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Being a top of high technology industries, the aerospace represents one of
the most complex fields of study. While the competitiveness of aircraft
systems’ manufacturers attracts a significant number of researchers, some
of the issues remain to be a blank spot. One of those is the after-sale
modernization. The master thesis investigates how this concept is related
to the theory of competitive advantages. Finding the routes in the
framework of complex technological systems’ lifecycle, the key drivers of
the

aircraft

modernization market

are revealed. The

competitive

positioning of players is defined through multiple case studies in a form of
several in-depth interviews. The key result of the research is the
conclusion that modernization should be considered as an inherent
component of strategy of any aircraft systems’ manufacturer, while the
master thesis aims to support managerial decision making.
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1. INTRODUCTION
Nowadays leading aircraft manufacturers, either military or civil, do not
produce only an aircraft as it was thirty years ago, but they offer customers
an integrated and functionally comprehensive set of modern instruments,
which allow managing the business of exploiting organizations. After-sale
services and aircraft modernization in particular are inseparable part of
these instruments, and they frequently constitute a significant portion of
aircraft systems’ developers’ profits.
According to W.E. Spreen (2007, 11) relative value of aircraft maintenance
services in Europe account for 22% of overall revenues in the aerospace
industry. In Russia the capacity of the modernization market exceeds more
than 3.5 billion US Dollars (Klochkov 2008, 10). The value of the
worldwide commercial aircraft modernization market is estimated 12.2
billion US Dollars (Visiongate, 2012). While the market represents
untapped potential, its opportunities are not fully captured. Topicality, in
that sense, is emphasized by lack of instruments and corresponding
studies in the field. Thus, general strategy of aircraft companies (including
developers, manufacturers, operators, and even integrators) is fully
reflected in scientific literature, while after-sales services and, especially,
modernization are considered only by few researchers.
The first works in the area appeared in the middle of the previous century
due to the starting obsolescence and aging process of air vehicles
introduced during the Second World War. Most of these studies focus on
technical attributes of potential modification and maintenance, and they
hardly refer to strategic aspects of such activities. However, the increasing
complexity of aircrafts and facilitating pace of innovations have altered the
situation. Raising interest of marketers to the role of product lifecycle
management pre-determines appearance of a number of studies that may
be considered as seminal works in the field of after-sale aircraft services
and, partially, aircraft modernization. While strategists in the industry have
started to pay much more attention to the last stages of products’ life, the
concept of aircraft modernization has been included in a number of
researches.
5
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Simultaneously, it remains little studied and lacks integration into existing
models. Whereas there are a significant number of surveys discussing
certain tacit of modernization, it is possible to distinguish the following
research gaps:


The border between modernization and other after-sale

services is diluted;


The roots of the concept are considered mostly superficially,

and are not corresponded to solid theoretical background;


Modernization services and modernization market are rarely

linked to the competitive advantages’ theory.
Therefore, the main research question of this master thesis is how to turn
the aircraft modernization process into means for a firm to stay effective in
a competitive environment. It supposes a number of sub-questions:


What are the main sources of competitive advantages

in the aircraft industry?


How

the

product

lifecycle

influences

these

sources? What is the role of after-sale modernization?


What is the structure of aircraft modernization

market? What factors define various players’ positioning?
The firms (aircraft systems’ developers, manufacturers, integrators)
competitive positions in relation to aircraft modernization market represent
the object of study, while the subject of study is the sources of their
competitive advantages, or, in other words, – the ways of increasing
companies’ competitiveness by exploiting the modernization market.
The aim of the study is consequently to assess aircraft modernization
market as a source of complementary competitive advantages for
systems’

developers,

manufacturers,

and

integrators.

The

term

“complementary” is of extreme importance here. In fact, aircraft
modernization doesn’t not merely provide with additional benefits, but the
services complement and influence substantially firms’ competitive
position.
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Within this aim it is supposed to achieve the following purposes:
1.

To distinguish the factors of competitiveness of high

technology companies in business-to-business markets;
2.

To define the roots of after-sale modernization in high

technology industries, and to define their potential impact on the
competiveness of high technology firms;
3.

To adapt competitive advantages sources of a high

technology firm to aircraft developer, manufacturer, and integrator;
4.

To reveal the specifics of aircraft systems’ lifecycles and its

influence on competitive position of players;
5.

To characterize the role of after-sale modernization as a tool

to manage aircraft systems’ lifecycle;
6.

To define the structure of aircraft modernization market and

positioning of its main players.
The first two purposes assume considering a number of theoretical
paradigms considered consequently in the first chapter of this research.
Thus, the first stated purpose reflects strategic and managerial orientation
of the thesis and relates to the theory of competitive advantages. Industrial
positioning, research-based, and dynamic capabilities approaches are
under consideration. Adaptation of these frameworks to the case of high
technology industries is another step needed to fulfill the first purpose.
The concept of after-sale modernization is rooted coincidentally in several
theoretical fields. Therefore, the second part of the first chapter deals with
the theory of technological transitions (namely radical and incremental
innovations), product and technology lifecycles, complex technological
product models, and engineering and obsolescence management.
The correlations of theoretical paradigms are reflected in the figure 1. The
question marks on this graph denote the key gaps, which are attempted to
be plugged by the author of this thesis.
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Figure1 Research framework

The purposes three and four are aimed to study the context of the aftersale aircraft modernization services. They serve as intermediaries
between theoretical part and the conducted research. So that the first half
of the chapter two aims to capture the specifics of the aircraft industry, and
particularly to match up general understanding of modernization and its
application in the aircraft market.
The second half of the last chapter intends studying a number of
companies, which would be sufficient to reveal the impact of the aircraft
modernization market on competitive position of systems’ manufacturers.
Therefore, multiple case studies are applied. Seven in-depth interviews
attempt to cover opinions of all essential actors: aircraft systems’
developers,

aircraft

systems’

integrators,

exploiting

organizations,

maintenance, repair and overhaul providers.
On the basis of that research, a number of conclusions are made. First of
all, the drivers of aircraft modernization processes are determined. While
some of them appear to be in a certain contradiction with existing
literature, in general, they prove initial theoretical assumptions. The
second significant result relates to the aircraft modernization market
structure. Competitive positioning of various players is characterized and
is applied to the theory of competitive advantages. Finally, the
8
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complementary character of aircraft after-sale modifications is revealed,
and the correlation between the phenomenon and competitiveness of
aircraft systems’ manufacturers is reflected by real business evidence.
It is concluded that aircraft modernization services should be approached
as an essential component of strategy. In that sense, practical relevance
of this master thesis consists in the attempt to alter attitude of top
managers towards the importance the phenomenon not only from
theoretical point of view, but also from practical perspective. Hence, there
should be clear understanding of after-sale aircraft modernization as a
source of complementary competitive advantage.
This work, hopefully, represents one of the rare reliable studies of the
concept of after-sale modernization in the aircraft industry. It covers both
significant theoretical material, and narrow, focused practical topic. This
master thesis aims to support managerial decision making, although it
doesn’t pretend to include all essentials. It explains the nature of after-sale
modernization and its relation to the theory of firm’s competitive
advantages.
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2. AFTER-SALE MODERNIZATION AS A SOURCE OF
COMPETITIVE ADVANTAGES
Technological progress is an extremely important driver of competition.
Facilitating innovation process leads to increasing complexity of
competitive landscape and significantly influences competitiveness of
companies. This impact can both have a positive or negative effect,
depending on a particular firm, a particular industry, and environmental
factors. Under such circumstances managers have to find the ways how to
exploit the opportunities, to harness threats, and, generally, to develop
and to sustain competitive advantages.
High technology firms in business-to-business level require such tools to a
bigger extent, since this area is characterized by higher uncertainties and
unpredictability. A way to improve competitiveness lies in the sphere of
product lifecycle management, and, seemingly, in its last stages. The point
is that maturity and decline phases are very often neglected due to their
level of profitability. Simultaneously, many researchers agree these two
stages may provide opportunities as well. Despite these opportunities may
be really specific, they still have a high potential. However, there are not
so many ways and tools to capture it. This chapter aims to find a source of
competitive advantages for high technology firms in the area of after-sale
modernization.
In order to achieve the goal, it seems necessary to start with
contemplating upon what can be a source of competitive advantage in
high technology industry in general. The first subchapter is dedicated to
this issue. After that, it is required to explain the nature of the after-sale
modernization concept, its roots, and benefits it can bring to a high
technology firm. The second subchapter deals with these questions.

2.1. THE SOURCES OF COMPETITIVE ADVANTAGES OF HIGH
TECHNOLOGY FIRMS
High technology industries are one of the most complex and unpredictable
spheres of business. A lot of managerial tools applicable to others areas
10
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appear not to work in case of high tech markets. Therefore, sources of
competitive advantages in such markets require additional consideration.
This consideration is an objective of this subchapter.

2.1.1. THE THEORY OF COMPETITIVE ADVANTAGE
The fundamental issue of any company’s strategic development is how to
create and sustain competitive advantages. The nature of competitive
advantages refers to a firm’s ability to be superior to its rivals and, hence,
ability to earn profits.
Profits, in turn, are rooted in three general types of rents. Ricardian rents
are “the returns to resources which confer competitive advantage over and
above the real costs of these resources” (Grant 1999, 117). In other
words, they can be understood as assumption that companies, owning
and managing superior resources, have lower costs and higher efficiency
in comparison to other players (Peteraf 1993, 180).
Monopoly or Chamberlinean rents are the result of a firm’s industrial
position, or in terminology of M. Porter (2005) its market or bargaining
power. Although resources play their essential role, here the main factor is
product uniqueness and differentiation, which stipulate spatial competition,
and, hence, a sort of monopoly (Peteraf 1993, 182).
Eventually, Schumpeterian rents are earned as a result of innovations,
because there is always a gap between technology invention and its
diffusion.
Based on three types of rents, D.G. Teece (Teece et al. 1997)
distinguishes

three

general

approaches

of

defining

competitive

advantages. The first one corresponds to monopoly rents and industrial
structures’ studies. The most famous author in this field is M. Porter.
M. Porter’s framework focuses on studying competitive forces and their
corresponding causes, aiming to estimate certain market profitability. A
firm is considered to be influenced by a number of agents and factors.
Thus, the author distinguishes five key forces, which determine company’s
11
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position: rivalry among existing competitors, threat of new entrants, threat
of substitutes, bargaining power of buyers and suppliers. Competitive
advantages, hence, is rooted in how a company utilizes its position in
order to get above average returns, or in other words, managerial decision
about firm’s positioning. (Porter 2008)
To the needs of this thesis it is extremely important to consider generic
strategies, which M. Porter (2005) define. They are based on two factors:
market scope and a source of competitive advantage. Correspondingly, a
company has two key choices: to focus on market niche or target the
general market; and try to differentiate from rivals or try to decrease costs.
These decisions will lead a firm to four generic strategies, which are cost
leadership, differentiation, cost focus, and differentiation focus. It is crucial
that no organization can follow immediately two or more of those
directions. Simultaneously, source of competitive advantages in all cases
significantly differ. While cost leadership obviously refers to economy of
scale and various tools to minimize expenses, differentiation is rooted on
attributes which distinguish it from rivals. The latter reminds resourcebased view, since the core of competitive advantage is stipulated both by
managerial decision and resources, which a firm possesses.
Another approach to industrial level analysis of competitive advantages is
strategic conflict approach. It is based on game theory, and, in general,
has the same basis as M. Porter’s market forces’ instruments. Any firm’s
competitive advantages are considered to depend on how effective this
firm keeps their competitors off balance. Due to market imperfections,
strategic interactions among players, and overall deterrence, organizations
have a space to manage rivalry and to manipulate environment. Sources
of competitive advantages in such a way may be control of information and
knowledge, pricing strategy, etc. (Teece et al. 1997, 510-511)
Resource-based view on competitive advantages relies mostly upon the
Ricardian type of rents. This approach aims to explain intra-industry
differences in performance and to explain their potential sources (Hoopes
et al. 2003, 889).
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According to D. Collis and C.A. Montgomery (1995, 118) organization’s
assets and capabilities define effectiveness and efficiency of functional
activities’ performance. So that a firm will achieve success, in case it
owns, controls, or manages the most appropriate to its business and
strategy stock of resources.
Therefore, resources and the way of their utilizing represent sources of
competitive advantages in case of resource-based approach. Besides, it is
very important that not only resources and capabilities are influencing
strategic position of a firm, but also their combinations and relations, since
the latter determine sustainability of competitive advantages (Grant 1991,
133).
Simultaneously, resource is not obligatory a competitive advantage. Thus,
a resource should satisfy at least three criteria (Hoopes et al. 2003, 890):


Resource should be valuable, what means that it is superior

to competitors and may be capitalized (applied in real business
situation);


Resource should be rare, what means there is a limited

supply of such resource and it is difficult for competitors to get the
same resource;


Resource should be inimitable or isolated from substitution,

what means that it is costly to imitate the same properties of
resources or find its substitute.
To create competitive advantages, managers have to build strategies only
on resources, which reflect above characteristics. In order to make sure,
that it is so, some researchers, who follow resource-based approach, have
elaborated a number of tests (Collis and Montgomery 1995, 120-122):


The test of inimitability, or how difficult it is to imitate certain

resource;


The test of durability, or how quickly certain resource

depreciates;


The test of appropriability, or who may capture the value,

which certain resource creates;
13
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The test of substitutability, or how difficult it is to find a



substitute for certain resource;
The test of competitive superiority, or is certain resource



actually better that resources managed by rivals.
These tests aim to determine isolating mechanisms, which allow firms to
develop competitive advantages. However, they only partially regard the
ways to sustain these competitive advantages. Schumpeterian or
entrepreneurial rents are mostly considered only from static perspective,
while modern fast-changing environment increases the dynamics aspect
dramatically.
D.G. Teece (Teece et al. 1997) is one of the authors, who recognizes that
problem, and who introduces the concept of dynamic capabilities. Dynamic
capabilities framework deals with the “the sources and methods of wealth
creation and capture by private enterprise firms operating in the
environment of rapid technological change” (Teece et al. 1997, 509).
Dynamic aspect of the framework corresponds to organizational
competences renewal to match up with alternations of environment, while
capabilities’ aspect is considered as ability to adapt, integrate, and reconfigure

internal

and

external

skills,

resources,

and

functional

competences. A crucial point is that organizations should consider not only
competitive advantages, which may be developed at this concrete
moment, but also what sources of competitive advantages may exist in the
future. (Teece et al. 1997, 515)
Therefore, firm’s competitive advantages are based on organizational
processes, which are determined by asset position, and following available
trajectories. Managerial processes are defined as the ways how tasks are
completed and patterns of learning. Asset position relates to resources a
company manages: technology, customer base, collaboration with
suppliers and rivals, intellectual property. On contrast, trajectories or paths
correspond to alternatives, which may exist in the future; so they are a set
of asset positions which can be effective in still non-existing markets.
(Teece et al. 1997, 518-519)
14
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It seems reasonable to emphasize that considered above models are not
controversial in most cases. Despite they may overlap each other, and
various authors may have different points of view, in this master thesis it is
possible to combine the paradigms. Moreover, different types of rents are
not in contradiction with each other, and it appears, that nobody can
prevent

a

firm

from

getting

simultaneously

Chamberlinean,

Schumpeterian, and Ricardian rents. Following that logics, corresponding
main sources of competitive advantages may be distinguished:


Bargaining power of a firm in relation to rivals, suppliers,

buyers, substitutes, or new entrants;


Differentiation of organizational processes and products;



Organizational assets and capabilities: financial, structural,

reputational, technological, institutional, complementary groups
(how products and services are produced and delivered). They
should be valuable, rare, and inimitable;


Organizational trajectories or ability of a firm to have right

asset and capability position in long-run.

