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Chapter 1: General introduction

General Introduction

At present, companies world-wide have adopted amhdmuality management systems in
order to help them to provide a quality serviceaahinimum reasonable cost. Such quality
management systems are of major interest in aironafntenance organizations due to the
complexity of the industry and also, above all,daese safety is of paramount importance. In
addition, the fierce competition in the aircrafdaair transport industries and the pressures to
reduce the costs of servicing, and the time takethie servicing without reducing the quality
of work is a current issue of strong concern. T$tisdy, therefore, aims to improve the
methods used for quality management in aircrafihteaance organizations. This should help
to treat in an optimal way complex issues involvagraft servicing turn-round time, quality
service and cost issues.

Quality Function Deployment is a general method sehaim is to improve, through analysis
and planning, the performance of product and senacganizations. Concern over the
increase in sophistication of modern aircraft haghlighted the need for rigorous quality
management in aircraft maintenance. Quality managémvaluation is a key issue to ensure
safety, reliability, risk awareness, and the aswmeaf quality. Moreover, the fields of quality
and safety share a common requirement. both havéetoeveryone's concern in the
organization. This is the basis for efficient impkntation of quality and safety system in any
aircraft maintenance organization. In addition, #eeospace environment is much regulated
in that every maintenance task has to respectyadetailed process which in principle should
ensure the safety of flight. To achieve this gaaé maintenance process is tied to very
stringent rules and procedures which have beemetkfby the regulation authorities. The
guality management system in aircraft maintenaress to be a closed-loop system where
mistakes and failures will not be allowed to hapgaeraddition, the evaluation of the system
should cover all aspects of maintenance includinglity management, safety management
and risk awareness issues.

This thesis, based on these factors, addressggdbiEm of enhancing the classical Quality
Function Deployment process when applied to airarsintenance organizations. Quality
Function Deployment is used as a planning methagyotfor translating the customer needs
with respect to maintenance, the customers’ remqargs, into service features or design
requirements. Classical Quality Function Deploymamalysis makes use of crisp values to
describe and deal with qualitative opinions in orttiereach for the final decision making.
The Quality Function Deployment involves the cownstion of the House of Quality for
aircraft maintenance organizations, including tee of Fuzzy Logic techniques and ranking
analysis. The fuzzy set theory has been provenusgfal tool in modeling the vagueness and
imprecision which has been applied in this case.

The main scenario considered in this study is ikgatio reducing through Quality Function
Deployment applied to an aircraft maintenance degdion, servicing time while limiting
costs related with installations, equipments amtgsses. Other objectives are to increase
fleet availability and to maintain aircraft relidity.

The proposed approach should be valuable for anal military aircraft maintenance entities
which will be enabled to increase their level ajamizational quality management.

The thesis is structured and divided into eightptis:

Chapter 1 is an introduction of the subject; sgttime scene to the research by looking at
problem definition, scope of the research, andsthecture of the thesis.
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Chapter 1: General introduction

Chapter 2 discusses the literature, by providimgvaew of the general industrial engineering
quality concepts and methods. This covers qualty igs evolution, the quality management
principles and key features, the tools and techescnf quality, and the quality management
implementation steps. The theoretical backgroundashe of the main quality assessment
principles and frameworks is also discussed irfbrie

Chapter 3 provides a state of the art about quptdgtice in the field of aircraft maintenance.
It describes aircraft maintenance management amdttiacture of engineering organizations
and their functions. The chapter also deals witmdmu factors in aircraft maintenance,
covering some of the important aspects of thisiafussue. It also discusses the military
aircraft maintenance and its quality aspects, amukd at the safety culture in aircraft
maintenance. The chapter concludes with two examnplee being a case of civilian aircraft
maintenance, and the other being the case of taryikircraft maintenance entity.

Chapter 4 introduces a detailed presentation arahalysis of Quality Function Deployment.
This covers discussion on its first elements, a amson between the traditional quality
systems and Quality Function Deployment. The chiagds® introduces the House of Quality,
and covers the methods used in quality functionayepent. It also, briefly covers recent
applications and new developments of the qualibefion deployment.

Chapter 5 addresses the issue of enhanced organgaf aircraft maintenance through the
use of Quality Function Deployment. It displays tleeirrent aircraft maintenance

organizations processes, analysis the requiren@ntirhe and cost reduction in aircraft

maintenance by using technical solutions analysdé ranking methods. The chapter covers
the Quality Function Deployment stages and pro@sjuand most importantly the results
provided by this methodology in order to have prigethat are workable, measurable and
capable of design enhancement.

Chapter 6 discusses fuzzy modeling and its linlkhv@uality Function Deployment. It starts
with an introductory to the elements of fuzzy lggad also displays the fuzzy representation
of linguistic variables as fuzzy logic is knowndeal efficiently with linguistic, vague, and
uncertain data. This chapter also handles the fuzaghted averages by looking at the fuzzy
representation of knowledge about the process tonpeoved, and the technical importance
of a design requiremenfThis is gained by considering customer attributad design
requirements. Further, the chapter makes computatiothe membership function for the
technical importance of the requirement, and fuaznking. This chapter in general describes
how fuzzy set theory can be adapted to describe pgodess approximate or imprecise
information in the Quality Function Deployment frawork.

In chapter 7, the application to aircraft maintesermrganizations of the resulting fuzzy
modeling and quality function deployment approashhandled. The findings from the
analysis in chapters 5 and 6 are weighed & comparddthe data obtained from the fuzzy
logic analysis in this chapter. The chapter illatds the usefulness of the proposed approach
which is based on fuzzy decision making, to imprthes quality function deployment process
for the enhancement of aircraft maintenance orgaioizs.

Chapter 8 includes recommendations and conclusittnprovides recommendations for
successful implementation of the proposed qualighagement enhancement method for
aircraft maintenance organizations. It also prowvide number of propositions to further
improve the Quality Function Deployment procesgcsdly when applied to tightening the
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Chapter 1: General introduction

quality and safety management in aircraft mainteaasrganizations. The conclusion of the
paper is closing thoughts on the whole researcjegio



CHAPTER 2

INDUSTRIAL ENGINEERING QUALITY
CONCEPTS AND METHODS



Chapter 2: Industrial engineering guality conceptd methods

2.1 Introduction

The aim of this chapter is to present the backgiotm understand the notion of quality
management, and its evolution over time as a pbploigal approach in Industrial
Engineering. The chapter also examines the defmibf the concept of "quality”, the
development of quality management, the quality rgangent principles and key features, and
the tools and techniques of quality management. difsgter will cover the integration of
quality management with statistical and other qtetnte tools, and the quality management
implementation steps. It wilbok at the main existing frameworks that estabiirshprinciples
and requirements to assess and develop a qualihageanent system: the International
Organization for Standardization series, the qualiward models, the performance
measurement, the quality chain, and the servicktggaps model.

2.2 Understanding Quality and its Evolution

Review of the literature on quality reveals tharéhare various definitions of quality which
have been cited from different perspectives byedgit authors and experts. The development
of quality went through many steps and phases tdaayevhere it is now. The concepts of
guality and its development are outlined belowetead.

2.2.1 The Concept of Quality

Quality is a concept that is commonly applied te@rgthing related to many of our needs
either be it products or services. In discussing dlefinition of the term "quality”, it was
generally cited in the literature that "quality"ds imprecise term as it means different things
to different people. Despite the lacking in itsideion, it is not an inexplicable term. There
had been many attempts to interpret the definitibguality from different perspectives. Here
are some paragraphs which discuss these attempts.

Referring to the dictionary there are several magsisuch as excellence, degree of
excellence, attribute, character [The Oxford ColDigtionary, 1995]. In a linguistic sense,
[Dale and Cooper, 1992] stated that quality origgedrom the Latin word "quails" meaning
"such a thing really it is". The British Standaidstitute and the International Organization
for Standardization (ISO) define quality as "théality of features and characteristics of a
product or service that bear on its ability to Sgtstated or implied needs" [BS. 4778: Part 1,
1987], [ISO 8402, 1986]; this term is more interoadlly widely agreed and used. Moreover,
the experts in this domain only defined quality the broad terms, and most of these
definitions are product-based definitions since nadshe experts addressed quality primarily
on the basis of operation perspectives includirgpitoduct and the design with conformance
to specifications. For instance, [Crosby, 1984hted that quality must be defined as
"conformance to requirements” if it is to be marthgad measured. This means that for a
product to be of a high quality it has to conform dll its requirements. In table (2.1)
definitions of quality are summarized from [Hun®9R].
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1. Customer-based Fitness for use, meeting custerpactation.

2. Manufacturing-based| Conforming to design, sjpeatibns, or requirements. Having
no defects.

3. Product-based The product has something that similar products do not
that adds value.

4. Value-based The product is the best combinatigorice and features.

5. Transcendent It is not clear what it is, bus something good.

Table 2.1: Definitions of Quality
Source: [Hunt, 1992]

2.2.2 The Development of Quality Management

Quality was originally viewed as "inspection”, ainat problem identification. Later, quality
control principles began to emerge in the manufatgu sector, where statistical and
mathematical techniques, sampling tables and psocestrol charts were used to ensure
quality of products. From the early 1950s to thee 14960s, quality control evolved into
quality assurance, with emphasis on problem avaiglaRrom the 1970s to 1980s, the service
sector has become a major concern of many orgamzgatvorldwide as a result of the
increasing importance of the service sector in #wnomy. A number of service
organizations, including both sectors; public anggte, profit and non-profit organizations,
have embraced the quality management approachstratagy for improving their service,
and enhancing their management processes. Theaaizaions cover industries such as
financial services, engineering maintenance, edutaand training, health-care, tourism,
government, and transport services, where the fofuke business activity is on services
rather than on products [Lewis, 1994]. [Tuckman99]9divided the evolution of quality
management, during the 1970s and 1980s, into foasgs, which are shown in table (2.2).

First phase Late 1970s to earlgome experimentation with quality circles.

1980s Mostly affected firms' indirect competitign
with what Japan had concentrated on, e.g.
electronics.
Second phase The 1980s Major companies, often tedfeby world

recession, concerned with control of suppliers
and sub-contractors.

Third phase | From mid-1980s A growing concern withstomer service,
particularly in the service sector.
Fourth phase| From late 1980s Penetration of comceithh ‘customer service'

in areas which previously had not recognized
the existence of customers.

Table 2.2: The Evolution of Quality Management during the @9and 1980s
Source: [Tuckman, 1995]

[Dale et al., 1994] categorized the developmentudlity management into four stages as
presented in Figure (2.1). These four key stages iaspection, quality control, quality
assurance, and Total Quality Management (TQM). fthe key approaches are discussed
below in detail.
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(— Descent politic to performers
Comprehension of providers and
TQ buyers

TaMm < Comprehension of all operations
Process management

Q Measuring results
Team work

\— Employees participations
(— Quality system development
QC Advanced quality planning

. Total quality manual

_ Quality < Quality costs usage
insurance Participation of non-production
operations

A A Failure and effect analyses
“— Statistic process control

(— Development of quality
procedures

. Process Performance
Quality < Just inspection
Control Production testing
Basic quality planning
A Using basic statistic
e Continual improvement \— Controlling documentation
o Qualifying people e
° Tak!ng Care.Of emp!qyees Collecting reject
e Taking part in transition . Sorting, Accounting
¢ Specification remark Inspection < Proceeaing of reclamations
e Locating causes Identifying sources of malfunctions

Figure 2.1: The Four levels in the Evolution of Quality Managnt
Source: [Dale et al., 1994]

2.2.2.1 Inspection

Inspection as defined in [ISO 4802, 1995] is "attisuch as measuring, examining, and
testing or gauging one or more characteristicsroeatity and comparing the results with
specified requirements in order to establish whetbenformity is achieved for each
characteristic". Inspection is applied in the irndas sector to examine and test the quality of
products and services. [Seymour, 1992] pointedtloat inspection, as a process existed in
industry in the 1960s, when it was used to guaeapteduction uniformity, and was executed
through gauging and measuring methods. From tHisitien the inspection process will be
describing the product as good or bad by compagdhe results with standards held by the
organization or by external bodies responsiblegfgality assurance. The term inspection is
also widely used in the aircraft maintenance irt #&ch organization will have laid down
procedures for carrying out such inspections.

The traditional reason for inspecting things iséase people suspect there maybe something
wrong with such things. In other words, inspectircarried out to detect failure. There are
many types of inspections, for example inspectipratiributes where the five senses of the
human are used, and inspection by variables wharables are measured and expressed
numerically. When properly conducted, inspectiony naghieve some objectives for the
organization for example reducing the risk of d&fec items, and also can provide a
numerical indication of performance of the qualgyel. However, inspection is, in fact a
very limited and restricted method of managemeat ltlas become an inappropriate approach
for managing complex systems, as it depends omgeahd comparing products according to
standard value. This fact was highlighted by [Agua$990] when commented regarding
inspection by saying "inspection, if it is propedgne can catch the defects and prevent them
from reaching the customer. But is not improvemantl does not guarantee quality.
Inspection is a very limited tool, grossly overused often misused"”.
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2.2.2.2 Quality Control

The quality control is the second stage in the @ah of quality management, which

involves the application of sampling procedureshsas quality control charts or Statistical
Process Control Charts, and periodic quality auchtshe production process to ensure a
product's specification and the efficiency of theducing equipment. It also involves co-

operation between the different departments.

From the literature, many authors and experts ldafened quality control as a concept.
[Juran, 1989] stated that "quality control is a agerial process during which we":

e Evaluate actual quality performance

e Compare actual performance to quality goals

» Take action on the differences
Whereas, [Feigenbaum, 1991] defined quality cordsol'an effective system for integrating
the quality-devolvement, quality-maintenance, aadlity-improvement efforts of the various
groups in an organization so as to enable markeg¢ingineering, production, and services at
the most economical levels which allow for full tarser satisfaction. In [International
Standards Organization 8402, 1995] quality contralefined as "operational techniques and
action that are used to fulfill requirements of lgy& This means that managers, supervisors,
and producers must employ appropriate techniquesely stage of the process, and that the
final product or service meets its specificatiolms this regard there are many operational
techniques and activities applied in organizatidhsse include: planning, process control,
inspection and test, documentation, material idfieation, control of non conforming
materials, handling, storage, packing and deliveng carrying out corrective actions.

2.2.2.3 Quality Assurance

This third step in the evolution towards quality magement is quality assurance, which
enables the system to monitor technical standartiérvthe organization. It aims to prevent
errors or when errors occur, to detect them promptid prevent their repetition. This
approach minimizes the cost of scrap and reworkesiires that the product or service is
achieved at the most economical cost. In this tegguality assurance involves management
as well as employees, from all functional areasiwithe organization, and a commitment to
the detection and prevention of quality problems.

In citing the literature, [ISO 8402, 1995] defingsality assurance as "all planned activities
implemented within the quality system and demotetraas needed, to provide adequate
confidence that an entity will fulfill requirementer quality”. [Seymour, 1992] stated that

guality assurance was applied only to manufactubegveen the 1950s and 1980s, and
concentrated on the entire production chain, ghescontribution of all functional groups, to

prevent quality failure, through the use of progsaamd systems. According to [Freeman,
1991], "quality assurance is an approach to id@ntf market needs and honing working

methods to meet standards".

From the above it can be summarized that activittamected with quality are arranged so
that:

* Performance meets requirement
» Customers are satisfied
» Errors are prevented so there should be no negd ti@ngs more than once
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2.2.2.4 Total Quality Management

Total Quality Management has become the last managieapproach. It, however, involves
all functional areas at all levels to achieve amnmbus improvement, teamwork, customer
(external as well as internal) satisfaction, angrimned productivity with reduced costs. In

the 1980s Total Quality Management became a popyb@roach in the manufacturing

industry. It was subsequently implemented in 1980simost across all the industry sectors.
[British Standards EN I1SO, 1995], [Cited in DaledaBunney, 1994] states that Total Quality
Management is "a management approach of an orgemzaentered in quality, based on the
participation of all its members and aiming at ldagn success through customer
satisfaction, and benefits to all members of tlganization and society". Whereas [ISO 8402,
1995] defines quality as "The totality of featusd characteristics of an entity that bear
upon its ability to satisfy stated or implied needs

In discussing the theory and concepts of qualittheliterature, there is no single theoretical
formalization of Total Quality Management. In thiee quality experts (refer to Annex A)
constructed and provided a set of core assumptodsspecific principles of management
which can be synthesized into a coherent framewbiiK, 1995]. In the Total Quality
Management literature, Deming is regarded as thigipder of modern quality management
concepts. [Feigenbaum, 1991], defined quality & 'tbtal composite product or services
characteristics of marketing, engineering, manufatg, and maintenance; through which the
product and service in use will meet the expeatatibthe customer”. It worth noting that
Juran's message is that "quality cannot happenhbyce". In "Juran's Trilogy", the three
managerial processes are: quality planning, quabtytrol, and quality improvement [Juran,
1989].

The implementation of the principles of quality ragament need to be founded on a strategic
evaluation of company's quality performance congbaoeits own mission statement and the
performance of its competitors. Leadership is neglito set direction and specific goals for
the program. Management then interprets stratetgy specific plans for people, resources,
and processes. Clear procedures are set with theoficonsistent, reliable service to the
customer.

2.3 Quality Management Principles and Key Features

Quality management as a philosophical approach asigds that quality is the responsibility
of everyone in an organization by involving comnetmto continues improvement, and that
all managers and workers should be trained andageldico use quality tools and techniques
for solving problems, and decision-making. On otherds, quality management should work
in the basis of having a totally integrated effaxsvards improving performance at every
level.

Moreover, quality management may be distinguislmenhfother organizational improvement
approaches, such as the Business Process Re-gmgineRist-In-Time, Kaizen, and Six
Sigma, despite some similarities between theiratiyjes and those of quality management. In
the literature, [Hammer and Stanton, 1995] diffdedad between quality management and
Business Process Re-engineering by stating thatal'TQuality Management stresses
incremental improvement through structural probkstving, whereas, Business Process Re-
engineering is about radical improvement througdal orocess redesign". Distinguishing Just
In Time from quality management was tackled by seaech carried out by [Flynn et al.,
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1995] by describing Total Quality Management asapproach for improving the quality for
products and services that is characterized bygtas of continuous improvement of all
processes customer-driven quality, production withdefects, a focus on improvement of
processes than rather on a criticism of people,datd-based decision making. On the other
hand, Just In Time is based on the notion of elatnng waste through the implications of
manufacturing processes, which includes the elitidnaof excess inventories and overly
large lot sizes that cause unnecessarily long mestoycle times.

2.4 The Tools and Techniques of Quality Management

As was said before, quality management is a phplogdhat is committed to continuous
improvement in the management processes. Hencectimgnuous quality improvement
process requires tools and techniques to identiig solve quality problems within an
organization. The production and delivery of praduand services in an organization needs a
sound framework to give direction, a scale to measuality improvement, and a follow-up
process in order to gain feedback on products aewlices quality. Therefore, the
management of the organization has to select s$pdoibls and techniques to achieve the
improvement on their organization.

There exist many tools for the improvement of psscguality, which have been discussed by
several authors and experts. For example, [Bergmaa,Klefsjo, 1994] agreed on similar
tools, specifically the Pareto, the scatter diagréma cause and effect, and the control chart.
[Juran, 1989] has proposed seven quality contamktdhe control chart, the scatter diagram,
Pareto analysis diagram, the control chart, thétescdiagram, and graphs. These tools all
come under the basis of Statistical Process Coditagrams.

2.4.1 Statistical Process Control Tools

Statistical process control is a management apprdhat is intended to improve an
organization's product or service quality by redgcvariation in the work process [Houston
et al., 1986]. Statistical process control can pgliad to both industrial and non industrial
processes, and in its practical application carp bk organization realize continuous
improvement. Statistical process control techniquewide accountability and are essential
ingredient in this quality effort. Statistical pexs control is an analytical decision-making
tool in order to see when a process is workingemtly or when it is not. Variation is present
in any process, deciding when the variation is r@étand when it needs correction is the key
to quality control. The preparatory phases of Stiaill Process Control involve several steps
using a number of different tools. In total, thare eight tools and techniques for continuous
quality improvement, these are: the cause and teffeart, the check sheet, the scatter
diagram, the flow chart, Pareto chart, the histogréne control chart, and benchmarking. For
an organization to implement these tools correc¢higjr application and involvement should
be fully understood by the entire work team. Easthhique has an overall objective to meet
as described and outlined briefly in the paragrdpgiew:

A. Cause and effect chartsThe more famous is known as the ‘fishbone clat,in some
cases referred to as 'Ishikawa diagram’. "Aimigstall the factors which affect the quality of
a process and then to map the interrelationshipsdes them" as was stated by [Sallis,
1994], whereas [Mears, 1995], and [Dale and Bunri®94] stated that this diagram
illustrates relationships between activities antpflaé in generating ideas for improvement.
The person or team that is trying to discover that cause of a problem has to construct the
cause and effect diagram by first listing the undéte effect. Then, continues by listing the
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major cause categories and the minor cause catsgoshich are then connected to the
undesirable effect [Besterfield, 1994]. Once ab tihinor and major causes are identified,
solutions are developed to correct the most likedyises in an effort to eliminate the
undesirable effect [Besterfield, 1994].

B. Check sheets:accurate data collection is a fundamental to Ste&l Process Control.
Check sheets are a simple tool for recording in&irom. [Mears, 1995] pointed out that
check sheets are used to ensure that the dattherg@ in a systematic manner. According to
[Arcaro, 1995] check mark shows that the job is plated or the item is safe. The exact form
of the check sheet is tailored to each situation.

C. Scatter diagrams:they how the pattern of relationship between twdables that are to
be treated. [Bergman, and Klefsjo, 1994] mentiotteat a scatter diagram can be used to
show how the process or product varies owing tcegplanatory variable. [Mears, 1995]
stated that scatter diagrams are used to visuadlgsore how the change in one variable
affects another.

D. Flow charts: according to [Arcaro, 1995] a flow chart is a dag of the steps in a
process. Using flow charts prevents the team freap{fogging over activities which are a
natural sequence in the process. By showing howrbeess works, the team can identify the
potential problem areas and create a new or imprpvecess.

E. Pareto chart: used to show the distribution of items and arratigem from the most
frequent to the least frequent. [Arcaro, 1995]estathat the "Pareto chart helps to centre
efforts on the problems that offer the greatestacayp for improvement”. Pareto diagram
differ from histogram in that the horizontal axi§ @ Pareto diagram is categorical (e.qg,
subsystem number) whereas the horizontal axis bfstogram is numerical. The Pareto
diagram can be used to quickly identify which catggalong the horizontal axis is the most
frequently occurring. However, the Pareto diagramesdnot automatically identify the most
important occurring [Montgomery, 2001]. For examal@areto chart might be constructed to
show which aircraft subsystem fails the most frexgiye However, if the user of the chart is
interested in which subsystem is creating the &rdeain on the maintenance budget; then
the Pareto diagram would not be displaying the nmopbrtant information. On other words,
frequency does not always have a direct correlatitm importance.

F. Histograms: They are a graphical representation of the digtiopn of data. [Hind, 1994]
stated that histograms are broadly used for dragmgped data. Grouped data are put into
categories, or bands, in order to make the infaonatasy to handle. The histogram is an
effective tool for showing the general shape, llocgtor central tendency, and spread or
variation in a given population [Montgomery, 200lt]can also show if there are any gaps in
the data [Besterfield, 1994].

G. Control charts: of all the tools offered by Statistical Processttal, the control chart is
the most technically sophisticated [Montgomery, O ccording to [Arcaro, 1995], and
[Gunther, and Hawkins, 1999] a control chart graplly displays the variations in an
organization's work process. For example, it caglmaised to show the relative performance
of two groups of people. [Bergman, and Klefsjo, 4Pfentioned that in their opinion the
control chart is an important tool in finding asggle causes and for supervising a process.
There are two basic types of control charts: tHos@ariable data and those for attribute data
[Montgomery, 2001]. Variable control charts aredugéhen the quality characteristics can be
expressed in terms of a continuous numerical sEaxi@mples of variable data include product
weight, volume, dimensions, etc. When the qualitgracteristic is not a numerical variable,
then it is expressed as an attribute such as aanfgmon-conforming, or non-
defective/defective.

