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ABSTRACT 

Requirements analysis of aviation standards Applicable to Production Organizations 

 

Seyed Ali Gamarooni Pour 

Standards are the bottleneck of any aviation industrial action. Thus, meeting standards is not 

an option but an obligation throughout a given product life cycle. This thesis contributed to 

producing a SIPOC diagram of aviation standards and collecting pertaining information, 

beginning with international standards, and ending in national codes. Particularly, the 

requirements which are applicable to a production organization in the aviation industry. A 

detailed view of the rulemaking process in the aviation industry is provided. The 

implementation of the standards and the evaluation process are complicated and need 

considerable resources. Simultaneously, Extra costs and concerns may be imposed on the 

aviation industry due to improper requirements. Thus, the quality of standards should be 

comprehensively assessed to obtain a satisfactory final result. System engineering introduces 

requirement analysis to solve this problem. As a significant contribution, this thesis provides a 

model of requirement analysis based on the structured strategy. The criteria were defined 

practically. Diagram, process, sub-process, and techniques including RTM and WBS were 

either developed or deployed to investigate the conformance of requirements with the criteria. 

Applying this model, any sort of requirement is evaluated accurately. Plus, it shows a specific 

and root cause of the problems if the requirement is unacceptable. Furthermore, a novel way to 

measure system affordability is proposed through the application of DFMEA. Lastly, the model 

is applied on CFR-14 Part-21 Subpart-G (FAA production organization requirements) to show 

the need for systematic improvement of aviation standards’ requirements of production 

organization.    
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List of abbreviations  

Abbreviation  Meaning Definition  

EASA European Aviation 

Safety Agency 

EASA belongs to European Union (EU) as an 

agency that is responsible for civil aviation safety. 

Certification, regulation, standardization, and 

performing investigation and monitoring are 

some of its tasks. [1]  

FAA Federal Aviation 

Administration 

The United States assigns the FAA to 

administrate all angles of civil aviation in the soil 

and over its surrounding international waters. [2] 

ICAO 

 

International Civil 

Aviation Organization 

United Nations (UN) Assigns the ICAO as a 

specialized agency. Member states established it 

in 1944 to manage the administration and 

governance of the Convention on International 

Civil Aviation (Chicago Convention). [3] 

AMC Acceptable Means of 

Compliance 

AMCs are considered an approved way by EASA 

to demonstrate a means to comply with the Basic 

Regulation and its Implementing Rules. [5] 
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GM Guidance Material “GM is non-binding explanatory and 

interpretation material on how to meet the 

requirements contained in the Basic Regulation, 

the IRs, the AMCs, and the CSs. Including 

information, examples”. [6] 

AC Advisory circular AC is a type of publication offered by the Federal 

Aviation Administration (FAA) to guide 

compliance with airworthiness regulations, pilot 

certification, operational standards, training 

standards, and any other rules within the 14 CFR 

Aeronautics and Space Title. [4] 

USOAP Universal Safety 

Oversight Audit 

Program 

ICAO's USOAP was initiated in January 1999 in 

response to widespread concerns about the 

adequacy of aviation safety oversight globally. 

[7] 
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Chapter 1:  

1 Introduction 

This chapter will discuss the motivation of this thesis, the objectives, and the organization of 

this report. 

 

1.1 Motivations  

As standards are the bottleneck of any aviation industrial action, [26, 48] meeting standards is 

not an option but an obligation throughout a given product life cycle ranging from design, 

production, maintenance, training to operation [4, 12]. Therefore, the quality and safety of all 

the above-mentioned organizations' activities should be evaluated based on the relevant 

standards [27]. The implementation of the standards and the evaluation process are complicated 

and need considerable resources. [10, 11]. However, this is an inescapable price to pay for 

safety and quality.[38] 

Simultaneously, there is a risk of dealing with an unreasonable cost due to the lack of standards 

quality itself.[42] Thus, the quality of standards should be comprehensively assessed to obtain 

a satisfactory final result. Otherwise, all of the resources allocated to drafting, implementing, 

and evaluating those standards would be wasted.[36] Plus, extra costs and concerns are 

imposed on the aviation industry due to hierarchy, complicated, ambiguous, unachievable, 

incomplete, unverifiable, and inconsistent requirements. [37,13] 

Various significant authorities are critical factors in this regard, named ICAO, FAA, and EASA 

[11, 48, 57]. These organizations develop their own regulations and standards as well as their 
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interpretations[58], which can be taken into account as a source of potential either non-

conformity or repetition [10, 55-56]. At the same time, there are other sorts of considerations 

like the strategy of requirements analysis when it comes to the rulemaking process [24]. 

Probably, aviation is one of the most developed industries in terms of industrial standards and 

requirements [28, 48]. However, there is a need for these standards’ requirements to explore 

the possibility of systematically analyzing and improving aviation standards' quality. 

Therefore, this thesis uses proper methods and techniques, including those introduced by six 

sigma and systems or requirements engineering theories, to satisfy the mentioned need.  

Six Sigma provides an effective method, DMAIC, to Define, Measure, Analyze, Improve, and 

control processes [14, 59]. This method is applied to find if there is an opportunity for 

improvement. A possible solution is also sought in this thesis by applying different techniques 

and tools recommended by systems and requirements engineering [24,13].   

1.2 Objectives  

This research analyses the requirements of aviation standards, particularly those applicable to 

industrial aviation organizations such as “Design” or “Production”, based on DMAIC and 

Systems and Requirements engineering theories.  

1. The first objective is to investigate various sorts of regulations, their stakeholders, and 

interfaces in the aviation industry. After that, to clarify the one being responsible for 

the rulemaking and the rulemaking process. 

2. Once sufficient intended information is collected regarding standards in the aviation 

industry, the next objective is to identify approaches and methodologies to develop a 

model to evaluate aviation industry standards. It is critical to know all aspects of this 

model to ensure the result of this evaluation is reliable and practical.  
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3. The last objective is to apply the mentioned model to determine if it works properly. In 

addition, to analyze the requirements of the chosen standard (CFR-14 Part-21 Subpart-

G) in the aviation industry. 

1.3 Overview and contributions  

The organization of this thesis is as follows: 

• Chapter one: The subject is introduced. The motivation and objectives are determined.  

• Chapter two: The problem is stated in this chapter. The previous attempts and 

background are elaborated. Some technical definitions regarding design and production 

organizations in the aviation industry are introduced.  

• Chapter three: All relevant definitions and contributing factors such as national and 

international codes are identified and explained. The various standards, the study about 

who does the rulemaking (authorities), and how are that process are the backbone of 

this chapter.   

• Chapter four: The tools, techniques, and methodology to deal with the problem are 

investigated. A model is defined and proposed based on the systems engineering theory 

with some quality and reliability measures. DFMEA, requirement analysis, and the 

relevant strategies, diagrams, and attributes are explained in this chapter.  

• Chapter five: This chapter belongs to the implantation of the model to analyze CFR-14 

Part-21 Subpart-G. The sampling method, RTM, SIPOC, and building-block diagram 

are drawn and explained in this chapter to demonstrate the result of the analysis and 

determine the contributing factors.  
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• Chapter six. The last chapter is dedicated to the conclusion, proposed future work and, 

which barriers impacted this project. Also, recommendations are mentioned in this 

chapter. 
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Chapter 2: 

2 Problem statement  

The aviation industry has various legislations: the international convention, annexes, national 

regulations, standards, and their requirements [56-58]. Certain products and services and 

related organizations such as “Design” or “Production” must comply with these requirements 

[60-61]. Thus, the following problems are stated.  

1. It is vital to figure out which requirements are applicable to which products and relative 

organizations.  

2. As systems or any products and services should meet the mentioned requirements, in 

the best-case scenario, the result may approve that the system complies with the 

requirements. However, in the first place, it needs to be investigated whether the 

requirements could be met anyhow; plus, whether the final result would be satisfactory 

and reliable.  

2.1 Background 

Recent papers have studied the implementation of several aviation standards in an organization 

like design or production. In addition, various series of aviation standards are described 

throughout the studied books and regulations. Besides, DMAIC and system engineering (SE) 

or requirements analysis (RA) are well-known subjects for literature review. It is necessary to 

mention, this thesis comprises all these resources. On the contrary, the topic is a new initiative. 

Therefore, it is helpful to begin with the implementation of the relevant standards and 

requirements in a design or a production organization to familiarize with specific terms and 
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processes. After that, we run through DMAIC, SE, and RA. Later on, in the following chapters, 

these topics are elaborated, and other resources are discussed.  

2.1.1 Implementation of aviation standards in a design organization   

The research explained the result of a project on the characteristics and functions of a design 

organization based on EASA versus FAA structures and requirements. The Design 

Organization Approval requirements (DOA) separately in accordance with EASA regulations 

and FAA Organization Designation Authorization (ODA) have been implemented. After that, 

the compatibility of these two requirements was investigated. This project provided an example 

of a design assurance system to meet parallel airworthiness requirements. [10] 

Certificates required before EIS (Entry to Service) are DOA, TC (Type Certificate), POA 

(Product Organization Approval), and C of A (Certificate of Airworthiness). Thus, DOA is a 

means to qualify and oversee the civil aircraft design organization in Europe.[10] 

DOA is a certificate for the organization which designs the aircraft and has specific duties 

regarding production, maintenance, etc. This certificate demonstrates that the product typically 

complies with the requirements. [10] 

What is necessitated by Commission Regulation (EC) No 1702/2003[2] is to hold DOA under 

EASA Part 21 subpart J as an applicant of TC. Therefore, holding DOA is a condition for the 

applicant of TC, in accordance with the EASA regulation. On the other hand, the workload 

would be decreased by holding DOA. The DOA holds their TC or supplemental type certificate 

(STC). Its main functions are design function, airworthiness function, and independent 

monitoring function. Moreover, the DOA has some privileges to approve minor changes and 

minor repairs, plus the design of major repairs for the aircraft. [10] 
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While the aircraft manufactured in the United States are required to hold three certificates, 

including TC, PC (Product Certification), and AC (Airworthiness Certificate), for type 

certification, the applicant is the first responsible person in charge of all airworthiness 

responsibilities. FAA initially authorizes some privileges to individuals (not an organization) 

as the designated representatives, including DER (Designated Engineering Representative), 

DMIR (Designated Manufacturing Inspection Representative) and DAR (Designated 

Airworthiness Representative), etc. [10] 

2.1.2 Implementation of aviation standards in a production organization   

There is another research, the target of which is to establish a production organization. That is 

not limited to an aircraft, but for the organizations in which a component or item of equipment 

or part of an aircraft is manufactured. This project is to produce an aircraft; there is no way 

except holding EASA/FAA approvals, plus Civil Aviation Airworthiness approvals of 

Directorate General of Civil Aviation (DGCA) India, which is the local authority.  

The project objective is to investigate AS/EN9100, EASA, FAA, and DGCA (India) 

requirements to follow harmonization and preparation of an integrated Production 

Organization Exposition (POE) which can meet all requirements. It includes the development 

of the Production Organization Exposition (POE) manual to meet requirements of Quality 

Management Systems for Aviation, Space and Defense Organizations (AS/EN 9100), EASA 

Part 21 G, Code of Federal Regulations (CFR) 14 Part 21- subpart G of FAA, and DGCA Part 

21 Subpart G. The objectives of mentioned research are as bellow. 

• Optimization of a Production Organization Exposition which complies with the 

airworthiness requirements, 
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• Preventing duplication of procedures to meet AS/EN Quality Management System 

needs and 

• Minimizing demonstration time for Civil Aviation Airworthiness 

Compatibility of EN/AS9100 requirements and EASA, FAA & DGCA, India requirements 

were analyzed to identify the following items. 

• FAA and AS/EN 9100 requirements need In-service feedback and Quality escape. In 

comparison, EASA and DGCA requirements do not mention it.  

• EASA and DGCA, India requirements address Certifying Staff, Offsite Working 

conditions, and pre-delivery Aircraft Maintenance Procedures, whereas FAA 

requirements do not.  

• Production Organization Approval has specific requirements ranging from Nomination 

of Accountable Manager, List of Certifying Staff, Scope of Work & Terms of Approval, 

Notification Procedure for Civil Aviation Authority, Amendment Procedure for 

changes in POE, Certifying Staff Qualification & Training, to Airworthiness 

coordination with Design Organization Authority and pre-delivery Aircraft 

Maintenance Procedures. Whereas AS/EN 9100 does not mention it. 

The study recommends conducting more research on Civil Aviation Authorities working 

together to harmonize concise production organization exposition. As figure 1.1 shows, this 

POE can support all the requirements of AS/EN 9100 Quality Management System 

requirements; standardize and recognize the civil airworthiness certification process of the 

respective country to reduce differences and cost of certification without compromising quality 

and requirements. [11] 
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Figure 2.1 Integrated Production Organization Exposition (POE) [11] 

2.1.3 Requirement analysis  

As mentioned earlier, this thesis's backbone is DMAIC which is the fundamental methodology 

of Six Sigma. Plus, this methodology is systematic and fact-based to supply a rigorous 

framework of results-oriented project management. In the case of a flexible or unconventional 

process, DMAIC provides the best results. [50, 51] 

Based on the DMAIC, the Define and Measure phases should be followed to reach the 

Analysis. The previous papers are reviewed on aviation standards’ requirements to define the 

situation. However, it needs to comprehensively identify the rulemaking process and standards 

stakeholders, which will be studied in the following chapters.  
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Although the earlier attempts to implement aviation standards in a design and a production 

organization show an approach to integrating various requirements from diverse authorities, 

none concentrate on the requirements. Thus, it is presumed that the requirements are flawless 

and acceptable to be met by all available means. [47] As a result, the compatibility analysis of 

various standards applicable to specific aviation organizations has been developed. [10,11]  

In contrast, lack of requirements analysis posed the risk of unsatisfactory results even on the 

occasion of well-implementation of any systems, including those mentioned. [47] System 

engineering theory insists on the order of actions to develop a system, as the following diagram 

depicts. [13] 

 

Figure 2.2 System engineering diagram 

• Concept level

System level

Subsystem/Component 
level

Development 
phase 

• Requirements Analysis

• Functional Analysis and 
allocation

• Design synthesis

• Verification

• System analysis and control

System 
engineering 

process

• Life cycle functions
Life cycle 

integration
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Thus, some vital steps such as requirements analysis are missing. However, beneficial results 

and conclusions are coming from mentioned studies regarding implementing DOA and POA 

considered throughout this thesis.  
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Chapter 3:  

3 Literature Review 

To better understand the problem and prevent any rework, it is vital to study the various 

sources, ranging from scientific papers, books, standards, national organizations' manuals to 

international agreements regarding aviation standards.  

3.1 Airworthiness  

It is essential to understand the ‘airworthiness’ definition as it is the main keyword throughout 

the aviation standards. An Italian Technical Regulations document belonging to RAI-ENAC 

mentioned, ‘Airworthiness is complying with the mandatory requirements for flying in safe 

conditions, not beyond allowable limits for an aircraft, or aircraft part,.’ There are three key 

elements worth considering: safe conditions, necessary requirements, and allowable limits.  

(1) Safe conditions relate to the ordinary course and satisfactory conclusion of the flight. In 

other words, it could be seen as ‘safety is a condition in which there is nothing which can cause 

death, injury or illness, damage to/loss of equipment or property, or damage to the 

environment.’ 

(2) The second element is meeting the necessary requirements. It means that the aircraft, or any 

of its parts, is designed and produced to confirm flying in safe conditions as studied and tested 

criteria needed.  

The regulations are established by the airworthiness authorities appointed by each country. 

These regulations are set to promote safety by eliminating or mitigating conditions that may 
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cause death, injury, or damage. They are collected through the airworthiness standards, 

including a series of design requirements: ranging from the flight requirements (flight qualities 

and performance) to the strength of the structures, criteria for necessary tests, flight, good 

design practice, fatigue and flutter, systems, and maintenance manual content, etc. 

The standards are based on the types of aircraft. Inevitably, the design of a sailplane, a big 

transport airplane, or a helicopter needs various rules. However, the common point is their 

evolution through time. [12] 

Thus, a standard does not precede aeronautical progress; it does follow and sometimes 

accompanies it. Therefore, a good standard would not prevent aeronautical progress. [49] 

Frequently, an accident analysis leads to adding some modifications. It means a progressively 

higher price; nevertheless, this is the price to pay to improve flight safety. 

(3) Finally, when it comes to Allowable limits, the aircraft is designed for operation within a 

specific flight envelope, which depends mainly on speed and structural load factors. Moreover, 

the maximum weight of the aircraft can be established differently for various sorts of 

operations. The aircraft's operational conditions range from day-visual flight rule, night flight, 

instrumental flight, in or out of icing conditions, etc. Overriding these conditions and limits 

leads to accidents. [12] 

3.2 Civil aviation international authority  

Development of aeronautical techniques and the potential for transporting goods and people 

may owe to the First World War. The post-war condition required international attention to this 

advanced means of transport.  
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The negotiation on the mentioned issues took place at the Paris Conference of Peace in 1919. 

The discussion resulted in the establishment of an Aeronautical Commission. To achieve the 

objective of making aviation an instrument of peace, an International Air Convention was 

written and ratified by 38 states (countries). The convention included all perspectives of civil 

aviation; plus, an International Commission for Air Navigation was established to monitor and 

measure the development of civil aviation. [12] 

During two World Wars, the continuous development of civil aviation in both the technical and 

the commercial fields was marked. Merely in six years, the Second World War did the same 

work as a quarter of a century regarding the development of more sophisticated military aircraft 

operations and significantly affected their technical aspect.  

That is why, in 1944, the Government of the United States commenced conducting exploratory 

discussions with other allied nations. After that, invitations were sent to 55 allied and neutral 

states to meet in Chicago in November 1944. Fifty-two out of those states attended the meeting. 

The output was the Convention on International Civil Aviation which has 96 articles and a 

preamble.  

The International Civil Aviation Organization (ICAO), on 4 April 1947, officially came into 

existence. Based on the invitation of the Government of Canada, Montreal was chosen as the 

site for its headquarters. Currently, the Contracting States are 193. [48] 

3.3 Civil aviation authorities  

Most countries have established institutions and authorities to guarantee the safety of flight. A 

couple of examples show that these organizations evolved from pre-existing institutions for 

marine and river navigation safety.  
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Historically, it is good to know that the idea and inspiration for improving the safety of 

navigation had nothing to do with a moral principle but an economic concern of insurance 

companies.  

There is an accurate history regarding the ‘register,’ which various navigational institutions 

adopted. It is taken from a register related to a confident Edward Lloyd, who was the owner of 

a tavern located in the river port of London at the end of the 17th century. He filled the register 

with information on marine traffic collected through conversations with customers, including 

ship owners and sailors.  

The information could be pertinent to ships, traffic, and, particularly, accidents involving a loss 

of men, goods, and ships.  

After that, all similar publications were unified into the ‘Lloyd’s Register’ in 1833. The first 

register in the world obtained legal status in 1871. Subsequently, in Europe, other national 

registers were instituted. 

As mentioned, safety plays a key role for insurance companies; the fewer accidents, the fewer 

indemnities to pay. Thus, the registers began to issue safety requirements for navigation.  

As the operation of aircraft posed similar problems with marine traffic, the solution would be 

similar, the establishment of specific institutions, which was already existing for marine traffic. 

Even certain marine institutions took responsibility for aviation regulations and their control. 

Later the growth of aviation resulted in the creation of autonomous registers and national 

authorities dealing with aircraft and air navigation. 
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3.3.1 The European Aviation Safety Agency 

EASA is a legal entity with autonomy in legal, administrative, and financial matters, which is 

an independent European Community body. This single authority with the mission of a system 

of air safety and environmental regulation was created by adopting a European Parliament and 

Council Regulation (EC), No. 1592/2002 of 15 July 2002. On 28 September 2003, its activity 

started [61]. 

3.3.1.1 Executive and regulation tasks 

Following items are the primary EASA functions nowadays: [28] 

i. Rulemaking: providing technical advice and drafting aviation safety legislation to the 

Member States and to the European Commission;  

ii. Standardization programs, inspections, and training to guarantee all Member States 

implement a standard level of European aviation safety legislation;  

iii. Aircraft, engines, and parts safety and environmental type certification;  

iv. Approval of production and maintenance organizations outside the EU and aircraft 

design organizations worldwide;  

v. Certification of organizations and personnel of aircraft operation;  

vi. Certification of organizations of Air Traffic Management (ATM) and Air Navigation 

Services (ANS);  

vii. Certification and oversight of ATC training organizations (within EASA remit), non-

EU TM/ ANS organizations providing services within the EU, and pan-European 

service providers;  

viii. Authorization of the third country (non-EU) operators;  



17 

 

ix. Coordination of the European Community program, Safety Assessment of Foreign 

Aircraft regarding the safety of foreign aircraft using Community airports;  

x. Data collection, analysis, and research to improve aviation safety. 

