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FOREWORD 

 

In the contemporary context of accelerated technological development, the quality of 

complex structural designs becomes an essential element for safety and operational efficiency, 

especially in the field of aviation. This doctoral thesis addresses the issue of improving the 

quality of these structures through the use of advanced technical systems, offering a significant 

contribution to the field of aeronautical engineering. 

This work is part of a broad and rigorous scientific endeavor, being the result of years 

of intense research and in-depth analysis. The main objective of this work is to identify and 

apply innovative technical solutions that enhance the performance and reliability of complex-

shaped structural designs. These structures, due to their complexity, require an integrated 

approach that combines traditional engineering methods with modern technologies to meet the 

high standards imposed by the aerospace industry. 

This work would not have been possible without the support and guidance of Professor 

Dr. Ing. and Dr. Ec. Habil. Aurel Mihail Țîțu, whose expertise and vision guided the entire 

research process. He was not only a scientific advisor but also a mentor, offering me valuable 

advice and inspiration throughout the entire project. I am deeply grateful for his patience and 

constant support. 

A note of gratitude also goes to the members of the doctoral committee, who rigorously 

evaluated this work and provided valuable suggestions for its improvement. Their constructive 

criticism and guidance have contributed to the clarification and deepening of the aspects 

discussed in this thesis. 

Lastly, I want to express my gratitude to my family for their unconditional support and 

constant encouragement during these years of study. Without their love and understanding, the 

realization of this work would not have been possible. I also thank my friends and loved ones 

for their emotional support and for the moments of relaxation that made this journey more 

enjoyable and bearable. 

This doctoral thesis constitutes an original intellectual creation, over which I hold all 

intellectual property rights. Any use of the content of this work, in the absence of my prior 

consent, is strictly prohibited. The content of the doctoral thesis is protected by copyright in 

accordance with national and international law. 

In conclusion, this doctoral thesis aims to offer innovative solutions for improving the 

quality of complex structural designs, thus contributing to scientific and technological progress 

in the field of aeronautical engineering. I hope that the results obtained will inspire new research 

directions and support the development of advanced technologies that ensure high standards of 

safety and efficiency in aviation. 

 

 

 

                                                                Eng. Eliza-Ioana ALBU (Căs. APOSTOL) 
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INTRODUCTION 

 This doctoral thesis focuses on investigating and analyzing how advanced technical 

systems can contribute to improving the quality of complex structural designs in the aviation 

field. By exploring modern technologies and innovative methods, the primary goal of this 

doctoral thesis is to make significant contributions to enhancing the quality and performance of 

structures used in aviation. The thesis is structured into several chapters, each contributing to a 

deeper understanding and the development of innovative solutions. Chapter 1 provides an 

analysis of the evolution of aviation, highlighting the contributions of Romanian pioneers 

Traian Vuia, Aurel Vlaicu, and Henri Coandă, and the impact of their innovations on the 

development of aviation. This chapter lays the historical foundation for the subsequent research 

on the quality of complex aeronautical structures. Chapter 2 focuses on quality assurance and 

management, offering a detailed analysis of relevant theories and models. The foundations, 

theories, and models of quality assurance, as well as current trends and research directions in 

the aviation field, are explored. Chapter 3 investigates the improvement of the quality of 

scientific research in the aeronautical field, analyzing the practices and methods used to 

evaluate and optimize research quality. Chapter 4 addresses risk management and security in 

applied research within aeronautics. It analyzes theories, models, and practices of risk and 

security management, highlighting challenges and opportunities for improving these aspects. 

Chapter 5 analyzes the use of advanced technical systems in research organizations to improve 

the quality of complex structural designs. The integration and efficiency of these technologies 

in research and development processes are investigated. Chapter 6 synthesizes the current state 

of knowledge in ensuring and improving the quality of complex structures, emphasizing the 

importance of strict standards and advanced technologies for achieving safe and reliable 

structures. Gaps in current knowledge are identified, and future research directions are 

proposed. Chapter 7 establishes the research directions, main and specific objectives of the 

thesis, and elaborates a rigorous methodology for ensuring and improving the quality of 

complex structures, providing a clear direction for future research. Chapter 8 details the 

innovative contributions made through the combined use of mathematical and experimental 

methods to improve the aerodynamic performance of complex structures. Mathematical models 

validated through experimental tests are presented, demonstrating the efficiency of the 

proposed solutions. Chapter 9 explores the application of the "Six Sigma" methodology for 

improving the quality of complex structural designs. The implementation of the DMAIC 

(Define, Measure, Analyze, Improve, Control) methodology allows for the identification and 

elimination of variations and defects in testing processes, contributing to the optimization of 

structural performance. Chapter 10 addresses the application of the FMEA (Failure Modes and 

Effects Analysis) method for optimizing and improving the quality of processes in the 

aeronautical industry. The implementation of FMEA allows for the proactive identification of 

potential failures and the evaluation of their impact on the overall performance of complex 

structures, contributing to the reduction of risks and improvement of the reliability of testing 

processes. Chapter 11 presents the final conclusions, original contributions, and future research 

directions. The main findings and results obtained are synthesized, emphasizing the impact of 

using advanced technical systems in improving the quality and performance of complex 

structures and proposing the extension of the applicability of the developed methodologies to 

other types of structures and industrial fields. 
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PART I - THE CURRENT STATE OF KNOWLEDGE IN 

QUALITY ASSURANCE AND IMPROVEMENT OF COMPLEX 
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1 THEORETICAL CONSIDERATIONS REGARDING THE PRESENTATION OF 

CHRONOLOGICAL MILESTONES IN CIVIL AND MILITARY AVIATION 

Chapter 1 of this doctoral thesis explores the evolution of civil and military aviation, 

highlighting key chronological milestones and achievements that have significantly influenced 

these fields. The chapter begins with an analysis of the evolution of civil aviation, emphasizing 

the first powered flights and innovations in aircraft construction. Early achievements that paved 

the way for the development of efficient and safe air transport are highlighted. Technological 

innovations and continuous developments have contributed to the improvement of air transport 

safety and efficiency. The chapter continues with the evolution of military aviation, 

emphasizing the first uses of aeronautics for military purposes and the development of 

aeronautical units. 

The chapter provides a necessary historical perspective for understanding the context and 

importance of technological innovations in aviation. The analysis of chronological milestones 

allows for the identification of major trends and challenges, laying the foundation for 

subsequent research on quality and quality assurance in the aerospace field. This theoretical 

foundation is essential for exploring modern methods of improving the performance and safety 

of complex structural profiles. 

2 THEORETICAL CONSIDERATIONS REGARDING THE CURRENT STATE 

OF KNOWLEDGE IN THE FIELD OF QUALITY ASSURANCE AND 

MANAGEMENT IN THE CONTEXT OF THE DOCTORAL RESEARCH TOPIC 

Chapter 2 of the doctoral thesis explores the fundamental theoretical aspects of quality 

and quality assurance, with a particular focus on the context of the aeronautical industry. 

Quality is analyzed through the lens of various associated concepts, including "Total Quality" 

and the "Zero Defects Strategy." These concepts are essential pillars in quality assurance and 

process management, offering significant benefits for improving efficiency, safety, and quality 

in research and development processes within the aeronautical field. The implementation of 

these concepts contributes to achieving an exceptional standard of quality and safety in the 

development of aircraft, equipment, and technologies. 

The chapter details the concept and application of quality management, highlighting the 

importance of international standards such as ISO 9001 and AS9100. These standards provide 

a common and universally accepted framework, facilitating collaboration and information 

exchange between organizations. Quality management involves planning, organizing, 

coordinating, monitoring, and controlling activities to achieve established quality objectives. 

Responsibility for quality management is distributed across all management levels, with top 

management bearing the primary responsibility for coordination. 