H. Benchmarking: it is a process that entails comparing the aatiwiof an organization with
other excellent organization to develop and achiéwee best performance. [Liston, 1999]
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describes benchmarking as "a tool to improve prtsjservices, or management processes by
analyzing the best practices of other companiesrganizations to determine standards or

performance, and how to achieve them in order tweese customer (client, stakeholder)

satisfaction".

Statistical process control has been successfultplemented in both service and
manufacturing industries [Montgomery, 2001]. In #ervice industries, Statistical Process
Control techniques are applied by treating proegss's similarly to the way they are treated
in a manufacturing setting [Montgomery, 2001]. Fxample errors on billing statement,
documentation errors on loan application paperweriqrs in computer software, etc can all
be considered as defects.

2.4.2 Integrating Quality Management with Statisti@l and Other
Quantitative Technique

Quality management involves the integration of bdkie qualitative and quantitative
techniques. Some of the techniques have beenybdisttussed above. Emphasis by managers
and experts has been primarily on the qualitatispeats. However, companies will not
realize the full benefits of quality managementluhey integrate the quantitative techniques
into their company's processes. As was stated binfleh G., 1994], a generic approach is to
stress the qualitative aspects initially and foroaldgy-improvement teams using relatively
simple statistical tools. As teams mature and djmers® improve, the teams will have to
progress to more sophisticated statistical toolsottinue the necessary improvement. Figure
(2.2) [Heinrich G., 1994], shows that the managdamamd cultural changes required to
achieve guality management are as listed in tlamdle at the top. The foundation of this
figure shows the qualitative and quantitative éffdhat need to be integrated. The integration
can be best accomplished through the use of teats &5 shown in the centre of the
foundation.
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- Customer Focus

- Strong Quality
Leadership

- Open Culture

- Fact Based Decision-
Making

- Partnership with
Suppliers

- Strategic Planning

- Effective Training

- Measurement/Support

System
QUALITATIVE TEAM TOOLS QUANTITATIVE
- Integrated - Nominal Group Techniques: | - Sampling
Mission » - Multi-Voting >
Statement/Goals - Rank Ordering - Statistical

- Teams Process Control
- Employee | | s
Participation - Flow Charts

- Cause and Effect Diagram - Design of
- Employee -QFD Experiment
Empowerment |~ | - Pareto Charts “

- Run Charts
- Teams - Scatter Diagram - Other Diagnostic

------------------------------------ Tools
- Continuous - Affinity Charts
Improvement - Relationships Diagrams

» - Systematic Diagrams >

- Matrix Diagrams

- Process Decisions Charts

- Arrow Diagrams

A 4 A 4

All of organization Activities — Production, Admstration, Sales, etc

Figure 2.2: Integration of Cultural Attributes Qualitative a@uiantitative Techniques
and Team Tools
Source: [Heinrich George, 1994]

On the other side, [Ograjensek, 1998], stated ¢hgtirical evidence on Slovene companies

regarding their inclination towards the integratwinstatistical quality control into a quality
management system, three types of companies wi@rcEstified quality management
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systems exist'enlightened" — those actually using the methodself-satisfied" — those
being aware of the importance of the statisticallityacontrol's integration into a system, but
at present not using the methods because, dueitddkorable competitive position, they do
not have to, antcareless' — those presently not using the methods and lasining to use
them in the future either. For each group of conmgsmmappropriate activities and measures
for integration of statistical quality control inta quality management system can be
identified. The following points should be emphasizn each individual group [Ograjensek,
1993]:
= In the group of"enlightened companies”: regular audits of the correctness of
statistical quality control methods use on the @m introduction of new statistical
methods which help companies reduce costs on tee band.
= In the group of"self-satisfied companies": intensive employee training with the
emphasis on the use of modern statistical softizans.
= In the group of‘careless companies":emphasis on both motivating top managers
and training middle managers for the use of stadiktjuality control methods.

2.5 Quality Management Implementation Steps

There exist many of the quality management impldgatean models which belong to various
sponsoring consultant firms. An adaptation of ayvpractical and simple model was
presented in [Heinrich George, 1994], which wasteddrom (Total Quality Management
Guide, a Department of Defense publication). Thaxleh as depicted in figure (2.3) clearly
emphasizes the need for top management commitmdriha establishment of a new culture,
with steps 2 through 5 are clearly team efforts.

Step 1: Develop the vision, commitment,
and plan

Step 2: Define strategy; mission and
objectives (Flow down to working level)

A\ 4

Step 3: Identify improvement opportunities
goals and objectives

A\ 4

Review and
initiate new
| Step 4: Initiate improvement and analysis projects
"| efforts

A

Step 5: Implement improvement projects

A\ 4

Step 6: Evaluate

A\ 4

Figure 2.3: Quality Management Implementation Model
Source: [Heinrich George, 1994], Quoted in TQM @uiDepartment of Defense publication.
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The actions and activities needed in each of thassstated in figure (2.3) above are described
below [Heinrich George, 1994], which was quotedTiotal Quality Management Guide, a
Department of Defense publication);
Step 1: Develop the vision, commitment, and plan:
= Prepare a concise vision statement that can belated to top-level goals and
objectives.
= Agree to long-term commitment, including provisiaf support systems and
necessary training budget.
= Commit to changes in personnel involvement.
= Develop a top-level disciplined approach to corgitmprovement.

Step 2: Define strategy; mission and objectives (&v down to working level):
= lIdentify internal and external actors.
= Develop a mission statement and objectives for goganization/team.
= ldentify customers' requirements.

Step 3: Identify improvement opportunities, goals ad objectives:
= Determine how to maximize value to customers
= Develop organization/team goals that are consistégtit organizational top-level
goals and objectives.
= Pursue deeper understanding of processes to ethsiirgoals are realistic. However,
goals should "stretch".

Step 4: Initiate improvement and analysis efforts:
= Focus on critical processes in which capabilityiged need improvement.
= Select projects with high value-added potentialciastomers.
= Develop improvement plans and matrices to measogy gss.
= Apply a structured performance improvement methogipl

Step 5: Implement improvement projects:
= Analyze process data.
= Remove assignable (special) causes of variation.
= Eliminate non-value-added steps and simplify.
= Review other improvement opportunities.

Step 6: Evaluate:
= Evaluate projects and project teams. These evahstire essential elements of the
continuous improvement cycle.
= Include behavioral change in the evaluation to ensat there is no backsliding or
fading of the quality management program.

2.6 Quality Management Systems

A Quality management system can be defined as af g®ilicies, processes, and procedures
required for planning and execution (product/depeient/service) in their core business
areas of an organization. Quality management systegrates the various internal processes
within the organization and intends to provide acess approach for project execution.
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It also enables organizations to identify, meascomntrol, and improve the various core
business processes that will ultimately lead torowpd business performance. A quality
management system is one that includes quality geanant as an integral part of an
organization's management approach. As defined®9 B402, 1995] a "quality system is
made up of the organizational structure, respolits#isi procedures, processes, and resources
for implementing quality management”. Some orgaiona refer to quality management as
Total Quality Management. In aircraft maintenancgaaoizations, the quality management
system manages all components of the quality pspaasluding quality assurance, quality
control, quality improvement and quality auditingdaassessment.

The aim of a good quality management system igduige the operators of the process with
consistency in terms of methods, materials, pro@sjunformation, etc. Feedback from the
customer of the process and from the process i(d@lbugh measurement) is essential to
monitor and improve performance. It is a fundamleoitd otal Quality Management to have a
good quality management system in place, whetresyistem is home-made, or certified to
an international standard, subject to third pargliia It is the basic control mechanism for
consistent delivery from business processes [Bpofl8g4].

The objectives of the quality management systenes tar increase reliability, increase
efficiency, reduce cost and optimize safety. Serdfore, an organization's functional systems
and management procedures play a critical rolenjplémenting quality management. If the
management systems of the organization are notapdpand capable of meeting the
requirements demanded by Total Quality Managentbet it would be difficult to start a
guality management program.

For effective system implementation, the quality nagement system needs to be

implemented from the top; therefore, the top mamegd commitment is needed in order to

ensure that such system continues effectively.@advera and Aparicio, 1990] pointed out,

“"the responsibility for the quality of work carrieait obviously falls on those responsible for

its execution". In addition, a Quality Managemeg$t®m can not function effectively unless

everybody in the organization knows what it is. rEfiere, to make sure that everyone has a
common understanding, the system needs to be doted)ehe documents that should be

available but not limited to, in any organizati@ne: quality plan, quality manual, procedure

description, work instructions, method statemeintgection and test plan.

2.7 The Main Quality Assessment Principles and Fraeworks

Measuring quality is not an easy task. Many tealesgare available at a detailed level, but
few measure the success of a quality managemegtgmnoas a whole. Historically, quality
has been measured by the percentage of failures, @s prevention and quality assurance
became more prevalent, Statistical Process Coratnal,audits provided key measures. In the
1980s with cultural change encouraged for contisuguprovement, employee surveys
became popular. However, the historic nature ofityjumanagement in the 1990s requires
that customer, shareholder, and competitor reacteme also important to assess quality
management success. In this regard, quality aup@gprmance measurement, the quality
chain analysis, and the service gap model willibeugsed in detalil.
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2.7.1 Quality Assessment/Audit

As with any system, feedback is required to enghet the individual elements of the
maintenance system are functioning as intendamhtinuing high standards of quality in
many industrial and service organizations, suchiasaft maintenance organizatiomsply
regular monitoring of all activities. Therefore, aijty assessment is a vital component of
maintaining and improving the quality of service product provided by an aircraft
maintenance organization. Assessments can be caoug in different ways such as
assessment by supervisors, peers either from tine skepartment or different department
within the same organization, or by independenerm raters, or self-assessment. The
discussion on this paper will concentrate on theessement when carried out by a group of
experience people from the different departmentthiwithe same organization, and on
assessments carried out by independent externa). bhssessments when carried out
correctly can reflect the performance of the orgaimon in light of its strength and
weaknesses in order to identify the proper comwectiction. There are a number of factors
that need to be embedded throughout the organizh&fore any assessment begins.

It is a requirement that quality audits should baied out by personnel independent of those
having direct responsibility for the activity beimgidited. This is the author's vision in this
paper to have assessments done by external auditdesams from the different departments
in the organization, not including any personnelnfrthe department being audited and
assessed. Furthermore, he doesn't fully believeetirassessments as there is a tendency for
vagueness in this regard.

2.7.2 Performance Measurement

Performance measurement is extensively used bpubmess units and industries to assess
the progress against the set goals and objectivagjuantifiable way for its effectiveness and
efficiency. Performance measurement provides theaired information to the management
for effective decision making. Performance can betmanaged without measurement, as
measurement can only indicate the present statugppesformance. Research results
demonstrate that companies using integrated badapegormance systems perform better
than those who do not manage measurements [KenaadyNeely, 2003], [Lingle and
Schiemann, 1996]. Each organization spends comdiieresources and time for measuring
the performance and to assess the success of gaeization. Performance measurement
literatures emphasize the importance of maintainghgvant measures that continue to reflect
the issues of importance to the business [Lynch @rabks, 1991]. However, most of the
organizations pay little or no attention to integrthe performance measurement system with
their organizational hierarchical levels and th#edent measurement criteria linked to the
external and internal stakeholders as well as tperational process. Besides, enough
importance is not given to the external and interefdectiveness, to achieve the total
maintenance effectiveness for the organizationurearized list of some of the currently
existing performance frameworks and performancesomea found in [Parida A., 2006] is
shown at Annex B. In general, there are seven fmed#al elements of performance
measurement, which every manager in an organizationld be aware of. Every manager in
an organization monitors, evaluates, and controlsast one of these seven elements, which
are: effectiveness, efficiency, quality, produdyyiquality of work life, budget-ability
(profitability), and innovation (product and prosgsEach one of these factors of performance
measurement describes a unique aspect of the parice of an organization or activity.
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Also, Performance Measurement Indicators are usethéasurement of maintenance impact
on the process performance [Wireman, 1998], [Pareta al., 2003]. Performance
Measurement Indicators need to be linked to downeiti costs and wastes, capacity
utilization, productivity, quality, health and sgfe[Parida and Kumar, 2004] to compare
actual performance with a specific set of referecgeditions (requirements) [EEA, 1999].
Under challenges of increasingly technological desn implementing an appropriate
performance measurement system in an organizatisure that actions are aligned to
strategies and objectives [Lynch and Cross, 1981hct, performance cannot be managed, if
it cannot be measured. The development and impletiem process for indicators has been
studied by [Andersen and Fagerhaug 2002] and [Eegetyer and Voss 2000]. The
development and identification of Performance Measent Indicators for an organization is
undertaken from the vision, objectives and strategyts of view and on the basis of the
requirements of both the external and the intesteteholders [Kumar and Ellingsen, 2000],
[Liyanage, and Kumar, 2003] as presented in figizrd). The Performance Measurement
Indicators are required to be considered from #sgective of the multi-hierarchical levels
of the organization. The first hierarchical leveutd correspond to the corporate or strategic
level, second to the tactical or managerial leaekl the third to the functional/operational
level, depending on the organizational structune, hierarchical levels could be more than
three [Parida A., 2006].

Vision

Objectives
l

Slrategy

External
stakholders

External
stakholders

key result area

Key Performance indicators

Figure 2.4: Developing Performance Measurement Indicators fviision, Objectives and
Strategy
Source: [Parida A., 2006]

The effectiveness of any performance measuremestgmyis meant to meet the needs of the
operations and maintenance processes. The critcalegic areas vary from company to
company, and from sector to sector, but generalijude areas such as financial or cost-
related issues, health safety and environment ecklassues, processes-related issues,
maintenance task related issues, and learning gramd innovation related issues, while at
the same time comprising the internal and extesspects of the company. It is important to
link and integrate the overall objectives and stygtof the company. The linkage between
visions, objectives and strategy and measures rdbrpgance such as return on investments
and health, safety and environment indicators ansidered to be the most important factors.
In our case, in the aircraft maintenance, most rorgéions are giving their upmost
consideration to this issue in order to contribwatehe overall objective of the organization
and its business units.
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2.7.3 International Quality Organizations

There exist many international quality organizasiofnefer to Annex C). The European
Foundation for Quality Management (EFQM) Model islely used by United Kingdom and
European organizations, in both public and privagetors as a means of reviewing
performance against internationally recognized Ipeattice. It is structured of nine criteria
items, and 32 sub-criteria, against which orgaronatcan assess their activities. The model
is based on the principle that the five enablerexziellence are about leadership, policy and
strategy, people, partnerships and resources, muggses. These activities enable excellent
performance, as demonstrated by people resultdproes results, society results, and
ultimately, key performance results. Key performeamesults are the indicators of progress
towards the organization's aims and objectives. Wtadcolm Baldrige National Quality
Award identifies and recognizes top-quality Unit&tates of America companies. The
Program entails self-assessment and action planfiihg ISO describes standards for a
guality management system addressing the processiading the design, development, and
delivery of a general product or service. Orgamiret can participate in a continuing
certification process to demonstrate their comgkamvith the standard. The alliance for
performance excellence is a network of states/|,|@al international organizations that use
the Malcolm Baldrige National Quality Award criteriand model to improve their
performance and economies.

2.7.4 The Quality Chain

Measuring quality of service should be regardegas of a whole quality system which
works in a continuous cycle, and should lead tysiesn of continuous improvement. The
"Quality Chain" which is composed of the elemendscan be seen in figure (2.5). These
elements are:

e Evaluation of customer needs and expectations:stieis is prior to implementing a
service, the service supplier needs to know whatotoers require or expect. This
step can be achieved through marketing studiesggsir comment cards and analysis
of complaints.

* Implementation of adequate service: The analyssustomer needs and expectations
leads to the design and implementation of the serd be delivered, which should be
as close as possible to expectations. This reqthieemobilization of all the necessary
resources, trained personnel, material, finance @ondesses, in order to make the
service available.

* Achieve the service: When the service is ready uoction it has to enter into
operation. Quality of service is perceived by thetomer at this point in time.

* Measure Quality of Service: In order to verify thié desired quality of service has
been achieved, quality of service has to be medsamd evaluated.

Measuring the quality of service in an aviation mb@nance organization can be done in
different ways at different times, such as: assesssncarried out by the Quality
Assurance Coordinators at the working place, amott@ried out by Quality and
Standards Monitors in that organization, or andbgcialized Quality and Standards team
normally six monthly or yearly. This can vary degirg on the size of the organization
and its management philosophy. [Airports Coundiéinational, 1 edition -2000].
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Figure 2.5: The Quality Chain
Source: [Airports Council International, First ealit-2000]

2.7.5Service Quality Gaps Model

As quality in goods and products had a great attertby researchers, quality in services
remains largely undefined and un-researched. Howelvem the literature, it can be

confirmed that service quality involves a comparisaf expectations with performance.
[Lewis and Booms, 1983] stated that "service quatita measure of how well the service
level delivered matches customer expectations.vBxhig quality service means conforming
to customer expectations on a consistent basis".

The "Gaps Model" (SERVQUAL) by [Zeithaml, Parasueamnand Berry, 1988] as presented
in figure (2.6) is a technique that is used forf@ening a gap analysis of an organization's
service quality performance against customer serggality needs. It may be used by a
services organization to improve service qualitye Thethod involves the development of an
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understanding of the perceived service needs gétaiustomers. The measured perceptions
of service quality for the organization in questiame then benchmarked against an
organization that is excellent. The resulting gaplysis may then be used as a driver for
service quality improvement. The gap analysis takés account the perceptions of
customers of the relative importance of servicebattes. This is really good for organizations
as it allows them to prioritize, and to utilize itheesources in order to improve their most
critical service attributes. The tool has been tpexr from four different service sectors;
retail, banking, credit cards, securities brokeragel product repair and maintenance.

Customer

Expected
service

M

JT\
(Gap 5)

+
Personalized €
service

Provider

delivery with customers

(Gap 1)

A

Service quality
specifications

.'T\
(Gap 2)
o

Management perception of
customer expectations

Figure 2.6: Service Quality Model
Source: [Zeithaml, et al., 1988]

2.8 Conclusion

The review of literature on quality revealed thaere is no one universally accepted

definition of quality. Each expert defines qualitgpending on the quality concept that they
want to use in their domain. What is clear from literature is that quality is a customer

driven so that it can be judged and defined acogrtth customer/client satisfaction. It was

cited from the literature that while quality in gigoand products had a great attention by
researchers, quality in services remains largelgetined and un-researched. [Lewis and
Booms, 1983] stated that "service quality is a measf how well the service level delivered

matches customer expectations. Delivering quakiyvise means conforming to customer

expectations on a consistent basis".
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There are many tools and techniques to measuréyquait few measure the success of a
whole quality management system. In this regarath earganization has to adapt the
assessment tool that suits its particular requirgraed needs.

Safety has always been the overriding consideratiail aviation activities. This can further
be enhanced when linking quality with safety. Qualand safety share a common
requirement; both have to be everyone's concerns Ti& the basis for efficient
implementation of quality and safety system. Ondtteer hand, there is an increasing need
for enhanced security for aircraft operations. Tise of technology and the new security
products should help in building up an effectiveus#gy measures. Therefore, for any aircraft
operator's policy should always underline how inigace to create and share a common
quality, safety, and security culture for aircrafierations.

The next step is to see how these quality concegrtsbe successfully utilized in aircraft

maintenance organizations, as this industry haskg environment, and that mistakes should
not be allowed to happen, as it cost lives and mone
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3.1 Introduction

Maintenance may be seen aind of creation, science, and even an art. Tgitout the
years, the importance of maintenance functions thedefore of maintenance management
has grown. This aspect has also entailed the growtthe quality management functions as
well. Quality Management in aircraft maintenancquiees another two important elements;
safety and risk management to complete the quadapagement cycle. Quality, safety, and
risk awareness share a common goal and requireredhtsave to be everyone’s concern.
This is the basis for the efficient implementatadrthe quality management system in aircraft
maintenance. This fundamental link between quadiyety, and risk awareness is the pivot in
the whole process for establishing a healthy "@ualiulture" within aircraft maintenance
organizations quality management systems.

The maintenance cost represents 15% to 20% of aftiradirect operating costs
[www.airbus.com]. Airlines cannot act on categomégosts such as depreciation, financing,
insurance, fuel and fees. On the contrary, theeepassibilities for the airlines to optimize
flight crew costs and maintenance costs. This ligéh@s to outsource their maintenance
activities to maintenance providers rather tharddoit themselves. However, outsourcing
maintenance and engineering activities did not cedhe cost by a great margin, and even
sometimes increased them. In addition maintenansts chave a strong influence on the
choice of an aircraft during the purchase proc&sying an aircraft with least direct
maintenance cost is in every airlines purchase daenAccording to Airbus
[www.airbus.coma reduction of 10% in direct maintenance cosasl$eto an increase of 20-
30% of profit margins of the airlines. However stshould not jeopardize aircraft safety.

This chapter describes aircraft maintenance org#niz, covering its management, and a
state of the art about the quality practices i field. The chapter also examines two case
studies, one on an airline and the other will caverilitary maintenance entity.

3.2 Aircraft Maintenance and Engineering Organizaton

Aerospace environment is much regulated in thatyen&intenance task has to respect very
detailed process that ensures safety of flightadlmeve this goal, the maintenance process is
tied to very stringent rules, which have been agfiby regulation authorities. Maintenance is
split into different categories according to timedarequired facilities (line maintenance,
scheduled maintenance, or checks) or split by comms (structure, components,
powerplants). A lot of literature is available fromarious resources in the field of
maintenance management. [Dekker, and Scarf, 1988} presented various classification of
maintenance optimization models by analyzing (1g@pers. In addition, prior to airline
deregulation in (1978), airlines performed mosthafir own maintenance; however, since that
time the practice of outsourcing maintenance hasorme widespread. Nowadays, it is
common for airlines to perform line and light mamance in-house to preserve flexibility in
responding to simple maintenance needs and to wgesteavy maintenance and overhauls
that require more specialized and costly equipnasmd training. Various approaches for
measuring maintenance performance have also beenvezl [Tsang et al., 1999]. Therefore,
the concepts and functions of aircraft maintenasmeering both the in-house maintenance
and the outsourced maintenance, and the structuemgineering organization will all be
discussed below in detail.
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3.2.1 The Concepts and Functions of Aircraft Mainteance

There are many types of maintenance, such as RneveMaintenance, Predictive
Maintenance, Proactive Maintenance, Corrective kaiance, Condition Based
Maintenance, Reliability Centered Maintenance, atllers. Maintenance is defined by
airline's Technical Policies and Procedures Marfi&®PM) as "those actions required for
restoring or maintaining an item in a serviceabtedition, including servicing, repair,
modification, overhaul, inspection, and determimatiof condition”. John Moubray, an
industrial consultant in the U.K in his book [MoalrJ., 1997], defines maintenance as,
maintenance is "ensuring that physical assets mo@tio do what their users want them to
do". This definition is really rather wide open. tlre Federal Aviation Regulations (FAR),
part 1, maintenance is defined as "inspection, feudr repair, preservation, and replacement
of parts". This describes what maintenance peoplbu it is not a definitive description of
what maintenance is intended to accomplish. Fralitérature, it was found that there were
many different definitions to the term maintenatomking at it in different angles. One of the
more agreed definition has been written by Harrprk§on in his Aviation Maintenance
Management book, [Kinnison, 2004], that says "nsiance is the process of ensuring that a
system continually performs its intended functidnita designed level of reliability and
safety".

On the other hand, to allow in-service failure®tour without adversely affecting safety and
operation, a reliability program is usually empldyfer those components or systems whose
failure rates are not predictable, and for thosg llave no scheduling maintenance tasks. The
aviation industry is the most heavily regulatedabyithe transportation modes. In the aviation
industry, there is a considerable amount of regaiatrom the design of the vehicles through
the manufacturing efforts to the operation and temance of the vehicles. Especially in
maintenance, this is done to ensure that there #ringent maintenance policies and
procedures in place in order to take account fgr system coming malfunction when the
vehicles are on the sky. To this end, and undeF#aeral Aviation Administration (FAA), an
air carrier or operator is responsible for all ni@airance and alteration on that airline's aircratft.
Also, the airline must have operations specificaifor each model aircraft flown and must
adhere to the FAA approved maintenance programe. ngture of maintenance is that it
should be proactive, and should be based on prayidesources to ensure that long term
solutions are implemented.

