmak igin gosterge
tablolar1 ve teminsiz malzeme bildirimleri olusturulur; bunlar daha sonra

teminsizligin etkilerini azaltmak icin TY stratejileri gelistirebilir.

Onerilen yeni Kabuk Yapusy, iiriinlerde kullanilan elektronik malzemeleri
teminsizlik durumlarina karsi, midyenin incisini kabugunun igerisinde dis
zararl etkilerden korudugu gibi bir koruma yapis1 olarak diisiiniilebilir.
Uriiniin yasam déngiisii ne fazda olursa olsun, elektronik malzemeler bu
Kabuk Yapisi ile siirekli olarak izlenir, potansiyel teminsizlik riskleri
belirlenir ve sirket teminsizlik risklerini 6ngériip bunlar1 proje planlama
tarihlerine gore yonetebildiginden gelecekteki proje zaman ve maliyet

kayiplar1 en aza indirilir.

Boliim 4,3 'teki sirkette meydana gelen teminsizlik yonetimi 6rneginde
belirtildigi gibi, teminsizlik sorunlar1 bir y1l boyunca sirket icerisinde
¢ozlimsiiz kalabilmekteydi ve geri doniisii olmayan proje planlama
gecikmelerine ve proje toplam maliyet artislarina yol agabilmekteydi.
Onerilen yeni teminsizlik yonetim modeli, teminsizlik sorunlarinin gergek
zamanli olarak tespitini ve tespit edilen sorunlarin otomatik olarak ilgili

stire¢ sahipleriyle paylasilmasini saglamaktadir.
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Sirketin var olan stireclerinde, teminsizlik sorunlar1 hakkinda herhangi bir
siire¢ teminsiz malzeme bildirimi aldiktan sonra bile, hangi elektronik
kartlarin teminsiz malzemeyi kullandigin1 belirlemek ve bu malzemeyi
projelerinde  kullanan tiim tasarimcilart  bilgilendirmek haftalar
stirmekteydi. Yeni modelde, 6rnegin, 80 elektronik karttan 30 elektronik
kart i¢in alternatif bir malzeme degisikligi gerekiyorsa, bu sorun derhal
karmasik olay islemeleri (KOI) araciligiyla ilgili siirec sahiplerine
aktarilmaktadir. Boliim 4'te belirtildigi gibi, hangi elektronik karttan kimin
sorumlu oldugunun arastirilmasi ve ilgili islem sahibine teminsiz malzeme
ile ilgili durum bildiriminin ulastirilmas: artik yeni model ile haftalar
yerine saniyeler igerisinde siire¢ sahiplerine iletilecektir. Ayrica, sirketin
“Tercih Edilen Parca Listesi’nde” zaten alternatif bir malzeme
tanimlanmigsa, dogrudan kullanilabilir durumda olabilecektir. Baska bir
deyisle, haftalar veya giinler igin uygun bir alternatif malzeme aramak
yerine, onaylanan ve sirketin “Tercih Edilen Parca Listesi’ne” dahil edilen
alternatif bir malzeme kullanilabilir. Bu, uygun bir alternatif

aragtirmasinin haftalardan giinlere indirildigi anlamina gelir.

Su anda, malzemeyi kullanarak tiim tasarimcilara malzemelerin
teminsizlik bilgilerini géndermek sirali adimlardan olusmaktadir. Ilk
olarak teminsizlik bilgileri sirketin ERP aracindan elde edilir ve ilgili tim
slire¢ sahipleri belirlenir. Ardindan, teminsizlik uyarist ilgili islem
sahiplerine e-posta yoluyla iletilir. Karmasik olay isleme sistemi ile de
teminsizlik uyarilart gercek zamanli ve otomatik olarak ilgili siireg

sahiplerine gonderilebilir.