The chapter also explores the relationship between quality assurance and management 

and the organization as a system, including research organizations, learning organizations, and 

knowledge-based organizations. These types of organizations play a crucial role in the context 

of a knowledge-based economy, where quality and knowledge management become 

interdependent and essential for long-term success. Additionally, the chapter emphasizes the 

importance of technical quality control within the quality assurance process in the aeronautical 

field. The rigorous evaluation of every aspect of aircraft production, maintenance, and operation 

contributes to maintaining high-quality standards and delivering products and services that meet 

industry requirements. Technical quality control is fundamental to ensuring the integrity and 

safety of aircraft. 

... 
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3 CURRENT STATE OF KNOWLEDGE REGARDING THE IMPROVEMENT OF 

SCIENTIFIC RESEARCH QUALITY IN THE AERONAUTICAL FIELD WITH 

DIRECT REFERENCE TO THE DOCTORAL RESEARCH TOPIC 

Building on the theoretical foundations presented in Chapter 2, where essential concepts 

and the relevant theoretical framework for improving quality and performance in the 

aeronautical field were explored, Chapter 3 continues this analysis by focusing on the current 

state of knowledge in the domain. This chapter is necessary to contextualize and validate the 

applicability of theory in practice, providing a solid basis for the modern methodologies and 

approaches used in aeronautical research. The continuity between these two chapters is crucial 

to ensure a logical and well-founded transition from theory to practical applicability, thereby 

supporting the development of a comprehensive perspective on the research topic. 

... 

This chapter explores the objectives and opportunities that can be implemented within 

the research, as illustrated in Figure 3.1, with the result of immediate positive effects on the 

environmentThese objectives and opportunities are designed to guide research in quality 

assurance and management within the aeronautical industry towards innovative and sustainable 

solutions, with an immediate and positive impact on the environment. Implementing these 

strategies not only brings ecological benefits but also strengthens the reputation of 

organizations regarding social responsibility and sustainability. 

... 

In a context where social and environmental responsibility are becoming increasingly 

central, strategies and key indicators for reducing environmental impact and fuel consumption 

are essential pillars for the sustainable transformation of the aeronautical industry. This 

transition not only brings ecological benefits but also contributes to the sustainable 

consolidation of the industry, addressing the needs of the present while also meeting the 

demands of future generations. (See Figure 3.3) 

 
Fig. 3.1 Strategies for Reducing Environmental Impact and Fuel Consumption in the 

Aeronautical Industry 

In the face of global challenges related to climate change and the need for sustainable 

development, improved aerodynamic efficiency in the aeronautical industry is becoming a 

crucial pillar for achieving sustainability goals and reducing environmental impact. This 
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chapter explores and highlights the significant benefits brought by enhanced aerodynamic 

efficiency in the context of air transport. (Cook G., 2017) 

... 

In conclusion, improved aerodynamic efficiency is a crucial pillar in strategies for 

reducing environmental impact and fuel consumption in the aeronautical industry. The 

implementation of innovative solutions and advanced technologies, as illustrated in Figure 3.5, 

in the design and operation of aircraft is essential for creating a more sustainable and energy-

efficient aeronautical industry. Enhanced aerodynamic efficiency is a fundamental component 

in transforming the aeronautical industry into a more sustainable sector. This evolution not only 

meets society's expectations regarding environmental protection but also brings significant 

economic and technological advantages. Moving forward, the exploration and adoption of 

solutions that optimize aerodynamic performance remain key to positive progress toward 

greener and more efficient aviation. (Gaspar M., 2018) 

 
Fig. 3.2 Key Performance Indicators for Measuring Environmental Impact and Fuel 

Consumption Reduction   

The fleet modernization rate, as shown in Figure 3.6, is a crucial indicator in the 

aeronautical industry's efforts to achieve sustainability goals and reduce environmental impact 

and fuel consumption. This indicator reflects the proportion of new or upgraded aircraft 

compared to the total fleet of a company or industry (O'Connell J., 2016). The adoption of 

advanced technologies is the primary objective of this doctoral thesis, and this aspect has been 

highlighted by presenting key indicators. The fleet modernization rate reflects the extent to 

which advanced technologies are being adopted in current practice. Modern aircraft are 

designed with improved aerodynamic features, more efficient engines, and innovative 

materials, all contributing to reduced fuel consumption and emissions. 

... 

Chapter 3 emphasizes the importance of implementing rigorous standards and structured 

methodologies to improve the quality of scientific research in the aeronautical field, 

highlighting the crucial role of quality assurance in achieving precise and reliable results. The 

chapter also underscores the need for continuous adaptation to new technological challenges 

and the use of effective quality management and evaluation strategies, integrating international 

standards to standardize practices and facilitate collaboration between organizations. 
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4 CURRENT STATE OF KNOWLEDGE REGARDING THE CONCEPTUAL AND 

PRAGMATIC APPROACH TO RISK MANAGEMENT AND SECURITY IN 

APPLIED RESEARCH IN THE FIELD OF AERONAUTICS 

Following the exploration of the current state of knowledge and methodologies used in 

aeronautical research presented in Chapter 3, Chapter 4 continues this endeavor by applying 

these insights concretely to risk management and security in applied research. This transition is 

essential to demonstrate how the theories and practices discussed earlier are implemented in 

practice, thereby ensuring a comprehensive and integrated approach to the research topic. The 

continuity between these two chapters emphasizes the importance of the close connection 

between theoretical knowledge and practical application, underpinning the effectiveness of the 

proposed approach in the doctoral thesis. 

This chapter examines the current state of knowledge in risk management and security 

in the aeronautical field, highlighting both conceptual and pragmatic aspects. Conceptually, risk 

management involves a deep understanding of specific risks, such as human errors and technical 

failures, and the use of frameworks like the "Safety Management System" (SMS) and "Threat 

and Error Management" (TEM) to systematically manage risks. Pragmatically, the focus is on 

the implementation of practical measures and procedures, using advanced tools and 

technologies to reduce the likelihood and severity of unwanted events. The chapter's objectives 

include evaluating the performance of risk management and security systems and developing 

innovative solutions to improve the safety and efficiency of aeronautical operations. 

... 

The concept of operational safety and the concept of security are two areas frequently 

discussed and applied in the aeronautical field, each with its own characteristics and 

implications, as we can observe in Table 4.1. (Brown M.,2019) 

Tab. 4.1 The Concept of Operational Safety vs. The Concept of Security, Applied in the Aeronautical Field 

Safety Security 

Operational safety is primarily concerned 

with the prevention of accidents and incidents within 

aeronautical operations. 

Security in the aeronautical field is concerned 

with protection against intentional acts of interference 

or destruction, such as terrorism or aircraft hijacking. 

This concept focuses on identifying and 

eliminating risks that could lead to unwanted events or 

compromise the operational safety of aircraft and 

associated systems. 

This concept involves the implementation of 

measures and procedures aimed at preventing and 

countering threats to the security of air operations, 

including the protection of airport infrastructure, 

aircraft, and passengers. 

The main methodologies used in ensuring 

operational safety include risk analysis, Failure Modes 

and Effects Analysis (FMEA), Fault Tree Analysis 

(FTA), and Process Hazard Analysis (PHA). 

Security measures can include passenger and 

baggage screening, video surveillance, access 

controls, and other procedures aimed at reducing the 

risk of terrorist attacks or similar incidents. 

The ultimate goal of operational safety is to 

minimize the likelihood of accidents and to protect 

lives and property. 

In contrast to operational safety, which 

focuses on accident prevention, security aims at 

preventing and countering intentional acts of violence 

or sabotage. 

