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ABSTRACT

PRODUCT MATURITY MANAGEMENT METHODOLOGY
IN AIRCRAFT DEVELOPMENT PROJECTS

CAYKENARI, Harun
M.S., Department of Science and Technology Policy Studies
Supervisor  : Assoc. Prof. Dr. Serhat CAKIR

November 2019, 121 pages

The aim of this study is to develop a model for monitoring the technical maturity
of the aircraft which is a multidisciplinary and complex product, throughout its
lifecycle. Problematic has been created from common challenges seen in the aircraft
development project in Turkey. Solutions have been sought for the deficiencies
experienced in the monitoring of technical maturity at the platform level. The
conceptual framework was examined existing maturity models were found and
current practices were discussed, respectively. Then, hypotheses and supportive
model were created. The model was tried to be verified by interviews with
experienced personnel who worked in different phases of aircraft development
lifecycle in both Customer and Contractor sides. In the conclusion, other important
and workable issues that are not included in the model have been highlighted.

Keywords: Aircraft Development, Lifecycle, Maturity Model, Systems

Engineering, Project Management, Technology Readiness Level (TRL)
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HAVA ARACI GELISTIRME PROJELERINDE
URUN OLGUNLUK YONETIMI METODOLOJISI

CAYKENARI, Harun
Yiiksek Lisans, Bilim ve Teknoloji Politikas1 Caligsmalari Boliimii
Tez Danigmani : Dog. Dr. Serhat CAKIR

Kasim 2019, 121 sayfa

Bu calisma, ¢ok disiplinli ve kompleks bir {iriin olan hava aracinin yasam dongiisii
boyunca teknik olgunlugunun takibine yonelik modelin olusturulmasini
hedeflemistir. Sorunsal Tirkiye’de yiiriitiilen hava araci gelistirme projelerinde
goriilen ortak zorluklar dikkate alinarak olusturulmustur. Platform seviyesinde
teknik olgunlugun takibinde yasanan eksiklere c¢oziimler aranmistir. Sirasiyla,
kavramsal cerceve incelenmis, mevcut olgunluk modelleri bulunmus, mevcut
uygulamaar ele alinmistir. Sonrasinda hipotezler ve destekleyici model
olusturulmustur. Miisteri ve Yiiklenici tarafinda, farkli fazlarda tecriibeli uzmanlar
ile yapilan miilakatlar ile model dogrulanmaya calisilmistir. Sonu¢ boliimiinde

modelde yer almayan diger 6nemli ve ¢alisilabilecek konulara dikkat ¢ekilmistir.

Anahtar Kelimeler: Hava Araci Gelistirme, Uriin Omiir Devri, Olgunluk Modeli,

Sistem Miihendisligi, Proje Yonetimi, Teknoloji Hazirlik Seviyesi (THS)
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CHAPTER 1

INTRODUCTION

1.1 Technology Management Conceptual Framework

1.1.1 Relation Between Management Levels and Technology Management

There are over a hundred definitions of technology in the literature (“Technology”,
t.y.). According to Prof. John Kenneth Galbraith, one of the most important
economists of the last period, it is defined as the systematic application of scientific
or other organized knowledge to practical tasks. In view of the definition of
Research and Development (R & D) in the Frascati Guideline, it will not be wrong
to define technology as an output of R & D studies (OECD, 2015). According to
the Frascati Guideline, R & D activities are divided into three (3) basic scopes as
standard practice; Basic Research, Applied Research and Experimental
Development. It can also be said that the scope of Experimental Development
includes Product Development studies. By transforming the technological
competences gained as a result of basic and applied research activities into

components and products, a new technology emerges.

It is seen that the definition of technology management has different definitions in
the literature and it cannot be said that its scope is clearly defined yet (Cetindamar,
Phaal and Probert, 2013). When the scope of this study was evaluated, the following
first and last definition made by the US National Research Council in 1987 was
used (NRC, 1987, pg.15).



“Management of technology links engineering, science, and management
disciplines to plan, develop, and implement technological capabilities to shape

and accomplish the strategic and operational objectives of an organisation.”

The definition is consistent with the PDCA (Plan-Do-Check-Act) cycle created by
W. Edwards Deming and used as standard in management models (Livargin and
Kurt, 2014). Management systems divide their activities into sub-processes, define
their internal and external relationships systematically and then improve their
processes by controlling them around the PDCA cycle. In the technology
management conceptual framework of this study, the six most basic and common
accepted processes defined by Gregory (1995) have been chosen; Identification,
Selection, Acquisition, Learning, Exploitation and Protection (Cetindamar et al.,
2013; Gregory, 1995). Although these processes interact with each other, they are
not considered as sequential activities (Cetindamar et al., 2013).

If we go back to definition, it is seen that technology management has spread to two
levels as strategic and operational on an organisational scale. Although technology
management processes are of varying intensity, they are spread across both
management levels (Cetindamar et al., 2013).

In brief, strategic management at the corporate level consists of determining the
market place with new products or services by acquiring the necessary
technological competencies after presenting the existing technological capabilities
and analyzing the possible markets. Establishing the organization around the basic
processes and values and finding the necessary intellectual or capital resources are
carried out from a strategic management perspective. The management of external
collaborations and relationships is more likely to occur at this level. Strategic
management focuses on basic and applied research areas. Experimental

development activities are carried out in selected areas, and the opportunities to take
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place in the market are challenged according to the commercialization speed and

superiority of the products in this management level (Baktir, 2015).

At the operational level, efforts are made to orient existing technological
capabilities and acquire new ones to produce products that are directly requested by
the selected target, market or customer. Figure-1 attempts to describe the activities

on an organisational scale in general.
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Figure 1. Organisational Management and Technology Management

The System Engineering approach has a leverage effect in transforming technology

management processes into products that meet the needs. Experimental



development activities are supported with the technological capabilities obtained as
a result of basic and applied research by system engineering processes. Project
management basically aims to use the right resources for the commercialization of
technological capabilities. It is necessary to identify and operate other compatible
main and sub-processes which will support the project management and system
engineering processes at the operational level.

Considering the uncertainties and risks of R & D activities, the high cost of
advanced and complex technologies, the superiority of critical technologies in
economic and military other global developments; it is not possible for the
technology management ecosystem to remain on an institutional scale. Developing
science and technology policies and establishing innovation systems with high
cooperation and communication at national level presents many challenges (Baktir,
2015). In order to overcome these difficulties, the working method consisting of
government, industry and academia is defined as triple helix partnership structure
(Etzkowitz and Leydesdorff, 1995). Although different structures (national,
regional, sectoral, etc.) and tools (formation of legal infrastructure, funding,
commercialization, etc.) are used in the technology management activities at
national scale, thesis has not been elaborated on the grounds due to weak
relationship with the focus area of this study. The main scope of the thesis covers

new product development activities in defense and aerospace sectors.

Considering the size of the ecosystem, the relationships in the triple helix model,
information-intensive activities, the follow-up of dynamic management capabilities
and the frequency of decision steps; information management infrastructure needs
to be established.  Especially at national scale, a dynamic and systematic
information management tool is also considered important which will serve many
purposes such as defining the technological capabilities of companies, determining

the technologies to be acquired, determination of technology ownership and



maturity levels, establishing technological interfaces, measuring the intellectual and
organizational competencies and creating the outputs to support the decision

system.

Within the scope of aircraft product development projects, system engineering
management and technology maturity definitions play an active role in monitoring
the technical targets, status accounting, directing the technical course and managing
risks. It is practically impossible to monitor a large number of horizontal and
vertical spread and diversified technical activities by decision-makers at all levels
in real time. For this reason, the definition of a lifecycle emerges especially with
the experimental development phase, in which technological capabilities begin to
turn into products. This lifecycle hosts important milestones and decision gates at

certain times, just like in people’s lives.

The contracts of development projects in the aerospace and defense sector in
Turkey are based on many methods which has been experienced by leading
companies and standardized on global scale at the end. However, it is considered
that there are some gaps for tailoring and commonization of the methods for Turkey
applications. Especially, as a result of failure to follow technical processes, status
monitoring and change control due to lack of an effective information management
infrastructure; in many projects decision stages cannot be passed at appropriate
maturity, risks cannot be seen clearly and calendar extensions, user dissatisfaction
and budget overruns can occur. Therefore, the aim of the thesis is to select, adapt
and combine the best practices for the monitoring of product technological maturity

in aircraft development projects.

1.1.2 Technology Management Main Areas of Activity

As mentioned earlier, technology management activities consist of the main areas

of activity that are related to each other, but not very sequential; Identification,



Selection, Acquisition, Learning, Exploitation and Protection. Since the thesis
problem is related to defining the technological scope of development of aircrafts
and determining technical maturity and selecting the direction to be reached at the
operational management level, the focus will be on Identification and Selection

activities.

In order to support the activities at all levels at organisational level within a
technology management perspective, it is essential to define the company's
competence and technology portfolio, establish the necessary technology
taxonomy, establish technology-product-market prediction and systematically
report the results (Cetindamar et al., 2013). Technology taxonomy is one of the
basic tools of identification activity and is formed by the classification of
technological capabilities in different ways. Lindsay classifies technologies

according to their competitive potential (Lindsay, 1998).

Basic technologies are necessary but not discriminating technologies for a firm to
do business in the market in which it operates. However, the core technologies are
used in several type of products, thus enabling these technologies addresses more
than one market. Figure 2 shows the hierarchical structure and variety of activities
adapted from Bilbro's product structure and Prahalad and Hamel's core
technological competence-product-market relationship. Technologies categorized
as critical provide competitive advantage in the market or have strategic importance
in the military or macroeconomic area, especially those technologies need to be
protected on a national scale. A technology may be subject to multiple

classifications as of its characteristics.
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Figure 2. Core Technology-Product and Market Relationship

After establishment of technology taxonomy, different levels and models have been
developed in order to measure the capabilities of existing and emerging
technologies. Information on mentioned methods is discussed in Chapter 2.

Selection process in Technology Management is the ability to form strategy.
Selection is to bring together internal and external resources to create a competitive
advantage, to use them harmoniously and as a result to select and develop
technology and business models.



Although identification process largely establishes technology competence,
component, product and market relationship, determining the destination to choose

from among alternatives requires a series of strategical analysis-based decisions.

When technology portfolio and market analysis are used together,
commercialization decisions and project definitions can be made more accurately.
The competence of companies in research and development as well as the size and
diversity of the technology portfolio give information whether the company can be
a technological leader or follower (Baktir, 2015). This situation before entering a
market is the pusher force in introducing new technologies and products to the
market. For technology-leading companies, accessing to wide gaps in a market with
new technologies means a large rate of commercialization, a broad range of
activities and revenue. Technology followers with limited R & D capabilities and
technology portfolio can respond to the highly saturated market with slow
commercialization speed and low profit shares. Follower companies are able to
achieve rapid commercialization and profit sharing through innovation policies and
accurate market analysis in technology development and services. While the
existing basic technologies and emerging technologies are the pusher forces for
product development activities, the market and customer expectations are leading
to the selection of technologies to be acquired. In some sectors such as the defense
and aerospace, customer/user expectations may take precedence of strategic

analysis.

Although it is seen that it is very important to carry out market analysis correctly
and determine the strategies with available technology portfolio, the selection of
the projects and managing them with appropriate dynamics are also required for
effective management (Baktir, 2015). Not only initiation of project that are non-
prioritized, incompatible with strategy and sometimes started only as customer

demand, but also inadequate management of those projects will lead to disruptions



in projects and product. At this point, it is important to classify the projects and
commercialize products with appropriate methods. According to Wheelwright and
Clark (1992), four types of projects have been identified considering the impact of
the change in existing products; derivative, platform, breakthrough, research &
development projects. It can be said that the processes for each project type should
be adapted to the project or product type. The process mentioned here refers to the
technologies in the implementation and integration processes rather than the
development processes. Labor-intensive workshop processes are operated for
prototype or low-volume products while sequential factory processes with
associated and assembly lines are operated in mass production (Hayes and
Wheelwright, 1984). It is deemed necessary to consider business share points that
includes product development activities with partners or sub-contractors in the
project planning phase for a successful result. In Figure 3, the relationship of
changes in products and processes with project types is given together with sample
product portfolio (Wheelwright and Clark, 1992).

It is essential to acquire the necessary technologies for the company's effectiveness
or product release. Considering the relationship between the strategic impact power
of technology and the cost of technology development; Floyd mentioned that
technology can be acquired through one or more of the methods of acquiring,
developing in-house or establishing alliances (Cetindamar et al., pg. 157). This gain
can be realized through internal make decisions and R & D studies, or it can be
sustained through collaborations in many different scenarios called open
innovation. Collaborative R & D models are also used extensively in high cost and
complex platform development projects. For technological competencies with high
priority and low cost, purchasing method is used. Acquiring or learning intellectual
knowledge is important in terms of obtaining implicit knowledge in technology

acquisitions through purchasing.



Stablz

_ Change

Product E
Few Core Maxt Gereration Acdchit=on Drevretives
Produsct Product i Prrosiaet and
Famiby Erfancementy
o M Core Research Breakthrough
w Froces and projecls
o advanced
~ davelopme
projects
gt
E Ganarcfion
§ Proces:
a
Single
Crespear rmaant
a Upgrod
|
w Incramnial

Changs

Figure 3. Changes in Products and Processes related to Project Types

1.2 Characteristics of Defense and Aviation Projects in Related Context

In this section, the main activities of technology management are reviewed from
the perspective of Defense and Aviation sector and the differences or prominent
points are mentioned. There are differences in many areas especially in the
economic field at national level for the defense and aerospace sector. In order not
to distract the focus of this study, the effects of the institutional dimension were

examined.

Although military strategy and operations concepts are important in winning wars,
technological advances in weapons play a major role in ensuring superiority in the

battlefield and in the evolution of wars.

In the defense industry, market is dominated the state as a role of customer. The
fields of activity are shaped according to national strategies and priorities.
Therefore, instead of seeking the appropriate market and customer by taking

advantage of the repulsive or pusher force of the technology portfolio; companies
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prefer to determine the product, project model and technology portfolio according
to the wishes of the single customer owning the market. In the shaping of the
market, rather than the pusher force of the technology, the customer's wishes are
felt as an attractive or pulling force. Market analysis is used as a weaker tool in the
defense industry than in the civil sector, with dominant customers identifying the
product characteristics. Technology management strategies take the form of
meeting the new and advanced technological expectations of technologically

saturated customers and users instead of filling technological gaps in the market.

According to the findings of Serdar GOKPINAR, the market supply in the defense
industry is covered by a smaller number of main contractors compared to the
civilian sectors. The main contractors are large in size and power, but work is
completed in a vertical hierarchical agreement framework with a large number of
approved subcontractors. Public institutions may be shareholders of the contractors.
This situation makes the state effective in organization management and financial
decisions of contractors. Contractors operate in compliance with government
policies with technological and industrial benefit, low profit share and high
employment compared to the civilian market (Ak¢omak, Erdil, Pamuk¢u and
Tiryakioglu, 2016). The fact that the customer / user, university and main contractor
capitalists are the sole source of state contribution has made the triple helix model
and other network structures more complex. Public-guided technology

development can be mentioned in this scope.

The impact of the customer on the product characteristics and the technologies used
is also effective in the product developments projects with high R & D scope. The
high costs caused by uncertain R & D activities are funded by customers. This leads
to the customer monopoly of determining the management structure, control points,

cost and calendar budgets of the project.
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Defense and Aerospace products can be derivatives, enhanced products, or same
class-new generation products or completely new products as referred in Figure 3.
The product portfolio is dispersed, where the position of hybrid platform projects
in the product portfolio is decisive. These projects have a high budget in the
financial portfolio. Hybrid platform development projects add existing new
technologies to the product features while at the same time gaining the destructive
superior technologies supported by R & D studies. Since the aim is to provide
absolute superiority to threats, the developing products are constantly fed with
destructive technologies (Ak¢omak et al., 2016). Although product variety and
production volume are low compared to civilian sectors, unit costs are high
(Akc¢omak et al., 2016). Low production rates and high R & D costs are effective
in high unit costs. However, the high-budget defense industry market, which is
under the support of the state, is becoming attractive for suppliers that can be
considered as monopolies in the market. Reasons such as macroeconomic balances,
security concerns, sustainability in the war situation make local-national suppliers
advantageous. Considering the relationship between the strategic impact of
technology and the cost of technology development, business models in high-
impact and high-cost situations require alliances such as collaborations or
partnerships (Cetindamar et al., 2013, pg. 157). In addition, where critical
technology transfer is limited during learning and using technology, consortium or
cooperation models are often used. Although, the technological value and the high
cost of platform development projects in the defense industry force the scenario of
collaborations, in some cases technology acquisition is mainly achieved by R & D
projects for 2 reasons; i) the need to maintain the developed strategic capability; or
i) the inability to purchase the existing strategic capability in other hands
(Akg¢omak et al., 2016). Unlike civil sectors, the acquisition of strategic capabilities
in defense industry is a necessity despite its high cost. Defense products include

technologies that have not yet proven as well as intensive use of known
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technologies (Akgomak et al., 2016, pg. 493). This situation points to product
development processes with high technical and market risks including R & D
activities. The products include complex, multi-component and multi-disciplinary,
critical and core technologies, as well as other technologies that have not yet

matured.

While the protection of technology in the civil sector takes place with commercial
concerns, the fact that technology provides military strategic superiority for the
defense industry is the main reason for protection. Methods of technology
protection also vary. Although patents are used as a protection method in the civil
sector, hiding and guarding is used as a more effective method for the defense

sector.

Product development process and product lifecycles are long. Each product has its
own technological challenges. This leads to the incorporation of specific processes
belongs to product development and development planning into the project scope.
In contrast, many standards or guidelines are used to simplify complex processes,
systematize basic approaches, and create a common language. Procedures such as
project management methods, system engineering approach, product development
process planning, R & D process planning are used extensively as standard. The
analysis, elaboration, validation and verification of customer requests is the main

touchstone in monitoring the course.

Monitoring and control tools are needed to reveal technological improvements in
the development of product development process that has multi-disciplinary, multi-
component and undefined technical risks with complex interfaces. These tools also
are necessary for risk determination and reduction techniques related to financial,
schedule or technical issues, and used for keeping customer expectations in focus.
The standard procedures include mentioned control activities. Different maturity

monitoring models are used within the scope of technology management. In the
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next section, these maturity models and their applications will be discussed after
brief definitions of project management and systems engineering procedures.
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CHAPTER 2

POLICY AND LITERATURE REVIEW

2.1 Project Management and Systems Engineering Processes

Project management and system engineering management tools were mentioned at
the organisational level. These management tools used in the defense and aerospace
industries are also widely used in other sectors with high budget and complex
products. Over time, best practices were standardized and published by different
commercial and academic institutions. Standards and guidance documents
regarding to project management and engineering of systems management

addressed in the defense and aerospace projects in Turkey are listed below.

- |EEE 1220 Standard for Application and Management of Systems
Engineering

- ANSI/EIA 632 Processes for Engineering Systems

- 1SO 15288 Systems Engineering--System Lifecycle Processes

- ARP 4754 Guidelines for Development of Civil Aircraft and Systems

- PMBOK A Guide to the Project Management Body of Knowledge

2.1.1 Project Management

Regular control and improvement of processes can be defined as Process
Management. Process Management can be made possible by the continuous

improvement approach seen in Edwards Deming's PDCA (Plan, Do, Check, Act)
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Cycle, who is considered the father of Total Quality Management (Livar¢in and
Kurt, 2014). It is possible to talk about Process Based Management by defining the
activities in a Management System with processes and managing them in the
structure. The Project Management approach described in PMBOK and PRINCE2
is based on the basic processes. It can easily be said that these guides exhibit
Process Based Management (PMBOK, 2015; Dertli, 2015).

As reference of PMBOK, five basic Project Management Processes have been
defined; (1) Project Initiation Process, (2) Planning Process, (3) Execution Process,
(4) Monitoring and Control Process, (5) Project Closure Process. This interaction
can be seen in Figure 4 considering the extent to which these processes are used
throughout the project lifecycle, in other words how much resources the processes
consume. It is seen that planning activities have a large share and spread to the
lifecycle which is not only in the first phases. It can be said that planning activities
do not consist of only the publication of a Project Management Plan document.
Another noteworthy process is that Monitoring and Control process is not used only
in executive activities. It covers all of the project processes to the extent that it

interacts with other processes.