2.1.2. THE CHARACTERISTICS OF HIGH TECHNOLOGY INDUSTRIES
Competitive position of any firm always depends on environmental factors.
High technology industries in that sense are distinguished by very specific
traits, which drastically influence companies’ activities. Simultaneously,
any high technology industry may be considered in a broader context.
Thus, to the purposes of this thesis it seems reasonable to start with
industrial goods market.
According to D. Ferreri (2003) industrial goods market has the following
key characteristics:


Limited

number

of

customers

result

in

high

sales

concentration, while the seller can’t neglect any customers, and has
to satisfy their need separately;
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This led to high bargaining power of customers. The main

way to decrease such power is to create high switching costs for
the customer and high entry barriers;


Purchasing process in the industrial goods market is complex

and takes a long period of time. Both buyers and sellers are
interested in long-lasting relations;


Derived character of demand, when a firm can’t rely only on

knowledge about competitors and direct customers, but it also has
to take into account the customers’ knowledge about consumers of
end products.
These traits are to a certain extent incidental to high-tech industries in
case of business-to business market.1 However, they do not fully reflect its
essence, since technological component significantly changes and
puzzles high-tech markets.
The concept of technology is defined by K. Gronhaug and K. Möller (2005,
93-94) from various perspectives. Thus, technology must have some kind
of purpose, since it is developed to achieve a certain, sometimes welldefined result. Then, technology should be applicable and used, for
example, as a core of some product. Another important aspect is
knowledge and skills required to use that technology. Therefore,
technology is “a scientific knowledge applied to useful purposes” (George
et al. 1999, 78). Or, in other words, it can be a combination of techniques
to create a new product (Ferreri 2003, 4).
Technology has to be distinguished from know-how, which, basically,
represents knowledge already embodied into some product’s or process
functionality (George et al. 1999, 78). It is of high importance that products’
complexity in high tech industries is scientific-based, and it is not stipulated
by craft. In that sense, complex technological products2 represent systems
with both complex structure of interaction between parts, and technology
integrated into each component.
1

Here and further high tech market is mainly considered as high technology market on businessto-business level
2
Further in this work the term “complex technological product” will be equalized to just “complex
product”
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According to R.T. Moriarty and T.J. Kosnik (1989) the concept technology
includes three main types: product, process, and management. Product
technology corresponds to the development of some good, and, as it is
already noticed, to its characteristics and functionality. Process technology
relates to improvements of systems’ production, way of utilizing, etc.
Eventually, management technology explains, how to market the product,
and, generally, how to run the business.
M. Porter (2005) considers technology as the factor, which has the
strongest influence on the results of competition between firms. However,
the problem is that it can have both positive and negative effect to each
concrete firm and to each concrete industry. The controversial character of
any technology leads to enormous complexity and unpredictability of high
tech industries.
This complexity refers to two types of uncertainties. The first is
technological uncertainty stipulated by obvious restrictions in companies’
abilities. Generally, organizations just can’t predict whether their
technology will fulfill initially set goals and requirements, and, hence will
satisfy customer needs. The risk lies in defined timetables breaches, in
various side effects, and what is extremely important - in potential
technology obsolescence. (Moriarty and Kosnik 1989, 2)
The second hurdle of high tech industries is high market uncertainty. The
point is that in high tech industries it is always difficult to reveal and
forecast customer needs. Thus, it happens frequently that a customer by
himself doesn’t know what he wants, or, moreover, he is mistaken over
such needs. It seems also difficult to predict the pace of technological
product spread. Since some goods depend on the network and related
infrastructure, there is always a risk to lose the rivalry completely. (Moriarty
and Kosnik 1989, 2)
Basically, such industry is called technology intensive or high technology,
in which technology plays a central role (George et al. 1999, 78). Since “a
central role” is diluted term, there are a number of formal approaches to
define criticality of technology in a certain market. Thus, the usual
governmental way is to estimate industrial research and development
17
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expenses and to compare it with market average. Similar approach is to
figure out ratio of engineers and other employees with technological
background to the overall number of workers. In both cases the result
should be about twice as much. Following these two ways, it is appeared
that the main part of value added share in high tech industries account for
technology. (Ferreri 2003, 5)
R. Fiocca, and I. Snehota (2003) simultaneously find the key trait of high
tech industries in criticality of relations between buyers and sellers.
Complexity of high tech products stipulates the importance of buying
experience. It is crucial that exploiting organization fully utilizes the
potential of systems to satisfy their needs. In that way, experience prevails
over the technology essence. In contrast to established industries, buyers
in high technology markets are not able to evaluate various alternatives
within categories rationally; they need some advice and consulting
(Gronhaug and Möller 2005, 96).
Buyer-seller relations are not the only point, which determines a need for
significant collaboration. Actually peer relations and relations with
suppliers play their crucial role as well. It is necessary to emphasize that in
most cases high tech firms may not survive alone, they need other
organizations knowledge, skills, resources, etc. It may be reflected in
research and development, market, or manufacturing cooperation.
Another important trait of high technology industries relates to capital
intensity. The point is that research and development require sizeable
financing, while the payback period is usually significant. Since the
development of new high tech product takes a lot of time and money, the
market is, in general, riskier than most of other industries, while the level of
risk increases with growing technology and product complexity. Besides,
the long lifecycle alongside with high initial fixed and sunk costs leads to
so-called unit-one cost structure, so the situation when production of each
next unit is much cheaper that the first one. In addition to potential
technology diffusion, such cost structure may jeopardize business of any
high tech firm (George et al. 1999, 79)
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Eventually, it is necessary to distinguish the pace of changes in high tech
industries. Technological progress with intensifying competition results in
extremely frequent appearance of new products. That leads to facilitated
obsolescence process among all high tech markets (Moriarty and Kosnik
1989). So, firms can’t stop their innovation process, they have to maintain
current versions, and always monitor the market. This trait, by the way, is
the basis of any modernization process, which is the key issue of this
thesis.
Summarizing the attributes of high technology industry to the purposes of
this master thesis, it is possible to highlight the following traits:


High capital intensity with prevailing unit-one cost structure;



Major costs account for technology;



High technology and market uncertainty;



High pace of process and products innovations, and, hence,

obsolescence;


Criticality of relations between buyers and sellers stipulated

by buying experience complexity and industrial structure;


Significant collaborations among all types of players,

including collaboration between rivals;


Intensive use of high quality human resources.

2.1.3. THE FACTORS OF COMPETITIVENESS IN HIGH TECHNOLOGY
INDUSTRIES
The sources of competitive advantages in high technology markets are
stipulated by industrial peculiarities. Four general groups distinguished in
the first paragraph of this subchapter, hence, get a specific character.
Industrial positioning in high tech industries significantly differs from other
spheres. Thus, criticality of relations between buyers and sellers,
significant collaborations among players, high pace of process and
products innovations create extreme bargaining pressure from all five
market forces. In that sense, it is possible to distinguish the following
potential spaces to improve high tech firm’s competitiveness:
19
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Buyers’ switching costs;



Long-lasting contracts with buyers;



Consolidation and cooperation with rivals;



Strategic alliances with suppliers;



Intellectual properties protection.

Resources and capabilities, which a high technology company should
possess, are also influenced by market traits. Such highlighted
characteristics as high capital intensity, intense use of high quality human
resources, significant collaboration within industry, and high market and
technology uncertainty stipulate the need for specific competitive
advantages. Opportunities to create them may lie in the following areas:


Access to long-run financing;



Organizational abilities to attract and retain engineers and

managers;


Information systems, which allow decreasing hand-labor and

automating fulfillment of complex tasks;


Marketing capabilities, including abilities to attract, teach, and

retain customers, reveal and formalize their needs;


Abilities to cooperate and be open for external influence.

These resources determine, among other issues, how a firm may
differentiate from its competitors. Generally, the strategy of differentiation
in case of high technology companies seems to prevail. Due to enormous
technology and market uncertainty, firms can’t rely on cost leadership, and
have to sustain their competitive advantages by varying processes and
products attributes. Narrower, but more stable market is, basically, much
more attractive than unpredictable high tech mass market, even despite
differentiation may be also jeopardized by appearing innovations.
The main ways for differentiation, seemingly, are related to the following
fields:


Differentiation of marketing process related to the way how

the product is sold and corresponding buying experience;
20
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Product differentiation based on profound monitoring and

assessing customer needs;


Ability to spread risks and investments along the whole

product lifecycle and to cope with unit-one cost structure;


Ability to prolong products lifecycle and cope with high pace

of obsolescence;


Ability to manage research and development process to

satisfy time and product traits requirements;


Differentiation by unique collaborations within and outside

certain industry.
Potential sources of competitive advantages, which are considered above,
mostly refer to Chamberlinean and Ricardian rents. However, in high
technology industry in many cases Schumpeterian rents appear to play
much more significant role. The basis for this lies in understanding that the
major profits are made, when a new innovative product has not become
obsolete, so it doesn’t relate neither to monopolistic position or even
specific resources. Therefore, one of key issues that matters in high
technology industry is how to create a right product in a long run, how to
be the first, who manages assets needed for certain product. Very often
exactly ability to follow a right organizational path determines success of a
high tech firm. Ability to absorb, to integrate, and to adapt technologies
under circumstance of high uncertainty may be crucial at the point, when
time is priceless and technological breakthroughs jeopardize the business.

2.2. THE ROOTS OF AFTER-SALE MODERNIZATION
The concept of after-sale modernization seems to be one of the most
complex terms both from marketing and engineering perspectives. Its
derived character refers simultaneously to several fields of study, and
causes corresponding misunderstandings and contradictions.
In order to describe its nature, it is necessary to consider a number of
theoretical frameworks. While the key focus of this master thesis relates to
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strategic perspective, it seems impossible to avoid engineering and
operational points of view.
This subchapter aims to define the roots of after-sale modernization and
corresponding benefits it may bring. To achieve this goal, it is required,
first of all, to elaborate the concept of lifecycle. Here the point is to show
that modernization is one of the tools to manage complex technological
products. In that sense the subchapter deals with both broad and narrow
definitions of lifecycle with attempt to show that modifications and
modernizations are exactly those concepts, which link these broad and
narrow definitions.
The dynamic nature of complex technological products is uncovered by
the categorization of technological transitions and corresponding ways to
manage them: engineering change and obsolescence management.
Eventually, the chapter is finalized by developed definition of after sale
modernization services of complex technological products, and by
characteristics of the considered concept.

2.2.1. PRODUCT LIFECYCLE
It seems that the conceptual framework of product lifecycle was firstly
formalized by J. Dean in the year 1950 (with its revision in 1976 - Dean
1976). Despite the author did not call the phenomenon by its modern
name, he managed to define the whole cycle from product introduction to
the point, when it loses its uniqueness in comparison to competitors. The
main factor of product’s life in that sense is “dynamic nature of new
product’s competitive status”, so, the key driver of lifecycle consists in the
level of rivalry, which increases as the product goes through various
stages. The lifecycle itself is considered as “progressive degeneration” or
“the cycle of degeneration”; what means, that already at the point of
product conceptualization the competitors’ pressure is starting to increase.
(Dean 1976, 141)
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The prime goal of the constructed model relates to a company’s pricing
strategy. Based on such approach, J. Dean (1976, 142) distinguishes
three aspects of the product lifecycle speed. The first is competitive
maturity, which characterizes the market share distribution among players.
The second is market maturity, which relates to how serious customers
consider the product to satisfy their needs. To the purposes of this thesis,
the most important is technical maturity. Technical maturity indicates the
rate of product development, standardization among brands, and stability
of manufacturing processes. Generally, exactly technical maturity
stipulates the innovations to sustain competitive advantage.
Modern marketers continue to consider characteristics of demand as the
main factor of product lifecycle. Key assumptions of such models are
stated by P. Kotler (2002, 171):


Products have a limited lifecycle;



Different stages face different challenges and opportunities;



Profits have different behavior at different stages;



Products require different strategies at different phases.

The latter point seems to be crucial one, because it determines not only
pricing or marketing strategy, but also financial, manufacturing, resource
strategy, etc. (Kotler 2002, 171). Simultaneously, P. Kotler (2002, 172)
considers only general aspects of the strategy disregarding the type of
products. Thus, on decline stage, his product recommendation is to “phase
out weak models”, while in some cases it seems reasonable to prolong
economic life.
While the prolongation of economic life in most of consumer industries
doesn’t have any sense due to low lifecycle costs to customer and low
revenues for seller (in decline phase), in some industries (especially hightech industries) it may be an efficient strategy. Generally, the concept of
economic life describes the situation, when a product is still functional, but
for buyers it becomes unreasonable to use it due to high costs. The latter
may be stipulated by changing preferences or newer versions introduced
by competitors. (Koopman 1999)
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Despite some variations among researches, product lifecycle in marketing
is determined as the succession of stages based on formal criteria revenues, which products generate. Thus, according to T. Levitt (1965,
82), one of the pioneers in the area, a product may bypass through four
main stages: development, growth, maturity, and decline (see Figure 1.1).
Such approach allows managing conditions (such as promotion) to
increase sales, however, it doesn’t provide solutions how not only to cope
Figure 1.1 Product lifecycle model (industrial level)
Source: Kotler 2002, 171

with the product’ physical aging, economic life restrictions or technological
obsolescence, but also to use it as an opportunity.
The controversial issue arisen by some researchers (e.g., T. Levitt 1965,
86) in relation to product lifecycle, is that a whole industry / a whole market
is mostly under consideration. However, the total market’s sales may have
absolutely different behavior rather than company’s sales. It relates not
only to the moment, when a firm penetrates certain market, but also to the
strategy it follows. Actually, even at final stages of product lifecycle, there
may be companies who win the biggest market share due to after-sale
services or modifications, which they introduce.
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2.2.2. TECHNOLOGY LIFECYCLE
The difference of strategic marketing between high-tech and traditional
products3 is widely accepted by most researchers (Popper and Burskirk
1992, 23). However, the adoption of product lifecycle models in industrial
and high tech markets has got only little attention (Schmidt, et al. 2006,
71). While there is a significant difference between market patterns
applicable to traditional products and market patterns applicable to hightech products, there is a strong need to develop a separate technology
lifecycle model.
One of those is the framework elaborated by E.T. Popper and
B.D. Burskirk (1992). The core of this model consists in determination of
product lifecycle driving force. The point is that the main driver in the most
of consumer industries is fashion, while the authors name technological
progress as the key element of high tech industries. Despite both concepts
lead to the same result – obsolescence and economic life end, there is an
essential discrepancy of effects that have fashion in comparison to
functional improvements. Moreover, it reveals to be difficult to quantify this
discrepancy (Popper and Burskirk 1992, 23-25)
The latter factor stipulates the variation in stages, which high-tech firms
come through in comparison to traditional ones. Thus, according to
E.T. Popper and B.D. Burskirk (1992, 24) there are six main phases (see
Figure 1.2). The first one is cutting or leading edge, when companies are
engaged in pure research and development; their product is not
converged in specific applications and only seldom has way to
commercialize it. (Schmidt, et al. 2006, 72)
State of the art firms are those, which already manage to translate the
attributes of cutting edge technologies into market benefits, and, hence,
such companies are able to generate profits. Thereafter, firms start to
produce consumer applications, which basically target the most prepared
audience. This stage is the third one and has a name of “Advanced
technology”. (Schmidt, et al. 2006, 72-73)
3

By traditional products it is meant products with either low degree of market or technological
uncertainty, described in the chapter 1
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As soon as the product proves its functionality, organizations begin to
target mass market, in such a way crossing to mainstream phase. At this
point, market is already developed, while trust to product has achieved its
peak. In most situations, firms move to low cost production exactly at this
stage. (Popper and Burskirk 1992, 28)
Figure 1.2 Technology lifecycle effects on industry population and
profits
Source: Popper, Burskirk 1992, 26

The last two phases relate to the point when competing technologies
penetrate the market, what stipulates some sort of saturation. Thus, the
high-tech firms achieve their maturity and start to decline.
On the decline stage the technology remains in the market very often only
because of sunk cost made initially in research and development.
However, it is extremely important, that product may still compete in some
niches, since it has not fully exhausted physical resource (Schmidt, et al.
2006, 74). Basically, there is a space to maintain and modify products, in
order technological obsolescence will play not a crucial role. However, the
model by developed by E.T. Popper and B.D. Burskirk (1992) doesn’t
consider these important aspects.
Another issue, which is partially considered in the previous model, is the
buying behavior in relation to certain technology. Generally, even in hightech marketing there is a sort of fashion, and there are different types of
customers, which require different products. The key assumption here is
that customers may be distinguished by their attitude towards appearing
technologies. Thus, on the stage of advanced technologies, companies
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can’t target the mass audience, since the latter has no trust to the
appeared system and prefers to wait. Simultaneously, there are people
who would like to try the newest system and even are ready to spent
money on that.
G. Moore works (2004) seem to be seminal in this area. Based on buying
behavior, this author distinguishes innovators, early adopters, early
majority, late majority, and laggards (see Figure 1.3); the main objective is
similar to previous frameworks – to make up right marketing strategy.
The critical role in the model of technology adoption curve is played by the
concept of chasm, which describes the situation, when innovators and
early adopters are already involved in product consumption, while the
broad market is still not ready. The point is that along the whole lifecycle a
product needs improvement and re-development, what, consequently,
depends on target customers’ buying behavior. Despite main difficulties
are referred to the product launch and initial “re-launch”, the problem,
seemingly, is equally important in other stages. Thus, in cases of some
products, re-launch may be required even on the stage of late majority or
laggards, since they demand newer technologies but in a framework of
already used products. Especially, it is essential, when the pace of
adoption is not high or the time gap between late majority and early
majority is significant. (Easingwood and Harrington 2002, 656-658)
Figure 1.3 Technology adoption curve
Source: Easingwood, Harington 2002, 657
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Simultaneously, the model of technology adoption curve deals with
technological life or obsolescence, the concept which describes the
situation, when the product is impractical to use, and despite the system is
still operable or may be repaired, it is no longer reasonable to continue its
usage. (Koopman 1999) The reasons for that might be lack of technicians,
lack of existing components, or the product can’t incorporate the newest
technology. Although economic life restrictions play still more significant
role, obsolescence alongside with fatigue are essential factors to consider
in case of late majority and laggards, who may be key customers for
modifications. Basically, in the framework of considered models, economic
life restrictions relate to fashion, while obsolesce relate to technological
progress.
Besides, C. Easingwood and S. Harrington (2002 and 657) assume that
follow-on stages are as significant as launch stage, and, hence, even
laggard phase may provide with a space for competitive advantages
improvement.