3.3.2 The Federal Aviation Administration  

On May 20, 1926, the Air Commerce Act initiated the Federal government’s regulation of civil 

aviation. This crucial point of the legislation was passed in the interest of the aviation industry. 

The aircraft could not achieve its full commercial potential unless the federal government took 

action to improve and maintain safety standards to fulfill its leaders’ beliefs. The Act appointed 

the Secretary of Commerce responsible for issuing and enforcing air traffic rules, fostering air 

commerce, establishing airways, licensing pilots, operating, maintaining aids to air navigation, 

and certificating aircraft. In the Department of Commerce, a new Branch was established for 

Aeronautics and its responsibility for aviation.[62] 

The Federal Aviation Act of 1958 was the result of jet airliners and a series of midair collisions. 

The FAA as a new independent body took place, which had broader authority to overcome 

aviation situations. The Act gave the FAA sole responsibility for developing and maintaining 

a shared civil and military system of air navigation and ATC, the responsibility that the CAA 

previously shared with others.[62] 

The Congress of the United States authorized creating a cabinet department that would combine 

primary Federal transportation responsibilities in 1966. Thus, a new Department of 

Transportation (DOT) began its entire operations on April 1, 1967. DOT had a couple of modal 

organizations, including the FAA. At the same time, National Transportation Safety Board 

became responsible for the CAB’s accident investigation. [62] 
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Issuing and enforcing regulations and minimum standards have been conducted by the FAA, 

covering manufacturing, operating, and maintaining aircraft; plus, certification of airmen and 

airports. [62] 

3.3.2.1 Activities of Federal Aviation Administration  

The safety of civil aviation is the responsibility of the FAA. Its prominent roles are as follows: 

[28] 

a) to promote safety, regulating civil aviation.  

b) developing and encouraging civil aeronautics such as new aviation technology.  

c) operating and developing a system of navigation and ATC for both military and civil 

airplanes.  

d) developing and researching civil aeronautics and the National Airspace System.  

e) conducting and developing programs to control aircraft noise and other 

environmental effects of civil aviation;  

f) regulating US commercial space transportation. 

3.4 Authorities’ importance 

Nowadays, the EASA can perform as a powerful single authority. That is why, once EASA 

certifies an aircraft, this type certificate is valid for all the Member States, without further action 

required. It means there is a single European Agency instead of 32 national authorities. Thus, 

Member States are represented by the EASA. Moreover, Member States are united by and must 
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reflect the Agency’s decisions and positions when conducting their representative roles in 

frameworks including the ICAO and ECAC.  

The establishment of appropriate relations with non-EU members and attempt to have 

relationships with other international entities by specific associations, arrangements, mutual 

recognition agreements, and partnerships is the responsibility of the Agency. In contrast, 

bilateral safety agreements are legally a competence of the European Commission. 

Currently, the EASA has agreed on bilateral agreements with the United States, Brazil, and 

Canada. Plus, it has a couple of working arrangements with non-EU states. 

In this regard, the EASA and FAA are holding the tradition of an annual International Aviation 

Safety Conference. Since 1983 a couple of annual conferences have been hosted by the FAA 

and the JAA, replaced by EASA.  

The subject of some conferences is related to aviation authorities and industry worldwide. They 

work on aircraft certification, maintenance, operations, aviation safety issues, programs, and 

projects. For instance, the 2015 EASA – FAA International Aviation Safety Conference on 

‘Global aviation safety for a global industry’ was organized in Brussel from 10th to 12th June.  

The three days of the conference were articulated in eight panels of discussion followed by 

other introductory speeches. Here is the list of the subjects of the panels.  

Panel 1: Maintenance  

Panel 2: Operations (RPAS – Drones)  

Panel 3: Manufacturers  

Panel 4: Operations (Airline Operations)  
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Panel 5: Manufacturers – Adapting the Level of Involvement to the Risk  

Panel 6: ATM – Future Technologies  

Panel 7: Manufacturers – Supply Chain Control  

Panel 8: Training – Maintaining technical proficiency. 

3.5 Airworthiness Authorities’ tasks 

Generally, the following items are airworthiness authority tasks: [28] 

• To prescribe airworthiness requirements and procedures.  

• To inform the interested parties regarding the prescriptions mentioned above in 

different ways. The authority publishes technical regulations, technical standards, and 

circulars, and so on to be obtained on request or by other means.  

• To control aeronautical design, material, manufacturing organizations, and aircraft 

operators to ensure that all relevant activities are complied with. It can be performed in 

different ways, with the proper involvement of the relevant authority.  

• To certify aeronautical material and organizations. Legally, it is a declaration of 

compliance with the requirements applicable to either an aircraft or its part or a change 

to a type certificate and the capability of an organization. 

3.6 Relations between authorities  

There are some agreements between authorities to organize and harmonize their regulatory 

relations. Here due to the importance of certain authorities, the agreements between ICAO, 

EASA, FAA, and Transport Canada will be discussed.  
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3.6.1 EASA-ICAO agreement 

On July 13, 2014, an agreement was signed between the EASA and ICAO. The subject of this 

agreement was “continues monitoring activities.” Some of the objectives and scope were as 

follow [8].  

a) Practical aspects of the ICAO external audit of EASA under the USAOP 

b) The interaction and coordination between ICAO and EASA regarding CMA; and 

c) Other cooperation activities between EASA and ICAO 

3.6.2 EASA-FAA agreement 

On June 13, 2013, an agreement was signed between the United States of America and the 

European Union with the subject of cooperation in the regulation of civil aviation safety. The 

agreement requires that the FAA and the EASA develop and adopts procedures with the 

purpose of regulatory cooperation in civil aviation, particularly safety and environmental 

testing and approvals. [9] 

The FAA and EASA agreed to work on the following items.  

i. The functioning of this rulemaking cooperation arrangement should be 

reviewed.  

ii. Discuss their current and future rulemaking programs, including priorities 

thereof and related documentation. To that end, the FAA and EASA intend to 

exchange on a regular basis their respective rulemaking programs and 

information on their implementation in accordance with Attachment I of these 

Guidelines. 
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iii. Identify rulemaking activities of common interest and corresponding working 

methods.  

iv. Discuss possible changes in the rulemaking programs and working methods 

imposed by changing priorities.  

v. Discuss possible contentious issues.  

3.6.3 EASA – Transport Canada Civil Aviation agreement  

On May 06, 2009, an agreement was signed between the EASA and Transport Canada Civil 

Aviation on exchange and the collection of information on the safety of aircraft which use  

• EU airports, 

• non-EU states airports that participate in the EU SAFA program,  

• and airports of Canada. [9] 

3.7 Airworthiness international and national codes  

As mentioned, there are national authorities in addition to the international civil organization. 

Thus, ICAO is officially responsible for international civil aviation. On the other hand, national 

authorities are responsible for their territories [63]. However, in reality, some authorities are 

sufficiently powerful to influence the others, such as FAA and EASA [89]. Therefore, both 

international and national airworthiness codes are investigated as follows.  

3.7.1 ICAO standards  

One of the most complex systems interacting between human beings and machines ever created 

is modern aviation. Throughout the year, an airplane takes off or lands every few seconds non-

stop somewhere on the earth. These flights are handled in the standard manner, whether by air 

traffic control, airport authorities, or pilots managing their aircraft. There are millions of 
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employees behind the scenes involved in manufacturing, maintenance, and monitoring the 

products and services in an endless cycle of flights. 

Standards and Recommended Practices or SARPs are procedures and systems that are 

universally accepted standards. SARPs cover all operational and technical dimensions of 

international civil aviation, for instance, operation of aircraft, safety, personnel licensing, 

aerodromes, accident investigation, air traffic services, and the environment. It would be a 

chaotic and unsafe aviation system without SARPs.[16] 

The achievement of standardization of safe, regular, and efficient air service in operation has 

been the primary technical task of ICAO since it was established.  

International Standards and Recommended Practices are defined as standardization has 

been achieved by creating, adopting, and submitting 19 Annexes to the Convention. ICAO 

members agree to follow Standards as directives. Otherwise, any discrepancy should be 

notified by the member who owns it. Pursuing Recommended practices is favorable. To decide 

on the need for a standard for a specific purpose, a positive answer to the following question is 

necessary: ‘Is it essential to apply it uniformly to all Contracting States?’ Based on the 

Convention, the Contracting States achieve the highest practical degree of worldwide 

uniformity in regulations, organizing procedures concerning aircraft, airways, personnel, and 

auxiliary services. It will improve and facilitate air effectiveness, safety, and regularity. The 19 

Annexes are described as follows: 

• Annex 1. Personnel Licensing provides information on licensing of flight crews, air traffic 

controllers, and aircraft maintenance personnel, such as medical standards for air traffic 

controllers and flight crews. [52] 
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• Annex 2. Rules of the Air contains rules relevant to visual and flight with instrument 

aided.[64] 

• Annex 3. Meteorological Service for International Air Navigation is for meteorological 

services for international air navigation and reporting meteorological observations from 

aircraft. [65] 

• Annex 4. Aeronautical Charts contains specifications for the aeronautical charts used in 

international aviation.[66] 

• Annex 5. Units of Measurement used in Air and Ground Operations lists dimensional 

systems used in air and ground operations. [67] 

• Annex 6. Operation of Aircraft provides specifications to ensure a level of safety above 

a prescribed minimum in similar operations worldwide. [68] 

• Annex 7. Aircraft Nationality and Registration Marks specifies requirements for the 

registration and identification of aircraft. [69] 

• Annex 8. Airworthiness of Aircraft provides standard procedures for certification and 

inspection of aircraft. [70] 

• Annex 9. Facilitations provides for the standardization and simplification of border-

crossing formalities. [71] 

• Annex 10. Aeronautical Telecommunications includes the following volumes. [72] 

▪ Volume 1 standardizes communications equipment and systems, and  

▪ Volume 2 standardizes communications procedures.  

• Annex 11. Air Traffic Services covers information on establishing and operating air traffic 

control (ATC), flight information, and alerting services. [73] 

• Annex 12. Search and Rescue gives information on the organization and operation of 

facilities and services necessary for search and rescue. [74] 
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• Annex 13. Aircraft Accident and Incident Investigation specifies uniformity in 

notifying, investigating, and reporting on aircraft accidents. [75] 

• Annex 14. Aerodromes contains specifications for the design and equipment of 

aerodromes. [76] 

• Annex 15. Aeronautical Information Services provides means for collecting and 

disseminating aeronautical information required for flight operations. [77] 

• Annex 16. Environmental Protection includes the following volumes.[78] 

▪ Volume 1, specifications for aircraft noise certification, noise monitoring, and noise 

exposure units for land-use planning, and  

▪ Volume 2, specifications for aircraft engine emissions.  

• Annex 17. Security-Safeguarding International Civil Aviation against Acts of 

Unlawful Interference includes means for safeguarding international civil aviation against 

unlawful acts of interference. [79] 

• Annex 18. The Safe Transport of Dangerous Goods by Air provides the necessary 

requirements for ensuring that hazardous materials are safely transported in aircraft as well 

as providing a safety level protecting the aircraft and its occupants from undue risk. [80] 

• Annex 19. Safety Management  

In 2010, the ICAO High-level Safety Conference (HLSC) initiated a new Annex for Safety 

Management. It contains the following items.  

• State Safety Program (SSP) framework and the eight critical elements of a safety 

oversight system; 

• general and business aviation activities; and  

• Retain the safety management system (SMS) requirements specific to one area of 

activities in individual Annexes. [32] 
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3.7.1.1 Standards and Recommended Practices forms 

Air Navigation Bureau and its sections are responsible for seventeen out of nineteen technical 

annexes. Facilitation and Security annexes are under the purview of the Air Transport Bureau. 

The following forms are ICAO standards and other provisions. 

• Standards and Recommended Practices - SARPs;  

• Procedures for Air Navigation Services - PANS;  

• Regional Supplementary Procedures - SUPPs; and  

• Guidance Material in several formats. 

“Any specification for physical characteristics, configuration, material, performance, 

personnel, or procedure, the uniform application of which is defined as a Standard.” [16] It is 

recognized as necessary for the safety or regularity of international air navigation. Furthermore, 

the Contracting States will conform by the Convention; on condition of impossibility of 

compliance, the Council must be notified based on Article 38 of the Convention. 

“A Recommended Practice is any specification for physical characteristics, configuration, 

material, performance, personnel or procedure, the uniform application of which is recognized 

as desirable in the interest of safety, regularity, or efficiency of international air navigation.” 

[16] The Contracting States strive to comply with the Convention. Otherwise, informing the 

Council of non-compliance is favorable. 

“SARPs are formulated in broad terms and restricted to essential requirements. For complex 

systems such as communications equipment, SARPs material is constructed in two sections: 

core SARPs - material of a fundamental regulatory nature contained within the main body of 
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the Annexes, and detailed technical specifications placed either in Appendices to Annexes or 

in manuals.” [16] 

“Procedures for Air Navigation Services (or PANS) comprise operating practices and material 

too detailed for Standards or Recommended Practices - they often amplify the basic principles 

in the corresponding Standards and Recommended Practices.” [16] The Contracting States 

strive to comply with the Convention. Otherwise, informing the Council of non-compliance is 

favorable. 

“Regional Supplementary Procedures (or SUPPs) have application in the respective ICAO 

regions. SUPPs do not have the worldwide applicability of PANS.” [16] 

To facilitate the implementation of the SARPs and PANS and Guidance Material is published.  

“Manuals provide information to supplement and/or amplify the Standards and Recommended 

Practices and Procedures for Air Navigation Services.” [16] To facilitate implementation, they 

are specifically designed periodically to ensure their contents reflect updated practices and 

procedures. 

“Circulars make available specialized information of interest to the Contracting States.” [16] 

Circulars are generally not updated. 

3.7.1.2 Annex 8. Airworthiness of aircraft 

The primary purpose of Annex 8 and its concentration is a standard that defines the minimum 

level of airworthiness. The certificates of airworthiness for aircraft are based on this annex for 

international recognition in accordance with Article 33 of the Convention [82-83].  
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Guidance material published by ICAO in this regard is Airworthiness Manual (Doc 9760) [81]. 

Airworthiness Manual is a material to guide states in uniformly establishing their national 

codes.  

Developing its own comprehensive and detailed airworthiness code, each state has freedom, or 

they can adopt, select, or accept another Contracting State’s code. The national code must 

maintain the broad standards of Annex 8 to indicate the level of airworthiness.  

The content of Annex 8 [84]:  

▪ PART I. Definitions  

▪ PART II. Procedures for certification and continuing airworthiness 

o Chapter 1. Type Certification  

o Chapter 2. Production  

o Chapter 3. Certificate of Airworthiness  

o Chapter 4. Continuing Airworthiness of Aircraft  

o Chapter 5. Safety Management  

▪ PART III. Large Airplanes  

▪ PART IIIA. Airplanes over 5700 Kg for which application for certification was 

submitted on or after 13 June 1960 but before 2 March 2004  

▪ PART IIIB. Airplanes over 5700 kg for which application for certification was 

submitted on or after 2 March 2004  

▪ PART IV. Helicopters  

▪ PART IVA. Helicopters for which application for certification was submitted on or 

after 22 March 1991 but before 13 December 2007, the Standards of this part shall 
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apply to helicopters intended for the carriage of passengers or cargo or mail-in 

international air navigation. 

▪ PART IVB. Helicopters for which application for certification was submitted on or 

after 13 December 2007. Except for those Standards and Recommended Practices 

which specify different applicability, the Standards and Recommended Practices of this 

part shall apply to helicopters greater than 750 kg, maximum certificated take-off mass 

intended for the carriage of passengers or cargo or mail-in international air navigation.  

▪ PART V. Small airplanes – Airplanes over 750 kg but not exceeding 5700 kg. For them, 

the application for certification was submitted on or after 13 December 2007. Except 

for those Standards and Recommended Practices, which specified different 

applicability, this part's standards and recommended practices shall apply to all 

airplanes having a maximum certificated take-off mass greater than 750 kg, but not 

exceeding 5700 kg intended for the carriage of passengers or cargo or mail-in 

international air navigation.  

▪ PART VI. Engines – Except as noted below, the Standards of this part apply to engines 

of all types, used as primary propulsion units, as required in Parts IIIB, IVB, and V. 

The Standards of this part apply to an engine type at the time of submission of an 

application to the appropriate national authority for a type approval.  

▪ PART VII. Propellers – The Standards of this part apply to all propellers, as required 

in Parts IIIB and V. The Standards of this part apply to a propeller at the time of 

submission of an application to the appropriate national authority for a type 

approval.[33] 

Annex 13 is not directly linked to airworthiness but is capable of influencing the airworthiness 

requirements. 
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3.8 National standards 

As mentioned, each Contracting State has the right to issue its standards. These standards 

include the requirements used to achieve their objectives which should not be less than 

international needs by annexes or other commitments. FAA and EASA airworthiness codes are 

an instance. They are for airworthiness certification of aircraft and its parts as well as relevant 

organizations such as design, production, and maintenance. They are in accordance with the 

ICAO Annexes and have an agreement with them. Thus, the certification process and criteria 

are not directly based on the airworthiness standards of ICAO but the national codes. 

3.8.1 The Federal Aviation Administration Regulations  

Title 14 of the Code of Federal Regulations (14 CFR) is the FAA regulations governing today’s 

aircraft. It includes 68 regulations.  

• Three volumes for Aeronautics and Space. 

• The fourth volume about the Department of Transportation,  

• and the fifth volume on NASA.  

They cover the following categories:  

1. Administrative  

2. Airworthiness Certification  

3. Airworthiness Operation  

3.8.2 EASA Regulations 

EASA system includes three primary levels of Regulatory material [28]:  

1. The Basic Regulation is adopting by the European Parliament and the Council.  
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2. Implementing Rules to the Basic Regulation is adopting by the European Commission.  

3. Soft law is adopting by EASA.  

EASA develops the following three various soft laws: 

• Certification Specifications (CS),  

• Acceptable Means of Compliance (AMC),  

• and Guidance Material (GM). 

3.8.2.1.1 Initial airworthiness  

On August 3, 2012, based on Commission Regulation (EU) No 748/2012, EASA established 

implementing rules for the airworthiness and environmental certification of aircraft. Plus, Part 

21 is for ‘Certification of aircraft and related products, parts and appliances, and design and 

production organizations.’ 

3.8.2.1.2 Continuing airworthiness  

On November 26, 2014, based on Commission Regulation (EU) No 1321/2014, EASA 

established a rule on “the continuing airworthiness of aircraft and aeronautical products, parts, 

and appliances and the approval of organizations and personnel involved in these tasks.” This 

Commission Regulation, updated ‘Continuing Airworthiness’ on the following parts:  

1. Part M: Continuing Airworthiness Requirement (Annex I)  

2. Part 145: Maintenance Organizations Approval (Annex II)  

3. Part 66: Certifying Staff (Annex III)  

4. Part 147: Training Organizations Requirements (Annex IV) 
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3.8.3 Requirement’s applicability  

The very beginning step to meet airworthiness requirements is defining the scope of work 

correctly and precisely in relation to the appropriate airworthiness code. There are several 

airworthiness codes; each includes the relevant requirements. The scope of intended work 

should be matched with the pre-set airworthiness standard requirements. Applicability 

describes the scope of work that could be matched with the concerned standard. Therefore, 

applicability is the essence of airworthiness requirements to consider. Thus, it is reasonable to 

see the applicability of a standard before taking any action. An example from EASA 21 has 

been provided to depict how diverse the scope of work is.  

• GM 21.A.151 Terms of approval – Scope and categories  

The competent authority will issue terms of approval document(s) under 21.A.135 to 

identify the scope of work, the products, and/or categories for which the holder is entitled 

to exercise the privileges defined in 21.A.163. [34] 

The codes shown against each scope of work item are intended for use by the competent 

authority for purposes such as managing, administering, and filing details of approvals. It 

may also assist in the production and publication of a list of approval holders.  

The scope of work, the Products, Parts, or Appliances for which the POA holder is entitled 

to exercise the privileges defined in 21.A.163 will be described by the competent authority 

as follows:  

For Products:  



33 

 

1. General area, similar to the titles of the corresponding certification codes.  

2. Type of Product, under the type-certificate.  

For parts and appliances:  

1. General area, showing the expertise, e.g., mechanical, metallic structure.  

2. Generic type, e.g., wing, landing gear, tires. 

3.9 Rulemaking process investigation  

Already the appearance of authorities and their role in setting the standards are discussed. Plus, 

airworthiness and various international and national codes are described. Now it is time to 

consider the processes which develop these standards and investigate them to have a proper 

perspective of the contributing factors in the quality of aviation standards.  