MONITORING

INITIATION | [PLANNING | [EXECUTION| & CLOSURE

CONTROL
T S

Process
Interaction
Level

i

e =
Start

Figure 4. Project Management Processes and Resource Distribution
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Table 1.

(PMBOK Guide) PM Process Group and Knowledge Area

( )
Project Management Process Groups
Knowledge Initiating Planning Executing Monitoring Closing
Areas Process Process Process and Controlling Process
Group Group Group Process Group Group
4. Project 4.1 Develop 4.2 Develop Project | 4.3 Direct and 4.5 Monitor and 4.7 Close Project
Integration Project Charter Management Plan Manage Project Control Project or Phase
Management Work Work

4.4 Manage Project
Knowledge

4.6 Perform
Integrated Change
Control

5. Project Scope
Management

5.1 Plan Scope
Management

5.2 Collect
Requirements
5.3 Define Scope
5.4 Create WBS

5.5 Validate Scope
5.6 Control Scope

6. Project Schedule 6.1 Plan Schedule 6.6 Control
Management Management Schedule
6.2 Define
Activities
6.3 Sequence
Activities
6.4 Estimate
Activity Durations
6.5 Develop
Schedule
7. Project Cost 7.1 Plan Cost 7.4 Control Costs
Management Management
7.2 Estimate Costs
7.3 Determine
Budget
8. Project 8.1 Plan Quality 8.2 Manage Quality | 8.3 Control Quality
Quality Management
Management
9. Project 9.1 Plan Resource | 9.3 Acquire 9.6 Control
Resource Management Resources Resources
Management 9.2 Estimate 9.4 Develop Team
Activity Resources 9.5 Manage Team
10. Project 10.1 Plan 10.2 Manage 10.3 Monitor
Communications Communications Communications Communications
Management Management
11. Project Risk 11.1 Plan Risk 11.6 Implement 11.7 Monitor Risks
Management Management Risk Responses
11.2 Identify Risks
11.3 Perform
Qualitative Risk
Analysis
11.4 Perform
Quantitative Risk
Analysis
11.5 Plan Risk
Responses
12. Project 12.1 Plan 12.2 Conduct 12.3 Control
Procurement Procurement Procurements Procurements
Management Management
13. Project 13.1 Identify 13.2 Plan 13.3 Manage 13.4 Monitor
Stakeholder Stakeholders Stakeholder Stakeholder Stakeholder
Management Engagement Engagement Engagement
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In addition to processes, PMBOK has identified ten (10) knowledge areas in which
it grouped the activities carried out in these processes. These knowledge areas and

processes are given in the following matrix in Table 1.

The success of the project is directly proportional to the importance to be given to
Stakeholder Management in all processes and the effectiveness at this point
(Young, 2007). At this point, the most important activity of the initiation process is
the determination of the success criteria of the project, especially customer

requirements.

Many multidisciplinary and interdisciplinary activities are performed in the
planning process. In PMBOK, there are two groups of factors that affect the
planning process; Organizational Process Assets and Enterprise Environmental

Factors.

Strategy & Policies

Processes ‘ / ORGANISATION
’ EXPERIENCE
Methods /

INFORMATION DATABASES
Managerial, Technical,
Financial, Schedule,

adejuenpy anniadwo)

Stakeholders...

Information Systems

Figure 5. Organizational Process Assets

Organizational Process Assets refers to the system infrastructure that helps a
company to manage its activities with its unique methods used in the realization of
strategies, policies and processes within a hierarchical structure and allows the

systematic collection of the obtained information. Methods and system
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infrastructures are the assets where the operational knowledge and experience of
the companies are reflected and privatized. Factors that increase the
competitiveness and probability of success of firms are hidden in these assets. A
firm can have a wide range of processes in relation to the breadth of the its field of

activity.

Environmental Factors have a wide scope such as geographical location,
international and national legal regulations, customer expectations, other players in

the market, the situation of suppliers and subcontractors or industry in the country.

Project Execution Process is the most resource consuming process of the project. A
large part of the project outputs related to the delivery occurs in this process. Figure
6 shows the representation of the resources spent by three different projects. A red
project can be a project that tries to introduce a product to the market where the
product has completed the development phase, or a blue project that has realized
mass production of a product accomplished growth or maturity phase. Considering
the ups and downs in the purple project it can be a complex project involving the
lives of different technologies through and product development phases where more

phases are passed.

[ 3

Introduce a product to the market
Mass production of a product
Complex product development

Used workload/Resources

Initiation ~ Planning Execution Closure  Time

Figure 6. Resources in Different Project Types
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Project lifecycle can be improved with new phases according to the scope of the
project. For instance; for the project in which a product development is carried out,
the execution phase of the project can be divided into sub-phases such as conceptual
design phase, preliminary design phase, detail design phase, prototype production

and verification phase, and mass production phase.

The content, which starts with customer requirements at the center, is covered with
many components such as design, procurement, analysis, production, deviation,
testing, assembly, delivery, time, cost, workload, plans, subcontracts. In order to
manage all this content, a complex but regular structure similar to a spider web must
be established. The criteria that will provide this systematic are; the phases that
define which level will be created with which content, the statuses that allow the
data to be tracked, and the traceability information that provides integrity. In this
way, configuration management process and project monitoring and control process
activities are supported. And also, reporting and change management can be

performed effectively.

Closing process is a relatively short and simple process at the end of the project. It
is repeatable process similar to the initiating process and can be operated at the end
of the each phase. The first activity of this process is the creation of checklists,
establishment of transition-completion procedures and determination of

performance criteria.

The Planning and Execution Process may consist of a wide range of activities
depending on the nature of the project. Sub-processes, methods and infrastructures
appropriate to these activities should be planned, tailored, compiled and activated
specific to the project. For an organization engaged in technology-based product
development, system engineering as well as other product development processes

and design support processes can be considered as organizational process assets.
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Figure 7. PRINCE2 Project Management Model

PRINCEZ2 is another project management approach that is limited to use in Turkey
besides PMP. PRINCE2 focuses more on Project Management Processes than
PMBOK. Emphasis is placed on the implementation of processes that are tailored
to the project dynamics. PRINCE2 Project Management Model is based on 7
processes, 7 themes and 7 principles as given in Figure 7 (PRINCE2, 2019).

2.1.2 Systems Engineering

When the US Air Forces (USAF) examines the problems experienced in the use of
the completed and commissioned systems, it shows that deficiencies and errors

were made during the development phase. In addition to this course, the complexity
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of the new systems to be developed suggests that the potential risks are high and
arouses concern. As a result of this, MIL STD 499A standard was published for the
first time in 1974 to be applied in product development processes in order to provide
a systematic and standard approach. This standard was revised as a draft in 1993
but in 1995 it was repealed without being replaced. As of March 2017, the US
Department of Defense (DoD) has agreed to reference ISO / IEC 15288 instead of
MIL STD 499A. IEEE 1220 (1994, 1998, 2005) and ANSI / EIA 632 (1994, 1999,
2003) has been derived from the MIL STD 499 standard. With the harmonization
of these standards, internationally accepted 1SO / IEC 15288 (2002, 2008, 2015)
has been published. ISO / IEC 15288, the most comprehensive of the mentioned
standards, grouped the system engineering activities for an enterprise into 4 main

processes.

A handbook about the application of system engineering has been also published
by INCOSE (INCOSE Systems Engineering Handbook, SEHB (2004, 2006,
2007)).

All of these standards set out corporate systems engineering processes for a product
development company and provide a systematic detailed roadmap. However,
specialized and narrower guidance documents have emerged in the field of civil
aviation when airworthiness certification and flight safety were incorporated into
system engineering processes; such as “SAE ARP 4754A Guidelines for
Development of Civil Aircraft and Systems (21 December 2010)” ve
“DOT/FAA/AR-08/32 Requirements Engineering Management Handbook (June
2009)”.

Figure 8 shows the main processes defined by ISO/IEC/IEEE 15288 and the scope
of SAE ARP 4754. SAE ARP 4754 is a different definition of technical processes
with safety approach.
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ORGANISATIONAL PROJECT-ENABLING PROCESSES
< Life-Cycle Model, Infrastructure, Project Porfolio, Human Resource, Quality >
Management
AGREEMENT PROCESSES
Acquisition & Supply
PROCET PROCESSES
Project; < Planning, Assessmentand Control, Decision Management, Risk Management, Configuration Management,

Information Management, Measurement >
TECHNICAL PROCESSES

ISO/IEC 15288

Sl Implementation Verification Validation Maintenance
Req. Defin.

Architectural Integration Transition Operation Disposal
Design

DEVELOPMENT LIFECYCLE

Aircraft Function Development of Systems
Development  System Architecture Implementation

ARP 4754

Allocation of Allocation of System Data &
Functions to Systems Requirements to Documentation
Items

Figure 8. Timeline and Scope Relations-ISO/IEC/IEEE 15288 & ARP 4754

Project management endeavors to gather the stakeholders to implement the
product/system to meet customer/user expectations, to use the resources correctly

and to deliver the system to the users on time.

Systems engineering focuses on identifying requests from stakeholders and
distributing them to systems, subsystems and components, then converting requests

from lower level up to product that means technical integration.

Both management models try to meet the product requested by the customer or user.
Both management models have many similar areas of activity that support each
other (Vezzetti, Violente and Marcolin, 2014). Technical processes management
sub-activities within the scope of system engineering management intersect with
integration and scope management sub-activities within the scope of project
management. The processes other than the technical processes described in 1SO /
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IEC 15288 and the process and information fields defined in the PMBOK are
actually overlapping even if they are handled in different ways.

At this point, following the customer requests and the risks that prevent them from
fulfilling these requests are among the most important common areas of activity
within the scope of this thesis. The project monitoring and control activities
operated within the scope of PM Integration and Scope Management, and the SE
Technical Reviews used to monitor system/product maturity and to monitor

technical risks serve similar purposes and can be used interchangeably.

2.2 Maturity Models

When we look at maturity models within the scope of technology and product
development activities, it can be said that there are basically two different
approaches. The first approach focuses on the technology itself and the product,
while the other approach focuses on development processes and management
systems. Both approaches have common criteria and methods. In the first approach,
the Technology Readiness Levels (TRL), first introduced by the American Space
Agency (NASA) in the 1980s, found extensive literature and application. In the
second approach, the concept of Capability Maturity Model Integration (CMMI)
was created by the Software Engineering Institute of Carnegie Mellon University

in 1986 and came into effect in many different applications.

The use of uncertain technologies in the product involves high risk in all respects,
such as performance, cost and calendar. For this reason, NASA has developed TRL
criteria in order to keep track of risks and control them in revealing space vehicles
incorporating R & D studies (Mankins, 1995). Figure 9 shows the most general

representation of nine levels of defined TRL criteria.

24



System Test, N /_-\

b;l;"f:'ﬁ:m | TRL® Actual system "flight proven” through successful mission operations
TRL & Actual system completed and "flight qualified” through tast and
System/ —— demonstration (Ground or Flight)
Subsystem —
Development TRLT Systam prototype demonstration in a space environment
Technolo T System/subsystem model or prototype demonstration in a relevant
Dzmomf;ﬁnn — S environment (Ground or Space)
TRL § Component andior breadboard validation in relevant environmant
Technology Ll
Development TRL 4 Component andfor breadboard validation in laboratory
environment
Research to T —
Frava — | TRL3 Analytical and experimental critical function and/or characteristic
Feashiy | —— | proof-of-concept
Basic ThL 2 Technology concept and/or application formulated
Technology T -
Reseach TRL1 Basic principles observed and reportad

Figure 9. Technology Readiness Levels

When the relationship between US DoD system lifecycle and TRL levels is
examined, the use of technologies that reach TRL 6 level in the product
development has been adopted as a method to reduce the risks caused by uncertainty
(Nolte, 2005). However, even though the product is being developed with mature
basic technologies, it is insufficient to measure product maturity. In complex
multidisciplinary projects, TRL is also not considered sufficient and at this point
system maturity stands out. Between 2006 and 2011, several studies have been
conducted on the definitions and calculations of System Readiness Level (SRL).
During these studies, the determinations made by Sauser and Ramirez came to the
fore and came to the point of reference of other studies. On the grounds that the
TRL criterion gives an idea about a single technology and that inter-technology
integration is not addressed; The SRL model has been proposed for maturity
monitoring of multi-component and disciplined products (Sauser et al., 2006). After
the concept definition of SRL, TRL and IRL values were normalized and grouped

between 0 and 1 at five levels for SRL calculation (Ramirez-Marguez and Sauser,
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2009; Tan et al., 2011). Table 2 shows the aforementioned SRL metric paired with
US DoD Acquisition Phases.

Table 2. System Readiness Levels
SRL Name Definitions
Execute a support program that meets materiel readiness
) and operational support performance requirements and
0.50 1o 1.00 Operations & Support sustains the system in the most cost-effective manner over
its total lifecycle.
0.80to 0.89 Production & Deployment | Achieve operational capability that satisfies mission needs.
Develop system capability or (increments thereof); reduce
integration and manufacturing risk; ensure operational
Engineering & supportability; minimize logistics footprint; implement human
0.60 to 0.79 Manufacturing systems integration; design for production; ensure
Development affordability and protection of critical program information:
and demonstrate system integration, interoperability, safety
and utility.
Reduce technology risks and determine and mature
0.40t00.58 | Technology Development | zppropriate set of technologies to integrate inte a full system
and demonstrate CTEs on prototypes.
0.101t0 0.39 | Materiel Solution Analysis | Assess potential materiel solution options

Tan, Sauser and Ramirez-Marquez (2011) tried to describe the TRL, IRL and SRL
criteria in the structure as seen in Figure 10 for products with multiple systems.

Tetlay and John also made evaluations on the concepts of System Maturity and

System Readiness and emphasized the definition of Capability Readiness Level
(CRL) (Tetlay and John, 2009). Although a metric has not yet been introduced

within the scope of the CRL, Tetlay and John have linked the concepts of “V-

Model” in System Engineering with System Maturity and System Readiness as

mentioned in Figure 11 (Tetlay and John, 2009). System Maturity covers the

production and verification of the product according to system requirements, while

System Readiness shows the availability of the product to user requirements.
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System Composite

SRL
Function F1 Function F2 Function F3 Function Fn
SRL (F1) SRL(F2) SRL (F3) SRL (Fn)
Capability €3.1 Capability C3.2 Capability C3.m
SRL(C3.1) SRL (€3.2) SRL (C3.m)
Technology Integration
IRL (TRL3.2.1 x (TRL
TRL(3.2.1) e
Technology Integration
+IRL(TRL3.2.2x (TRL
TR (3.2.2) 3.2.3+..+3.2.)
Technology ! Integration
TRL (3.2.k) IRL (TRL 3.2.k-1 x TRL

3.2.k)

Figure 10. TRL, IRL and SRL Relation

In various studies, research has been carried out to eliminate weaknesses related to
SRL scale and calculation methods. Between 2010 and 2014, IRL definitions have
been studied and methods have been sought for accurate calculation of SRL levels
for complex systems. In a study conducted in Turkey in 2014, literature review has
been studied on the subject, and it can be said that the study is valid in current

situation (Babagoglu et al., 2014).

For research and development programs involving software and hardware
technologies, SWRL and HWRL concepts and criteria are also studied for software

and hardware technologies at the lowest level in the product hierarchy.

A similar criterion by the Joint Defense Manufacturing Technology Panel,

established by US military and defense industry representatives under the
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Department of Defense, was introduced in 2001 to measure the maturity of
production activities. MRL has been defined at 10 levels in correlation with TRL
levels. A guide document called MRL Deskbook was prepared and the latest

version was published in 2018.
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Figure 11. V-Model Relation with System Maturity and System Readiness

All readiness levels are subjective due to the flexibility of metrics, the ability to
derive or rearrange criteria (Tetlay and John, 2009). In order to be used correctly, it
requires expert personnel to evaluate. The level of readiness can be decided with
the participation of relevant stakeholders. The presence of software infrastructure
or guidance documents to allow evaluations is required (Sauser et al., 2006).

In product development projects, project execution processes regarding technical

coverage are carried out by using system engineering processes. Systems
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engineering tools support project management activities in the management of other
areas of knowledge as well as technical scope. Technical performance management
procedures for monitoring and controlling the technical progress of the project are
also used to assess system maturity. The technical performance is followed up in
the iterative product development process and verified and reported. Technical
performance metrics can be selected at different levels in the requirement hierarchy.
Numerical metrics used to validate operational scenarios are defined as Measure of
Effectiveness (MOE) and Measure of Suitability (MOS). And they are determined
to measure how close the system is to its intended use. Measure of Performance
(MOP) metrics that complement the MOE & the MOS metrics are determined for
the performance that the user expects from the system. Functional requirements that
support usage scenarios and performance requirements are broken into subsystems
and components and technical budgets are distributed at lower levels. The
Technical Performance Metrics (TPM) is also determined for these technical
budgets distributed at a lower level. It is possible to vary or increase these technical
metrics horizontally and vertically in the hierarchy of requirements. The metrics
defined by the Austrian Ministry of Defense are given as follows in Figure 12
(Defense Capability Development Manual, 2006).

Critical Operational Issues

(co)
Measures of Effectiveness Measures of Suitability
(MOE) (MOS)
Measures of Performance Measures of Performance
(MOP) (MOP)
Technical Performance Measures Technical Performance Measures
(TPM) (TPM)

Figure 12. Systems Engineering Technical Performance Measures
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The development activities are guided by the verification activities and maturity in
the V-Model with TPM and MOP while MOE metrics have been used to validate
user expectations. Lower and upper limits are determined for each metric and these
metrics are collected over time to predict future trends. As a result, these metrics
are also used as a project management tool in determining the direction to go by
identifying critical trends and values. In this way, the situation between customer

expectations and system realizations can be monitored.

Capability maturity models provide information on how active and comprehensive
the relevant processes are used in an organization or project. In this study,
organisational or project management process maturity models are not emphasized
since the focus is on system / product maturity and technological maturity of the
components. To put it briefly, CMMI makes two different evaluations: capability
and maturity measurement (“Capability and Maturity Levels”, ty.). Maturity
measurement is used to measure the effectiveness of how much the organization
defines and can control defined areas of activity. Maturity is defined at six levels
from 0 to 5. On the other hand, capability measurement is concerned with the
consistency and predictability of the process outputs for each defined
process/activity area and with the continuous improvement. Considering that the
process outputs are spread over the normal distribution, it is expected that the
deviations in a skilled process will be low and the outputs will gather around the

peak. Capability is measured in four levels from 0O to 3.
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{Maturity Level 1: Initial

Maturity Level 0: Incomplete

JH
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Figure 13. CMMI Maturity Levels and Capability Levels

Apart from the software development processes, CMM approach has many areas
where it is adapted, especially project management and system engineering
management. In this context, there is also rich literature. It is seen that SE-CMM
study emerged in 1995 for system engineering processes. It was then standardized
in 2002 as EIA-731 Systems Engineering Capability Model standard. Improvement

of the standard is underway.

2.3 Working Maturity Models

Radical innovations are aimed in Defense and Aviation Industry. As a result,
technological complexity and inter-component interaction are expected to be high.
This also leads to complexity of engineering activities and engineering processes.
In order to manage the complexity and technical difficulties and to support the
project calendar and budget targets, institutions and companies establish their own

technical management, control and monitoring processes.

AIRBUS defined the Product Lifecycle Cycle, in which it can synchronize its

engineering processes with 5 main phases and 14 milestones as shown in Figure 14
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(Pardessus, 2004). The associated activities in this lifecycle utilize a concurrent
engineering approach and digital product infrastructure to operate together to
improve effectiveness and efficiency. It has managed to combine different product-
specific information (product requirements, design data, production planning,

maintenance data, etc.) around the product tree at different levels.