2.2.3. PRODUCT LIFECYCLE IN OPERATIONS
From manufacturing point of view, product lifecycle aims to “support
sustainable production” (Trotta 2010, 309). Therefore, it has an objective
to improve the product and related processes over the whole product
lifecycle and, hence, it relates more to operational rather than strategic
management. In some cases product lifecycle is called by researchers as
project or system lifecycle due to its widespread occurrence in the
software segment (e.g. Forsberg and Mooz 1994).
In these works the concept is considered mostly as a sequence of
activities punctuated by major reviews (Forsberg and Mooz 1994, 2).
Crossing to the next step is stipulated by the level of product’s
completeness and functionality. In that sense upstream and downstream
reaches are distinguished (Tianfield 2001, 283). Upstream reach
characterizes the process of product development and its improvement, so
the process, when a product increases its usability, functionality, etc.
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Downstream reach relates to the process, when a product is in use and
when it experiences physical aging and obsolescence (See Figure 1.4)
Figure 1.4 Product lifecycle
Adapted from Tianfield 2001, 283

Graphically, the lifecycle may be displayed as a horizontal line (e.g., Farr
2012, 131), a dropdown diagonal (e.g., Royce 1970, 329), or a circle (e.g.,
Poston and Dury 2006, 4). Despite the graphical presentation plays an
essential role, because it influences the significance of some stages, much
more important point is what stages different researchers include in their
models.
The controversial issue here lies in the sphere, what certain author
considers as the point of interest. Thus, a lot of works are related to the
environmental impact of product along the lifecycle, and they consider
crucially “Extraction of raw materials” and “Disposal” stages (e.g., Trotta
2010). Those researchers, who are elaborating product development
models (Tianfield 2001, 283), concentrate on “Research and development”
and “Manufacturing” phases. “Packaging and distribution” seems leading
in case of supply chain management and, perhaps, marketing. Regretfully,
most studies pay insufficient attention to downstream reach phases, when
the product is actually in use and needs maintenance or upgrade.
To the purposes of this thesis it becomes crucial to include upgrades as a
separate stage, and distinguish it from maintenance and general “Inservice” phase. The model elaborated by P. Koopman (1999) satisfies
these requirements (see Figure 1.5).
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From the perspective of different stages’ roles, cost models of lifecycles
are indicative. The aim of such works is to estimate the cost of ownership /
usage / development in different stages and total costs of lifecycle. While it
is assumed, that in case of most products the majority of expenditures
account to the first phases, in case of some products (as for example hightech products with long useful life) the situation is opposite. For example,
according to J.V. Farr (2012, 131) 72% of lifecycle costs in case military
systems development relate to operations, support and disposal phases
(see Appendix 1). Under such circumstances it becomes crucial to
manage or at least somehow influence the stages, which are basically
under little control of developer or manufacturer.
Figure 1.5 The phases of a product life cycle
Adapted from Koopman, 1999

The issue of control itself should be considered particularly, since with
growing product complexity it is appeared that stages may be managed by
different players. The transfer of ownership and control causes the need
for collaboration between those players. The most obvious types of
collaboration are collaborations between developer and manufacturer and
between seller and buyer. Basically, it stipulates not only the need for
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constant product change across the whole lifecycle, but also the
opportunity to improve competitive position for all players.

2.2.4. COMPLEX PRODUCTS AND DERIVATIVES
The models, which were considered above, mostly relate to a narrow
definition of product lifecycle. The main problem of such approach is that
complex systems can’t be fully integrated in these frameworks. Thus, a
complex product represents a system of components / elements / parts
arranged in special structure (Yaghi and Barakat 2010, 316), and each of
those element can have different lifecycle. Moreover, these parts are
always interacting, what doesn’t allow predicting system’s behavior on the
basis of knowledge about individual agents (the phenomenon which takes
name of emergent behavior) (Mitchell and Newman 2002). That is why
due to growing product complexity it becomes enormously difficult to
construct lifecycle model, not assuming that some of product’s parts can
be replaced or modified. Generally, broad definition of lifecycle assumes
that firms will reuse the core of the complex system to deliver a number of
products, or in other words, will produce derivatives or product family4
(Deelstra et al. 2005, 175).
V. Giovanna and A.K. Saeema (2012, 103) agree to characterize complex
product by three main features:


Hierarchy.

The

product

has

three

levels:

system,

component5, and subcomponent;


Near-decomposability. Parts are in interconnection, which is

distinguished by loose links;


Alphabet. There are a finite number of subsystems which

constitute a product.
The prime assumption of complex product character is that any product is
multidimensional. Thus, according to P. Cateora (Cateora et al. 2011) all
4

Here product family relates to all products produces by a certain firm on the basis of one core
technology or platform. Thus, it doesn’t relate to P. Kotler’s (2002) product family that describes
all product classes, which satisfy the same customer need.
5
In this thesis, to avoid confusion, instead of component, the term subsystem is utilized.
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the dimensions can be divided into three groups of components (see
Figure 1.6). The core components represent the physical nature of the
product. In other words, it is a platform which contains technology, and,
hence, its design and all functional features. The packaging components
relate to style, all kinds of labels and trademarks, quality, and price.
Eventually, support services components are linked to maintenance, repair
and overhaul activities, installation, delivery, etc.
Figure 1.6 Product component model
Source: Cateora et al. 2011, 373

Each of those components can have different lifecycle due to different
pace of obsolescence. Although, we can’t consider seriously “product style
lifecycle”, it is essential, that already at this general level, it is possible to
distinguish the criticality of the broad approach to the concept. Thus, it is
high probable in case of long-life products that a firm will significantly
change packaging and support services components during lifecycle.
Simultaneously, the core component of a complex product also has a
potential to changes and modifications. Since a product platform itself
consists of a several interacting parts, some of these parts may be
replaced, improved, or upgraded. The platform decision actually is
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considered as one of the prime issues of high-tech marketing (George et
al. 1999, 78). According to J. George (George et al. 1999, 85-86) a firm
has always a choice of how modular the product will be. On the one hand,
a company may follow platform product strategy, when there is a single
core design and several version of it to various industries, and, hence,
opportunity to change these versions in the future. On the other hand, a
firm might have targeted products with high degree of adoption and low
degree of modularity. Such products, consequently, provide very low
space for change and upgrades.
Modularity itself is determined as the ability of complex products to
experience changes and replacements of product subsystems. Thus, in
high modular system, it takes little time and a resource to substitute a part
with different / newer version, in such a way the system works properly /
better. In order to provide such characteristics of a product, the latter is
formally divided into two parts – visible and invisible components. While
the first is about how subsystems interact, the second relates to each
subsystem characteristics. (Mohr et.al 2005, 212-215)
Such approach allows decreasing technological uncertainty and easing
future changes, either inside or outside the organization. At the same
moment it stipulates obvious drawbacks, one of which is loss of the
product’s uniqueness and functionality. Moreover, it may be too costly to
develop platform solution in comparison to unified system. (Mohr et.al
2005, 215)
Anyway, the issue of modularity should be resolved based on each
particular case. It may depend on the level of technological uncertainty,
tacitness of the product, diversity of existing technologies, role of network
effect, etc. (George et al. 1999, 86). To the purposes of this thesis, it is of
crucial importance to notice, that modularity simplifies introduction of minor
innovations, and it may happen both as inside innovation process and as
outside innovation process.
Another key attribute that influences ability of products to experience
changes is compatibility, which determines ability of the system to work
under current circumstances, as for example infrastructure or available
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technicians (Galan et al. 2007, 491). Generally, decreasing compatibility
stipulates facilitating obsolescence of the whole system disregarding the
status of its subsystems. Besides, this trait influences the overall ability of
system to be upgraded, since it will be too costly or merely impossible to
implement new technology / application into the product (George et al.
1999, 81).
Both compatibility and modularity determine the space to produce
derivative products, so products which are developed using the same,
shared product family platform but with significant differences in
functionality and key attributes (Deelstra 2005, 174). Generally, the
researchers consider derivation as purely inside issue of a company, so
that derivative products are produced within a company. However, it
seems reasonable to extrapolate the concept outside organizational
borders. Thus, modernized or modified product during after-sale service
also can be named as a product derivative and may be included into a
corresponding product family.

2.2.5. TAXONOMY OF INNOVATIONS
Technological progress is considered to be the driver of complex products
lifecycle, since it determines the pace of systems’ obsolescence.
Technological progress is closely linked to the concept of technological
transitions, which are defined as “major technological transformations in
the way societal functions are fulfilled”. The key assumption is that such
transitions imply not only technological changes, but also user practices
and preferences, infrastructure, regulation, etc. (Geels 2002)
C. Freeman and C. Perez (1988) distinguish four main levels of
technological transitions. Thus, technological revolutions or changes in
techno-economic paradigm are deep changes in technology systems,
which have pervasive and prevailing impact on the whole economy. Such
changes have long cycles, and they relate to institutional framework.
Changes of technology systems have lesser influence, and they cover a
few of branches of the economy. Organizational innovations, alongside
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with

technological

breakthroughs

and

minor

amendments,

affect

simultaneously a number of organizations or the whole cluster. (Freeman
and Perez 1988, 46 - 47)
Radical innovations are the issue, which is regarded within business and
innovation researches. These innovations get a discontinuous character
and usually are linked to deliberate activities in the field of research and
development. Radical innovations cause new markets’ and industries’
appearance with corresponding markets’ and industries’ extinction or
significant decline. They combine managerial, process, and product
changes. (Freeman and Perez 1988, 46)
Eventually, incremental innovations represent the result of continuous
process of product development and improvement. They are often
suggested even not by research and development activities, but by
engineers and user requests. Although such innovations do not have a
crucial influence and sometimes are not even noticeable, in long-run a row
of incremental innovations alter the product drastically. (Freeman and
Perez 1988, 45 - 46)
While changes in techno-economic paradigm and changes of technology
systems are the roots of economical and industrial lifecycles, radical and
incremental innovations stipulate organizational and complex product
lifecycle’s pace.

To the needs of this master thesis the latter factor

prevails significantly, since exactly radical and incremental innovations are
the reasons of technological obsolescence, and, hence, complex products
engineering changes and modernization.
Moreover, in categorization of R.T. Moriarty and T.J. Kosnik (1989)
product technology seems to dominate over process technology.
Simultaneously, there is a strong need to link managerial technology (the
way how the product is marketed and the business is run) to product
technology, since it is assumed that the concept of modernization lies
exactly at their intersection.
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2.2.6. ENGINEERING CHANGE
Broad definition of lifecycle explains the situation, why a complex product
depends on lifecycle of its subsystems and subcomponents. As it is
revealed above, each part may have different obsolescence and physical
aging pace. Therefore, it is necessary to monitor and modify these
“narrow” lifecycles in order to maintain the whole system.
Thus, V. Giovanna and A.K. Saeema (2012, 99) state, that in order to
sustain competitiveness, firms have to react carefully and in-time to
engineering change requests, which, generally, may appear at any stage
of product’s lifecycle. The concept of engineering change is defined as “a
modification to a component of a product, after the original design task has
been completed” (Giovanna and Saeema 2008, 2). So that it includes both
internal and external product modifications.
Engineering changes are proved to be unavoidable, since there are
always mistakes and there is always a space for product improvement
(Ouertani et al. 2004, 1). Thus, based on the aim there are two
fundamental types of changes (Ahmed and Kanike 2007, 2):


Removal or avoidance of errors;



Improvement or enhancement of a product.

While the first type relates to designing and manufacturing phases, the
second broadly appears at the moment, when a product is in use. Despite
the researchers claim that most of changes account for manufacturing and
testing stage (e.g. Ahmed and Kanike 2007, 1), in many cases it seems
possible to prove the opposite. The problem is that these authors focus
mainly on internal engineering. Moreover, service phase is considered
partially, not till the product wear-out. Since the changes may be especially
needed at the moment of physical aging or technology obsolescence,
such approach seems to have significant limitations.
The last argument plays a particularly crucial role in case of products,
which are characterized by high or extreme complexity, as for example
drilling machines. The reason is that such products may not admit any
failure during operations (Giovanna and Saeema 2008, 2).
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The point is also that many products are in use during a long period of
time, and if this product seems to be discarded, the platform and
technology may be re-used in newer versions (Eckert C. et al. 2004, 1).
So, the engineering change of such a product may be a source of ideas
and innovations.
From another perspective, the cost of dealing with engineering changes
raises as the product goes through lifecycle (Giovanna and Saeema 2012,
1). It relates not only to transfer of control and ownership, but also to loss
of knowledge as the time goes by. Thus, lack of knowledge, how
subsystems interact between each other, is one of the major problems “in
managing changes and predicting their effect” (Earl et al. 2005, 3).
However, the manufacturers and developers are, generally, the only
organizations which possess such knowledge, and the changes may
become not a difficulty, but a business opportunity.
Regarding the latter statement, it is necessary to notice that changes are
sometimes obligatory. Especially it relates to regulated spheres, as for
example, already named drilling machines segment. In that case it
becomes imperative to monitor the changes during the lifecycle, since
safety plays a crucial role (Giovanna and Saeema 2008, 3). It seems
equally important for exploiting organization and manufacturer / developer.
The most obvious reasons for engineering changes are customer
requirements and immature decisions in development or manufacturing
phases (Ouertani et al. 2004, 1). The latter relate to so-called emergent
changes, which may be stipulated by some mismatches with specifications
or requirements (Earl et al. 2005, 3). However, to the purposes of this
study it seems much more important to consider customer requirements.
The point is that exactly customers are driving the process of product
innovation and improvement, while the manufacturers / developers in
many cases are interested to produce the same system with the same
functionality.
First of all, customer requirements may cause change after they started to
use a product, because of changing preferences. Sometimes, it may be
stipulated by alternation of operating environment. Thus, C. Eckert (Eckert
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et al. 2004, 7) gives an example of Cold War end, which led to a numerous
example of military equipment conversions.
Recent

innovations,

obsolescence, are

which,

basically,

determine

doubtlessly another reason

technological

of new customer

requirements emergence. The point is that, soft elements of the most
systems become outdated much earlier than the hardware (Eckert et al.
2004, 7). That process actually seems to be the most crucial one; and its
roots relate to already conducted analysis of complex products lifecycle.