The differences between these two concepts are essential in defining and implementing 

policies and procedures in the aeronautical field. While operational safety focuses on managing 

accidental and natural risks, security targets intentional threats and malicious actions. In 

practice, however, these two aspects are often integrated into a holistic approach to ensuring 

the integrity of air operations. (Kearns S. K., 2018) 

... 

The current state of knowledge in risk management and security in applied research 

within the aeronautical field reflects significant advancements both theoretically and 

practically. In recent decades, there has been a deepened understanding of the complexity of 

risks and threats specific to this field, with conceptual frameworks such as the "Safety 

Management System" (SMS) and "Threat and Error Management" (TEM) providing a solid 
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foundation for a proactive approach to operational risks. Simultaneously, applied research has 

contributed to the development and implementation of pragmatic solutions, including advanced 

technologies and monitoring systems, aimed at minimizing risks and ensuring a high level of 

security. The performance evaluation of these systems and technologies has been essential, 

carried out through empirical studies, computer simulations, and data analysis, which have 

provided valuable insights for the continuous improvement of risk management practices. 

Moreover, the emphasis on innovation and continuous development has been crucial, with 

collaboration between industry, academia, and regulatory authorities playing a key role in 

adapting to emerging risks and threats. In conclusion, progress in risk management and security 

in aeronautics is based on a synthesis of solid conceptualization, practical application, and 

continuous innovation, all contributing to the enhancement of safety and efficiency in 

aeronautical operations.. 

5 CURRENT STATE OF KNOWLEDGE IN THE FIELD OF THE DOCTORAL 

RESEARCH TOPIC REGARDING THE USE OF ADVANCED TECHNICAL 

SYSTEMS WITHIN A RESEARCH ORGANIZATION FOR THE STUDY OF 

IMPROVING THE QUALITY OF COMPLEX STRUCTURAL PROFILES 

This chapter builds on the conclusions and perspectives developed in the previous 

chapter, highlighting how security requirements and risk management influence the evolution 

and dynamics of market segments. It examines the current state of knowledge regarding the use 

of advanced technical systems, such as wind tunnels, to improve the quality of complex 

structural profiles in the aeronautical and aerospace fields. Wind tunnels are essential for testing 

and evaluating vehicles under controlled conditions, contributing to the design and 

development of more efficient and safer models. The current state of research in this field is 

promising, indicating a clear direction towards innovation and continuous progress in 

aeronautical and aerospace engineering. (Abdus  A., 2020) 

... 

In conclusion, the current state of knowledge regarding the use of advanced technical 

systems for studying the improvement of the quality of complex structural profiles 

demonstrates significant progress in the application of modern technologies in research. 

However, there are still challenges and opportunities for innovation and continuous 

development in this field. The future research directions to be addressed in this doctoral thesis 

will focus on improving the efficiency and accuracy in the process of enhancing the quality of 

complex structural profiles. 

6 CONCLUSIONS REGARDING THE CURRENT STATE OF KNOWLEDGE IN 

THE FIELD OF QUALITY ASSURANCE AND IMPROVEMENT OF COMPLEX 

STRUCTURAL PROFILES USING ADVANCED TECHNICAL SYSTEMS 

The first part of the research aims to clarify the concept of quality in the aeronautical 

field. The choice of this doctoral topic is based on the significant importance of the quality 

management system in current products and services. 

The analysis of literature and previous research reveals an increased interest in the use 

of advanced technical systems for the study and improvement of structural profiles in the 

aeronautical industry. There is a general recognition of the importance of developing innovative 

technologies and methods to optimize aircraft performance and safety. 

Existing methods and technologies currently used in research organizations within the 

aeronautical field for studying and improving complex structural profiles have been identified 

and analyzed. These include advanced modeling and simulation techniques, computational 

structural analysis, the use of composite materials, and the development of structural integrity 

monitoring systems. 
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PART II - Contributions to Improving the Quality of Complex 

Profile Structures Using Advanced Technical Systems 
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7 DIRECTIONS, MAIN OBJECTIVE, SPECIFIC OBJECTIVES, AND RESEARCH 

METHODOLOGY FOR ENSURING AND IMPROVING THE QUALITY OF 

COMPLEX PROFILE STRUCTURES USING ADVANCED TECHNICAL 

SYSTEMS  

This chapter is essential for defining the conceptual and methodological framework 

necessary to ensure and improve the quality of complex profile structures. In an era where the 

demands for superior aerodynamic performance and structural efficiency are constantly 

increasing, the use of advanced mathematical and experimental methods becomes fundamental. 

This chapter aims to describe the main research directions that will guide the investigations and 

development efforts within this doctoral thesis. 

To improve aerodynamic performance and ensure structural quality, the research will 

focus on four main directions: aerodynamic characteristics analysis, mathematical modeling, 

experimental methods, and the application of quality improvement methods. These directions 

are further detailed to provide a clear understanding of the scientific and technical approach, as 

illustrated in Figure 7.1.  

 
Fig. 7.1 Main Research Directions 

By addressing these research directions, the doctoral thesis aims to make a significant 

contribution to improving the aerodynamic performance of complex structural designs, while 

also ensuring their quality and efficiency.  

7.1 Main objective and specific objectives proposed in the doctoral research  

Specific Objectives: 

• Develop advanced mathematical models for simulating aerodynamic flow 

around complex profile structures. 

• Identify critical points and optimization opportunities in aerodynamic design. 

• Conduct precise wind tunnel experiments to validate mathematical and 

theoretical models. 

• Collect and analyze empirical data to adjust and improve the design of 

structures. 

• Propose and test design modifications to reduce aerodynamic drag. 

• Evaluate the impact of these modifications on lift and overall performance of 

the structures. 

• Apply the DMAIC (Define, Measure, Analyze, Improve, Control) approach to 

identify and eliminate variations and defects in testing processes. 

• Design and implement solutions for continuous quality optimization and control. 

• Proactively identify potential failure modes in aerodynamic testing processes. 

• Evaluate impact and prioritize risks by calculating the Risk Priority Number 

(RPN). 

• Develop and implement corrective and preventive measures to minimize 

identified risks. 
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• Document the methodology, results, and lessons learned from the application of 

testing and optimization methods. 

• Publish and present the research results to the scientific and industrial 

community to encourage the adoption of best practices and innovations in the 

field. 

By achieving these specific objectives, the doctoral research will make significant 

contributions to improving the quality, aerodynamic performance, and durability of complex 

profile structures. The integrated approach, combining mathematical modeling, experimental 

validation, Six Sigma methodology, and FMEA analysis, will demonstrate the effectiveness 

and applicability of the proposed solutions, thus advancing knowledge and practices in 

aeronautical and structural engineering. These accomplishments open new avenues for future 

research and industrial implementations, ensuring continuous progress in the development of 

efficient, safe, and durable aerodynamic structures. 

7.2  Proposed research methodology in the doctoral research 

The proposed research methodology involves an integrated and systematic approach, 

combining advanced mathematical methods, rigorous experimental testing, and quality 

management techniques to improve complex profile structures. This includes a literature review 

for theoretical grounding, the design and execution of wind tunnel experiments, and the 

development and validation of mathematical models for simulating aerodynamic behavior. 

Additionally, the methodology applies the DMAIC approach of the Six Sigma method for 

process optimization and control, and uses FMEA analysis to identify and minimize potential 

risks. Through this combination of methods, the research aims to ensure the quality, 

performance, and durability of aerodynamic structures. 

The proposed research methodology is designed to systematically and rigorously address 

the research objectives by integrating mathematical methods, experimental testing, and quality 

management techniques. In the first stage, a detailed literature review will be conducted to 

establish the theoretical foundation and identify existing gaps. The next stage involves the 

experimental phase, where the technical specifications and procedures necessary for testing the 

structures in wind tunnels will be defined. 