3.2.2 In-House Maintenance

Aircraft maintenance encompasses a broad set wfted that must be performed so that an
aircraft remains in a condition of airworthines$ie$e activities are either done in-house by
the airline or military unit itself or outsourced tcommonly refer to as maintenance, repair,
and overhaul organizations. The activities incladeomplex blend of preventive scheduled
and unscheduled work, as well as major refurbishsndéimat return aircrafts and aircraft
subsystems as closely as possible to their origioadition. The management of the whole
fleet of aircraft maintenance either done in-homiseutsourced is a complex task, comprising
technical, financial, operations and administratianctions. Consequently, such
organizations need corresponding skills and ressur€hese skills and resources have to
meet the following in-house functions of maintereaad engineering management:

- Manage configuration of fleet maintenancethe fleet of airlines/military is composed of
aircraft from different manufacturers. Each confajion of this aircraft is unique, according
to its type, and its age.
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- Manage schedule maintenance tasksiccording to airlines/military needs and operation
requirements. The maintenance needs can diffeexXample seasonal airlines will prefer to
perform their maintenance during slack season,enduillines with regular flights will try to
smoother the maintenance of their fleet during ybar to maintain an acceptable level of
aircraft flying.

- Manage unscheduled events (trouble shooting + maemance tasks):when aircraft
encounters some failures during its flight, sucBesaupset the maintenance planning and
could divert the maintenance to be re-scheduldieeibefore or later than the forecasted
planned servicing.

- The management of resources, facilities, and parten a multi-site configuration:
airlines fly aircraft on a network routes, and ntaimance may be needed at each node of the
network. This will involve the management of difat components at each airport and will
include the management of many facilities such asgars, shops or offices, spare parts,
maintenance workers, and many other things.

- Manage stocks and logistics

- Manage Partners and third party vs. in-house tas& most aircraft maintenance
organizations out-source some other parts repaithier agencies.

- Monitor performance (operational reliability, maintenance and engineering costs)

3.2.3 Outsourced Maintenance

While some airlines continue to perform major mamnance tasks in-house, the third-party
outsourcing maintenance industry is growing. Canitng maintenance is especially attractive
to smaller startup airlines, for which keeping dlyfequipped, fully-staffed maintenance
department is often inefficient or even infeasiNereover, there is a growing trend within
the airline industry is to outsource maintenans&gdo vendors who, through economies of
scale and gains achieved through specializatiotheat types and maintenance procedures,
can benefit in cost and expertiSehe global outsourcing market is estimated to bettwo
between $25 billion [Gallacher, 1999] and $30 billia year [Phillips, 1999]. Inventory in the
airline industry’s supply chain is valued in exce$sb50 billion [Ebbs, 1997]. Maintenance
and spares together are often viewed as poteméakdor cost-savings for airlines, as repair
stations offering to efficiently manage maintenanod spares needs. Therefore, outsourcing
is an attractive option either for airlines or maitly for a number of reasons. For example, an
operator may not have an efficient number of aftdraa particular fleet type to justify the
expense of trained personnel, facilities, toolimgl #est equipment required to perform such
maintenance internally. On the other hand, an detsiaintenance provider will have many
contracts and a larger density of work to carry suth tasks at a lower cost to the operator.
The reasons for outsourcing can be summarizedassdsin [Office of Aviation Research,
2003], as:

= Outsource maintenance requirements in excess efifb@asapacity.

= Outsource maintenance for specific A/C type, e.gts@urce maintenance for aircraft

that constitutes a small of the airlines fleet.
= Outsource maintenance for a specific maintenameetifun, e.g. engine overhaul.

However, airlines or military units are responsifile operating their aircraft safely and must
ensure that any maintenance work contracted oyterformed according to the carrier’s
policies, procedures, and requirements. The FAA @Ad\ are responsible for certifying

airlines or repair stations operations and therfopming periodic inspections to ensure
continued compliance with safety regulatiombis has been reflected by the following new
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requirements for repair stations as cited in [@Bri  BIll
(http://www.faa.gov/avr/afs/news/archive/october/1d&)] :

=

=

=
=

=

Sets up some new definitions for accountable managgcle, directly in charge, and
line maintenance.

Requires a new repair station manual to be devdldpat explains how the repair
station operates and its procedures to ensure tideaworked on is properly
approved for return to service.

Requires a new quality control manual that is simito the currently required
inspection procedures manual.

Allows for satellite repair stations as long as slagellite repair station is in the same
country as the repair station that has managepatral over the satellite repair
station.

Allows limited-rating repair stations the option ttevelop a capability list that
identifies articles by make and model that the iregtation can approve for return to
service. These articles must be listed on the regaiion’s operation specifications.
Sets contract maintenance requirements (outsid&)wiocluding work performed by
a non-certificated person.

Eliminates the limited rating for manufacturers.

Rewrite the housing requirement for an airframéngato require permanent housing
that encloses the largest type and model of atrcliafed on its operations
specifications.

Training programs must be approved by the FAA anplace in (2) years.

3.2.4 The Structure for an Engineering Organization

The structure for an effective aircraft maintenaacel engineering organization currently
varies with the size and type of organization. laymalso vary with the management
philosophy of the company. However, one thing nfagskept in mind that the organizational
structure must allow the company to meet its gaals objectives, and that each unit within
the company must be endowed with sufficient persbamd authority to carry out those
objectives and meet those goals [Kinnison, 2004k basic organizational for a mid-sized
airline is shown in figure (3.1).
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Figure 3.1: A Typical Maintenance & Engineering Organization

Source: [Kinnison, 2004].

There are three basic concepts underlying thictsire; two of which come from traditional
management thinking. These are the concepsgpanf of control, and thegrouping of similar
functions. The third concept is some-what unique to aviattbe separating of production
activities (maintenance and engineering) from the oversighttions of inspection, control,
and monitoring quality assurance, quality contreliability, and safety. The span of control
concept states that a supervisor or manager caatigly supervise or control three to seven
people [Kinnison, 2004]. Any less than three wolddinfective use of time and manpower,
and more than seven would spread the boss toolththe organizational structure as stated
previously in figure (3.1) above, this concept weaislely applied. For example the Vice
President for maintenance and engineering superyige directors. Each director has the
necessary number of managers under him/her to carythe prescribed functions of the
directorate. By limiting the number of people that manager has to supervise, the
organization's work is divided into pieces that arere easily managed without losing the
people-to-people contact that is so necessary foappy and efficient workforce. At lower
levels of the organization, where the actual maiatee work is performed by workers with
many different skills, the span of control is uspahot so narrow. A line manager or
maintenance supervisor may have as many as (2(B0prof these specialists to supervise.
But at the upper management levels, it is bettar itts kept as a span of control at the lower
number. This is not to say that a wider span caiweotitilized, however, all management
activities must be organized to work with the aaflié resources and within its management's
capabilities and philosophy.
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The second basic philosophy of an organizationalctire is the grouping of similar
functions under one director, manager, or supervibbis covers all maintenance activities
(line, hangar, and Maintenance Control).

3.3 Human Factors in Aircraft Maintenance

A sound aircraft inspection and maintenance systenmportant in order to provide the
public with a safe, reliable air transportationteys [FAA, 1991]. Such system is complex
with many interrelated human and machine componéiider the auspices of the National
Plan for Aviation Human Factors, the FAA has redpgd the importance of the role of the
human in aircraft safety, focusing research onraftanspector and aircraft maintenance
technician [FAA, 1991], [FAA, 1993]. The classicrte "pilot error” or "human error” is
attributed to accidents or incidents over 75% @f tiilme; however, a study conducted in the
United States found that 18% of all accidents iaianaintenance factors as a contributing
agent [Phillips, 1994]. As a result of such incitdetihe public has become more aware of the
importance of aircraft maintenance as a safetyeisand both the civil aviation industry and
its regulatory bodies have responded with progreomsicrease safety. Such programs have
included hardware-based initiatives, such as thé R4ging Aircraft Program, and human
factors initiatives by the FAA and many internaabrbodies, for example, by Transport
Canada and the European JAA [(Anand K. Gramopaehyd., 2000]. To this end, flight
safety, health and safety at work, and the quatiydards are important critical issues in any
aircraft maintenance environment. The workplacdarenmental conditions can impact on the
quality of work performance and worker fatigue. dmiation maintenance each day the
workers are sometimes faced with sub-optimal warkditions which contribute to stress,
pressures and fatigue. These conditions must bé&otled. However, if they cannot be
controlled then the working system must help thendw to work in a manner that is safe,
healthy, efficient, and effective. The quality mgement system in aircraft maintenance
needs to be a closed-loop system where mistakefadares will not be allowed to happen.
This is why assessment in the quality managemeaiténaft maintenance is essential.

The evaluation of the system should cover all aspet maintenance including safety

management and risk awareness issues. Also, ilGslumther include organizational issues,

work site conditions, and human factors in mainteea Human factors in the aircraft

maintenance approach are considered as the cénitre maintenance system. In addition, the
following actions have to be considered as esdeat@aments in an aircraft engineering

working environment in order to positively ensunattall the activities are safe for the human
being; the actions are:

Risk assessment

Safe systems of work (Maintenance Procedures)

Wearing Personal Protective Equipment

Safe Working at Height Rules and Regulations

Electricity safety precautions

Having first aid at work

Fire precautions

Hearing conservation

Safety precautions on radiation hazards.

Having a proper reporting accident system

Safety Signs

R | L A AR R VY
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Further, taking the human factors into considerattbere is a lot of pressure, stress, fatigue,
and other working and environmental conditions ti@ur between the time the aircraft goes
for inspection and repair to the time when theraftcis made safe and ready for flight. A
flow-chart of the maintenance and inspection pre@es presented in figure (3.2) [Anand K.
Gramopadhye et al., 2000] is needed in order t@l#yrsuch a complicated task and reduce
the possibility of missing any task.

Inspection Flow Chart Maintenance Flow Chart
Inspoction laintenance crow Maintenance crew
Supervisor picks up | lead picks up non- bead picks up work
work cards ™ routine work cards cards
- i Assi i3 s Assigns work cards
I ;:L,sisr:gnsc;or;k cards | | tnsi:g.?;;:am! c:irw,, | O MEINTeNance Crew |
L Adrcrafi Maintenance Technician ARAT prepares work
In P———— pa— LAMT) prepares waork area area
inspection 4' ‘*'
. ADAT initiates work I i APAT initiates work |
AT finkshes APAT finishes
Assignnment Aassigneent
Imspaector WAWrites ap AMT notifies
=siEns ofT o -rowtine inspoctor

weork canrd 4

. R
* [
== ]

Buy bhack
Inspectian

Inspector Signs off -

Figure 3.2: Aircraft Maintenance Process Flow-chart
Source: [Anand K. Gramopadhye et al., 2000]

Human factors in aviation have traditionally ceatkon aircrew and air traffic control errors,
but the increasing numbers of maintenance and ctispeerrors have seen the rise of human
factors research and the intervention in this arémathis regard, various human factors
studies in aircraft maintenance-related issues baeea initiated by agencies such as the FAA
and NASA, by aircraft manufacturers, and by aitcragintenance industry, examples of
these initiatives are: the National Aging Aircr&fesearch Plan, the "Safer Skies" initiative,
the White House Panel on Aviation Safety, and NASdtcraft maintenance program. The
objective of all of these is to identify researsbBues and to promote and conduct both basic
and applied research related to human factorgenadii maintenance.

3.4 Quality Management in Aircraft Maintenance

Quality Management is a normal work planning anchaggment control, aiming at using

time and manpower in the most efficient manner. $bup and the quality management
organizational chart will vary depending on theesi# the organization, and its management
philosophy. In figure (3.3) a general layout of wality management organizational chart is
presented. Nevertheless, the management must bet@lproduce objective evidence of a
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planned and controlled approach to the achieveofeyquality. Objective evidence is obtained
by carrying out quality assessments and auditsugfivout the organization. The Quality
Management System in an aviation maintenance wackpimust be subjected to senior
management review and internal quality auditingrfiime to time. Once assessments/audits
are done, then it is the responsibility of thattiseddepartment to effectively carry out the
corrective actions.

] PRESIDENT I

i DIRECTOR QUALLITY ASSURANCE ;

lfarnr INSPECTOR 1 P QUALLTY ASSURANCE SUPERVISOR i
1 INSPECTLON/ TEST TEST STANDARDS AND
INCOMING | EQUIPHENT PROCEDURES & ENVIRONMENTAL
INSPECTION | CONTROL SPECIFLCATIONS LABORATORY
PACKAG LNG RELTABILITY HRE AND FATILU-
IN-PROCESS SHIPPING MATNTAIN- RE ANALYSLS
INSPECTLON INSPECTLON ABILLITY
STANDARD " |
FINAL PROCESS VENDOR | QUALITY RECORDS
INSPECTLON INSPECTION EVALUATLON l CONTROL
CERTIFICATION
L & RELEASE

Figure 3.3: A General Quality Management Organizational Chart

There is another method of verifying the effectess of the quality system or identifying

where corrective action is required, this toolaled Quality Audit. JAR-OPS define an audit
as: "a systematic and independent comparison ofatne in which an operation is being

conducted against the way in which the publishedratponal procedures say it should be
conducted". An audit aims to provide informatioanr a detailed examination of all aspects
of system quality. The quality audit is construetin nature, and conducted with the co-
operation of those being audited and without prepido the primary task. If any non-

conformity found from the audit, the quality assw@ program should then ensure the
corrective actions are taken in response of tharfon

In an aircraft maintenance organization, "qualigfates to the way that people carry out their
tasks, and can be related to the foundation fotirmaally improving performance. It involves
establishing a culture to embrace all the actisitdhich enable the teams to give complete
customer satisfaction at the most economical deast.the aircraft maintenance organization
this entails providing a quality maintained airganon time schedule, and with a least
reasonable price to airlines and military. TablelY3hows the process of the aircraft from
being built until it goes for servicing and thenedsto carry passengers or carry out an
operational mission.
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The A/C manufacturer provides the A/C
4
The Airline(s)/Military flies the A/C
4
The Airline(s)/Military carry out the maintenanceissues the A/C to
a maintenance provider
4
The maintenance organization buys spare partsaatsl from the supplier

4

The maintenance organization repairs the A/C

4

The A/C is given back to the Airline/Military whicls used to carry passengers or

carry out an operational mission

Table 3.1: The Aircraft Process

From the above a customer chain can be identibeginizations who maintain aircraft are
supplied with tools, spare parts, and with all greund support equipment to meet their
maintenance task, they in turn supply serviceablzadt to the Airline(s)/Military to meet
their tasks on time schedule. Moreover, since guediquires a partnership between customer
and supplier, it is important that an aircraft nm@mance organization cares about its
customers by determining and agreeing their triezlr@d not assume that the maintenance
organization knows their needs better than they do.

3.4.1 Aircraft Maintenance and Quality Assessment

Effective operation of a quality management systemaircraft maintenance builds upon
safety, and risk-based decision making conceptseSaf the principal tools for quality and
safety management in maintenance are:

A. Inspection. This is the simplest form of qualitydasafety oversight which provides
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valuable insights into quality and safety perforo@nt is carried out informally by "walk
arounds" of all areas of the organization. The $oolinspections should be on the quality
of the “end product or service”.

B. Surveys. Surveys can provide management withdioation of the levels of

quality, safety, and efficiency within its organimam. They are usually independent of
routine inspections by company management. Sunezys also provide important
diagnostic information about daily activities.

C. Quality Assurance. As was discussed previoustyaity assurance system

defines and establishes an organization’s qualdljcy and objectives. Moreover, it
identifies problems and improves procedures inmtaeneet corporate objectives.

D. Safety Audits. Safety auditing provides a meansystematically assessing

how well the organization is meeting its safetyeatiyves.

In order to assess maintenance, suitable measavestd be in place. These measures should
be defined during the maintenance strategy sefiingess. Different types of measures can
be selected, those that can be related to equipmeet results, or those related to
maintenance effectiveness. Both of the two measanegmportant to gauge the effectiveness
and efficiency of maintenance and maintenance stgotivities. User-related performance
factors can be expressed in terms of:

Production capacity

Availability of equipment or production

Downtime or outages

Safety and environmental performance

Regulatory compliance

Operating cost

Maintenance cost

Corporate profit

Product quality

A VR R I

Whereas the purpose of maintenance related measntrésnto measure the effectiveness of
maintenance and maintenance support. Measurengatsd to specific equipment or groups
of similar equipment may include:

= Availability, reliability and maintainability;

= Downtime or outage time;

= Mean time between failures;

= Mean time between repairs;

= Planned and unplanned maintenance cost

In general, there exist many types of quality mamagnt assessment, but none is specific to
aircraft maintenance organizations. Moreover, tlaeeemany types of audits; for example, in
an aircraft maintenance organization in the Airdépthere exist three types of audits; two of
which are at station/unit level. These are the Reuhudit and the Task Audit. The third one
is normally carried out by the Headquarters andwknas the Command Audit. A routine
audit is carried out periodically at intervals deteed by the senior engineering and
maintenance officer in the station/unit. A routanadit examines the management system by
comparing current practices with the written regoient and can be applied to all activities
within the work area. A task audit is a speciakty audit which may be applied to resolve a
particular technical, or management problem. Tidane at station/unit level and normally
will be a directive from the senior engineering améintenance officer, and is usually
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initiated after a serious quality failure or cuseangcomplaint. The Command Audit is a tool to
assist the Director of Engineering and Maintenaincan Air Force organization, or Vice-

President for Engineering and Maintenance in @wiineering maintenance organization in
verifying the effectiveness of the quality systenthin the audited department/section. The
command audit either in civil or military, has twoain function; firstly; assessing the

station/unit, or department/section managementeBystand secondly, validating the
organization been audited internal quality assieaystem.

In the civil aviation there are two classes of &adihe first one is the "combined" (large and

small), which is a complete review of a companysration and maintenance systems. The
second audit is the "specialty audit”; this is thest common audit, focusing on one type of
organization under the branch's functional arese $pecialty audit will encompass most

organizational elements appropriate to the scoppfoval.

3.4.2 Importance of Quality Management in Aircraft Maintenance

Aircraft maintenance is already a significant besm activity. Time to delivery and higher
standards of service are business imperativesrospace maintenance. The implications of a
delay in maintenance are only too obvious and weticeable. A lower quality of service is
unacceptable as it compromises the safety ofaretr The current deregulation moves in the
airline industry have further intensified competitj squeezing less cost-effective operators
out of the industry. As a result, many airlines nloave to keep operating costs down. This
has a knock on effect on maintenance organizatiassthe measure of how efficient an
aerospace maintenance and repair service is the tamtime. This is defined as the duration
taken to repair or overhaul aircraft components tedtime when returned as useable to the
customer. A longer turntime constrains airlinesetther maintain a higher stock level of
spares or force the Aircraft to remain groundeddfinventory is available. Hence, a repair
company's maintenance and repair turntime beconeescaal deciding factor in the airline's
repair decision process.

The three criteria that an airline customer loaksifi a maintenance provider are: quality of
repair, short turntime, and competitive price. Agraspace repair facility that is able to
provide high quality engineering service with arsharntime, and at competitive prices is
highly sought after. A search of the relevant &tare shows that quality management is
already practiced by some aerospace companieseinJ®A and Europe. For example,
General Electric [Stanley, W K., 1994], Pratt an@iitéhy [Stanley W K., 1995], and Allied
Signal [Shah S., and Wokeli. G., 1991]. For thaseganies to install quality management is
motivated by a realization that the company's satvis at stake. Quality management has
been implemented primarily to change the existinlguce and to improve their competitive
advantage [Okland J S., 1993], [Williams R J., 1996me tangible benefits arising from this
implementation include a shorter manufacturing €yohe, lower inventory, lower reject rate
and increased customer satisfaction.

As can be seen from the literature above that everat the workplace is involved somehow
in the quality management system, and that evergoms the system. Therefore, everyone at
the workplace should respond to the quality chgkehy thinking quality in everything that
he does. Getting the job correct first time to tlequired standards should be a prime
objective of all personnel in an organization, esgéy in an aircraft engineering maintenance
as there is no space for mistakes to be allowdédppen, as it costs lives and money.
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3.4.3 Quiality System Documentation

A quality system cannot function effectively unlesgerybody in the organization knows
what it is. Moreover, the quality system documeatatis part of the organization's
management system documentation. Therefore, inr datethe organization to function
properly everything needs to be documented andetletyone within the organization should
have a common understating of the system needs. fOllmving are some essential
documentation of having at the workplace:

Quality plan: This is a document setting out the specific quatitgctices resources, and
sequences of activities relevant to a particuladpct, service, contract, or project [Ashford,
1989].

Quality Manual: BS 5750, part 0.2 defines the purpose of a qualdpual as; "to provide an
adequate description of the quality managementesysivhile serving as a permanent
reference in the implementation and maintenancdhaf system”. The quality manual
specifies the Quality Management System in an odzgdon and demonstrates the
organization capability in providing that servicepyoduct in an efficient and cost effective
manner. It also contains the standards upon wiiehgtiality management system operates.
These standards are based on the ISO standarels. seri

Quality Audit and Corrective Action System: The quality audit is a system to determine
whether the quality is being complied with, andeféective and economical. Whereas the
corrective action system ensures that correctiv®ras are taken after the quality audit to
correct the quality of a service or product. Fdediveness it is essential that the root causes
of a problem is identified, and that correctivei@ts are targeted specially at the root cause
and not just the symptoms.

Any organization that provides a service, manuf&stu or repairs a product could not
function without some form of documentation. Withothe evidence provided by
documentation, quality control, quality assuraremed quality management could not exist.
Records are needed to demonstrate the effectivetope of the quality control system, and
to provide objective evidence of quality to custesn&xample of these records is: inspection
reports, specification test results, training rdsoand qualification certificates, audit reports,
calibration records, job cards and work sheets.

3.5 Military Aircraft Maintenance and Quality

The aim of an aircraft maintenance branch in antany organization is to provide that unit
with the engineering support needed to meet iterdef objectives to make maximum use of
the resources at its disposal in order to havaitteeafts ready when needed. A well managed
maintenance activity optimizes equipment availgpiland minimizes downtime at a
reasonable cost. On the other hand, a poorly fomicty maintenance department will misuse
limited resources and over-utilize operational ssgeachieving command objectives. If the
maintenance activity of a military unit is not failening properly, the unit will experience
difficulties in functioning at its full operationatapacity. Readiness in the military terms
implies that an aircraft is able to fly safely atitht all systems needed to complete the
assigned mission are operating. Achieving and ramiimg readiness is the most important
function of a military flying maintenance departrhddowever, measuring readiness is much
more difficult than defining it.

The maintenance organization of a tactical Air Eol@as operated under the concept of
centralized control and authority due to its comiyarations requirement and secretes. This
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concept has worked well in the past consideringrétatively stable environment in which
was operated. In today's rapidly changing enviramminis might not be the most efficient
way to continue operating an air force aircraft menance organization. In figure (3.4), a
combat oriented organizational chart is shown.

Deputy Commander
For Maintenace

Weapons Standardization Division

Maintenance Operation Division

Maintenance Operation Centre

Vo N Dvison Plans, Scheduling & Records
aintenance Management Divisio Engineering Management

Maintenance Systems Analysis Maintenance Contr
Programs
Administration

Quality Assurance
Inspection

Fundamental Checks Flight
Technical Order Distributor
Product Improvement

Training Management Division
Training Administration
Development & Applicatio

A/C Generation Equipment Maintenancg| || Component Repail
Squadro Squadro Squadro

Figure 3.4.: A Combat Oriented Organizational Chart
Source: [Rudolph Ventresca, 1991]

A military example of an aircraft maintenance origation will be briefly considered. This
will cover looking at the "Hawk Aircraft Maintena@t This includes second and third line
maintenance. Part of the Hawk Aircraft Maintenarscéhe "Hawk Major Servicing” which
entails an in-depth depot level maintenance. Thiido& discussed below.

3.5.1Hawk Aircraft Maintenance and Quality

The "Hawk Aircraft Maintenance Organization” is ditary entity. Its mission is to carry out
an in depth servicing for the Hawk Aircraft in orde have aircraft availability for training
fighter pilots. This covers a range of servicingeay as presented in table (3.2).