2.2.7. OBSOLESCENCE MANAGEMENT
As it is revealed, technological obsolescence and economic life restrictions
are the key concepts of complex product lifecycle. Caused by incremental
and radical innovations, components’ or subsystems’ obsolescence is one
of the main reasons of engineering changes. Thus, obsolescence
management is one of types of engineering change management. While
maintenance management deals with preservation of asset functions,
obsolescence management is related to these assets modifications.
Although it frequently happens system’s elements become obsolete before
the system has been fielded or even manufactured (Rojo et al. 2010,
1236), obsolescence management mostly refers to in-service phase, and
in that way is conducted outside organizational borders. To the purposes
of this thesis, it seems extremely essential, since in service phase is
characterized by transfer of ownership and control to a customer.
Therefore, obsolescence management very often assumes voluntary
action of developers / manufacturers, and necessary action for exploiting
organizations.
Generally, obsolescence management includes all types of processes,
procedures, and methods to make sure that a product may be supported
over the whole lifecycle (Obsolescence Management Portal 2012). A
component is said to be obsolete “when the technology, that defines it, is
no longer implemented and, therefore, that component becomes no longer
available from stock of own spares, procurable or produced by its supplier
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or manufacturer” (Rojo et al. 2010, 1235). However, this definition touches
only one tacit of the phenomenon, since the point is not in the
component’s production closure but in the reasons of such closure. So, as
it is already said, to the needs of this thesis obsolescence management is
considered from a broader perspective. While the lack of spares and
maintenance infrastructure is an issue to contemplate, the main concerns
are functionality characteristics in relation to competitors, or incremental
and radical innovations appeared in the market.
According

to

M. Burrati

and

D.D. Brusco

(2010)

obsolescence

management deals with introduction and consolidation of technologies
with aim to enhance the product. With growing product complexity,
changing market trends, continuing and facilitating technical revolution,
obsolescence

management

becomes

the

only

way

to

sustain

technological congruence and, hence, firm’s competitive advantages.
Generally, obsolescence management is the way to manage lifecycle of
complex high technology products.
While obsolescence management activities are in most cases accidental,
since the innovations themselves are accidental (especially, radical ones),
the process can’t be organized accidently (Buratti and Brusco 2010).
There should be initiators, plans, extensive engineering work. The issue is
what benefits the various players will get of the whole process.
Simultaneously, it depends on the lifecycle stage: who is in ownership of
the product, who is exploiting it, who possesses the technology, etc. Thus,
this thesis focuses on one major type of obsolescence management,
which starts after sale on the latest lifecycle stages, and can be named
modernization and modifications.

2.2.8. AFTER-SALE MODERNIZATION
Being a typical instance of engineering change, modernization represents
a powerful tool of obsolescence management. It appears that for a
complex technological product with long life duration, customers often
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requires changes to improve its characteristics, performance, or to match it
with new technologies (Eckert et al. 2004, 7).
The reason of such request lies in the intersection of narrow and broad
lifecycle’s understandings. While the key driver of technological products
relates to obsolescence, researchers agree upon that many components’
economic life is shorter than economic life of the whole system (e.g. Rojo
et al. 2010, 1236). Therefore, there is a space to prolong “broad” systems’
lifecycle by changing “narrowly” obsolescent subsystems. Exactly this
process is called after-sale modernization.
T. Evans (Evans et.al. 1995) explains it as ”a change to a system,
equipment or material […] with the intent of enhancing, improving,
changing, or adding to the capability or performance of the system,
equipment or material being modified”. The US Air Force (US Air Force
Instruction 2009, 47) has a similar approach – “a change to the form, fit,
functions or interface of configuration item or items”, while the main
purpose consists also in improving existing system.
Both definitions should be significantly enriched by the term “after-sale”;
otherwise it reminds the general definition of engineering change.
According

to

V. Ljashhenko

(2006,

10)

after-sale

character

of

modernization reflects in the provision system that allows the customer or
the client of the product chooses an optimal way of acquiring and
consuming technically complicated product, and also to use it in a
profitable way during the whole lifecycle.
The concept of modernization market however rises in the literature
extremely rare. Nevertheless, there are some surveys in the Internet, as
for example industry analysis of the aircraft modernization market
prepared by Visiongain (2012). The key point is to define the players and
the borders of certain modernization market. A. Nikolaev (2010) considers
military systems modernization segment and distinguishes its main
participants.

Research

and

development

centers,

manufacturing

companies, and integrators are regarded as sellers, while operators of the
systems – as buyers.
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Theoretically, modernization services have a direct link to competitive
advantages of firms. First of all, it is a marketing tool for differentiation. In
fact, modernization, like any after-sale services, increases the value of a
product for a customer. Since in the vast majority of high tech cases
consumers do not understand the essence of the products fully, they have
to apply for support. While new technologies are appearing, they partially
lost rivalry and have implicit requirement for modifications. An instance
may be drilling machines, when oil companies have higher operating costs
than competitors because of obsolete elements. If the provider suggests
modernizing it, it may get additional benefits both due to pure costs factor
and from marketing perspective.
This also let sustain and improve buyer - seller relations, which are so
important in high tech industries. Actually, after-sale modernization
services suppose continuous collaboration and mutual cooperation, which
has two purposes: to understand complex needs of customers, and to
support product’s superiority. Supercomputers may be an explicit example
of such practices. Basically, the producers of supercomputers have to be
involved into the exploiting of these machines and to arrange a significant
number of issues with customers on a constant basis. For certain, it is also
one of the most efficient ways to follow strategic trajectories and to have
the set of assets, which is the most appropriate for the future.
Decrease of technological uncertainty is another tacit of modernization. If a
buyer is, at least, partially sure, that new disruptive innovations will be
rapidly applied to the product even after the sale, they will be more ready
to buy it. Crossing the chasm, hence, will be simpler. Such approach is
quite spread in business software segment, where the future upgrades are
provided by contracts. From seller’s point of view, it is important, since it
allow keeping the customer by increasing switching costs, even though
their product lost some rivalry thereafter. So that it decreases
technological uncertainty for both sides.
Moreover, after-sale modernization in some cases may generate
additional revenues, and, hence, helps to partially exclude negative effects
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of unit-one cost structure. Otis’ practices are illustrative here. This
company is not selling only elevators, but also packages of modernization
to elevators of other firms. Therefore, the firm spreads risks by proper
diversification and dampens demand leaps. When the economic situation
is in crisis, modernization may become a last resort, while under normal
circumstances it is just additional tool to attract customer for acquiring a
new elevator in a long term.
Eventually, after-sale modernization fulfills its prime aim, since it serves as
a way to decrease product’s obsolescence and product’s aging.
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3. AFTER-SALE AIRCRAFT MODERNIZATION SERVICES
Aircraft modernization represents an explicit example of complex high
technology products’ modifications. Due to the peculiarities of air vehicles
and industrial specifics, the services of aircraft modernization are
extremely comprehensive. Simultaneously, the concept of after-sale
aircraft modernization remains little studied, even though it is one of the
spheres, which can demonstrate the origins and the essence of the
phenomenon.
Actually, exactly the aerospace provides with enough business practices
and experience to extrapolate and to generalize conclusions over other
high tech areas. Distinguished by particular traits, the aircraft systems’
manufacturers significantly differ from other high technology firms from
business-to-business sector. The purpose of this chapter is to reveal those
discrepancies and to reflect them in the conceptual context. The aircraft
modernization market and corresponding competitive positioning is studied
in the outset of this chapter.
Combining the context of the phenomenon and conclusions over
theoretical framework from the first chapter allows carrying out a factsbased research. The goal of the latter is to find business evidence over the
role of aircraft after-sale modernization. It is tried to achieve by
implementing multiple case studies in a form of in-depth interviews.

3.1. THE FACTORS OF COMPETITIVENESS IN THE AIRCRAFT
MARKET
The characteristics inherent to high technology industries are fully
applicable to the aircraft industry. Moreover, the most of revealed in the
chapter one sources of competitive advantages gains critical in case of the
aerospace.
Therefore, capital intensity in the aircraft industry is stipulated by two main
components. First of all, it is extremely high cost of the first developed and
produced unit. Often the acquisition of an aircraft model requires
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participation of one or several nations. Enormous expenditures, related to
research and development, determines prevailing unit-one cost structure.
The period since the beginning of the program until the start of production
may last for more than five years. Thus, according to J. Markish (2002, 59)
the average duration of the design, implementation, testing, and
certification of the aircraft is 66 months. Second of all, the break-even
point lies in an extremely high level, when in order to become profitable
firms have to manufacture hundreds of air vehicles.
As in the case of the vast majority of high technology products, a
significant portion of the final product’s price accounts for technology. A
new aircraft is always a system of advanced technologies at the concrete
moment. It is important that the product itself rarely represents a
technological breakthrough, as it happened at the time of transition from
turboprops to jet aircrafts. Simultaneously, its components are always
based on the most contemporary findings, and, consequently, are subject
of obsolescence. Although the aging process may wear not so fast
character as in the case of some other technological products, it plays a
significant role in the industry. This is even more strengthened by a
discrete nature of innovations in the aerospace: the creation of a new
aircraft model is always accompanied by introduction of new innovative
parts. Being sometimes not critical, they, nevertheless, cause a product’s
superiority and corresponding competitors’ wish to be in line with
innovations. From airlines perspective, the process is reflected in higher
maintenance and usage costs in comparison to the firms, which have
acquired a new aircraft park. (Ferreri 2003, 5)
High technology and market uncertainty in the aerospace is of critical
importance due to the time lag between the start of the program and the
delivery of goods and due to the size of investments. As a result, the most
essential factors for the aircraft companies are, on the one hand, the
marketing component (a sizeable role of every new client), and, on the
other hand, the ability to reduce the duration of the production / delivery
cycle and the cycle of development / testing / certification / production
(Browning 1998, 32). High dependence on economic conditions, mainly on
level of passengers’ revenue, is stipulated by the trends in the
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transportation market, for example, air carriers’ activities. In general, the
cyclical nature of demand (corresponding to periods of stagnation and
economic recovery) defines the situation when an aircraft acquisition is the
most important investment for airlines, since as soon as the decision is
made, the company must focus on a specific type of equipment in the long
term.
In long run, besides, it becomes a real problem for a customer to abandon
initial suppliers. The point is that aircraft manufacturers are prone to
compete aggressively on price for the first contracts to guarantee follow-on
purchases, while both parties are involved into the continuous and noninterruptible collaborations. The costs of operating and maintaining
aircrafts are several times higher than the costs of its acquisition. To a
bigger extent it is stipulated by the product complexity. (Spreen 2007, 5051)
The learning curve effect in the aerospace is considered to be one of the
strongest among high-tech industries. A significant part of learning occurs
in the period of aircraft development and assembly, which both require
craftsmanship and critical management of thousands of different activities.
All this leads to an extreme need of high quality human resources (Klepper
1994, 103).
In general, it is possible to conclude that the findings of the previous
chapter on competitiveness factors of a high technology company are not
equally but more applicable to aircraft systems’ manufacturers. However,
due to the specifics of the latter, they are necessary but sometimes not
sufficient to address the competitive position of those manufacturers.
Thus, buyers’ switching costs may represent the factor of significant
competitive advantage of any systems’ manufacturer. However, fleet
commonality seems to be much more crucial variable for air carriers than
commonality of almost any other products. Possibility to use the same
parts and to avoid retraining flight personnel may serve as important way
to reduce costs. These reasons ultimately lead airlines to the acquisition of
aircraft model under current use or of the aircraft model by the same
manufacturer instead of dissimilar model, even if the latter is cheaper
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(Mowery 1987, 98). Thus, a common approach to sustain competitive
edges by the system developers is to create a family of planes
characterized by a high degree of homogeneity. In other words, a critical
mass of loyal customers is an extremely important competitiveness factor
in the industry.
Basically, demand in the aircraft industry is reflected in three key
characteristics:


Customers are rarely end-consumers, and being an

organization they require highly rational approach to decision
making;


Significant segmentation of demand: in terms of

systems (air engines, avionics, etc.), in terms of price (new
and used aircraft systems), in terms of strategic purpose
(near-, medium-, long-haul aircrafts), in terms of region;


Optimistic projections of demand growth - 5% long-

term growth rate – alongside with especially high growth rate
in the segment of regional airlines (Boeing 2013).
The market power of buyers is palpable in the industry. First of all, it is due
to the already named fact that each sold airplane / system represents an
essential part of revenues. Secondly, as a result of consolidation and high
level of concentration, many customers have become really powerful and
have become a consumer, for which it is necessary to compete separately
(Ferreri 2003, 53). Moreover, nowadays air carriers are prone to take part
in new aircraft development process. While such trend allows systems’
manufacturers to spread technological and market risks, their activities are
under high influence. Finally, very often direct buyers may be leasing
companies which may have bigger fleet and, hence, lesser switching
costs.
That is why, although it is quite costly for air carriers to change an aircraft
developer, buyers gave significant bargaining power. So that long-lasting
contracts with buyers may be an important source of competitive
advantage for systems manufacturers in the industry.
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Bargaining power of suppliers in the aircraft industry is influenced by the
market structure. The point is that an aircraft is an extremely complex
technological product, and the providers of different parts may play
different roles. Moreover, it seems that sometimes suppliers and their
customers represent also a sort of competitors, and they may have a
controversial impact on each other. The next paragraph of this chapter
aims partially to understand how various suppliers interact.
From aircraft manufacturers’ perspective, it is reasonable to highlight the
role of two types of suppliers: of air engines and of avionics. In the modern
world there are a limited number of highly specialized firms in both
spheres. According to D. Ferreri (2003, 54) these segments have
experienced rapid consolidation which resulted in high level of
concentration. Besides, they usually possess unique knowledge and
technologies, which aircraft manufacturers rarely own. All this obviously
lead to the importance of relations with suppliers of avionics and air
engines, which in practice often lead to vertical integration or strategic
alliances. Moreover, it happens frequently that certain type of air engine or
even avionics is developed to the goals of a concrete aircraft model, what
result in mutual interdependencies, which are historically difficult to
overcome or avoid. (Ferreri 2003, 54)
Despite of segments’ discrepancies the rivalry in the aircraft industry may
be named intense due to the following peculiarities:


High role of fixed costs alongside with economy on

scope importance. While economy on scale is significantly
restricted by product’s complexity, role of craftsmanship, and
a limited number of products under the same model,
economy of scope seems extremely essential. Mainly, it
relates to marketing, promotion, sales, research, and
development (Takashi 2006, 3). Simultaneously, for a
modern aerospace it is typical to achieve economy on scope
by setting up a strategic alliance to spread the expenditures
on intangible assets (Ferreri 2003, 51). In other words, the
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possibility of partnerships with competitors is still considered
as one of the key competitive options;

costs

The importance of learning curve effect, while unit
are

decreasing

with

increasing

production

(Golaszewski and Klein 1998, 364);


Already mentioned cyclical nature of demand resulted

in unstable revenues;


High exit barriers linked to the role of governments

and specifics of the business (Ferreri 2003, 56).
Following the logics of Chamberlinean rents and M. Porter’s model, it is
necessary to highlight that the threat of new entrants almost in all
segments is low due to investments size, technological complexity, and
strict regulation. As for the threat of substitutes it is possible to distinguish,
perhaps, high-speed trains and new information technologies, such as online video chats. Nevertheless, substitutes do not present a crucial force in
the aerospace, especially regarding essential industrial segmentation.
The aircraft industry represents the top of all high technology industries
due to the knowledge and skills required to introduce a new plane.
Basically, it is equally true to all participants – from developers to
exploiting organizations. Although technology is a high entry barrier,
intellectual property rights or patents are not of extreme importance. Much
more significant is the ability of a firm to find, acquire, transform and adapt
concrete technology. Very often aerospace companies possess a big
portfolio of technologies, which are just not applied to the current model, or
postponed to be applied in the future under specific circumstances. (Siegel
2004)
Another important resource is financial resource. Due to the enormous role
of uncertainty in the industry and, as a consequence, high financial,
technological and market risks, the ability to raise capital is critical in the
early stages of the development of an aircraft and almost any aircraft
system. The long payback period, sometimes exceeding ten or twelve
years, and the gap between the start of the project and the first delivery
are the factors that seriously hinder the emergence of new players in the
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market. In fact, it is sometimes impossible to attract a bank credit for such
a long period without governmental support. Moreover, according to some
studies there are almost no historical examples of “purely” profitable
aircraft projects. Due to the time value of money, such projects can be
paid off only with quite low interest rates, which can’t exist in “open
market” because of enormous risks (Klochkov 2007). Besides, the
aerospace is characterized by high added value, and all stages of aircraft
lifecycle may require funding (Ferreri 2003, 46). That is why access to
long-run financing is considered by the most of researchers as one of the
most important competitiveness factors.
Human resource in the aircraft industry also wears a critical character,
since it is the basis, on the one hand, for the development of technology,
and on the other - for the use of the technology in operations. Although the
level of knowledge, skills and abilities of the production staff does not
obligatory exceed the average level, the performance of engineers and
technical specialists (including also marketing services) should be
superior. The latter point, obviously, is conditioned by the level of
technology in the aerospace industry.
However, high-quality specialists, even with rare and unique knowledge
and skills, do not guarantee success. Actually, it may be more important to
manage these resources in a right way. 5% of the total costs of aircraft,
according to D. Ferreri (2003, 48) refer to administrative costs, through
which it can be achieved the most important competitive advantage - the
ability to integrate the operations of the set of (international) players such
as suppliers, subsidiaries, and individual employees.
Organizational abilities of the company directly relate to the management
of resources - another potential competitive advantage of aircraft
manufacturer. The administrative structure of the organization, its
organizational culture can provide such vital components, as economies of
scope or higher learning curve effect.
In fact, perhaps, the key feature of the modern aerospace is its
internationality, where both production and consumption go far beyond
national borders. This feature fully correlates with M. Porter's idea that
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competitive advantage can be improved by extending the production and
commercial activity outside the home country. So that in the terminology of
T. Levitt (1983) the aerospace is a global sector, and, according to that,
the characteristics of the aircraft industry push all companies abroad.
While the product is sold worldwide in almost the same configuration, the
point is not only in technological complexity of development and
production, but also in the breadth of potential markets and the complexity
of the sales process. The ability to build an effective sales team, construct
technical support network around the world is, hence, one of the key
conditions for success in the aircraft business. The purpose here is to
improve buying experience, monitor and assess customers’ needs.
One of the main goals of technical support networks, besides, is to prolong
product

lifecycle

and

cope

with

obsolescence.