Definition Instruction Entry
of basic to proceed Go into
concept (ITP) ahead service
FEASABILITY CONCEPT  DEFINITION DEVELOPMENT SERIES
Order
released Definition  Instruction Begin Entry
for project  of basic  to proceed Go final First into
concept (ITP) ahead assembly flight service

v

Product Top Concept Authorisation First metal Power on Type End
idea level for to cut certification development
established alc product offer (ATO) phase
specification selected for basic
aircraft

Figure 14. AIRBUS Product Lifecycle; Phases and Milestones

Evaluation of product maturity and making future decisions are based on this
product lifecycle. In order to monitor the design activities between M3 and M7 and
to achieve maturity in the product as a whole, their additional Development
Maturity Levels are defined in 3 scales. By capturing the mentioned maturity, it is
aimed to design the products which can be produced, assembled or maintained in
operational phase. Due to gathering experts from different disciplines around data
of a certain maturity, interactive exchange of information may provide development

of the data. In this way, instead of sequential activities, simultaneous engineering
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approach enables shorter development times. Definitions of Development Maturity
Levels are summarized below. These levels are complemented by engineering

reviews through digital workflows for each design solution and component.

Maturity A: It aims at dimensioning and space allocations in accordance with the
concept of the aircraft and determining the scope of design solutions to meet the
required functions. Critical measurements and structural interfaces are determined.
Rough alternative design solutions are created in different configurations to meet
the requirements. Requirements and conceptual engineering reviews are conducted
with data of this maturity. A level maturity contributes to the determination of the

optimal solution.

Maturity B: In this maturity, key characteristics and tolerances (KC&T) are defined
in the context of structural design and system integration. Specific zones or
components are reviewed in detail and improvements are made to the most suitable
alternative solutions. System layouts are completed dimensionally, main electrical
and flow routes are detailed. Preliminary design maturity is sought. The parameters
that will enable mold and tool designs for production and assembly infrastructure

are tried to be put forward.

Maturity C: Finalization of final dimensions to be used in load analysis, finalization
of structural interfaces between parts and regions, and finalization of interfaces with
assembly tools and production molds are expected in this maturity. Production and
installation infrastructure is aimed to be ready. Definition of flight test
instrumentation is also expected. The main touch points for production and
assembly are revealed. In summary, the critical maturity of design data is sought

for the maturity of production and assembly, and for structural load analysis.

A similar approach is seen when examining 1ISO / IEC 15288 and NATO AAP-20
NATO Lifecycle Model documents referring to this standard. In the system
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engineering approach, the maturity and technical progress of the systems are tried
to be monitored. The relevant product lifecycle consists of 7 consecutive stages as
shown in Figure 15. However, the flexibility that the stages can be operated
simultaneously is also seen on the figure. Each stage is divided into sub-phases by
the milestones defined within itself. The transition between the stages is enhanced
by the decision steps by meeting defined input and output criteria. The scope of
each stage and phase is defined, and also expectations for product maturity at

milestones and decision points are defined.

The NATO AAP-20 standard envisages the creation of a common language among
members and the integration of technical management at the Product Lifecycle
approach. It is evaluated that wide perspective of Product Lifecycle approach will
increase integration between acquisition, usage and maintenance. Moreover, time
and cost can be used more efficiently because different activities support each other.
With this approach, it is mentioned in NATO AAP-20 that industries of member
countries will be able to work integrated with each other. Due to this integration, it
is also mentioned that quality will increase globally considering common defined

processes.

_ PRE CONCEPT

CONCEPT

DEVELOPMENT -

PRODUCTION

v UTILISATION

SUPPORT
RETIREMENT

Figure 15. NATO AAP-20 System Lifecycle




The IEEE 15288.2 “Reviews Technical Reviews and Audits on Defense Programs”
standard is adapted from the ISO/IEC/IEEE 15288 standard for military
applications. Instead of the product lifecycle definition in this tailored standard, an
evaluation approach with input-output criterion has been established with 4
technical outlines and 10 technical reviews. In IEEE STD 15288.2, relevant
decision-making is seen as the basic building block for an effective system
engineering approach and strong technical evaluation process. These decision
points enable the determination of the technical maturity, uncertainties and risks of
the product. They allow to examine the effect of the current situation on
project/acquisition schedule, product total cost and product usage characteristics. If

the current maturity is acceptable, the decision to move to the next phase is taken.

Functional Baseline ‘

Allocated Baseline ‘

Product Baseline (initial) Product Baseline (final) ‘

SVR/
ASR SRR SFR PDR CDR TRR FCA PRR PCA

A A A A A A A A A

Figure 16. IEEE15288.2 Technical Reviews, Audits and Baselines

As mentioned before with the Development Maturity Levels in AIRBUS, product
development has been monitored to support production, assembly, and flight
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testing. Similar to AIRBUS but in a more systematic way, when the product
lifecycle management is examined in the US Department of Defense,
manufacturing readiness is closely focused with defined criteria. In addition,
technologies are followed through technology readiness levels in lower detail in

product breakdown.

MRL Deskbook provides a holistic view of the US DoD’s view of product maturity

and acquisition processes as in Figure 17.
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Figure 17. Acquisition Lifecycle, TRL and MRL Relations

2.4 Traditional Studies about Technology Maturity in Turkey

Four studies were found in literature researches. Considering the limited number of
academic studies, it may be said that there may be a need for further studies.

Altunok and Cakmak (2010) started the study in 2008 and aimed to develop an
algorithm for the calculation of Technology Readiness Level for companies in
Ankara, Turkey. After this study, a TRL calculator was formed as a software tool.
Firstly, a literature search was made for TRL calculations and then the models used
in calculating TRL in civil and military fields were examined. In this study, system
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development and technology development activities are handled separately. It has
been revealed that technology maturity should be reached before the system
development programs started. However, it has been determined that the methods
used in TRL calculations can be subjective and that a common application method

cannot be operated.

In the second stage, Altunok and Cakmak tried to understand the awareness on the
issue through the company up to 17 in Turkey. TRL applications were seen in only

3 companies working closely with universities.

The main part of the study is the development of a TRL calculation algorithm for
Turkey Defense Industry sector. A software for executing this algorithm was also
developed. The technologies related to hardware, software and production
processes can be collected and classified according to certain criteria (nationality,
confidentiality, usability of technology in different areas, funding type etc.) by the
developed tool. Then, in four categories (technology related, manufacturing related,
programmatic related 6 integration related) questions were asked respectively and
the status of the technology is determined by four colors (gray, red, yellow and
green) according to the answer. The questions had a classification as critical and
not critical. Critical knowledge of the questions could be adapted according to the
project with the initiative of the project manager. The technology that responds
positively to all critical questions turns green and means that the technology has
reached the relevant TRL level. This method was operated iteratively for each TRL
level in the study.

Evidence supporting the answers can be associated with questions by the
technology developer. It has been emphasized that this feature would provide a
more objective assessment environment. The criticality of the project-specific

questions is mentioned among the weaknesses of the algorithm.
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Altunok and Cakmak evaluated that their TRL calculator can be used after the
validation of the algorithm at the level of software and hardware. However, it has
been considered that the calculator will be insufficient to monitor the technological

maturity of the aircraft in conclusion of the study.

A comprehensive literature search that made in Turkey was conducted by
Babagoglu, Akgiin and Kayhan (2014) about monitoring the technological

maturity. It would not be wrong to say that the study was handled in two contexts.

The first scope includes studies on technology definition, TRL, SRL, IRL and
MRL. The ways in which these criteria are handled by the US DoD and OK MoD
are mentioned. Acquisition processes, in other words, their usage with product
lifecycle are discussed. Critics about the usage areas of the scales and calculation
methods are included in the study. It has been mentioned that TRL can obtain
information about individual technologies and it is insufficient in evaluating system
maturity. Taking TRL level as a risk value from the opposite point of view is not
appropriate for accurate risk determination. Because technologies at the same level
may different amount of resources and labor to reach the full maturity. Similar
weaknesses have also been addressed for MRL. Furthermore, progress and efforts
on the SRL approach have been addressed. Normalized SRL levels paired with US
DoD acquisition processes have been also emphasized. At this point, it has been
emphasized that SRL is an average value of the numerous technologies that make
up the system. According to the study, combining a complex, immature high-risk
technology and simple and high-mature technologies under a single scale was
insufficient to determine system maturity and future risks. The second scope of the
study focuses on defining the level of risks and future effort with a view of maturity
levels. At this point, the R & D difficulty levels introduced by Mankins (1995) has

been mentioned.
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Recent evaluations of Babagoglu et. al. are important. In order to evaluate the
maturity of the system with different mature technology, decision makers should
have knowledge about the whole system. It has been mentioned that maturity
assessment tools are inadequate to identify risks and future challenges. At this point,
it is mentioned that new methods are needed. It has been pointed out that group or
multi-criteria decision-making mechanisms should be established for an accurate
assessment in which the existing tools remain subjective. It has been recommended
that follow-up maturity evaluations should conducted through a central unit and

database.

The third research was prepared in collaboration with the university and industry
which revealed a product-based technology management methodology (Temiz,
Ozkan and Uger, 2016). It aims to provide methodology for the selection,
prioritization and planning of product technologies by using the technological
capabilities of nations. In the study detail, technology, system and product pyramid
have been established similar to previous ones. It has been mentioned that
conceptual design activities come to the forefront in the selection of technologies.
Attention has been drawn that it is important to acquire the technologies that can be
used in diversifying or increasing the product capabilities. It has been said that
technology and product development stages are separate, and that product
development can be started after reaching a certain technological maturity. The
TRL approach has been used in the selection and monitoring of critical technologies
to be used in the product in the the study. However, it has been stated that this metric
should be supported with evidence in order to be reliable. Finally, it has been
evaluated that the acquisition of critical technological capabilities in the field of
defense and aviation prevents the use of national capabilities. There is also

reference to the lack of a systematic risk assessment process in the study.
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The latest study on technology maturity assessments is mostly a handbook rather
than an academic research as Technology Readiness Levels for the Defense Industry
which was prepared by Presidency of Defense Industry (SSB) as a guide (Savunma
sanayii i¢in teknoloji hazirlik seviyesi kilavuzu, 2015). The guideline has been
created by compiling TRL definitions. It is aimed to raise awareness in the sector.
In conclusion, some weaknesses in TRL approach have been mentioned. It is
remarkable that the TRL focuses on a particular technology that is defined as critical
and also leaves the system integration process backward. The subjective aspect of
TRL assessments has been also emphasized. At this point, it has been given
importance to expert evaluation to be done as a group in determining the maturity
level. It is said that the usage of technology readiness assessment and risk
management processes are limited in Turkey so that there is a necessity in this

context.

Considering difficulties in monitoring the technical maturity in project management
processes, limited studies conducted in Turkey in this regard and determinations
made as a result of current studies; technological maturity assessments are a subject
which should be studied. Despite criticism, the TRL metric and assessment methods
have been widely accepted and widely used at the level of software and/or hardware
components. However, the studies at the system or product level remained
theoretical and have not come to life in practice. It is evaluated that the real situation
can only be revealed with the determination of product maturity. At this point, there
is a need for a more holistic, multi-criteria and expert group decision-making
process beyond the SRL approach. The creation of methods that can be used to limit
the subjectivity is considered important as it will increase the reliability and
accuracy of the evaluations. Information management and change management
approaches are also needed to create and monitor product information in a healthy
way. These mentioned issues are taken into consideration in the model which is

determined within the scope of this thesis.
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CHAPTER 3

RESEARCH METHODOLOGY AND MODEL DEFINITION

3.1 Rationale for the Research Method

The relationship between the main areas of activity compiled by Cetindamar, Phaal
and Probert and the technology management methods is given in the table below.
(Cetindamar et al., pg. 170).

Table 3.  TM Main Activity Areas and Methods
ethods | Patent Portfolio Road | S- Stage- | Value
Analysis | Management | Map curve | Gate Analysis
Activity
Acquisition X X
Exploitation X X
Identification X X
Learning X X
Protection X X
Selection X X

As highlighted in Section 1.1.2 in the thesis, Identification and Selection activities
come to the forefront. S-curve, Stage-Gate, Value Analysis and Portfolio

Management are among the commonly used methods for these areas of activity.
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S-curve approach is defined by metaphor from the lifecycle of living things.
Horizontal axis can be defined based on different stages such as embryo, birth,
growth, maturity, old age and death. This approach is similar to the concept of
product lifecycle, which has been also mentioned in working models. In the vertical
axis, technology performance parameters are included. While the S-curve can be
designed for the whole product, defining the vertical axis with a single parameter
for the whole product is an academically studied research in literature but is not an
easy issue to deal with practically. The S-curve can be used as a useful method for
identifying existing or individual new sub-technologies. (Cetindamar et al., 2013,
pg. 206). In this study, the idea of a lifecycle is adopted for the whole product

similar to the S-curve.

According to Cooper, the stage-gate method is defined as the project management
tool used in new product development projects (Cetindamar et al., 2013, pg. 213).
The project duration is divided into specific phases or stages and gates are formed
during stage transitions., Many multidisciplinary activities are performed during the
stages. In the gates, decisions, such as go on, return to the beginning, return to the
previous or cancel the project, are made after a multi-parameter decision process.
The method is coordinated with product lifecycle phases and technical review

approaches. Stage-gate method is considered as the main method in this study.

The value analysis tool is the method used to increase the value of the product since
the past. The market value of the product is defined by how much of the expected
benefit from the product can be taken from it. The financial definition is defined as
the ratio of product profit to product price (Cetindamar et al., pg.223). The
definition of value and the definition of validation have similarities. Validated
product means a product that meets customer requirements. At this point, efforts
are made to ensure that the ratio of “product usage characteristics” per “customer

usage characteristics” is at least “1”. When the sectoral structure of the defense and
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aerospace industry and value concept are considered together, it is seen that the
Customer / User follows the activities in stages and acts as the decision responsible
in the gates. In this study, value definition which is close to validation is used rather
than profit / price definition. There are many compliance methods for verification
of expected value of the product during long aircraft development lifecycle such as
usage of simulators, mock-ups, prototypes and user flights and other criteria

belongs to gates.

The thesis focuses on the development and maturity of a single aircraft. So that,

portfolio analysis has not been used in the study.

When constructing the product maturity model, it has been evaluated that the life
approach in the S-curve method and the Stage-Gate method could be used together.
The vertical axis in the S-curve is divided into technical processes in different layers
in this study. Qualitative or quantitative process outputs are spread along the
vertical axis. Gate points on product life are defined on horizontal axis, too.
Performance parameters and verification targets for value estimation are also

included in the model.

The interview technique will be used as a research method to evaluate the accuracy
of the model designed with reference to working models and with guidance of

technology management methods.

3.2 Definition of A Model

3.2.1 Hypothesis

When the theoretical framework, best practice standards and guide documents and

sample models are examined together in terms of discussion in this thesis; the
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following hypotheses have been formed in order to define technological maturity at
system / product level and to follow the maturity.

HP1: Product Lifecycle model provides a systematic common approach
about interoperability in product acquisition and operation phases to complete the
whole product life in a cost-effective and timely manner in accordance with the
realities of the project. So that a Product Lifecycle Model needs to be established

or selected.

HP2: The decision gates and review points which are passed jointly by
different stakeholders or by relevant responsible individual staff should be defined
in the Product Lifecycle. By this way, phase transitions can be realized by relevant

decisions.

HP3: The desired capability of the product with the necessary functions can
be realized by completing the sequential and simultaneous technical processes, sub-
processes and activities carried out within the scope of these processes and by

creating interfaces between them.

HP4: Progress in technical processes need to be supported by qualitative

expert opinions and quantitative objective metrics at relevant decision points.

HP4.a: Each activity should be associated with the product phases and sub-

stages and the outputs of the phases should be determined.

HP4.b: The MOP, MOE and TPM definitions, used to support monitoring
and control activities in system engineering and project management, provide

information about the capability readiness level.

HP4.c: Compliance verification methods and completion states of them

provide quantitative information about the maturity of the stages.
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HP4.d: It is practically impossible to use SRL as a rational measurement
method without a strong technology management and taxonomy infrastructure for
the whole product. However, it can only be used as a tool for system integration of

focused technologies.

HP4.e: It is appropriate to use the TRL approach to monitor the maturity of
focused individual technologies under the Systems Engineering processes.

HP5: Associating data collection and change control procedures with
product lifecycle and decision points / milestones is important for recording,

reporting and guiding system maturity.

3.2.2 Model Establishment

Under this title, solutions that support hypotheses have been tried to be selected and

a model has been put forward by adapting some solutions.

The MIL-STD-499: 2017 standard was revoked by the US DoD and replaced by
IEEE 15288.1: 2014. IEEE 15288.1: 2014 is an adaptation of the ISO / IEC 15288:
2008 standard. AAP-48: 2013 NATO standard is also built on the basis of I1SO /
IEC 15288. ISO / IEC 15288 has been chosen by the US DoD and NATO as the
basis of operation and has a broad technical scope compared to equivalent system
engineering standards / manuals so that it has been chosen as the first reference in
creation of the model. The system lifecycle concept, which is required by ISO / IEC
15288, is defined and customized by AAP-20: 2015 for NATO applications.
Technical review and audit principles and criteria are included in the study methods
with the IEEE 15288.2: 2014 standard for US DoD applications.

Considering practices of Turkey Aerospace and Defense Industry sector,
adaptations have been made at some point on the basis structure during

establishment of the model. In the last stage, other source standards, guidance
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documents, academic studies and technology maturity level approaches have been
used to determine the technical processes, phase input-output criteria and exact

inputs and outputs in the sub-detail.

3.2.3 HPL1: Definition of Product Lifecycle

According to the first hypothesis, Product Lifecycle can be formed in 6 sequential
phases. When selecting the names of the phases, the terminology in the reference
standard or guidance documents is partially excluded. Considering the executed
current project progresses and stages in Turkey, new terminology and definitions

have been added.

1. Operational Concept Definition & Feasibility: The Pre-Concept phase in
the AAP-20 standard and the Feasibility phase in the AIRBUS model are
defined in similar scope.

The operational needs of the users and the usage scenarios of the product
are determined in this phase. The functions required to realize the scenarios
and the performance values that define the effectiveness of these functions
are defined at a high level, taking into account the capabilities of competing
or threatening systems. After these benchmarking, alternative products or
product families that can meet operational needs are identified. Then, the
requirements are derived and overview of the product definition that meets
the needs is tried to be completed. Feasibility studies are carried out for the
development and realization of the product. Pre-concept design studies are
carried out with separate feasibility contracts or public internal resources for
validation of needs and benchmarking of competitors or solutions.
Technological needs and roadmap are tried to be identified and selected.
Technology development and demonstration sub-contracts may be used in

high budget aircraft development programs to support the main program and
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aircraft level design activities with extension of the schedule of the first
phase. Development and lifecycle costs are tried to be determined for the
products that are decided to be developed. Finally, Presidency of Defense
Industry is instructed about investigation, development, prototype
production, advance payments, long-term orders and financial and
economic incentives for Defense Industry Executive Committee approved
products (Savunma Sanayii ile ilgili Bazi Diizenlemeler Hakkinda Kanun,
1985). The decision to start the project is taken with this instruction. The
next step for the products to be developed is to define the administrative and
technical execution processes and to make the technical requirements more
defined and verifiable. The call for proposals and contracts are finalized by
the Presidency of Defense Industry. The next phase is passed after the
selection of the contractor and the signature of the contract with all technical
requirements, administrative and technical requirements .

Concept Definition: AAP-20 and AIRBUS lifecycle models are also

discussed in similar scope for this phase.

In this phase, it is ensured that the technical requirements defined by the
contract are understood correctly by the stakeholders especially the
Contractor. The Contractor identifies features that he / she considers to be
incomplete. Afterwards, the validation of the requests with the customer and
the user is completed. In this way, the top level requirements for the product
are introduced at the beginning of the phase. After this point, according to
the ARP-4754 document which was established as a guide document for the
development of aircraft and its systems, following activities should be
performed; i) determination of the aircraft functions, ii) assignment of the
functions to the systems expected to be in the product, iii) establishment of
the system alternative architectures for how the systems will perform these

functions, and iu) setting out of the requirements for the subcomponents of

47



the architectures in the product sub-detail or in the component top level. In
brief, it is expected that system and component level requirements and
alternative architectural solutions will be created to meet these
requirements. The airworthiness requirements mandated by the relevant
aviation authority, which must be applied to the conceptual designs are
understood. It is considered that this phase can be completed by focusing on

an option among conceptual designs in line with customer-user demands.