3.9.1 ICAO 

As an international organization, ICAO has an incomparable role in the rulemaking process 

and legislation. Thus, investigation of rulemaking processes begins with the ICAO process and 

the relevant organizations.  

3.9.1.1 Development of SARPs 

Air Navigation Commission or ANC technically analyzed SARPs. The Commission may 

assign a specialized working group based on the nature of the proposal. The primary step to 

progress is meetings in the air navigation field, while correspondences play a vital role. Several 

meetings result in a majority of accomplishments. Through the process, they take advantage of 

consultative mechanisms [16]. 
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All Contracting States have the right to participate and contribute to the air navigation meetings 

in an equal manner. Although international organizations may participate, they merely can 

observe.  

ANC formed technical groups from qualified experts; ANC panels are to solve technical 

problems before a particular deadline that otherwise would not be appropriately solved by the 

established facilities of the ANC and the Secretariat.  

To assist the ICAO Secretariat, Air Navigation study groups are small groups of experts 

provided by States and international organizations, which consult in conducting technical tasks. 

Technical, economic, social, and legal problems are the responsibility of Council technical 

committees. 

3.9.1.2 Review of SARPs’ Draft  

Air Navigation Commission receives the feedback of diverse groups’ reports on a technical 

proposal for revisions to SARPs or new SARPs to conduct a preliminary review. This review 

is generally limited to consideration of controversial issues that require examination before the 

recommendations are circulated to States for comment in the opinion of the Secretariat or the 

Commission [16]. 

Air Navigation Commission submitted the original recommendations for core SARPs and any 

alternative proposals to the Contracting States and selected international organizations. To 

comment on the proposals, States typically have three months. 

https://www.icao.int/safety/airnavigation/PublishingImages/review.jpg
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The comments of States and international organizations are analyzed by the Secretariat and 

prepares a working paper that includes the comments and the Secretariat proposals for action. 

The final review of the recommendations is carried out, and the final texts of the proposed 

amendments to SARPs, PANS, and associated attachments are established by the Commission. 

The Commission presents the amendments to Annexes recommended "Report to Council by 

the President of the Air Navigation Commission." to the Council for adoption. 

 
Figure 3.1 Review of Draft SARPs diagram [16] 

3.9.1.3 Adoption/Publication of Annex Amendments 

After reviewing the proposals of the Air Navigation Commission, on condition two-thirds of 

the members vote positively, the Council adopts the amendment to the Annex. "Green Edition," 

in two weeks of the adoption, is released to States with an explanatory letter.  

The Contracting States within three months can demonstrate their disapproval of adopted 

amendments to SARPs. Plus, one month for preparation and transit, the Effective Date 
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approximately is four months after adoption by Council. There should be four months between 

an amendment's Effective Date and its Applicability Date. However, based on the situation, it 

is various. On condition a majority of States do not indicate their disapproval, the amendment 

put into effect on the Effective Date. 

Provided there would be any differences between their national regulations, the States should 

notify it on the Notification Date, one month prior to the Applicability Date. The reported 

differences are then published in supplements to Annexes. 

Immediately after the Effective Date, a letter is sent announcing that the amendment has 

become effective. The Secretariat takes action to issue the "Blue Edition," which is the form of 

the amendment suitable for incorporation in the Annex or PANS. 

States must execute the amendments on the Applicability Date. On the condition, they have 

not notified differences. An expected applicability date yearly is set by the Council to restrict 

the frequency of Annex and PANS amendments.  

Typically, the whole process takes two years from the Preliminary Review by the ANC to the 

applicability date.  

ICAO’s strategic objectives are the primary document on Aviation safety. SARPs and PANS 

are a fundamental principle of the Chicago Convention and a foundation of ICAO’s mission 

and role. Further improving safety performance, States should consistently and progressively 

comply with SARPs and promote the execution of SARPs. 

Nowadays, more than 12,000 SARPs are related to the 19 Annexes to the Convention and 5 

PANS, several of which are constantly updating with the latest needs and innovations. As 

https://www.icao.int/safety/airnavigation/PublishingImages/timeline.jpg
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mentioned, this process is structured, transparent, and multi-staged, often known as the ICAO 

“amendment process” or “standards-making process.”  

ICAO collaborates with States and industry partner organizations to deliver a coordinated, 

harmonized, safe, and efficient international civil aviation system. The ICAO Air Navigation 

Commission (ANC), through established panels of experts in diverse disciplines, works to do 

not leave any chances for all new or amended SARPs and PANS to be ineffective or impractical 

for end-users. It includes the expertise of States and international organizations to establish its 

technical proposals. The ICAO Secretariat supports each ANC panel. However, their 

Chairpersons are elected internally from the panel members.  

There were 398 panel Members and 346 advisers from 61 States, which account for 31.8 

percent of ICAO’s 192 Member States, and 146 panel Members and 123 advisers from 35 

international organizations participating in all the ANC panels in 2017. 

3.9.2 FAA 

As an essential national authority, FAA has an influential role in the aviation industry globally. 

Thus, it is crucial to identify its process of rulemaking [89, 90].  

The following procedures are applicable to the issuance, amendment, and repeal of any 

regulation for which FAA follows public rulemaking procedures under the Administrative 

Procedure Act (‘‘APA’’) (5 U.S.C. 553). [22] 
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3.9.2.1 FAA issue rules 

a) APA is the reference of the FAA for rulemaking procedures to adopt, amend, or repeal 

regulations. It publishes the rulemaking documents in the FEDERAL REGISTER. 

Otherwise, it names and distributes a copy of a rule to every person subject to it. Plus, 

it disseminates all documents, such as the following, to the public through the Federal 

Docket Management System at http://www.regulations.gov. [22] 

(1) An advance notice of proposed rulemaking (ANPRM). 

(2) A notice of proposed rulemaking (NPRM). 

(3) A supplemental notice of proposed rulemaking (SNPRM). 

(4) A final rule. 

(5) A final rule with a request for comments. 

(6) A direct final rule. 

FAA follows the Administrative Procedure Act in case of most common sorts of rulemaking 

actions as follows.  

a) Rules found in the Code of Federal Regulations; 

b) Airworthiness directives issued under part 39 of that chapter; and  

c) Airspace Designations are issued under various parts of that chapter. 

The manual of the rulemaking committee contains the following information. The guidance 

explains how to initiate and execute the Aviation Rulemaking Committee (ARC) and Aviation 

Rulemaking Advisory Committee (ARAC) process. [23] ARC charter may contain any of the 

following information:  

http://www.regulations.gov/
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• Purpose and authority of the ARC.  

• Background of the issue, including a summary of related safety data from 

accidents/incidents, recommendations from the National Transportation Safety Board, 

and other government/industry organizations.  

• Historical FAA regulatory requirements, policy, and guidance.  

• Relevant petitions for exemption.  

• Outstanding enforcement actions.  

• Objectives and Tasks of the ARC. These should be specific directions that focus on the 

technical and policy issues that could result in rulemaking. The ARC will use the 

findings from these tasks to write the recommendation report. There should be specific 

guidance on what to include in the recommendation report.  

• Procedure outlines who the sponsor is, guidance on both the status report(s) and 

recommendation report, and information on reconvening the ARC after submitting the 

recommendation report.  

• Submittal date of the recommendation report. It is best to have the submittal date earlier 

than the charter expiration date.  

• Organization, Membership, and Administration, which describes the number of 

representatives chosen to be on the ARC, the participation requirements, the 

responsibilities of the sponsor and the co-chairs, and lobbyist guidance.  

• Cost and Compensation for both the government employees and non-government 

representatives to work and travel for the duration of the ARC.  

• Public Participation, which explains that the ARC meetings are not open to the public.  

• Availability of Records, specifying FOIA requirements and costs associated, and where 

the public can access the charter.  

• Distribution to various offices within the FAA.  
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• Effective Date and Duration (Typically no more than two years. The recommendation 

report should be submitted prior to the charter’s expiration.)  

• The ARC may be reinstated temporarily to assist the FAA with questions and concerns 

after submitting the recommendation report.  

ARAC Federal Register tasking notice may contain any of the following information: [23] 

• A detailed description of the issue.  

• Background of the issue, including a summary of related safety data from 

accidents/incidents, recommendations from the National Transportation Safety Board, 

and other government/industry organizations.  

• Outstanding enforcement actions.  

• Historical FAA regulatory requirements, policy, and guidance.  

• Relevant petitions for exemption.  

• Guidance about harmonization, if it is a goal.  

• Specific guidelines about the task for the working group to examine.  

• Specific questions that focus on the technical and policy issues that could be addressed 

by rulemaking or other action.  

• Initial qualitative and quantitative costs and benefits, if necessary.  

• Requirement for a recommendation report, which includes documenting the majority 

and dissenting positions.  

• Duration of the working group. Typically, a working group is established for one year. 

However, the length depends on the scope, magnitude, and complexity of the task.  

• The urgency of the task.  

• Who should receive the task: the ARAC or a subcommittee.  
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• If the OPR knows in advance that it will task the working group based on the 

recommendation report, those tasks should be included in the tasking notice to prevent 

delays.  

• After submitting the recommendation report, the working group may be temporarily 

reinstated to assist the FAA with questions and concerns.  

The FAA establishes an ARC to:  

• Improve development of the FAA’s regulations by involving members of the aviation 

community early in the development process.  

o Includes both industry and public concerns and opinions in the recommendation 

report to enhance the probability of acceptance when the FAA publishes a 

document.  

o Avoids placing unnecessary burdens on industry and the public because of a 

lack of information.  

• Exchange ideas through the ARC process give the FAA additional opportunities to 

obtain first-hand information and insight from those parties most affected by existing 

and proposed regulations and other regulatory information.  

A group of the aviation industry, the FAA, and public interest representatives who work 

together to develop and submit a recommendation report that addresses the charter’s taskings 

is the organization of ARC.  

A recommendation report describes the outcome of the research and analysis of the tasking. It 

contains the specific details, including:  
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• Summary,  

• Background information,  

• Research information,  

• Task group assignments and findings,  

• Issues because of the research and task group findings,  

• Consensus, including majority and dissenting opinions, and  

• Recommendations.  

• The Co-Chairs lead the ARC in developing the recommendation report. The ARC 

should:  

• Research and analyze the information they have collected.  

• Actively represent their organization’s viewpoints and keep management apprised of 

the findings.  

• Should discuss, but not document, with management the overall concepts and ideas.  

o Discuss any potential concerns from the organization’s standpoint.  

o Cannot share the actual recommendation report until it is submitted to the FAA.  

• Take notes (suggested, but not required.)  

• Identify any discussions in the recommendation report, including majority positions, 

dissenting positions, non-voting member positions, task group findings, and areas 

where the ARC cannot reach consensus.  

• Mark any draft documents the FAA Co-Chair distributes for review as “DRAFT 

WORKING MATERIAL—NOT FOR PUBLIC RELEASE.”  

• Be advised on potential issues with any of the recommendations by the FAA Attorney 

or the FAA Economist if providing support.  

• Be advised by the FAA on its position and be provided any technical or process 

guidance.  
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If the ARC is considering recommendations the FAA may not accept, the FAA Co-Chair 

should inform the ARC and explain why those positions would not likely be supported. This 

explanation should be included in the final recommendation report. 

The ARAC is a formal standing advisory committee made up of representatives from:  

• Advocacy groups,  

• Aviation associations,  

• Aviation industry,  

• Interested members of the aviation community, and  

• Public interest groups (to include non-profit organizations).  

The FAA Administrator sponsors ARAC. The ARAC reports to the FAA Administrator, 

through the Associate Administrator for Aviation Safety, with information, advice, and 

recommendations related to aviation issues. The FAA has the sole authority to task the ARAC, 

which allows the FAA to work with industry and the public to improve the development of the 

FAA’s regulations. 

The ARAC’s objectives are to: [23] 

• Improve development of the FAA’s regulations by involving interested members of the 

aviation community early in the development stage.  

• Avoid placing unnecessary burdens on the public by providing the FAA with sufficient 

technical and economic information to develop well-reasoned regulatory and guidance 

material.  
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• Include the regulated industry’s concerns and opinions in certain documents to reduce 

the probability of receiving non-supportive public comments when a document is 

published.  

• Exchange ideas through the ARAC process give the FAA additional opportunities to 

obtain firsthand information and insight from those parties most affected by existing 

and proposed regulations.  

 

Figure 3.2 ARAC Organization chart and diagram [22] 
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3.9.3 EASA 

As the EASA has an influential role in aviation [89,90], it is worth identifying its rulemaking 

process. EASA Management Board Decision number 18-2015, on December 15, 2015, 

prescribes the procedures for developing and issuing opinions, certification specifications, 

acceptable means of compliance, and guidance material by the Agency. [35] 

▪ ‘Rulemaking’ means the development and issuing of rules for the implementation of 

the Basic Regulation.  

▪ ‘Rules’ comprises the following:  

• opinions on the scope and content of the Basic Regulation and its implementing 

rules, consisting of a draft regulation and an explanatory memorandum;  

• certification specifications (CSs) are technical standards adopted by the Agency 

indicating the means to demonstrate compliance with the Basic Regulation and its 

implementing rules, and which can be used by organizations for certification;  

• acceptable means of compliance (AMC) are non-binding standards adopted by the 

Agency to illustrate the means to establish compliance with the Basic Regulation 

and its implementing rules; and  

• guidance material (GM) means non-binding material developed by the Agency that 

helps illustrate the meaning of a requirement or specification and is used to support 

the interpretation of the Basic Regulation, its implementing rules, and AMC.  

▪ ‘Preliminary impact assessment’ (PIA) means an assessment of:  

• the need to address safety, environmental, level playing field and/or 

proportionality/efficiency issue, and its priority; the identified, possible alternatives 
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(e.g., safety promotion, focused oversight, research/studies, and/or ‘do nothing’) to 

rulemaking to address an existing or new issue;  

• The potential safety, environmental, level playing field, or 

proportionality/efficiency improvement compared to the estimated cost of the 

proposed measure.  

▪ ‘Regulatory impact assessment (RIA)’ means an assessment of the benefits (in terms of 

safety, environmental, level playing field, or proportionality/efficiency aspects) 

expected from the proposed rule as well as its implementation cost for national 

administrations and those subject to its provisions measured concerning the option not 

to issue a rule. The aim of the RIA shall be to improve the quality of regulations by 

helping ensure well-substantiated decisions and by clarifying the positive and negative 

safety, economic, environmental, social, or other non-safety-related impacts of a 

proposed rule. [35] 

Once Rulemaking Program is established, these items shall be considered:  

a) the objectives set out in Article 2 of the Basic Regulation;  

b) the criteria set out in Article 19 of the Basic Regulation;  

c) the relevant developments in European Union and international law;  

d) the European Commission’s work program for legislative and non-legislative tasks;  

e) the objective of harmonizing Union rules with those of the European Union’s main 

partners;  

f) the principles of performance-based regulations;  
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g) identified safety hazards, risk assessment studies, and other research activities 

undertaken by the Agency and other organizations, including the action areas identified 

in the European Plan for Aviation Safety (EPAS);  

h) the need to monitor the effectiveness of aviation safety and environmental protection 

requirements and to address any acute implementation problem as they fall within the 

Agency’s remit;  

i) the experience gained from the implementation and standardization process;  

j) the need to consider the results of air accident investigations in so far as they relate to 

aviation safety requirements;  

k) technological and scientific progress, new business models, and the need for 

corresponding changes to aviation safety and environmental protection requirements;  

l) cross-domain issues stemming from strategic developments;  

m) the needs of emerging air traffic enhancement programs from competent authorities in 

so far as they relate to aviation safety requirements that fall within the Agency’s remit; 

and  

n) the regular review of the rules referred to in Article 3.9 of this Decision. [35] 

Regulatory impact assessment (RIA)  

(1) Further to the PIA referred to in Article 3.4, a RIA shall be part of the drafting of the rules 

to ensure that their content is based on evidence and sound analysis and to assess the need 

for a performance-based approach.  

(2) The RIA shall be conducted based on the principle of proportionate analysis: in-depth 

analysis to be performed for rulemaking projects with expected high impact and light 

analysis for rulemaking projects with expected lower impact.  
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(3) The Agency’s advisory bodies and the rulemaking group members (when a rulemaking 

group is set up) shall support the development of the RIA by providing economic and other 

quantitative data. 

Drafting of rules 

In case of the drafting of rules, these items shall consider:  

a) European Union law, and in particular the objectives and essential requirements set out 

in the Basic Regulation;  

b) ICAO Standards and Recommended Practices (SARPs);  

c) harmonization objectives with other aviation authorities and international organizations 

under the applicable arrangements with third parties;  

d) the principles of performance-based regulations and related criteria for their 

implementation;  

e) relevant findings and recommendations of air accident investigations;  

f) existing industry standards;  

g) timely implementation of the rules, taking into account translation delays;  

h) compatibility with existing rules and interfaces with other ongoing rulemaking projects;  

i) state of the art and best practices in aviation safety and environmental protection 

requirements;  

j) risk assessments conducted and available data;  

k) feedback from the implementation and standardization process;  

l) cross-domain issues stemming from strategic, scientific, and technological 

developments; and  

m) the outcome of the RIA being drafted, if applicable, as specified in the ToRs. [35]  
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Chapter 4: 

4 Solution Approach 

In this chapter, methodology, tools, and techniques are discussed. A Model to analyze the 

quality and reliability of requirements, the relevant diagrams, processes, sub-processes, and 

attributes are the main concentration of this chapter.   

4.1 Systems engineering theory and methodology  

A system is an integrated combination of resources like human resources, machines, and 

instructions that would be capable of meeting at least an intended requirement. Another 

necessary definition to know is system engineering. There are three as follows. 

• A logical sequence of decisions and activities transforming an operational need into a 

description of system performance parameters and a preferred system configuration is 

system engineering. [17]  

• “An interdisciplinary approach that encompasses the entire technical effort evolves into 

and verifies an integrated and life cycle balanced set of system people, products, and 

process solutions that satisfy customer needs.” [18]  

• An interdisciplinary, collaborative approach evolves and verifies a life-cycle balanced 

system solution that satisfies customer expectations and meets public acceptability. [19] 

Thus, systems engineering is an interdisciplinary engineering management process that evolves 

and verifies an integrated, life-cycle balanced set of system solutions that satisfy customer 

needs. 
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Complex systems commonly call for a diverse appeal to technology requiring many kinds of 

specialists. Complex systems consist of many elements that must be organized into families, 

each arranged in a hierarchy. These families and elements must be assigned to engineering 

teams, organizations, or companies specializing in designing particular kinds of things. These 

elements must be designed to interplay with the others in the system and the system 

environment to satisfy the system's needs. 

The system development process most likely to succeed has evolved from many years of 

experience. It involves a three-step process accomplished within an infrastructure of sound 

technical management. The first step in that process is to define the problem as a prerequisite 

to solving it. Any detailed design effort should be preceded by releasing a specification 

containing all of the essential characteristics and nothing else. The second step involves solving 

the problem defined in the specification, referred to as synthesis. This step is commonly broken 

into three sub-steps:  

(1) design, creating an engineering design solution,  

(2) procurement translating that solution into a list of suppliers of materials needed to 

manufacture and assemble the solution and gaining access to them, and  

(3) the manufacturing of the solution. [24] 
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Figure 4.1 System development transformations [24] 

The fact is that it is not hard to write requirements. It is hard to know what to write them about 

and determine appropriate numerical values to include. A requirement is an essential attribute 

or characteristic for a system or an element to develop a design for the item before efforts. The 

attribute is coupled with the attribute's value and unit’s information based on a relation 

statement. Each requirement statement in a specification must satisfy several characteristics, 

including 

(i) proper grammar,  

(ii) appropriate use of shall, will, and other keywords, and  

(iii) rigid compliance with a format. 

System requirements analysis (SRA) is a structured or organized methodology for identifying 

an appropriate set of resources to satisfy a system need and the essential characteristics 

(requirements) for those resources that provide a sound basis for designing or selecting those 

resources. It transforms between the customer’s system need and the design concept energized 

by the organized application of engineering talent. The basic process decomposes a customer 

need statement through a systematic exposition of what the system must do to satisfy that need. 
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The need is the ultimate system requirement from which all other requirements and the designs 

flow.  

It shows that system engineering could be considered an acceptable option to design the system 

required by the competent authority to operate a business in the aviation industry, such as 

designing or manufacturing an aircraft. However, there are other options. The objective here is 

not to demonstrate that system engineering is the best choice to do that. Instead, system 

engineering is applied as a reasonable solution to verify the different aspects of the requirement.  