Giintimiizde teminsizlik sorunlart teknolojinin ¢ok hizli gelismesi ve
Bolim 3’te bahsedilen diger teminsizlige neden olan ana nedenlerden
dolay1 siklikla gergeklesmektedir. Yeni teminsizlik yonetim modeli ile

sirketin yaklagik 12.000 elektronik malzemesinden her birini projeleri
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icerisinde takip etmesi ve teminsizlik riski altindaki kritik malzemelerini
siirekli proje planlar1 igerisinde gozlemlemesi artik mimkiindiir. Bu
sekilde, teminsizligin projelerin zaman ve maliyet cizgileri lizerindeki
olumsuz etkilerini 6nemli 6l¢iide azaltarak, proaktif teminsizlik yonetimi
stratejileri projenin tiim malzemeleri i¢in kurulabilir. Boyle bir izlemenin
ayn1 zamanda, zaman alic1 ve maliyetli bir etkinlik olan tasarim yenileme

ihtiyacin1 da azaltmasi kuvvetle muhtemeldir.

Yeniden tasarim, eski malzemelerin yenisiyle degistirilirken sistemi de
gelistirmeye ve yenilemeye dayanir. Yeniden tasarimin amaci, sistemlerin
veya kartin performansini, siirdiiriilebilirligini  ve giivenilirligini
iyilestirmenin yani sira yeni malzemelerin kullanilmasini saglamaktir.
Yeniden yeterlilik / yeniden sertifikalandirma gereklilikleri nedeniyle bu
¢Oziim en pahali ¢oziimdiir. Bu nedenle, bu uzun vadeli ¢6ziim son ¢are
olarak kullanilmalidir. Ayrica elektronik sistemlerdeki islevsellik
yiikseltmeleri (teknoloji ekleme) gerektiginde kullanilmahidir (Rojo,
2011). Eski malzemeyi yeniden tasarlama ile alternatifiyle degistirmek,
diger ¢Oziim yaklasimlarina kiyasla uzun zaman ve yiiksek maliyet

gerektirir.

Envanterdeki eski malzemelerin analizi ve degerlendirilmesi, sirketin

stireglerindeki elektronik malzemelerin projelerde kullanim verilerine ve
sitketin Malzeme Kaynak Planlama (MKP) verilerine dayanmaktadir.
Hangi teminsizlik yonetim stratejisinin uygulanmasi1 gerektigine karar
vermek i¢in, envanter, stok kontrolii bir sirketin finansal kaynak
yonetiminde 6nemli bir rol oynar. Envanteri etkileyebilecek malzemelerin
envanterdeki durumlari ile ilgili her sey dikkatle izlenmelidir.
Malzemelerin orijinal iireticileri tarafindan artik iiretilmeyip piyasadan
temin edilememe olasilig1 ve maliyet {izerindeki etkisi sadece malzemenin

tahmini teminsizlik siiresini belirlemekle kalmaz, ayn1 zamanda envanteri
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daha kontrollii bir sekilde yonetir. Hangi teminsizlik yonetim stratejisinin
uygulanacaginin belirlenmesine yol acar. Teminsizlik ile ilgili stok
kontrolii 6nemlidir. Bununla birlikte, bu konu ile ilgili Song & Zipkin
(1996) sunlar1 soylemistir: “Geleneksel envanter kontrol yontemleri olasi
teminsizlik yonetim kontrollerine izin vermiyor.” Geleneksel envanter
izleme ve yoOnetim yoOntemlerinin, teminsiz malzemelerin getirdigi
zorluklara uyum saglanmasi i¢in yetersiz kaldigi dogrudur. Verimli stok
kontrolii yapabilmek i¢in malzemelerin teminsizlik tarihlerinin
belirlenmesi gerekmektedir. Buna ek olarak, teminsizlik yonetiminde
sadece malzemenin tahmini teminsizlik tarihini degil, ayn1 zamanda
malzemeler hakkinda yapilan ¢evresel diizenlemelerin etkilerini, ayrica
sistemi etkileyebilecek finansal riskleri, tiretim programini ve elektronik
malzeme piyasasinda olusan gelismeler de kacinilmaz bir sekilde

teminsizlige yol agmaktadir ( Herald ve ark.2009).