From

exploiting

organizations’ perspective, an aircraft is a product, amortization of which
may last for several decades. Hence, the business continuity and longterm competitive position depends on how fast and frequently an air
vehicle experiences failures, and how strong an air vehicle is protected
from disruptive innovations. The first reason corresponds to maintenance
management, while the second to the sphere of modernization and
modification, which are under consideration in this thesis. The buyer often
takes into account such factors as reliability, availability, maintainability,
sustainability, interoperability, deployability, etc. Frequently even preplanned product improvement is taken into account (Biery and Lorell
1981).
Global character of the industry stipulates also the importance of
international business activity, as one of the non-deterministic factors
distinguished by M. Porter (1990). Complex structure of the industry (both
in terms of the number of active players and the relationships between
them) causes the need on national level to create a cluster, so that a need
for consolidation not only within particular segments, but also so-called
multi-sectorial consolidation. It may be explained by the possibility of codevelopment in the frame of production chain corresponding to the
necessity to improve the innovative capacity. In general, cluster in the
aircraft industry allows reducing risks, increasing financial strength,
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achieving necessary level of economies of scope and of learning curve
effect. Practical experience confirms this idea. Thus, the 80-90th years of
the last century revealed two main responses to the deteriorating
environmental conditions. Firstly, it is an aggressive policy of mergers and
acquisitions, and, secondly, it is policy oriented on strengthening
relationships with suppliers (Ferreri 2003, 14).
In general, all above mentioned competitiveness factors may vary,
depending on a particular player and a particular segment. Their crucial
feature consists in dynamic character, when the key point relates to the
ability to sustain competitive advantage. In that sense, competitive position
in the future may be much more important, than competitive position now.
Due to the required planning horizon, organizational trajectories get a
palpable role.

3.2. AIRCRAFT PRODUCT MODEL AND LIFECYCLE
An aircraft represents one of the most complex technological systems. Its
equipment always reflects contemporary science and innovations. Being a
top of high technology industries, aerospace requires special policy of
product lifecycle and engineering change management. Broad definition of
lifecycle considered in the chapter one seems to prevail over narrow
definition, while the structure of air vehicle needs special consideration in
order to reveal how an aircraft may (should) be modernized and modified.
According to D. Ferreri (2003) the aircraft industry consists of four general
sectors:


Airframe sector, which includes manufactures of

aircrafts fuselage, wings, cab, and mechanisms of thrust
reversal. This sector according to the author’s opinion is
characterized by a high role of initial suppliers because of
technological superiority, despite very seldom one firm is
responsible for all components. The element itself is also
characterized by the longest life cycle among all subsystems.
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Air engines sector, which includes designers and

manufacturers of engines and mechanisms of engines
incorporation into an aircraft. This sector is distinguished by
low number of companies and the element itself is
characterized by restricted technological life and middlesized lifecycle among subsystems.


Avionics sector that includes developers of electronic

systems needed to provide flight safety. This sector is
characterized

by

fast-changing

technology

and

high

specialization of firms. Elements of avionics have the
shortest lifecycle and have to be replaced frequently.


Systems area, which includes chassis, fuel systems,

hydraulic systems, etc. I. Moir and A. Seabridge (2008)
distinguish nine main groups of aircraft subsystems: engine
control systems, fuel systems, flight control systems,
hydraulic systems, pneumatic systems, electrical systems,
rotary wing systems, emergency systems and environmental
control systems.
Generally, it is possible to present an aircraft as a system of four basic
structural groups (Turkin 1974). The first one is the airframe group, which
includes:


Wings;



Fuselage;



Empennage.

The second group is the group of aircrafts mechanisms and
systems:


Chassis;



Control mechanisms;



Actuators mechanisms;



Anti-icing devices;



Aircraft propulsion, which, in turn, consists of
o

Engines;
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o

Fuel system;

o

Oil system;

o

Fire extinguishing system;

o

Etc.

The third group relates to aircraft equipment:


Electronic automation equipment;



Electrical fixtures;



Instrumentation and oxygen equipment;



Altitude special equipment;



Tools of photo-control.

Eventually, the last basic structural group is avionics:


Communication tools;



Navigation tools;



Flight control tools.

The key point of constructing such a model consists in the fact that
different aircraft components are aging and are becoming obsolete at a
different pace (Australian Transport Safety Bureau 2007). Simultaneously,
according to broad approach to product lifecycle, the lifecycle of a complex
technological system is defined by the lifecycle of a component with the
highest rate of aging or obsolescence. Since aging influences significantly
aircraft safety, and obsolescence has a huge impact on aircraft
effectiveness, there is a strong need to predict and estimate how to cope
with both issues.
From the aircraft safety perspective it is possible to define so-called critical
components, which may be categorized in three groups depending on the
level of their reliability. While reliability is defined as the ability of the item
to perform without failures under specified conditions and without
additional demand to supporting system (US Air Force 2005), it is
conditioned by the degree of component’s exposure to the factors
associated with aging: fatigue, corrosion, wear, deterioration. The groups
are (Australian Transport Safety Bureau 2007):
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Structures;



Powerplants;



Other systems.

According to C. Yunxiang (2008) “the aircraft is said to be aging when the
flight beyond design usage could introduce new critical problems,
corrosion, widespread fatigue, or multiple side damage”.
The structures of aircraft are especially susceptible to fatigue and
corrosion failures, since fuselage, wings, empennage, and flight control
surface are always projected with the aim to decrease weight. Hence, it
becomes very important to select right materials and sizes. In spite of
rapid development of composite materials, till now aluminum alloys prevail
in the aircraft structures production. Simultaneously, aluminum alloys are
relatively mild and are more prone to fatigue than other metals (Kopp
2002, 5). Nevertheless, aircraft structures are characterized by the longest
useful life among all critical components.
Aircraft powerplant is itself a complex system, which includes a lot of high
technology elements and interconnections. Fatigue and corrosion play
there also a significant role, but due to the purposes of powerplant much
more important factors are wear and deterioration. Typically, air engines
and corresponding components are involved into regular inspection and
maintenance processes. The crucial point here is also that configuration
items of powerplant may have various aging paces (Australian Transport
Safety Bureau 2007). It is also well accepted that useful life of powerplants
are much shorter than useful life of aircraft structures.
Other systems, which critically influence aircraft aging process, are
electrical wiring and cables, fuel, hydraulic, pneumatic lines, pumps,
sensors, actuators, etc. These systems are characterized by high level of
risks associated with flight safety and flight accuracy. Equipment
malfunction may be resulted from failures of these components. Due to the
difficulties associated with inspection of such components and due to the
environment in which they are functioning, maintenance of the named
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systems represents one of the most important aspects of after-sale
services. (Australian Transport Safety Bureau 2007)
The reliability of the whole aircraft is correspondingly defined as an
aggregation of reliability of its critical components (Kopp 2002, 3). In that
sense, aircraft aging behavior is similar to any complex technological
system, while its failure rate has a bathtub form (see Figure 2.1).
Figure 2.1 Aircraft failure rate curve
Source: Australian Transport Safety Bureau 2007

From aging perspective, aircraft goes through three main stages: infancy,
useful life, and wear-out. Infancy reflects the period of statistically high
level of failures due to material flaws or production problems. Most of them
relate to the problems not revealed during the certification and testing
period (Kopp 2002, 3). The number of failures decreases as a result of
engineering change management activities.
Useful life is the aircraft lifecycle stage when the number of failures
remains stable. While the failures, which are linked to material flaws and
production,

are

disappearing,

problems

corresponded

to

fatigue,

corrosion, wear, deterioration prevail (Australian Transport Safety Bureau
2007). Maintenance management aims to be the key instrument at this
period.
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Eventually, the wear-out stage reflects the stage, when some systems
experience a lot of failures, and they become either unsafe or ineffective to
use (Kopp 2002, 3). At this moment an aircraft reaches the peak of
lifecycle and requires replacement of some components. Very often
overhaul is not enough, and modernization is the only way to prolong
useful life.
In general, the duration of useful life depends on the following key
activities and factors (Bhaumik, Sujata and Venkataswamy 2008, 675):


Engineering design;



Manufacturing;



Inspection process;



Service conditions and environmental factors;



Aircraft structures’ material.

The most important point here is that there should be well-developed
strategy of managing all these factors from the beginning. Although the
aircraft failure rate curve doesn’t deal with obsolescence issues, even here
it is required to understand that very often standard component
replacements are not efficient tools to cope with aging. While material
properties and environmental stresses are obviously the drivers of aircraft
lifecycle, evolving technologies and escalating operational requirements
may play much more significant role (Pyles 2003, 28-29).
Due to the enormous technological content of aircrafts, the product lifetime
is significantly influenced by the technology transitions and corresponding
obsolescence process. From that perspective it is reasonable to apply
marketing product lifecycle model considered in the first chapter.
Introduction of aircraft seems to be one of the most important phases,
since bad management at this stage may jeopardize the whole business,
and the decision at this moment wear “bet firm” character. Identification of
requirements, understanding the requirements, development of an air
vehicle, and penetration to the market are the key purposes during the
introduction. (Spreen 2007, 24)
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Growth phase partially overlaps with infancy period. It includes initial inservices testing and first experience by exploiting organizations. The main
goal here is to demonstrate the products traits and to increase sales.
(Spreen 2007, 24)
Maturity phase reflects the moment, when most of aircraft projects have
amortized initial research and development expenses, and systems
manufacturers are trying to attract additional customers. It is of crucial
importance here, that rivals often have already introduced competing
models with applied innovations. So that obsolescence process reaches
the level, when manufactures attempt to offer “major modifications, mid-life
updates and derivative designs” (Spreen 2007, 25).

Figure 2.2 Aircraft aging and obsolescence framework
Source: Pyles 2003, 31

Decline stage relates to the moment, when technologies initially applied to
an aircraft become fully outdated, and the sales occur just due to
commonality reasons. Although such sales may last for a long period and
some systems may be sold to replace old ones, systems manufacturers
start to withdraw the model from the market. (Spreen 2007, 25)
Figure 2.2 shows the interaction of four key factors of aircraft lifecycle:
technological requirements, operational requirements, material properties,
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and technological transitions, which lead, consequently, to material wear
and emergence of technological gaps between the aircraft and the current
state of technology. This model eventually links the concepts of physical
ageing and obsolescence, what, in fact, distinguishes ways of lifecycle
prolongation.
In order to cope with the technological gaps challenge, aircraft
modernization and modification practice should be introduced.

3.3. AIRCRAFT MODERNIZATION
Aircraft modernization is defined by V. Klochkov (2008, 1) as a change in
construction or composition of aircraft systems with the aim to improve its
characteristics without the mission change. Simultaneously, modifications
may be determined as changes to any aircraft system, including
equipment, material, embedded software, etc., with the aim to enhance, to
improve, to change or to add to the performance, availability, capability of
the component which is under modification (Evans, Lyman and Ennis
1995, 57). While the difference between modification and modernization
dilutes in various studies and it corresponds mostly to the scale of
changes, from strategic perspective it doesn’t make sense to distinguish
that difference. The same is equally true to such concepts as aircraft
retrofit and aircraft update, taking into account that this master thesis
focuses only on critical aircraft components and does not relate to minor
changes of, for example, plane interiors.
It seems much more important to separate both modifications and
modernization from maintenance activities. Therefore, maintenance
activities are aimed to sustain required or specified operational capabilities
without a goal to improve systems’ parameters and characteristics. They
usually don’t relate to any special programs, and, on contrast to
modernization and modifications, are not considered as acquisition
process. (Evans, Lyman, and Ennis 1995)
Generally, maintenance management orients to cope with physical aging,
while modernization – to cope with obsolescence (Ljashhenko 2006). That
58

59

is why modernization in the aircraft industry is characterized by mostly
“order-of-magnitude leaps power” rather than as incremental process
(Walker 2003, 1).
Besides, aircraft after-sale services may be categorized on preventive and
purposeful activities (Panov 2011). While the first aim to cope with fatigue
and corrosion and, hence, are linked to maintenance, the latter focuses on
correction of defects that have caused termination of aircraft’s system
exploitation and mainly correspond to modernization and overhaul. That
basically stipulates the difference in patterns of maintenance and
modernization.
Modernization is carried out in three main forms. The first one is the major
systems’ modification that may alter the basic design of the aircraft and its
abilities. They include changes in the physical structure of the aircraft (e.g.,
fuselage, wings) or in its infrastructure (e.g., electric, hydraulic
mechanisms). The second form is components’ modifications, which are
aimed to improve one or a small number of simply movable elements,
when the function and characteristics of the whole aircraft is altered
unsubstantially. Eventually, software modifications are getting higher role
in the modern world and relate to technical procedures. (Pyles 2003, 47)
As it was already stated, modernization is very often considered by
exploiting organizations in the framework of acquisition process, where the
key alternative is to acquire the entire system or the whole aircraft. The
latter strategic option may be less attractive due to the following reasons
(Biery and Lorell 1981, 4):


High costs of research and development projects;



Increasing age of inventories;



Lengthening intervals between acquisitions;



Financial difficulties;



Technology

trends

and

corresponding

pace

of

technology advance.
Nevertheless, life extension of an aircraft often is unreasonable due to
budget constraints and affordability considerations (Yunxiang 2008). The
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problem is that any aircraft reaches he point, where its modernization is no
longer economically effective. Thus, according to V. Klochkov (2007, 82)
cost capacity of the aircraft modernization market is declining much faster
than natural capacity. So that the older aircraft fleet is, the faster its
modernization capacity decreases.
From another perspective requirements for aircraft capabilities are
increasing due to technological changes and consequent superiority of
competing aircraft models. On the one hand, the initial ability of aircrafts
may, in fact, exceed the performance requirements, but, on the other
hand, the range of these requirements broadens quite fast. Therefore,
exploiting organizations have to carry out actions aimed at diminish
technology gaps. (Pyles 2003, 45-46)
The Figure 2.3 shows a curve of continuously increasing requirements,
where a series of successive modifications helps to approach these
requirements or to get ahead of them. Despite this model fully reflects the
real picture, it doesn’t take into account the possibility of replacement. Due
to that modifications have a form of upsloping curve, while actually it will
always reach the peak, after which modifications become ineffective.