8 CONTRIBUTIONS TO IMPROVING THE AERODYNAMIC PERFORMANCE 

OF COMPLEX PROFILE STRUCTURES USING CERTAIN MATHEMATICAL 

AND EXPERIMENTAL METHODS 

8.1 Contributions to the analysis of specific characteristics of standard aerodynamic 

profiles using the wind tunnel 

This subchapter focuses on the analysis of the aerodynamic characteristics of standard 

profiles using the wind tunnel. The study begins with the presentation of a standard 

aerodynamic profile and the investigation of its specific characteristics, with an emphasis on its 

symmetry. During the experiments, aerodynamic coefficients such as the lift coefficient and 

drag coefficient were measured for different angles of incidence. The results highlighted the 

sensitivity of these coefficients to variations in the Reynolds number. The analyses led to 

important conclusions regarding the aerodynamic performance of the profile, emphasizing the 

need for improvements to optimize it for aeronautical applications.  

8.2 Contributions to the analysis of the aerodynamic performance of a selected 

symmetric profile   

This subchapter explores the aerodynamic performance of a specific symmetric airfoil 

profile, considered relevant for modern applications such as UAVs and MAVs. The study 

analyzed the effect of the Reynolds number on the aerodynamic behavior of the profile, noting 
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that at low Reynolds numbers, the boundary layer tends to separate prematurely, thereby 

reducing lift and increasing drag. The experiments confirmed the importance of these factors in 

optimizing the aerodynamic performance of the profile, providing essential data for improving 

its design. 

8.3 Contributions to the mathematical modeling of airflow around the selected standard 

(symmetric) aerodynamic profile 

Chapter 8.3 focuses on the mathematical modeling of airflow around a symmetric 

aerodynamic profile, adapted with a high-lift system. Mathematical modeling was approached 

as an essential method for predicting the aerodynamic behavior of the selected profile, thus 

allowing for a detailed analysis of the effects of the high-lift system and variability depending 

on angles of attack. The necessity of this research is underscored by the increasing performance 

demands in the aeronautical industry, where predictive modeling helps identify the most 

efficient design solutions. 

Figures 8.31, 8.32, and 8.33 illustrate the velocity and pressure contours around the 

aerodynamic profile at different angles of attack, highlighting how these variables are 

influenced by adjustments to the high-lift system.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8.1 The velocity and pressure contours for the NACA 0018 profile with 

high-lift system at a 0-degree angle of incidence 

Fig. 8.22 The velocity and pressure contours for the NACA 0018 profile 

with high-lift system at a 10-degree angle of incidence 
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Overall, the chapter highlights the importance of integrating mathematical modeling 

into the processes of aerodynamic development and optimization, emphasizing its critical role 

in achieving superior performance and improving the efficiency of aeronautical systems. The 

proposed model, validated through the presented experiments, demonstrates the effectiveness 

of the developed solutions and significantly contributes to the advancement of knowledge in 

the field of aerodynamic engineering. 

 

8.4 Contributions to the use of qualitative methods for visualizing airflow using models 

Chapter 8.4 of the doctoral thesis addresses the contributions made in the use of 

qualitative methods for visualizing airflow using aerodynamic models. These methods are 

essential for visually and intuitively understanding the behavior of airflow around models, 

allowing researchers to identify complex aerodynamic phenomena that may be difficult to 

observe and analyze using only quantitative methods. 

The chapter describes the application of these methods in detail, highlighting their 

importance in validating numerical models and identifying areas with aerodynamic issues. It 

also discusses aspects related to minimizing risks associated with the use of these methods, 

emphasizing the need for rigorous personnel training and the implementation of strict safety 

protocols. The chapter dedicated to the holistic qualitative methodology for risk minimization 

presents a complex and integrated approach, essential for ensuring the reliability and validity 

of research in aerodynamics. 

The methodology begins with the identification of risks associated with each step of the 

experimental process. This stage involves a detailed analysis of potential sources of errors, 

including measurement errors, subjective interpretation of visual data, or unexpected variations 

in experimental conditions. Risk identification is followed by evaluation and management, 

where each risk is analyzed based on its potential impact on the results and the likelihood of 

occurrence. In this phase, specific strategies are developed to minimize or eliminate the 

identified risks. This approach is crucial for preventing unwanted events that could compromise 

the integrity and safety of the experiments while ensuring that the results obtained are robust 

and relevant for practical application in the aeronautical industry. 

In conclusion, the chapter emphasizes that qualitative methods for visualizing airflow are 

indispensable tools in aerodynamic research, providing valuable insights that can contribute to 

the development of efficient and innovative aerodynamic solutions. These methods 

complement the data obtained from numerical simulations, ensuring rigorous validation and a 

deeper understanding of the phenomena studied. 

8.5 Conclusion 

The conclusion emphasize the importance of the methods used for analyzing and 

optimizing the aerodynamic performance of complex profile structures. The study 

demonstrated the effectiveness of using mathematical modeling and qualitative methods for 

Fig. 8.33 The velocity and pressure contours for the NACA 0018 profile 

with high-lift system at a 15-degree angle of incidence 



 

Thesi s  

Summary  

CONTRIBUTIONS TO IMPROVING THE QUALITY OF 

COMPLEX PROFILE STRUCTURES USING ADVANCED 

TECHNICAL SYSTEMS  

El iza  -  Ioana  

V.  ALBU 

(Căs .  

APOSTOL)   
 

- 22 - 

 

visualizing airflow, as well as the relevance of adapting these methods to meet the current needs 

of the aeronautical industry. Additionally, the importance of integrating a holistic risk 

minimization methodology in research and development processes was highlighted, thereby 

ensuring a high level of safety and reliability of the results. 

The chapter concludes that the approaches used allowed for a deep and detailed 

understanding of complex aerodynamic phenomena and contributed to the advancement of 

knowledge in the field of aeronautical engineering. The results obtained not only validate the 

proposed methods but also provide a solid foundation for future research and practical 

applications in the development of advanced aerodynamic technologies. 

These conclusions reinforce the original contributions of the thesis, demonstrating the 

significant impact of the research in optimizing aerodynamic performance and improving 

design and testing processes in the aeronautical field.. 

9 CONTRIBUTIONS TO THE APPLICATION OF THE "SIX SIGMA" METHOD 

FOR IMPROVING THE QUALITY OF COMPLEX PROFILE STRUCTURES 

USED IN THE DOCTORAL RESEARCH  

This chapter investigates the application of the Six Sigma methodology in aeronautical 

research, focusing on the implementation of the DMAIC (Define, Measure, Analyze, Improve, 

Control) approach to optimize the development processes of complex structural designs. Six 

Sigma, recognized for improving quality and reducing variations in industrial processes, is used 

to ensure excellence and reliability in aerodynamic structures. The chapter presents the 

theoretical foundation of the method in this context, followed by practical case studies that 

demonstrate its implementation. The emphasis is on the analysis of experimental data and the 

identification of deficiencies in the performance of the structures, which are then addressed and 

corrected using specific Six Sigma tools. 

This chapter aims to demonstrate how the application of the Six Sigma methodology can 

significantly contribute to improving the quality and efficiency of complex aerodynamic 

structures, providing a systematic and rigorous framework for addressing challenges in 

aeronautical research. Through this methodology, the doctoral research can achieve a higher 

level of precision and reliability in technical aeronautical development. 

9.1 Application of the Six Sigma method in aeronautical research: concepts, 

implementation, and the DMAIC approach 

Chapter 9.1 of the doctoral thesis examines the application of the Six Sigma method in 

aeronautical research, highlighting the crucial role of this method in improving the quality and 

efficiency of complex aerodynamic structures. Six Sigma, recognized for its ability to reduce 

variations and eliminate defects in industrial processes, is adapted to optimize aeronautical 

research and development processes. The chapter details the implementation of the DMAIC 

(Define, Measure, Analyze, Improve, Control) cycle, emphasizing the importance of each stage, 

from defining objectives and measuring performance to analyzing, implementing improvement 

solutions, and continuous process control. 