Envanter politikasi, sirketlerin {iretim ve tedarik zinciri yoOnetimi
zorluklariyla basa ¢ikmak i¢in benimsedigi Konsinye Stok (KS) envanter
politikasidir. Konsinye Stok politikasi, alict ve tedarikg¢isi arasindaki
isbirligini ele almaktadir. Konsinye Stok politikast, bilgi aligverisini belirli
prosediirlere uygun yapilarak ve taraflar arasindaki riskin paylasimini
saglar. Bu politika kapsaminda triin teminsizlik etkisi tedarik zinciri
maliyetleri agisindan dikkatle degerlendirilir. Konsinye Stok, genel satis
amaglart icin envanteri artik saklamadigi halde tedarik¢inin alici igin
envanter tutmaya devam ettigi anlamina gelir. Alici, saticinin ikmal ve
envanter yonetimi sorumlulugunu istlendigi malzemenin
kullanilabilirligini silirdiirme avantajina sahiptir ve iki taraf arasindaki
anlagmalara gore toplam ortak maliyetleri ve stok risklerini azaltmay1
mimkiin kilar (Catena ve ark., 2014). Konsinye Stok politikas:
envanterdeki tiim malzemeler igin gecerli degildir ve teminsizlik riskleri

ve maliyet ilizerindeki etkileri nedeniyle yiliksek karmasikliga sahip
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malzemelere uygulanabilir. Kritik malzemeler i¢in uygundur ve Bolim
3.7.1.1'de agiklanan bir azaltma stratejisi olarak tedarikgilerle ortaklik

anlagmasi i¢in diistiniilebilir.

Teminsiz malzemeler i¢in teminsizlik yonetim azaltma strateji segenekleri
belirlenirken, fazla envanter de degerlendirilmelidir. Ayrica, teminsizligi
azaltmak i¢in yeniden tasarim secenegi oldugunda, tedarikle ilgili
secencklerin  gegerli olmadigi  durumlarda, teminsiz malzeme
degistirilirken stok verileri gerekir. Ayrica, tasarimcilar i¢in daha iyi bir
malzeme se¢imi saglayan ve envanteri azaltan Tercih Edilen Parca
Listesi'nin (PPL) standardizasyonu, dikkatli envanter ydnetimine

dayanmaktadir (Meyer ve digerleri, 2004).

Tedarik zinciri azaltma stratejisi olarak, Yasam Boyu Satin Alma
(3.7.2.1'de tartisilmistir) sirketin envanterini etkiler, ¢iinkii eski parcalarin
ileri diizeyde depolanmasina yol acar. Hangi teminsizlik stratejisinin
uygulanacagina karar vermek i¢in teminsizlik maliyeti savunma sistemleri

icin onemlidir.

Bu model ayn1 zamanda sirketin taseronlari ve tedarikgileri ile olan
iliskisini de etkiler. Bu yeni model altinda, teminsiz malzeme bilgileri
proaktif olarak taseronlarla paylasilabilir, bunlar arasinda sirketin ¢oklu
veri kaynaklarindan ¢ikarilan ve analiz edilen malzeme verilerinden
onemli performans gostergeleri Olciilerek ve raporlanarak elde edilen
kritik malzemeler hakkinda bilgiler de bulunur. Bu, tedarikgilerle olan
ortaklik anlagmalarim1 etkileyerek tedarikgilerle olan iligkileri olumlu
yonde degistirebilir. Ayrica, malzemelerin tedarik siirecini kolaylastirarak
teminsizlik yonetimi ile ilgili olarak tedarik zinciri planlamasi ve
uygulamasinda kullanilmak {izere tercih edilen bir tedarik¢i listesi

olusturulabilir.