Figure 2.3 Evolving system requirements and episodic modification
actions
Source: Pyles 2003, 46
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While the core of aircraft modernization process consists in technological
transitions and corresponding systems’ obsolescence, the key motivators
of the process are (Evans, Lyman, and Ennis 1995, 65):


Response to a changing threat;



Insertion of innovation;



Systems’ reliability and maintainability enhancement;



Capability improvement, or increase in the number of

consecutive events that an item can execute successfully
under specified conditions (U.S. Air Force 2005).
Modernization and modifications are also carried out in order to avoid the
shortage of materials and spares needed for technical support, caused by
the diminishing manufacturing sources related to the providers’ refusal
from the old technology (Pyles 2003, 30).
All these reasons are stipulated by economic factors, where key variables
are remaining service life of the product, modernization expenditures, and
reduction in operating costs resulting from modernization (Klochkov 2008,
13).
However, in spite of economically reasonable modernization, there can be
also so-called forced modernization, which is linked to regulators’
activities. In fact, ecological standards and safety requirements may
sometimes be much more important than pure economic motivators, since
they can touch even almost new aircraft fleet. Because sometimes
ecological standards may be used by governments as a tool to increase
demand for new aircraft systems, it is always essential for systems’
manufacturers to pay attention to that type of modernization (Klochkov,
Shustov, and Gusmanov 2006). In military segment forced modernization
can be also stipulated by the policies of sovereign nations.
Depending on the character of modernization services it is possible to
distinguish two types of those services (Ljashhenko 2006):


Rigid activities, which are aimed to provide reliability

and sustainability of aircraft systems.
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Soft activities, which are aimed to provide intellectual



services linked to more effective usage of the product.
Such categorization plays an essential role in understanding that any
modernization program leads eventually to changes not only in aircraft
systems but also in practices of aircraft usage. In that sense, the product
in the aircraft modernization market is multi-tacit.
The concept of modernization market itself arises in the literature
extremely rarely. The problem is that its borders may be diluted, and very
often it is difficult to distinguish modernization market from maintenance,
repair and overhaul market.
A. Nikolaev (2010) distinguishes main participants of the aircraft
modernization value chain. So that research and development centers,
aircraft educational centers, suppliers of spares, aircraft systems’
developers and manufacturers relate to so-called first-level sellers. These
agents are providing modernization centers (second-level sellers) with
products: scientific or technological solutions, spares and materials,
technological

documentation,

equipment.

Eventually,

modernization

centers convert the value into a complex product – modernization
services; and provide exploiting organizations (buyers) with this product for
a defined fee. Airline firms or any company, which possesses either a
flying stock or stock of aircraft spares, are buyers and relate consequently
to the group of exploiting organizations.
In fact, aircraft modernization market represents much more integrated
sphere, where sellers consolidate in various forms. The existing demand in
the market is stipulated by the number of reasons (Klochkov 2008;
Nikolaev 2010):


Constantly increasing quality of after-sale services;



Dominance of long-term relations between aircraft

systems’ manufacturers and exploiting organizations;


Decreasing demand for new aircrafts in some

countries;


High profitability of services for both sides.
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Concrete figures, which estimate the demand, vary in different researches.
However, it is possible to state, that opportunities seem quite attractive.
Thus, the value of the worldwide commercial aircraft modernization market
exceeds 12 billion US Dollars (Visiongate, 2012). According to V. Klochkov
(2008, 10) the capacity of Russian modernization market is about 3.5
billion US Dollars.
Therefore, since there is demand, supply and competition, the issue of
strategy in the market arises. While modernization services for systems’
developers and manufacturers are the secondary revenue source, the
strategic content in most cases is considered as a part of the whole
company’s strategy. That is why modernization market is approached in
this master thesis as complementary source of competitive advantages.
The key difficulty linked to competitive position on the modernization
market consists in accepted intense competition (Klochkov 2008, 11).
While original systems manufacturers possess obvious technological
advantages, they often lose the rivalry. So the status of component /
system developer doesn’t necessarily provide a sort of monopolistic
position. Hence, there is a need to reveal, how the market may become a
complementary advantage for such companies.

3.4. METHODS
The research question of this master thesis is how to turn the aircraft
modernization process into means for a firm to stay effective in a
competitive environment. The core of this research question supposes
studying a number of firms, which would be sufficient to reveal the
influence of the aircraft modernization market on competitive advantages
of systems’ manufacturers.
The concept of the aircraft modernization is studied still inadequately and it
is rather new. According to J. Rowley (2002) exactly such condition may
lead a researcher to case study methods.
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The formulation of the research question and consequent sub-questions in
of a form “How”, according to R.K. Yin (1994), is another reason to apply
case study. Besides, because of data restrictions in the aircraft industry, it
would be a too complex challenge to utilize other methods. In spite of
inherent subjectivity (Rowley 2002), case study represents one of the tools
to plug revealed research gaps.
One of the crucial peculiarities of this master thesis is its multidisciplinary
character and dilution between the context and the phenomenon.
Therefore, it is strongly necessary to distinguish the boundaries in real life
context. The general theoretical framework for the phenomenon is
presented in the chapter one of this thesis, while the context – in the
beginning of this chapter. So that the purpose is to correspond
conclusions, which are made about the impact of modernization on
competitive position of a high tech firm, and revealed aircraft industry’s
characteristics.
Since the modernization market is under consideration, the research can’t
avoid any essential participant, including both buyers and sellers, and also
some sort of intermediaries. So, it has been necessary to cover all players
from the outset in order to get enough objective data. Therefore, case
study is, in fact, multiple-case studies.
Moreover, due to complexity of the considered concept, it is decided to
apply the strategy, which is named by R. Johansson (2003, 5) “reductive”.
It supposes not only to have many units (cases), but also several
variables.
According to R. Johansson (2003, 2), there are three requirements for
cases:


The should be complex functioning units;



They should be investigated in its natural context;



They should be contemporary.

Based on the aim and purposes of the master thesis, it is chosen to study
competitive position of various actors on the aircraft modernization market.
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While chosen cases are really complex functioning and contemporary,
there are some difficulties in investigating them in natural context. The
point here relates to the problems with obtaining access to the persons
with knowledge and experience alongside with the subjectivity with which
their opinions may be characterized. Nevertheless, it is hopefully
overcome by the set of in-depth interviews applied.
In particular, it is chosen eleven representatives of nine companies, with
special

emphasis

on

four

types

of

players:

aircraft

engines’

developer/manufacturers; aircraft systems integrators (together with the
previous type they get title “aircraft systems’ manufacturers” in this master
thesis); exploiting organizations; and so-called third-party providers of
modernization services (a firm, which doesn’t produce any aircraft
component).
As for the representatives, they were chosen on the basis of four criteria:


They are available at least for 30 minutes of face-to-

face interview;


They have managerial experience;



They have enough technological background and

knowledge about aircraft modernization;


They were involved into some modernization program.

It is also preferable, that companies, which they represent, interact with
each other within the modernization process. However, it can be achieved
only partially.
In general, such selection process lead to the choice of leading
engineering

specialists responsible for managerial

tasks in

their

companies, such as, for example, chief engineers.
Obviously, the results of interviews are expected to be somehow
controversial and subjective. The point relates not only to the inherent
subjectivity of any person and a limited number of interviews, but also to
the fact, that interviewees represent various types of companies. In order
to have some criteria for interpreting the findings (required, e.g. by Yin
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1994, 27), it is decided to ask similar questions to all interviewees but from
different perspectives. The main way to judge reliability is consequently to
weigh the interest of a concrete player and compare opinions of various
companies.
The list of questions is categorized and summarized in the appendices
two, three, and four.

3.5. RESULTS AND ANALYSIS
The initial list of representatives is cut from eleven to seven interviews
mostly due to the timetable of the chosen persons and also due to the
inability of those representatives to answer the questions sent them
beforehand. One of the interviews was, in fact conducted; however,
because of perceived insufficiency and inaccuracy of information it was
excluded from the final version of this master thesis. Finally, the list covers
the data about six organizations, including one air engines manufacturer,
one

systems’

integrator,

one

third-party provider,

one

exploiting

organization. Although prime goals to have data about nine firms are not
achieved, the main purpose to cover all essential participants is reached.
The list of interviews is summarized in the table 2.1.

Table 2.1 The list of interviews

Name

Duty

Organizatio Organization Company’ The

position

n

description

s Web-

intervie

site (see

w

the list of

duratio

reference

n

s)

1.

The chief

NPO

Russian

Saturn

60

Konjuhov

engineer

“Saturn”

engine

2013

minutes
66

67

G.M.

manufacture
r with
significant
international
experience

2.

The

Kuz'menko former
M.L.

NPO

Russian

Saturn

90

“Saturn”

engine

2013

minutes

chief

manufacture

engineer

r with
significant
international
experience

3.

Deputy of

Sukhoi

Russian

Sukhoi

60

Dolotovskij

the chief

Civil

aircraft

2013

minutes

A.V.

engineer

Aircraft

systems

Russian

Avia -

30
minutes

manufacture
r with
significant
international
experience

4.

The chief

AviaServis

Krivoshap

technolog

maintenanc

Tver' –

ov A.D.

y officer

e and

Servis

modernizati

2013

on service
provider

5. Mihajlov

Leading

E.N.

engineer

BARKOL

Russian

BARKOL

40

exploiting

Airlines

minutes

organization

2013

with
67

68

significant
aircraft and
helicopter
fleet

6. Golubev

The chief

The

Russian

Federal

30

A.P.

of

Federal

government

Aviation

minutes

al structure

Agency

certificatio Aviation
Agency

n

2013

departme
nt

7. Skrjabin

Deputy of

S.V.

Tunoshna

Russian

Airport of

60

the chief

airport with

Yaroslavl

minutes

executive

international

2013

officer

status

The interviewees vary on the perceived quality, where the most
appropriate results are obtained through the interviews numbered in the
list as the first, the second, the third, and the seventh.6 The rest, being less
useful, nevertheless, allow making several conclusions and provide with
criteria to judge the objectivity of different opinions.
The key implication of the interviews consists in the point that there is no
fully

accepted

perception

of

the

aircraft

modernization

among

interviewees. While this may relate to the differences of organizations
studied, it is possible to state that misunderstanding plays its role.
Moreover,

some

of

the

respondents confuse

modernization and

maintenance, and, what is of crucial importance, they do not consider
aircraft modernization as an important source of competitive advantages.
Simultaneously, all interviewees agree upon the motivators of the
researched processes, and, in long-run, they still admit the essential
impact of modification services on competitive position of various players.

6

Here and further this numbering is used to refer certain kind of opinion or idea.
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As for the roles of different actors there is also a certain kind of
disagreement. Perhaps, one of the most significant discrepancies relates
to the factor of initiation. In particular, the respondents have divergent
attitudes towards who is responsible for starting a modernization program
and who is the most interested party in the outset. While it is possible to
reveal it from the answers about real business practices, it remains
unclear what would be the most efficient way to start a program. Besides,
the questions of variables, which determine a definite decision, do no lead
to reliable conclusions.
It is also obtained from the interviews, that modernization always touches
not only one aircraft system, but always several. Thus, air engine
modernization requires the changes of wings, fuselage. Hence, it is
admitted by the respondents, that any modernization program needs
collaboration between several participants, including at least an aircraft
integrator, systems’ developers, and an exploiting organization.
In general, the interviewees do not have answers to how the right strategy
in the sphere of aircraft modernization should be built. Therefore, there is
no common approach for solvation of assumed problems. In that sense,
the respondents agree upon, that everything depends on a concrete
situation, since there are too many significant factors. Discussion of this
issue leads to a number of real-life examples, which, basically, can be
categorized and extrapolated only partially.
Each interviewee highlights the correlation between the prime market and
the aircraft modernization market. There is certain evidence about how this
correlation is reflected in business practices.
Despite the opinions and results of interviews are expectably controversial,
it is possible to carry out the analysis and to get essential results based on
judging and comparing.
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3.5.1. THE DRIVERS OF AIRCRAFT MODERNIZATION
From theoretical point of view, it is concluded earlier, that the core of the
modernization concept lies in the intersection of broad and narrow
approaches to lifecycle, where aging and obsolescence are key drivers of
the phenomenon. Therefore, one of the most expected results relates to
the speed of incremental and radical innovations. In fact, the respondents
agree upon, that new technologies in the sphere of air engines appear
approximately once in ten years, in the sphere of avionics – once in five
years, while useful life of rigid systems, such as fuselage and wings,
exceeds 25-30 years. Simultaneously, the interviewees numbered as one,
two, three, five have emphasized that the pace of technology transitions in
the industry is not as important as the pace of new technology application.
The point relates to the various standards, requirements, and the
certificates, which are necessary to introduce innovations in an air vehicle.
Therefore, it happens frequently, that even a new aircraft doesn’t imply all
contemporary technologies. So that it is possible to conclude that famous
but not applied technologies may lead aircraft systems’ manufacturers to
the idea of after-sale modernization, while after-sale application of
infamous and unpredictable findings is triggered by customers.
The interviewees numbered as one, three, four and six, distinguish the role
of competition in the aircraft industry. It is believed that the rivalry in the
sphere of technology development leads exploiting organizations to
require more sophisticated tools to be in line with innovations. Therefore,
systems manufacturers have to provide these complementary services in
order not to lose customers. In that sense G.M. Konjuhov and A.V.
Dolotovskij notice that systems’ manufacturers frequently do not want to
take part in modification programs, but they have to in order not to lose
existing customers.
Physical aging, being a typical motivator of repair, maintenance, and
overhaul, plays its role also in the case of modifications. Actually, the
respondents numbered as three, four, and five have noticed, that frequent
need for components’ replacement stipulate the willing to carry out some
upgrades. G.M. Konjuhov also highlights that, in practice, the situation,
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when an aircraft or an engine is under repair, is extremely close to the
modernization. Especially, it links to avionics and air engines. Power
packages, on average, are moved out two-three times during the aircraft
lifecycle.
It is also surprisingly revealed, that reliability issues may cause major
modifications even at early stages of aircraft products’ useful life. Thus,
M.L. Kuz’menko provides an example of Boeing 747 and Pratt & Whitney
air engines. The latter were so unreliable, that, initially, it was necessary to
place five engines instead of four. Since such solution leads to weight
inefficiency, aerodynamics problems, and increasing fuel consumption,
almost immediately after the sale exploiting organizations started to
change power packages to the products of Roll Royce and General
Electric. Another instance is described by the respondent numbered as the
first. It is the case of Tu-154, Soviet Union aircrafts, which were delivered
to Egypt. That country, in turn, refuses to receive the batch due to
unreliability. Therefore, it was decided to supply new air engines and carry
out modifications.
According to the majority of respondents, one of the key goals of any
modernization program is the reduction in operating expenses. It covers
such essential factors as maintenance expenditures, fuel consumption, the
speed and flight range of air vehicles. Thus, based on the estimations of
the second and the fifth interviewees, new generation of air engines allow
reaching

15-25%

fuel

efficiency

increase.