Although there are some steps to take before requirement analysis based on the system 

engineering theory, this thesis's primary concentration is requirements analysis. Plus, the 

development phase of system engineering has apparent similarities with the Define and 

Measure phases of DMAIC, which was discussed in the previous chapter. Thus, to prevent 

repetition, that information does not mention for the second time.  

4.2 Requirement’s analysis strategies  

Before elaborating on requirements analysis, there is some vital information in this regard to 

consider. The majority of requirements analysis projects pursue one of the four following 

fundamental strategies. [24] 

(i) structured analysis or modeling,  

(ii) cloning,  

(iii) freestyle, and  

(iv) question and answer. 
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4.2.1 Freestyle Strategy 

It is possible for an experienced system engineer, familiar with the product line appropriate to 

the customer's need, to craft a system requirements document based on a customer need 

statement and minimal additional information entirely from scratch on a word processor. It is 

a freestyle approach since the engineer makes no obvious appeal to any structure to gain insight 

into the appropriate requirements. 

The outcome will not always be desirable. Freestyle imposes the danger of possible 

incompleteness due to a lack of rigor in the analysis process. It requires a very experienced 

analyst to have any hope that this approach will succeed. Regardless of who does the work, the 

results should be scrutinized by project personnel most familiar with the customer’s needs. 

Probably, they are not able to see their own mistakes, but anyone else may see them. So, it 

should always take advantage of the low cost of criticism through peer review, as the 

rulemaking procedures of ICAO, FAA, and EASA.  

When this strategy is followed as the only requirements analysis approach on an extensive 

program, it can be characterized as chaos. There is a likelihood that the principal engineers 

responsible for the many lower-tier specifications will not effectively communicate in an 

organized way. The system requirements will not properly influence the requirements for 

lower-tier items. 

4.2.2 Cloning Strategy 

A program that is already established with an extensive library of specifications, however, they 

were created, can have a very successful requirements analysis experience without applying 

the structured analysis approach. Such a program has a tremendous storehouse of requirements 
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in the form of the many specifications on hand. While one may question the quality of that 

storehouse as a function of how it was obtained in the first place, it has probably withstood the 

test of time. These documents can be used as an inspiration for others through a process called 

cloning, which is a scheme for using an existing document as the basis for another. [24] 

4.2.3 Question and Answer Strategy 

In the third strategy, an agent demands questions from the customer about their needs and turns 

the answers into requirements for inclusion in top-level specifications. This process should be 

part of every requirement analysis activity. Thus, those who ask the questions need machinery 

to encourage good questions and all their interest. Plus, knowledgeable people must respond to 

these questions. 

Q and A combined with structured analysis provides the best combination as it uses simple 

pictures (models) to stimulate a conversation between one party with questions and another 

who may have answers. 

4.2.4 Structured Analysis or Modeling Strategy 

Structured analysis is synonymous with the term system requirements analysis as applied in 

the aerospace industry. An organized and systematic environment is provided by the structured 

analysis strategy to decompose a significant problem into a series of smaller ones. The solution 

of all minor, more specialized problems results in a solution to the larger one. This strategy is 

followed throughout the Analysis phase of this thesis.  

4.3 Requirement’s analysis  

Requirements analysis generally should result in a clear understanding of: 
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• Functions: What the system must do, 

• Performance: How well the functions must be executed, 

• Interfaces: the system executes in which environment, and 

• Other requirements and constraints.  

No matter what sort of system is intended for consideration, the principal goal is to fulfill the 

requirements [85]. The requirements have been divided into various categories based on where 

they came from, including Customer Requirements, Functional Requirements, Performance 

Requirements, Design Requirements, and Derived Requirements to Allocated Requirements 

[13].  

Inevitably, the process of meeting requirements is a sophisticated subject. However, there 

would be no guarantee to reach a satisfactory result ultimately unless, at the first step, the 

requirements are investigated appropriately. In other words, if the requirements do not define 

correctly and adequately, there would be no possibility to fulfill them correctly. Provided that 

the requirement analysis has various aspects, the quality of requirements is essential before 

taking any further action. [39] Obviously, the quality, in this case, is a generic term that needs 

to be more specified to take practical action. Therefore, there is a need to be familiarized with 

the following definitions prior to further progress.  

The requirement is any sort of needs to be satisfied. There are various requirements as below.  

There are six types of requirements categories as follows. They are divided Based on each 

category’s characteristics. 

▪ Customer Requirements 
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The operational requirements which show the fundamental needs are categorized as 

customer requirements. Measures of effectiveness and suitability (MOE/MOS) are some 

instances of the expectations from the systems in the form of mission, objectives, 

environment, and constraints.  

▪ Functional Requirements 

The requirements that come from requirement analysis are the highest level of function for 

functional analysis. They are required functions, tasks, actions, or activities that must be 

carried out.  

▪ Performance Requirements 

The boundaries of a mission or function that must be accomplished. They can be in the 

form of quantity, quality, timeline, etc. When it comes to requirement analysis, 

performance requirements according to system life cycle factors develop among all defined 

functions. Plus, the certainties and importance’s degree besides relations to other 

requirements depict.  

▪ Design Requirements 

How to build, buy, or carry out the product or processes shown in technical manuals or data 

packages.  
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▪ Derived Requirements 

The requirements come from higher-level like for high-speed vehicles, a low weight design 

could be required.  

▪ Allocated Requirements 

As a result of dividing or breakdown a high-level requirement into multiple lower-level 

requirements.   

4.4 Quality  

Quality could be variously defined based on people’s responsibilities in the production-

marketing value chain. Furthermore, there is no end to quality which makes it an evolving 

definition [14]. A study in the eastern United States depicts managers’ notion on quality as 

bellow:  

• Perfection  

• Consistency  

• Eliminating waste  

• Speed of delivery  

• Compliance with policies and procedures 

• Providing an excellent usable product  

• Doing it right the first time 

• Delighting or pleasing customers 

• Total customer service and satisfaction  
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To some extent, all of them could be true. However, it is not practical to analyze the quality of 

a requirement based on these notions. There is a need for robust criteria, processes, tools, and 

techniques to develop a model that allows a user to systematically analyze requirements’ 

quality and figure out the exact problem and its effect on the system.[86]  

4.5 Requirements Attributes  

It is essential to consider all possible quality concerns to have reliable, sufficient, and 

appropriate criteria for analyzing requirements. There are seven types of requirements’ 

attributes based on which the quality of a requirement can be determined [13, 40, 47]. They 

almost cover every quality possibility.  

1. Achievable  

A requirement is achievable when it shows a need for a solution at an affordable cost.  

2. Verifiable  

The quantity of a need should be clearly defined, which permits verification. Excessive, 

sufficient, resistant, etc., are not acceptable.  

3. Unambiguous 

A requirement should be clear and non-vague. Plus, it needs at least one meaning.   
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4. Complete 

It must include all information needed to understand customer requirements, mission 

profiles, operational and maintenance needs, and other constraints like environments.  

5. Need 

It must not address the solution like how to meet the requirement. Instead, it should be 

shown in the form of need like what and why.  

6. Consistent 

There should be consistency between all requirements. Any sort of conflict should be 

avoided.   

7. Hierarchy 

The level of requirements should be suited for the intention and compatible with the others. 

Neither too detailed nor too general.   

4.6 Flowchart and process 

As mentioned, seven essential and comprehensive attributes are considered to analyze the 

requirements ranging from achievable, verifiable, unambiguous, complete, need, consistent to 

hierarchy. At the same time, the order and process of identifying their level of conformance 

with the requirements is a crucial subject to work on. Plus, there are some sub-processes and 

criteria to determine how each step should be taken. Eventually, the requirements will be 

analyzed and recognized as either acceptable or not acceptable from the quality perspective. It 
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enables system engineers to negotiate with requirements owners about a possible opportunity 

for improvements.  

• The process of evaluation of the requirement’s quality begins with determining 

conformance with the need attribute. If the requirements include the solution, it is not 

acceptable. Inevitably, there should be a need for a solution. In the case of a solution 

without a need, the need is missing. As a result, there is no further step to take.  

• If not, the next step is to breakdown the requirement as much as possible to reach the 

lowest layer of required actions to analyze the requirement hierarchy.  

Work breakdown structure (WBS) is a tool to breakdown the different levels of a project. There 

are many applications. However, here to identify the position of each activity in terms of 

hierarchy, WBS is applied.    

• Once the requirement has been singled out, any pertaining predecessor should be 

identified. Any of them must be defined as either a new one or an existing one. 

Otherwise, the process can be reached the next step.  

• In the case of consistency, the interface’s identification is the following action to take. 

A requirement may have no or more than one interface.  

• Provided that it has any interface, it may be internal, external, or a mixture of both. 

Thus, the relation between interfaces should be determined, which could be one of the 

following options. Conflict, redundancy, compatibility.  

• While reaching redundancy means any possible action probably has been taken at the 

first occurrence. In the case of conflict, there is no further action to take. However, 

when it comes to a compatible option, the next step should be taken.       
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• A requirement should be verifiable. Thus, if it is not, it would be failed. Otherwise, the 

process reaches the result as the following diagram shows.  
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Figure 4.2 Requirement analysis diagram 1 
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4.7 Sub-process and criteria  

Besides the primary process mentioned in the above diagram, some sub-processes need to be 

considered and explained as below.  

• Hierarchy 

The number of actions derived from a single requirement should be apparent based on the 

requirement breakdown results. The average number of actions would be an acceptable level 

of hierarchy. Either Higher or lower numbers should be registered as the higher or lower level 

of hierarchy.   

• Verifiable 

In accordance with the definition, the requirement should be measurable. Therefore, any 

requirement without some obvious boundaries cannot meet this criterion.   

4.8 Analysis of the result  

When the result comes out from the diagram depicted in figure 4.2, the next step is to analyze 

it. Previous steps clarified if a requirement fails to meet specific criteria, including need, 

hierarchy, consistency, and verifiability. However, the other criteria, like unambiguous, 

complete, and achievable, are more complicated. Thus, to determine the conformance of the 

requirement with them, more analysis is needed.  

There are three possibilities for the result as follows: 

1) The analysis is left incomplete  
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2) The analysis results in requirement review at some point 

3) The analysis has reached the result 

In the case of the two first options, it should be determined if the requirement is ambiguous or 

incomplete. Plus, it could be a mixture of both. While, if the analysis ends up with the result, 

it should be clarified whether the requirement is achievable.  

 

 

 

 

 

 

 

 

 

 

 

 

4.9 System Affordability   

System affordability means spending money not only on value-added activities but also on 

those activities supporting value-added activities. Their functions are required for the system. 

Thus, it is the correct cost of the system. While the system is not affordable to pay for non-

value-added activities, which are waste and wrong cost [15]. 

• Value-added 

What the customers desire to pay for is value-added, and anything else is non-value-added. 

Unachievable  Achievable    

Result  

Investigate 

value-adding   

Figure 4.3 Requirement analysis diagram 2  
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4.9.1 Available funds  

Probably when it comes to affordability, available funds could be a critical factor to consider. 

However, there are at least two different approaches, in this case, the first of which is the 

customer approach, and the second is the administration approach. As a customer, it is 

mandatory to know if the required funds are available. On the other hand, as an administration, 

one of the concerns is the finical ability of a business applicant. Thus, available funds could 

not affect the concern of this thesis regarding system affordability. Instead, it is the concern for 

applicant affordability. [45]  

4.9.2 Risk-based approach  

The keyword is the affordable cost to investigate whether the requirement is achievable or not. 

When it comes to the affordable cost, it can be considered what would happen if the 

requirement were disregarded. In this scenario, the consequences of intentionally disregarding 

a requirement are the subject of matter. On condition either nothing happens, or the 

consequence is not related to value-added activities, the requirement probably is not value-

added. Therefore, it is not affordable for the system to support a non-value-added activity. In 

doing so, the best technique is Design Failure Mode and Effect Analysis (DFMEA) [46]. 

4.9.3 DFMEA   

Initially, the system structure is analyzed to determine the scope of the DFMEA. It results in 

the definition of the structure and limits of the system. Thus, a functional analysis is carried 

out. To do so, from various disciplines, subject matter experts build a cross-functional team. 

Once the function of the system has been described, various possible failure modes are 

determined [53]. 
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To figure out the potential causes, DMAIC provides a couple of practical techniques, including 

root-cause analysis and cause-and-effect diagram [14]. The potential failure effect is 

determined within the identified items as the severest.  

By performing tests and analysis to better understand the probability of failure, the prediction 

of the reliability of a product can be improved. Thus, the probability of failure may be 

decreased. This decrease is characterized by a detection score (PD) for each cause activity 

combination [54]. 

The DFMEA technique provides not only the results needed for affordability analysis but also 

the other sorts of information that are helpful in terms of reliability. However, there is no access 

to the factual information showing the initial aim and consequence of missing or improperly 

compliance with the chosen requirements. Instead, the best possible assumption has been held.    

Required columns are added to the RTM excel file as shown in the following table to facilitate 

tracking and calculation of DFMEA analysis.  
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Table 4.1 DFMEA application example 

Item
 n

o
 

Requireme
nts 

Required 
Outcomes 
(deliverabl

es) 

DFMEA 

Potential 
failure 
mode 

Potenti
al 

failure 
effects 

Se
verity  

Potential 
causes 

O
ccurren

ces  

Curre
nt 

contr
ol 

D
e

tectio
n

  

R
isk p

rio
rity 

N
o

. 

1 

Any person 
may apply 
for a 
production 
certificate if 
that person 
holds, for 
the product 
concerned
— (a) A 
current 
type 
certificate, 

Eligibility  
Revoke a 
Type 
certificate  

Lost 
eligibilit
y 

5 
Nonconform
ity with type 
design  

2 
Does 
not 
define  

5 50 

2 

 (b) A 
supplement
al type 
certificate, 
or 

Eligibility  

Revoke a 
Supplemen
tal Type 
certificate  

Lost 
eligibilit
y 

5 
Nonconform
ity with type 
design  

2 
Does 
not 
define  

5 50 

 

Based on the previous steps, the risk priority number (RPN) is calculated in this technique. It 

is the product of the multiplication of the severity of effect (SE), probability of failure 

occurrence (PFO), and probability of detection (PD). These three terms represent the three 

categories of contributing factors in the RPN [30]. To calculate RPN following equation is 

applied. [46] 

𝑅𝑃𝑁 = 𝑆𝐸 × 𝑃𝐸𝑂 × 𝑃𝐷   (3.1) 

Through the following table, SE, PFO, and PD levels for each failure mode are determined on 

a scale from 1 to 5. However, the scale of the following table could be modified based on the 

nature and specifications of the intended project.  
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Table 4.2 Failure mode levels  

Titles  Level 1 Level 2 Level 3 Level 4 Level 5 

Severity  Low risk to 
the system 

Moderate 
risk to the 
system 

High risk to 
the system 

High risk of 
mission fail 

Mission fail 

Occurrences Unlikely 
probable  

Low 
probability 

Moderately 
probable 

Highly 
probable  

Extremely 
probable  

Detection  Extremely 
probable  

Highly 
probable  

Moderately 
probable 

Low 
probability 

Unlikely 
probable  

4.10 Reliability  

Successful deployment of a complex, high-reliability system that meets the user ‘s expectations 

for reliability, maintainability, and availability is dependent on the definition, execution, and 

monitoring of a set of interrelated tasks. The acquisition cycles depicted in figure 3.4 can span 

multiple months or even years. 

The first step is to derive the requirements for the specific system being acquired. Following 

that, a set of incremental activities should be carried out to establish increasing levels of 

confidence. The system is designed, built, and tested to meet those requirements of the design 

and development phases. Completing the acquisition cycle is an approach to monitoring 

performance in the field to determine whether the resulting system meets or exceeds 

requirements over its lifetime. This information then forms a foundation for the specification 

of new or replacement systems. The number of test hours needed to obtain a statistically valid 

result is a fundamental statistical limitation for reliability acceptance tests. [25] 
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Figure 4.4 Acquisition Process Flow Diagram [25] 

To the extent that reliability was a consideration, the design engineer was responsible. Safety 

features were either present or not in the design due to the design engineer’s knowledge of 

what contributes to product safety. The design engineer was a generalist in a broad field, such 

as mechanical engineering. Systems could be designed that appealed to a relatively narrow 

range of engineering knowledge, such as mechanical systems or electrical systems, rather than 

the systems we commonly see now that include a rich mixture of mechanics, electronics, 

hydraulics and fluid dynamics, aerodynamics, computer software, and many other fields.  

In the case of requirement analysis, there are three levels of reliability. The first level is about 

how reliable is the requirements to provide a system design that realizes the expectations. In 

other words, to what extent does the requirement guarantee that the design would meet the 

expectations in the best-case scenario. This step is the requirements analysis level [37]. 

The second one is how the design is reliable in developing a system that realizes the design’s 

expectations, design verification. [54] The third level is how reliable the system is to achieve 
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the objective. Obviously, the first and second levels can impact the final result even if the 

system is highly reliable in the third level [41]. 

The third level is a well-known subject. The reliability of a system is not a new initiative to 

focus on in this thesis. Investigating the second level of reliability (design verification), 

DFMEA was applied in this thesis, but the intention was affordability. The other options are 

available for design verification. Even in the event of the DFMEA application, there is a need 

for modification based on the new objective, design verification. On the other hand, it is vital 

to consider a solution to predict the reliability of the first level, which can prevent adverse 

effects on the following levels.  

4.10.1 Assumption  

As quality has a direct relation with reliability. The assumption is that the same attributes 

affecting quality are impacting reliability as well. [29] In other words, in case of non-

conformity or poor conformance with the following attributes, failure of the requirement is 

predictable. Thus, the following items are considered as contributing factors to investigate the 

reliability of a requirement. It means they can guarantee that a design or product meets the 

expectations in the first level [41]. 

The requirement conformance with the following attribute is analyzed to predict the reliability 

of each requirement. If the requirement is conformed with the attribute, it shows by 1. 

Otherwise, 0 demonstrates the result. The requirement analysis process was previously 

explained.  

• Achievable  
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• Verifiable  

• Unambiguous  

• Complete  

• Need 

• Consistent  

• Hierarchy  

The sum of attributes conformance calculation of each requirement could not exceed 7 as there 

are 7 attributes. This should be divided by 7, which is the sum of the maximum possible values. 

The result can be between 0 and 1, which shows the prediction of the reliability of the 

requirement.   

Although it is possible that the attributes do not have the same effect on reliability, non-

conformity with them results in a failure that causes mission failure. Plus, there could be some 

cases that are not 0 or 1. Instead, they comply with the attributes to some extent. However, to 

simplify the calculation and follow this assumption's goal, this possibility is not essential. The 

goal of this assumption is to predict whether the reliability of a requirement is acceptable. It is 

not to precisely calculate the level of reliability with regards to each attribute.   
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In this way, each requirement is assumed as a system component, with certain restrictions. 

Therefore, the reliability of each requirement could be calculated as follows: 

Reliability of a requirement = 𝑅 

𝑅𝑖 =
∑ 𝑥𝑖𝑗

𝑛
𝑗=1

∑ max 𝑥𝑖𝑗
𝑛
𝑗=1  ⁄     (3.2)  

𝑥 = 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 𝑐𝑜𝑛𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑤𝑖𝑡ℎ 𝑡ℎ𝑒 𝑖𝑛𝑡𝑒𝑛𝑑𝑒𝑑 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒 

𝑖 = 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 number 

𝑗 = 𝐴𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒 

❖ To simply the prediction, the value of 𝑥 is dedicated 0 or 1 (binary) 

❖ In this assumption, there are 7 attributes. Thus, the value of 𝑛 is 7. 

If there are any interfaces between a given requirement and any other internal or external entity, 

it should be verified that this interface matches which kind of reliability relation including 

series to parallel.  

Reliability block diagrams (RBDs) or predictive fault trees is to show the logic of how a failure 

could adversely affect the intended outcome or “mission”. Generally, the segment or system 

reliability of 𝑛 blocks are as bellow. [29] 

Blocks A and B in the following Figure are “series” units. In a series unit, the failure of either 

component leads to system failure.  
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Figure 4.5 Reliability Block Diagram [29] 

Provided that it could be a series segment, the reliability should be calculated as follows.  

Series segment reliability = 𝑅𝑆𝑒𝑔𝑚𝑒𝑛𝑡 = 𝑅1 × 𝑅2 × 𝑅3 × 𝑅𝑛 (3.3) [29] 

 

 

 

Figure 4.6 Sample of Series system 

n 2 1 
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The C and D components are parallel or redundant. In case of failure of one of them, the second 

would support the system to succeed. It means, to fail the system, both must fail. The 

probability of both failing is the result of their unreliability 1−R, or in this case,  

Parallel segment reliability = 𝑅𝑆𝑒𝑔𝑚𝑒𝑛𝑡 = 1 − [(1 − 𝑅𝑐) × (1 − 𝑅𝑑) × … … .× 𝑅𝑚]  (3.4) [29] 
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Chapter 5:  

5 Case Study 

In this chapter, the proposed model to carry out requirements analysis is applied to CFR-14 

Part-21 Subpart-G. SIPOC, DFMEA, Building block diagram, are a part of the solution. As a 

result, the contributing factors, Pareto charts, and the analysis results are explained in this 

chapter.  