Type of Servicing Durability Time taken for the
(Flying Hours) servicing (Weeks/Months
Primary 125 hrs 2 weeks
Primary star 250 hrs 1 month
Minor 500 hrs 6 weeks
Minor star 1000 hrs 16 weeks
Major 2000 hrs 6 months

Table 3.2: Hawk Aircraft Servicing
The highest level maintenance is the major sergiarhich is carried out every (2000) flying

hours or (14) years which comes first. Currentlyakes (6) months to do this task; during
which the aircraft stays on ground all this timéisTentails deep maintenance where many
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components get removed, serviced, and then returmetie aircraft. Due to operational
requirement in order to have more aircraft avaddblt flying to train more fighter pilots, the
visibility for time reduction of the above stateeindcing from the current (6) months to (4)
month was considered. This will entail a need f@anizational change in various aspects. It
will require a major turnround in the "Hawk Airctdflaintenance Organization" performance
and its ability to deliver a well maintained airftraithin the new time scale, which is (4)
months instead of (6) months. This new requirenfienbrganization transformation has to
have some quality criteria basis in order to haweogganization committed to excellence
through process management, customer focus andogedd involvement. Some sort of
qguality planning tool have to be considered to h#lp "Hawk Aircraft Maintenance
Organization” to meet its customer needs (militailpts/government) for Major Servicing
time reduction (from 6 months to 4 months) due perational requirement in having more
trained fighter pilots. This planning tool will loiscussed in chapter five of this thesis.

3.6 Risk Awareness in an Aircraft Maintenance

Quality affects everyone associated with providingervice or product. Moreover, safety at
work is everyone's business. Taking this in minggnt the work of everyone in the
organization influences the quality of the senpceduct that is given to the customers.
Therefore, the delivery of a quality service/pradiscessential. The primary objectives of
Risk awareness in an organization are to secursafety and welfare of everyone at work,
(employers, employees, contractors, and visitoFélere are many risks that exist in an
aircraft operating environment, some are very demge that certain general safety
precautions have to be taken in order to preventdaath or injury to personnel, these risks
such as: electricity, fire, noise, radiation, woikiat height, dealing with Highly Flammable
Liquids and Substances Hazardous to Health, Norribdive Testing, and all sorts of bad
weather conditions (rain, snow, sun, wind, thunded lightening, etc), especially when
working in the line.

Achieving Risk awareness in an aircraft workingiemvment is by taking a professional and
responsible attitude towards the safety at worlgguthe skills, knowledge and experience to
ensure the safety of ourselves, our work colleagnéseveryone in the working environment.
By preventing injuries and accidents at work, tlmgaaization can save time and money.
Areas that are covered by Risk awareness in ama#iitmaintenance environment to ensure
safety at work are stated below:

- The Management

- The Workplace

- Control of Substances Hazardous to Health

- Provision and Use of Work Equipment

- Computers

- Fire

- Electricity

- Noise

- Using Highly Flammable Liquids & Petroleum, Lutants, and Oils

- Construction

- Radiation

Risk awareness involves taking action to preveaidents which could harm people in the
workplace or damage equipment within the orgaroratProfessional attitude is important
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because human factors are one of the major cadsscioents and incidents. Figure (3.5)
shows an aircraft maintenance working environment.

T S ek

Figure 3.5: Aircraft Maintenance Working Environment

Due to the nature of work in an aviation maintera@evironment, there is always an element
of risk in what is being done in such organizatiBisk assessments, should be carried out on
all significant risks in the workplace. Assessmesiitsuld be made available to all employees,
at the workplace. Also, any defect in the desigeandition of buildings or equipment which
may consider presenting a hazard to safety shoellceported. Therefore, risk awareness at
work means using the rules and regulations withan drganization to ensure the safety and
welfare of all personnel at work. As the likelihootlanyone being seriously injured through
a work related activity depends on the Safety Awess of everyone at work. The golden rule
to be remembered is that risk assessments preaeait @nd avoid accidents and injury. And
it is the intention of risk awareness to eliminatereduce to an absolute minimum, the risk at
work as far as possible.

3.7 Safety Culture in an Aircraft Maintenance

Workplace environmental conditions can impact thelity of work performance. This can
be seen every day in aviation maintenance as woker sometimes faced with sub-optimal
work conditions which contribute to fatigue, andests. When these conditions can be
controlled they must be. However, if such condgi@annot be controlled then the working
system must be made in a way that helps the humaortk in a manner that is safe, healthy,
efficient, and effective.

On a study carried out by University of lllinois eafety culture in a regional airline says that
"as recently as 1998 empirical efforts to study ¢bacept of safety culture in the complex,
high risk aviation industry have remained unsystendragmented, and in particular

underspecified in theoretical terms" [Pidgeon qdoite von Thaden et al., 2003]. Safety
culture is defined by [Zhang et al., quoted in Vdraden et al., 2003] as "a proactive function
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of the whole infrastructure and of priorities, adtkrnatively as an enduring characteristics of
an organization that is reflected in its consisteay of dealing with critical safety issues".
Safety culture is both attitudinal and structuralating to individuals and organizations. In
effective safety cultures, there are clear repgriines, clearly defined duties, and well
understood procedures, so that everyone knows tehdb, and how to do it. On the other
hand, a poor safety culture in an aircraft mainteeaorganization can lead to unsafe work
practices not being corrected, as personnel uadapt to working in such conditions without
noticing the unsafe practices that they do. Manageis success in creating a positive safety
culture in aircraft maintenance departments willivde in large to how the quality
management system is implemented in such orgamizati

3.8 Case Studies - Examples of Aircraft Maintenance
Organizations

Here, the author will consider looking at two exadespthe first one will discuss an example
of an airline maintenance organization, whereassé@nd one will deal with a military
example of an aircraft maintenance entity.

3.8.1 Case Study 1 - Aircraft Maintenance - KLM Rowl Dutch
Airline

3.8.1.1 Introductionto the Case Study

KLM Royal Dutch Airline Engineering and Maintenankas been chosen as an airline case
study because KLM has been in service sine (1918) a bout the world's oldest airline. This
airline not only carries out its own maintenance-House maintenance) but acts as a
maintenance provider for other airlines. It alse heerged with Air France industries creating
one of the world’s leading maintenance providegsrying responsibility for the full fleet of
both parent airlines (over 550 aircraft) and suppgrmore than (150) major international
airlines. In addition, KLM Engineering and Mainteca is a fully accredited JAR/FAR145
organization, holding certificates from many coiegrthroughout the world. Engineering
services provided by KLM Engineering and Mainterearare available for a variety of
products; aircraft types and customers.

3.8.1.2 Line Maintenance

KLM Engineering and Maintenance is responsiblettiertransit maintenance of a large group
of international airlines in (50) stations aroue tworld with a wide range of capabilities
[www.klm.com]. This includes platform checks and other dailyedts. In addition,
customized packages such as A-checks or more exgemsintenance requirements can still
be provided on request. For example KLM line maiatece capability at its main hub at
Amsterdam Schiphol airport can provide the follogvtasks:

Technical Handling

Assistance

Pre-flight Services

Night-stop Services

Weekly checks

A-checks

H-checks

o e ud
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= Modification and damage repair

= Cabin Maintenance

= Aircraft On Ground support

= Cleaning (exterior, interior as well as customidegp cleaning programs)
Whereas the KLM line maintenance international caver what was mentioned above, plus
other activities like; Aircraft on Ground suppdde-icing, and In-flight Entertainment.

3.8.1.3 Maintenance, Repair and Overhaul

As a full-service Maintenance, Repair and Overlpaavider, KLM is involved in the day-to-
day maintenance operations of many airlines. Oe-tdalivery, careful progress reporting
and flexibility are key factors in the hundreds@®fand D checks that KLM carries out in
cooperation with customers. Also, Based upon KLMjiBeering and Maintenance's in-house
engineering capability, KLM can provide to its ausiers special programs. Typical examples
of some of these servicing activities and progranegwww.klm.conj

Airframe heavy checks (C, D, and intermediate chpck

Component maintenance

Major airframe repairs and modification

Avionics upgrades

Bulkhead repairs

Cockpit upgrades

Composite repairs

Fortified cockpit doors

Forward lower Cargo Doors AD 737

Fuel Quantity Indication modification 737

Pylon modifications 747

Rudder modification 737

Section 41 modification

Weight & Balance all aircraft

L L L R I VA

3.8.1.4 Engine Maintenance

KLM Engineering and Maintenance is also involvedeimgine maintenance and overhaul.
Therefore as part of the KLM strategy in this damand in trying to maximizing engine on
wing time, the following has been done:
= A facility has been constructed at Amsterdam Aitf@rhiphol increasing the capacity
to (350) shop visits a year.
= New product lines for CFM56-7 and CF6-80E1 mainteeaare included in the
engine shop, as well as extensive in-house reppalilities for CF6 and CFM56-7
engines.

3.8.1.5 Component Maintenance

Being involved in the daily operations of its aaftr and many other airlines, KLM
Engineering and Maintenance focus also on compomamagement. In this regard KLM
Components capabilities can be seen as presentailen(3.3).
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737 300-500
737 600-900*
Fd47 200-400
DC10/MD11
757 } 767
Fokker
50/70/100

Avionics

Electronics

Hy draulics
Prneurnatics

Fuel svstems
Mechanics
Structures

Interiors

wheels, Tires, Brakes
AODS suppoart

Table 3.3: Components Management
Source: www.kim.com]

3.8.1.6 KLM Merger with Air France

Air France and KLM agreed to merge in 2004 in ottdecreate Europe's largest airline group
via a holding company structure called Air FrandavK with both of them remaining as a
flag carriers. This led KLM Engineering and Mairnaece and Air France Industries to merge
together creating one of the world’s leading maiatee providers, carrying responsibility for
the full fleet of both parent airlines (over 55@caaft) and supporting more than (150) major
international airlinesvyww.klm.com]. This further led to the Creation of one of thegést
worldwide Maintenance, Repair and Overhaul prodadeith:

Q Full capabilities for both Airbus & Boeing produotes

L Scale & capacity to meet maintenance requiremdntsaor airlines
Q Strong Original Equipment Manufacturer relationfparship
a

% Airbus, Boeing, G.E., Thales, etc.
Large customer base
& 2002 — 03 third party turnover for Air France: 954
% 2002 — 03 third party turnover for KLM: €329m

3.8.1.7 Summary of Case Study

KLM Maintenance and Engineering is not only an oube maintenance but it is counted as
one of the major Maintenance, Repair and Overhemliger servicing a variety of aircraft
types, engine maintenance, line maintenance, anohpaoent maintenance. KLM
Maintenance and Engineering with its merger with Piance Industries has given it the full
capabilities to carry out a wide spectrum of aiftcraaintenance, and tied its relations with
Original Equipment Manufacturers and other agenaied suppliers. From what was said
about KLM Maintenance and Engineering, safety ef tiaintenance and the human in such
working environment should always be as first ptyarequirement.
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3.8.2 Case Study 2 - Aircraft Maintenance - A Miliary Unit

Example

This case study example is quoted from a NavalgPadtiate School, Monterey, California
thesis report named "An analysis of the maintengreréormance measurement system for
LAMPS MK 111 Helicopter squadrons”, [Keyes Rich&atf93].

3.8.2.1 Introduction to Case Study

The objective of the American Naval Aviation Mainégace Program is "to achieve and
continually improve aviation material readiness antkty standards established by the Chief
of Naval Operations, with optimum use of manpoweaterial, and funds." [OPNAVINST,
1989]. These standards include the repair of aertical equipment at a level that ensures the
optimum use of available resources, the protectibnveapon systems through an active
corrosion control effort, the active use of the nfAlkd Maintenance Program, and the
collection and use of data to improve the perforceanf the maintenance personnel and the
material condition of the equipment [OPNAVINST, 298

3.8.2.2 Performance Improvement Goals

The Naval Aviation Maintenance Program has liseesal broad performance improvement
goals in an effort to continuously improve the n@mance practiced by the fleet aviation
units and meet the stated objectives. These gaals a

Increased readiness

Improved quality

Improved deployability

Improved sustainability

Reduced costs

Enhanced preparedness for mobilization, employgbdind contingency operations
Enhanced supply availability

Improved morale and retention [OPNAVINST, 1989].

o4 ududy

3.8.2.3 Performance Elements

The Naval Aviation Maintenance Program notes seyaformance elements that are to be
the focus of the performance improvement effortedéh seven performance elements are
Productivity, Effectiveness, Efficiency, Qualitynrovation, Quality of Work Life, and
Budgetability. These performance elements are thendation of the Naval Aviation
Maintenance Program performance improvement efi@th element focuses on a part of the
maintenance process. The Naval Aviation Maintenddagram charges all maintenance
personnel to actively pursue any opportunity taeahgains in any of these areas.

3.8.2.4 Levels of Maintenance

Aviation maintenance within the Department of thevilis broken into three distinct strata.
The delineation is based on the type of maintenaanducted and the level of assembly, sub-
assembly, or component that can be repaired bgdtiaty.

a. Depot-Level Maintenance

Maintenance that is performed at naval aviatiougtidal establishments to ensure continued
flying integrity of airframes and flight systemsrahg subsequent operational service periods.
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Depot-level maintenance is performed on materiqlireng major overhaul or rebuilding of

parts, assemblies, subassemblies, and end itemsclitdes manufacturing arts, making
modifications, testing, inspecting, sampling, aretlamation. Depot-level maintenance
supports lower levels of maintenance by providimgieeering assistance and performing
maintenance that is beyond the capability of theeldevel activities [OPNAVINST, 1989].

b. Intermediate-Level Maintenance

Intermediate-level maintenance is the respongybitf, and performed by, designated
maintenance activities in support of using orgamrs. The Intermediate-level maintenance
mission is to enhance and sustain the combat resgliand mission capability of supported
activities by providing quality and timely materigiipport at the nearest location with the
lowest practical resource expenditure [OPNAVINSI34].

c. Organizational-Level Maintenance

Organizational-level Maintenance is normally parfed by an operating unit on a day-to-day
basis in support of its own operations. The Orgational-level maintenance mission is to
maintain assigned aircraft and aeronautical equippnmea full mission capable status while
continually improving the local maintenance prod€&3B8NAVINST, 1989].

3.8.2.5 Upkeep Maintenance

There are two fundamental types of maintenanceopadd within the naval aviation

maintenance system: rework and upkeep. The mamtenaepartment of an aviation
squadron is restricted to upkeep maintenance. Uphkeentenance is further differentiated by
being either scheduled or unscheduled.

a. Scheduled Maintenance

Scheduled maintenance is described as the "peripdiscribed inspection/servicing of
equipment, done on a calendar, mileage, or houop@fation basis." [OPNAVINST, NAMP,
1990]. Because this type of work is conducted pergodic basis, scheduled maintenance is a
fairly predictable factor in the planning procelssthe LAMPS MK Ill community, there are
two primary categories of scheduled maintenanceducted by the Organizational-level
maintenance activity: phase and calendar inspextidath of these inspections are designed
to preserve the material condition of the airceaftl inspect certain items for wear. Phase
inspections are conducted on a 150 flight houmrvatle Phases are major repair actions that
take two to four days to complete. Calendar inspestoccur at a fixed time interval.
Currently, there are (7), (14), (28), (56), (11&)d (224) day inspections conducted on the
SH-60B helicopter. The time periods for these ietipas run concurrently. When the aircraft
is deployed, the time period for these inspectignisalved, with the exception of the 7-day
inspection. Scheduled maintenance consists of tiwindt phases. The first is the "look
phase." In this phase, all the requirements forctirapletion of the inspection are performed,
and any discrepancies or maintenance problemsoararented. The second phase is the "fix
phase" where the discrepancies discovered durmtjdbk phase" are corrected.

b. Unscheduled Maintenance

Unscheduled maintenance is defined as "maintenaricer than the fix phase of scheduled
maintenance, occurring during the interval betwesmmeduled downtime maintenance
periods” [OPNAVINST, NAMP, 1990]. In essence, uredhled maintenance is the repair
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work required because of malfunctioning equipmehle inherent unpredictability of
unscheduled maintenance often shapes the appogminoh the squadron's resources (man-
hours and parts) to remedy the problem in a timeyner.

3.8.2.6 Organizational Maintenance Activity

The organizational level maintenance activity s lilwest level in the maintenance hierarchy.
The maintenance performed is usually at the atrcmafbsystem level. Rarely do
Organizational-level technicians diagnose and reghe internal components of the
equipment; instead, the component is removed amdaced. The objectives of all
Organizational-level maintenance activities are:

Improved performance and training of personnel

Improved aircraft, equipment, and system readiness

Improved maintenance integrity and effectivenessfiomaterial

Improved safety

Improved usage of manpower and material

Improved planning and scheduling of maintenance

Improved management and evaluation of work perfogea

Improved quality of the end product

Improved attainment and retention of combat readine

Improved continuity when aircraft or personnel &nansferred between commands.
[OPNAVINST, 1989].

R R R R R VR A

An example of a typical navy organizational maiatere department organization chart is
illustrated in figure (3.6).
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Maintenance Officer

Assistance Maintenance Officer

Quality Assurance Analysis Maintenance Administration

Maintenance/Material Control Officer

Maintenance Controller Material Controller
[
A/C Division Avionics/Armament Line Division
Division i
1
>|Power Plants Branch || [Electronics Branct || [ _,}|Plans Captains
' ' Branch
» | Airframes Branch | Electrical Instrument
' Branch _|[Troubleshooters
>|Aviation Line Support _ || Branch
_||Reconnaissance/Photd
_|/Inspection Branch Branch Support Equipment
- — Branch
» |Armament Branch

Figure 3.6: A Typical Navy Organizational Maintenance Depanmime

Source: [Keyes Richard, 1993]

The Naval Aviation Maintenance Program is the fatmh on which all aircraft maintenance
is based. The program delineates the duties armbmetbilities of all participants in the
maintenance effort and provides detailed instrastitor the documentation of maintenance
actions. In addition, it stipulates specific repagtresponsibilities and provides a basis for
organizing the maintenance department in an avisggquadron. This highlights the need for
having a well structured quality maintenance manseg# to be in place.

3.9 Conclusion

An airplane has an economic life of about twentye fiyears in service. To remain in
serviceable conditions all those years, regulackhi@nd repairs are conducted at different
intervals. This requires a management system tbvd#a Moreover, the maintenance has to
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be encompassed with a quality management systere. quality system in aircraft
maintenance organizations is a sub-system withia ¢verall aircraft transportation
management system. As quoted in [BS 5750, parth@® fuality system should only be as
comprehensive as needed to meet the quality obgsttialso "a quality management system
should be developed and implemented for the purpbaecomplishing the objectives set out
in a company's quality polices". These two quotetimake it clear that the first objectives in
establishing a quality system should be to satiséyinternal needs of the organization and
this should be addressed in a systematic Widerefore, it is the management of the
organization responsibilities to ensure that:

a. The standards and procedures at the workpiae¢ the quality requirement.

b. Explain the Quality Management System to emeeyaffected, and ensure that everyone
understands what is involved.

c. Provide facilities and equipment as requipedyided it can be shown to be cost effective.
d. Train staff in quality techniques relevanttieir jobs.

The individual responsibilities in order to helpetimanagement in maintaining a quality
management in the workplace are as follow:

a. From the individual detailed knowledge of hés/job, he/she can help the management
improve and develop quality procedures.

b. The individual can help the management by tstdeding and applying the necessary
requirements of the quality system.

c. To come forward with suggestions and ideasifgrrovements in any aspect of the
organization work.

In summary the differences in organization desigd atructure between the two cases
discussed; KLM (as an airline) and the militarytuas follow:
- KLM organization is driven by safety and economumnsiderations, whereas the
military organization is driven by safety and conmi@onsiderations.
- Military organization is composed of layer of unitsth a more complex control
hierarchy.
- KLM maintenance organization is also compatible hwdelivering maintenance
services to other customers; it acts as a maintenairovider.
- There are few differences between the two entitireghe physical maintenance
procedures.
- There is clear difference between the two entitiesthe management of the
maintenance activities.

In this chapter the integration of aircraft mairgeoe with the quality practices in this field
were sighted. This provides a good infrastructune the author to further investigate the
airlines/military customer needs in order to tratelthese requirements to a Quality Function
Deployment. Quality Function Deployment philosopil be discussed in the next chapter
for utilization in the enhancement of the assessnoénquality management in aircraft
maintenance at later stages of the thesis.
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4.1 Introduction

The Quality Function Deployment method is a leagniechnique setting the path between
customer demands and product development. In Qugiinction Deployment operation,
matrices are used to describe the relation betwbB#erent customer needs, and design
requirements. Many companies from various sectoes igcorporating Quality Function
Deployment as an integral part of company-wide igugkactice. It has been widely applied
in industries such as aerospace, industrial engirggesoftware engineering, construction and
marketing, training and education services, ancrsthAs an example, some of the first
worldwide known United-States of America companigs adapt Quality Function
Deployment included 3M Company, Baxter Healthcaayysler, Ford Motor Company,
General Motors, Goodyear, Hewlett-Packard, IBM, &odEastman, Motorola, NASA,
Polaroid, NCR, and Xerox.

The aim of this chapter is to introduce Quality €ion Deployment. The chapter is divided
into four sections. The first section presents aerdaew of Quality Function Deployment by
stating its first elements, with insights to theude of Quality. The second section provides
historical background to the applications and dgwelents of Quality Function Deployment,
and to how it fits in the organization. The thiretBon discusses the tools and techniques of
the Quality Function Deployment. The last sectialks about the uses of Quality Function
Deployment as a quality tool in industrial enginegrand services.

4.2 First Elements about Quality Function Deploymen

The Quality Function Deployment concept has begst tieveloped in Japan in (1966) by
Yoji Akao and disseminated through a paper in (J9Marrived in the United-States in

(1984), and later on, it got spread in other indaisttountries [Clausing, 1994]. Quality

Function Deployment is a planning methodology foanslating customer needs into
appropriate product/service features. The intemtapplying Quality Function Deployment

are to incorporate the customer needs into theowarplaces of the product development
cycle for a new product, or a new version of arstxg product, through marketing surveys
and interviews and to assume the achievement dbmes-required quality [Ezop et al.,

1989], [Bossert, 1990]. The "voice of customer'expressed in the customer's terms which
can be in the form of linguistic or crisp variablgullivan, 1986]. To this end, Quality

Function Deployment can be customized to a speepifaject, whether it is a product, a

service, software, or a combination of products.

Quality Function Deployment focuses on deliveripgsitive value by seeking out both
spoken and unspoken needs, translating these nieaolsactions and designs, and
communicating these throughout each organizatiothervalue chain to the end customer. In
addition, Quality Function Deployment allows custymto prioritize the requirements and to
benchmark them against the competitors. Then, thai® Function Deployment helps the
company to optimize those aspects of the productervices that will deliver the greatest
advantage. In general, as was cited from the tilezaQuality Function Deployment has been
utilized in areas such as promoting cross-functid@ams, improving companies' internal
communication between the different departmentsg am translating the customer
requirements into the language of the organizatiorQuality Function Deployment, several
tools are employed to clarify vague requiremenis;caver hidden ones, and prevent changes
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or misunderstandings be correctly analyzing thest denefits [Mazur, 1997], [Rings et al.,
1998]. Promoting the development of these tools avasudy done in Japan in (1984) that
demonstrated that there were different types afirements that needed different approaches
to understand them [Kano et al., 1984].

The Quality Function Deployment can be broken damto two main activities: product
quality deployment and deployment of quality fuonti The product quality deployment
translates the "voice of customer" into producttogncharacteristics. Whereby, deployment
of quality function assures that the customer megluiquality is achieved. The presented
merits of Quality Function Deployment are summatias follows:

= Reduce frequency of design alternation

= Cut down research time

= Lessen conflictions in manufacturing process

= Lower research expenditures

= Promote consumers satisfaction

= Transfer experience effectively

The above stated merits can be achieved by stneiagplprocesses and reducing rework and
waste. This can be done by increasing the likelihibat a product or process design will not
have to be changed or redone. This dampening eftenes about because Quality Function
Deployment allows developers to evaluate propose&t project changes against the same
criteria used to evaluate all design decisionshatlieginning of the project. The team has
simply to add the new proposed change to the QuBlinction Deployment matrices and
apply the same analysis to it as that they apybeall the earlier decisions. This systematic
analysis helps developers avoid panicky, rushedsioes that fail to take the entire product
and all the customer needs into account. Most noidep corrections are easily rejected or
postponed when Quality Function Deployment analysisapplied to them. In addition,
focusing product and process development on th& wWaat most matters to the customer.
This is another way of saying the work that geteeds what Quality Function Deployment
analysis has shown to be most clearly related tetimg customer needs. Moreover, Quality
Function Deployment contributes to increased regenby helping organizations to
concentrate their efforts on customer needs, andcturately and effectively translate
customer needs into the right product design orriget service characteristics. Quality
Function Deployment is also an important key tdeyene reduction, as organizations could
lose competitiveness if this matter is not takiagyeon the development process.