Design Definition: The scope of the Development phase described in the
AAP-20 standard is evaluated too wide. It is known that development
activities are an iterative process and that current development projects can
never be reached verified and validated products at once. Because of that
the Design Definition phase is defined similar to the AIRBUS approach.
The phase covers the development activities up to the time when the first
design data comes out for starting prototype production.

In this phase, it is expected that very small number of special cases which
have not been finalized due to alternatives and the lack of detailed design
solutions should be agreed with the aviation authority.

It is the phase in which the selected optimal conceptual design is studied in
detailed study, and in which sub-system and system level procurement and
implementation begin. After this phase, it is aimed to gain functionality of
many systems and disciplines, to complete the first cycle of product level
integration design and to create design details ready for manufacturing,
assembly and testing. It is expected that design verification activities are
begun by design description and analysis documents. Trial manufacturing
and capability demonstrations can be done in the system and in the lower
detail. At the level of software and hardware components, verification
activities may be partially initiated. Manufacturing and installation planning

and the establishment of the test infrastructure begin intensively in this

48



phase. It is envisaged that this phase will be finalized by making a
manufacturing decision for prototypes based on verification.

Development Phase: This phase is needed in order to make the transition
more defined between Development and Production phases in AAP-20, and
it includes common activities from both phases. It is the phase in which
prototype products are implemented and integrated, test validations are
started on these prototypes, and design corrections and improvements are
applied. It is suitable for the approach in the AIRBUS model. Customer and
user involvement is expected to intensify and to be more involved in design
decisions. Provisional / conditional acceptances can be completed and
validation of the trial products under the actual usage conditions by
cooperation of the Contractor and the User. It is considered that this phase
can be completed by verifying all customer and airworthiness requirements,
and making the product ready for operational use and mass production.
Deployment & Modification: This phase is needed in order to make the
transition more defined between Production and Utilization phases in AAP-
20, and it includes common activities from both phases. It overlaps the
Series phase in AIRBUS model but is defined in a narrower scope. When
the acceptance and guarantee clauses in the contracts and the applications
of conditional acceptance and acceptance are taken into consideration,
Deployment & Modification phase has emerged as an intermediate phase in
the transition from production to use. It is more similar to the objectives of
the Production & Deployment phase in the US DoD lifecycle model. The
difference in the new model is that, important manufacturing activities have
already started within the Development phase. In particular, the length of
this phase may vary depending on the complexity of the product and the

magnitude of the risks it carries up to this phase.
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The completed products are accepted by the customer, taken into the user
inventory and started to serve in the actual operational environment in this
phase. If there are infrastructures needed for use of the product in the real
environment, it will be completed. User trainings are completed. Possible
product modifications and modernisations can be maintained in this phase
as well. This phase is completed by the user's full validation of the product
and the completion of the acceptance for the products unconditionally. The
start of the warranty process for each product is also a completion
requirement of this phase.

6. Operation & Support: It includes the common activities in the last 3
phases of the AAP-20 after the Production phase is completely finished. It
is similar to Operations & Support, the last phase in the US DoD. This phase
is not clearly defined in the AIRBUS model.
the product is operated under the responsibility of the user and the logistics,
maintenance, repair and renewal activities are coordinated in the phase.
Under the supervision of the aviation authority, the Contractor shall
maintain product support for situations affecting flight safety. Product life
and last phase are completed with disposal of the products.

The completion of the phases will not occur at a point in time for the whole product;
maturing system, subsystem or component will be completed relevant phase in a
transition period. In 4™ phase Development the products are integrated and realized;
in other words, the embryo period was finished and the product was born. From this
point on, it is considered that the product lifecycle should be monitored separately

for each physical product or defined product group.
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3.2.4 HP2: Definitions of Decision Gates and Technical Reviews

Throughout the Product Lifecycle, there are joint decision points where all or some
of the user, customer, design organization, production organization and aviation
authority participate. As a result of the stakeholders’ opinions, decisions are taken
by responsible belongs to the relevant gate. In addition, there are decision points
that companies or institutions operate in their own internal structures. All decision
steps in the model are defined by a single terminology as in the AIRBUS model as

Milestone.

First of all, in order to make the definition of this hypothesis, a decision gate /
milestone has been defined for the initiation of each phase. Then, the points
considered important from the working applications have been added to the
milestones. As a result, 13 milestones in Table-4 have been reached. Based on the
IEEE 15288.2 standard, joint technical reviews and audits within the scope of

system engineering are also positioned according to the milestones in the Table.

In IEEE 15288.2, technical review or audit points have been defined especially for
the public side in order to monitor the project, identify risks and analyze the effects
of risks on calendar, budget and usage. The following 10 technical review or audit
points aim to pave the way for the next stage in the project.

Alternative systems review (ASR)
System requirements review (SRR)
System functional review (SFR)
Preliminary design review (PDR)
Critical design review (CDR)

Test readiness review (TRR)

Functional configuration audit (FCA)

O N o g B~ WD

System verification review (SVR)
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9. Production readiness review (PRR)
10. Physical configuration audit (PCA)

In the AIRBUS model, 15 milestones were similarly identified during the transition
of the stages in phase and transition of the phases in lifecycle. The description of

AIRBUS milestones under Section 2.3 Figure-14 was given earlier.

US DoD continues its product lifecycle with 3 milestones and 4 decision gates.
These decision points are supported by 9 technical reviews. Milestones characterize
decisions to reduce technological risks, initiation of product development and
production, respectively. They are usually started execution with separate contracts.
Program management, product development process and system engineering
planning and activities are carried out by the public with the participation of

relevant contractors.

With M3, the remaining life of the product can be monitored under a single contract
or progress can be carried out in separate contracts, especially by dividing from
phase transitions. The exponential growth of technical risks will be prevented and
a new planning will be provided by the sequential contract structure. In addition,
returning to previous phases for missing verification and validation issues and the
application of an iterative development approach with a focus on problem areas
may result in more mature and verifiable products at the end. In this case of
sequential contract structure, the returned phases will be handled in a limited scope
and will be passed more quickly. Additive contract management will help achieve
results with low controllable budgets.
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Table 4.  Milestones
Milestones Rational 1 Rational 2 | Rational 3
M1: Capability Requested Operational Concept Capability Request
Definition &
Feasibility Phase
Start Decision
M2: Project Initiated ASR Project Decision
M3: Contract Time Started | Concept Definition Start of Contract
Phase Start Decision
M4: Top Level Aircraft SRR AJC Functions Defined
Requirements Defined (ARP 4754)
M5: Design Solution Design Definition SFR Systems Functions Defined
Phase Start Decision (ARP4754)
Selected
PDR
Start of Desigh &
Development Contract
M6: Production Released Development Phase | CDR Initial Production within QC
Start Decision (AIRBUS Model)
M7: Lab / Ground Tests TRR
Released
M8: Flight Test Released FTRR
M8a: User or Authority FCA Validation Flight
Flight Released SVR Conditional Acceptance
TC Released
M9: Type Certificate Held Deployment & PRR Start of Production Contract
Modification Phase
Start Decision PCA

M10: High Rate/Serial

Production Released

High Rate Production within
QC
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Table 4 Cont’d

M11: Final Acceptance Operation & Support Final Acceptance
Completed Phase Definition

End of Contract
M13: Service Life Disposal Decision
Completed

Rational for related milestone
Rational 1: Phase Start

Rational 2: Systems Engineering Technical Reviews

Rational 3: Important Points from Working Models

Overview of completion criteria for each milestone or in other word outputs of ecah
milestone is given below in Table 5 considering phase definitions and objectives of
technical reviews. Additional inputs and outputs of technical process should be

added to this content.

Table 5.  Completion Criteria Related to Milestones
Milestone | Completion Criteria or Outputs

M1 Receiving of the request for new product/capability derived from

User’s opeartional concept analysis

M2 Operational concept definition

Benchmarking report of rakip ve tehdit

Definitions of Measures of Effectiveness, Sustainability and
Performance

Technological capability requirements

Definition of technology development programs

Feasability report

Development and lifecycle cost estimations

Defense Industry Executive Committee Approval
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Table 5 Cont’d

M3

Provisions of technology development programs

Technical spesifications of the aircraft

Plans for investigation, development, prototype production, advance
payments, long-term orders and financial and economic incentives
Signed contract

M4

Market analysis report

Safety analysis report at aircraft level

Definition of aircraft functions

Definition of verifiable requirements from technical spesifications,
market analysis and design decisions at aircraft level (TLAR - Top
Level Aircraft Requirements)

Manufacturing readiness at MRL4

Technological readiness at TRL4 for all sub-systems or equipments

M5

M6

Definition of functions of systems

Definitions of aircraft design variants

Definitions of architectural design for systems with alternatives
Safety analysis reports at system level

Definitions of Design Assurance Levels for hardware and software
Definition of structural and systems requirements with installation
provisions

Approval of certification basis by the Authority

Definitions of TPMs at aircrfat and system levels

Manufacturing readiness at MRL5

Technological readiness at TRL5 for all sub-systems or equipments
SOI#1 outputs for hardware and software developments

Approval of first revisions of design data belongs to structure,
systems, system installations and harness for manufacturing of
prototype aircraft (Design descriptions & drawings)

Analysis reports as a proof of compliance

Revised safety analysis reports

Approval of equipment list and receiving of COTS

Manufactured parts and sub-assemblies
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Table 5 Cont’d

Manufactured installation tools and jigs

Manufacturing and installation plans

Laboratory test procedures

Technological readiness at TRL6 for all sub-systems or equipments
SOI#2 outputs for hardware and software developments

M7 Initial manufacturing and implementation of parts with quality and
configuration records
Almost integrated prototype aircraft
Laboratory test reports
Ground test procedures
Manufacturing readiness at MRL7
SOI#3 outputs for hardware and software developments
M8 Fully integrated prototype aircraft
Ground test reports
Flight test procedures
Equipment qualification evidences
Flight limitations and safe flight envelope
Authority approval of flight contions & flight release
Flight manual
Maintenance manual & log book
Technological readiness at TRL7 for all sub-systems or equipments
Delta SOI#3 outputs for hardware and software developments
M9 Flight test reports

Equipment qualification reports

Inspection records

Functional Configuration Audit report

Delivery of at least one aircraft to the User for I0C validation
Verification report

Type Certificate

Authority approval of Aircraft Flight Manual

Authority approval of Aircraft Maintenance Manual & AC log book
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Table 5 Cont’d

Technological readiness at TRL8 for all sub-systems or equipments
Manufacturing readiness at MRLS8
SOI#4 outputs for hardware and software developments

M10

Physical Configuration Audit reports for low rate integrated aircrafts
conformto TC

Delivery of aircrafts to the User for FOC validation

Authority approval of Type Design changes

Validation report of the product/aircraft and manuals

Technological readiness at TRL9 for all sub-systems or equipments
Manufacturing readiness at MRL9

Delta SOI#4 outputs for hardware and software developments

M11

Investigation reports related to occurences or accidents

Authority approval of modifications and integrations

Acceptance of serial production aircrafts with Certificate of
Conformity (CoC) or Certificate of Airworthiness (CoA)
Completion of personel tarinings and their certificates

Acceptance reports of facilities

Closure of development contract with final acceptance report
Warranty agreements for each delivred aircraft

Manufacturing readiness at MRL10

M12

Investigation reports related to occurences or accidents
Authority approval of modifications and repairs
Maintenance and operational log books

Closure of warranty contract per each physical aircraft

M13

Retirement of aircraft from service

Note: Detailed inputs and outputs of technical process should be added to this content.
Sample study is reached in Section 3.2.6 for Structural & System Installation Design
Process and Interfaces of the Process.
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3.2.5 HP3: Definitions of Technical Processes and their Interfaces

According to IEEE 15288 reference, 4 groups of processes are defined; Agreement,

Organisational Project-Enabling, Project and Technical.
Agreement Processes

The Agreement process can be defined as the management process for all product-
specific contracts. It covers service, raw material and sub-component contracts with
suppliers to develop, implement, integrate and support the product. In addition, the

management of the commitments to customers is carried out under this process.
Organisational Project-Enabling Processes

Aviation products must be certified by the relevant aviation authorities in order to
use them safely and to keep the possible risks at an acceptable level (Airworthiness
of Aircraft, 1944). Therefore, it requires that the aviation authorities as well as the
customer and the user be added to the processes as a stakeholder. For aviation
projects, it is considered beneficial to add the Certification Management process to
the Organization Project-Enabling process group similar to the Quality
Management process. The Lifecycle Management process is discussed under HP1
and HP2. Other processes under the Project-Enabling group have not been
considered because of poor relations with this thesis problem.

Project Processes

Technical review activities are mentioned within the scope of the project processes.
In parallel with this activity, the technical reviews and configuration audits in IEEE
15288.2 were added to the model in addition to the milestones created within the

scope of HP2. Other planning activities related to labor force, schedule and budget
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planning activities are not elaborated because of their weak relationship with the

thesis.

The main problem for this study is the difficulties to perform the Project
Assessment and Control process and the inability to operate the Decision
Management process effectively. Considering the multidisciplinary, long lifecycle
and complex technical scope of aircraft development projects, monitoring of
technical maturity becomes quite difficult. It is also impossible to make an accurate
assessment of the project schedule and budget, and to run the Decision Management
process without technical maturity, risks and operational status. Configuration and
Information Management processes also come to the forefront in order to ensure
that the decision makers in the project are formed correctly and that the feedback
can be controlled in case of possible changes. In this context, configuration

baselines are defined and integrated to the model.

According to this hypothesis, in order not to lose the real focus and to limit the
study, the technical processes have been focused. 11 technical processes are defined
in this context; Stakeholder Requirements Definition Process, Requirement
Analysis Process, Architectural Design Process, Implementation Process,
Integration Process, Verification Process, Transition Process, Validation Process,
Operation Process, Maintenance Process, Disposal Process. In IEEE 15288.2
standard, it is emphasized that the processes can be run sequentially or
simultaneously, moreover the companies can add additional technical processes.
The overview image of the model created in this thesis is given in Figure-18. In
order to ensure the common understanding of terminology, the definitions in the

references have been adhered to as much as possible.
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Technical Processes

The Requirement Definition process starts with the definition of the requirement
and continues with the creation of usage scenarios. Subsequently, the basic
functions and performance characteristics are handled as annexes to the
development contracts. A top level aircraft requirement set is created by completing
the remaining deficiencies in user and customer expectations and collecting
operational environment requirements. This process continues to be used in
assigning the lower level requirements according to customer and user expectations

and updating the requirements.

Requirement Analysis and Architectural Design Processes are repetitive processes
at the aircraft, system and component level. It is a multidisciplinary and interactive
design process. In addition to architectural design, aircraft and system level other
design activities will be discussed in this process. For this reason, it is defined in
the model as Design Process. According to the certification specifications that
define the minimum safety requirements, it is understood that design activities are
performed approximately in 20 disciplines (MIL-HDBK-516C, 2014). These
disciplines can be expanded vertically and horizontally. In the model, design
activities are grouped to simplify.

Specialized system design activities and flight safety approach for aircraft are
integrated and defined in the ARP-4754 guidance document. The expectations of
the aircraft are gathered, and their functional and architectural provisions are
distributed to the systems within the safety perspective. These activities can be
considered the beginning of aircraft system design activities. As an output of the
activities criticality data shapes the lower level system, hardware and software

design processes.
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Design activities continue at the aircraft level, especially in the field of flight
technologies. These design activities are aimed at meeting flight performance
requirements. Aircraft characteristics, external geometry and dimensions, weight
and balance ranges, flight loads are studied. Outputs are vital for structural design
and flight mechanics system design activities, which are sub-design processes.
Moreover, aircraft and system level requirements analyzes and verifications are
carried out by conducting analyzes in the scope of special engineering areas such
as flight science, supportability and maintainability, weight and balance, material
and process, loads, safety, reliability and testability, electromagnetic and

environmental effects.

Structural design and system layout design activities are performed to ensure the
structural integrity of the aircraft. Structural components and system interfaces
which are designed to withstand loads from aircraft level and system level, and to
support lifespan and environmental conditions, are designed in this phase.

Many systems that perform flight and mission functions are also designed to
perform the expected functions in the desired performance and reliability in
accordance with the budgets coming from the aircraft level related to the loads,
environmental conditions, weight and balance. The power and data cabling of the
systems is a joint design activity. The manufacturing and installation procedures of
harness are also different than others. For this reason, it would be beneficial to show
the model separately under the design processes. However, it may also be
considered in system design process.

In first phase of the lifecycle design activities are performed to identify the
characteristics and technologies of the aircraft. Aircraft concepts that meet
operational needs are studied considering threats and support elements in pre-

concept design process. This process mainly consists of aircraft and structural level
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design activities. Some space allocation models can be created to prove engine or

system installation provisions.

When the aircraft BOM is considered, hardware and software are system
subcomponents. At this point they are part of the system design. Although the
hardware and software development processes are integrated among themselves,
they are partially separated from the system design after receiving the system
requirements. Many capabilities other than aircraft structural and aerodynamic
performance are acquired in technology-intensive software and hardware design
development processes. For this reason, the latest hardware and software design
activities in the development schedule and BOM hierarchy are handled as an

additional technical process as Technology Development in the model.

Implementation is the process of preparing detail parts and components. The
compilation of software, and manufacturing or purchase of hardware and structural
components are made available through implementation process. Integration refers
to bringing together the functionality of the systems in sub-assembly and final
assembly lines. The process includes the establishment of manufacturing and
assembly lines, preparation of support tools and equipment, determination of
operation sequence, determination of manufacturing quality and inspection steps
and procedures. Activities Supported by various additional processes such as

shipment, supply of raw materials and storage.

Validation and Verification processes extend throughout the lifecycle. Equipment,
laboratory, ground and flight tests are part of the verification and validation
processes, except manufacturing and assembly compliance tests. Simulations are
also considered in this context. Development of test environment include a small
development lifecycle and technological maturity management in itself. Test
environment requirements are collected and analyzed then design, production and

validations of test devices are performed. No academic studies have been reached
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at this point. Test Readiness Levels (TstRL) may be handled in a similar and
integrated manner to TRL, SRL and MRL approaches. In the scope of this thesis,

TstRL is described in the model but the details are not studied.

Transition process involves the establishment of the necessary infrastructure for
operations of the product, shipment and installation of support equipment, and
activation of many additional activities such as operator and maintenance trainings.
Operation process includes activities such as aircraft safety monitoring, MRO
(maintenance repair and overhaul), training and operation. These activities have
many interrelations with each other and with air traffic and aerodromes. Activities
in this phase are subject to intensive regulations and inspections determined by the
aviation authorities. While the contribution of this phase to the technological
maturity of the product is limited, the technological experienced gained at this point
is valuable for the development of new products and technologies. In order not to
enlarge the scope of the thesis, this phase is not elaborated.

63



Lifecycle

Milestones

Technical
Reviews and

Technical Processes

Product Information

Phases

C. Audits

A. Validation & Verification

B. Sth. Requiremet
Definition &Analysis

C. Design

D. Technology Development

E. Implementation &

F. Transition,

ion &

Change Control)

{for Data Col

Integration

Operation &

1. Operational
Concept Definition &
Feasibility

4

5 5. Deployment
Development

& Modification

6. Operation &
Support

2. Concept
Definition

3. Design
Definition

v v vV v.Y v v Y A\ 4
M1 M2 4 5 6 M7 M& M9  MI10 M1l M12 M3
Capability Project Contract TLAR Design Production Tests T TC Serie Final Eng of Servige Life
Requested  Initiated  Started Defined  Solufions Relepsed Held i ontract Completed

Selegted | Released
ASR SRR SFR PDR CDR TRR FTRR SVR FRR.
\4
FCA PCA

Disposal

Reguirement Validation — Product Validation

Verification
(] ¢
01,23 4,58 67,9
Verified Verified Verified
TstRL1 TstRL: TstRLS TstRL7
. . . . . .
TstRL2 TstRLA TstRL6

Operational
Concept
Def,

MOE, MOS & MOP

i Functional & Architectural Desigh |
j=Concey Level Design & Special Engineering Activities
Design - = — -

Structural & System Installation Design Retrofit, Repaif
——

Procurement, Logistics & Suppol
Pl 1| R R el S —

Manufacturin,

MRLL
. . . | . . . .
MRL2 MRL4 MRL6 MRL8 MRL1
v v v v
Prototype Initial Low Rate  Serial
Production production  Type Prod.Production

within QC within QC within QC

[ Operation & MRO

v v
10C - Initial FOC - Final
Operational ~ Operational
Capability Capability

Figure 18. Product Maturity Management Model Overview
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3.2.6 HP4: Definition of Qualitative and Quantitative Criteria

Progress in technical processes need to be supported by qualitative expert opinions
and quantitative objective metrics at relevant decision points. It requires an
extensive study that determining the inputs and outputs of all technical processes
for a complex and multidisciplinary product such as an aircraft, and the assignment
of adequacy criteria of the inputs and outputs. In order to keep the work at a
manageable level and to define the HP4 scope, the model is detailed only around
the Structural and System Installation Design technical process in Concept Phase.
The process outputs and the adequacy of the outputs constitute the output criteria
of the relevant stage and phase. The exit criteria are associated with milestones and

their qualifications can be determined qualitatively by expert opinions.
HP4.a

Structural and System Installation Design process and its relations with other
technical processes are defined in Figure-19 according to HP4.a phrase.
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Figure 19. Structural & System Installation Design
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Unless specifically cited; the activities, inputs and outputs of the process have been

created by tailoring AIRBUS and Turkish Aerospace design guidelines.