5.1 Data collection and Sampling 

As mentioned, this work's main objective is to investigate the standards applicable to specific 

organizations operating in aviation industries, such as design or production organizations. 

Previously, it was explained which standard could apply to such organizations.  

As there are many common points when it comes to production and design organizations with 

regards to general quality systems’ requirements, one of them could cover another one, with 

some recognizable discrepancies. Furthermore, there are the mentioned similarities with 

maintenance organizations.  

Due to limited resources, there is no way unless prioritize one standard related to an 

organization. Otherwise, the consistency of requirements will be compromised, which can 

adversely affect this work's result. It means requirements pertaining to the production 

organization were chosen instead of various standard requirements related to the diverse 

organizations.  
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As most of the aviation industry and its products are under the influence of two leading 

authorities, FAA and EASA, which was explained previously, one of them could be an 

acceptable option to be chosen.  

As the framework of requirements is not the same in design organization between FAA and 

EASA, it cannot probably be the best option to do any further analysis between them like 

benchmarking. Thus, production organization is selected.  

The data collecting method is clustered. The unit in a clustered sample is subgroups of the 

population rather than individuals. The clusters result from the deviation of the population into 

subgroups, which are randomly selected. All members of the chosen clusters are included in 

the study in single-stage cluster sampling [20]. The FAA requirements applicable to a 

production organization are selected through this method.  

5.2 RTM  

The process of identifying, documenting, and managing stakeholder needs and requirements to 

achieve objectives is collecting requirements. The primary merit of this process is that it 

supplies the basis for defining the product and the project scope and other sorts of processes, 

resources, and required actions [87]. 

A traceability matrix is a table related to the requirements in which intended information is 

mentioned from the base to the outcome. This tool provides an opportunity to trace that each 

requirement adds business value. In doing so, the relationship between the outcome of 

requirements and project objectives could be verified. It means eliminating the chance of 

missing a requirement throughout the project life cycle or its approval. Plus, it is a change 

management structure. It can include the following items but is not restricted to them. 
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• Business needs, opportunities, goals, and objectives; 

• Project objectives; 

• Project scope and WBS deliverables; 

• Product design; 

• Product development; 

• Test strategy and test scenarios; and 

• High-level requirements to more detailed requirements. 

Attributes associated with each requirement can be recorded in the requirements traceability 

matrix. These attributes help to define critical information about the requirement [21]. 

As the definition mentioned, an RTM is drawn to organize and trace the requirements. The 

details and information about the RTM used through this work are as follows. It is about how 

to draw a table for RTM in Excel.  

Table 5.1 RTM first part 

Item 
no 

Standard (source) Code Title Requirements 
Requirement 
Interface type  

1      

 

1. On the first right column, the consecutive number of requirements is written. This 

number shows how many items have been collected. There is a difference between this 

number and how many codes have been collected since a code could include several 

items. There is no way unless to decompose a code into single items to make the 

analysis possible.  
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2. The second column is the source of the requirement to address and verify as it is 

necessary. In this work, the source is the CFR14- part21-subpart G. 

3. The third one is the identification code of the requirement based on what is given by 

the standard.  

4. The Forth column is for the title. In this case, the standard itself determines the category 

of the requirements. Otherwise, the title shows the requirement category.  

5. After that, the requirement itself without any modification or edition is mentioned.  

6. The next column belongs to the requirement interface; if there is any, it can be external, 

internal, or both.   

Table 5.2 RTM second part 

Action 
Sequence  

Total number of 
actions 

Precedence 
Action 

required  

Doer 
Required 
Outcomes 

(deliverables) More 
than 
average 

Less 
than 
average  

Action  
1 

Action 
2 

Action 
required  

        

7. The seventh column is for the action sequence number, which shows how many series 

of actions belong to this requirement.  

8. The following two columns show the total number of actions required by the 

requirement to be met. Plus, it shows if it is either more or less than the average.  

9. After that, the first precedence action should be written.  

10. Then, the second precedence action should be written. 

11.  The eleventh column belongs to action required directly by the requirements.  

12. After that, Doer, who is supposed to take action, is mentioned. 
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13. Next to it, a deliverable (outcome) should be written.  

Table 5.3 RTM third part 

DFMEA 

Potential 
failure 
mode 

Potential 
failure 
effects 

Severity  

Potential 
causes 

O
ccu

rren
ce

s  

Current 
control 

D
etectio

n
  

R
isk 

p
rio

rity 

N
o

. 

        

 

14. The fourteenth column belongs to the Potential failure mode, which is usually the worst 

possible failure that could happen.  

15. The next one is the severest consequence of the worst failure mode.  

16. The next column is to determine SE (severity) number. 

17. Then, potential causes should be written in the next column. 

18. The eighteenth column is for occurrences probability. 

19. After that, any current control needs to be mentioned. 

20. Afterward, the probability of detection should be written. 

21. Moreover, the Risk priority number is the last column for DFMEA purposes.   
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Table 5.4 RTM fourth part 

Requirements analysis (Attributes) 

Result  Achievable  Verifiable Unambiguous Complete Need Consistent Hierarchy 

        

 

22. The twenty-second column belongs to the result of attribute analysis. If any of the seven 

attributes’ analysis results in a “not acceptable” response, the final result is not 

acceptable. Otherwise, it would be acceptable.  

23. Next to it is the column to mention the result of achievable attribute analysis. 

24. Thereafter, if the requirement is verifiable, the result should be written.  

25. After that, if the requirement is unambiguous, it should be mentioned.  

26. The next column is where to write down the result of the “complete” attribute analysis.  

27. Thereafter, if the requirement is acceptable in terms of the need, it should be noted.  

28. Consistent is the following attribute. The result of the analysis should be written in this 

column. 

29. The last attribute is the hierarchy; the analysis result should be noted in the twenty-

ninth column.  
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Table 5.5 RTM last part 

Interfaces (Relation to other requirements) 

Reason of 
incomplete  

Reason of 
Ambiguous 

External External External Internal Internal Internal 

 

30. Once interfaces are identified, if any is found, they should be categorized into external 

or internal. In the case of external, the thirtieth column is the place to mention the first 

external interface. 

31. After that, the second external interface should be written. 

32. The thirty-second column belongs to the third external interface. 

33. Next is the place to note the first internal interface. 

34. After that, a second internal interface is mentioned. 

35. Moreover, the thirty-fifth column is to write down the third internal interface. 

36. If the requirement is marked as incomplete, then the reason is noted in the thirty-sixth 

column. 

37. If the requirement is noted as ambiguous, then the reason for that could be found in the 

last column.  

Apparently, Excel software is used to facilitate working with this RTM and reduce the 

possibility of error. The first row of tables belongs to titles and is highlighted with various 

colors based on the category of the information. Plus, to ease identifying non-conformity with 

attributes, they are highlighted by red color. This RTM includes 65 items coming from 16 
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requirements codes. The method and more analysis information are explained under the 

analysis topic. This file, as appendix A is attached to this report.  

5.3 SIPOC 

SIPOC is a diagram which is for identifying Supplier, Input, Process, Output, Customer. 

SIPOC helps to organize the information for more efficient and practical analysis.[43] That is 

why this tool is applied to the current thesis to have an overview of every aspect of this work 

in the form of a diagram.  

As the following diagram shows, ICAO is the supplier. Various types of international demands 

and concerns are the input of the rulemaking process. The result of the process is Annexes, 

SARP, and other sorts of ICAO documents, as mentioned. Finally, the customer is any member 

state which means any country that is a member of ICAO.  

 

Figure 5.1 First level of SIPOC diagram  

Thereafter the output of the previous layer is considered as the input of the next layer. Thus, 

for example, FAA, which is one of the customers of Annex 8, here is the supplier of national 

regulation relating to airworthiness. However, the output is not exactly the requirements of the 

annex, as it was explained before. Instead, all contracting states attempt to legislate a set of 
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regulations with regard to the annexes. Otherwise, they must inform ICAO about the 

discrepancies.  

 

The next layer of SIPOC is to reach a system required for an aviation organization such as a 

design or production organization. However, this is not identical in all cases since it is the 

responsibility of any aviation organization applicant to design a system that complies with the 

requirements, thereafter, demonstrating the confirmation to the competent authority. While 

among various authorities, there are some recommendations or solutions like a Means of 

Compliance (AMC) and Guidance Material (GM) when it comes to EASA and Advisory 

Circular (AC) in case of FAA. Figure 5.3 shows a diagram of the applicability of System 

engineering theory in this case. Previously, the diverse aspects of this solution were discussed 

in further detail.      

Supplier

FAAFAA

Input

ICAO Annexes 
and national 

concerns

ICAO Annexes 
and national 

concerns

Process

Rulemaking 
and Standard 

production

Rulemaking 
and Standard 

production

Output

National 
standards 

(Airworthiness 
codes)

National 
standards 

(Airworthiness 
codes)

Customer

Aviation 
organization 

or users

Aviation 
organization 

or users

Figure 5.2 Second level of SIPOC diagram 
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The system engineering process includes three main phases, Development phasing, System 

engineering process, Life cycle integration.  

Figure 5.3 Third level of SIPOC diagram 

5.4 Analysis  

As this thesis's introduction, methodology, and model are elaborated, it is time to conduct the 

analysis.  

Sixteen codes of CFR14 - Part 21-Subpart G of FAA regulation were collected as data set to 

apply the model proposed by this thesis for analysis. These codes decomposed to 65 

requirements (items) which provide the possibility of analysis. Otherwise, due to complexity, 

a flawed process would be probable.  

The information is entered into an RTM to trace from beginning to end. Moreover, it provides 

the possibility of applying other tools and conducting further investigation, as necessary. As 

depicted by Figures 5.4 to 5.7 from Appendix A, the RTM has thirty-seven columns, any of 

which shows specific information explained previously.  
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Figure 5.4 Requirement’s analysis example- the first part 

As the data is entered, it is identifiable if the requirement has any internal or external interface. 

If there would be any, it should be clarified that there is no conflict between interfaces. If there 

is no possibility of verifying their relations, it is considered a non-conformity since there is a 

potential conflict. Any identified interfaces should be noted on the columns dedicated to this 

type of information.  

The following step to take is to breakdown the required actions to meet the requirements. If 

there is any sequential, it should be considered. If there is any repeated action, it should be 

noted. In this thesis, these actions are highlighted with red color. Plus, some requirements need 

more than three actions to be met. Thus, the action sequence shows how many series of actions 

are needed to meet the requirement.  
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Figure 5.5 Requirement’s analysis example- the second part 

After that, the number of actions is counted and mentioned. There are two columns to make it 

easy and more understandable. The average of actions required by the requirements shows the 

hierarchy level of requirements. If any requirement needs more or fewer actions than the 

hierarchy level, it is highlighted in red.  

Furthermore, the intended doer is identified. Plus, the requirement’s deliverable (outcome) is 

determined. The deliverable is vital to determine the potential failure mode and its effect. The 

potential failure mode is the worst occurrence, and the effect is the severest one accordingly. 

Plus, causes and probability of detection are mentioned, and related calculations based on the 

DFMEA technique are conducted.  
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Figure 5.6 Requirement's analysis example- the third part 

The next step is to determine the conformity of requirements with the attributes based on the 

analysis methodology mentioned before. If a requirement fails to meet an attribute according 

to the processes and sub-processes previously explained, it needs an improvement to become 

accepted. Thus, the requirement is not acceptable.  

 

Figure 5.7 Requirement's analysis example- the last part 

Furthermore, supplementary information, such as the internal or external interfaces or why the 

requirement is incomplete or ambiguous, is provided based on the analysis in Appendix A.  
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5.5 Analysis’ results  

As the analysis is carried out, its results need to be considered. Sixty items out of sixty-five 

were found unacceptable due to various reasons. It means almost 92% of 16 CFR-14 Part 21 

sub-Part G codes are unacceptable and need to be improved. Further details on various aspects 

of this analysis and results are provided as follows.  

5.5.1 Contributing factors   

The following Pareto chart shows the most influential factors contributing to reaching the 

analysis result [88]. It shows that thirty-seven items are found unacceptable regarding 

completeness, which is the most significant non-conformity among this data set. The next 

problem is with Hierarchy. There are thirty-three non-conformities with regard to this attribute. 

More than 80 % of total issues are caused by non-conformities with the two mentioned 

attributes.  

 

Figure 5.8 Non-conformities Pareto chart 

While consistency-related issues are twenty-two, and verifiability non-conformities (NC) are 

twelve to take the following places. In terms of need or unambiguity, no NC is founded.  
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As there is no access to the initial goal of each requirement, when it comes to potential failure 

mode and its effect, the apparent option is taken into account. Regarding Achievability, all five 

items are acceptable with no other NC. It means there is no problem with this attribute.  

Nineteen items are found problematic with three non-conformities. Plus, eleven items are not 

acceptable with regard to two non-conformities. Even, there is an item with four non-

conformities. 

As the nature of a requirement needs to be acceptable from all aspects of the seven attributes, 

it is crucial to conform to all attributes. Although most of NC is due to the complete attribute, 

improving a requirement merely regarding this attribute would not make it acceptable if it has 

more than one non-conformity. Therefore, the mixtures of non-conformities need to be 

considered. 

There are thirteen mixtures of non-conformities. The following Pareto chart shows more 

information on the mixtures.   

  

Figure 5.9 Mixtures of non-conformities Pareto chart 

 

Chart Legend 
 

 

Cm =  Complete  

H    =  Hierarchy  

Cn  =  Consistency  

V    =  Verifiability  
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As the Pareto chart shows, twelve items merely encounter completeness (Cm) problems. The 

second problematic issue is a hierarchy (H) that is solely responsible for eleven items. The first 

mixture is complete-hierarchy (Cm, H) which accounts for six items. Thereafter, Consistency 

(Cn) with the same number is found. Besides, the mixture of complete-consistency (Cm, Cn) 

and complete-consistency-hierarchy (Cm, Cn, H) each account for five items. The last mixture 

to reach 80% of the problematic issues is verifiable-complete-hierarchy (v, Cm, H) which is 

the reason for four unacceptable items.  

5.5.2 Interfaces  

Through the requirements analysis, all internal and external interfaces of requirements have 

been identified and registered in the RTM. However, to facilitate and further use of this vital 

data, for instance, to identify each segment of the system and the relations of components 

within them, the following diagram shows the interfaces of CFR-14-part 21 subpart G with 

internal and external entities.  

It is a building block diagram visualizing system interaction at a high level which permits 

system engineers to separate requirements analysis from system design and start system-level 

design before finishing component-level designs.[44] 
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Figure 5.10 Building Block diagram 

 

 

 

 

 

 

 

 

5.5.3 DFMEA 

As a result of the application of DFMEA on the CFR-14 part21 subpart G requirements, the 

risk priority number is depicted below. The following graph has two axes, the vertical one is 

for RPN, and the horizontal axis is for requirements which shows the maximum RPN is more 

than 120, while the minimum is 30. Plus, there are a couple of requirements with RPN between 

40 and 60. Moreover, two requirements are found with 100 RPN. 

Obviously, based on the priority number of the requirements, they should be reviewed to 

mitigate the risk. However, there is a need to determine which RPN number could be tolerated. 

[38] 
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Figure 5.11 Risk Priority Number 

Figure 5.12 shows contributing factors to the RPN number. There are three contributing factors 

to calculating RPN, which are severity, occurrences, and detection. Each factor has a different 

level. The vertical axis, in this case, shows the level of contributing factors, which is on the 

scale of 1 to 5, whereas the other axis shows the number of requirements. Due to the lack of 

any particular measurement for detection, all requirements are found with the highest level, 

which is 5. However, most other factors are in level 3 based on the analysis results.  

 

Figure 5.12 Risk analysis 
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The last graph has three axes, a combination of two previous graphs to show the contributing 

factors to RPN. The left vertical axis shows the level of contributing factors, and the right one 

shows RPN. Requirements are horizontal axis.   

 

Figure 5.13 DFMEA results  

5.5.4 Reliability 

Based on the reliability assumption, the reliability of the requirements has been predicted. An 

example depicts by the following figure. However, as the building block diagram shows, many 
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Figure 5.14 Example of prediction of the reliability of a requirement 

• The index number is similar to the requirement number in the RTM  

Once the reliability of each requirement has been predicted, each segment is identified based 

on the building block diagram. After that, in accordance with the equation’s numbers (3.3) and 

(3.4), the reliability of each segment is calculated. The following table shows an example of a 

calculation of the reliability of four segments. These are the segments formed as a result of 

analysis of interfaces of CFR-14 part 21 subpart-G requirements.  

Table 5.6 Segment reliability calculations example 

Item 
No.  

Component 
Identification Reliability  CI R CI R 

Segment 
reliability  

1 21.132 0.57 
Type 

certificate 
𝑥   . 58 𝑥  

2 21.132 0.43 
Suppleme
ntal Type 
certificate 

𝑦   . 43 𝑦  

3 21.132 0.57 
Type 

certificate 
𝑥 

Suppleme
ntal type 

certificate 
𝑦 . 58 𝑥𝑦  

4 21.133 0.43 

All FAA 
forms and 
prescribed 

manner 

𝑥1 

All FAA 
form and 

prescribed 
manner 

𝑦1 . 43 𝑥1𝑦1  
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The following table shows which variant belongs to which entity's reliability.  

Table 5.7 Reliability variants of CFR-14 part-21 subpart-G 

Type certificate  𝑥 Supplemental type certificate  𝑦 

All FAA forms and prescribed 

manner 
𝑥1 

All FAA forms and prescribed 

manner 

𝑦1 

Applicable regulation of 

subchapter C 
𝑥2 Standard acceptable to the FAA 

𝑦2 

Approved design 𝑥3 Type certificated product 𝑦3 

Design data 𝑥4 Approved quality system 𝑦4 

Quality system requirements 𝑥5 Condition for the safe operation 𝑦5 

43.3 (j) 𝑥6 part 45 𝑦6 

Type design data  𝑥7 49 U.S.C 𝑦7 

this part (part21) 𝑥8 This subchapter 𝑦8 

45.15 (c)  𝑥9 this subpart 𝑦9 

21.331 𝑧 
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 Chapter 6: 

6 Conclusions and future work 

The literature review shows a great concern regarding various sorts of requirements when it 

comes to organizations related to specific aviation products and services, such as design and 

production. Literature review shows some attempts to integrate a system or optimize it 

according to similarities and discrepancies between the requirements. 

The mentioned requirements belong to international and national aviation organizations and 

authorities, including ICAO, FAA, EASA, and Transport Canada. The main concentration of 

these requirements is airworthiness, and this term is directly related to aviation organizations, 

like design and production. Although mentioned authorities reached some agreements to work 

on their regulation from diverse views, they have their own policy in terms of rulemaking. 

The studies showed that the national authorities consider international regulation and standards. 

However, they have their own way of meeting them and setting their further regulation and 

standards. There are various sorts of regulations and standards internationally and nationally. 

The Chicago Convention and its annexes, particularly Annex 8, and SARP are reviewed in this 

case.   

As an effective method, system and requirement engineering was chosen to evaluate the quality 

of the requirements. Several strategies to conduct requirements analysis were discussed. As a 

result, the best of them, the structured strategy was followed to take further steps. There are a 
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couple of other actions to take when it comes to system engineering methodology. However, 

the central concern of this thesis is the requirements’ analysis.   

Thus, requirement analysis was conducted to investigate whether the requirements were 

acceptable or not. No matter how well-designed the system is, there is no guarantee that a 

system may meet the requirements and the final result would be satisfactory unless the 

requirements are well-defined.  

Studies showed seven essential attributes are defined as the most comprehensive criteria to 

evaluate the quality of requirements, including complete, hierarchy, need, unambiguity, 

consistency, verifiability, and achievability. 

Diagrams, processes, and sub-processes are defined and developed to provide a model that 

turns this theory into practical work. This detailed solution allows applying an engineering 

response to this problem instead of a freestyle strategy of requirement analysis.  

A requirement traceability matrix is formed to organize and trace the requirements from 

beginning to end. This Excel file contains all information pertaining to requirements ranging 

from WBS to requirements analysis elements.  

The SIPOC diagram showed that national requirements such as CFR-14-part 21 subpart G 

should be met to approve a system for a production organization in the aviation industry based 

on the United States regulations. Thus, because of the influential role of FAA in the aviation 

industry, the data set, collected from CFR-14 Part 21 subpart G, was transferred to an RTM. 