In addition, Quality Function Deployment is used assystematic approach in order to
translate customer requirements into engineeriegifpations in product design. It is a tool

that integrates an organization's diverse inforomatsource during product and process
development [Dean E.B., 1992]. This tool can badusedecompose tactical strategic plans
into workable strategic functions. Through Quakiynction Deployment analysis, conceptual
requirements in strategic plans can be translatéd program items that are capable of
producing improvement. Two Quality Function Depl@&mwh processes that are widely
accepted and used as effective processes; the danefupplier Institute's four phase
approach as presented in figure (4.1), and the GQRLC Matrix of Matrices approach

[Revelle, J.B., Moran J.W., and Cox, C.A.,1998].
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LFlanning Mafrix

Technical Requirements @
2, Design Matrix @

ustomer Component
Auirbiges Charactenstics 3.0perational Matrix @
Technical . . _ .
‘ Requirements Process Steps 4.Control Matrix
Component
Characteristics Opeational Steps
Process Steps

Figure 4.1: The Four-Phase Approach of Quality Function Depiegt
Source: [International Journal Production Econon2€90]

The American Supplier Institute's four-phase apghotanslates the customers' needs into
technical requirements, and subsequently compowrbatacteristics, process steps and
operational steps [Revelle J.B., Moran J.W., angd Cd\., 1998]. The four key phases in the
approach of Quality Function Deployment as preskatethe previous figure (figure 4.1) are:
a. Planning Matrix — provides a link between customeeds and product control
characteristics. Characteristics that posses agtadation to meeting customer needs,
are important to customer and have poor performanuet be transformed into
actions to ensure that the "voice of customer” éartl. On the contrary, those
characteristics that are not as critical in meetingtomer needs will not be considered
in the subsequent deployment process.
b. Design Matrix — translates the output of thenplag matrix into components
characteristics. During this, both customer reguépts and final product control
characteristics which are directly related to como needs, are identified and are
deployed further using the quality control charts.
C. Operational Matrix — in this approach the qyatibntrol charts signify the
transition from deployment to production. Critigabduct and process parameters are
identified and are deployed in operation instrutdio
d. Control Matrix — based on the critical producidaprocess parameters, the
operating instructions define the operator's remménts. These instructions for
example convey to the operator information pertgjnio the parts involved in the
operation, the number of parts to be checked, lmadhspection methodology.

4.3 Traditional Quality Systems vs. Quality Functim Deployment

Basically, Quality Function Deployment is desigriedmprove customer satisfaction with the
quality of the provided products and services. foestion is, what can Quality Function
Deployment do that is not already being done byttaditional quality systems? To further
enhance the understanding, the differences betwbenmodern quality systems and
traditional quality approaches concepts can be sanaed as follows:

The traditional quality approaches — These approaches focus on work standards [Love,
1986], automation to eliminate people, or in mor@wledgeable organizations, quality
improvement teams to empower employees to resotMagms [Mazur, 1995]. However, and
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as organizations finding out that the absence @fpttoblems is not enough when being in a
sector with financial constraints, for example diveraft maintenance industry market.
Modern Quality Systems - Quality Function Deployment is quite differentorin the
traditional quality systems which aim at minimizinggative quality (such as poor service,
broken product). With those systems, the best whkih be gained from them is nothing
wrong, which is not enough when improved efficiemcgxpected. In addition to eliminating
poor service, positive quality must be maximizedrder to create value.

The Quality Function Deployment approach— As one of the modern quality systems, the
Quality Function Deployment is quite different fraime traditional quality systems. Quality
Function Deployment concentrates on maximizing @ust satisfaction (positive quality),
measured by metrics, such as repeat businessusde on delivering value by seeking out
both spoken and unspoken needs, translating these actionable services, and
communicating this throughout the organization [MaA995]. In addition Quality Function
Deployment allows customers to prioritize theirurgments, by the concept tell us how we
are doing compared to other operators, and thesctdirs to optimize those aspects of our
service that will bring the greatest advantagesTheans the companies will not be wasting
money, time and human resources on services tleatuktomers do not want. This then,
entails that the companies understand their custoegeirements.

4.3.1 Types of Customers Requirements

To satisfy customers, we must understand how ngpdtieir requirements affect their
satisfaction. Although there may be some theoretdéculties (see Arrow's impossibility
theorem in Annex D), this question can be dealhwitpractical grounds. For that, it is useful
to consider three types of customer requirementdegscted in figure (4.2) [Kano et al.,
1984]. Some details about these types of custoeagiinements are the following:

Revealed Requirements- Also, known as normal requirements. These gmedily what the
company gets by just asking customers what theyt.Wdrese requirements either satisfy or
dissatisfy in proportion to their presence or abedn the product or service. On time aircraft
delivery after servicing would be a good examplke Taster or slower of on time aircraft
delivery, would mean that the customer with eitliex or dislike the maintenance provider,
and either to continue or not continue servicingirtlaircrafts with the same organization.
This requirement would have an impact on the maartee provider's reputation.

Expected Requirements- These are the basic expectations of the sewitb®ut which, the
service may cease or to be of value; their absesneery dissatisfying. They are so basic that
the customer may fail to mention them until the pany fails to deliver them. For example,
the replenishment of aircraft engine with oil afservicing it. The customer will not think of
it, but if the maintenance provider gets the aftordth no oil in the engine; then the customer
will be very dissatisfied. Therefore, expected rsgments must be fulfilled in order to have a
satisfied customer.

Extra Requirements — They are difficult to discover. They are beyowodstomer's
expectations. Their absence does not dissatisgr firesence boost the level of service,
[Mazur, 1993]. For example, replacement of a fell of parts instead of just replacing the
only damaged one with no increase in price woulittbaumore trustful and coherent relation
between the customer and the service provider.eraesthe things which give reputation to
the company providing the service. This comes urtter responsibility of the service
provider to explore on customers beyond satisfaatfdevel of service.
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Satisfactiol
Reveale
Extra
(Unspoken)
Requirement ~ ,
Unfulfilled Requirements
Fulfilled
Expected
(Unspoken)

Dissatisfactio

Figure 4.2: The Kano Model (adapted)
Source: [Kano et al., 1984]

Quality Function Deployment is a complex and vametconsuming learning process [Freeze
and Aaron, 1990]. To increase integrity and cohegents learning process is deployed
graphically through the construction of House ofafy [Hauser and Clausing, 1988]. The
House of Quality consists of several sections do-reatrices joined together in sequence;
each contains information related to the otherg Hibuse of Quality and its related issues are
discussed below in detail.

4.4 The House of Quality

The House of Quality grid is the most recognizednfmf Quality Function Deployment
[Hauser and Clausing, 1988]. It displays the custtsnwants and needs the "voice of the
customer”. It is utilized by a multidisciplinary ai® to translate a set of customer
requirements, using market research and benchngaddta, into an appropriate number of
prioritized engineering targets to be met by a pesduct or service. In the House of Quality,
the customer requirements are called the (WHATW)ich represent a structured list of
requirements derived from customer statements.tdttenical requirements are known as the
(HOW's), which represent a structured set of releand measurable product characteristics.
The final output of the matrix is a set of targalues for each technical requirement to be met
by the new design. The House of Quality is a sbdomceptual map, which provides means
to the interfunctional planning and coordination pfoduct improvement and product
development. As a result, the House of Quality lsarbuilt in many shapes and forms. The
general format of the House of Quality as presentedigure (4.3) is made up of the
components as addressed below:
= Customer requirements. Also known as the "voicecastomer”. It displays the
"WHATS" the customers want from the product to beveloped. It contains
customers' wishes, expectations, and requirementié product.
= Customer importance rating. Once the "Whats" arplate, the customer needs to
provide numerical ratings to these "Whats" itemseirnms of their importance to the
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customer. A normal numerical rating of 1 to 5 igenf used, in which number 5
represents the most important and 1 the least i@upior

= Competitive evaluation. In this block, a comparisenrmade with other equivalent
products and services. The comparison results help the developer position the
product on the sector as well as to find out hogvdbstomer is satisfied now by the
product or service. For each product/service, tdammer for example gives 1 to 5
ratings against each customer requirement, 5 libapest satisfied and 1 the worst.

= Technical specifications. These are the technipatifications that need to be built
into a product with the intention to satisfy thestmmer requirements. They are
sometimes referred to as the "Hows", because theyttee answers to customer
requirements; how can the requirements be addremseédsatisfied. These are the
engineers’ understanding in technical terms to whatcustomer really wants. The
technical specifications have to be quantifiablen@asurable so that they can be used
for design.

» Relationship matrix. This is used to maintain tkationship between customer
requirements and design requirements. It corresptmdthe "Whats" vs. the "Hows".
A weight of 1-3-9 or 1-3-5 is often used for intekmepresentation of relationship, for
example 1 being weak, and the biggest number libangtrongest relationship.

= Correlation matrix. It is the triangular part iretiHouse of Quality (the “roof “). It is
used to identify which "Hows" items support one theo and which ones do not.
Positive correlation help identify the "Hows" itertigat are closely related and avoid
duplication of efforts. Whereas negative correlati@presents conditions that will
probably require trade-offs.

= Target goals. These are the “How much” of the teairiHows" items. They provide
designers with specific technical guidance for whate to be achieved, as well as
objectively measuring the progress. The goals havee quantified in order to be
specific and measurable.

= Degree of technical difficulty. This is the assesatrconducted by the technical team.
It helps to establish the feasibility and relidlyilof each "Hows" item. A rating of 1 to
5 is used to quantify technical difficulty with ®ibg the most difficult, and 1 being
the easiest.

= Technical competitive evaluation. It is used fomparing the new product with
competitors' products to find out if these techhremuirements are better or worse
than competitors. A rating of 1 to 5 is used wittbé&ng the best and 1 being the
WOrst.
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Correlation Matrix
[Hows vs. Hows]

Technical Specifications

[Hows]
Customers' ] ) ] Customer Comparative
Requirements Relationship Matrix Importance Evaluation
[Whats] [Whats vs. Hows] Rating

Technical Competitive
Evaluations

Target Goals

Degree of Technical Difficulty

Figure 4.3: House of Quality in Quality Function Deployment
Source: [Menks et al., 2000]

The House of Quality planning process is summarir¢a the following steps [Wang J.,

Obtaining the customer attributes and their reéaimportance;

= Developing design requirements responsive to cust@ttributes;

= Relating design requirements to the customer ate)

= Completing the customer competitive survey;

= Performing the competitive technical benchmarking;

= Determining the relationships among design reqLergs)

= Calculating the technical importance ratings ofiglesequirements and evaluating
their technical difficulties and estimated costs.

4.5 The Tools of a Comprehensive Service Quality Ration
Deployment

Quality Function Deployment uses problem-solvingl sfanning tools drawn from a set
called the "seven management and planning toolsh¢@, 1995]. Lists of the tools and even
the actual number of tools vary a bit from one nefiee source to another, but most of the
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tools appear in all lists. Typical tools and tecfusis which are the mainstays of Quality
Function Deployment are:

v' Affinity Diagrams are used to surface the "deep structure" of voicestomer
requirements. Also, makes a good first step foatang hierarchy diagrams. Building
an Affinity Diagram involves the recording of easklatement onto separate cards
which are then sorted into groups with a perceiassociation. A little card which
summarizes the data within each group selected ft®members or is created where
necessary. For example, the demanded qualities particular service were grouped
using the Affinity Diagram as presented in figufe4. The demanded quality items
are the imprecise words that describe what it takesatisfy the customer, and they
normally become the input rows to the House of @ual

The
reputation
of the Purpose is
company is accomplished
enhanced
: Company's messag¢
The company built is accepted
an ongoing
outstanding
relationships
The company
Company's understa'\nds
deadlines are met customers’ needs
accurately

Figure 4.4: An Example of Affinity Diagram for Demanded Quuwlfor Particular
Task in a Company

v' Hierarchy Diagrams also called tree diagrams or systematic diagraBisch
diagrams are found throughout all Quality Functibeployment deployments to
check for missing data, to align levels of absteoectof the data, to diagram the
why/how nature of functions and to diagram failuréss built from the top down in
an analytical manner. An example of a Hierarchygbaen for a specific computer
program is as presented in figure (4.5).
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Program is
[ quickand |
responsive
The program Commands
is friendly — are easy to
at use know and use

Easy font |
management

Can | adjust the cursor to move as quickly
as | would like

Enables the person to find things in the
document quickly

Know what an icon is going to do before the
person click it

Icons can be customized so that they are easy
to be used

Clear relationship commands between
commands and icons

Able execute common operations in a
single step

Can execute commands quickly

Offers different sizes design options

Able to see what the fonts look like as the
person choosing them

Can organize the listing of fonts to reflect the
way a person uses them

Everything stays neat and aligned when |
change fonts

Figure 4.5: An Example of Hierarchy Diagram for a Specific Guuter

Program

v' Matrices and Tablesare used to examine two or more dimensions inpdogiment.
Common types include documenting relationshipsoriization and responsibility
matrices. The matrix is a tool which lies at thearheof many Quality Function
Deployment methods. By comparing two lists of iteassng a rectangular grid of
cells, it can be used to document a team's pearepf the interrelationships that
exist, in a manner which can be later interpretgdcbnsidering the entries in
particular cells, rows, or columns. In a prioritiba matrix the relative importance of
items in a list and the strength of interrelatiapshare given numerical weightings,
which would be shown as numbers or symbols as pteden figure (4.6).

Importance of row items

A 2 2 5 4 1
4 10 8 2
B 5 3
15
C 3 5 6 1
15 18 3
D 2 3 8 3 2
6 16 6 4
E 4 3 4
12 16

Figure 4.6: An Example of a Matrix Diagram
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Tables are used in Quality Function Deploymenttilys the implications of gathered
or generated items against a specified list of gmates. For example such tables
would include production planning and analyzingtooser statements in the voice of
the customer as presented in figure (4.7).

Part 1
ID Customer | Voice of Use
demographiq  the What When |  Where Why How
(Who) customer

Internal | Data| I/E| Data] I/E| Data I/E Data I/E Data
/External
(I/E)

Part 2

Reworded Demanded| Quality Function | Reliability] Comment

Data Quality Characteristics

Figure 4.7: An Example of Tables Diagram

v Analytic Hierarchy Process:is used to prioritize a set of requirements, anddiect
from alternatives to meet those requirements. Timisthod employs pairwise
comparisons on hierarchically organized elementprtmluce a very accurate set of
priorities [Saaty, 1990], [Tone and Manabe, 199%). example in figure (4.8) of
Analytic Hierarchy Process showing the prioritipatiof engineering managers' needs
in a company. The information was obtained fromtwadys to find the appropriate
guality management education for engineering unddrgates as was found in [Glenn
Mazur, 1996].

Comparison of the relative importance with respegoal

TECHNICAL | ORGANIZATIONAL | INNOVATION
Quality 2.0 6.0 7.0
Technical 5.0 3.0
Organizational 3.0
Abbreviation Definition
Goal Appropriate quality management education fjireering undergraduates
Quality Quality minded in understanding customet aalving problems
Technical Broad technical background to handleatiff tasks

Organizational Organized approach to work

Innovation Familiar with innovative methods andnieiques

Quality 7
Technical 07

Organizational .106------===============nnmmunn

Innovation .065-—--———————-

Figure 4.8: An Example of Analytical Hierarchy Process

v" Relations Diagrams also called interrelationship digraphs, can bedu® discover
priorities and root causes of process problemsuas@oken customer requirements.
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v" Process Decision Program Diagramsthese are used to analyze potential failures of
new processes and services.

v" Blueprinting is used to depict and analyze all the processéshwdre involved in
providing a product or service [George and Gibskd91]. A variant of the diagrams
used in time/motion studies.

4.6 Applications and Developments of Quality Functin
Deployment

Quality Function Deployment has been successfidgdun many industries. For example in
the Japanese industries was used in agricultutersgs construction equipment, consumer
electronics, home appliances, integrated circuwitdtware systems, steel, synthetic rubber,
and textile. Quality Function Deployment is not yra technical method, but also a
managerial methodology that can help enhance tlgan@ation and managing effects.
Technically, Quality Function Deployment can redtice product development time, while
simultaneously improving product quality and delimg the product at a lower cost [K.J.
Kim, 1993]. Quality Function Deployment can alsocilitate continuous product
improvement with emphasis on the impact of orgammalearning on innovation [C.P.M
Govers, 2000]. [Zultner, 1994] classified the apgiions of Quality Function Deployment in
three groups as: hardware, software, and servitent] 1998] emphasizes that the general
applicability of Quality Function Deployment is nohly in the traditional area of product,
service, and software, but also to the area ofegfyadevelopment and deployment.

Quality Function Deployment contributes to increhsevenues by helping organizations to
concentrate their efforts on customer needs, andcturately and effectively translate
customer needs into the right product design orriblet service characteristics. Quality
Function Deployment is also an important key tdeyine reduction.

On the other hand, however, Quality Function Deplegt also has some drawbacks, for
instance, the amount of time to implement it [Cqh&A95], the difficulty in manually
recording the Quality Function Deployment matrixan electronic form [M. Wolfe, 1994,
and the qualitative and subjective decision-makpngcess [V. Bouchereau, 2000]. These
drawbacks have promoted the need for new approachd#se application of conventional
Quality Function Deployment approach [V. Bouchere@®00]. Various quantitative
methods, such as Analytic Hierarchy Process, @#lfineural networks, and fuzzy logic are
combined with Quality Function Deployment, and megd to provide a more objective and
precise approach for its implementation. It ha®s d&lsen extended and modified to make it
more representative and applicable, for exampleaered Quality Function Deployment [D.
Clausing, 1994], and their information system fouafty Function Deployment [J.A.
Harding, 2001].

4.6.1 Quality Function Deployment as a Quality teamnique

Quality control has been in existence for a lomgeti but was not an engineering technique
until the 1920s when statistical theory startetbeécapplied effectively to quality control as a
result of the development of sampling theory [PsinB000]. Since then statistical quality

control concerning sophisticated control chartseh@een applied to many manufacturing
areas. Among the many tools used in quality con@eiality Function Deployment is one of

the effective tools for product and process devalent.
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Quality Function Deployment is a technique that banapplied for detecting the defects at
the design stages of products or services. As shiodigure (4.9), [Ur Rahman, 1995], [Field
and Swift, 1996] a product undergoes a nhumber ages before it reaches the market for end
users. The figure shows the quality managementoappes, and the techniques associated
with the stages of product development. Generallythe three approaches are important to
maintain and improve quality. However, it is theyae of emphasis among approaches that
would make all the difference. Today, good quaktgonsidered as being more of a function
of good design than of process control. There iglemce that, by better understanding
customer needs and carefully incorporating thessls\énto product design, companies can
reduce significantly the number of design changetke innovation process, and reduce start-
up costs and lead times for product developmeng. tEohniques must be considered as an
integral part of the quality system. To this erfig Quality Function Deployment can be
chosen as a good quality technique for improvingliguat the off-line stage, or quality by
design approach.

Product

development Off-line stage »> On-line stage After production stage
stage v
Quality
management Quality by design Quality by process control Quality by inspection
approaches 2 C Y
TOOLS. and Taguchi-QFD approach Deming approach Traditional approach
techniques = =
FY Y ¥y ¥ 3 -~
I Seven simp le] Sampling I
QFD tools plans
Taguchi methods
- Seven new tools OC curve
Shainin methods
Stakeholder analvysis Control charts MIL-STD
FMEA - . .
. - . Process capability studies Dodge-Roming tables
Cause and effect diagrams
Worldlow analysis Method study

Classical design of experiments
Design of experiments
Poka Yoke
Conformability analysis (CA)

Figure 4.9: Product Development Stages, Qualityrdpghes & Techniques

Source: [Ur Rahman, 1995], [Field and Swift, 1996]

4.6.2 Use of Quality Function Deployment in Industial
Engineering and Services

Quality Function Deployment did not become a recaph tool until (1972) when it was
applied at the Kobe shipyards of Mitsubishi heawqusstries in Japan [Prasad, 1998]. Quality
Function Deployment reached its peak and was fuliyzed in Japan in the 1970s when
Toyota Auto Body developed a quality table that latroof" on top, and nicknamed this
table as "quality house", which was then knownhes House of Quality as was described
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previously. The formal introduction of Quality Fdion Deployment to the USA and Europe
was not until (1983) [Menks, 2000]. And the firstcorded case studies in Quality Function
Deployment were in (1986) when Kelsey Hayes use@liQuFunction Deployment to
develop a coolant sensor, which fulfilled customegfuirements [Prasad, 1998]. Since then,
Quality Function Deployment has been applied anglemented in many major industries
and service organizations. In 1983, a number afitggNorth American firms discovered this
powerful tool and have been using it with crossefional teams and concurrent engineering
to improve their products, as well as the desigh development process itself [Akao, 1990],
[Sullvian, 1986], [King, 1987]. For example, QuglFunction Deployment was an important
part of Florida Power and Light's successful bidoezome the first non-Japanese Deming
Prize reception in (1990) [Webb 1990], [Bodzion®9%]. From the literature, it was cited
that, since (1981), Quality Function Deployment heen successfully applied to many
industrial engineering and service organizationke Tocus in this regard has been on
industries like the auto-mobiles, electronics, wafe, and manufacturing.

Furthermore, various quantitative methods have bsaeggested to be used in Quality
Function Deployment to improve its reliability antjectiveness, noticeably the fuzzy logic.
In this regard, many researchers, like [Shen et2800], [Wang, 1999], and [Zhou, 1998]
have put forward a fuzzy Quality Function Deploymesich integrates the fuzzy set theory
with classical Quality Function Deployment to tackhe uncertainty, subjective, vague and
imprecise problem in implementing procedure. Thisue will be discussed in detail in
chapter (6).

4.7 Conclusion

Quality Function Deployment can play an importapierin helping organizations become
stronger, and therefore more likely to survive, ensecure, and more able to expand [Cohen,
1999]. This can be achieved by minimizing negativality (such as poor service, broken
product), and cycle time reduction. Also QualitynEtion Deployment can serve as a flexible
framework, which can be modified, extended, andlmamcombined with other quality design
and improvement technique. However, although theali@u Function Deployment
capabilities have been demonstrated, it worth mamtg that this method also has some
weaknesses and drawbacks. Examples of some ofdkenuticeable ones are: ambiguity in
determining the voice of the customer, managingihey items in the House of Quality and
conflicts between customers' requirements.

In conclusion, and in spite of the above mentiopeablems, it can be said that Quality
Function Deployment however still has a wide ranfidenefits which have already been
fully explained in this chapter. Quality Functiorefloyment systematizes the improvement
of quality, technology, cost, and reliability ofthathe process of planning and delivering it.
In order to integrate the use of Quality Functioep@yment with aircraft maintenance, the
application of classical Quality Function Deployrhém aircraft maintenance organizations
will be discussed in the next chapter. This willdeto applying some of the tools of Quality
Function Deployment which have been discussedisnctiapter.
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Chapter 5: Enhanced organization of aircraft maimtee through guality function
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5.1 Introduction

In chapter four it was made apparent that Qualitywdiion Deployment is a powerful
gualitative tool for translating customer requirerseinto service or product features. Quality
Function Deployment has been opposed by some autiooiother Systems Engineering
techniques. This position is wrong since Systemgirigering and Quality Analysis acts in
two different fields, the technical and the quaiN@, which are often complementary to get
satisfying solutions to problems related with théeaive optimization of production
organization. The main purpose of this chaptehéntto show how the combination of multi
criteria analysis of different technical solutiorgmbined with specific Quality Function
Deployment studies, can lead to sound decisions dhapter shows how Quality Function
Deployment can provide decisive information to ioy@ decision making in the field of
aircraft maintenance organizations. This is illasad by a practical situation in which
decisions have to be taken in order to reduceithe taken for the major maintenance of a
fleet of aircraft. This is relative to an "In-houséaintenance” which is done by aircraft
maintenance organization every 2000 flying hourd eavers in-depth maintenance tasks.
Here it is supposed that, due to new operationguirements implying a higher fleet
availability, there is a need to decrease the tianemajor servicing from the current six
months to only four months.