Table 6.

Sample Detailed Technical Process and Its Inputs/Outputs

Phase 2: Concept Definition (M3 - M5)
Structural & System Installation Design Process and Its Interfaces with other Technical Processes

Process

Activity 2c1 2c2 Inputs/Outputs

M3 > M4 *Master +St. Weight

2C : Estimating the weight of the structural ~ |Geometry Assumption
parts by dimensioning the main structure. *Weight «Initial rough
Initial dimensions are made using the main  |[Envelope-A sizing

points on the main geometry, taking into *Rough SysSpace
account the center of gravity envelope. Allocation

M4 > M5 *StRD Preliminary
2C: Sizing of Primary Structural Element and |+Master Structural Sizing
determination of Secondary Structural parts  |Geometry and Parts

are provided. In the fail-safe design concept, |*Weight Preliminary
space and caps are provided for accessibility |*Envelope-B SysSpace
requirements. Critical Allocation

2C: Initial sizing of the critical regions is
completed to verify the stress spectrum.

2C: Alternatives in part types are eliminated.
Part types (composite, sheet, extrusion, etc.)
are decided. Although material assignments
are not finalized, they are assigned for next
load verifications.

2C: Space allocations are made according to
the weight budgets and sizes of the systems
whose equipments are determined and the
system interfaces are modeled. The main
routes are determined, space allocation is
made for systems with cable, hose or tube
components.

2C: Equipment parts list and models are
prepared with the current data. The
connection interfaces of the equipments and
pipes are paired with the Master Geometry.
Preliminary design data is generated.

2C: Structural Configuration Items (Cls) are
determined. The first revision of the
Structural Design Document is created.

Structural Parts

*Rough equipment
and interface
models

+StDD
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Table 6 Cont’d

C. AC Level
Design &
Special Eng
Activities

2C : Aerodynamic surfaces and forces are *CAT eInitial Loads-A
computed numerically and analyzed with *Weight
experimentally to create external geometry Envelope-A
and main geometry. *Master Geometry
2C : An initial estimate is made for the

weight envelope and weight budgets to

support flight performance.

2C : Initial loads for aerodynamics,

structural, weight, maneuver, flutter,

vibration, ballistics, separation, etc. are

calculated.

2C: The second cycle of the load analysisis |*SPS *Loads-B
completed with the design data formed after |«OCD *Weight

the concept definition and the other analyzes Envelope-B
such as updated performance, weight, «Approved

maneuver.

2C: Critical regions are determined by stress
accumulation analyzes that will also validate
life requirements in SPS and OCD. Safe-life
concept is created. Design parameters are
determined (Candan, 2016).

2C: Primary Structural Element definitions
and Fail-Safe Design concept are determined
(Candan, 2016).

2C: Damage Tolerance & Crack Propagation
concepts are created (Candan, 2016).

2C: Corrosion Prevention Concept is created
to fulfill the operational requirements in SPS
and OCD.

2C: Load conditions, damage tolerance and
crack propagation concept, environmental
usage conditions (heat / pressure cycles,
vibration, corrosion etc.) technical
requirements, the existing capabilities of the
company, new material and process
laboratory test data are used to create a
material database. A list of frequently used
materials is created to limit material diversity
in usage. Critical processes and inspection
points are identified.

material database
and frequently
used material list
+Critical process
and inspection
points

LLTI &
unqualified
material list
+Fail-Safe Design
Concept

«Damage
Tolerance &
Crack Propagation
concept
«Corrosion
Prevention
Concept

+Stress critical
regions and design
parameters
«Critical Structural
Parts
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Table 6 Cont’d

C. AC Level
Design &
Special Eng
Activities

2C: Raw materials and fasteners that are long
lead time or are not qualified for supply are
identified. Risk and mitigation are defined.

2C: A critical parts list is created for parts
that are susceptible to stress accumulation,
damage or corrosion. The monitoring of
these components continues from this phase
to the end of the product lifecycle (Candan,
2016). Fatigue Fracture Critical (FFC) parts
can be added to this list in the following
phases. Although safety is not a concern,
parts that are critical to procurement,
production, infrastructure or logistics need to
be realized. They can be added to the list
with a separate description.

C. System
Design

2C : Systems that perform aircraft functions
are roughly identified and Systems Cls are
created. Outlines are specified for systems
that require piping or wiring.

«AC Functions
and Allocation

+Sys.Cls

2C : Aircraft functions are assigned to
systems. System architecture and equipment
components are defined after analyzing
issues such as system functions, function and
equipment design assurance levels,
redundancy requirements (ARP4754A,
2010).

2C: System Interface Requirements are
created.

+AC Functions
and Allocation

*SIRD
+Sys. Equipment
List

A. Validation
& Verification

2A1: Life requirements are validated with
existing dimensions in accordance with the
maintenance concept (Celik, 2017).

*Proof of
compliance
belongs to life
requirements
*Proof of
compliance
belongs to the
loads

B. Req. Def.
& Analysis

M3 > M4

2B1: Identification of requirements and
formation of Configuration Allocation Table
(CAT) is completed.

Aircraft functions are studied. The aircraft
level requirement set is generated from SPS
and OCD.

2B2: Assignment of functions to systems and
system definitions are determined.

*SPS
+OCD

*AC Functions
and Allocation
*TLAR
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Table 6 Cont’d

B. Req. Def.
& Analysis

M4 > M5

2B3: Structural Requirement Document is
created and updated as required after the
inputs from TLAR analysis, load analysis,
weight budget allocation, production and
assembly tolerances and parameters, machine
capacities, material and process list.

2B4: System functions are determined.
Systems requirements are published for the
first time (SRD-A) to design system layout
and equipment layout.

2B5: Aircraft fixed and plug-in
configurations are optimized and possible
variants are identified.

2B6: As a result of the type certification, the
safety requirements from the certification
specifications are added to the structural
requirements.

«AC Functions
and Allocation
*TLAR

eInitial Loads
A&B
+Fail-Safe
Design
Concept
«Stress critical
regions and
design
parameters
*Weight
Envelope A &
B

*Maximum
machinable
part sizes
*Manufacturing
and assembly
tolerance
values and
parameters
*Approved
material
database and
frequently used
material list
Certification
Specifications

*StRD
*Systems
Functions
*SRD-A
*SIRD-A
+AC Variants

D. Technology
Development

An interface could not be established for this
phase with the Structural & System
Installation Design process.

Manufacturing maturity is discussed under
Implementation & Integration processes.

Material maturity is discussed under AC
Level Design & Special Eng activities.
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Table 6 Cont’d

E. Implement.
& Integration

M3 > M4
2E1: MRL 4 maturity is aimed,

a. New manufacturing technologies
required to realize TRL4 and above
technologies are analyzed and
identified.

b. Possible manufacturing risks and
mitigation actions for prototype
production are analyzed.

c. The facility, the material, the need
for new talent is determined.
Manufacturing cost items and target
budget forecast are evaluated.

2E2: The initial tolerance values for the
manufacturability are determined. Maximum
sizes of structural parts are determined by
considering machine capacities.

«Initial tolerance
values
«Maximum
machinable part
sizes

M4 > M5
2E3: MRL 5 maturity aimed,;

a. ldentification of newly needed
support and critical manufacturing
technologies are finalized.

b. Risk and mitigation processes in
manufacturing technologies are
finalized.

c. The new materials, tools and
personnel qualification are tested in
the manufacturing test environment,
but many processes and procedures
have not been ready yet.

d. The manufacturing cost is
introduced for the first time.

2E4: Assembly and tool concept is created.
The carriage, interface and geometric control
points between the tools and parts are
determined. Critical measurements and
parameters are determined. Tool orders for
prototype production are published.

«Critical
process and
inspection
points
*Approved
material
database and
frequently used
material list
LLTI &
unqualified
material list
*Implement
critical parts

eList of new
manufacturing
technologies
*Assembly and
tool concept
*Product-tool
interfaces
*Tool orders
*Manufacturing
cost definition
*Manufacturability
risks and
mitigations

F. Transition, | An interface could not be established for this
Operation & phase with the Structural / System
Disposal Installation Design process.

HP4.b

Quantitative criteria may benefit the closure of subjective disagreements by

supporting the qualitative completion criteria in the previous section. At this point,

the definitions of MOP, MOS, MOE and TPM used to support system engineering
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and project management monitoring and control activities will provide important
information about the level of readiness of capabilities. Related metrics can be
defined under the Requirement Definition process. It is considered appropriate that
the MOE and MOP metrics are the basis for validation and could be selected from
the top-level user requirements or within the OCD. Defining MOE, MOS and MOP
at the M2: Project Initiated milestone will make a significant contribution to
understanding the expectations at the beginning of the project and creating a
common technical language. These metrics must be understood at the M3: Contract
Started milestone and validated for the last time at the M4: TLAR Defined (SRR
Technical Review) milestone. In this way, a healthy design and development
environment can be created for the company and an effective monitoring method

can be used by the public.

TPM metrics appear during the distribution of budgets from aircraft level to lower
levels of numerical targets during the analysis of requirements. It will be important
to consider these values after the relevant verifications to determine the direction in
which the design is going. A combination of different TPM metrics will also help
to optimize the design. It is considered that the TPM list may occur during the

determination of system requirements.

It is important to note that TPM metrics are not part of validation and do not

constitute a constraint for alternative design solutions.
HP4.c

Determination of system functions and architectures starts after passing the M4:
TLAR Defined (SRR Technical Review) milestone. Later on, first verification
activity is performed verification of the safety objectives with logical mathematical
analyzes (ARP4754A, 2010). Although the verification activities are almost
complete with the issuance of the Type Certificate (TC), there may be ongoing
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design improvements due to the requirements that cannot be verified. Therefore,
verification activities continue partially after the TC until the unconditional
acceptance of the product. It is important to distinguish verification activities and

acceptance processes, and to see verification activities as part of the design cycles.

It can be said that the verification activities consist of analytical and numerical
analysis, experimental analysis in the laboratory, ground and flight tests,
respectively (Celik, 2017). European Aviation Safety Agency (EASA) has
determined the compliance verification methods in Table 6 by adding design
identification, equipment conformity documents and physical examinations
methods (AMC & GM to Part 21, 2012). It is considered that these methods can be

used to monitor verification activities.

The verification activity proceeds iteratively in coordination with the design cycle.
It is not possible to say that a complete verification can be completed before the
design. However, leaving all verification activities to an end makes it impossible to
monitor the adequacy of the design. Many of the outputs described at the beginning
of this hypothesis also correspond to a compliance document. It is considered that
the relevant milestones output criteria can include compliance documents.
Completion percentage of compliance documents with a certain percentage can be

also added quantitatively as output criteria.

It is considered that engineering evaluations (MCO0-MC3) may be completed in high
percentage until the M6: Production Released (CDR) milestone. In this gate, almost
first issuance of all applicable compliance documents will be published.

It is thought that laboratory tests, ground tests and simulations (MC4, MC5 & MCS8)
should be completed with a high rate at the M8: Flight Test Released (FTRR)
milestone. Assessments of the impacts of the remaining tests on flight tests are

expected by aviation authorities. Equipment qualification (MC9) may be distributed

72



throughout the development process (AMC & GM to Part 21, 2012). Prior to flight
tests, inspections (MC7) and equipment qualifications (MC9) are checked and the
impacts of possible deficiencies on the flight are assessed, however no full
compliance verification is expected. Verification of all safety requirements should
be completed at the M9: TC Held milestone. M9 gate may also be referenced for
verification of whole product specifications. Verification of a small number of
requirements will be completed at the final acceptance of the product. These

exceptions should also be followed after M9 milestone.

Table 7.  Means of Compliance Codes for Verification

Types of Compliance | Means of Compliance Associated Compliance
Documents
- Type Design documents
Engineering MCO: - Recorded statements
evaluation

- Compliance statement
- Reference to Type Design

documents
- Election of methods, factors ...
- Definitions
MC1: Design review - Descriptions (1 Drawings
MC?2: Calculation/ Analysis - Substantiation reports
MC3: Safety assessment - Safety analysis
Tests MC4: Laboratory tests - Test programs

- Test reports

MC5: Ground tests on related - Testinterpretations

product

MC6: Flight tests

MCS8: Simulation

Inspection MC7: Design inspection/ audit - Inspection or audit reports
Equipment MC9: Equipment qualification Note: Equipment qualification is a
qualification process which may include all

previous means of compliance.
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HP4.d

As mentioned before in Section 2.2, it will not be easy to calculate the technological
maturity of a multidisciplinary and multi-system product such as aircraft with IRL
and SRL mathematical calculation methods. These calculations require a complex
data collection and monitoring infrastructure. The applicability of the methods
without information technology and process infrastructure is not considered
possible in practice. The IRL and SRL models can only correspond to real life for
several systems desired to be monitored, taking into account the interfaces
associated to the systems. It is considered that the stages, decision gates, qualitative
and quantitative evaluations created within the scope of this study may be barely

sufficient for monitoring product maturity and technical risks.
HP4.e

A new technical process has been added to the model besides defined ones in the
ISO / IEC 15288 standard. The maturity of software and hardware components
consisted in lower level of the BOM can be considered under Technology
Development process. The progress of this process can also be made by TRL
assessments in relation to the aircraft lifecycle. It is assessed that technologies that
have reached at least TRL3 level at the point of M3: Contract Started decision gate
can be used in the aircraft development studies. Decisions can be taken to develop

these technologies.

At the M4: TLAR Defined (SRR) milestone, product expectations are agreed. After
this gate, it is expected that aircraft functions and safety objectives will be set.
However, it is too early to define requirements for equipment level. After the M4:
TLAR Defined (SRR) milestone, the aircraft and system functions are subject to
safety assessments as required by ARP4754. Design assurance levels (DAL) are
assigned to flight critical functions and equipment that meets these functions. DAL
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levels shape the procedures and principles that must be carried out for the
systematic elimination faults from software and hardware components. The
activities and objectives to be followed for each DAL are defined by the documents
DO-178 and DO-254. DO-178 and DO-254 require the initial planning of software
and hardware development processes, respectively. These planning activities can
be started for the technologies which have proven their functionality in the
laboratory and have achieved TRL4 level. Plans will help adapt existing technology

to aircraft.
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Figure 20. Guideline Documents related to SAE ARP 4754

The activities to be completed in accordance with the DO-178 and DO-254
standards are monitored by the aviation authorities through four stages as Stage of
Involvement Review approach (Software Approval Guidelines, 2018; Software

Aspects of Certification, 2012);
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- SOI#1 Planning Review: This phase aims the completion of planning and
standard-setting activities to support development. Future activities are
determined to develop equipment in consisting with aviation standards.

- SOI#2 Development Review: Requirements, design and codes are
reviewed. Details about completeness, accuracy and traceability are
examined. This review may commence upon completion of at least half of
the relevant activities of the end product.

- SOI#3 Verification Review: Reviews may begin with the completion of at
least half of the activities for requirement verification and testing.

- SOI#4 Final Certification Review: This review can be done after the final
eligibility reviews, software compilation and verifications are completed. It

aims sufficient maturity for system certification approval.

At the M5: Design Solution Selected (PDR) milestone, it is decided that the
development will continue with one of the design alternatives. Hardware and
software strategies need to be determined for systems to be developed and
implemented. At this point, system alternatives and system components are also
determined in high percent. The expectations of the subcomponents have been
almost ready and development decisions can be made if there is technological
maturity to meet these expectations. Otherwise, it is considered appropriate to
continue with the procurement of ready on the shelf equipments in order not to add
higher technical risks to the product development process. In order to integrate
technology into the aircraft and to negotiate supply agreements, verification of basic
functions and minimum performance on the bench at TRL5 is considered important.
There will be intense development activities related to the improvement of
technology and adaptation to aircraft in the following phases.

In this context, additional control steps required for aircraft certification have been

added to the Technology Development process and TRL approach in the model.
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When the M5: Design Solution Selected (PDR) milestone is reached, SOI#1
authority audits are expected to be completed for the software and hardware

components which were decided to develop.

Similar mappings between milestones, TRL levels and SOI controls are made in the

model and summarized in the table below. The relevant assessments may not be a

single point. They may be combined or often completed over time as repetitive

reviews. The points defined in the lifecycle indicate the completion status of the

reviews.
Table 8. TRL, SOI & Milestones Matching
SOI# | Milestone/ | TRL | Importance of Maturity for Interface with System Design
Review

1 5/PDR 5 Basic functions and minimum performance are verified on the
table at TRL5 level.
Emerging technology has been chosen as the system
component to be used in aircraft.
Necessary planning and standards have been prepared in order
to reconsider hardware and software development process in
aviation standards.

2 6/CDR 6 Requirements from TRL5 level have been reassessed and

equipment (software, hardware, and integration) requirements
have been redefined to match system requirements.

The design at TRL5 level has been reconstructed by
harmonizing with the aircraft.

Verification activities continue at software and hardware
levels.

Physical and functional aircraft interfaces have been
completed. TRL6 level prototype equipment has emerged.
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Table 8 Cont’d

3 7TRR

6-7

Software and hardware components have been tested together
and verification activities have been largely defined.

System integrations of prototype products are ready to be
made.

The maturity to be able to start the system tests has been
reached.

Almost TRL7 level can be mentioned for equipment which has
completed the tests despite the remaining nonconformities
coming from ground and flight tests.

4 9/SVR

Nonconformities resulting from system ground and flight tests
have been corrected. Delta reviews were repeated.

The hardware, software, equipment and system tests were
completed on the ground and in flight, respectively.
Functional, performance and environmental verifications have
been completed.

TRL8 level has been reached. Verification of reliability
features in the operational environment will continue.

There is no obstacle to aircraft certification.

3.2.7 HP5: Identification of Baselines

The main subject for many processes under the project processes (Assessment and

control, configuration management, information management, measurement) is

related to the systematic collection and identification of data. Status monitoring,

analysis and reporting enable data to be converted into information and gained

value. Real-time status monitoring has been almost reached with current

information technology with well integrated systems and infrastructures. However,
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in practice, there is no need for instant decision-making. Status reporting at
milestones is more meaningful for decision-makers. An effective data sharing and
change control take place at the detail of status monitoring. At this point it is
important to determine the baselines and to identify responsible for each baseline
(EIAB49C, 2019).

Standards offer general baselines. However, decision gates in contract and
milestones in the lifecycle require adaptation of these baselines. The baselines that
will enable this infrastructure are defined and associated with the product lifecycle

and milestones in the model as seen in Figure 21.
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Figure 21. Product Information Baselines in relation with Lifecycle Phases

At the end of each phase, the data collected during that phase is expected to be
recorded and published. If there is a change in the data that is the output of the
completed phase, the corresponding baseline is affected. The relevant data needs to

be assessed by the responsible stakeholders of the baseline.
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3.3 Validation of the Model

The qualitative data collection method, Interview, will be used for the verification
of the Aircraft Development Maturity Management Model described in Chapter
3.2. The interview was designed in a semi-structured manner. The peer review
questions listed in the Annex of this study and model were shared with participants
before. The interview is planned to complete around the research problem,
hypotheses and model. However, new methods and improvements suggested by the
participants about the hypotheses are considered important for the elaboration of a
working model. At this point, there is no restriction and the interview will be

supported by open-ended questions.