The chapter also presents case studies illustrating how the Six Sigma method was 

applied in applied research within subsonic wind tunnels, highlighting the positive impact on 

the quality and relevance of experimental results. These concrete examples demonstrate that 

the rigorous application of the methodology can lead to significant improvements in testing and 

development processes in aeronautics, thus contributing to the advancement of aerodynamic 

technologies. In conclusion, Chapter 9.1 argues that integrating the Six Sigma method into 

aeronautical research not only enhances the quality and efficiency of processes and products 

but also strengthens competitiveness in the aeronautical industry, ensuring compliance with the 

highest performance standards. 
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9.2 Exploring applied research in subsonic wind tunnels: implications for aeronautical 

technical development and integration of the Six Sigma method 

In aeronautical research, optimizing the testing process in wind tunnels is a crucial 

aspect for improving the efficiency and accuracy of the aerodynamic parameters obtained. In 

this context, the DMAIC (Define, Measure, Analyze, Improve, Control) approach provides a 

robust methodological framework for identifying and solving problems encountered during the 

testing process. 

Through this chapter, the aim of this doctoral thesis is to investigate and apply the 

DMAIC approach to improve the efficiency of processes within aeronautical research projects, 

with a focus on optimizing the aerodynamic parameters resulting from wind tunnel testing. 

... 

 

Fig. 9.1 The methodology for applying the DMAIC method 

Applied research is a crucial component in the evolution of the aeronautical industry, 

providing practical and innovative solutions for improving the performance, safety, and 

efficiency of aircraft. This chapter explores the role and impact of applied research in 

aeronautical technical development, highlighting its significant benefits and contributions. The 

Six Sigma method represents a structured and data-driven approach to process and outcome 

improvement across various fields, including applied research in subsonic wind tunnels. 

Implementing the Six Sigma method in these research activities can enhance the efficiency, 

consistency, and relevance of experimental results. The methodology for applying the Six 

Sigma method, as discussed in this doctoral thesis, is presented in Figure 9.3. 

9.3 Analysis and Improvement of Complex Profile Structure Performance in Subsonic 

Wind Tunnels: A Case Study in the Implementation of the Six Sigma Method  

Chapter 9.3 of the doctoral thesis focuses on the analysis and improvement of the 

performance of complex profile structures used in subsonic wind tunnels, using the DMAIC 

methodology, a key tool within Six Sigma. 

The chapter begins with the establishment of research objectives, which include reducing 

experimental errors and optimizing testing processes. In this Define phase, the critical 

parameters that influence the aerodynamic and structural performance of these structures were 
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identified. Then, in the Measure phase, performance indicators were established, and data was 

collected to evaluate the processes and experimental results. 

... 

 

Fig. 9.2 The Define Phase of the Six Sigma Method in the Context of the Research 

Topic  

The analysis involved the use of statistical and analytical techniques to identify potential 

sources of errors and variations. The Ishikawa diagram, Figure 9.16, was used to categorize and 

organize the potential causes of these deficiencies, including factors such as profile design, 

testing conditions, surface quality of the wing, and airflow conditions in the wind tunnel. This 

diagram provided a clear visualization of the root causes, facilitating their identification and 

resolution.  

 
 

Fig. 9.3 Ishikawa Diagram for Root Cause Identification  
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 By using the Ishikawa diagram, we were able to identify and address the root causes of 

deficiencies, thereby improving the performance of the wing profile and reducing the variability 

of aerodynamic coefficients. 

 
Fig. 9.4 Analysis and corrective actions 

The Pareto chart was applied to analyze the frequency of deficiency causes, following 

the 80/20 principle. It was found that the most frequent deficiencies were related to the surface 

quality of the wing profile, followed by inadequate testing procedures and variations in airflow 

conditions, with these three categories accounting for 51.67% of the total identified 

deficiencies. 

The next phase, Improvement, involved developing and implementing solutions to reduce 

variability and experimental errors, followed by testing these solutions to assess their impact 

on the quality of results. Finally, in the Control phase, standardized procedures and a continuous 

monitoring system were established to ensure the consistency and reliability of experimental 

results. These efforts led to a significant improvement in the quality and efficiency of 

aerodynamic experiments in subsonic wind tunnels, thereby contributing to overall progress in 

the aeronautical field. 

9.4 Analysis of the Impact of Implementing the Six Sigma Method and Interpretation 

of the Results Obtained 

This chapter focuses on evaluating the impact of implementing the Six Sigma method 

in applied research conducted in subsonic wind tunnels. The primary goal of this analysis is to 

determine the effects on the quality and efficiency of the aerodynamic structures tested. The 

implementation of the Six Sigma method in applied research conducted in subsonic wind 

tunnels was analyzed and assessed to determine its impact on the quality and efficiency of the 

aerodynamic structures tested. 

The impact of the Six Sigma method implementation was evaluated by following the 

steps outlined in Figure 9.21: 
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Fig. 9.5 The impact of implementing the Six Sigma method 

This chapter focuses on evaluating the impact of implementing the Six Sigma method 

in applied research conducted in subsonic wind tunnels. Specifically, the analysis is centered 

on determining the effects of this methodology on the quality and efficiency of the aerodynamic 

structures tested. 

The Six Sigma method, known for its rigorous and data-driven approach, was applied 

to optimize experimental processes and improve the results obtained. The impact assessment 

involved key stages such as defining objectives, measuring performance, analyzing data, 

improving processes, and controlling improvements. 

The results of the method's implementation showed significant improvements in 

measurement accuracy, reduction of variability, and optimization of aerodynamic testing 

processes. A detailed analysis demonstrated the efficiency of the Six Sigma methodology in 

eliminating the root causes of variability and errors, thereby contributing to technological 

advancement in the aeronautical field. 

... 

This chapter also presents the results obtained from the implementation of the Six Sigma 

method and the improvements made in aeronautical research processes. According to this 

chapter, the application of the methodology led to a significant reduction in measurement 

variability and an increase in the consistency of experimental data. These improvements were 

essential for the validity of experimental results, allowing for a more accurate interpretation of 

the aerodynamic behavior of the tested structures. Additionally, the chapter highlights the 

efficiency of the Six Sigma method in improving the quality and reliability of data, contributing 

to process optimization and increased operational efficiency in aerodynamic research. 

10 CONTRIBUTIONS TO THE APPLICATION OF THE FMEA METHOD FOR 

IMPROVING THE QUALITY OF RELATED PROCESSES INTEGRATED INTO 

THE DOCTORAL RESEARCH 

10.1 Introduction to the application of the FMEA method for optimizing performance 

and process reliability in the aeronautical industry 

This chapter emphasizes the importance of improving the quality and reliability of 

processes in aeronautical research, highlighting the crucial role of the FMEA (Failure Modes 
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and Effects Analysis) method. FMEA was applied in the doctoral research to identify and 

eliminate deficiencies in aerodynamic testing processes, leading to enhanced quality, increased 

reliability, process optimization, and cost reduction. The FMEA method has proven to be an 

essential tool for technological advancement and ensuring excellence in aeronautical research. 

The main goal of this study is to implement and evaluate the effectiveness of the FMEA 

method in both fundamental and applied research within the aeronautical field. By using this 

method, the study aims to identify and eliminate potential deficiencies in aerodynamic testing 

processes, thereby improving the quality and reliability of experimental results. The ultimate 

objective of applying the FMEA method is to optimize the performance and reliability of 

aeronautical processes, contributing to technological development and continuous innovation 

in this domain. 