5.2 The Current Aircraft Maintenance Organization

The case considered is an "In-House Maintenandeithais a sub-system of a transportation
organization as depicted in figure (5.1) which veotnder a collaborative planning process
that aims for the overall efficiency and produdiiviThe figure below displays the different

actors involved with the air transport organizatimeluding its maintenance facilities.

i
o / - - 3

..R'\"!\ ::':I.'._: Dporatans -4l E8E mwn s nw i Arpai 4 Hendkee

\VZ

ST LD

/ 1‘
=S 233

CFIE]

A/C Maintenance
Facilities

Figure 5.1: A Typical Aviation Organization
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The organizational chart for the considered aitaraintenance organization is as presented

in figure (5.2).

Officer In Charge of
Major Maintenanc

Quiality Assurance
Cc-ordinate

Warrant Officer In Charge of
Major Maintenace

Trade Managetl Trade Manager| | Trade Managerl Trade Trade Managerl
Electrical and Propulsion Airframe Manager Weapons
Instrument (Engines) Avionics (Armament)
Electrical and Propulsion Airframe Avionics Weapons
Instrument (Engines) Supervisors Supervisors Supervisors
Supervisors Supervisors and and and and
and Technicians Technicians Technicians Technicians
Technicians

Figure 5.2: Aircraft Maintenance Organizational Chart

The Aircraft Maintenance Organization works on stesn of five trades: airframe, propulsion
or engines, avionics which consists also of comeation and radar, electrical and
instrument, and weapons. Each trade has its owsomnsgble trade manager, who has some
trade supervisors and technicians working under. fiine trade manager assigns the work to
the technicians who are supervised by the tradersigors. Quality assurance coordinators
only monitor the process by ensuring that the pllone in accordance with the laid down

procedures and that there is no deviation frometipescedures and standards.

5.3 Current Aircraft Maintenance Processes
The tasks to be carried out during the maintengnoeess from the start of the servicing until

the aircraft is made serviceable and ready fohflaye presented in figure (5.3).
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Start A/C
Maintenance

Trade Managers (T/Ms
pick up work cards

Il

T/Ms assign work to
maintenance technicis

1

Maintenance technicians
prepare work are

Il

No

Independent
Check

Maintenance technicians
start work at relevant ar

Il

Maintenance technicians
complete work

Il

Maintenance technicians notif
Trade Supervisors (T/

Il

T/S carries out Independent
Check on the work dol

A

Yes
When all tasks are

Trade Supervisor ——> complete:

Signs ofi l L

“ No :
< A/C Air Test
End of -
task g

Yes ﬂ

Figure 5.3: Maintenance Process

A/C to First Line
for flying
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Scheduling for aircraft maintenance tasks needsbeo optimized so that composed
requirements can be met in aircraft maintenancecgs® This process includes the
preparation of many things such as assigning pesdo the tasks, ensuring that tools, and
support equipment are available, preparing the ireguoperating maintenance and safety
procedures and manuals. In the case consideredduoiy of maintenance of the fleet for
major servicing is done by using the Program Euanaand Review Techniques (PERT)
with Gantt charts as an analyzing tool for complgtihe tasks and in facilitating decision
making. In the current organization of maintenaacsvities, the work days are based on a
working week from Saturday to Wednesday from 7 Adv2 P.M with two break times; 15

minutes each, the first one is at 0930 hours amdst#tond at 1130 hours. In this case

maintenance is done in sequence, one task afténearas presented in figure (5.4).

0 {Tes ame

lrn | St | Fogn

1| St A maancs repartg
Ttumpunenld'ﬁmaﬂllinq
Ttumpunenl e
T
o ezt nd st nAC
[l S i wrepLg
1 Fe s e o Tt

Hdeys Vied VLR an U200

T OO RN

o Ve

e SOME SR

e R e

Figure 5.4: Current GANTT Chart of Main Maintenance Activities

Tasks stated on the above process chart are fiekipdsined below in detail as displayed in
figure (5.5). All trades will be working at the samtime in their relevant areas of

specialization.
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AIC
Preparation

Day ]

A/C wash, A/C defuel, A/C towed to the hangar

Day 2

»
»

Support equipment such as ground power,
pneumatic, hydraulic, stands and work platforms
put into places around the A/C as needed

Removal of panels and cowlings

Removal of main components such as Endine
(s), landing gears, seats, flaps, elevators, |tail
assembly etc, as per work schedule cards

Component removal continues as per schedule

work cards

Painting stripping, corrosion stripping $s
required

All trades conduct visual inspections on removed
components and components on A/C with non
routine cards raised for any discrepancies and

deficiencie

Sending main (big) components to the differ

ent

bays such as engine bay, component bay,
hydraulic bay, structure repair bay, safety

equipment for components repair/overh

Week

Component
Dismantling Weg

(2 month)

Weel
Weel
Wee
Weelk

Component
Repair -
(6 weeks) g

Repair of fuel leaks and corrosion protection,

and other discovered faults

Wee1<

Carry out of modifications

W5

Repair of components and discovered faults

continues

W6

Repair of components and discovered fal
continues

ults

Continuation of figure (5.5) into the next page
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A/C Rebuild

Week

>

A/C floor and different A/C bays inspection is
carried out before refitting and reconnecting
everything to its original place in the A/C

Wee

A 4

Weel

Fitment of the main (big) components to the A/C
such as the engine, landing gears, flaps, |tail
assembly, ejection seats

A 4

(6 weeks)

Ground
Checks and
Testing

Fitment of components, refitting and connection
of the different assemblies to A/C and main parts

Weel

Refitting and connection tasks continues

A 4

Independent inspections carried out by all tragdes
supervisors on their related areas |of
specialization to check integrity of systems
functionality

WeekK

A\ 4

Repair of discrepancies found  during
independent inspections continues

Week

All systems are subjected to a run-up test, |for
example the following systems will be subjected
to such test:

- Air-Conditioning system

- Oxygen supply system

- Auxiliary power unit

- Controls are tested

- Cabin pressurization

- Hydraulic system

- Weapon systen

- Repair all faults found during the run-up
test
- Engine ground runs

Week
Documentation K
Completion & | Weekl -
Sign-off
2/3 Days
A/C Flight
Test

Documentation completion and sign-off
(Sign-off of all job cards with QC inspectofs
signatures)

\4

- The A/C is flight-tested, after which any
reported defects are eliminated by the
different trades depending on the faults
found

- A/C returned to first line flight an
integrated into the flight sched:

Figure 5.5: Detailed Description of Major Servicing
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5.4 Requirement for Time Reduction in the Major Sevicing

The working assumption is that currently major g@ng which is done every 2000 flying

hours takes six months to be completed. It is algoposed that in order to have aircraft
availability for flying due to an operational regement, the servicing time needs to be
reduced to four months. The challenge of reducimgtime taken for the major servicing
from six months to four months is displayed in figy5.6).

Maintenance Current Situation |::> Maintenance Future Solution

- Major servicing takes 6 months - Major servicing takes 4 months
- Done at 2000 flying hours or 14 years | - Done at 2000 flying hrs or 14 years which
which comes first. comes first.
- 2 Aircraft per a year - 3 Aircraft per a year
- 32 Persons - 32 Persons
- 5 days a week (7 working hours perla - 5 days a week (7 working hours per g
day) day)

Figure 5.6: The Challenge for Organizational Change

Such challenge will not only deal with time, butllwhvolve a structural transformation,
covering many aspects of the organization, sucimstallations, equipments and machines,
human skills and processes, as well as managendifications. At this stage different
choice with respect to installations, equipments manpower should be considered.

5.5 Technical Solutions Analysis and Ranking

To the possible physical modification (installaBpnequipments and processes) of the
maintenance organization of interest to meet the objectives, must be associated a
compatibility matrix such as:
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Installations, Equipments & Processes
1 2 3 4 5 ¢
%]
3 1 1 |1 0 0 |1 0
o
a
&5 2 0 0 1 0
i
& 3 0 0 1 0 0 0
S
S 4 o | oo |10 1
(@)
L
v 5 1 1 0 0 1 0
c
§e)
8 6
= 0 0 0 1 0 1
1%
£

Figure 5. Tompatibility Matrix between Projects
The compatibility matrix displays the installatiorejuipments and processes which can be
integrated together and those which are incommatietween them. This allows defining a
complete set of concurrent proje&¢o achieve the organization objectives. For instafor

the above matrix we get:

s={®.2.B. @, ©),®). 12, L5, (25), (46), 125)} (5.1)

To each of these projects are associated diffepenformance indexes relative to the
reduction of delays and costs.

For instance for a given new maintenance orgawoizagproject, the resulting main
maintenance activity GANTT chart could be such as:
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D [TaskName Ourafin | St Fish : :
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Figure 5.8: GANTT-Chart for a Candidate Maintenance Organmafroject

A new set of candidate projecS*, S*[1 S can be defined by exclusion fro&of projects
which are unable to meet the delay reduction reguént or those which are too expensive or
even those which are not non inferior in the Pasettse (see figure 5.9).

Delay
reduction

A > Estimated co:

Figure 5.9: Inferior (‘{> ) and Non Inferior+ ) Solutisn

It appears that Quality Function Deployment sholodd applied to each of the remaining
project since the other providences to be takenqoalitative grounds are in general
dependent of the retained projects. Then a congrgran qualitative grounds of the different
candidate (non inferior Pareto) solutions should peeformed to get final decision and
recommendations to enhance the aircraft maintenangzaaization.

5.6 Quality Function Deployment Procedure

As already presented and discussed in figure (#hldhe previous chapter, the Quality
Function Deployment consists of four main phasdsis procedure approach of Quality
Function Deployment stages is introduced to aitamadintenance servicing time reduction
from the current six months to four months as pesty presented in figure (5.6). The
construction of the Quality Function Deploymentliuting the building of the House of
Quiality for the aircraft maintenance is coveredtein detail.
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5.6.1 The Keystone Customer (Common to all projeckts

Quality Function Deployment can accommodate mutipustomers. The first step is to
identify the "keystone" customer, who ultimatelytetenines the success or failure of the
service provided. In this case, as presented urdig5.10), the primary customer for the
aircraft maintenance organization is the Air Traws@rganization Management, second is
the pilots and third is the first line maintenardepartment. The first line department is
responsible to provide safe aircraft on a dailyivasthe company so that the pilots can carry
out the flight missions scheduled by the Air Trasrs®rganization Management.

) ) Maintained
AlCtobe _ | Firstline [ | a/c
Maintained Department \ \
( 1 Pilots
Equipment &
and Supply Passengers
Parts and
Methods
Rebortinc
AIC / Crew
Maintenance '(\)A?'Z:]ei;‘:t?gﬁ Manager
service ’ Maintenance
Offer 1 Service
Assessment

Air Transport

Organization
(FLEET

MANAGEMENT)
A\ 4

Markets Air transport

& Organization
K Missions Management ]

Figure 5.10: Customer Loop for Aircraft Maintenance Organizatio

If the aircraft maintenance organization does atis§y first line department needs, the whole
guality chain can collapse since aircraft serviowity not be done on scheduled time, pilots
will have to wait while the maintenance teams awerying and airborne missions will be

delayed.
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5.6.2 Key Quality Function Deployment Elements foAircraft
Maintenance Projects

The key planning elements of Quality Function Dgplent for aircraft maintenance taking
all the aspects of planning of a given project ideo to meet the objectives such as time
reduction for the fleet aircraft major servicingrin (6) months to (4) months is depicted in

Figure (5.11).

Customer
Needs Planning Deployment Process Satisfied
Matrix Matrix Planning & Operating Customers
Quality Control Instructions
|
-Increase fleet | - Resources - Definition of - New - Apply Safety and | _ First Line
availability new installations | installations Quality Standards | pept.
and equipments quality control
- maintain .
aircraft -Manpower - Qualified and | - New Tasks - Quality
reliability Skilled Definition & Assessment/
Workforce Requirement Audit & Feedback
- Meet New Safety Precautions | . pijjots
Servicing - Processes - Structured - Assessment and
Times Management Audits Program | - Closed Loop
System Reporting System &
- Minimize - Maintenance - Proper Feedback
complexity Control - Well Defined Employment _
ressources Company System & Human | - Supplier and - Air transport
-Commitment Procedures Resource Partnership organization
and Long Management Relations
Relationship
- Partnership - Integration with
- Safety with Legal and = the customer &
Awareness Safety Workforce
Authorities

Figure 5.11: The Key Elements of Quality Function DeploymentAdrcraft Maintenance

Experts’ opinions have been obtained using sonteeknown techniques which covered in
this case a mix of questionnaires, interviews andlity reports obtained from the quality
management department. A report covering this issuailable but not enclosed into this
thesis report.

The objectives, procedures and results involvech wite Quality Function Deployment
approach for aircraft maintenance can be summasgddllows:
A). Leadership and Management, including;
® Policy & Strategy
® People Management
® Safety and Quality Standards
® Safety Culture and Awareness
® Partnership & Resources
B). Processes, including;
® Policy Statement, Procedures, & Instructions
® Human Resources Management System
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® Health and Safety At Work, Quality Standards, Asid&
Assessments
® Training, Education, and Continuous Improvement
® Customer Relationship/Joint Venture
C). Results, consisting of;
Goal/Objective Results
People Results
Safe Place of Work & Safety Results
Innovation Results
Society/Customer Results

5.6.3 Construction of the House of Quality for EacifCandidate
Project S[1S*

The House of Quality built for a given maintenarex@hancement project translates the
demanded quality items by the customer into measu@tributes of quality. The House of

Quality for the Aircraft Maintenance Organizatios presented in figure (5.12) takes into
account all the related aspects of leadershiptegitaplanning and its deployment, human
resources, process management, partnership angrcespthe risk awareness situation, the
pressures for aircraft on time schedule turn roand, the quality aspects.

The first column of the House of quality providég tdegree of importance of the customer
requirements:

T with 77 0{ 012345 i =1 tom (5.2)
where ‘0’ stands for “no importance” to ‘5’ whickasds for “most important”.

The central matrixd =[h;]is such that:
h; 0{ 012345 i=1 to m j=1 to n (5.3)

where ‘0’ stands for no dependence to ‘5’ whichndtafor “very strong dependence”.

Then the degree of importance of design requirefnisrgiven by:

u; = Z T hy j=1ton (5.4)

"Whats i

And the performance of the overall project is gitsgn

o= > > mh (5.5)

"Whats'i"Hows"
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Howsl . » |2 o Elg 2 2 | s 3 0 0 |5
o2 |22 |5 £|E5 g s |32 2 |55 |2E |28 |Eg
S = 2 ol 93 25 = ) > c 5 o 8 = ]
5% gE g2 g 52 28 |28 |=¢2 S |25 |SE |SE |87
Whats = %g § g|gd = & |22 = |g° |78 |98 | 2=
% 1 2 3 4 5 6 7 8 9 1011
Increase 5 4 0 4 5 5 4 3 4 4 8
Fleet
Availability
Maintain 5 4 3 3 4 3 5 3 3 4 4 3
Aircraft
Reliability
Meet New 5 0 0 4 4 4 3 4 4 3 4 4
Servicing
Times
N 4 3 4 3 4 4 3 0 3 4 4 3
Minimize
Complexity
Commitment& [ 3 3 4 3 3 3 3 2 3 0 3 3
Long Term
Relationship
Asafety 3 3 3 3 4 4 4 4 3 3 4 3
wareness
Ab Ui 70 52 85| 102| 97 98 73 80 18 94 80
solute
Weight
TNGE':?;';]’? 7.7 |57 | 935 11.2 10.670.78/8.03 | 8.80| 8.58| 10.348.80
%

Figure 5.12: Example of House of Quality for an Aircraft Mainence Project

5.7 Final Project Selection
The final project selection can be based on thee#sgof importancér ) of the ‘whats of
the different House of Quality[t§]) developed for each projest A figure of merit for a

given projects can be such as:

s = z z 7T, hijS (5.6)

"Whats'"i"Hows" j

Taking into consideration the concurrent projétts achieve the organization objectives as

was previously mentioned® ={(), @, 3, (4), ), (6), 12), (15), (25), (46), 125)}.

For the example above, we get:

lu |70 | 52| 85| 102] 97| 98] 73 80 78 94 80
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Then,

11
p=> u; =909 (5.7)

i=1

Then, the selected maintenance reorganizationgirajé be such that:
s g =maxp) (5.8)

Unless a budget constraint must be also satisfidds question will be tackled on
methodological grounds at the end of the next @rapt

5.8 Quality Function Deployment Results for Selected Ryject s*

From the Quality Function Deployment, after caltinig the relative importance weights in
the House of Quality, it can be seen which paréictéchnical requirements are important to
improve first.

5.8.1Relative Degrees of Importance

This shows where efforts could be concentratedbfganizational quality improvement and
the importance of decision making in some of theagaras presented in the graph in figure
(5.13).For example, taking the first top four, "new proges$” was determined to be the most
important technical requirement at a score of 11.2%w skilled manpower" in the second
place with 10.8% score. The third most importanhtecal requirement was found out to be
"new resources". The fourth quality requiremenriggality standards”, and so 080 in order

to be able to reduce the major Servicing workinggetifrom 6 months to 4 months these areas
need to be on the top of the priority of the plasrfer the stated improvement. These quality
characteristics are further discussed below inildeta
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Figure 5.13: Comparison of Relative Weights of Design Requinetse

New procedures (requirement 4):This characteristic was determined as the most itapb
technical requirement. The maintenance plan cansisa structured set of tasks that include
activities, procedures, resources and time scajeined to carry out maintenance. Such tasks
require stringent procedures to be in place to leatiee different activities. The procedures
include maintenance manuals, terms of referencedssafety precaution procedures. Also,
works scheduling and programming such as Ganttchad Program Evaluation and Review
Techniques are important for simplifying the taaksl decision making.

New skilled manpower (requirement 6):In today's aviation maintenance technicians must
keep up to date not only with hardware changesalad with the vast body of regulations
under which maintenance is performed. For exampteing Company estimates that for
every hour a plane is in flight, maintenance crepesnd about three and a half hours working
to maintain it. That is why having qualified workée in this domain is so important.
Nowadays there is scarcity in this field due to thgh demand for maintenance qualified
personnel.

New resources (requirement 5)This was found out to be in the third place as riest
importance technical characteristics. In the maiaee domain, it is rather important to
manage the use of resources, and to plan theirutiBsation. It is also essential to prioritize
the available equipment according to the mainteaat@tegy.

Quality standards (requirement 10): The fourth important issue is quality standards.
Therefore, in order to satisfy the customer, thengany should meet the required quality
standards. This entails having all required staglaand procedures such as: safety and
quality standards, safety culture awareness, risRkagement awareness, quality assessments
and audits, laid down health and safety at worlkcg@dares, safety precautions for all the
different anticipated hazards in the work area.oAlsertification by quality bodies is
important for example, 1ISO standards, FAA and CAAd others.
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5.8.2 Recommendations from Quality Function Deployent Results

After performing the Quality Function Deploymenthdaespecially the results from the House
of Quality and the relative degrees of importancertain suggestions against the most
important issues are proposed in order to achiéee dverall objectives of the aircraft
maintenance organization. These proposals araefybisted below:

New procedures: Having new or revised procedures from time to timean essential
requirement in aircraft maintenance. Aircraft poations, manuals and all relevant
documentations are updated through amendments tihemmanufacturer. New procedures
when applied properly no doubt will have an efféttincreasing aircraft availability,
maintenance reliability, and in meeting new sengcitarget times. The new procedures
should cover all the structured set of tasks winciude all activities, procedures, resources
and time scale required to carry out maintenance.

New skilled manpower: This can be achieved by having a recruitment systelace to
select the appropriate candidates for the job. heartmore, personnel continuation
development and training career path is needetidnotganization to ensure that engineers
and technicians are up to date and are equippddtiagt latest information in their field of
specialization. On the other hand, providing a s@beking environment and a generous pay
and incentive scheme is an attractive media forleyeps.

New resources: To handle this issuethere exist special techniques to deal with the
management of resources such as:
= Probabilistic inventory models.
= Selective control polices along with some heursstithis entails the use of a set of
procedures to classify items into homogenous grdagsed on their characteristics.
Some of the many selective control procedures Raeeto analysis, Fast slow and
non-moving analysis, and scarce difficult and e&syprocedure analysis. Such
techniques lead to appropriate heuristics.
= Material Requirement Planning/Manufacturing Requeet Planning applied to
maintenance. The Material Requirement Planningnigcie has been used mostly for
spare parts procurement in scheduled maintenance.

Quality standards: There is an essential need to apply local and natemal quality
standards and procedures. Also, there is a needvéocome a lot of pressure either
organizational or individual in meeting the deadsrin order to have the aircraft maintained
on time to the appropriate standards. In additspecial safety and environmental procedures
should be in place to deal with some concerninggssuch as disposal of hazardous material
and consumables, radiation aspects, Non-Destrudteating, working at height, fatigue,
stress and others. Doing this will lead to haviags$ied first line department by offering a
quality service to the pilots due to the availapilof aircraft to fulfill an operational
requirement. This further aims to creating a highigtivated workforce that will do the job
correctly, first time, every time.

Strategy planning needs to be in place in any dzgéon that is seeking efficiency and

productivity. The plan needs to be re-evaluatethftome to time; such an update is required
in order to meet new organizational needs.
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As a general observation, from what has been cftedh the aircraft maintenance
organization, it is also proposed in general thaaldrade system is implemented, by
amalgamating airframe trade with the propulsiorddéraand armament with electrical and
instrument. By doing this, the organization will sikamn (3) trade system than the previous
(5) trade system. This can be implemented by adfé¢a the following:

= Technicians to be cross trained to the appropdpfmsite trade

= After cross training, technicians to be permittectarry out tasks to producer level in

his non basic trade

Also, as a general point, multi-skilling of techiales can be considered by permitting
technicians after a proper training to work on saskat are generic. For example if an
airframe technician is about to work on a task tleguires disconnecting of a plug, he does
not have to wait for an electrical and instrumeachnician to come and disconnect such plug
for him. This is what is meant by the multi-skilirapproach. This can be done by cross
training technicians to work on small tasks that@ut of boundary of their basic trade.

5.9 Conclusion

The main purpose of this chapter has been to shmw the combination of multi criteria
analysis of different technical solutions, combinedth specific Quality Function
Deployment studies, can lead to improved aircradintenance effectiveness. This chapter
has shown how Quality Function Deployment can gtewdecisive information complements
to overcome the indecision resulting from a situatwith non-inferior candidate solutions.
This has been illustrated by a practical situatmowhich decisions had to be taken in order to
reduce the duration of the major maintenance fosia fleet of specific aircraft.

The proposed approach, although complete and auheappears to force and may be to
deviate in some way the final decision, since anigp opinions are required at all steps from
experts either from the Systems Engineering ardeoor the Quality Analysis area. Then, in
the next chapter, the analysis and decision aphrdageloped here will be extended, using
fuzzy modeling, to situations in which expert opmé are expressed in a way where
uncertainty remains present so that it can be taktm account explicitly when making

decisions.
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6.1 Introduction

Classical Quality Function Deployment analysis nsakee of crisp values to describe and
process gqualitative opinions and this appears @ipmbt only unnatural but also a possible
source of distortion for the final decision makir&p it is of utmost interest to get a way to
manipulate the qualitative concepts involved withuaty Function Deployment with
linguistic terms and qualitative reasoning. Fuzogic appears to provide the tools to help
decision-makers to translate and turn feasible uistg Quality Function Deployment
assessments. Some of the more relevant work inatda have been done recently by
[Liu,2005], and in this chapter many views adoptethe from his work.