Interviews will be held individually, not collectively, to limit the interaction
between participants. The interview will begin with a description of technology
management, its methods and existing maturity models. The interviewer will then
provide brief information on hypotheses and solutions. Finally, the interviewer will
ask the questions to the participants in a chat or sequential manner.

Expert or technical managers from Turkey, who worked long time on indegeous
aircraft development projects and especially took duties and responsibilities about
monitoring of technological product maturity, were selected during determining
participants. Most of the participants have experience in both side as a customer or

contractor.
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CHAPTER 4

CONCLUSIONS

In this section, the interview results used to validate the model are shared. After the
semi-structured interviews, the adequacy and accuracy of the solutions presented in
the model have been evaluated. During these evaluations, it has been examined
whether the problematic was accepted by the participants. At the end of the chapter,
the topics that need to be updated in the model and the important issues that can be
studied in the upcoming period are summarized which is obtained from the

interview results.

4.1 Validation of the Problematic

The problematic is given at the end of Sections 1.1.1 and 2.4 in the thesis. In
summary, it is said that there are deficiencies in the development of high-tech
aircraft, such as monitoring of technical maturity, defining technical risks,
advancing the project with rationally formed objective decisions, evaluating the
retrospective effects of possible changes and accepting the results. The first
interview question in the Appendix A has been prepared for the interviewees to
understand the problematic and to get their opinions about the problematic. The
problematic has been owned by the participants. The following evaluations have
been collected from the interviewees regarding the source of the problem and the

environment in which the problematic has been experienced.
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The project and technical plans are prepared according to internationally accepted
standards to meet almost all the needs. However, there are cases where
inefficiencies occur in practice. The main contractors have largely achieved PM-
SM integration. Technical processes are run in a way that supports the project
processes. However, the Customer and the User side have not been able to capture
this synergy. The main reason for this is strongly and jointly highlighted by
interviewees as the lack of knowledge and expertise on both Customer and User
project groups who should follow the plans and processes. It was also mentioned in
the interviews that frequently changing assignments have a negative effect on this
situation. The technical processes under Systems Engineering cannot be used
sufficiently by the Customer and the User as supportive elements during contract
preparation and project management decisions. In addition, the delay in users'
involvement in technical decisions causes the risks to be shifted to the end of the
projects and felt higher. On the other hand, the customer has a weakness in
correcting the deficiencies on the user side and creating numerical metrics to

monitor the progress.

In addition, the Customer cannot adequately monitor the technical maturity during
the preliminary and detailed design phase. The awareness begins with testing and
verification activities. In this case, the calendar and cost effects are incrementally
increasing towards the end of the development. Sub-contractors and main
contractors tend to avoid problems and risks if they find that the technical follow-
up on the Customer side is insufficient. The reasons for this behavior are about
concerns related to the Customer. According to the interviewees Contractors think
that Customer will not support them, but it will go to some restrictions during
contract. An other reason is mentioned as the convenience of Contractors about

accepting the products with their deficiencies at the end of the day.
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Technological components cannot capture the aircraft integration from the
development maturity point of view. Some of these risks can be identified before
the contract. However, responsibility for resolving technical risks identified by the
customer is often left to the main contractors within the scope of contracts. And no
joint action plan belongs to technology development can be determined in time. At
this point, it is considered useful to create long-term strategic action plans rather
than spreading technological risks to the aircraft development program. If maturity
monitoring of sub-technologies is to be carried out within the scope of the main
contract, it is deemed beneficial to perform subcontractor management with
Customer and User participation if necessary by the participants. It has been
considered appropriate that the manage should be performed closely in accordance

with the model created for the aircraft.

4.2 Confirmation of Hypotheses and Solutions

In the conclusion secondly, hypotheses and evaluations of the solutions presented
in the model are given. The key outputs collected from the participants for each

hypothesis are given below.
Hypothesis 1

The presented phases were accepted by all participants. Interviewees expressed that
completed aircraft modification and development projects in Turkey by Presidency
of Defense Industry (SSB) and Turkish Ministry of Defense (MSB) have formed a
common language. There may be different terminologies and approaches which are

not common and are applicable to some contractors.

As we are used to seeing in some US-based aircraft development projects, the first

phase in the model can be divided into two parts depending on the complexity of
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the product. Technology Demonstration and Validation phase may be added for
prototype development before the M3: Contract Started milestone. It is considered
that the implementation of this phase is not practical due to the limited availability
of domestic aircraft developers and the lack of their own financial resources other
than government funding At this point, a opposite opinion has not been taken from
the other participants. It has been proposed that new proposed Technology
Demonstration and Validation phase and Operational Concept Definition &
Feasibility phase can be passed faster or in a combined way for previously
developed similar products. In the case of development projects with high
technological innovation and complexity, proposed new phase will help to better
describe the progress, to minimize risks in advance and to mature high-level

requirements.

An additional suggestion was received from participants who are experienced in
acceptance activities. The interval between approximate M9 milestone with start of
conditional acceptance and start of serial production activities with M10 milestone
may be separated into Operational Test and Evaluation Phase and expanded in the
lifecycle. As a second method, it has been found useful to include the definitions of
Initial Operational Capability (IOC) and Final Operational Capability (FOC).
These points have been integrated to the model under the Transition, Operation &

Disposal technical process after the interviews.
Hypothesis 2

The following evaluations were obtained from the answers received under
hypothesis 2. The common opinion of the participants is that the decision makers
are well defined in the lifecycle. It is concluded that if the main criteria of
Milestones are defined in the contract, the efficiency will increase and the
transitions will become easier. Otherwise, it is considered that the criteria may be

determined despite the contradictions and conflicts, too. Moreover, it is emphasized
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that the outputs of the milestones should be recorded. It is considered important to
standardize or to determine criteria by contract like the model studied in this thesis.

For all participants, the consensus opinion is that the milestones are passed to the
next stage before the objectives are met. The remarkable comments at this point are
that sub-technology maturities are not monitored and controlled as well as at
platform level. In all experience, the sub-technology maturity does not reach the
technical maturity of aircraft. The participants suggested that the criteria should
include requirements for the monitoring of the technological maturity of the sub-
components and that additional milestones could be defined in the sub-detail. It is
emphasized by most of the participants that the maturity follow-up of the sub-
technology and components remained highly subjective. The reason is sometimes
good faith and sometimes inadequacy with lack of experience and knowledge. This
situation causes risks to be brought to the platform level and causes cost and
schedule impacts towards verification activities. Rather than passing reviews such
as SRR, PDR, CDR and TRR with contractor declarations and analyzes in a short
period of time, broader reviews are recommended as a more rational approach.
Decisions should be spread over the process. The experiences gained in the projects
should be transferred to practice. The progress and results of the process should be
recorded. A proposal that attracts attention by most participants is that decisions
should be supported by risk management plans and processes. It is emphasized that
a process for the management of technical risks should be added to the model. It is
emphasized that risks related to open issues are considered among exit criteria of

the associated milestones.

Milestones were deemed sufficient by all participants. However, there have been
comments that the technical reviews can be simplified. In this context, according to
the level of familiarization and maturity of the product it has been proposed that 1)
ASR can be extracted, ii) SRR and SFR can be combined, iii) SVR and PRR can
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be combined or completely removed and TC document can be used instead of SVR
and PRR.

There were many different proposals for discrete and complementary contract
concept. As a result of the negotiations and ideas, it has been concluded that the
lifecycle can be continued with new contracts by PDR and PRR or M9 milestone.
PDR is the stage where technological maturity of subcomponents is evaluated and
maturity at least TRL5 is aimed with reduced risks. At PRR, it can be mentioned
that a safe aircraft with initial operational capability has completed its initial
acceptance. New contract as a clean white sheet is deemed appropriate for the
separation of technical risks and significant financial impacts at these points.

Hypothesis 3

Technical coverage was found appropriate and sufficient by most of the
participants. Technology Development process has been accepted innovative and
beneficial because it reflects the contract models used in Turkey. It has been deemed
valuable to combine different stakeholders and technical scope for decision-makers.
The criticisms of this process are more about scope of contracts than the maturity
model. Management of subcontractors’ designs under the Technology
Development Process has been considered appropriate. However, the separation of
development of technologies and aircraft development activities in contract fictions

is emphasized as a need by the interviewees as a common opinion.

It was stated by the participants that technology development projects should be
carried out in institutes and small scale scientific units in product independent
environments. Existing platform developers adopt product-based approaches and
are result-oriented. So that they do not pay enough attention to innovations and new

technologies due to technical risks. In this case, it is seen that integrators use

86



existing components or ready solutions in stead of new technologies. This situation
increases the dependence on foreign sources.

Hypothesis 4

The scope of the technical processes has been deemed appropriate with the
assumption that subcontractor technical interfaces will be operated under the
Technology Development Process. The activities, inputs and outputs of the
technical processes have been found to be worth working in the future for the
development of the model. The scope and progress of the documents assigned as
the inputs and outputs of the processes can be followed through the checklists
prepared specifically for the document type.

Usage of means of compliance and their verification status as a tool for monitoring
of the aircraft development maturity is considered as an innovative approach since
they provide important clues about the completeness and accuracy of technical
activities. The common opinion of the participants is that it will be a useful method.
However, it has been mentioned that difficulties can arise in practice due to the
fiction of the contract. At this point, criticism has been brought against the existing
contractual content, although not to the model. It is stated that the contracts should
be designed in a way to provide and point out the time and budget required
especially for laboratory tests and simulations in support of compliance methods.
The inclusion of engineering and verification prototypes for ground and flight tests

into the contracts has been considered important.

It is evaluated that mappings from SOI audits to Technical Reviews & Milestones
will increase efficiency in the integration of sub-technologies into the product. By
this manner Aviation Authorities will contribute to the technical evaluations and

the progress of the products in lifecycle. It is also mentioned that the resolution will
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increase at the component level and the relevant decision gates can be passed more

precisely.

The SRL method is initially appreciated by the interviewees as an easy
mathematical tool for platform-level technology follow-up. However, it is not seen
as practical in a short time during interview. Similar to the results in the literature,
similar criticisms have been brought that technical risks will not be eliminated
despite the high SRL value. Because SRL defines an average value Moreover, SRL
may not always produce reliable results due to a small number of immature low-
level critical technologies. Considering the effects of IRL, the use of SRL metric
does not provide confidence. The use of TRL metric has been found useful for

technological components at software and hardware level.
Hypothesis 5

The baselines have been seen as an important tool for product data integrity and
consistency. Additional baselines besides the current referenced ones
(Requirement, Allocated and Product Baseline) from guidance documents are
approved by the participants. It is emphasized that additional defined baselines will
improve traceability, reportability and reduce data loss. The common and strong
emphasis is that the baselines are philosophical and conceptual content and not used
correctly in practice. At this point, there are some comments on the current contract

structure.

The product data and the decisions based on the milestones are not recorded
adequately and effectively during establishment of baselines. Two main reasons for
this situation emerged in the opinions. The first one is that the decision points are
not passed effectively and appropriately so that the subsequent changes are not
questioned by all relevant stakeholders. In general, stakeholders are constantly
focused on the final product and outcome. The additional timetable implications of
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this situation have become customary. The second reason is that the financial risks
of the amendments are left to the Contractor due to the fixed price contract. The
baseline structure, which does not include financial and schedule coverage and is
not questioned by the managers, is weakening. This situation also leads to

weaknesses in recording the technical content.

Although contractual comfort is provided, it has been seen that the financial effects
should be monitored in the defense industry sector due to the capital structure of
the main contractors. For this reason, the necessity of adding some mutual sanctions
into the contract structure is expressed by some of the participants. What is seen
more accurately is the sound decision-making process. In these decision gates,
when necessary, returns should be taken into consideration as in the spiral product
development model. It is necessary to establish an environment within the scope of
technical management in which the authorities and responsibilities to support
technical activities are distributed correctly.

4.3 Suggestions for Future Studies

Finally, suggestions will be made for points that need to be updated in the model

and other side studies that will support the model.

The current model is developed to address the product lifecycle of new aircraft
development. Within the scope of modernization and modification projects, there
will be simplification or shorten stages in the product lifecycle. At this point,
adaptation of the model seems to be beneficial. The risk management process,
which is also emphasized by the participants, is described as a separate process to
support decisions. Using the risk levels to be defined at this point as an entry or exit

criterion at the milestones is considered worthy of the future studies.
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The comments on the Technology Development & Demonstration phase were given
above. In this context, feasibility of the implementation of Technology
Development & Demonstration activities experienced in foreign applications to the

aircraft development contract structure used in Turkey, may be studied.

The adequacy of test infrastructures is a matter of concern, considering the
development and procurement processes of test infrastructures. At this point, metric
and criterion studies may be performed under the title of Test Readiness Level

integrated to the model or completely independent of the model.

It is considered that a separate model can be formed regarding the cost estimations
related to this model.

Another issue that will support the above-mentioned future studies and is open to

continuous improvement may be the creation of contract scope and fiction.

Finally, the lack of technical managers and expert resources especially on the
Customer and User sides is frequently emphasized by the participants as an

important issue that should be studied.
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APPENDICES

Appendix A: PEER REVIEW QUESTIONNAIRE

Location

Date

Interviewee

Interviewer : Harun CAYKENARI

Research responses will not be shared directly and will only be used to validate,
improve and reveal the shortcomings of the model.

Research Question: What kind of product maturity management can be used to
define the technological maturity to support project evaluation and decision-making
processes in aircraft development projects and to determine the direction of
destination?

SCOPE OF INTERVIEW

A. Introduction
Sharing the aim of the research with the participants.
Listening to the academic background and work experience of the participants.
B. Information on Working Technical Framework by Interviewer
Technology management and tools, problematics, hypotheses, important
terminologies used in the model and model - suggested solutions
C. Questions
1. 1. Do you think that the technical maturity can be adequately monitored by
the Contractor and the Customer in the development projects you are
involved in? Can you tell us about strong and weak points?
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i) Do you think that project management activities are sufficiently
structured in terms of technical monitoring and directing? Can you
evaluate separately from Customer, User, Main and Subcontractor
aspects?

i) What is your level of system engineering management compared to 1SO
/ IEC 15288? What can you say about the competence of the applied
processes?

iii) Did you run a procedure for identifying the technological components
that should be included in the product and monitoring maturity? Can
you explain interfaces with PM and SEM?

Did you use the product lifecycle approach in your projects? If so, how did

you use it?

i) Do you think that a common language and terminology defined in the
defense and aerospace projects in Turkey including Customer, User and
Contractor?

i) What do you think about the product lifecycle set out in Hypothesis #
1? Do you have any additional determinations about the appropriate and
open aspects?

How the stages and decision gates were determined in the projects you

worked?

1) Were the decision makers defined?

i) Could the decision criteria be established with a common
understanding?

iii) At the beginning of a new phase, were the objectives of the previous
phase fully and maturely achieved? If there are any deficiencies you
have seen, are the effects felt after these deficiencies in next steps?

iv) Do you consider the milestones created under the Hypothesis # 2
sufficient? Do you see any need to add new ones or combine the current
ones for different purposes?

v) What decision points would you prefer to sign a new contract, even if
you were given the opportunity to complete the shortcomings from the
previous period and start with a clean page?
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4. Within the scope of Hypothesis # 3, the ISO / IEC15288 reference is
selected for the definition of technical processes due to its broad scope,
integration with project and organization management processes. Do you
find this scope sufficient? For what purposes would you like to narrow or
expand the scope?

i) What is your assessment about additions to the model? (such as
expanding the Architectural Design Process as a Design Process, adding
Technology Development Process and separating software and
hardware development processes by harmonizing with TRL)

5. In order to determine sub-processes, interfaces and exit criteria under
Hypothesis # 4;

i) Do you think that the sample approach (Concept Definition Phase,
Structural & System Installation Design Process) can be extended to
other technical processes to define the qualitative criteria of decision
points?

i) Do you think that MOE, MOS, MOP and TPM approaches may be
sufficient for quantitative targets? Do you think there are additional
metrics that can be added?

iii) Do you think that status of requirement verifications may be an effective
way of monitoring technical progress? If so, what improvements do you
consider important?

iv) How do you evaluate SOI mappings from software, hardware and
equipment level to system and product level?

v) Do you find it appropriate to apply the TRL criteria at the equipment
level? How do you evaluate the addressing of system engineering
processes rather than SRL at the product level in terms of monitoring
technology maturity?

6. Do you think that there is a common understanding and application within
the scope of Hypothesis # 5? If so, how would you describe the concept of
the baselines? Do you see baselines as an important tool?

i) Are technical baselines appropriately established?

i) Can the impact of the changes to the baselines be assessed
appropriately?
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1ii) What do you think about the suitability of the baselines identified in the
model?
7. What are your additional criticisms about the overall model?

Thank you for your valuable contribution and support...
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Appendix B: DEFINITIONS

The meanings of the terminologies which are frequently repeated in the thesis and
which have different definitions in the literature are used in this study are given

below.

Product . It means the physical system whose integration is complete.
In this study it refers to aircraft (AC) in the specifically. The definition is used
synonymously with the System definition in ISO/IEC/IEEE 15288.

System . It refers to the integrated functional components or sub-
components (eg: landing gear system, main landing gear system; electrical system,
power supply system; etc.) at upper levels that make up the product. The definition
is used synonymously with the Sub-System or Main Component definition in
ISO/IEC/IEEE 15288.

Equipment . It refers system component which is made up with software,
hardware and structural elements that can be replaced on the product with their own
functionality if its power and data connections are provided.

Implementation . It refers to the production process of the detail parts that

form a certain level in the BOM hierarchy.

Integration . It refers to the assembly and functional integration of
subcomponents for equipment, system and product levels in the BOM hierarchy.

Validation - It refers to the activities carried out with the participation of
the User or Customer to ensure that the system has the intended usage

characteristics.
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Verification - It refers to the activities carried out with the aim of checking
that the design data is formed according to the requirements. Within the scope of
the thesis, 10 Means of Compliance (MC) have been defined according to aircraft

certification regulations.

Acceptance - It refers to the contractual delivery, registry to inventory and
commissioning of products that have almost completed the verification process by
the approval of User/Customer. Conditional acceptance can be made for each
product or product group whose full verification and validation is not completed.
Final acceptance is finalized separately for each product or product group whose
verification and validation has been completed.
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Appendix C: TURKISH SUMMARY / TURKCE OZET

HAVA ARACI GELISTRME PROJELERINDE

URUN OLGUNLUK YONETIMI METODOLOJISI

Tiirkiye’deki savunma ve havacilik sektoriindeki gelistirme projelerin
sozlesmelerinde kiiresel Olgekte lider sirketler tarafindan tecriibe edilmis ve
sonunda standartlastirilmis birgok yontem esas alinmaktadir. Ancak, bu
yontemlerin uyarlanmasinda ve Tiirkiye uygulamalar1 icin ortaklastirilmasinda
eksikliklerin  oldugu degerlendirilmektedir.  Ozellikle; teknik  siireglerin
izlenememesi, durum takibi ve degisiklik kontroliiniin etkin bir bilgi yonetimi
altyapis1 ile yapilamamasi neticesinde karar asamalarimin uygun olgunlukta
gecilemesi, bircok projede risklerin goriillememesi, takvim uzamalari, kullanici
memnuniyetsizligi ve biitce agimlari ile sonuglanabilmektedir. Bu sebeple ¢alisma;
hava araci gelistirme projelerinde {iriin teknolojik olgunlugunun izlenmesi i¢in en
iyi uygulamalardan yontemlerin sec¢ilmesini, uyarlanmasini ve ortak bir modelde

birlestirilmesini amag¢lamaktadir.