Research on the application of FMEA in aeronautical processes is particularly relevant 

due to the stringent safety, performance, and reliability requirements in this industry. The 

aeronautical industry constantly faces challenges related to preventing deficiencies and 

ensuring high-quality products and processes. Therefore, FMEA provides a systematic 

framework for identifying and managing risks associated with these deficiencies. 

The doctoral research on the application of the FMEA method makes significant 

contributions to the aeronautical field, both theoretically and practically, as presented in Figure 

10.1: 

 
Fig. 10.1 Original contributions on the implementation of the SixSigma method 

The relevance and contribution of the research on the application of the FMEA method 

in aeronautical processes are evident through the benefits brought in terms of safety, quality, 

and efficiency. This research demonstrates how the use of a rigorous deficiency analysis method 

can lead to significant improvements in the performance and reliability of processes, thereby 

supporting technological development and innovation in the aeronautical industry. 

10.2 Theoretical foundation for the application of the FMEA method for optimizing 

process performance and reliability in the aeronautical industry 

In the aeronautical industry, optimizing process performance and reliability is essential 

for ensuring safety and operational efficiency. Various methods and techniques are employed 

to identify, analyze, and improve critical processes. This section presents the theoretical 

foundations of applying the FMEA method, along with other complementary methods for 

optimizing process performance and reliability, as illustrated in Figure 10.2: 
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Fig. 10.2 Methods for optimizing process performance and reliability 

Optimizing process performance and reliability in the aeronautical industry is essential 

for ensuring safety and operational efficiency. The FMEA method, along with other 

complementary methods such as Six Sigma, Lean Manufacturing, and TQM, provides a robust 

framework for identifying and managing risks associated with process deficiencies. The 

application of these methods contributes to continuous development and innovation in the 

aeronautical industry, thereby ensuring a high level of quality and reliability in products and 

processes. 

... 

In the aeronautical industry, risk analysis is crucial for ensuring the safety, performance, 

and reliability of processes and products. Risk analysis involves identifying, assessing, and 

managing factors that could negatively impact the performance of a process or product. The 

FMEA (Failure Modes and Effects Analysis) method, as illustrated in Figure 10.3, is an 

effective and systematic tool used to identify and evaluate failure modes and their effects. 

 

Fig. 10.3 Risk analysis 
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Risk analysis and the application of the FMEA method are essential for optimizing process 

performance and reliability in the aeronautical industry. By effectively identifying and 

managing risks, companies can ensure a high level of safety and quality, thus contributing to 

continuous development and innovation in this field. The FMEA method provides a robust 

framework for detailed deficiency analysis and the implementation of necessary corrective 

measures, thereby ensuring excellence in aeronautical processes. 

... 

Integrating the FMEA method into experimental research in the aeronautical industry offers 

a systematic framework for identifying and managing risks associated with process and product 

deficiencies. This process contributes to improving the quality and reliability of results, 

optimizing testing, and enhancing safety and performance. FMEA allows for the early 

identification of risks, the implementation of corrective measures, and continuous process 

monitoring, thereby ensuring superior performance and supporting development and innovation 

in the aeronautical field. 

10.3 Methodology and various approaches in using the FMEA method for improving 

process performance and reliability in the aeronautical industry 

Planificarea Research planning is a critical step in using the FMEA (Failure Modes and 

Effects Analysis) method to improve process performance and reliability in the aeronautical 

industry. This phase involves clearly defining objectives, establishing the working team, 

identifying the necessary resources, and developing a detailed action plan. 

In the previous chapter, the application of the Six Sigma methodology was discussed, 

focusing on reducing variability and improving quality in aeronautical processes through the 

systematic DMAIC (Define, Measure, Analyze, Improve, Control) approach. This 

methodology enabled the identification and elimination of critical variations in processes, 

ensuring greater consistency and accuracy in experimental results. 

The study presented in this chapter continues the logic of Six Sigma implementation, 

using the FMEA method as an additional and complementary step to deepen risk analysis. 

While Six Sigma focused on reducing variability through process optimization, FMEA is 

applied to proactively identify and manage potential failure modes that could affect the 

reliability of aerodynamic pressure sensors. 

Research planning remains a critical stage in applying the FMEA method, involving 

clear objective setting, team formation, resource identification, and the development of a 

detailed action plan. 

 

Fig. 10.4 Definirea obiectivelor pentru procesul de integrare al metodei FMEA în 

cercetările experimentale 
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... 

Detailed research planning is essential for the effective use of the FMEA method in 

improving process performance and reliability in the aeronautical industry. The concrete 

example presented demonstrates how a structured and systematic approach can lead to 

significant improvements in measurement variability and the overall quality of experimental 

processes. 

In the aerodynamic testing process, defining the processes and identifying risks are crucial 

for ensuring the quality and reliability of measurements. The testing process is divided into 

distinct stages: wind tunnel preparation, sensor installation, test execution, data analysis, and 

periodic maintenance/calibration. Each stage is evaluated to identify potential failure modes, 

their causes, and effects. Risks may include testing equipment failure, improper sensor 

installation, unstable testing conditions, incorrect data interpretation, and lack of periodic 

calibration. Identifying these risks enables the development of corrective measures to reduce 

variability and improve the performance of aeronautical processes. 

Furthermore, quality management has been integrated into experimental research to 

enhance the performance and reliability of aeronautical processes. This subchapter focuses on 

the systematic application of quality management principles within aerodynamic experiments, 

ensuring that each stage of the testing and development process is carried out according to the 

highest standards. Through this integration, we have optimized processes, monitored 

improvements, and ensured the consistency and reliability of the results obtained. This effort 

was crucial for achieving the established objectives and reinforcing the impact of the research 

in the aeronautical field. 

Additionally, we addressed the techniques and tools used in risk analysis and quality 

management. This subchapter provides a detailed perspective on the various methods and 

technologies applied to effectively identify and manage risks in aeronautical processes. We 

analyzed and compared the available tools for quality monitoring and implementing the 

necessary corrective measures, thus ensuring continuous improvement in process performance 

and reliability. This section is crucial for understanding how these tools can be integrated into 

the FMEA methodology to optimize research outcomes. 

 

10.4 Analysis of Complex Profile Structures in Subsonic Wind Tunnels 

This chapter focuses on the analysis of complex profile structures in subsonic wind 

tunnels, integrated within the doctoral research on the application of the FMEA (Failure Modes 

and Effects Analysis) method to improve the quality of related processes. By integrating the 

FMEA method into the analysis of complex profile structures in subsonic wind tunnels, a 

systematic and proactive approach can be ensured to enhance the quality and reliability of 

related processes within the doctoral research. 

... 

The process of identifying and evaluating risks in complex profile structures within 

subsonic wind tunnels is essential to ensure their integrity and performance. This process 

involves several key stages. By following these stages, the identification and evaluation of risks 

associated with complex profile structures in subsonic wind tunnels are carried out 

systematically and comprehensively, thereby contributing to the improvement of the quality 

and safety of related processes in the doctoral research. 

To concretely illustrate the risk identification and evaluation process, we will take the 

example of a complex profile, such as an advanced aerodynamic profile tested in a subsonic 

wind tunnel as part of a research project. The goal of this profile, shown in Figure 10.7, is to 

improve the aerodynamic performance of a new vehicle configuration. 
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Fig. 10.5 Defining the critical component and objective 

The risk identification is presented in Table 10.4.: 

Tab. 10.1 Identifying risks in improving aerodynamic performance 

No. Failure mode Cause Effect 

1 

Structural 

deformation under 

aerodynamic load. 

Aerodynamic loads higher 

than anticipated, poor 

material, manufacturing 

defects. 

Degradation of aerodynamic 

performance, possible airfoil 

damage during tests, compromise 

of experimental results. 