Sixteen national codes were decomposed into sixty-five items, which provided a more 

understandable and logical analysis. 
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Thereafter, analysis was conducted. Based on the developed model, the data set was analyzed, 

and the details on each item and its results were mentioned in the RTM. The analysis consisted 

of various steps and some sub-processes, including WBS and DFME.  

According to the analysis results, 92% of sixty-five items are not acceptable, including sixty 

items. It shows an opportunity for improvement to reach an acceptable level of quality when it 

comes to this code of regulation.  

The analysis also provides further details on the contributing factors. It shows that 80% of 

unacceptable requirements do not meet two attributes: complete and hierarchy. In other words, 

they do not have sufficient and clear information to identify correctly the action required. Plus, 

they are either too general or too detailed when it comes to hierarchy.  

On the other hand, the mixture of non-conformities with attributes as an essential subject was 

investigated. Thus, nineteen items have two non-conformities. Plus, the analysis resulted in 

finding eleven items with more than three non-conformities.   

There are thirteen various mixtures. However, twelve items merely encounter incompleteness 

problems. The second problematic issue is the hierarchy that is solely responsible for eleven 

items. The first mixture is complete-hierarchy which accounts for six items. Thereafter, 

Consistency with the same number is founded. The mixtures of complete-consistency and 

complete-consistency-hierarchy account for five items. The last mixture to reach 80% of the 

problematic issues is verifiable-complete-hierarchy which causes four unacceptable items. 
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Certain similarities are found comparing these two different approaches, mixtures, and single 

non-conformity with attributes. Complete and hierarchy are the most crucial factors to improve 

the quality of this code of regulation. Consistency and verifiability are the next ones.  

Meanwhile, interfaces of the requirements with all internal and external entities were 

investigated. This investigation results in a building block diagram showing how the 

requirements depend on the other requirements and standards. Plus, it depicts how complicated 

they are to be met. 

Reliability-wise, it is possible to take advantage of the results of DFMEA, which was applied 

for affordability, to verify a design of the system meeting the requirements. On the other hand, 

an assumption is introduced to predict the requirements' reliability.  

According to the provided evidence, the model to analyze the requirements works properly and 

renders all required technical details. It gives the opportunity to accurately identify the problem 

and how it affects the goal and other related issues.  

In addition, based on the analysis result, CFR-14 Part 21 subpart G needs a plan of 

improvement. This plan should include the improvement of the process of rulemaking as well. 

As reviewed, the rulemaking process is based on committees and the experts’ point of view, 

which potentially increases the risk of various human errors, plus a lack of robust criteria to 

assess the quality of input, process, and output. In other words, the rulemaking processes need 

a structured requirement analysis strategy and model.  
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To proceed with other steps of system engineering and provide the possibility of an integrated 

system, there is a need to analyze the other requirements and verify if they are acceptable. This 

integrated system covers EASA, FAA, and Transport Canada requirements altogether.  

The model proposed by this thesis provides the possibility to systematically approach the 

requirement analysis and prevent problematic requirements by improving the process of 

rulemaking. Besides, this improvement avails a predictable condition for active or potential 

investors in the aviation industry.  

This conclusion may raise the question of how the aviation industry works nowadays if the 

requirements are more than ninety percent unacceptable in the case of the POA requirements 

of the FAA. 

The answer is that other materials previously studied like Advisory circulars, help the 

competent authorities to verify the implementation of these requirements. The experience, 

knowledge, and wisdom probably assist both sides (applicant and authority) to have a better 

idea about expectations. Furthermore, there are some powerful companies in this industry that 

have been working for many years. These companies are considered another useful resource.  

However, when it comes to a beginner, the process depends on stakeholders and unpredictable 

factors.  

Based on the analysis results, what is probable is the possibility of rework, errors, improper 

system design, and consequently, improper system implementation. They are all barriers to 

investment and innovations.  
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6.1 Research contributions 

This thesis contributed to producing various layers of SIPOC diagram and collecting pertaining 

information, beginning with international standards, and ending in national codes. This 

diagram provides a more detailed view of how the rulemaking process in the aviation industry 

develops, and the results apply to those who desire to work in this industry. However, this is 

the beginning of innovation. In other words, it is inspiring to follow the main goals.  

As the rulemaking process was studied, it became apparent that typically this process is based 

on experts’ points of view. Obviously, the possibility of human errors was considerable, mainly 

due to the lack of robust quality criteria. In comparison, the requirements are vital as the 

foundation and criteria for pertinent activities.  

It means the quality of the activities is based on the defined requirements, while the quality of 

the requirements itself has not been assessed through a systematic approach. System 

engineering introduces requirement analysis to solve this problem. However, the 

implementation of this theory was still highly dependent on the experts’ point of view.  

As a significant contribution, this thesis provides a model of requirement analysis based on the 

structured strategy. The criteria were defined practically. Diagram, process, sub-process, and 

techniques were either developed or organized to investigate the conformance of requirements 

with the criteria.  

Applying this model means that there is a strong possibility of accurately evaluating the quality 

of any sort of requirements for any project. Plus, it shows a specific and root cause of the 

problem if the requirement is unacceptable. Thus, rapidly the requirements could be analyzed 
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and improved to become acceptable. Furthermore, in a novel way to measure system 

affordability, the application of DFMEA is proposed. 

Moreover, this thesis provides the opportunity for the requirements analysis process 

automation, reducing the probability of human errors even more. This contribution could 

increase the effectiveness of the standards for both implementation and evaluation 

simultaneously.  

Lastly, the application of this model on an aviation standard shows there is a need for 

systematic improvement of aviation standards.   

6.2 Research limitations 

As this thesis is about aviation standards’ requirements analysis, the ideal case would be to 

directly access the requirements problems from the industry and authorities or cooperate with 

an authority or a company involved in implementing the standards.  

Although several times have attempted to contact the national authorities like Transport 

Canada, no response has been received. As clarified, this subject is a legislative concern related 

directly to a specific section of governments pertaining to aviation rulemaking, competent 

authority.  

Thus, cooperating with an authority, preferably FAA, EASA, and Transport Canada, could be 

a gamechanger to achieve the highest level of accuracy and precision. On the other hand, it 

could allow performing Improve and Control phases of DMAIC methodology in an actual 

situation. However, there was no such opportunity.  
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6.3 Future work and recommendations  

It is interesting that although there are some papers related to this subject, there is no previous 

work with the same approach. Most of the previous work concentrated on how to implement 

the standard instead of the standards themselves. It means they ignored that the initial steps like 

requirements analysis or a structured requirements analysis.  

The distribution of this thesis to the requirements analysis provides a versatile tool. This tool 

could be applied to various subjects ranging from purchasing a cup of coffee to defining and 

realizing a complicated aerospace project.  

There are diverse aspects of its effects on industries, like how much it could save resources by 

preventing reworks. Working on these advantages could encourage the user to consider this 

sort of improvement more seriously.  

On the other hand, an integrated system that can meet various standards is achievable if the 

aviation authorities accept these improvements. Thus, it can reduce conflict and repetition in 

the systems and different sorts of their extra cost accordingly.  

Indeed, the quality of aviation standards itself is a significant subject of matter. Whereas the 

quality of the rulemaking process even is more important. Now that it can be a quality assurance 

consideration that can continuously improve the quality of aviation rulemaking.  

As concisely mentioned, thanks to the availability of all details of requirements analysis, 

automation, and data mining or AI algorithm development is possible. Considering the volume 

of aviation standards, it is probably a practical solution to evaluate all of them.  



104 

 

Plus, benchmarking FAA with EASA or Transport Canada standards could be helpful in terms 

of designing an integrated system. However, this subject was already covered by the available 

papers.   

Moreover, if a system will be established to monitor the effects of aviation standards’ 

requirements on all stakeholders, including the industry, customer, environment, etc., there 

would be an opportunity to assess how a modification or improvement is effective. Plus, where 

is the most critical area to consider and other important information will be available.   

As the building block diagram shows, a couple of other standards have interfaces with this one. 

Evaluating them both for quality and reliability is necessary to have a more accurate and 

reliable analysis result.  
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reme
nts 

Failure 
to 
confir
m the 
manua
l 
satisfi
es the 
requir
ement
s  

5 

lack 
of a 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
7
5 

0   1 1 1 1 0 0 

Appl
icabl
e 
regu
latio
n of 
subc
hapt
er C 

              2 

Cn,H 

1
5 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
5 

Orga
nizat
ion. 

 The 
acco
unta
ble 
mana
ger 
must 
serve 
as 
the 
prim
ary 
conta
ct 
with 
the 
FAA. 

Non 1 1 1     

Serve 
prim
ary 
cont
act 
to 
FAA 

Acc
oun
tabl
e 
man
ager  

 
Cont
act 
point 
to 
FAA 

A 
non-
desir
able 
cont
act  

misco
mmun
ication 
betwe
en 
FAA 
and 
accou
ntable 
manag
er  

4 

lack 
of 
syste
matic 
appro
aches 

2 

Do
es 
no
t 
de
fin
e  

5 
4
0 

0   1 1 1 1 1 0                 1 

H 

1
6 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

Each 
appli
cant 
for or 
holde
r of a 
prod
uctio
n 
certif
icate 
must 
estab
lish 
and 
descr
ibe in 
writi
ng a 
qualit
y 
syste
m 
that 
ensur
es 
that 
each 
prod
uct 
and 
articl
e 
confo
rms 
to its 
appr
oved 
desig
n and 
is in a 
condi
tion 
for 
safe 
oper
ation.  

Exte
rnal 

1 3 3 

Gain 
Appr
oved 
desig

n  

Defin
e 

safe 
oper
ation 
cond
ition 

Desig
n a 
quali
ty 
syste
m 

App
lica
nt 

A 
estab
lishe
d 
quali
ty 
syste
m 

Non-
conf
orma
nce 
with 
the 
requi
reme
nts 

Failure 
to 
confir
m the 
requir
ement
s  

5 

lack 
of 
syste
matic 
appro
aches 

3 

Do
es 
no
t 
de
fin
e  

5 
7
5 

0   1 1 1 1 0 0 

Appr
oved 
desi
gn 

              2 

Cn,H 
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2
1.
1
3
7 

Quali
ty 
syste
m 

    2 2 2 

Desig
n a 

quali
ty 

syste
m 

  

Verif
y a 
Quali
ty 
syste
m to 
confi
rm 
the 
condi
tion 

App
lica
nt 

Writt
en 
confi
rmati
on of 
quali
ty 
syste
m 

Discr
epan
cies 
betw
een 
Quali
ty 
syste
m 
and 
safe 
oper
ation 

Failure 
to safe 
operat
ion 

3 

lack 
of 
syste
matic 
appro
aches 

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 1 1 0 1 

Appr
oved 
desi
gn 

              1 

Cn 

1
7 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

This 
qualit
y 
syste
m 
must 
inclu
de:  
(a) 
Desig
n 
data 
contr
ol. 
Proce
dures 
for 
contr
olling 
desig
n 
data 
and 
subse
quen
t 
chan
ges 
to 
ensur
e 
that 
only 
curre
nt, 
corre
ct, 
and 
appr
oved 
data 
is 
used. 

Exte
rnal 

1 2 2 

Defin
e 

Desig
n 

data 

  

Estab
lish a 
desig
n 
data 
contr
ol 
proc
edur
e 

App
lica
nt 

Desig
n 
data 
contr
ol 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
design 
data 
contro
l 

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 1 1 0 1 
Desi
gn 
data 

              1 

Cn 

1
8 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

 (b) 
Docu
ment 
contr
ol. 
Proce
dures 
for 
contr
olling 
qualit
y 
syste
m 
docu
ment
s and 
data 
and 
subse
quen
t 
chan
ges 
to 
ensur
e 
that 
only 
curre

Non 1 1 1     

Estab
lish a 
docu
ment 
contr
ol 
proc
edur
e 

App
lica
nt 

Docu
ment 
contr
ol 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
docum
ent 
contro
l 

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 1 1 1 0                 1 

H 
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nt, 
corre
ct, 
and 
appr
oved 
docu
ment
s and 
data 
are 
used. 

1
9 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

(c) 
Suppl
ier 
contr
ol. 
Proce
dures 
that
— (1) 
Ensur
e 
that 
each 
suppl
ier-
provi
ded 
prod
uct, 
articl
e, or 
servic
e 
confo
rms 
to 
the 
prod
uctio
n 
appr
oval 
holde
r’s 
requi
reme
nts; 
and 

Non 1 2 2 

Defin
e 

prod
uctio

n 
appr
oval 
hold
er’s 

requi
reme
nts 

  

Estab
lish a 
suppl
ier 
contr
ol 
proc
edur
e 

App
lica
nt 

Suppl
ier 
contr
ol 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
Suppli
er 
contro
l 

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

1 1 1 1 1 1 1 1                 0 

  

2
0 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

(2) 
Estab
lish a 
suppl
ier-
repor
ting 
proce
ss for 
prod
ucts, 
articl
es, or 
servic
es 
that 
have 
been 
relea
sed 
from 
or 
provi
ded 
by 
the 
suppl
ier 
and 
subse
quen
tly 
foun
d not 
to 

Non 1 2 2 

Defin
e 

prod
uctio

n 
appr
oval 
hold
er’s 

requi
reme
nts 

  

Estab
lish a 
Supp
lier 
repor
ting 
proc
ess 

App
lica
nt 

Suppl
ier 
repor
ting 
proc
ess 

Defe
ctive 
proc
ess 

Impro
per 
Suppli
er 
reporti
ng 
proces
s 

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

1 1 1 1 1 1 1 1                 0 

  



123 

 

confo
rm to 
the 
prod
uctio
n 
appr
oval 
holde
r’s 
requi
reme
nts.  

2
1 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

 (d) 
Man
ufact
uring 
proce
ss 
contr
ol. 
Proce
dures 
for 
contr
olling 
manu
factu
ring 
proce
sses 
to 
ensur
e 
that 
each 
prod
uct 
and 
articl
e 
confo
rms 
to its 
appr
oved 
desig
n. 

Exte
rnal 

1 2 2 

Defin
e 

Appr
oved 
desig

n  

  

Estab
lish a 
man
ufact
uring 
proc
ess 
contr
ol 
proc
edur
e 

App
lica
nt 

Man
ufact
uring 
proc
ess 
contr
ol 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
manuf
acturi
ng 
proces
s 
contro
l  

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 1 1 0 1 

Appr
oved 
desi
gn  

              1 

Cn 

2
2 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

  (e) 
Inspe
cting 
and 
testin
g. 
Proce
dures 
for 
inspe
ction
s and 
tests 
used 
to 
ensur
e 
that 
each 
prod
uct 
and 
articl
e 
confo
rms 
to its 
appr
oved 
desig
n. 

Exte
rnal 

1 2 2 

Defin
e 

Appr
oved 
desig

n  

  

Estab
lish 
an 
inspe
cting 
and 
testi
ng 
proc
edur
e 

App
lica
nt 

Inspe
cting 
and 
testi
ng 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
inspec
ting 
and 
testing  

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 1 1 0 1 

Appr
oved 
desi
gn  

              1 

Cn 
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2
3 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

 
Thes
e 
proce
dures 
must 
inclu
de 
the 
follo
wing, 
as 
appli
cable
: (1) 
A 
flight 
test 
of 
each 
aircra
ft 
prod
uced 
unles
s that 
aircra
ft will 
be 
expor
ted 
as an 
unass
embl
ed 
aircra
ft.  

Inter
nal 

1 2 2 

Estab
lish 
an 

inspe
cting 
and 
testi
ng 

proc
edur

e 

  

Modi
fy 
Inspe
cting 
and 
testi
ng 
proc
edur
es  

App
lica
nt 

Modi
fied 
Inspe
cting 
and 
testi
ng 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
inspec
ting 
and 
testing  

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 0 1 1 1       
21.1
37 e 

    

What 
kind 
of 
flight 
test 

  1 

Cm 

2
4 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

(2) A 
functi
onal 
test 
of 
each 
aircra
ft 
engin
e and 
each 
prop
eller 
prod
uced. 

Inter
nal 

1 2 2 

Estab
lish 
an 

inspe
cting 
and 
testi
ng 

proc
edur

e 

  

Modi
fy 
Inspe
cting 
and 
testi
ng 
proc
edur
es  

App
lica
nt 

Modi
fied 
Inspe
cting 
and 
testi
ng 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
inspec
ting 
and 
testing  

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 0 1 1 1       
21.1
37 e 

    

What 
kind 
of 
funct
ional 
test 

  1 

Cm 

2
5 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

(f) 
Inspe
ction, 
meas
uring, 
and 
test 
equip
ment 
contr
ol. 
Proce
dures 
to 
ensur
e 
calibr
ation 
and 
contr
ol of 
all 
inspe
ction, 
meas
uring, 
and 
test 
equip
ment 
used 
in 
deter
minin
g 
confo

Exte
rnal 

1 2 2 

Gain 
Appr
oved 
desig

n  

  

Estab
lish 
an 
Inspe
ction
, 
meas
uring
, and 
test 
equi
pme
nt 
contr
ol 
proc
edur
e 

App
lica
nt 

Inspe
ction, 
meas
uring
, and 
test 
equi
pme
nt 
contr
ol 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
Inspec
tion, 
measu
ring, 
and 
test 
equip
ment 
contro
l 

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 0 1 0 1 

Stan
dard 
acce
ptab
le to 
the 
FAA 

Appr
oved 
desi
gn 

        

Whic
h 
stan
dard 
is 
acce
ptabl
e 

  2 

Cm,
Cn 
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rmity 
of 
each 
prod
uct 
and 
articl
e to 
its 
appr
oved 
desig
n. 
Each 
calibr
ation 
stand
ard 
must 
be 
trace
able 
to a 
stand
ard 
accep
table 
to 
the 
FAA.  

2
6 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

(g) 
Inspe
ction 
and 
test 
statu
s. 
Proce
dures 
for 
docu
ment
ing 
the 
inspe
ction 
and 
test 
statu
s of 
prod
ucts 
and 
articl
es 
suppl
ied 
or 
manu
factu
red 
to 
the 
appr
oved 
desig
n. 

Exte
rnal 

1 2 2 

Gain 
Appr
oved 
desig

n  

  

Estab
lish 
an 
Inspe
ction 
and 
test 
statu
s 

App
lica
nt 

Inspe
ction 
and 
test 
statu
s 
Proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
Inspec
tion 
and 
test 
status  

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 1 1 0 1 

Appr
oved 
desi
gn 

              1 

Cn 

2
7 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

 (h) 
Nonc
onfor
ming 
prod
uct 
and 
articl
e 
contr
ol. 

Non 1 1 1     

Estab
lish a 
nonc
onfor
ming 
prod
uct 
and 
articl
e 
contr
ol 
proc
edur
e 

App
lica
nt 

Nonc
onfor
ming 
prod
uct 
and 
articl
e 
contr
ol 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
nonco
nformi
ng 
produ
ct and 
article 
contro
l  

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 1 1 1 0                 1 

H 
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2
8 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

 (1) 
Proce
dures 
to 
ensur
e 
that 
only 
prod
ucts 
or 
articl
es 
that 
confo
rm to 
their 
appr
oved 
desig
n are 
instal
led 
on a 
type-
certif
icate
d 
prod
uct.  

Both 1 3 3 

Defin
e 

Appr
oved 
desig

n  

Defin
e 

Type
-

certif
icate

d 
prod
uct 

Modi
fy 
nonc
onfor
ming 
prod
uct 
and 
articl
e 
contr
ol 
proc
edur
e 

App
lica
nt 

Modi
fied 
nonc
onfor
ming 
prod
uct 
and 
articl
e 
contr
ol 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
nonco
nformi
ng 
produ
ct and 
article 
contro
l 
proce
dure 

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 0 1 0 0 

Appr
oved 
desi
gn 

Type 
certi
ficat
ed 
prod
uct 

  
21.1
37 h 

    

What 
prod
uct 
are 
type-
certif
icate
d 

  3 

Cm,
Cn,H 

2
9 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

 
Thes
e 
proce
dures 
must 
provi
de 
for 
the 
identi
ficati
on, 
docu
ment
ation, 
evalu
ation, 
segre
gatio
n, 
and 
dispo
sition 
of 
nonc
onfor
ming 
prod
ucts 
and 
articl
es. 
Only 
auth
orize
d 
indivi
duals 
may 
make 
dispo
sition 
deter
mina
tions. 