In Quality Function Deployment, the input data, Iswas relative importance of customer
attributes, are usually determined by a interdisw@py team [Akao, 1990]. The
interdisciplinary team has to find a consensus abiwase evaluations through negotiation of
trade-offs, based on engineering experience, custoesponses, and statistical experiments.
Due to imprecise and subjective design informatwgailable in the early design stage, it is
difficult to assess the performance of a desigmgisiassical quantitative values (one real
number, a “crisp” value for the evaluation of aagivaspect) from each team member. It is
more natural to allow team members to describgérormance of each criterion with some
linguistic-qualitative terms, such asmportant unimportant very important etc). These
linguistic terms can be represented with fuzzytisedry and manipulated with fuzzy logic. In
this regard, some attempts have already been pertbin order to provide a mathematical
basis to qualitative reasoning applied to Qualitydétion Deployment [Chan et al., 1999],
[Wang, 1999].

6.2 Introductory Elements about Fuzzy Logic

Fuzzy logic was first introduced by Lotfi Zadehrrdhe University of California at Berkeley
in (1965). Although fuzzy logic formalism and sudsent technology are relatively new,
their use is becoming more and more widely appl@&dce (1965) on, many applications of
fuzzy logic have been developped leading to immbritadustrial achievements such as in the
year (1987), the first subway system in Japan whichking under a fuzzy logic-based
control system. This project was perceived as ashigess and resulted in a fuzzy boom.
Industry as well as universities got interest imadeping new fuzzy logic based systems. This
resulted in what can be seen in today's industtiiah almost every intelligent machine has to
some extent a fuzzy logic technology inside it. Egample fuzzy logic theory is used in
automobile and other vehicle subsystems, such esatihomatic transmissions and cruise
control. It is also used in air conditioners, digitameras, washing machines and other home
appliances, and many other uses. It is worth meimigpthat research and development in this
domain have been actively progressing along thediasades. In the 80’s, Dubois and Prade
from the IRIT research laboratory at Toulouse deweéd a full Possibilistic Theory from
basic fuzzy sets concepts [Dubois and Prade, 198@]le authors such as Mora-Camino
applied with success fuzzy modelling in the fieldt@nsportation systems operations and
planning [Mora-Camino F. et al., 2004nd in advanced technological fieds such as flight
control [Mora-Camino et al., 1995]. Also continwati on fuzzy applications in software,
complementary to firmware, including fuzzy expeystems and integration of fuzzy logic
with neural-networks and genetic algorithms, witie tultimate goal of building "self-
learning" fuzzy control systems.
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On the Quality Function Deployment research sitieyeg has been recently an intensive
research to develop fuzzy logic related qualitylysia and decision techniques and theories.
For example [Fung et al.,1998] developed a hybystesn to incorporate the principles of
Quality Function Deployment, analytical hierarchpgess and fuzzy set theory to deal with a
complex and imprecise problems encountered in me&taequirement management. They
designed an analytical tool for prioritizing thestamer requirements. Another interesting one
is [Chan et al.,, 1999] and [Wang, 1999] that comsd Quality Function Deployment
planning as a multi-criteria decision problem amdpesed a fuzzy outranking approach, to
prioritize the design requirements identified b@@ality Function Deployment process.

Fuzzy set theory has been developed to meet thextolg of solving decision problems in
which descriptions of activities, observations, gmgments are by nature subjective, vague
and imprecise. The term 'fuzzy' generally referghi situation where no accurate value can
be assigned to a parameter characteristic of samigty or judgment. A classical set is
defined by its characteristic function which taketue one inside the set and zero outside the
set. Classical set theory cannot be adapted tortpeecise and vague notions that are found
in many domains and whose values cannot be sunmedattza single number. It is this kind
of consideration which has led Zadeh to develogyuset theory as a tool to model and
assess the performance of complex systems. Thennotifuzziness is common on the daily
life, such as the perceived noise level in a stribet degree of comfort in a room, the food
services in restaurants, and so on. Such examplelsjects cannot be suitably described by
traditional set theory in which an object is eitirea set or is not and cannot partially belong
to a set, but they can be easily well represensatgufuzzy set theoryAnnex E presents the
basis of Fuzzy Set Theory and Fuzzy Logic.

For example let X be a discrete set of objectdedahe universe. A fuzzy set A in X is
characterised by a membership functiorgQf(x) which associates each element in X with a

value of interval of [0, 1], and is usually denotadthe set of pairs A= {(/,(X)), xO X}.
When p,(x) =0, x is absolutely not in A whilgz, (X) =1 means that x belongs absolutely to
the fuzzy set of A. This can be summed up by:

Classical Theory: Fuzzy Set Theory:
1 if xOA
La(X) = AD X u,(0foa] OxoA  (6.1)
0 if xOA

The use of the interval [0, 1] provides a convenhigamain for continuous gradation. It

should be noted that in general precise memberghipes do not exist and are usually
subjectively assessed or assigned in each coitextnore details on fuzzy set theory refer to
Annex E. Figure (6.1) displays comparatively theresentation of complementary linguistic
variables such as “low” and “high” using eithersdecal logic or fuzzy logic.
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Classical logic Fuzzy logic
XF‘ Sx) “Low *“
1
A
0 > « Low » « high »
50% X He (X) He (X)

Sx) “High”

Ny

0.1 : :
1 40% 50% X

v

0 >
50% 1 X

Figure 6.1: Comparison between Logic and Fuzzy Logic Represientaof Linguistic
Variables

6.3 Fuzzy Representation of Linguistic Variables

Fuzzy logic is known to deal efficiently with lingatic, vague, and uncertain data. Its use in
many applications has been justified by this priyperinguistic terms are commonly used in
Quiality Function Deployment processes [Shiang-Tiaj R005]. The adopted linguistic terms
can be named differently depending on the choicthefperson or the team designing the
Quality Function Deployment. Then, the wording viaé different from one Quality Function
Deployment study to another. In general, howevieese¢ terms will look quite similar.
Moreover, within the framework of fuzzy set theomystead of assigning discrete values as
ratings (for example ratings from 1 to 9 to repnéghe assessments of customer needs from
'very unimportant' to 'very important’); these mgs will be expressed as fuzzy sets (for the

previous example, fronM, ='approximaelyl’ to M,, = 'approximately 10') in order to

take into account the imprecision of people's dqatlie assessments. These fuzzy sets can be
specified as suitable trapezoidal or triangulazjuaumbers. In this chapter, triangular fuzzy
numbers will be adopted; they are representedgurdi (6.2). Triangular fuzzy sets bring the
desired property of fuzzy sets but limit the numbigparameters to describe them to three.
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Very Very
Unimportant unimportant Medium Important Important

My--M;--M,--M;--M, =My -—-M;--M; --My -— My —= M
[0,0,1][0,1,2] [1.2,3] [2,3,4] [3,4,5] [B.,6] [5.6,7] [6,7,8] [7.,8,9] [8,9,10] [9,10,]L0

Figure 6.2: Linguistic and Fuzzy Description of the "Levellofportance”

After assigning fuzzy numbers, the correspondingnibrership functions can be obtained as
represented in figure (6.3).

g ) e
M Unimportant Unimportant Medium Important Very
Important

0.9
0.8
0.7
0.6
0.5| MoX M M M My Ms W3 My M M 10
0.4
0.3
0.2
0.1

0 1 2 3 4 5 6 7 8 9 10

Figure 6.3: Associated Membership Functions
(M, ='approximaely 0 'to M, ='approximaelylQ')

Therefore, lek be a variable whose value is to be assessed avaverseU. A fuzzy subset
A of U is defined by a given applicatigm, from U to the real interval [0, 1]. For evexy] U

a valueu,(x) is associated where:

O<su,(¥=<1 6.1)

Function u, is called the "membership function" of the fuzat . For each element
inxOU, the valueu,(X) is not necessary equal to O or 1, and it is catedmembership
degree toA: ,(xX) =0 means x definitely does not belongAp meaning that x does not

satisfy at all the vague property Af
For example let consider the fuzzy #ein R? which is supposed to represent a temperature
critical area within an engine part during a manarece test:
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Figure 6.4: Example of Fuzzy Set

Here we have for instance, (X,) =0, ua(X,) =035, ux(X3) =070 and g,(X,)=1.

6.4 Fuzzy Weighted Averages

When the relative weight of customer attributes dhe relationship measure between
customers' attributes and design requirements apgesented as fuzzy numbers, the
calculation of the technical importance of the dgesiequirement falls into the category of
fuzzy weighted averages. In this section we willelep a method to compute fuzzy averages
as an extension of classical Quality Function Dgplent.

6.4.1 Fuzzy representation of knowledge about tha@cess to be improved
Let Vv, ={W,uv~vi (w, )|vvi DW} denote the fuzzy relative weight of customer i i, and

X; ={xij s, 04 DX} denote the fuzzy relationship measure betweerowust attributel

and design requiremeptwherew andX are, respectively, the crisp sets of the possiblaes
for the relative weights and the relationship measuHere and/,lxj_ are respectively the

membership functions of the fuzzy numb\ﬁ,s and )Zij :

Often there is some correlation between differadigh requirements and it is necessary to
take into account the degrees of dependence betdesgn requirements. Writin®,; the

degree of correlation between ti& design requirement and tff design requirement, then
[Fung et al., 2002], and [Tang et al., 2002], mseful to introduce:

X =3 X,Dy (6.2)
k=1

where)?i] is the actual relationship measure after consigeraf the correlation between the

design requirements. Note that the correlation imdris a symmetric matrix. Naturally a
design requirement has the strongest dependenitgetini.e. D, is assigned to be 1. If there

is no dependence between Kfeand thg™ design requirements, theny,, =0.

Even it appears also natural to assign a fuzzy euaribthe dependence degree between two
design requirements. In that case matiXbecomes a fuzzy matriz and we have:
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xi; =2 Xy Dy (6.3)

k=1
6.4.2 Technical importance of a design requirement

Consideringn customer attributes amddesign requirements, the technical importancéef t
design requiremerjtis defined as:

Y, =i N, X /Zm: No o j=1..n, (6.4)

Where\7j is also a fuzzy number.
To simplify the computation of the technical im@orte of the design requirements, it could
be assumed, like in [Chan et al., 1999], thaf W, is equal to 1; however her® " W, will

remain to be considered a fuzzy number.

There are several methods to compute fuzzy weightedages [Lee and Park 1997], [Kao
and Liu 2001]). One of the more effective is the @noposed by [Kao and Liu, 2001] which
is as follows:

Define thea -cuts ofVT/i andX, , witho<a <1, as:

W), ={w OW |5 (W) = a}C (6-5-a)

(Xi)a =04 0% g 0G) 2 @, O (6-5-b)

where (W), is the interval with the lower boun@V,);and upper boundw,), at thea -
level. Similarly, (X;),is the interval bounded byX;),and (W), fora. Figure (6.5)
illustratea-cuts for triangular fuzzy sets.

Hw (U)‘

v

a-cut
Figure 6.5: lllustration ofa-Cuts
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They can also be expressed in another form:

W)a =[5 ,(vvi);’]{nvq&n{wi W i (w.)za}, %X{wi Wk (wi)za}]
| 1
(6.6-a)

Xa= [0 ()8 = mm{x{j 0 Xj g (xﬁ)za} max{ﬁj 0 X g (xﬁ)za} (6.6-b)
xi’Jf 1) XI.’; 1
These intervals indicate where the relative weafhtustomer attributes and the relationship
between the customer attributes and the designresgents lay at possibility levet .

According to Zadeh’s extension principle [Zadeh78]9 the membership functiop;i can be

derived from the following equation:

. * . m * (67)
/jj(yj)zsumln ﬂ\Tvi (\Nl)uuz* (le )1D|"y1 :§1V\/| le
) 1=

x W

6.4.3 Computation of the Membership Function for tlke Technical
Importance of a Requirement

At a specifica -level of \71 , equation (6.7) states that one needs:

Hg (W) 2 a and g (x;)2a,0i, (6.8)

*

and at least ongr;, (W) or . (x;) equal toa such that:
(d ij

Hs, (Z:in;lwi X; /zin;lwi) —q (6.9)
with

Yi = Zin;lvvi X'l /Zin;lwi (6'10)

To find the membership functi(mi , it is sufficient to find the right and left shapenctions
of y; . This is equivalent to find the upper bouf), and lower boungy,), of \71 at the
a -level with a changingr value. SincgY,); is the maximum ofy " wx; /" w and
(Y,); is the minimum OELV\&X{] ’ZLWi , the upper and lower bounds of the -cut of

\71 can be obtained as solutions of:

m m
)y = mavavixa /Z:wi (6.41-
= i1
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with
W)L <w W)Y ,i=1..,m
(6.12)
(X)h <% <(X;)9,i=1..,m

and of:

m . m

(Yj); = minZWi Xij /ZWi (6.11-b)
— -

under constraints (6.12).

By intuition, the maximum ofy; happens at(X;;)‘; and the minimum ofy; happens
at(X;),. Thus, the variablex; in the objective functions (6.11-a) and (6.11-lan cbe
replaced respectively by(X;),and(X;), and the constraints(X;); <X <(X;)qg,
i=1...,m j =1...,,n, can be deleted from both optimization problems.

Following the variable transformation of [Charnesl &ooper, 1962]:

t=1/>"w and v, =tw (6.13)

problems (6.11-a) with (6.12) and (6.11-b) withlgd.can be transformed to the conventional
linear programming problems of the following forms:

(Y)Y =max> v (X; )V (6.1%-a

i=1

under
tW): <v <t(W)Y,i=1...m
Zm‘,vi =1 (6.15)
i=1
t,v; 20
and

(V)5 =min> v (X))} (6.14-b)

i=1

under constraints (6.15).

The a -cuts of \71 is the crisp interval(Y,),.(Y;);1solved from problems (6.11-a) with (6.15)

and (6.11-b) with (6.15).
By enumerating different values @f the membership functioryyi can be constructed

progressively. For two possibility levets and a, such that:
0<a,<a,<1 (6.16)

The feasible regions defined lay are smaller than those defineddoy Consequently:
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O<a,<a,<1=(Y, )y < (Y, )32 andO(j)[L, > (Y, )22 (6.17)

In fact, the right shape function is non-increasemgd the left shape function is non-
decreasing. This property, based on the definibbriconvex fuzzy sets’ [Zimmermann,

1996], assures the convexity 13]‘. If both (Yj)fj and (Yj);are invertible with respect to,
then a right shape functiorR(y;)and a left shape functiorL(y; can be obtained.
FromR(y; )andL(y; ), the membership functiopﬁ is constructed as:

L(y;), (Yj)z|;=0 Sy = (Yj)¢|;=1

7 =1k (Y= € Y; < (Y))am (6.18)

R(y;), (Yj)g/:l Sy s (Yj)l;=0

In most cases(Yj)‘j, and 0(1.)57 cannot be solved analytically. Similar to the otbalculation

methods [Dong and Wong, 1987], [Liou and Wang, 199Pee and Park, 1997], the
numerical solutions fo(Yj)‘; and(Yj); at different possibilitya-levels can be collected to

approximate the shapes &(y; andL(y; ). Notably, [Kao and Liu ,2001] have shown that

the membership function of the weighted averageldctne nonlinear, while the relative
weights of the customer attributes and the relahgn between customers attributes and
design requirements have all linear membershiptiomns.

6.5 Utility Based Fuzzy Ranking Method

Via problems (6.14-a) with (6.15) and (6.14-b) w{6115), the technical importance of the

design requirements can be calculated in fuzzydetiere we propose an approach to rank
the different technical requirements once the degfamportance of a technical requirement
has been established in fuzzy terms.

6.5.1 Utility of a Technical Requirement

Most of the existing fuzzy ranking methods [Yag&B81], [Choobineh and Li, 1993],
[Modarres and Sadi-Nezhad, 2001], [Tran and Duakst@002] are based on area
measurements, which requires the exact forms ofmbership functions of fuzzy numbers
to be ranked. It appears that it is not only ampieical approach but also that it results in a
rather tedious computational process. Moreoversehapproaches cannot be applied if the
membership functions of the concerned fuzzy numbeesnot explicitly known. Here we
consider a technique, based on the method of [CH@85], which avoids this difficulty by
considering the maximizing and minimizing sets Vhiall help to catch in some way the left
and the right trends of the concerned fuzzy evadnat

Denote:

S, ={21; (>0}, S=074S;, Zmy=infS and 7, =supS  (6.19)
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The fuzzy maximizing se¥l of orderk is a fuzzy set with the following membership fuant
[Chen, 1985] (see also figure 6.6):

[(Z - Zmin ) /(Zmax - Zmin )]k ' Zmin SZs Zmax
fhy (2) = (6.20)
0, Otherwise

v

Zmax zZ

Zmin

Figure 6.6: Different Maximizing Fuzzy Sets for the Left Shape
k=0.5, 1 and 2)

For k>1, the membership value increases faster ghgmortional, indicating that the decision
maker has an adventurous character. For k<1, thmebeeship value increases slower than
proportional, indicating that the decision-makesgesses a conservative preference. [Chen et
al., 1992] recommended to adopt k =1, value whiah lbeen adopted in the present study.
From Hy, andy,, , the right utility of the fuzzy technical importa of the design

requiremenﬁ?j is defined as [Chen, 1985]:
Uw (J) = sumini, (2), i (D)) (6.21)
z

The maximizing set M and the right utility,, are used to measure the right trend of a fuzzy

number.
In the same way, we can define the membership ifumaf orderk for the minimizing set G

and the left utilityU; (] ps:
[(Zmax -z )/(Zmax - Zmin)]k ) Zoin SZSZ 0

He(2) = (6.22)
0, Otherwise
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v

Znmin Zmax Z

Figure 6.7: Different Maximizing Fuzzy Sets for Right Shape
k=0.5, 1 and 2)

and
U (j) =sup (min {uy (2), 46 (2))) (6.23)
z
The minimizing set G and the left utility ; are used to measure the left trend of a fuzzy
number. Combining the right and left utilities, oderives the total utilityd; (j) of each

fuzzy technical importance of the design requireirﬁjanln [Chen, 1985] the proposed
empirical formula is as follows:

Ur (i) =[Uy (D +1-Us(i)]/2 (6.24)
another possibility could be:

Ur(j) = (@+Uy (i) /(@+Ug(j)) (6.25)

where a is a real positive parameter. What is inambthere is that we get a unique number to
characterise the design requirement and that te gseful for ranking.

Ranking the fuzzy technical importance of the cmasrifgquiremen‘tN’j Is then based on their
corresponding total utility valuék; ().
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Figure 6.8: Right and Left Utilities of Design Requiremenis1)
A 2U() 2U()
(R R S 1
2U()
Vel) Uwm()
2 U(i) Us(j)
Uwm(i)
0 0 R
vz
Zmin Zmax

Figure 6.9: Total Utilities of Design Requirementis=1)

In the case of figures (6.8) and (6.9), it is cldaat the utility of technical requiremepis
higher than the one of technical requirement
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6.5.2 Computation of the Utility of a Given DesigrRequirement

To calculate the total utility; (j), the exact form of membership functiqxq/.j is required.
However, a proper substitution can avoid this negjuent. According to (6.20),, (2)is a left

triangle increasing from O to 1 in the domainzf andz,, .

In general, it intersects eapt;} at two points, one at the right shape function #edother at
the left shape function q&yj (2).

From (6.20),U,, (]) =sup, min{,uyi (2)} is the right intersection point qtflyi andy,, . Let

a, denote thea -level fory,, (z). Taking the inverse function ofy, (z) in (6.20)
derivesz =7, + (Zux = Zmin )y - Then Uy, (j) is the maximum of the minimum of
Hy, (2)and y,, () with respect to z. It occurs at a value z, sudlﬂl;nj (2) = 4y, (2) on the

right shape function quj (2). From problem (6.14-a) with (6.15), for calculafithe right

shape function qtf1yj , the above idea can be formulated as the followimginear program:

z= maxzrn:vi (X{)a, .26)
with -
SV, = 2 * (Zo = Zan ) )
t.:(\lNi);M <V StW) g, o =1...m (6.27)
Zm:vi =1
i=1

t,v;. 20 O<ay <1

This program is similar to problem (6.14-a) with1®) only adding one constraint to force
the equality of/Jyj (2) andy,, (2), and a new variabl&, is introduced. When the variable
a,, is setto a specific value, the objective functad problem (6.14-a) with (6.15) is linear

and the feasible region defined by its constramis convex set. Then, there exists a global
optimum solution for (6.26) with (6.27) #r,, is specified. Fortunately, singg, is strictly

decreasing and the right shape functiomgjf IS non-increasing, there is only one intersection

point. Then problem (6.26) with (6.27) has only deasible point which is of course the
global optimum solution. From figure 6.8, it is atethat only whem,, is equal to thea

value of the intersection pf, and of the right shape function gf , which isJ,, (j), the

problem will have a feasible solution. If 1 is chosen in (6.20), then a simple variable
substitution of(a,, )V* = 4,, indicates that the" power of the solution of problem (6.26) with

(6.27) will be the solution far,, .
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In the same way, let a new varialde, denote thea -level fory(z). Findingd(j ), the
supreme of the minimum q&yj (2) and y(2) with respect to z, is equivalent to finding the
value z such that,uyj (2) = us(2)on the left shape function prgi, which, according to
problem (6.14-b) with (6.16), can be formulated as:

z=max) v, (Xj)s. (6.28)
i=1
under zVi (X; )zI;G = Zmax + (Zmax ~ Zmin )9 )
i=1
LW ) g, SV StOW) g i =1..,m (6.29)
. >
Zvi =1
i=1
t,vi- 20 O<ag <1 J

Here also this problem has only one feasible smiythappening at the intersection gf and
the left shape function qn‘yj If k #1 is chosen for relation (6.22), then a simple alzdg

substitution of(ag)"*by 45 can be employed to derigg . The optimal solutiongr,, and
a. of respectively problem (6.26) with (6.27) andpbblem (6.28) with (6.29) allow to
derive from equation (6.24) the total utility; (j)of the design requirementof technical

importance\?j which can be used for ranking. Then tetON, be the ranking of design

requirement j, we have:

if Ur@()>Us()) = r>r; i,j=1 to n (6.30)
If U;(@i)=U+(j), another criteria must be introduced to get a detaganking of the different

design requirements. A natural candidate is thé associated with the implementation of a
given design requirement.

Based on the derived ranking result, the desigmtean purposefully design and develop a
product to achieve higher customer satisfactiontbnd more competitive advantage.

6.6 Analysis of Selection Methods

Theoretically, a business sector should satisfthallcustomer requirements in product design
without considering the resource constraints. Niyedess, the resource availability to meet
the product design is impossible to be infiniteendiore, we need to consider at least the
budget factor.
Here we suppose for simplicity and to take profithe previous ranking developments, that
the utility provided by a set of design requirensestthe sum of their utilities:

Ui, j.kIh=U@)+U(j)+Uk +U() 0Oi,j.kl (6.31)

Then, if we assume that a design requirementist be implemented in single piece, without
considering possible different degrees of achievemet Cj be its cost and let C be the total
available resource. The following knapsack probl@arnhard Korte et al., 2005] can be
stated:
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n
m)?x Z:U(j)xj (6.32)
x o
with
D .Cx=<C (6)33
=1
where

X =1 if design requirements selected ang = O otherwise. (6.34)

Following the idea of [Bode and Fung, 1998], whée budget is limited, one can first
allocate the budget to the top ranking design requenti* given by:

U@ = maxU(j) (6.35)

until its target is met. The next highest rankimgidn requirement will be assigned afterward
and so on until the budget is exhausted.
However this approach is in general not optimal andy lead to overlook a better
combination of design requirements.
Another empirical approach, which as an heuridtaracter is such as:

- First to compute effectiveness indexes such as:

e; =U(j)/C; j=1ton (6.36)

- Then to rank the different design requirements mbog to decreasing
effectiveness indexes.
- Finally the previous selection process is adopted.

In general this method should provide better resihian the first one; however it is still very
possible that the optimal solution is here agaierimoked.

In fact, problem (6.32) with (6.33) and (6.34) sokvn to be a combinatorial problem of the
NP-Complex class of complexity [Mora-Camino, 200Blit since in general the number of
candidate design requirements is rather limitedg)att solution technique, such as Dynamic
ProgrammindBertsekas, 1995] can be adopted to solve it.

Note here that, since in this case exact solutiethods should be feasible from the
computational point of view, other approaches degatlirectly with the fuzzy representation
of the importance of the design requirement coelddnsiderefHussein et al., 1993].