2 

Separation of air 

flow on the surface 

of the profile 

Non-optimized geometry, 

rough surfaces, instabilities 

in the subsonic tunnel. 

Increased aerodynamic drag, 

decreased lift, unexpected 

vibrations and noises. 

3 
Cracking and 

material fatigue. 

Repetitive loading cycle, 

initial defects in the material, 

lack of adequate heat 

treatment. 

Crack development, potential 

breakage during testing, need for 

repairs and re-testing. 

 

Risk assessment is an essential process for identifying, analyzing, and prioritizing 

potential defects and issues that may arise in the project. This involves determining the 

likelihood of each risk occurring, evaluating the severity of its consequences, and analyzing the 

detection capability before the risk causes negative effects. Risk assessment helps improve the 

quality and reliability of products and processes, thereby contributing to the success of projects 

and operational safety, as shown in Table 10.5. 
Tab. 10.2 Risk assessment in the context of the research topic 

Failure 

mode 
S O D RPN 

1 7 5 6 210 

2 6 6 5 180 

3 8 4 4 128 

By applying these measures and continuous monitoring, the risks associated with the 

complex profile tested in subsonic wind tunnels can be significantly reduced, thereby ensuring 

optimal performance and long-term reliability. This detailed approach underscores the 

importance of the FMEA method in improving the quality of related processes within the 

doctoral research. 

... 

The implementation of corrective solutions identified through the FMEA method led to 

significant improvements in the structural and aerodynamic performance of the wing profile. 

The reduction of deformation, elimination of cracks, and optimization of airflow contributed to 

achieving the project objectives, demonstrating the effectiveness of the FMEA methodology in 

enhancing the quality and reliability of aerodynamic research projects.  

 



 

Thesi s  

Summary  

CONTRIBUTIONS TO IMPROVING THE QUALITY OF 

COMPLEX PROFILE STRUCTURES USING ADVANCED 

TECHNICAL SYSTEMS  

El iza  -  Ioana  

V.  ALBU 

(Căs .  

APOSTOL)   
 

- 32 - 

 

11  FINAL CONCLUSIONS, ORIGINAL CONTRIBUTIONS, AND FUTURE 

RESEARCH DIRECTIONS ON THE DOCTORAL RESEARCH TOPIC  

11.1 Final Conclusions 

This doctoral thesis explored various aspects of improving the quality of complex profile 

structures using advanced technical systems, with a particular focus on the aeronautical field. 

Each chapter of the work contributed to forming a comprehensive understanding of the doctoral 

research topic. 

The first part of the thesis focuses on establishing the theoretical and conceptual 

foundations of quality and risk management in the aeronautical industry, analyzing essential 

standards, their importance, as well as the methods and processes that ensure the safety and 

performance of aeronautical structures. 

The second part of the thesis builds on these theoretical foundations and applies them in 

the context of applied and experimental research, exploring the use of advanced technical 

systems and cutting-edge technologies to optimize the quality of complex structural profiles. In 

this part, we transitioned from analyzing and understanding theoretical concepts to the practical 

implementation of this knowledge, demonstrating how new technologies and methods can 

improve safety, performance, and efficiency in the aeronautical field. 

Chapter 1 provides a detailed overview of the evolution of aviation, highlighting the 

essential contributions of Romanian pioneers. Their technological innovations laid the 

foundation for the modern development of both civil and military aviation. 

Chapter 2 emphasizes the importance of quality assurance and management concepts in 

the aeronautical industry. The analysis showed that international standards like ISO 9001 and 

AS9100 are essential for standardizing quality practices and facilitating collaboration between 

organizations. It also highlighted the need for adaptability in applying these concepts in the 

context of rapid technological innovations and strict regulatory requirements. 

Chapter 3 underscores the importance of implementing high standards and rigorous 

methods to improve the quality of scientific research in the aeronautical field. Current quality 

assurance practices are essential for obtaining accurate and reliable results necessary for 

developing aeronautical technologies. This chapter laid the theoretical groundwork for the 

empirical and applied contributions of the doctoral research. 

Chapter 4 highlights the importance of risk management and safety in applied 

aeronautical research. The conceptual and pragmatic approaches to these aspects are crucial for 

ensuring the safety and reliability of aeronautical systems. The analysis emphasized the need 

for effective risk management to prevent failures and accidents, as well as to protect the 

integrity of aeronautical structures. 

Chapter 5 underscores the critical role of advanced technical systems in researching and 

improving the quality of complex profile structures. The use of technologies such as wind 

tunnels and advanced simulation and testing methods allows for precise and detailed 

measurements, essential for optimizing structural performance. This chapter highlighted the 

benefits of these technologies in conducting rigorous assessments and developing innovative 

solutions for challenges in the aeronautical field. 

Chapter 6 provides a synthesis of the current state of knowledge regarding the assurance 

and improvement of the quality of complex profile structures using advanced technical systems. 

The analysis emphasizes the importance of implementing strict standards and using advanced 

technologies to achieve safe and reliable aeronautical structures. The need for close 

collaboration between researchers, engineers, and regulatory authorities to innovate and 

optimize quality assurance processes is highlighted. 

Chapter 7 clearly presents the research directions, main objective, specific objectives, and 

methodology used to ensure and improve the quality of complex profile structures. The main 

objective is to develop and implement innovative solutions for optimizing structural 
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performance. Specific objectives include identifying and applying advanced testing and 

modeling methods. The proposed research methodology combines theoretical and experimental 

approaches, using advanced technical systems to ensure the accuracy and efficiency of quality 

evaluation and improvement processes. The chapter emphasizes the importance of a rigorous 

and well-structured methodology to obtain relevant and applicable results in the industry. 

Chapter 8 details how the combined use of mathematical and experimental methods led 

to significant improvements in the aerodynamic performance of complex profile structures. 

Advanced mathematical methods allowed for the modeling and simulation of aerodynamic 

flow, identifying critical points for optimization. Tests conducted in wind tunnels provided 

precise data, validating theoretical models and enabling design adjustments. The proposed 

modifications reduced aerodynamic drag and increased lift, confirming the effectiveness of the 

solutions through additional tests. The main conclusion is that integrating mathematical 

approaches with experimental ones is essential for optimizing aerodynamic performance in the 

aeronautical field. 

Chapter 9 explores the application of the Six Sigma method to improve the quality of 

complex profile structures. Implementing the Six Sigma methodology, using the DMAIC 

(Define, Measure, Analyze, Improve, Control) approach, allowed for the identification and 

elimination of variations and defects in manufacturing and testing processes. Detailed analyses 

led to a deep understanding of the root causes of quality issues. The proposed and implemented 

optimizations significantly reduced defect rates and improved the uniformity and reliability of 

structures. The application of this method demonstrated the effectiveness of Six Sigma in 

achieving more efficient processes and higher-quality products, thereby contributing to the 

overall improvement of structural performance in the aeronautical field. 

Chapter 10 details the application of the FMEA (Failure Modes and Effects Analysis) 

method to optimize and improve the quality of related processes. The implementation of FMEA 

allowed for the proactive identification of potential failures and the assessment of their impact 

on overall performance. Through rigorous analysis of failure modes and their effects, effective 

preventive measures were proposed and implemented. This approach led to a significant 

reduction in risks and improved process reliability. The chapter emphasizes that using FMEA 

is essential for enhancing quality and safety in the development of complex profile structures, 

demonstrating the benefits of this method within the doctoral research. 

11.2 Original Contributions 

The first part of the doctoral thesis makes significant contributions to the field of aviation 

by providing a detailed perspective on the evolution of aviation and highlighting the essential 

contributions of pioneers. I emphasized the importance of implementing rigorous standards and 

effective quality management in the aeronautical industry, demonstrating the crucial role of 

international standards such as ISO 9001 and AS9100. Additionally, I underscored the need to 

improve the quality of scientific research through the application of rigorous methods and 

effective management and evaluation strategies, laying the theoretical foundation for the 

empirical and applied contributions of the thesis. These contributions provide a solid foundation 

for the exploration and optimization of structural designs in aviation. 