The

corresponding

modernization of aging aircraft fleet leads to 10-15% rise of the same
indicator.
As an instance it is possible to name the modification program of Boeing
707. Its modernization allows not only improving acoustic characteristics
but also increasing efficiency to such a level that it can be comparable to
the model 767, the main product of Boeing at that moment. Even despite
the aircrafts were already thirty years old, fuel consumption, aerodynamic
characteristics, and even maintenance costs are similar to new aircrafts.
Regarding the fact that Boeing 767 price was about 70 million US Dollars,
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and Boeing 707 carries only the value of modernization, 9 million US
Dollars, the program can be named extremely successful.
Modernization success, besides, depends on the price of certain spares
and fuel. For example, in Russia there were several modification programs
aimed to move to air engines, which are functioning on natural gas. Since
the price for that fuel in some regions is less than for jet kerosene,
modernization leads to significant decrease in operating costs. Although,
A.P. Golubev doesn’t agree with the role of spares and fuel prices, it
seems that the latter are essential drivers.
In general, interviews two and five prove that there is direct correlation
between the system of prices on fuel, on materials and modernization, and
that the prices for maintenance are influencing a certain sort of
modifications in the following way: if the costs are low, there is no
significant needs to change anything; the higher the costs are the bigger
demand for modification is. Nevertheless, this factor is particularly
important in case of power packages, while avionics do not pretend to
decrease costs significantly.
The closeness to the maintenance, repair and overhaul centers of this
concrete system may be another factor to consider in case of
modernization. According to the responses one, three and four, it may
happen that airlines are upgrading some components just because it
easier to find a proper provider of maintenance, repair and overhaul
services. Nevertheless, the most of interviewees state that it may relate
only to minor modernization, while such issue is an additional factor to
consider.
Simultaneously, the respondents agree upon that the infrastructure of
airports can be hardly a significant driver for modernization. However,
sometimes it may play a complementary role. Thus, modifications may be
carried out in order to adapt aircrafts to the problems of airports. An
example is the modernization project of IL-76, Russian large-scale
aircrafts. Its equipment with air engines “Burlak” broadens the spectrum of
potential takeoff strips, and, hence, it allows increasing a number of flight
routes. Nevertheless, it is necessary to highlight, that much more
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important motivators are 10% fuel consumption efficiency increase and an
increase of flying range.
For airlines it may be also very profitable to exploit old aircraft fleet. The
point is that, although the fuel and weight efficiency is lower than in case
of new aircrafts, companies do not have to pay leasing payments and do
not have to train air crew and to adapt own facilities. The latter also
corresponds to the issue of commonality. According to A.V. Dolotovskij, it
is, however, possible only if a firm possesses own effective maintenance
services. In order to decrease sunk costs, such organizations also should
have enough experience of exploiting aging fleet. Instances are airlines
Delta (the USA) and UTAIR (Russia).
An essential factor is the time value of money. Acquisition of a new aircraft
requires enormous investments for airlines, while it is possible to postpone
or spread financial risks by modernization of aging aircraft fleet. Since
money now is more valuable, it may be profitable.
An important application of after-sale modernization is also a tool to
conquer new segments and niches. Thus, according to the respondents
three, four and five, penetration to another geographical market by an
airline may stipulate the need for modernization, since new requirements
for flying range and safety may appear.
Another tacit is the competition in various sub-sectors. Therefore, at the
moment Pratt &. Whitney is trying to take a share in the segment of smallsized engines, which the organization lost before. In order to achieve the
goal, this air engine manufacturer approaches a number of niches
simultaneously. One of those niches is aging aircraft fleet, where
modernization is needed.
An important driver of aircraft modernization programs is also fluctuations
of demand in the prime market. The respondents numbered as one, five,
and seven highlight that modification services and related market
opportunities allow diversifying businesses. Since the demand in the prime
market and the demand in the modernization market have negative
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correlation, the corresponding modernization facilities let dampen leap in
revenues by systems’ manufacturers.
The demand in the modernization market may also have a controversial
impact on the wailings of actors to take part in the modernization
programs. Thus, according to the majority of respondents a high number
of aircrafts of certain model under exploitation may be a reason to
elaborate modernization program by systems’ manufacturers. So that the
bigger the current aircraft fleet is, the more reasonable the program
elaboration is.
Simultaneously, according to E.N. Mihajlov, the more complex an aircraft
is, the lesser opportunities for modernization it provides. For example, IL76 is equipped with four air engines, and it becomes extremely costly to
modernize this air vehicle, since it is impossible to change only one
engine, the whole power package should be modified. The same is true for
too old aircrafts. Thus, in opinion of G.M. Konjuhov, 5-6 years left by plane
resource make almost any modernization unreasonable.
Ecological and safety standards are in the most cases considered by the
interviewees as a driver of forced modernization. Regulators sometimes
spread elaborated aviation requirements not only to new air vehicles, but
also to old aircraft fleet. Aircraft modernization, consequently allow coping
with obligatory standards’ problems with less investments.
Simultaneously, both ecological and safety issues are considered by the
respondents two and three as an element of cash operating costs.
Basically, modernization let decrease airport and aviation duties. So that
either safety or ecological requirements wear economic character.
According to G.M. Konjuhov, such standards also play a significant role.
However, they usually restrict the area of exploitation rather than stipulate
modernization.
The drivers of after-sale aircraft modernization are summarized and
categorized based on the interviews in the table 2.2.
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Table 2.2 The aircraft modernization drivers7
The

driver

\

The 1

2

3

4

5

6

7

interview №

Incremental and radical
innovations

+

±

±

+

±

+

X

The pace of technology
application

X

+

+

X

+

X

X

Technology rivalry

+

±

+

+

X

+

X

Physical aging and
reliability issues

+

+

+

+

+

X

X

Maintenance and other
operating costs reduction
(in case of air engines
modernization)

+

+

+

X

+

+

+

Increase in prices for fuel
and maintenance

±

+

X

X

+

-

X

The closeness to
maintenance, repair and
overhaul centers

±

X

±

±

X

X

±

Airports’ infrastructure

X

X

±

X

±

X

±

Commonality issues and
sunk costs (from airlines
perspective)

±

±

±

+

+

X

X

Penetration to new
geographical markets

±

X

+

+

+

X

X

7

The meanings of symbols are: “+” - the driver is important; “±” - the driver is
partially significant; “-“ – the driver is not significant; “X” – there is not opinion
in relation to this driver.
75

76

Penetration to new
product segments

±

X

+

X

X

X

X

Demand fluctuations in
the prime market

±

±

X

X

+

X

+

High number of aircrafts
of this model

±

+

-

+

+

+

X

The aircraft model low
complexity

X

X

±

X

+

X

X

Ecological standards

-

+

+

X

+

+

+

Safety requirements

-

+

+

X

+

+

+

3.5.2. THE STRUCTURE OF THE AIRCRAFT MODERNIZATION
MARKET
The aircraft modernization market is an inherent part of the aircraft
industry. According to the opinions of the respondents, the concept of
after-sale modifications can’t be fully separated from the market of new air
vehicles. Moreover, as it is already stated several times there is no clear
border between aircraft maintenance and the aircraft modernization.
Therefore, the aircraft modernization market should be always considered
as the element of the “prime” market.
Based on the data obtained through the interviews, it is possible to figure
out who are the main participants of the modernization value chain.
Although each situation in the segment is characterized by high specifics,
there are common rules, which are highlighted by the respondents.
In fact, it is possible to distinguish three general groups of actors. The first
group includes aircraft systems’ manufacturers, meaning both systems’
integrators and systems developers. The latter covers producers of air
engines, avionics, and other components described in the beginning of
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this chapter. The products of those companies represent the products
under modernization services.
The second group relates to the firms, which utilize or operate air vehicles
and which may be named as customers of the modifications services. On
the one hand, it includes aircraft owners: leasing companies, large-scale
airlines, etc., on the other hand – exploiting organizations, such as any
airline.
Finally, the third group combines so-called third-party companies, mainly maintenance, repair and overhaul providers. These organizations often
take part in modernization programs. Despite such firms require support
from systems’ developers, it is revealed that they may be powerful
competitors for systems’ manufacturers.
Besides, it is possible to mention some indirect players, such as airports,
governments, research and development institutes, etc.
Here it is also reasonable to mention that groups together include main
participants of the aircraft industry. Moreover, some of firms are in the
condition of so-called coopetion, when they are rivals in one segment, and
partners - in another.
The schematic representation of the aircraft modernization structure is
reflected in the Figure 2.4.
One of the key conclusions of the analysis consists in the point that any
modernization

program

requires

collaboration

between

several

participants, including at least an aircraft integrator, systems’ developers,
and an exploiting organization. A systems’ manufacturer can’t cope with
the whole modernization program alone. According to the evidence
obtained thorough the interviews numbered as one, two, three and five,
the cooperation is absolutely obligatory. The most essential form is the
partnerships between an aircraft integrator and some systems’ developer.
Another important issue highlighted by the respondents is the criticality of
modernization programs’ initiation. In that sense there is a certain sort of
disagreement. Nevertheless, it is possible to conclude that in the most
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cases the initiator is the second group. Thus, all the representatives of
systems’ manufacturers claim, that the task to monitor demand for
modernization is an exclusive purpose of exploiting organizations or
aircrafts’ owners. While for manufacturers it is preferable to produce the
same system in long-run, sometimes only the factor of competition and the
following requirements by airlines stipulate the urge for modernization.
Although there are contradictions among the respondents (especially it
relates to the airline representative), it is possible to formulate the following
rule.

While

systems’

manufacturers

control

appearance

of

new

technologies, exploiting organizations should search for a modification
need.

Figure 2.4 The relationship between the aircraft industry and the
aircraft modernization market

According to G.M. Konjuhov leasing companies play here also a significant
role. Since they own aircrafts and have enough financial resources, they
may be initiators of modernization. As an instance it possible to name
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Russian leasing company Ilyshin Finance, which have managed already
several modification projects.
After the program has been started, frequently the leading role relates to
an integrator of aircraft systems. Exactly such firms, as Boeing, Airbus,
Embraer, Bombardier, organize conjoint work of systems developers. Due
to projects’ complexity, a significant portion of major modifications requires
substantial collaboration and some leading firm’s management and
control.
However, third-party providers might serve minor modification with
restricted involvement of systems’ developers. In order to reach that, such
organizations have to obtain so-called Supplementary Type Certificates.
These certificates are extremely spread, although they are not applied in
some countries, for example, in the Commonwealth of Independent
States. Besides, legislation of some countries allows third-party providers
producing some parts of the system, which is developed by another firm.
An

illustrative

instance

of

third-party

provider’s

leading

role

is

modernization of wingtip fairing for Boeing 737, when there is intense
competition between Boeing and companies, which have necessary
certificates.
In general, it is possible to conclude that third-party providers can have
competitive advantages in minor modernization, and, hence, they can
create additional pressure on competition, while major modernization can’t
be carried out without support from systems’ manufacturers.
It may also happen that airlines possess their own modernization services.
Such firms as Delta, Lufthansa have the centers, capacity of which is
similar

to

those,

manufacturers.

which

According

are
to

under

control

of

A.V. Dolotovskij,

aircraft
often

systems’
exploiting

organizations have the corresponding Supplementary Type Certificates.
Simultaneously, large-scale airlines are not as interested in modifications
as smaller firms, since the first may afford to buy new aircraft fleet.
According A.P. Golubev aircraft systems’ manufacturers have to be
reactive players in the modernization market in order to guarantee future
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contracts and in order to save existing customers. Under any
circumstances, the majority of the respondents prove that the role of
aircraft system’s developer doesn’t provide a monopolistic position in the
aircraft modernization market.

3.5.3. COMPLEMENTARY COMPETITIVE ADVANTAGES IN THE
AIRCRAFT MODERNIZATION MARKET
The crucial conclusion of the conducted analysis is that aircraft
modernization services have significant influence on competitive position
of systems’ manufacturers. This influence is two-fold. On the one hand,
modernization facilities allow sustaining competitive advantages in the
prime market. On the other hand, the prime market itself stipulates the
need for participation in modification programs.
Based on the evidence of the majority of respondents, it is revealed that
an integrator of aircraft systems loses significant competitive edges
without own aircraft modernization network. Aircraft systems’ developers,
simultaneously, may avoid the modernization market. However, such firms
have also a potential to obtain substantial benefits there. The point is that
systems’ integrator is a relatively new concept. Till now, in the most cases,
an integrator is also a developer of systems. Exactly due to those factors,
both types of firms are combined in a group, called aircraft systems’
manufacturers, in this master thesis.
The first indicator of the correlation between the aircraft modernization
market and competitive position of systems’ manufacturers relates to the
marketing

perspective.

Basically,

the

theoretical

assumption

that

modernization facilities may serve as a tool for differentiation is proved by
the majority of the respondents. Thus, it is reflected in the point that
airlines pay significant attention to the existence of such services.
Although it is partially confused with maintenance activities, the second,
the third, the fourth and the fifth interviewees state that possibilities of
modifications will be considered by a significant number aircrafts’ buyers.
Another tacit of the conclusion is that there is a strong need of well80

81

functioning

marketing

services in

order

to

monitor

demand

for

modernization.
Besides, there is a certain kind of contradiction related to the ability to
introduce preplanned modifications. While there are some examples, such
as Su-27, Russian military aircraft, which has a significant degree of air
engine’s modularity, in the most cases preplanned modifications relate to
minor changes, usually in the sphere of avionics. That is why it is
frequently extremely hard to persuade customers in company’s ability to
apply upgrades in the future.
Moreover, no aircrafts systems’ manufacturers may prevent further
modernizations by competitors. As for the major modernization, it is,
obviously, physically impossible. In order to keep weight efficiency and
aerodynamics characteristics, air engines, for instance, are developed to
each particular case. So that aircraft can’t be constructed in such a way it
will suit for several engines simultaneously. Modifications of avionics are
also rarely prevented, since the technologies of Integrated Modular
Avionics are much more preferable to airlines and developers. Legislation
measures may be applied, but it depends on each particular case; it may
be appropriate only for those, who possess enough resources to deal with
that.
At the same moment nowadays there are special requirements for
modularity stipulated by the customer’s needs. An example is air engine
Sam-146 and its blades, which can be easily removed without necessity to
remove the whole power package. However, these requirements are to a
certain extent obligatory and, hence, they do not provide a space for
differentiation.
The improvement of buyer-seller relations may be another application of
aircraft after-sale modernization. According to A.D. Krivoshapov and to
E.N. Mihajlov, modernization programs lead to a stronger cooperation.
Since modifications are linked to maintenance, systems’ manufacturers
may monitor customers’ demand on a constant basis, paying attention not
only to the reliability but also to obsolescence. Simultaneously, aircraft
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systems modifications let increase customers’ loyalty and keep long-term
contracts.
There could be also some exclusive agreements between aircraft systems’
manufacturers and exploiting organizations linked to future modifications.
However, they are actually restricted, not only because of economic
factors but also due to legal issues and requirements. Very often such
agreements are merely not fulfilled.
In opinion of M.L. Kuz’menko, modernization allows also coping with risks
of obsolete technologies even before their actual implementation.
Therefore, it could be claimed that aircraft modernization serves as a tool
to decrease technological uncertainty. Competitive position of systems’
manufacturers is influenced, consequently, in a sense that it becomes
easier to cross the chasm. Almost all respondents agree upon that point. It
is also essential here, that at the moment it is possible to develop an
aircraft system with the goals for several aircrafts. An instance is again the
air engine Sam-146, which was developed for the family of aircrafts, and
which also suits the competitor’s model, e.g. Ukrainian An-148. Therefore,
some systems’ manufacturers suppose capitalizing upon modifications
from the outset.
Organizational abilities are another indicator, which should be considered.
In fact, modernization services have an impact on organizational abilities
of systems’ manufacturers, since they require substantial infrastructure:
storages, qualified human resources, facilities, which should be situated all
over the world. Administration and control of modernization centers,
hence, is a complex and extremely expensive task. While the
modernization centers will contribute to organizational abilities only
through gaining additional experience, modification programs may have a
negative impact on competitive position of systems’ manufacturers.
From another perspective existing maintenance network may be used. It
could be either own, or partner’s network. In that sense, international
cooperation may be an important factor. On the one hand, modernization
allows building up stronger relations. On the other hand, international
cooperation may be a preventive factor for company’ own modernization
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services. Thus, due to contractual responsibilities, there are certain limits
on the development of systems, which would be in competition with
partners’ products. An example is collaboration between NPO Saturn
(Russia) and Snecma (France), which, in turn, has partnership with
General Electric (The USA). Such a situation may partially jeopardize the
competitive advantages. Nevertheless, it is assumed that international
cooperation nowadays is one of the key competitiveness’ sources in the
aerospace.
Financial aspect of companies’ positioning may be also influenced by the
aircraft modernization market. Here the main point is negative effects of
unit-one-cost structure, which prevails in the aircraft industry. As it is
already mentioned, the interviews prove that modernization services may
dampen fluctuations of demand. While a new revenue source appears,
systems’ manufacturers will obtain cleared funds, which may be invested
in new, “prime” projects.
Generally, modernization should be considered as an important element of
strategy of any aircraft systems’ manufacturer. There is a strong need to
change attitude of some managers towards the importance of such
services. It should be implied in long-run planning with clear understanding
that after-sale aircraft modernization may serve as a source of
complementary competitive advantage.