Inter
nal 

1 3 3 

Estab
lish a 
nonc
onfor
ming 
prod
uct 
and 

articl
e 

contr
ol 

proc
edur

e 

Defin
e 
Auth
orize
d 
indivi
duals  

Modi
fy 
nonc
onfor
ming 
prod
uct 
and 
articl
e 
contr
ol 
proc
edur
e 

App
lica
nt 

Modi
fied 
nonc
onfor
ming 
prod
uct 
and 
articl
e 
contr
ol 
proc
edur
e 

Unau
thori
zed 
indivi
duals 
deter
mina
tions 

Nonco
nformi
ng 
produ
ct and 
article 
usage 

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 0 1 1 0       
21.1
37 h 

    

What 
are 
the 
criter
ia of 
auth
orize
d 
indivi
duals 

  2 

Cm,
H 
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3
0 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

 (2) 
Proce
dures 
to 
ensur
e 
that 
disca
rded 
articl
es 
are 
rend
ered 
unus
able. 

Inter
nal 

1 2 2 

Estab
lish a 
nonc
onfor
ming 
prod
uct 
and 

articl
e 

contr
ol 

proc
edur

e 

  

Modi
fy 
nonc
onfor
ming 
prod
uct 
and 
articl
e 
contr
ol 
proc
edur
e 

App
lica
nt 

Modi
fied 
nonc
onfor
ming 
prod
uct 
and 
articl
e 
contr
ol 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Nonco
nformi
ng 
produ
ct and 
article 
usage 

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 0 1 1 1       
21.1
37 h 

    

What 
are 
the 
disca
rded 
articl
es 

  1 

Cm 

3
1 

CFR14 - 
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Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
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 (i) 
Corre
ctive 
and 
preve
ntive 
actio
ns. 
Proce
dures 
for 
imple
ment
ing 
corre
ctive 
and 
preve
ntive 
actio
ns to 
elimi
nate 
the 
cause
s of 
an 
actua
l or 
pote
ntial 
nonc
onfor
mity 
to 
the 
appr
oved 
desig
n or 
nonc
ompli
ance 
with 
the 
appr
oved 
qualit
y 
syste
m.  

Exte
rnal 

1 3 3 

Gain 
Appr
oved 
desig

n  

Gain 
an 

appr
oved 
quali

ty 
syste

m 

Estab
lish a 
corre
ctive 
and 
prev
entiv
e 
actio
ns 
proc
edur
e 

App
lica
nt 

Corre
ctive 
and 
prev
entiv
e 
actio
ns 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
correc
tive 
and 
preve
ntive 
action
s  

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 0 1 0 0 

Appr
oved 
desi
gn 

Appr
oved 
quali
ty 
syst
em 

        

whic
h 
quali
ty 
syste
m is 
appr
oved 

  3 

Cm,
Cn,H 

3
2 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

(j) 
Hand
ling 
and 
stora
ge. 
Proce
dures 
to 
preve
nt 
dama
ge 
and 
deter
iorati
on of 
each 
prod
uct 
and 

Non 1 1 1     

Estab
lish a 
Hand
ling 
and 
stora
ge 
Proc
edur
e 

App
lica
nt 

Hand
ling 
and 
stora
ge 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
handli
ng and 
storag
e  

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 1 1 1 0                 1 

H 
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articl
e 
durin
g 
handl
ing, 
stora
ge, 
prese
rvati
on, 
and 
pack
aging
. 

3
3 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

 (k) 
Contr
ol of 
qualit
y 
recor
ds. 
Proce
dures 
for 
identi
fying, 
stori
ng, 
prote
cting, 
retrie
ving, 
and 
retai
ning 
qualit
y 
recor
ds. 

Non 1 1 1     

Estab
lish a 
Cont
rol 
and 
quali
ty 
recor
ds 
proc
edur
e 

App
lica
nt 

Contr
ol of 
quali
ty 
recor
ds 
proc
edur
e  

Defe
ctive 
proc
edur
e 

Impro
per 
Contro
l of 
quality 
record
s 
proce
dure 

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 1 1 1 0                 1 

H 

3
4 
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2
1.
1
3
7 

Quali
ty 
syste
m 

 A 
prod
uctio
n 
appr
oval 
holde
r 
must 
retai
n 
these 
recor
ds for 
at 
least 
5 
years 
for 
the 
prod
ucts 
and 
articl
es 
manu
factu
red 
unde
r the 
appr
oval 
and 
at 
least 
10 
years 
for 
critic
al 
comp
onen
ts 
identi
fied 
unde
r § 
45.15

Inter
nal 

1 2 2 

Ident
ify 

critic
al 

com
pone
nts 

  

Modi
fy 

Cont
rol of 
quali

ty 
recor

ds 
proc
edur

es  

App
lica
nt 

Modi
fied 
contr
ol of 
quali
ty 
recor
ds 
proc
edur
e  

Defe
ctive 
proc
edur
e 

Insuffi
cient 
retain 
of the 
requir
ed 
record
s 

3 

Lack 
of 
syste
m 
updat
ing  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 0 1 1 1       
45.1
5 (c)  

    

What 
are 
the 
critic
al 
com
pone
nts 

  1 

Cm 
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(c) of 
this 
chapt
er. 

3
5 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

 (l) 
Inter
nal 
audit
s. 
Proce
dures 
for 
plann
ing, 
cond
uctin
g, 
and 
docu
ment
ing 
inter
nal 
audit
s to 
ensur
e 
comp
lianc
e 
with 
the 
appr
oved 
qualit
y 
syste
m. 
The 
proce
dures 
must 
inclu
de 
repor
ting 
result
s of 
inter
nal 
audit
s to 
the 
mana
ger 
respo
nsibl
e for 
imple
ment
ing 
corre
ctive 
and 
preve
ntive 
actio
ns.  

Exte
rnal 

1 3 3 

Defin
e 

Appr
oved 
Quali

ty 
syste

m 

Ident
ify 
the 

man
ager 
resp

onsib
le for 
impl
eme
nting 
corre
ctive 
and 
prev
entiv

e 
actio

ns 

Estab
lish 
an 
Inter
nal 
audit
s 
proc
edur
e 

App
lica
nt 

Inter
nal 
audit
s 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
intern
al 
audits  

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 0 1 0 0 

Appr
oved 
quali
ty 
syst
em 

          

What 
is 
appr
oved 
quali
ty 
syste
m 

  3 

Cm,
Cn,H 
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3
6 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

(m) 
In-
servic
e 
feed
back. 
Proce
dures 
for 
recei
ving 
and 
proce
ssing 
feed
back 
on in-
servic
e 
failur
es, 
malfu
nctio
ns, 
and 
defec
ts. 
Thes
e 
proce
dures 
must 
inclu
de a 
proce
ss for 
assist
ing 
the 
desig
n 
appr
oval 
holde
r to— 

Non 1 1 1     

Estab
lish a 
In-
servi
ce 
feed
back 
proc
edur
e 

App
lica
nt 

In-
servi
ce 
feed
back 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per In-
servic
e 
feedb
ack 

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 1 1 1 0                 1 

H 

3
7 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

 (1) 
Addr
ess 
any 
in-
servic
e 
probl
em 
invol
ving 
desig
n 
chan
ges; 
and  

Inter
nal 

1 2 2 

Estab
lish a 

In-
servi

ce 
feed
back 
proc
edur

e 

  

Modi
fy In-
servi
ce 
feed
back 
proc
edur
es  

App
lica
nt 

Modi
fied 
In-
servi
ce 
feed
back 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Missin
g a 
proble
m 
involvi
ng 
design 
chang
es 

3 

Lack 
of 
syste
m 
updat
ing  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

1 1 1 1 1 1 1 1       
21.1
37 
(m) 

          

  

3
8 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

(2) 
Deter
mine 
if any 
chan
ges 
to 
the 
Instr
uctio
ns for 
Conti
nued 
Airw
orthi
ness 
are 
neces
sary. 

Inter
nal 

1 3 3 

Estab
lish a 

In-
servi

ce 
feed
back 
proc
edur

e 

Defin
e 

conti
nued 
Airw
orthi
ness 

Modi
fy In-
servi
ce 
feed
back 
proc
edur
es  

App
lica
nt 

Modi
fied 
In-
servi
ce 
feed
back 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Missin
g an 
item 
relate
d to 
contin
ued 
airwor
thines
s 

3 

Lack 
of 
syste
m 
updat
ing  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   0 1 0 1 1 0       
21.1
37 
(m) 

    

What 
is 
conti
nued 
airw
orthi
ness 

  3 

V,C
m,H 
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3
9 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

 (n) 
Quali
ty 
escap
es. 
Proce
dures 
for 
identi
fying, 
analy
zing, 
and 
initia
ting 
appr
opria
te 
corre
ctive 
actio
n for 
prod
ucts 
or 
articl
es 
that 
have 
been 
relea
sed 
from 
the 
qualit
y 
syste
m 
and 
that 
do 
not 
confo
rm to 
the 
appli
cable 
desig
n 
data 
or 
qualit
y 
syste
m 
requi
reme
nts. 

Both 1 2 2 

Defin
e 

Desig
n 

data 
and 

quali
ty 

syste
m 

requi
reme
nts  

  

Estab
lish a 
quali
ty 
esca
pes 
proc
edur
e 

App
lica
nt 

Quali
ty 
esca
pes 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
quality 
escape
s  

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 0 1 0 1 
Desi
gn 
Data 

    

Qual
ity 
syst
em 
requ
irem
ents 

    

whic
h 
desig
n 
data 
or 
quali
ty 
syste
m 
requi
reme
nts 

  2 

Cm,
Cn 

4
0 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

 (o) 
Issuin
g 
auth
orize
d 
relea
se 
docu
ment
s. 
Proce
dures 
for 
issuin
g 
auth
orize
d 
relea
se 
docu
ment
s for 
aircra
ft 
engin
es, 
prop
ellers

Non 1 1 1     

Estab
lish 
an 
Issui
ng 
auth
orize
d 
relea
se 
docu
ment
s 
proc
edur
e 

App
lica
nt 

Issui
ng 
auth
orize
d 
relea
se 
docu
ment
s 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
Issuing 
author
ized 
releas
e 
docum
ents  

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 0 1 1 0             

what 
is 
auth
orize
d 
relea
se 
docu
ment 

  2 

Cm,
H 
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, and 
articl
es if 
the 
prod
uctio
n 
appr
oval 
holde
r 
inten
ds to 
issue 
those 
docu
ment
s.  

4
1 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

Thes
e 
proce
dures 
must 
provi
de 
for 
the 
selec
tion, 
appoi
ntme
nt, 
traini
ng, 
mana
geme
nt, 
and 
remo
val of 
indivi
duals 
auth
orize
d by 
the 
prod
uctio
n 
appr
oval 
holde
r to 
issue 
auth
orize
d 
relea
se 
docu
ment
s.   

Inter
nal 

1 2 2 

Estab
lish 
an 

Issui
ng 

auth
orize

d 
relea

se 
docu
ment

s 
proc
edur

e 

  

Modi
fy 
Issui
ng 
auth
orize
d 
relea
se 
docu
ment
s 
proc
edur
es  

App
lica
nt 

Modi
fied 
Issui
ng 
auth
orize
d 
relea
se 
docu
ment
s 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
Issuing 
author
ized 
releas
e 
docum
ents  

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 0 1 1 1       
21.1
37 

    

what 
is 
auth
orize
d 
relea
se 
docu
ment 

  1 

Cm 

4
2 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

Auth
orize
d 
relea
se 
docu
ment
s may 
be 
issue
d for 
new 
aircra
ft 
engin
es, 
prop
ellers
, and 
articl
es 
manu
factu
red 
by 
the 

Inter
nal 

1 2 2 

Defin
e § 

43.3(
j) of 
this 

chap
ter 

  

Modi
fy 
Issui
ng 
auth
orize
d 
relea
se 
docu
ment
s 
proc
edur
es  

App
lica
nt 

Modi
fied 
Issui
ng 
auth
orize
d 
relea
se 
docu
ment
s 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
Issuing 
author
ized 
releas
e 
docum
ents  

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 0 1 1 1       
43.3 
(j) 

    

what 
is 
auth
orize
d 
relea
se 
docu
ment 

  1 

Cm 
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prod
uctio
n 
appr
oval 
holde
r; 
and 
for 
used 
aircra
ft 
engin
es, 
prop
ellers
, and 
articl
es 
when 
rebui
lt, or 
alter
ed, in 
accor
danc
e 
with 
§ 
43.3(j
) of 
this 
chapt
er. 

4
3 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
7 

Quali
ty 
syste
m 

Whe
n a 
prod
uctio
n 
appr
oval 
holde
r 
issue
s an 
auth
orize
d 
relea
se 
docu
ment 
for 
the 
purp
ose 
of 
expor
t, the 
prod
uctio
n 
appr
oval 
holde
r 
must 
comp
ly 
with 
the 
proce
dures 
appli
cable 
to 
the 
expor
t of 
new 
and 
used 
aircra
ft 
engin
es, 
prop
ellers

Inter
nal 

1 2 2 

Defin
e 

articl
es 

speci
fied 
in § 
21.3
31 

and 
the 
resp

onsib
ilities 

of 
expo
rters 
speci
fied 
in § 
21.3
35. 

  

Modi
fy 
Issui
ng 
auth
orize
d 
relea
se 
docu
ment
s 
proc
edur
es  

App
lica
nt 

Modi
fied 
Issui
ng 
auth
orize
d 
relea
se 
docu
ment
s 
proc
edur
e 

Defe
ctive 
proc
edur
e 

Impro
per 
Issuing 
author
ized 
releas
e 
docum
ents  

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 0 1 1 1       
21.3
31 

21
.3
35 

  

what 
is 
auth
orize
d 
relea
se 
docu
ment 

  1 

Cm 
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, and 
articl
es 
speci
fied 
in § 
21.33
1 and 
the 
respo
nsibil
ities 
of 
expor
ters 
speci
fied 
in § 
21.33
5. 

4
4 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
8 

Quali
ty 
man
ual 

Each 
appli
cant 
for or 
holde
r of a 
prod
uctio
n 
certif
icate 
must 
provi
de a 
manu
al 
descr
ibing 
its 
qualit
y 
syste
m to 
the 
FAA 
for 
appr
oval. 
The 
manu
al 
must 
be in 
the 
Englis
h 
langu
age 
and 
retrie
vable 
in a 
form 
accep
table 
to 
the 
FAA. 

Non 1 2 2 

Defin
e 

Quali
ty 

syste
m 

man
ual 

  

Estab
lish a 
Quali
ty 
syste
m 
man
ual 

App
lica
nt 

Quali
ty 
syste
m 
man
ual 

Unac
cept
able 
to 
the 
FAA 

Failure 
to 
procee
d 

5 

lack 
of 
syste
matic 
appro
aches 

3 

Do
es 
no
t 
de
fin
e  

5 
7
5 

0   0 1 0 1 1 1             

What 
is 
acce
ptabl
e 
form 
to 
the 
FAA 

  2 

V,C
m 
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4
5 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
9 

Loca
tion 
of or 
chan
ge to 
man
ufact
uring 
facili
ties. 

(a) 
An 
appli
cant 
may 
obtai
n a 
prod
uctio
n 
certif
icate 
for 
manu
factu
ring 
facilit
ies 
locat
ed 
outsi
de of 
the 
Unite
d 
State
s if 
the 
FAA 
finds 
no 
undu
e 
burd
en in 
admi
nister
ing 
the 
appli
cable 
requi
reme
nts of 
Title 
49 
U.S.C
. and 
this 
subc
hapt
er.   

Both 1 2 2 

Defin
e  

requi
reme
nts 
of 

Title 
49 

U.S.C
. and 
this 
subc
hapt
er.   

  

Obtai
n a 
Prod
uctio
n 
Certif
icate 

App
lica
nt 

Prod
uctio
n 
certif
icate  

Inabil
ity to 
obtai
n 
Prod
uctio
n 
certif
icate 

Failure 
to 
obtain 
produ
ction 
certific
ate 

3 

lack 
of a 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 1 1 0 1 
49 
U.S.
C 

    

this 
subc
hapt
er 

        1 

Cn 

4
6 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
9 

Loca
tion 
of or 
chan
ge to 
man
ufact
uring 
facili
ties. 

(b) 
The 
prod
uctio
n 
certif
icate 
holde
r 
must 
obtai
n 
FAA 
appr
oval 
befor
e 
maki
ng 
any 
chan
ges 
to 
the 
locati
on of 
any 
of its 
manu
factu
ring 
facilit
ies. 

Non 1 2 2 

Defin
e 

chan
ges 
to 

the 
locati
on of 
man
ufact
uring 
facilit

ies 

  

Requ
est 
an 
appr
oval 

App
lica
nt 

FAA 
appr
oval 

unac
cept
able 
chan
ges 

Inabilit
y to 
obtain 
appro
val of 
FAA 

4 

lack 
of 
syste
m 
updat
ing  

3 

Do
es 
no
t 
de
fin
e  

5 
6
0 

1 1 1 1 1 1 1 1                 0 
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4
7 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
3
9 

Loca
tion 
of or 
chan
ge to 
man
ufact
uring 
facili
ties. 

(c) 
The 
prod
uctio
n 
certif
icate 
holde
r 
must 
imme
diatel
y 
notif
y the 
FAA, 
in 
writi
ng, of 
any 
chan
ge to 
the 
manu
factu
ring 
facilit
ies 
that 
may 
affect 
the 
inspe
ction, 
confo
rmity
, or 
airwo
rthin
ess of 
its 
prod
uct 
or 
articl
e. 

Non 1 2 2 

Defin
e 

inspe
ction

, 
conf

ormit
y, or 
airw
orthi
ness 
of its 
prod
uct 
or 

articl
e  

  

Notif
y 
FAA 
any 
chan
ges 
to 
man
ufact
uring 
facilit
ies 

App
lica
nt 

Writt
en 
Notifi
catio
n 

Impr
oper 
notifi
catio
n  

Advers
e 
effect 
on 
inspec
tion, 
confor
mity, 
or 
airwor
thines
s of its 
produ
ct or 
article  

4 

lack 
of 
comp
etenc
y  

3 

Do
es 
no
t 
de
fin
e  

5 
6
0 

0   0 1 0 1 1 1             

What 
may 
affec
t the 
inspe
ction
, 
conf
ormi
ty, or 
airw
orthi
ness 
of its 
prod
uct 
or 
articl
e  

  2 

V,C
m 

4
8 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
4
0 

Insp
ectio
ns 
and 
tests
. 

Each 
appli
cant 
for or 
holde
r of a 
prod
uctio
n 
certif
icate 
must 
allow 
the 
FAA 
to 
inspe
ct its 
qualit
y 
syste
m, 
facilit
ies, 
techn
ical 
data, 
and 
any 
manu
factu
red 
prod
ucts 
or 
articl
es 
and 
witne
ss 
any 
tests, 

Inter
nal 

1 1 1     

Issue 
Inspe
ction  
perm
its 

App
lica
nt 

Inspe
ction
s 

misc
ondu
cting 
inspe
ction 

unveri
fiable 
inspec
tion 
result 

3 

Syste
m 
mism
anage
ment 

2 

Do
es 
no
t 
de
fin
e  

5 
3
0 

0   0 1 0 1 0 0       

This 
subc
hapt
er 

    

what 
is 
nece
ssary 
to 
deter
mine 
com
plian
ce 
with 
this 
subc
hapt
er 

  4 

V,C
m,C
n,H 
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inclu
ding 
any 
inspe
ction
s or 
tests 
at a 
suppl
ier 
facilit
y, 
neces
sary 
to 
deter
mine 
comp
lianc
e 
with 
this 
subc
hapt
er. 

4
9 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
4
1 

Issua
nce 

The 
FAA 
issue
s a 
prod
uctio
n 
certif
icate 
after 
findin
g 
that 
the 
appli
cant 
comp
lies 
with 
the 
requi
reme
nts of 
this 
subp
art. 

Inter
nal 

1 2 2 

Findi
ng 

com
plian

ce 
with 
the 

requi
reme
nts 
of 

this 
subp
art 

  

Issue 
a 
prod
uctio
n 
certif
icate 

FAA 
Certif
icate  

not 
findi
ng 
com
plian
ce 
with 
the 
requi
reme
nts 
of 
this 
subp
art 

not 
issue a 
produ
ction 
certific
ate 

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 0 1 0 1       
this 
subp
art 

    

How 
to 
find 
the 
com
plian
ce 
with 
the 
requi
reme
nts 
of 
this 
subp
art 

  2 

Cm,
Cn 

5
0 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
4
2 

Prod
uctio
n 
limit
ation 
recor
d. 