Tezin giris boliimiinde teknoloji yOnetimi kavramsal cergevesi ele alinmistir.
Teknolojinin literatiirde yiiziin {izerinde tanimi bulunmaktadir (“Technology”, t.y.).
Frascati Klavuzu’nda yer alan Arastirma ve Gelistirme (ArGe) tanimi dikkate
alindiginda teknolojiyi ArGe calgmalarinin bir ¢iktis1 olarak tanimlamak yanlis
olmayacaktir (OECD, 2015). Frascati Klavuzu’na gore ArGe faaliyetleri standart
uygulama olarak tig (3) temel kapsama boliinmiistiir; Temel Arastirma, Uygulamali

Arastirma ve Deneysel Gelistirme. Deneysel Gelistirme kapsaminma Uriin
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Gelistirme caligmalarinin da yer aldigi ayrica soylenebilir. Bu calismanin
kavramsal ¢ergevesinin olusturulmasinda teknoloji yonetimi i¢in Gregory (1995)
tarafindan tanimlanmis en sade ve ortak kabul goérmiis alti ana siire¢ tercih
edilmistir; Tamimlama, Se¢me, Edinme, égrenme, Ticarilesme ve Koruma
(Cetindamar et al., 2013; Gregory, 1995). Bu siiregler birbirleri ile etkilesim

icerisinde olmakla beraber siral1 aktiviteler seklinde diistiniilmemektedir.

Teknoloji yonetiminin kurumsal dlgekte stratejik ve operasyonel olmak iizere iki
seviyeye yayilmis oldugu goriilmektedir. Teknoloji yonetim siireclerinin ihtiyaglar
karsilayacak sekilde iirline doniistiiriilmesinde Sistem Miihendisligi yaklagimi
kaldirag etkisine sahiptir. Proje yonetimi temelde teknolojik yeteneklerin
ticarilesmesi icin kaynaklarin dogru kullanilmasini hedeflemektedir. Operasyonel
seviyede proje yonetimi ve sistem miihendisligi siireclerini destekleyecek temel

stiregler ile uyumlu diger ana ve alt siireclerin belirlenmesi ve isletilmesi gerekir.

Calismanin giris boliimiinde teknoloji yOnetimi ana faaliyetleri, Savunma ve
Havacilik sektorii bakis agisi ile yeniden gozden gegirilmistir. Farkliliklar ve dikkat
ceken noktalara deginilmistir. Savunma ve havacilik sektorii i¢in ulusal Olcekte

basta iktisadi alanda olmak {izere bir¢cok alanda farkliliklar yer almaktadir.

Bu béliimiin sekillenmesinde Serdar GOKPINAR 1n degerlendirmelerinden biiyiik
Olglide faydalanilmistir (Akgomak, Erdil, Pamuk¢u and Tiryakioglu, 2016).
Savunma sanayii pazarinda devletin miisteri rolii ile egemenligi s6z konusudur.
Faaliyet alanlar1 ulusal boyutta belirlenen stratejilere ve oOnceliklere gore
sekillenmektedir. Pazarin sekillenmesinde teknolojinin itici giliciinden ziyade
miisterinin istekleri ¢ekici giic olarak daha kuvvetli hissedilmektedir. Savunma
sanayininde pazar arzi sivil sektorlere kiyasla daha az sayida ana yiiklenici
tarafindan karsilanir. Ana yiiklenicilerin biiyiikliikleri ve giicii fazladir ancak ¢ok
sayida onayli alt yiiklenici ile dikeyde hiyerarsik anlagsma igerisinde isler

tamamlanir. Yiiklenici sermayedarlar: icerisinde kamu kurumlart yer alabilir. Bu
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durum devletin yiiklenici organizasyonlarinda ve mali kararlarinda etkin olmasina
neden olur. Savunma sanayiinde amag tehditlere karsi mutlak tstiinliik saglamak
oldugu i¢in gelistirilen triinler siirekli olarak yikici teknolojiler ile beslenir
(Akcomak et al., 2016). Uriin cesitliligi ve iiretim hacmi sivil sektorler ile
karsilastirildiginda disiik olmasina ragmen birim maliyetleri yiiksektir. Birim
maliyetlerin yiiksek olmasinda diisiik iiretim hacmi ve yiiksek ArGe maliyetleri
etkilidir. Savunma sanayiinde platform gelistirme projellerinin teknolojik degeri ve
yiiksek maliyeti isbirliklerine gitme senaryosunu zorlasa da sivil sektorlerden farkli
olarak stratejik kabiliyetlerin kazanilmasinda yiiksek maliyetine ragmen bazi
durumlarda temelde 2 nedenle ARGE yolu ile edinilmesine gidilmektedir; i)
gelistirilen stratejik kabiliyetin korunmasi ihtiyaci veya ii) baska ellerdeki mevcut
stratejik kabiliyetin satin alinamamamasi (Cetindamar et al., 2013, pg. 157;
Akcomak et al., 2016). Uriinler; karmasik, ¢ok bilesenli ve ¢ok disiplinli, kritik ve
cekirdek teknolojilerin yaninda, olgunlugunu tamamlamamais baska teknolojileri de
barmdirir. Sivil sektdrde teknolojinin korunmas: ticari kaygilar ile gerceklesirken
savaunma sanayii i¢in teknolojinin askeri stratejik iistiinliik sagliyor olmasi baglica

koruma sebebidir.

Uriin gelistirme siireci ve {iriin omiir devirleri uzundur. Her iiriin kendine has
teknolojik zorluklar barindirir. Bu durum iirlin gelistirmeye ozel siireglerin ve
planlamalarin proje kurgusu igerisine dahil edilmesine neden olur. Bunun aksine
karmasik siireclerin basitlestirilmesi, temel yaklagimlarin sistematik bir hale
getirilmesi ve ortak bir dil olugsmast i¢in birgok standart veya rehber siirecten
yararlanilmaktadir. Proje yonetim metotlari, sistem miihendisligi yaklagima, {iriin
gelistirme siireci planlamasi, ArGe siireci planlamasi gibi araglar standart olarak
yogun sekilde kullanilmaktadir. Miisteri isteklerinin analizi, detaylandirilmasi,
gecerlenmesi ve dogrulanmasi gidisatin izlenmesinde temel kontrol noktasidir.
Savunma ve havacilik sektoriinde ¢ok disiplinli, karmagik arayiizlere sahip, ¢ok

bilesenli, teknolojik berlirsizliklere sahip iiriin gelistirme siirecinde gelismelerin
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ortaya konabilmesi, mali, takvim ya da teknik konularda risk belirleme ve risk
azaltma tekniklerinin kullanilabilmesi, miisteri beklentilerinin odakta kalabilmesi
i¢in izleme ve kontrol araglarinin kullanilmasina ihtiyag¢ vardir. S6zii edilen standart
usuller arasinda bu kontrol faaliyetleri de yer almaktadir. Teknoloji yonetimi
kapsaminda farkli modellerde olgunluk izleme araglar1 kullanilmaktadir.
Calismanin ikinci boliimiinde daha ¢ok bu olgunluk modellerine ve kullanim alan1

bulmus uygulamalarina yer verilmistir.

Savunma ve havacilik sanayiinde kullanilan proje yonetimi ve sistem miihendisligi
yonetimi araglar yiiksek biitgeli ve karmasgik tirtinlere sahip diger farkli sektorlerde
de yaygin olarak kullanilmaktadir. Zamanla en iyi uygulamalar ticari ve akademik

farkli kurumlarca standartlastirilarak yayimlanmastir.

Proje yOnetimi miisteri/kullanici  beklentilerini karsilayacak {iriinii/sistemi
gercekleyecek paydaslari bir araya toplamaya, kaynaklari dogru kullanmaya ve

zamaninda sistemi kullanicilara teslim etmeye cabalar.

Sistem miihendisligi yonetimi ise paydaslardan gelen isterleri tanimlamaya ve
sistem, alt sistem ve bilesenlere dagitmaya sonrasinda alt seviyeden yukariya

isterleri tirline doniistiirmeye ve teknik entegrasyona odaklanir.

Her iki yonetim modeli miisterinin veya kullanicinin talep ettigi liriinii karsilamaya
caligir. Her iki model birbirini destekler nitelikte pek ¢ok benzer faaliyet alanina
sahiptir. Sistem miihendisligi yonetimi kapsaminda teknik siireclerin yonetimi alt
faaliyetlerinin ise proje yonetimi kapsaminda entegrasyon ve kapsam yonetimi alt
faaliyetleri ile kesistigi noktalar bulunmaktadir. Bu noktada miisteri isteklerinin
takibi ve bu istekleri gerceklestirmekte mani olan risklerin takibi bu c¢alisma
kapsaminda dikkat ¢ceken en onemli ortak faaliyet alanlar1 igerisine girmektedir.
Entegrasyon ve kapsam yonetimi altinda igletilen proje izleme ve kontrol siireci ile

sistem/liriin olgunlugunun takibi ve teknik risklerin izlenebilmesi i¢in kullanilan
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teknik gézden gecirmeler benzer amaglara hizmet etmektedir ve birbirleri yerine

kullanilabilmektedir.

Teknoloji ve fiiriin gelistirme faaliyetleri kapsaminda olgunluk modellerine
bakildiginda temelde iki farkli yaklasim oldugu sdylenebilir. ilk yaklasim
teknolojini kendisine ve iiriine odaklanirken diger yaklasim gelistirme siireclerine
ve yonetim sistemlerine odaklanmaktadir. Heriki yaklagimda da yaygin kullanilan
dlciit ve yontemlerin oldugu goriilmektedir. ilk yaklasimda ilk kez 1980’lerde
Amerika Uzay Ajanst (NASA) tarafindan ortaya atilmis Teknoloji Hazirlik
Seviyeleri (Technology Readiness Level - TRL) 6l¢iitii genis literatiir ve uygulama
alan1 bulmusken; ikinci yaklasimda Yetenek Olgunluk Modeli Entegrasyonu
(CMMI, Capability Maturity Model) kavrami Carnegie Mellon Universitesi
blinyesindeki Yazilim Miihendisligi Enstititiisii tarafindan 1986 yilinda

olusturulmus ve birgok tiirevi uygulamada hayat bulmustur.

TRL olgiitiiniin tek bir teknoloji hakkinda fikir veriyor olmasi ve teknolojiler arasi
entegrasyonun ele alinmiyor olmasi gerekgeleri ile Sistem Hazirlik Seviyeleri (
System Readiness Level - SRL) modeli ve olgiitii gok bilesenli ve disiplinli
tirtinlerin olgunluk takibi i¢in teklif edilmistir (Ramirez-Marguez and Sauser, 2009;
Tan et al., 2011). Bu 6lgiit sonrasinda TRL ve Entegrasyon Hazirlik Seviyelleri
(Integration Readiness Level — IRL) degerleri normalize edilmeye ve 0 ila 1

arasinda gruplandirilarak 5 seviyede SRL degeri hesaplanmaya calisilmistir.

Sistem Olgunlugu (System Maturity) ve Sistem Hazirlik Durumu (System
Readiness) kavramlari iizerine Tetlay ve John ayrica degerlendirmelerde bulunmus
ve Yetenck Hazirlik Seviyeleri (Capability Readiness Level - CRL) tanimi iizerinde
durmuslardir (Tetlay and John, 2009). CRL kapsaminda heniiz bir metrik ortaya
konmamis olmasina ragmen Tetlay ve John yaptigi ¢alismalarda Sistem
Miihendisligindeki “V-Model” ile “Sistem Olgunlugu (System Maturity)” ve

“Sistem Hazirkik Durumu (System Readiness)” kavramlari Sekil 11°de verilmistir.
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Farkli calismalarda SRL olgegi ve hesaplama yontemleri ile ilgili zayifliklar

gidermeye yonelik aragtirmalar stirdiiriildigi goriilmektedir.

ABD Savunma Bakanligi1 altinda asker ve savunma sanayii sektor temsilcileri
tarafindan olusturulmus “Joint Defence Manufacturing Technology Panel”
tarafindan benzer bir 6l¢iit de tiretim faaliyetlerinin olgunlugunu 6lgmek i¢in 2001
yilinda TRL yaklasimi ile iligkili olarak ortaya konmus ve Uretim Hazirlik
Seviyeleri (Manufacturing Readiness Level - MRL) 10 seviyede tanimlanmuistur.
Konuya iligkin MRL Deskbook isimli rehber dokiiman hazirlanmis olup son

versiyonu 2011 yilinda yayimlanmistir (MRL Deskbook, 2018).

Projenin teknik kapsamdaki ilerlemenin izlenmesi ve kontrolii i¢in teknik
performans yonetimi usulleri ayrica sistem olgunlugunu degerlendirmek igin
kullanilmaktadir. Teknik performans iteratif olarak {irin gelistirme siirecinde takip
edilir ve dogrulanarak raporlanir. Teknik performans metrikleri gereksinim
hiyerarsisinde farkli seviyelerden segilebilir. Operasyonel senaryolari gegerlemekte
kullanilan sayisal metrikler Etkinlik Olgiitii (Measure of Effectiveness - MOE) ve
Uygunluk Olgiitii (Measure of Suitability - MOS) olarak tanimlanir ve sistemin
kullanim amacina ne kadar yaklastigimi 6lgmek icin belirlenir. Kullanicinin
sistemden bekledigi performans i¢in MOE metriklerini tamamlar nitelikte
Performans Olgiitii (Measure of Performance - MOP) belirlenir. Kullanim
senaryolarini destekleyen fonksiyonel isterler ile performans isterleri alt sistem ve
bilesenlere kirilarak alt seviyede teknik biitceler dagitilir. Daha alt seviyede bu
teknik metrikleri gereksinim hiyerarsisinde yatayda ve dikeyde ¢esitlendirmek veya
arttrmak miimkiindiir. Bu teknik biitceler karsiligi ayrica Teknik Performans

Olgiitleri (Technical Performance Metrics - TPM) belirlenir.

Yetenek olgunluk modelleri bir kurumda veya projede ilgili siireclerin ne kadar
aktif ve kapsamli kullanildig: ile ilgili bilgi verir. Organizasyonel siireclerdeki

olgunluk ya da proje siireclerindeki olgunluktan ziyade gelistirme siire¢lerinde
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sistem/iiriin olgunlugu ile sistemi olusturan bilesenlerin teknolojik olgunluguna

odaklanildigi i¢in bu ¢alismada siire¢ olgunluk modelleri tizerinde durulmamustir.

Savunma ve Havacilik Sanayiinde radikal yenilikler hedeflenir. Bunun bir sonucu
olarak teknolojik bilesen ve bilesenler arasi etkilesimin yiiksek olmasi beklenir. Bu
durum  miihendislik  faaliyetlerinin  ve  miihendislik  siireglerinin  de
karmagiklasmasina sebep olur. Karmasanin ve teknik zorluklarin yonetilebilmesi,
proje takvim ve biitce hedeflerinin de desteklenebilmesi i¢in kurumlar ve sirketler
kendi teknik yOnetim, kontrol ve izleme siireglerini olusturmaktadirlar. Bu
kapsamda AIRBUS, NATO ve ABD Savunma Bakanligi’na (US DoD) ait ¢alisan

modeller incelenmistir.

AIRBUS miihendislik siireglerini senkronize edebilecegi Uriin Omiir Devrini Sekil
14°te yer aldig1 hali ile 5 ana faz ve 14 kilometretasi ile tanimlamustir (Pardessus,
2004).

ISO/IEC 15288 ve bu standardi referans alan NATO AAP-20 “NATO Life Cycle
Model” dokiimanlari incelendiginde benzer bir yaklagim ile sistem mithendisligi
yaklasimi igerisinde sistemlerin olgunlugu ve teknik ilerlemeler izlenmeye ¢alisir.
Bu uygulamalarda sistem ve sistemin faal kalmasi i¢in gereken destek sistemler
beraber tiim émiir devrini kapsayacak sekilde ele alinir. ilgili {iriin dmiir devri Sekil
15’te goriildligii gibi birbirini takip eden 7 agsamadan olusmaktadir. NATO AAP-
20 standardinda Uriin Omiir Devri yaklagim ile iiyeler arasinda ortak bir dilin

olusmasi ve teknik yonetim noktasinda entegrasyonun saglanacagi ongoriilmiistiir.

ISO/IEC 15288 standardindan askeri uygulamalar igin uyarlanan IEEE 15288.2
“Technical Reviews and Audits on Defense Programs” standardinda iiriin dmiir
devri tanimi yapilmamis bunun yerine 4 adet teknik anahat ve 10 adet Teknik
Gozden Gegirme ile giris-¢ikis kriteri tanimli bir degerlendirme yaklasimi

olusturulmustur. IEEE STD 15288.2°de, etkin bir sistem miihendisligi yaklasimi ve
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saglam teknik degerlendirme siirecinin omurgasi i¢in ilgili karar asamalari temel

yapitasi olarak goriilmektedir.

ABD Savunma Bakanlig1 uygulamasinda iiriin dmiir devri yonetimi incelendiginde
iiretime hazirlik olgunlugunun yakindan odaklanilarak tanimli GSlgiitler ile ele
alindigim gériiyoruz. Ilave olarak iiriin kirtliminda alt detayda teknoloji hazirlik

seviyeleri ile teknolojilerin ayrica 6l¢iitlerle takip edildigi goriilmektedir.

Tez kapsaminda 6zellikle teknoloji olgunluk takibine iliskin Tiirkiye’de yapilmis
calismalar arastirilmistir. Yapilan literatiir arastirmalarinda konuya iliskin 4 adet
caligsmaya rastlanmistir. Sinirli sayidaki akademik ¢aligmalar dikkate alindiginda bu

husuta gelecek donemde de ¢alismaya ihtiyac olabilecegi sdylenebilir

Altunok ve Cakmak (2010) tarafindan 2008 yilinda baslatilan ¢alisma ile Tiirkiye,
Ankara’daki sirketler i¢cin Teknoloji Hazirlik Seviyesinin hesaplanmasina yonelik
algoritma gelistirilmesi hedeflenmistir. Bu ¢alisma sonrasinda bir TRL hesaplayici

yazilim araci olarak sekillenmistir.

Tiirkiye’de konuya teknolojik olgunlugun degerlendirilmesi ile ilgili yapilmisg
kapsamli bir literatiir arastirmasi ise Babagoglu, Akgiin ve Kayhan (2014)

tarafindan yapilmistir.

Ucgiincii ¢alisma iiniversite sanayi isbirligi ile hazirlanmis ve {iriin tabanli bir
teknoloji ydnetimi metodolojisi ortaya koymaktadir (Temiz, Ozkan and Uger,
2016). Uluslarin teknolojik yetenekerlinin kullanilarak {irtin teknolojilerinin
secilmesi, Onceliklendirimesi ve planlanmasi i¢in metodoloji ortaya koymayi

hedeflemistir.

Olgunluk degerlendirmeleri ile ilgili son ¢alisma akademik ¢alismadan ziyade el

kitab1 olarak SSB tarafinda 2015 yilinda hazirlanmis Savunma sanayii i¢in teknoloji
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hazirlik  seviyesi kilavuzudur. Kilavuz TRL tanimlarinin  derlenmesi ile

olusturulmustur. Sektordeki farkindaligin artmasi hedeflenmistir.

Proje yonetim siireglerinde teknik olgunlugun takibinde yasanan giicliikler, bu
konuda Tiirkiye’de yapilan kisithi ¢alismalar ve ¢alismalarin sonucundaki tespitler
dikkate alindiginda teknolojik olgunluk degerlendirmeleri calisilmasi gereken bir
konudur. TRL 6l¢egi ve degerlendirme yontemleri, yapilan elestirilere ragmen,
yazilim ve/veya donanim bilesenleri seviyesinde kabul goérmiis ve genis kullanim
alan1 bulmustur. Ancak, sistem veya iiriin seviyesindeki ¢aligmalar teorik kalmis ve
uygulamada hayat bulamamstir. Uriin olgunlugunun tespit edilmesi ile gergek
durum ancak ortaya konabilecegi degerlendirilmektedir. Bu noktada SRL
yaklagiminin 6tesinde daha biitiinciil, cok kriterli ve uzmanlardan olusan grup karar
mekanizmalar1 igeren bir yonteme ihtiyag duyulmaktadir. Oznelligin
sinirlandirilmas1  yoniinde  kullanilabilecek  yontemlerin  olusturulmasi,
degerlendirmelerin giivenilirligini ve dorgrulugunu arttiracagi i¢in Onemli
goriilmektedir. Uriin bilgisinin saglikl1 olusturulabilmesi ve izlenebilmesi igin bilgi
yonetim ve degisiklik yonetimi yaklasimlarimin olusturulmasina ayrica ihtiyag
bulunmaktadir. Calisma kapsaminda belirlenen yontemde bu husulara dikkat

edilmistir.