3.6. DISCUSSION AND LIMITATIONS
This master thesis seems to be one of the rare attempts to study the
concept of after-sale modernization in the aircraft industry. It is tried to
cover simultaneously rather broad topic from theoretical point of view, and
narrow topic from practical point of view. Due to the mentioned gaps in
previous researches, the work aims to support managerial decision
making and to reveal the peculiarities of the diluted phenomenon.
Obviously, the thesis doesn’t pretend to be excessive or sufficient to
construct a strategy. Nevertheless, it explains the nature of aircraft after-
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sale modernization and its linkage to the theory of firm’s competitive
advantages.
The main limitations relate to the highest level of commercial
confidentiality, which exists in the aircraft industry. Corresponding
restrictions on access to information makes impossible to conduct
overwhelming research and to obtain much data. However, the opinions of
representatives allow making reliable conclusions and even partially
extrapolating them.
A low number of firms which are under consideration also restrict the
significance of results. Since controversial points can’t be fully judged,
comparative analysis, seemingly, loses some essential points. In that
sense, the recommendations for future research is to enlarge the scale
and scope. The latter particularly links to the companies’ country of origin.
Due to the personal contacts possessed by the author, all organizations
represent Russia. Although the most of firms do have international
experience, and some of them can be named purely global, the research
lacks evidence from other countries, especially from such “aviation
nations” as the USA, France, Italy, etc.
Another point of concern is the knowledge and skills, which interviewees
demonstrate. Regretfully, even the members of top management team do
not always understand the concept fully. Thus, there is certain dilution
between the phenomena of modernization and of maintenance, between
strategic and operational context, between the interests of various players.
However, it is moreover useful to continue research in the field, since it
has obvious managerial implication.
Eventually, the limitation may relate to the methods used. Lack of
experience of the author, perhaps, leads to underutilization of the tools,
especially regarding complex technological content of some terms. It in
combination with shortage of information might become the reason of not
fully captured essence and misinterpreted conclusions. Hopefully, it
doesn’t substantially influence the significance of results.
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4. CONCLUSIONS
The aircraft industry represents one of the most complex fields of study.
Being simultaneously the top of high technology spheres, the area of the
highest commercial confidentiality and a subject of national proud, it
requires crucial consideration and reliable investigation. Among an
enormous number of issues, the question of aircraft manufacturers’
competitiveness is, probably, one of the most important. Despite
nowadays a lot of researchers contemplate upon this question, the filed,
nevertheless, contains a lot of gaps and blank spots.
One of those is the phenomenon of after-sale modernization. While the
theoretical roots of this concept are not fully examined, it remains to be
challenging for managers to capture market opportunities, to administrate
and to control corresponding activities. This master thesis aims,
consequently, to assess aircraft modernization market as a source of
complementary

competitive

advantages

for

aircraft

systems’

manufacturers. It seems that this aim is achieved both from theoretical and
practical points of view.
A significant part of the thesis is devoted to the theory of competitive
advantages, elaborated by such authors as M. Porter (1990, 2005, 2008),
D.G. Teece (1997), D. Collis (1995), C.A. Montgomery (1995),
D.J. Hoopes (2003), etc. The factors of competitiveness of high technology
firms, and competitive advantages sources in the aircraft industry, in
particular, are determined.
Based on the works of such researchers, as J. George (1999), M.W. Allen
(1999), S. Dutta (1999),

R.T. Moriarty (1989), T.J. Kosnik (1989), K.

Gronhaug (2005), K. Möller (2005), etc., the first includes such factors as
high level of investment in intellectual capital alongside with the hiring of
highly qualified personnel, the ability to absorb knowledge from external
environment, access to long-term finance, developed marketing skills, the
ability to mitigate negative effects of technological and market uncertainty,
participation in inter-industry alliances, and established relationships with
suppliers of key components. While the results of such literature review
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are based on existing and highly elaborated sources, this master thesis
aims to aggregate the conclusions in a unite text, which will serve to the
needs of the narrow, low studied concept.
It is also proved that the majority of those factors become critical in the
case of aircraft systems’ manufacturers. Relying mostly upon the
conclusions of J. Markish (2002), D. Ferreri (2003), W.E. Spreen (2007),
D. Mowery (1987), it is attempted to adapt high technology theories and
frameworks to the case of the very specific aircraft industry. While all the
results of the analyses to a certain extent concur with the master thesis,
this work integrates the competitiveness factors in one list and tailors them
to the lifecycle concept. In general, the specific competitiveness factors in
the aircraft industry cover the following elements. The first is the
company's competence to create, to acquire, to use, to transform and to
adapt knowledge and technology, and the consequent ability to attract and
to retain highly qualified engineering staff. A critical competitive advantage
is also access to long-term finance, like it appears to be with the most of
high tech companies on business-to business level. The marketing
component of the competitive advantage reflects in creating and
maintaining a sales team and maintenance support network for all
potential markets, and in the attraction of a critical mass of loyal
customers. Organizational capabilities of a company in the aircraft industry
are the power to integrate the operations of various international players
and individual professionals, as well as established long-term relationships
with major suppliers of avionics and air engines.
In general, the key point is how to create a right product in a long run, how
to be the first, who manages assets, which are necessary for the
potentially required in the future product. The dynamic nature of complex
technological products, in that sense, is reflected in the lifecycle
framework.
This master thesis reveals key motivators of the after-sale modernization,
which are rooted exactly in the lifecycle management. Thus, it is proved
that obsolescence and aging force companies to apply engineering
changes and to introduce modification policies. The essential contribution
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here is that modernization always lies in the intersection of broad and
narrow definitions of the lifecycle concept. The problem with researches
found consists in the point, that the majority of the authors touch one or
another tacit of the question, not concluding in how the modernization
services are rooted in the complex technological systems lifecycles. Thus,
a number of studies, like those presented by J. Dean (1976), P. Kotler
(2002),

Koopman

(1999),

T. Levitt

(1965),

E.T.

Popper

(1992),

B.D. Burskirk (1992), S. Schmidt (2006), etc., are linked to the simple
product lifecycle concept, either from technological or marketing
perspectives, however, they do not concentrate on the difference between
obsolescence and aging paces of different components. While M. Mitchell
(2002), M. Newman (2002), V. Giovanna (2008), A.K. Saeema (2008), S.
Ahmed (2007), Y. Kanike (2007) etc., , try to plug this research gap, they
do not explain the role of modernization, since they mainly concentrate on
technological tacit.
Combining the conclusions about high tech companies’ competitiveness
and about the theoretical background of the considered concept, it
becomes,

therefore,

possible

to

define

the

potential

impact

of

modernization on the competitive advantages of firms in high technology
industries. While, there is certain sort of references in the literature, these
theoretical results seem to be new. The influence may be reflected by the
following statements:


After-sale modernization as a tool for differentiation;



After-sale modernization as a way to improve and

sustain buyer-seller relations;


After-sale modernization as a way to decrease

technological and market uncertainty;


After-sale modernization as a tool to decrease unit-

one-cost structure, to diversify businesses, and to dampen
demand fluctuations.


After-sale modernization as the main instrument to

cope with obsolescence and physical aging.
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Based on those results the specifics of aircraft systems’ lifecycle is
thereafter under consideration. Both technological and marketing aspects
are described, partially counting on such authors as D. Ferreri (2003),
K.D. Turnkin (1974), V. Klochkov (2008), T. Evans (1995), F. Biery
(1981), M. Lorell (1981), and others. Correspondingly, it is revealed that
the aircraft industry possesses an enormous space for after-sale
modernization’ implication. This part of the work doesn’t pretend to be
new, but its goal is to provide the base for assumptions to carry out the
research. That is why these opportunities are attempted to be checked
through real business evidence.
Seven in-depth interviews attempts to gather the data. Multiple case
studies allow making a number of conclusions over what are the key
drivers of the modernization in the aircraft industry. The final list includes:


Incremental and radical innovations;



The pace of technology application;



Technology rivalry;



Physical aging and reliability issues;



Maintenance and other operating costs reduction (in

case of air engines modernization);


Increase in prices for fuel and maintenance;



The closeness to maintenance, repair and overhaul

centers;


Airports’ infrastructure;



Commonality issues and sunk costs (from airlines

perspective);


Penetration to new geographical markets;



Penetration to new product segments;



Demand fluctuations in the prime market;



High number of aircrafts of this model;



The aircraft model low complexity;



Ecological standards;



Safety requirements.
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While some of these drivers appear to be controversial and to be in a sort
of contradiction with existing literature, in general, they prove initial
theoretical assumptions. Moreover, before conducting these interviews, no
more sources, which contain the same kind of integral results, were found
Competitive positioning of various players is also characterized in the
framework of the multiple case studies. Three general groups of actors
and their roles are distinguished. The first group includes aircraft systems
manufacturers, which are mainly those who administrate and control
modernization programs. The second group relates to the operators and
owners of aircrafts, which usually trigger modification activities. The third
group covers the rivals of systems’ manufactures. They are usually
maintenance, repair and overhaul providers. Based on the conducted
research, these results prove earlier founder results presented by
V. Klochkov (2008) and T. Evans (1995), for example. Simultaneously, no
researchers, who elaborate the competitive positioning model, are
distinguished.
Eventually, the complementary behavior of aircraft modernization is
explained. This seems to be the main contribution of the author, since all
earlier researches do not pretend to link the concept of the modernization
market and modernization services to the quality of competitive
advantages. The correlation between the concept and competitive factors
may be reflected in the following statements:


Two-fold character of after-sale modernization.



The marketing perspective of after-sale modernization

plays not a great role. It could be a way to differentiate
products and attract additional customers. However, the
modernization itself requires marketing facilities.


Aircraft after-sale modernization may be a very

powerful tool to sustain buyer-seller relations, to keep longterm contracts, and also to enlarge and to improve
international cooperation with partners.
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Significant

organizational

capabilities

should

be

redirected, if an aircraft systems’ manufacturer decides to set
up effective modernization network.


The aircraft modernization market allows systems’

manufacturers

penetrating

various

products

and

geographical segments, improving financial stability, and
diversifying risks.


Modernization services are, expectably, the main way

to cope with obsolescence on the latest stages of products’
lifecycle.
In general, modernization should be considered as an inherent component
of strategy of any aircraft systems’ manufacturer, while the practical goal
of this master thesis is to change attitude and overall perception of
management teams in the aircraft industry. This work is believed to be a
successful attempt to study the concept of aircraft after-sale modernization
and to support managerial decision making. The thesis doesn’t pretend to
be overwhelming due to the limitations stipulated by industrial peculiarities
and the author’s lack of knowledge. However, it reaches stated goals and,
hopefully, it suits the standards and represents some sort of valuable
research.
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APPENDICES
APPENDIX 1 THE COSTS INCURRED AND COMMITTED DURING
SYSTEMS LIFE CYCLE ACQUISITION PROCESS (CASE OF MILITARY
SYSTEMS)
Source: Farr 2012, 131
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APPENDIX 2 INTERVIEW QUESTIONS FOR REPRESENTATIVES OF
AIRCRAFT SYSTEMS’ MANUFACTURERS
1.

Does

the

role

of

technology/system’s

developer

provide

monopolistic position in the after-sale aircraft modernization market? Are
any exclusive rights contracts for aircraft modernization usually reached at
the moment of new aircraft sale?
2.

What is the ratio between prime market income and secondary

market income for aircraft systems’ manufacturer, in your opinion? Prime
market is considered as the market of new aircrafts, where aircraft
integrators are buyers; secondary market is considered as the market of
aging aircrafts, where airlines or other exploiting organizations are buyers.
3.

Is it possible for aircraft systems’ manufacturers / integrators not to

have the after-sale modernization network in the modern aircraft industry?
Will the lack of such network diminish demand in the prime market of
systems’ and, eventually, aircraft sales?
4.

What is the pace of technology change in the aircraft industry, in

your opinion? How it differs in various segments: engine, airframe, and
avionics? How frequently does the technology of new generation (that
makes the old technology completely obsolete) appear in the aircraft
industry?
5.

What is more common: to manage modernization program of each

subsystem separately or the whole system in complex?
6.

What role does an aircraft system’s integrator play in the process of

after-sale aircraft modernization? How frequently an integrator leads the
whole process?
7.

To what extent does an aircraft systems’ manufacturer require

collaboration with a systems’ integrator to manage after-sale aircraft
modernization?
8.

Does

an

aircraft

systems’

integrator

prevent

systems’

manufacturers from managing modernization programs of other aircrafts
rather than its own. How risky is unique technology dilution in that case?
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9.

Is the risk of new system development (e.g., new air engine)

justified, if the program focuses mostly on aging aircrafts and doesn’t have
any arrangements with aircraft systems’ integrators?
10.

What is the role of other players (rather than systems’ integrators

and systems’ manufacturers) in the after-sale aircraft modernization
market? For instance, how could you assess the position of Israel Aircraft
Industries in the market?
11.

Does system’s integrator somehow prevent new components

installation proceeded by other rather than its own contractors? For
example,

it

may

hinder

such

installation

by

specific

airframe

characteristics. What are other ways?
12.

Is the after-sale aircraft modernization taken into account at design

phase? If yes, what is made to make the further after-sale modernization
easier?
13.

How do systems’ integrators and systems’ manufacturers monitor

the necessity for various aircraft modernization and, hence, opportunities
appeared in the aircraft modernization market?
14.

How the materials, aviation fuel and other resources’ price system

influence the necessity of aircraft systems’ modernization?
15.

How may the current fleet of certain aircraft influence the aircraft

systems’ integrators and manufacturers in the after-sale modernization
market of this aircraft?
16.

How should the current infrastructure (e.g. maintenance, repair and

overhaul facilities) taken into account in the process of new technology /
system’s installation?
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APPENDIX 3 INTERVIEW QUESTIONS FOR REPRESENTATIVES OF
EXPLOITING ORGANIZATIONS AND THIRD-PARTY PROVIDERS
1.

In case of acquiring new aircraft will you put much attention to

possibility of its further modernization? If yes, what factors will you
consider?
2.

In case of acquiring new aircraft will you put also much attention to

experience, which an aircraft manufacturer (or its systems’ manufacturer)
has in the field of modernization of aging aircrafts?
3.

What factors influence the choice between new aircraft acquisition

and old aircraft modernization? Which factors, beside new equipment
costs,

should

be

taken

into

account

while

considering

certain

modernization program?
4.

How the current demand and future projections of its growth in the

airline business influence your choice between acquiring new aircraft and
modernization of current fleet?
5.

Have you any idea, how much proportionally do the aircraft

maintenance expenses decrease as a result of aircraft modernization? In
case of re-motorization? Avionics modifications?
6.

How the materials, aviation fuel and other resources’ price system

influence the necessity of aircraft systems’ modernization?
7.

Do the maintenance, repair, and overhaul (MRO) providers, offer

the modifications and upgrades (such as re-motorization, avionics
replacement, emissions diminishment, and so on)?
8.

If new generation technology’ appears (one which makes the old

one obsolete immediately), whom will you approach initially: aircraft
systems’ integrator, aircraft systems’ manufacturer, MRO provider?
9.

Do aircraft manufacturers approach you in case of new technology

appearance? Do they frequently monitor the current status of your aircraft
fleet?
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10.

Where are aircraft modernization centers, which you may approach,

geographically situated? Do they provide temporary component in
exchange for the modernization period?
APPENDIX 4 GENERAL INTERVIEW QUESTIONS
1.

What is the pace of technology change in the aircraft industry, in

your opinion? How it differs in various segments: engine, airframe, and
avionics? How frequently does the technology of new generation (that
makes the old technology completely obsolete) appear in the aircraft
industry, in your opinion?
2.

How is it possible to distinguish the spheres of aircraft systems

overhaul and systems modernization / modification?
3.

Which factors, beside new equipment costs, should be taken into

account while considering certain modernization program?
4.

Have you any idea, how much proportionally do the aircraft

maintenance expenses decrease as a result of aircraft modernization? In
case of re-motorization? Avionics modifications?
5.

Are eco and safety regulation main drivers of aircraft systems’

obsolescence and, hence, the reason for modernization, or economic
factors play more significant role?
6.

How the materials, aviation fuel and other resources’ price system

influence the necessity of aircraft systems’ modernization?
7.

Is the after-sale aircraft modernization taken into account at design

phase? If yes, what is made to make the further after-sale modernization
easier?
8.

Does the development of a new aircraft system (e.g., air engines)

aim to suit the need of certain new aircraft, or does it is initially supposed
to be installed in various aircrafts, including aging ones?
9.

What is more common: to manage modernization program of each

subsystem separately or the whole system in complex?
10.

To what extent does an aircraft systems’ manufacturer require

collaboration with a systems’ integrator to manage after-sale aircraft
modernization?
11.

How long does it usually take to implement new system /

technology into current aircraft fleet (in case of air engines, avionics)? How
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probable is the technology obsolescence before its actual implementation?
How should this risk be taken into account in modernization programs?
12.

How should the current infrastructure (e.g. maintenance, repair and

overhaul facilities) taken into account in the process of new technology /
system’s installation?
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