152



Teminsizlik yonetim modeli, bir Teminsizlik Yo6netim Ekibinin
kurulmasin1 gerektirir. Bu ekip sirket igerisinde siirecler arasi capraz
islevsellige sahip olmalidir. Tasarim, iiretim ve planlama, tedarik zinciri,
giivenlik ve giivenilirlik miithendisligi, is analistleri, veri bilimcileri ve

finans temsilcilerini i¢ermelidir.

Bu modelin uygulanmasi {ist yonetimin kabuliinii ve destegini gerektirir.
“Uriin Yasam Déngiisii Yonetimi” kapsamimin genisletilmesini, sirketin
“Tercih Edilen Parga Listesi” kurulmasi ve kullanilmasi, Kabuk Yapisi
icindeki siireclerin akis ile ilgili resmi sirket politika ve prosediirlerinin
gelistirilmesi ve onaylanmasint gerektirmektedir. Goriiniir {ist yonetim
destegi, yeni politikalar1 ve prosediirleri uygulayacak ve potansiyel olarak

degisime kars1 direnci azaltacaktir.

Verilerin kalitesi bu ¢ercevenin basarisi igin bilylik 6nem tagimaktadir. Bu
nedenle, mevcut malzemelerin kiitiiphanelerinin konsolidasyonu, sirketin
“Tercih Edilen Parga Listesi” olusturulmast isi biiylik bir dikkatle
yapilmalidir. Sirketin “Tercih Edilen Parca Listesi” kurulurken elektronik
malzemelerin kullanim sikligini belirlemek igin sirketin i¢ sistemlerinden
(ERP, elektronik kart tasarim araglar1 kiitiiphaneleri gibi) toplanan veriler
dikkatle analiz edilmelidir. Ayrica, sirketin “Tercih Edilen Parga Listesi”
benimsenmesini kolaylastirmak ve degisime karsi direnci azaltmak igin

kullanic1 dostu olmalidir.

Karmasik olay islemeleri (KOI) ve sirketin “Tercih Edilen Parga Listesi”
icin yeni yazilim araglar1 gerekmektedir. Karmasik olay islemeleri
yazilimi ticari olarak mevcuttur, ancak sirketin mevcut sistemleriyle
entegre edilmelidir. Sirketin “Tercih Edilen Parc¢a Listesi” i¢in, sirket

gerekli uzmanlhiga sahip oldugundan, gerekli yazilim sirket icinde
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gelistirilebilir. Bunlar icin bilitce tahsisi {ist yonetim tarafindan

yapilmalidir.

Elektronik malzemelerin teminsizlik bilgilerine erisim yetkileri TY modeli
i¢in resmi olarak kontrol edilmelidir: hangi siire¢ sahipleri veri girebilir ve
hangi kosullar altinda veri ve bilgileri giincelleyebilecek ve sadece bilgi
alabilecek siire¢ sahipleri belirlenmelidir. Benzer sekilde, Karmasik olay
islemeleri uyarilarinin  alicilart  (yani olay tiiketicileri) dikkatle
tanimlanmalidir. Herhangi bir ihmal, model tarafindan Onerilen

entegrasyonu tehlikeye atacaktir.

Bir teminsizlik yonetim biriminin kurulmasi ve organizasyon semasindaki
yeri kararlagtirnlmahidir. Segeneklerden birisi, bu birimi  Ar-Ge
Departmaninin bir pargasi olarak AR-Ge siiregleri altina yerlestirmek
olabilir, ¢linkii tasarim asamalarindaki siiregler teminsizlikten en ¢ok
etkilenen siireglerdir. Ayrica, teminsizlik yonetim takimi iyelerinin is

tanimlar1 hazirlanmalidir.

Onerilen teminsizlik yonetim modeli, teminsizlik ydnetimi ile ilgili
siireclerin  gerceklestirilme biciminde degisiklik getirir. Sirket ici
direnglerle basa ¢ikmak i¢in bu degisim siireci dikkatle yonetilmelidir.

Degisime kars1 direngle basa ¢ikmak icin iist yonetim destegi sarttir.
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