The 
FAA 
issue
s a 
prod
uctio
n 
limita
tion 
recor
d as 
part 
of a 
prod
uctio
n 
certif
icate. 
The 
recor
d lists 
the 
type 
certif
icate 
num
ber 
and 
mode
l of 
every 
prod
uct 
that 
the 
prod
uctio

Non 1 1 1     

Issue 
a 
prod
uctio
n 
limit
ation 
recor
d  

FAA 
A 
recor
d 

Impr
oper 
infor
mati
on 

Impro
per 
record 

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 1 1 1 0                 1 

H 
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n 
certif
icate 
holde
r is 
auth
orize
d to 
manu
factu
re,  

5
1 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
4
2 

Prod
uctio
n 
limit
ation 
recor
d. 

and 
identi
fies 
every 
interf
ace 
comp
onen
t that 
the 
prod
uctio
n 
certif
icate 
holde
r is 
auth
orize
d to 
manu
factu
re 
and 
instal
l 
unde
r this 
part. 

Inter
nal 

1 1 1     

Ident
ify 
interf
ace 
com
pone
nt 

FAA 

Auth
oriza
tion 
to 
man
ufact
ure 

Impr
oper 
ident
ificati
on of 
interf
ace 
com
pone
nt 

Unaut
horize
d 
manuf
acturi
ng 

4 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
6
0 

0   1 1 1 1 0 0       
this 
part 

        2 

Cn,H 

5
2 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
4
3 

Dura
tion. 

A 
prod
uctio
n 
certif
icate 
is 
effec
tive 
until 
surre
nder
ed, 
suspe
nded, 
revok
ed, 
or 
the 
FAA 
other
wise 
estab
lishes 
a 
termi
natio
n 
date. 

Non 1 1 1       FAA 

Effec
tive 
prod
uctio
n 
certif
icate 

              0 0   1 1 1 1 1 0                 1 

H 

5
3 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
4
4 

Tran
sfera
bility 

The 
holde
r of a 
prod
uctio
n 
certif
icate 
may 
not 
trans
fer 
the 
prod
uctio

Non 1 1 1     

Not 
trans
fer 
prod
uctio
n 
certif
icate 

App
lica
nt 

Hold 
prod
uctio
n 
certif
icate 

              0 0   1 1 1 1 1 0                 1 

H 
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n 
certif
icate. 

5
5 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
4
6 

Resp
onsi
bility 
of 
hold
er 

The 
holde
r of a 
prod
uctio
n 
certif
icate 
must
— (a) 
Ame
nd 
the 
docu
ment 
requi
red 
by § 
21.13
5 as 
neces
sary 
to 
reflec
t 
chan
ges in 
the 
orga
nizati
on 
and 
provi
de 
these 
amen
dmen
ts to 
the 
FAA.  

Inter
nal 

1 3 3 

Ame
nd 
the 

requi
red 

docu
ment 

Refle
ct 

chan
ges 
in 

the 
orga
nizati

on 

Provi
de 
these 
ame
ndm
ents 
to 
the 
FAA 

App
lica
nt 

Ame
nded 
docu
ment
s 

Impr
oper 
ame
ndin
g 

Impro
per 
amen
dment 

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   0 1 1 1 1 0       
21.1
35 

        2 

V,H 

5
6 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
4
6 

Resp
onsi
bility 
of 
hold
er 

(b) 
Main
tain 
the 
qualit
y 
syste
m in 
comp
lianc
e 
with 
the 
data 
and 
proce
dures 
appr
oved 
for 
the 
prod
uctio
n 
certif
icate; 

Non 1 2 2 

Ident
ify 

data 
and 
proc
edur

es 
appr
oved 
for 

prod
uctio

n 
certif
icate 

  

Main
tain 
quali
ty 
syste
m in 
com
plian
ce 
with 
the 
requi
reme
nts 

App
lica
nt 

Main
taine
d 
quali
ty 
syste
m 

Impr
oper 
ident
ificati
on of 
data 
and 
proc
edur
es 
appr
oved 
for 
the 
prod
uctio
n 
certif
icate 

Impro
per 
maint
enanc
e of 
quality 
syste
m 

5 

Lack 
of 
maint
enanc
e 
syste
m 

5 

Do
es 
no
t 
de
fin
e  

5 
1
2
5 

0   1 1 0 1 1 1             

what 
does 
main
tain 
mea
n 

  1 

Cm 
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5
7 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
4
6 

Resp
onsi
bility 
of 
hold
er 

 (c) 
Ensur
e 
that 
each 
comp
leted 
prod
uct 
or 
articl
e for 
whic
h a 
prod
uctio
n 
certif
icate 
has 
been 
issue
d, 
inclu
ding 
prim
ary 
categ
ory 
aircra
ft 
asse
mble
d 
unde
r a 
prod
uctio
n 
certif
icate 
by 
anot
her 
perso
n 
from 
a kit 
provi
ded 
by 
the 
holde
r of 
the 
prod
uctio
n 
certif
icate, 
prese
nted 
for 
airwo
rthin
ess 
certif
icatio
n or 
appr
oval 
confo
rms 
to its 
appr
oved 
desig
n and 
is in a 
condi
tion 
for 
safe 
oper
ation
; 

Exte
rnal 

1 3 3 

Defin
e 

Appr
oved 
desig

n  

Defin
e the 
cond
ition 
for 

safe 
oper
ation 

Ensu
re 
conf
orma
nce 
with 
the 
requi
reme
nts 

App
lica
nt 

Conf
orma
nce 
with 
appr
oved 
desig
n and 
in 
condi
tion 
for 
safe 
oper
ation 

Impr
oper 
conf
orma
nce 
with 
the 
requi
reme
nts 

A 
dange
rous 
situati
on like 
accide
nt 
happe
ns 

5 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
7
5 

0   0 1 1 1 0 0 

Appr
oved 
desi
gn 

Con
ditio
n for 
the 
safe 
oper
atio
n 

            3 

V,Cn
,H 
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5
8 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
4
6 

Resp
onsi
bility 
of 
hold
er 

 (d) 
Mark 
the 
prod
uct 
or 
articl
e for 
whic
h a 
certif
icate 
or 
appr
oval 
has 
been 
issue
d. 
Mark
ing 
must 
be in 
accor
danc
e 
with 
part 
45 of 
this 
chapt
er, 
inclu
ding 
any 
critic
al 
parts;  

Exte
rnal 

1 3 3 

Ident
ify 

prod
uct 
or 

articl
e has 

a 
certif
icate 

or 
appr
oval 

Defin
e 

mark
ing 

requi
reme

nts 

Mark 
the 
requi
red 
prod
uct 
or 
articl
e 

App
lica
nt 

Mark
ed 
appr
oved 
or 
certif
ied 
prod
uct 
or 
articl
e 

Impr
oper 
mark
ing 

Inabilit
y to 
identif
y 
requir
ed 
produ
ct or 
article 

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 0 1 0 0 
part 
45 

          

Whic
h 
prod
uct 
or 
articl
e 
need
s 
appr
oval 
or 
certif
icate 

  3 

Cm,
Cn,H 

5
9 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
4
6 

Resp
onsi
bility 
of 
hold
er 

(e) 
Ident
ify 
any 
porti
on of 
the 
prod
uct 
or 
articl
e 
(e.g., 
sub-
asse
mblie
s, 
comp
onen
t 
parts, 
or 
repla
ceme
nt 
articl
es) 
that 
leave 
the 
manu
factu
rer’s 
facilit
y as 
FAA 
appr
oved 
with 
the 
manu
factu
rer’s 
part 
num
ber 
and 
name
, 
trade

Non 1 2 2 

Defin
e  

FAA 
appr
oved 
man
ufact
urer’

s 
ident
ificati

on 

  

Ident
ify 
any 
porti
on of 
prod
uct 
or 
articl
e  
requi
red 

App
lica
nt 

Ident
ificati
on of 
any 
porti
on of 
the 
prod
uct 
or 
articl
e 
requi
red 

Impr
oper 
ident
ificati
on of 
any 
porti
on of 
the 
prod
uct 
or 
articl
e 
requi
red 

Inabilit
y to 
identif
y any 
portio
n of 
the 
produ
ct or 
article 
requir
ed 

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   1 1 0 1 1 1             

Whic
h 
prod
uct 
or 
articl
e 
leave 
the 
man
ufact
urer'
s 
facilit
y as 
FAA 
appr
oved 

  1 

Cm 
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mark, 
symb
ol, or 
other 
FAA 
appr
oved 
manu
factu
rer’s 
identi
ficati
on;  

6
0 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
4
6 

Resp
onsi
bility 
of 
hold
er 

(f) 
Have 
acces
s to 
type 
desig
n 
data 
neces
sary 
to 
deter
mine 
confo
rmity 
and 
airwo
rthin
ess 
for 
each 
prod
uct 
and 
articl
e 
prod
uced 
unde
r the 
prod
uctio
n 
certif
icate; 

Exte
rnal 

1 3 3 

Defin
e 

type 
desig

n 
data 

Dete
rmin

e 
conf
ormi

ty 
and 
airw
orthi
ness 
for 

each 
prod
uct 
and 

articl
e  

Have 
acces
s to 
type 
desig
n 
data 

App
lica
nt 

Acce
ss to 
type 
desig
n 
data 

Impr
oper 
acces
s to 
type 
desig
n 
data 

nonco
nformi
ty with 
type 
design 
data 
and 
airwor
thines
s 

3 

Impro
per 
syste
m 
desig
n  

3 

Do
es 
no
t 
de
fin
e  

5 
4
5 

0   0 1 1 1 1 0 

Type 
desi
gn 
data  

              2 

V,H 

6
1 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
4
6 

Resp
onsi
bility 
of 
hold
er 

 (g) 
Retai
n its 
prod
uctio
n 
certif
icate 
and 
make 
it 
availa
ble to 
the 
FAA 
upon 
requ
est; 
and 

Non 1 2 2 

Retai
n a 
prod
uctio
n 
Certif
icate  

  

Mak
e it 
avail
able 
to 
the 
FAA 

App
lica
nt 

Avail
abilit
y of 
prod
uctio
n 
certif
icate  

Impr
oper 
retai
n the 
prod
uctio
n 
certif
icate  

Unavai
lability 
to FAA 

3 

syste
m 
mism
anage
ment 

2 

Do
es 
no
t 
de
fin
e  

5 
3
0 

0   1 1 0 1 1 1             

In 
whic
h 
condi
tion 
retai
n 

  1 

Cm 

6
2 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
4
6 

Resp
onsi
bility 
of 
hold
er 

 (h) 
Make 
availa
ble to 
the 
FAA 
infor
mati
on 
regar
ding 
all 
deleg

Non 1 3 3 

Defin
e all 

deleg
ation 

of 
auth
ority 

to 
suppl
iers 

Defin
e 

infor
mati
on 

requi
red 
by 

FAA 

Mak
e the 
infor
mati
on 
avail
able 
to 
the 
FAA 

App
lica
nt 

Avail
abilit
y of 
the 
requi
red 
infor
mati
on 
the 
FAA 

Colle
cting 
impr
oper 
infor
mati
on 

Unavai
lability 
of 
requir
ed 
inform
ation 
to the 
FAA 

4 

syste
m 
mism
anage
ment 

3 

Do
es 
no
t 
de
fin
e  

5 
6
0 

0   0 1 0 1 1 0             

Whic
h 
type 
of 
infor
mati
on 

  3 

V,C
m,H 
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ation 
of 
auth
ority 
to 
suppl
iers. 

6
3 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
4
7 

Ame
ndm
ent 
of 
prod
uctio
n 
certif
icate
s 

(a) A 
holde
r of a 
prod
uctio
n 
certif
icate 
must 
apply 
for 
an 
amen
dmen
t to a 
prod
uctio
n 
certif
icate 
in a 
form 
and 
mann
er 
presc
ribed 
by 
the 
FAA. 
prod
uctio
n 
certif
icate 
to 
add a 
type 
certif
icate 
or 
mode
l, or 
both, 
must 
comp
ly 
with 
§§ 
21.13
7, 
21.13
8, 
and 
21.15
0. (c)  

Inter
nal 

1 2 2 

Defin
e 

21.1
37, 

21.1
38, 
and 
21.1
50 
(c)  

requi
reme
nts  

  

Appl
y for 
an 
ame
ndm
ent 
to a 
prod
uctio
n 

App
lica
nt 

Ame
ndm
ent 
to a 
prod
uctio
n 
certif
icate 

Failu
re to 
apply 
prop
erly 
for 
the 
ame
ndm
ent  

Lack 
of 
amen
dment 
to 
produ
ction 
certific
ate 

4 

Lack 
of 
syste
m 
updat
ing  

3 

Do
es 
no
t 
de
fin
e  

5 
6
0 

0   1 1 0 1 1 1       
21.1
37 

21
.1
38 

21.
15
0 
(c)  

What 
is the 
form 
and 
man
ner 
presc
ribed 
by 
FAA 

  1 

Cm 
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2
1.
1
4
7 

Ame
ndm
ent 
of 
prod
uctio
n 
certif
icate
s 

 An 
appli
cant 
may 
apply 
to 
amen
d its 
prod
uctio
n 
limita
tion 
recor
d to 
allow 
the 
manu
factu
re 
and 
instal
lation 
of an 
interf
ace 
comp
onen
t, 
provi
ded
— (1) 
The 
appli
cant 
owns 
or 
has a 
licens
e to 
use 
the 
desig
n and 
instal
lation 
data 
for 
the 
interf
ace 
comp
onen
t and 
make
s that 
data 
availa
ble to 
the 
FAA 
upon 
requ
est; 
(2) 
The 
appli
cant 
manu
factu
res 
the 
interf
ace 
comp
onen
t; (3) 
The 
appli
cant’
s 
prod
uct 
confo
rms 
to its 
appr
oved 

Non   2 2 

Defin
e the 
condi
tions 
and 
limit
ation

s 

  

Appl
y to 
ame
nd 
prod
uctio
n 
limit
ation 
recor
d 

App
lica
nt 

Ame
ndm
ent 
to 
prod
uctio
n 
limit
ation 
recor
d 

Failu
re to 
meet 
the 
requi
reme
nts 

lack of 
amen
dment 
to 
produ
ction 
limitat
ion 
record 

4 

Lack 
of 
syste
m 
updat
ing  

3 

Do
es 
no
t 
de
fin
e  

5 
6
0 

0   0 1 0 1 1 1             

What 
other 
condi
tions 
and 
limit
ation
s the 
FAA 
consi
der 
nece
ssary 

  2 

V,C
m 
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type 
desig
n and 
the 
interf
ace 
comp
onen
t 
confo
rms 
to its 
appr
oved 
type 
desig
n; (4) 
The 
asse
mble
d 
prod
uct 
with 
the 
instal
led 
interf
ace 
comp
onen
t is in 
a 
condi
tion 
for 
safe 
oper
ation
; and 
(5) 
The 
appli
cant 
comp
lies 
with 
any 
other 
condi
tions 
and 
limita
tions 
the 
FAA 
consi
ders 
neces
sary. 

6
4 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
5
0 

Chan
ges 
in 
quali
ty 
syste
m. 

After 
the 
issua
nce 
of a 
prod
uctio
n 
certif
icate
— (a) 
Each 
chan
ge to 
the 
qualit
y 
syste
m is 
subje
ct to 
revie
w by 
the 
FAA; 
and 

Non 1 3 3 

Gain 
prod
uctio

n 
certif
icate 

Chan
ge to 
quali

ty 
syste

m 

Revie
w 
chan
ges 

FAA 

Revie
w on 
chan
ges 

Impr
oper 
chan
ges 

inacce
ptable 
chang
es 

5 

Impro
per 
syste
m 
desig
n  

4 

Do
es 
no
t 
de
fin
e  

5 
1
0
0 

0   0 1 0 1 1 0             

What 
kind 
of 
chan
ge or 
revie
w 

  3 

V,C
m,H 
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6
5 

CFR14 - 
Part 21-
Subpart 
G   

2
1.
1
5
0 

Chan
ges 
in 
quali
ty 
syste
m. 

 (b) 
The 
holde
r of a 
prod
uctio
n 
certif
icate 
must 
imme
diatel
y 
notif
y the 
FAA, 
in 
writi
ng, of 
any 
chan
ge 
that 
may 
affect 
the 
inspe
ction, 
confo
rmity
, or 
airwo
rthin
ess of 
its 
prod
uct 
or 
articl
e. 

Non 1 2 2   

Defin
e 

requi
red 

chan
ges 

Notif
y 
FAA 

App
lica
nt 

Writt
en 
Notifi
catio
n 

Notif
y the 
FAA 
with 
delay 

inacce
ptable 
chang
es 

4 

syste
m 
mism
anage
ment 

4 

Do
es 
no
t 
de
fin
e  

5 
8
0 

0   1 1 0 1 1 1             

In 
what 
cont
ext 
and 
exte
nt 
may 
affec
t 
inspe
ction
, 
conf
ormi
ty, or 
airw
orthi
ness 
of 
prod
uct 
or 
articl
e  

  1 

Cm 

R
e
p
or
t 

Total 
number 
of code 

1
6 

    

Aver
age 
num
ber 
of 
acti
on 

1.0
461
538
5 

20 13 

Plus/
minu
s 
20% 

          
NA 
items  

          0 
6
0 

5 
ite
ms 
are 
AC 

12 0 37 0 22 33 
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9 Appendix B 

Item No.  Component Identification Reliability  CI R CI R CI R Segment reliability  

1 21.132 0.57 Type certificate  x         0.58x 

2 
21.132 

0.43 

Supplemental 
Type certificate  

y   
  

  
  

0.43y 

3 
21.132 

0.57 
Type certificate  x 

Supplemental 
type certificate  y 

  
  

0.58xy 

4 

21.133 

0.43 

All FAA form and 
prescribed 
manner 

x1 
All FAA form and 
prescribed 
manner 

y1     

0.43x1y1 

5 21.135 0.71             0.71 

6 21.135 0.57             0.57 

7 21.135 0.57             0.57 

8 21.135 0.00             0.43 

9 21.135 0.43             0.43 

10 21.135 0.57             0.57 

11 21.135 0.57 21.135 part a 0.57         0.33 

12 21.135 1.00             1 

13 21.135 0.71 21.138 0.57         0.41 

14 

21.135 

0.57 

Applicable 
regulation of 
subchapter C 

x2   

  

  

  

  

15 21.135 0.71             0.71 

16 21.137 0.57 Approved design x3           

17 21.137 0.71 Approved design x3           

18 21.137 0.71 Design data x4           
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19 21.137 0.71             0.71 

20 21.137 1.00             1 

21 21.137 1.00             1 

22 21.137 0.71 Approved design  x3           

23 21.137 0.71 Approved design  x3           

24 21.137 0.71 21.137 e 0.71         0.51 

25 21.137 0.71 21.137 e 0.71         0.51 

26 

21.137 

0.57 

Standard 
acceptable to 
the FAA 

y2 Approved design 

x3 

  

  

  

27 21.137 0.71 Approved design x3           

28 21.137 0.71             0.71 

29 
21.137 

0.43 
Approved design x3 

Type certificated 
product y3 

21.137 h 
  

  

30 21.137 0.57 21.137 h 0.43         0.24 

31 21.137 0.71 21.137 h 0.43         0.31 

32 
21.137 

0.43 
Approved design x3 

Approved quality 
system y4 

  
  

  

33 21.137 0.71             0.71 

34 21.137 0.71             0.71 

35 21.137 0.71 45.15 (c)  x9           

36 
21.137 

0.43 

Approved 
quality system 

y4   
  

  
  

  

37 21.137 0.71             0.71 

38 21.137 1.00 21.137 (m) 1.00         1.00 

39 21.137 0.43 21.137 (m) 1.00         0.43 

40 
21.137 

0.57 
Design Data x4 

Quality system 
requirements x5     

  

41 21.137 0.57             0.57 
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42 21.137 0.71 21.137 0.57         0.41 

43 21.137 0.71 43.3 (j)             

44 21.137 0.71 21.331   21.335         

45 21.138 0.57             0.57 

46 21.139 0.71 49 U.S.C y7 this subchapter y8       

47 21.139 1.00             1 

48 21.139 0.57             0.57 

49 21.140 0.29             0.29 

50 21.141 0.57 This subchapter y8           

51 21.142 0.71 this subpart y9           

52 21.142 0.57             0.57 

53 21.143 0.71 this part x8           

54 21.144 0.71             0.71 

55 21.146 0.57             0.57 

56 21.146 0.71 21.135 0.01         0.01 

57 
21.146 

0.43 
Approved design x3 

Condition for the 
safe operation y5 

  
  

  

58 21.146 0.43 part 45 y6           

59 21.146 0.71             0.71 

60 21.146 0.57 Type design data  x7           

61 21.146 0.71             0.71 

62 21.146 0.43             0.43 

63 21.147 0.71 21.137 0.57 21.138 0.714286 21.150 (c)  0.714286 0.21 

64 21.147 0.57             0.57 

65 21.150 0.43             0.43 

66 21.150 0.71             0.71 

 