Tezin ii¢lincli boliimiinde aragtirma metodolojisine, modelin cevap vermesi gereken

hipotezlere ve modelin olusturulmasinda izlenen adimlara yer verilmistir.

Calisma kapsaminda Tanimlama ve Se¢me teknoloji yonetimi faaliyetleri 6n plana
cikmaktadir. Bu faaliyet alanlar1 i¢in S-egrisi, Asama-Gegit, Deger Analizi ve
Portfoy Yonetimi sik kullanilan yontemler arasinda bulunmaktadir. Modelin

olusturulmasinda bu faaliyet alanlar1 ve yontemler referans alinmistir.

Uriin olgunluk modeli olusturulurken S-egrisindeki émiir yaklasimi ile Asama-

Gegit yonteminin beraber kullanilabilecegi degerlendirilmistir. S-egrisindeki dikey
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eksen bu calismada farkli katmanlarda teknik siireclere boliinmiistiir. Nitel veya
nicel siire¢ ¢iktilar1 dikey eksende yayilmistir. Yatayda da iiriin yasamu {izerinde de
gecit noktalart tanmimlanmistir.  Deger tahmilerine yonelik performans

parametrelerine ve dogrulama hedeflerine modelde yer verilmistir.

Calisan modellerin referansi ile ve teknoloji yonetimi araglari 1g1¢inda tasarlanan
modelin dogrulugunun degerlendirilmesi i¢in miilakat teknigi arastirma yontemi

olarak kullanilacaktir.

Bu ¢alisma icerisinde ele alinan teorik ¢erceve, bu kapsamda en iyi ugulama 6rnegi
olarak sunulan (best practice) standart ve rehber dokiimanlar ile 6rnek modeller
incelendiginde; teknolojik olgunlugun sistem/iiriin seviyesinde tanimlanabilmesi ve

olgunluk takibinin yapilabilmesi i¢in asagidaki hipotezler olusturulmustur.

HP1: Uriin tedariginde ve isletmesinde beraber calisabilirlik, proje
gerceklerine uygun maliyet etkin sekilde ve zamaninda siireci tamamlayabilmek
icin sistematik ortak bir yaklasim ortaya koyan Uriin Omiir Devri (Uriin Yasam

Dongiisti) modelinin olusturulmasi veya secilmesi gerekir.

HP2: Uriin Omiir Devrinde farkli paydaslarin ortaklasa aldig1 veya ilgili
fazin sorumlusu tarafindan alinan karar noktalar: ile gézden gecirme adimlarinin
tanimlanmast gerekir. Bu sekile faz gegisleri ve fazlarin altindaki asamalarin

kararlar ile eslestirilmesi gerceklesebilir.

HP3:  Gerekli ~ fonksiyonlar ile istenen  yetenekte  iriiniin
gerceklestirilebilmesi sirali ve es zamanh teknik siireclerin, alt siireglerin ve bu
siirecler kapsaminda ylriitiilen faaliyetlerin tamamlanmasi1 ve aralarindaki

arayiizlerin olusturulmasi ile saglanabilir.

HP4: Teknik siireclerdeki ilerlemelerin ilgili karar noktalarinda nitel olarak

uzman goriisleri ve nicel olarak objectif metrikler ile desteklenmesi gerekir.
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HP4.a: Herbir faaliyetin iirlin fazlar1 ve alt asamalar ile iliskilendirilmesi

karara iligskin ¢iktilarin belirlenmesi gerekir.

HP4.b: Sistem miihendisligi ve proje yoOnetimi izleme ve Kkontrol
faaliyetlerini desteklemek i¢in kullanilan MOP, MOE ve TPM tanimlamalari

yeteneklerin hazir olma seviyesi hakkinda bilgi verir.

HP4.c: Uyum dogrulama yontemleri ve tamamlanma durumlar1 asamalarin

olgunlugu hakkinda sayisal bilgi verir.

HP4.d: SRL’in rasyonel bir 6l¢lim metodu olarak gii¢lii bir teknoloji
yonetim ve taksonomi altyapisi olmaksizin kullanilmasi pratikte miimkiin degil.
Sadece odaklanilmig teknolojilerin sistem entegrasyonunda bir ara¢ olarak

kullanilabilir.

HP4.e: Sistem Miihendisligi siireclerinin altinda odak teknolojilerin

olgunlugunun izlenmesinde TRL yaklagiminin kullanilmas1 uygundur.

HPS: Veri toplama ve degisiklik kontrol usullerinin {iriin 6miir devri ve
karar noktalar/kilometretaglar1 ile iligkilendirilmesi sistem olgunlugunun kayit

altina alinabilmesi, raporlanabilmesi ve yonlendirilebilmesi i¢in dnemlidir.

Hipotezlerin ortaya konmasindan sonra hipotezleri sirasi ile destekleyecek
¢oziimler se¢ilmeye calisilmig, zaman zaman uyarlanarak ortaya bir model

konulmustur.

US DoD tarafindan MIL-STD-499:2017 standardinin iptal edilmis ve yerine IEEE
15288.1:2014 gecerli kilmmistir. IEEE 15288.1:2014, ISO/IEC 15288:2008
standardinin uyarlamasidir. AAP-48:2013 NATO standartlar1 da ISO/IEC 15288
temeli lizerine kurgulanmistir. US DoD ve NATO tarafindan ¢alisma esas1 olarak

kabul edilmis olmas1 ve muadil sistem miihendisligi standartlari/el kitaplart ile

113



karsilastirildiginda genis teknik kapsami sahip olmasi nedeni ile ISO/IEC 15288
modelin olusturulmasinda ilk temel referans olarak segilmistir. ISO/IEC 15288 ile
ihtiyaci ortaya konulan sistem yasam dongtisii kavrami AAP-20:2015 ile NATO
uygulamalar i¢in Ozellestirilerek tanimlanmistir. US DoD uygulamalar1 igin
olusturulmus IEEE 15288.2:2014 standardi ile teknik gozden gegirme ve denetleme

esaslart ve kriterleri calisma yontemleri arasina dahil olmustur.

Model gelistirilitken Tiirkiye Savunma ve Havacilik Sanayii sektoriindeki
uygulamalar dikkate alinarak temel omurga iizerine bazi noktalarda uyarlamalar
yapilmistir. Son agamada, alt detayda teknik stireglerin, faz girig-¢ikis kriterlerinin
ve elde edilen somut girdi ve ciktilarin belirlenmesinde diger kaynak standart,
rehber dokiiman, akademik c¢alismalar ile teknoloji olgunluk seviyesi

yaklagimlarindan yararlanilmistir.
HP1: Uriin Omiir Devri Tanimi

Ik hipotez karsiligt Uriin Omiir Devrinin sirali 6 faz ile teskil edilebilecegi
ongorillmistiir:  Operasyonel Konsept Tammlama & Fizibilite, Kavramsal
Tamimlama, Tasarim Tammlama, Gelistirme Fazi, Kurulum & Modifikasyon,

Operasyon & Destek

Fazlarin isimleri segilirken referans standart veya rehber dokiimanlardaki
terminolojinin kismen disina ¢ikilmistir. Tiirkiye’deki mevcut proje ilerleyisleri ve

asamalar1 dikkate alinarak yeni terminoloji ve tanimlar eklenmistir.
HP2: Karar ve Gozden Gecirme Adimlarinin Tanimlanmasi

Uriin Omiir Devri boyunca kullanici, miisteri, tasarim organizasyonu, iiretim
organizasyonu ve havacilik otoritelerinin tamaminin veya bazilarinin miisterek
katilm sagladiklar1 ve ortak goriisler neticesinde kararlarin ilgili noktanin

sorumlusu tarafindan alindigr miisterek karar noktalar1 yer almaktadir. Bunun
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disinda firmalarin veya kurumlarin kendi i¢ yapilarinda islettikleri karar noktalari

da bulunmaktadir.

Bu hipotez geregi tanimlamalar1 yapabilmek i¢in Oncelikle her fazin baslangi¢
karar1 i¢in bir karar noktasi/kilometretasi tanimlanmistir. Sonrasinda calisan
uygulamalardan 6nemli goriilen noktalar kilometretaslar1 arasina ilave edilmistir.
Sonugta, Tablo 4’deki 13 adet kilometretagina ulagilmistir. IEEE 15288.2 standardi
refernas alinarak sistem miihendisligi kapsamindaki miisterek teknik gézden

gecirmeler ve denetimler kilometretaslarina gére konumlandirilmistir.
HP3: Teknik Siirecler ve Arayiizlerin Tanimlanmast

IEEE 15288 referans1 dikkate alindiginda 4 grup siirecin tanimlandig
goriilmektedir; Anlagma, Organizasyonel Proje-Gergeklestirme, Proje ve Teknik.

Bu hipotez altinda ger¢ek odagi kaybetmemek ve calismayr siirli tutabilmek i¢in
sonrasinda teknik siireglere odaklanilmistir. Bu kapsamda 11 adet teknik siirecin
tanimlandig1 goriilmektedir; Paydas Gereksinim Tanimlama Siireci, Gereksinim
Analiz Siireci, Mimari Tasarim Siireci, Ger¢eklestirme Stireci, Entegrasyon Siireci,
Dogrulama Siireci, Gegis Siireci, Gegerleme Stireci, f§letme-0perasy0n Stireci,
Bakim Siireci, Kal Etme Siireci. Standartta siireglerin sirali veya es zamanl

isletilebilecegi, firmalarin ilave teknik siiregler ekleyebilecegi vurgusu yapilmistir.
HP4: Nitel ve Nicel Kriterlerin Tanimlanmasi

Teknik stireclerdeki ilerlemelerin ilgili karar noktalarinda nitel olarak uzman
gorisleri ve nicel olarak objectif metrikler ile desteklenmesi gerekir. Hava araci
gibi karisik ve ¢ok disiplinli iiriin i¢in tiim teknik siireclere iligkin girdi ve ¢iktilarin
belirlenmesi ile bu bilgilerin yeterlilik kriterlerinin atanmasi ¢ok genis bir ¢alisma

gerektirir. Caligmay: altindan kalkilabilir bir seviyede tutabilmek ve HP4 geregi
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tanimlamalarin yapilabilmesi Kavramsal Faz i¢in Yapisal ve Sistem Enstalasyon

Tasarimi teknik stireci etrafinda model detaylandirilmistir.
HP4.a

HP4.a geregi Sistem Enstalasyon Tasarumi igi ve modeldeki diger siirecler ile

araylizleri tanimlanmis ve Sekil 19°da tasvir edilmistir.
HP4.b

Nitel tamamlama kriterlerinin nicel kriterler ile desteklenmesi subjektif goriis
farkliliklarinin kapanmasina fayda saglayabilir. Bu noktada Sistem miihendisligi ve
proje yonetimi izleme ve kontrol faaliyetlerini desteklemek icin kullanilan MOP,
MOS, MOE ve TPM tanimlamalarmin, yeteneklerin hazir olma seviyesi hakkinda

onemli bilgi saglayacagi degerlendirilmektedir.
HP4.c

Dogrulama faaliyetleri M4: Ust Sevive Hava Aract Gereksinimleri Tammland:
(TLAR Defined (SRR)) kilometretasi gecildikten sonra sistem fonksiyonlarinin ve

mimarilerinin belirlenmesine baslanir.

Dogrulama faaliyetlerinin temelde sirasi ile analitik ve sayisal analizlerden,
laboratuvar ortamindaki deneysel analizlerden, yer ve ugus testlerinden olustugu
sOylenebilir (Celik, 2017). Bu yontemlere Avrupa Havacilik Otoritesi; tasarim
tanimlama, ekipman uygunluk belgeleri ile fiziksel muayeneleri de ekleyerek uyum
dogrulama yontemlerini belirlemistir. Bu yontemlerin dogrulama faaliyetlerini

izlemek icin kullanilabilecegi degerlendirilmektedir.

Dogrulama faaliyeti tasarim dongiisii ile es giidiimlii olarak iteratif ilerlemekte ve
tasarim tamamlanmadan tam bir dogrulamadan bahsetmek miimkiin olmamaktadir.

Ancak, tiim dogrulama aktivitelerini sona birakmak da tasarimin yeterliliginin
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izlenmesini imkansizlastirmaktadir. Bu hipotezin basinda tanimlanan ¢iktilarin
bircogu ayni zamanda bir uyum dokiimanina tekabiil etmektedir. Ilgili
kilometretaglar1 ¢ikis kriterleri arasina uyum dokiimanlarinin da eklenebilecegi
degerlendirilmektedir. Cikis kriterleri arasina uyum dokiimanlarinin tamamlanma

kriterleri belirli bir ylizde ile nicel olarak da eklenebilir.
HP4.d

Boliim 2.2.°de sozii gegmis olan IRL ve SRL matematiksel hesaplama yontemleri
ile hava araci gibi ¢ok disiplinli ve sistemli bir {iriiniin teknolojik olgunlugunun
hesaplanabilmesi kolay olmayacaktir. Bu degerlendirmeler i¢in karmagik bir veri
toplama ve izleme altyapisinin olmast gerekir. Bilisim ve siiregsel bir altyapi
olmaksizin pratikte bu yontemin uygulanabilirligi miimkiin
degerlendirilmemektedir. Izlenmek istenen birkac sistem icin iliskili oldugu
arayiizleri de dikkate alarak SRL hesaplama yontemi ger¢ek hayatta karsilik
bulabilir. Ancak, biiylik ve karmasik triinler i¢in tez kapsaminda olusturulan
asamalarin, karar noktalarin, nitel ve nicel degerlendirmelerin {iriin olgunlugunun

ve teknik risklerin izlenmesinde yeterli olabilecegi degerlendirilmektedir.
HP4.e

ISO/IEC 15288 standardi igerisinde tanimlanan teknik siireglere modelde ilaveler
yapilmistir. Uriin agaci hiyerarsisinde en asagida sayilabilecek yazilim ve donanim
bilesenlerinin olgunlugu Teknoloji Gelistirme (Technology Development) siireci
altinda ele alinabilir. Bu stirecin ilerlemesi yine hava aracinin yasam dongiisii ile

iligkili olarak TRL degerlendirmeleri ile yapilabilir

M4: TLAR Defined (SRR) kilometretasinda iiriin beklentileri lizerinde anlasilir. Bu
asamadan sonra hava araci fonksiyonlarinin ve emniyet hedeflerinin ortaya

konmasi1 beklenmektedir. Ancak, ekipman seviyesinde isterler i¢in heniiz erken bir
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asamadir. M4: TLAR Defined (SRR) kilometretasi sonrasinda ARP4754 geregi hava
araci ve sistem fonksiyonlar1 emniyet degerlendirmelerine tabi tutulur ve ugus kritik
fonksiyonlar ile bu fonksiyonlar1 karsilayan ekipmanlara Tasarim Teminat
Seviyeleri (DAL — Design Assurance Level) atanir. DAL seviyeleri, yazilim ve
donanim bilesenlerinin sistematik hatalardan arindirilmasi i¢in yiiriitilmesi gereken
usul ve esaslar1 sekillendirir. Herbir seviye i¢in izlenmesi gereken faaliyetler ve

amaglar DO-178 ve DO-254 dokiimanlari ile tanimlanir.

Kilometre taslari, TRL seviyeleri ve SOI denetimleri arasindaki benzer
eslestirmeler modelde yapilmustir. flgili degerlendirmeler tek noktadan ibaret
olmayabilir, birlestirilebilecegi gibi ¢ogu zaman tekrarli gézden gegirmeler

seklinde zamana yayilarak tamamlanir.
HP5: Anahatlarin Belirlenmesi

Proje siire¢leri altinda yer alan birgcok siire¢ (Degerlendirme ve kontrol,
konfigiirasyon yoOnetimi, bilgi yonetimi, 6l¢me) i¢cin omurgayr olusturan konu
verinin sistematik toplanmasi ve tanimlanmasi ile iligkilidir. Durum takibi, analizi
ve raporlamasi; verinin bilgiye doniismesini ve deger kazanmasini saglar. Durum
takibinin detayinda etkin bir paylasim ve degisiklik kontrolii yer alir. Durum
raporlama ve degisiklik kontrolii veri ya da veri biitiinii i¢in anahatlarin ¢ekilmesi
ve ilgili anahattin sorumlularinin belirlenmesi ile saglanabilir. Modelde belirlenen
8 adet anahat ile herbir fazin bitisi ile o faz boyunca toplanan verinin kayit altina

alinmasi ve yayimlanmasi beklenir.

Bu tez kapsaminda olusturulmus modelin genel goriintiisii Sekil 18°de verilmistir.
Terminoloji  birligini saglamak i¢in miimkiin oldugunca referanslardaki

tanimlamalara sadik kalinmistir.
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Béliim 3.2. altinda tamimlanmis Hava Araci Uriin Olgunluk Yénetimi Modelinin
dogrulanmas igin nitel veri toplama yontemi olan gdriigme aract kullanilmistir.
Goriisme yari-yapilandirilmis bigimde kurgulanmistir. Sorular ve model dncesinde,
katilimeilar ile paylasilmistir. Goriismeler katilimcilar arasindaki etkilesimi sinirh

tutabilmek adina toplu halde degil bireysel gerceklestirilmistir.

Katilimcilar, Tiirkiye’deki 6zgiin hava araci gelistirme projelerinde uzun siire
calismis ve ozellikle teknolojik {iriin olgunlugunun izlenmesi konusunda gorev ve

sorumluluk almis kisiler arasindan secilmistir.

Calismanin son boliimiinde modelin dogrulamasinda kullanilan miilakat sonuglari
paylasilmistir. Modelin dogrulamasi i¢in kullanilan yar1 yapilandirilmig miilakatlar
sonrast modelde sunulan ¢oziimlerin yeterliligi ve dogrulugu degerlendirilmistir.
Bu degerlendirmeler sirasinda sorunsalin katilimcilar tarafindan kabul goriip
gormedigine bakilmistir. Boliimiin sonunda ise yine miilakat sonuglarindan ¢ikan
modelde giincellenmesine ihtiya¢ duyulan konular ve gelecek donemde modele

iliskin ¢alisilabilecek 6nemli konular 6zetlenmistir.

Model yeni hava aract gelistirme {irlin yagam dongiisiinii ele alacak sekilde
olusturulmustur. Modernizasyon ve modifikasyon kapsaminda {irlin yasam
dongiisiinde sadelesme veya daha hizli tamamlanan asamalar olacaktir. Bu noktada
modelin uyarlanmasi faydali goriilmektedir. Katilimcilar tarafindan da vurgulanan
Risk Yonetim siirecinin kararlar1 destekleyecek sekilde ayri bir siire¢ olarak
tanimlanmast faydali degerlendirilmektedir. Bu noktada tanimlanacak risk
seviyelerinin kilometretaglarinda giris veya c¢ikis kriteri olarak kullanilmasi

caligmaya deger goriilmiistiir.

Yabanci uygulamalarda tariflenen Teknoloji Gelistirme & Gosterim (Technology

Development & Demonstration) fazininin Tiirkiye’deki hava araci gelistirme
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projeleri i¢in uygulanabilirliginin ¢aligilmasi ve uygun yapida modele ve so6zlesme

kurgularina eklenmesi calisilabilir.

Test altyapilarinin gelistirme ve tedarik siiregleri goz Oniine alinarak test
altyapilarinin yeterliligi ayrica kafa yorulmasi gereken bir konudur. Bu noktada
modele entegre veya tamamen bagimsiz sekilde Test Hazirlik Seviyeleri basligi

altinda metrik ve kriter calismasi yapilabilir.

Bu model ile iligkilendirilmis maliyet 6ngoriilerini de icerisine alan ayr1 bir modelin

olusturulabilecegi degerlendirilmektedir.

Yukaridaki calismalar1 destekleyecek ve siirekli iyilestirmeye agik bir konu da

sOzlesme kapsam ve kurgusunun olusturulmasi olabilir.

Katilimcilar tarafindan sik vurgulanan 6zellikle Miisteri ve kullanici tarafindaki
teknik yonetici ve uzman kaynaginin saglanmasi, gelistirilmesi ve korunmasina

yonelik yapilacak arastirmalarin da kiymetli olacagi sonucuna varilmistir.
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