In the first chapter, I offered a detailed perspective on the evolution of aviation, 

highlighting the essential contributions of pioneers such as Traian Vuia, Aurel Vlaicu, and 

Henri Coandă. The chronological analysis demonstrated how technological advancements and 

historical achievements influenced the safety, performance, and efficiency of air transportation. 

The historical context emphasized the importance of continuous innovation and international 

collaboration in aviation. 

Through Chapter 2, I highlighted the importance of implementing rigorous standards and 

effective quality management to ensure the safety and reliability of aeronautical structures. The 

analysis showed that international standards, such as ISO 9001 and AS9100, are essential for 
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standardizing quality practices and facilitating collaboration between organizations. The need 

for adaptability in applying these concepts in the context of rapid technological innovations and 

strict regulatory requirements was also emphasized. 

In Chapter 3, I stressed the importance of implementing high standards and rigorous 

methods to improve the quality of scientific research. The analysis highlighted the need for 

effective strategies and tools for managing and evaluating research quality, as well as the 

importance of continuous adaptation to new challenges and technological opportunities. This 

chapter laid the theoretical groundwork for the empirical and applied contributions of the 

doctoral research. 

In Chapter 4, I investigated the importance of risk management and safety in applied 

aeronautical research. This chapter developed and implemented corrective and preventive 

measures to address identified risks. Additionally, testing processes were optimized to achieve 

greater operational efficiency and more effective use of resources. 

Chapter 5 analyzed the use of wind tunnels and other experimental facilities to improve 

the quality of structural designs. I assessed the accuracy and quality of design and testing 

techniques for structural designs in wind tunnels and identified specific aerodynamic 

parameters obtained through the use of advanced technical systems. 

In Chapter 6, I synthesized current knowledge regarding the assurance and improvement 

of the quality of complex profile structures using advanced technical systems. I identified gaps 

in current knowledge and highlighted future research opportunities in this field. 

The first part of the doctoral thesis explored various aspects of improving the quality of 

complex profile structures using advanced technical systems, with a particular focus on the 

aeronautical field. Each chapter of the work contributed to forming a comprehensive 

understanding of the thesis topic, emphasizing the importance of a systematic and innovative 

approach to quality assurance and highlighting the crucial role of advanced technical systems 

in achieving safety and performance objectives. 

The second part of this doctoral thesis focuses on the application and evaluation of 

advanced technical systems to improve the quality of complex profile structures in aviation. 

The original contributions made in this section are detailed through a series of chapters, each 

providing innovative perspectives and solutions to current industry challenges. 

Chapter 7 makes significant contributions to ensuring and improving the quality of 

complex profile structures through the use of advanced technical systems. In this chapter, I 

identified and developed innovative testing and modeling methods, using wind tunnels and 

other experimental facilities to evaluate and optimize the aerodynamic performance of 

structures. Additionally, I proposed strategies for integrating simulation and testing 

technologies to ensure the accuracy and efficiency of evaluation processes, thereby contributing 

to the improvement of safety and performance in aeronautical structure design. These 

contributions underscore the importance of a rigorous and well-structured methodology for 

achieving relevant and applicable results in the industry. 

Chapter 8 presents innovative contributions to the analysis of aerodynamic characteristics 

of standard profiles using advanced experimental and mathematical methods. The research 

included the development of precise mathematical modeling methods for the aerodynamic flow 

around symmetric profiles, as well as their testing in wind tunnels for theoretical validation and 

design adjustment. The use of advanced techniques, such as qualitative airflow visualization, 

allowed for a better understanding and optimization of aerodynamic performance. The 

contributions made in this chapter emphasize the integration of mathematical and experimental 

approaches, leading to significant improvements in aerodynamic drag reduction and increased 

lift of the studied profiles. 

Chapter 9 brings innovative contributions through the application of the "Six Sigma" 

method to improve the quality of complex profile structures used in doctoral research. The 

research demonstrated the effectiveness of this method in identifying and reducing variations 
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in design and manufacturing processes, leading to increased consistency and reliability of 

aeronautical structures. The implementation of "Six Sigma" allowed for process optimization 

through the use of advanced statistical tools, resulting in significant improvements in structural 

performance and quality. These contributions highlight the importance of a systematic and 

rigorous approach to quality assurance in the aviation field. 

The doctoral thesis makes important original contributions to the field of aviation and the 

engineering of complex profile structures: 

 

• Providing a detailed perspective on the evolution of aviation, highlighting the 

essential contributions of pioneers such as Traian Vuia, Aurel Vlaicu, and Henri 

Coandă. 

• Chronological analysis of the influence of technological advancements and 

historical achievements on the safety and performance of air transportation. 

• Emphasizing the importance of implementing rigorous standards and effective 

quality management in the aeronautical industry. 

• Demonstrating the crucial role of international standards such as ISO 9001 and 

AS9100 in standardizing quality practices and facilitating collaboration between 

organizations. 

• Highlighting the importance of rigorous methods for improving the quality of 

scientific research. 

• Proposing effective strategies and tools for managing and evaluating research 

quality. 

• Investigating the importance of risk management and safety in applied 

aeronautical research. 

• Developing and implementing corrective and preventive measures to address 

identified risks. 

• Analyzing the use of wind tunnels and other experimental facilities to improve 

the quality of structural designs. 

• Assessing the accuracy and quality of design and testing techniques for structural 

designs in wind tunnels. 

• Synthesizing current knowledge regarding the assurance and improvement of the 

quality of complex profile structures using advanced technical systems. 

• Identifying gaps in current knowledge and highlighting future research 

opportunities. 

• Developing innovative testing and modeling methods using wind tunnels and 

other experimental facilities. 

• Proposing strategies for integrating simulation and testing technologies to ensure 

the accuracy and efficiency of evaluation processes. 

• Analyzing the aerodynamic characteristics of standard profiles using advanced 

experimental and mathematical methods. 

• Developing precise mathematical modeling methods for the aerodynamic flow 

around symmetric profiles. 

• Applying the "Six Sigma" method to improve the quality of complex profile 

structures. 

• Optimizing testing and continuous monitoring processes to improve structural 

performance. 

• Implementing the FMEA (Failure Modes and Effects Analysis) method to 

optimize and improve the quality of related processes. 

• Proactively identifying potential failures and proposing effective preventive 

measures. 
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These contributions reflect a systematic and innovative approach in the field of aviation 

and structural engineering, having a significant impact on the safety and performance of 

aeronautical structures.aeronautice. 

11.3 Future Research Directions 

The proposed future research directions focus on technological advancement and 

enhancing sustainability in the aviation industry. These include exploring advanced materials 

and composites to create lighter, more durable, and efficient aeronautical structures, as well as 

utilizing additive manufacturing technologies, such as 3D printing, to reduce the costs and 

production time of complex components. Additionally, the implementation of intelligent 

monitoring and maintenance systems, which use sensors and algorithms to anticipate and 

prevent issues, will ensure greater reliability and safety. 

 

Another important aspect is the optimization of aeronautical structure design through 

artificial intelligence and machine learning, which can propose innovative solutions to 

maximize performance while reducing weight and costs. Environmental impact studies will 

analyze the life cycle of materials and processes, promoting the use of renewable resources and 

reducing emissions. Furthermore, applying the Lean methodology in production processes will 

contribute to increasing efficiency and reducing waste, thereby improving the quality and 

sustainability of final products in the aeronautical industry. These research directions are 

essential for maintaining high standards of quality and safety, as well as for promoting 

innovation in aviation. 
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