It is quite unlikely that any design requirementlvaie completely abandoned for budget
reasons. So, in the case in which there can beréift degrees of achievement of a same
design requiremenj, d =1 to D;, the utility of each level of achievement of desig
requiremeny, U(j,d), should be computed and the corresponding cGgtsshould be taken
into account. The resulting optimisation probleradrees:
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n D;
max ZZ U(j,d) xjq (6.37)
X A=
with
n Dj
> > cixascC (6)38
j=1d=1
and
D;
Zde <1 j=1ton (6.39)
d=1
where
Xia=1 if design requirements selected
with degree of achievementand x; = O otherwise. (6.40)

Here also, different approximate solution methods be considered, but in that case the
exact approach becomes much more demanding in ¢atignal terms.

6.7 Conclusion

Fuzzy set theory is well adapted to describe anocgss approximate or imprecise
information, many times given through linguistiaia®les. And in many complex situations,
this is exactly the language used by experts toigectheir assessments and opinidfrem a

set of approximate data, given by intervals, oretadf linguistic evaluations, it is easy to
produce a set of describing fuzzy sets which caprbeessed, compared and ranked. Then,
the whole Quality function Deployment process cenréalized using fuzzy representation,
leading at the end to the ranking of candidategihes@quirements. Since this processing is in
no mean heavy, many scenarios or degree of ddtdisign requirements (possible degrees
of achievement) can be considered and assesst#wtdbe best solution can be identified.
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7.1 Introduction

The objective of this chapter is to illustrate thethod which has been proposed in chapter 6
to develop a fuzzy approach for Quality Functiorpdgment. It appears of interest to take
into account the uncertainties present in the égpepinions, this has led to adopt triangular
fuzzy numbers to quantify the customers' objectiaed their relations with the candidate
design requirements.

Here we consider two situations:

- one in which uncertainty degrees are assignedraritytto the crisp opinions of
experts, this results in processing what is cdlledform fuzzy numbers”. Then
the solution is quite near the solution of the e, providing an image of the
uncertainty of the final result;

- one in which the uncertainty which is processetiésone expressed effectively by
the experts with respect to each parameter.

The formalism of the process is enhanced by intodunew classes of fuzzy numbers and
by selecting the basic fuzzy operations which blused in the resulting fuzzy calculus.

7. 2 Definitions and Notations

Consider triangular fuzzy numbedsgiven by the tripleta;, 5., y;) such as in figure (7.1):

,Ucm

1

v
oY

a B 4

Figure 7.1: Triangular Fuzzy Number Representation

where:

(@i, 6. y)ORand a; < B, <y with 45(5) =1 (7.1)
Observed that this class of triangular fuzzy nurebzan be called the class of “quasi real
numbers” since given one of thed),there exists only one value IR such thaty;(x) =1.
From figure (7.1) it can be seen that, y;) is the base of the fuzzy number agds its more
plausible value.
We adopt here as “addition” over these quasi realbers, the operatidn such as:

0 (a, B, y)0R*and O(a;, B;, y;) OR®:

(@i, B vi)U (@), B v ) =B + B +ai+a;)) [ 2, 5, + B, (B + B +Vi +y;) ] 2) (7.2)

Example: (2,3,4)0 (4,6,7) = (7.5, 9,10)
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This choice makes arithmetic average of the left aght uncertainties of the two fuzzy
numbers which are summed up. Other choices such as:

(@i, B yi) * (@, Bj, yvi)=(ai+a;, B +B;.Vi +V;) (7.3)
(@,.B.v) 0 @;.5,v)=(B+B -minB ~a, B ~a;}, B+, (B +B +mity; - 8.y, =B })
(7.4)

which in the first case (equation 7.3) can be daligessimistic’ and in the second case
(equation 7.4) can be called “optimistic”, couldsadeen done.

With respect to the multiplication between fuzzymiers we adopt here the following
definition:

0 (a;. B, y))OR*and O (ay, B, y;) OR®
(@, B,v)U (a;,B;,v))=(ai.a;, BB, ViV;) (7.5)
Example: (2,3,4)1(4,6,7) = ( 8, 18, 28)

Other definitions could have been such as:
(@, B v) % (aj,B;,v)=(BB; _min{ﬂi -a;, Bj _aj}! Bi-B;, BB +min{yi =By ‘Vi}) (7.6)

(@.6.1) Oay. B, y)=BB ~(B-a +B,-a) 2 BB, BB+ =B +y, =512
(7.7)

The first case (equation 7.6) can be termed “vetinastic”, while the second case (equation
7.7) can be termed “rather optimistic”.

So to perform the evaluation associated to the elafsQuality in the Quality Function
Deployment approach, the quantities:

U()=_ 0 (& Ohy) j=1ton (7.8)

and

p= 0 (0 mOhy) (7.9)

"hows" | "whats"i

should be computed.
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7.3 First lllustration of Fuzzy Quality Function Deployment

In this section, we illustrate the fuzzy approash@uality Function Deployment proposed in
chapter (6) in the case in which the degrees obmapce of the “whats” and the connection
measure between the “whats” (customer attributed)the “hows” (design requirements), are
such that the degree of uncertainty is symmetrit@mstant. We speak about “uniform fuzzy
numbers”, a particular case of quasi real numbers.

7.3.1 Uniform Fuzzy Numbers

Here we consider the uniform fuzzy numbé&rsi = 0 to 5, such as:

- for g
Hp, () =0 if x<0, pp (¥)=1-x if xO[0,1] and p, =0 if x>1 (7.10)

-for Aj,i=1to4:
Hp,(X) =0 if x<i-lorx>i+1

Hp () =x=i+1 if xO[i-1i] and g, =i+1-x if xO[,i+1] (7.11)

- for As:
Hp, () =0 if x<4 p, ()=x-4 if xO[45] and u, =0 if x>5 (7.12)

All this, means that uncertainty in this case isuased to be the same in all declared degrees
of importance and degrees of influence. This calldracterize an arbitrary assignment of a
uniform degree of uncertainty to a priori crisp lexzions.

In this section the definition of the degrees opartance of the customer requirements as
shown in figure (7.2), adopt this model:
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Degrees of
Importance:

- No importance

,-’| - little importance

.-~ ,1- fairly important

- " I-rather important

<70 | A important

<07 - very important

2 3 4 5

From O — No Importance to 5 — Very Important

v

JAY

Figure 7.2: Fuzzy Uniform Representation of the Degree of Irtgoece

A different example which does not meet conditih40), (7.11) and (7.12) is such as:

1

2 3 4

v

Figure 7.3: Fuzzy Non Uniform Representation of Degree of Inguace

This definition will be adopted in the next section
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7.3.2 Construction of the Fuzzy House of Quality

Here we consider the scenario in which the parasmetiethe House of Quality are given by
(see table 7.1):

Hows s 12, |2 5lez | 8 | ¢ |83 | « |B. |.¢ |.2 |
28 >.£ 5 E|5S =32 = £ z 2 s 80 25 25 (=g
€2 |5 |sxSEE |88 |83 |v2 S |52 |28 |£S |3°%
> 5 25 ¥ gl o= ZQ Za c g £5 < == QT

o] Q = (] c
82 | |§ 5|=2% ° g |88 s |50 |28 |98 |8
Whats = |o 4 =|EZ a z S 2
¢ 1 2 3 4 5 6 7 8 9 1011
Meat | 25 A (A0 [A A [Bs (A |A |4 A |Ds
Availability
’\/ﬂﬁlcnrt:fltn As Ay (A3 (A3 (A (A3 (A5 (A3 (A3 (A (A [ As
Reliability
'\g:f\:m'\:ﬁév bs Ao fA%) A A, A Az Ay A A3 Ay AV
Times
Minimize Ay Az (A (B (A (A (A3 (B0 (A3 (A A [As
Complexity
Commitment& Ag Ag A4 A3 A3 A3 AS AZ AS AO AS &
Long Term
Relationship
Safety AT A As As A, A, Ay Ay A A JAVERR A
Awareness

Table 7.1: Fuzzy House of Quality for Uniform Scenario

Where the ‘increase of fleet availability” should & “very important” customer requirement,
as well as ‘maintaining aircraft reliability’ andneeting the new servicing times’, while
‘minimizing complexity’ is judged “important” anccommitments and long term relationing’
as well as guaranteeing ‘safety awareness’ areeflidcather important” objectives. This
results, according to the fuzzy scale of figuré.);7in the first column of the above matrix.

Then the fuzzy degree of importance of each degiguirement is computed as table (7.2):

U, Qi Bi Yi

U, 65 70 76.87
U, 46.9 52 59.25
Us 79.53 85 91.87
U, 95.84 102 109.34
Us 90.87 97 104.34
Us 92.98 98 105.06
U, 68.03 73 79.75
Us 74.56 80 86.87
Us 73.21 78 84.75
Uso 88.37 94 101
Uy 74.56 80 86.87

Table 7.2: Fuzzy degree of Importance of Design Requirement
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The resultants fuzzy set numbers that have beereddrom the illustration of the above
fuzzy quality function deployment are presentedhengraph in figure (7.4) below.

2 1 7 9483 10-5-6 4

.09
.08
.07
.06
.05
.04
.03
.02
.01

v

40 50 60 70 80 90 100 110

Figure 7.4: Fuzzy Degree of Importance of Design Requirements

It can be observed in figure (7.4) that the un@etysobtained in the above evaluations of the
degrees of importance of design requirements iseghie same. Then, the fuzzy ranking
approach proposed in chapter 6 should produce langavery close to the ranking of the
central values3 of theU;. What could make a difference is the consideratibm budget

constraint.
7.3.3 Design Requirement Ranking and Selection
Writing:
§j =iﬁil-~|ij =(aj.bj.c;) j=1ton (7.13)
i=1

we can define,,;, and z.,by:

Znin = Min {aj} and z,, = _nl?x{cj} (7.14)
j=lton

j=lton
Here we get specifically:
Zwn =469 and z,,, =1093 (7.15)

min

Then on figure (7.5) the fuzzy evaluations of tmeportance of the different design
requirements are displayed:
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2 1 7 %83 10-5-6 4

v

40 50 60 70 80 90 100 110

Figure 7.5: Right and Left Utilities of Design Requirements=1)

Then we can compute the respective utilities:

] 1 2 3 4 5 6 7 3 9 10 11

N

u() [0.34 | 0.12| 0.69| 094 0.81 082 041 059 05 0[D62

Table 7.3: Total Utilities of Design Requirements

Then we get the ranking for the design requiremenits respect to total utilities:

R4 >R6 >R5>R10>R3>R11>R8>R9 >R7 > RR2 (7.16)

Now completing the scenario by the costs involveth wihe implementation of each design
requirement given in table (7.4):

] 1 2 3 4 5 6 7 3 9 10 11

G 100 | 80 60 85 90 10% 65 50 40 60 95

Table 7.4:Costs of Implementing the Design Requirements

And with an allowed total amount of 600 monetarytaufior a total cost of 865 monetary
units, the Dynamic Programming approach leads ¢osthlution where the set of selected
design requirements is {R9, R10, R8, R3, R4, R5, R61} for a total amount of 585

monetary units and a total utility of 5.61 oveotat of 6.48 i.e. 86.5% of total possible utility.
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7.4 lllustration in the Case of Non Uniform Fuzzy [@ta

In this section, we illustrate the fuzzy approach@uality Function Deployment proposed in
the case in which the degrees of importance of“Wieats” and the connection measure
between the “whats” are given by non uniform fuzaymbers to take into account the
different levels of uncertainty associated with th#ferent evaluations useful to build the
House of Quality.

7.4.1 Construction of the Fuzzy House of Quality

Here also, the ‘increase of fleet availability” éonsidered by the “customer” to “very
important”, as well as ‘maintaining aircraft relisy’ and ‘meeting the new servicing times’,
while ‘minimizing complexity’ is still judged “impdant” and ‘commitments and long term
relationing’ as well as guaranteeing ‘safety awassh are judged “rather important”
objectives.

This result, according to the fuzzy scale of fig(re2), in the first column of the following
matrix:

Hows 5 3 % =) EL g| 8 ‘; g 3 ﬁ o} n §_ B8 3 3 0
o S > .S o E| 58 S e 2z S 89 |25 2= E 2
o8 SE 5,8 = z 5 2z 5 % 0 S c 5 T © £ @ B
P s 3 O E® [T [T ot c [T == © O n S
D 0 2 T T al o= ZQ Z 0 c IS =5 < S S O T
O 9 T 8 @ cl 58 o Q 25 £0 n s o8 9]
Qg =9 | o & @ S @ 2= = 3 b n |2
Whats = | - =|Ec s
% 1 2 3 4 5 4 7 & 9 1011
Increase
Elee_t_ 4355 245 | 001 14,5 3,55 255 355 | 345 | 333 | 344 444 | 1,35
Availability
Maintain
Aircraft 4355)34,5 1535 | 2,34 3,45 1,35 455 | 134 | 135 | 345 345 | 235
Reliability
Meet New
Servicing 4355 0,0,0.7 |0,0,1.5 | 254,45/1545 |34,45 | 1,35 1,45 2,45 1,3,5 244 3,45
Times T
Minimize 23547 2345 | 245 2,35 254,45/ 35445 2,35 0,0,2 3,35 3545| 3,445| 1,34
Complexity T
Commitment&
Long Term .7,1.53.¥% 2,34 1,45 2,34 2534 (2535 | 2,34 12,4 1,3,5 0,0,1.5| 2,3,45| 2,35
Relationship
Safety
Awareness .7,153.% 1535 | 2,35 1.5,3,45 34,45 (3545 | 245 3,45 2,34 1.5,3,5| 34,5 3,3,3

Table 7.5: Fuzzy House of Quality for Non Uniform Scenario
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We get the fuzzy degree of importance of the desegnirements table (7.6):

U, of Bi Yi
U, |55.61 59.5 70.02
u, [35.12 39.5 50.75
u, [69.92 74.5 84.35
u, (84.29 89.50 97.89
U, |[79.87 84.50 94.63
U, (80.82 86.00 96.12
u, [59.93 64.00 74.20
U; [65.32 69.50 79.50
U, [69.78 73.50 83.03
Uy, |79.75 84.50 93.88
U, |65.48 69.50 77.52

Table 7.6: Fuzzy Degree of Importance of Design Requirement
(Non uniform fuzzy evaluations)

The resultants fuzzy set numbers that have beereddrom the illustration of the above
fuzzy quality function deployment are presentedhengraph in figure (7.6) below.

UGZ 1
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v

Figure 7.6: Fuzzy Degree of Importance of Design Requirements
(Non uniform fuzzy evaluations)
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It can be observed in figure (7.6) that the un@etysobtained in the above evaluations of the
degrees of importance of design requirements ave quote different (see the basis of the
different above fuzzy numbers). It appears also ttie ranking of the more plausible values

for the degrees of importance is different from tinform case (figure 7.4).

7.4.2 Ranking the Design Requirements and Selection

Writing:
§j =Zﬁil-~|ij =(aj.b;.c) j=1ton (7.17)
i=1
we can define here alsg,;,, and z,,by:
Zmin = jr:?ign{aj} and Zmax = jrll%)(r]{cj} (718)
Here we get specifically:
z,,=3512 and z., =9789 (7.19)

Then on figure (7.7) the fuzzy evaluations of tmeportance of the different design

requirements are displayed:

U 2 1 7 11-8-3-9 5-10-6-4
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.04
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.02
.01

Hm

v

30 40 50 60 ' 90

100

Figure 7.7: Right and Left Utilities of Design Requirements=()

(Non uniform fuzzy evaluations)

Then we can compute the respective utilities asgmted in table (7.7):
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] 1 2 3 4 5 6 7 3 9 10 11

U() [0.57 | 0.1450.45 | 0.84 | 0.78| 0.76| 0.44 042 0.63 0.77 0.1

Table 7.7: Total Utilities of Design Requirements
(Non uniform fuzzy evaluations)

Then we get the ranking for the design requirementts respect to total utilities.

R4 > R5>R10> R6 > R9 > R1 > R11 >R3> R7 > 82 (7.20)

Now completing the scenario by the costs involvetth the implementation of each design
requirement given in table (7.4), we get from Dyim@aRrogramming, the following solution:

For an allowed total amount of 600 monetary urotsa total cost of 865 monetary units, the
Dynamic Programming approach leads to the solutitrere the set of selected design
requirements is {R9, R10, R4, R5, R8, R3, R6} fdotal amount of 555 monetary units and
a total utility of 4.65 over a total of 6.315, i£.7% of total possible utility.

It appears that the solution obtained in this ¢ashfferent from the uniform uncertainty one
and that the expected performance is lower thahercase of uniform uncertainties. This is
understandable since in the non uniform case,tbeat) level of uncertainty (compare table 1
and table 5) is much larger than the one choseth&uniform uncertainty case. This proves
the interest for the fuzzy approach of Quality RiorcDeployment.

7.5 Conclusion

This chapter has illustrated the easy applicabditthe approach proposed in chapter 6 to
“fuzzify” the Quality Function Deployment proceskhis new process appears to be easily
carried on. However it involves a volume of compiotass about three times the one of
classical Quality Function Deployment, but thisrisno means prohibitive. What is gained
with this approach is mainly more confidence in final result since the uncertainty present
in the expressed opinions of experts are taken astmunt explicitly in the analysis and
decision process.
In fact two situations have been considered:
- one in which uncertainty degrees have been asgignbitrarily to the opinions of
experts which were originally expressed by crisjbers. In that case the solution is
very similar to the one obtained in the crisp cabken the crisp values are equal to the
more plausible value of the same parameters.
- one in which the uncertainty which is processethe one expressed by the experts
with respect to each parameter. In that case, dh#iegn can be noticeably different
from the crisp one.

In both cases uncertainty intervals are obtainedhi® different evaluations performed during
the Quality Function Deployment process and thouise valuable for decision makers.
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General Conclusion

This chapter summarizes the analysis and findimgsemted on the previous sections of the
thesis, and suggest certain recommendations i todenhance quality methods applied to
product and service organizations.

The performed research has investigated the is$u@uality Function Deployment in
complex organizations with special interest focmft maintenance organizations. A method
designed to improve quality management in suchosetias been proposed. Quality Function
Deployment plays a central role in this proposatl ats improvement using fuzzy set
representation and fuzzy logic has been investigate

The present research has been mainly motivated Hey dhallenge of performing
organizational changes for reducing the main maariee cycle time for a particular fleet of
aircraft. Such type of challenge does not only dedh time but involves a profound
organizational transformation which should covemudianeously many aspects such as
installations, equipments and machines, as wegllasesses.

The proposed general solution approach is compaofse: following steps:

- First a set of candidate physical and procedoradifications of the considered

maintenance organization is identified.

- Then these candidate modifications can be adsdcia get whole projects by taking

into account the aspects that can be integrateétheg and those which are

incompatible. A compatibility matrix can be usedtas stage.

- This results in the definition of a complete sétoncurrent projects composed of a
mix of these modifications, to achieve the orgatmzraobjectives.

- Those projects which are obviously too expensivéar from meeting the customer

objective are deleted.

- Only the set of Pareto non inferior projects ratained for further analysis.

- Quality function Deployment is applied to eachtloé candidate projects, providing

in fine a performance index which allows their raugkand final decision about the

selection of one of them.

- The results of the Quality Function Deploymenbgass applied to the selected
project are revisited to prepare a plan of actfongs implementation.

This approach has been illustrated in the caseadreeferred where the main issue is
reducing the maintenance cycle time for a particleet of aircraft. The resulting design

requirements and suggestions, treated by degrempairtance, have been explicated and
discussed in chapter 5.

However, the classical Quality Function Deploymantlysis which has been performed
made use of crisp values to describe and procedgalive opinions resulting from imprecise

and subjective information available in the earfsidn stages. This may appear not only
unnatural but also to be a possible source of diistofor the final decision making. So in the

final part of this thesis it has been consideredtafost importance to be able to manipulate
the concepts involved with Quality Function Depl@mh through linguistic terms and

qualitative reasoning. Fuzzy Logic has appearedeoable to provide the tools to help
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decision-makers to translate and turn feasibleuisigg Quality Function Deployment
assessments.

It has been shown then, how to represent theseiditig terms with fuzzy sets and to process
them with adapted mathematical operators accondingh the Quality Function Deployment
approach. The computational side of the proposextyfiapproach has been assessed,
concluding clearly to its feasibility. The perforcheumerical experiments have shown that
indeed, taking into account explicitly the uncertgiof experts' evaluations could change the
results of the ranking following the Quality Fumcti Deployment process. This proves the
usefulness of this approach. So, the Quality Fanddeployment phase of the above general
solution approach can be enhanced noticeably adppte proposed Fuzzy Quality Function
Deployment.

New perspectives for improving the Quality Functideployment process are:

-to take into account into the House of Qualitysettor knowledge and a priori data
through a conditional entropy maximization apprqoach

-to integrate the evaluation of organizational gemnand cost considerations into a
single framework, resulting in formulating fuzzpéiar programs;

- to compare candidate projects not through crmsfexes but with fuzzy indexes,
adopting for instance the ranking technique disgday chapter (6).

Fuzzy set representation and fuzzy logic which d¢du also used in many other quality
management related activities, such as qualityrobmaind diagnostic, appears to be a very
important source of inspiration for Quality engireeand researchers involved in the
development of new quality techniques to deal wiimplex product or service organizations.
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Annex A: Experts in the field of quality management

Introduction

From the literature it has been found that quaiperts, writers and authors constructed and
provided a set of core assumptions and specifiocyiies of management which can be
synthesized into a coherent framework [Hill, 1998]order to understand these concepts and
methods, this annex briefly discusses the coniohubf the main five experts in this field
who have written to assess the notion of qualityage@ment and its concepts. They are: W.
Edwards Deming, Joseph M. Juran, Philip B. Croghynand V. Feigenbaum, and Kaoru
Ishikawa.

W. Edwards Deming

In the quality management literature, Edwards Degnmim regarded as the pathfinder of
modern quality management concepts. His philosapket out in his famous fourteen points
as stated in table (A.1), which contributes to¢heation of quality principles. Deming is also
well known for his emphasis on Statistical Proc&mtrol (SPC) techniques that were
originally introduced by A.W. Shewhart. Deming leeled that top management is
responsible for about 80% of quality problems, #metefore, it is the responsibility of top
management to tackle these problems. He also leeligvthat quality is an important issue
for developing company's performance [Deming, 198Bh the other hand [Freed and
Klugman, 1977] indicated that "Deming's belief lmtt if you improve the quality for your

goods and services you will increase productiogcause there is less scrap and less work".

Create constancy of purpose for improvement of gpcbend service.

Adopt the new philosophy.

Cease dependence on inspection to achieve quality.

End the practice of awarding business on the lodigisice tag a lone.

Instead, minimize total cost by working with a deagupplier.

Improve constantly and forever every process fanping, production and

service.

Institute training on the job.

Adopt and institute leadership.

. Drive out fear.

10.Break down barriers between staff areas.

11.Eliminate slogans, exhortations and targets for ek force. Also,
eliminate numerical quotas for the work force nuo@r goals for the
management.

12.Remove barriers that rob people of pride workmamshi

13.Institute a vigorous program of education and Bseffrovement for
everyone.

14.Put everybody in the department to work to accoshgine transformation.

Table A.1: Deming's 14-Points
Source: [Deming, 1986]

ok wNE

© o~

Joseph M. Juran

Juran's message is that quality cannot happen dryceh He defined quality as "fithess for
purpose or use". Like Deming, Juran believed thastruality problems are due to
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management, and that top management is respomsitdelving these problems. Also, Juran
had his own views in looking at quality, for examp|Juran, 1989] suggested that there are
three managerial processes, termed as "The Jur&gylr in the quality improvement
process. These processes are as presented in(#glijeThe processes are:

. Quality Planning: this is a process of developing the products &ed features. It
identifies the customers and determines their naadsrequirements. The process involves
developing processes that are able to produce prdéatures that are required by the
customers, and transferring the resulting plargptrating forces.

. Quality Control : this is a process of examining and evaluatingottoeluct against the
original requirements of customers, problems detkate then corrected.
. Quality Improvement: is a process of identifying the specific needsirfigprovement

and setting up project teams that are responsisl@éntifying problems and solving them.
The process involves allocating resources and groyitraining that are needed by the teams
for achieving their goals.
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Figure A.1: The Juran Trilogy
Source:[Juran, 1989]

[Liston, 1995] mentioned Juran's ten points, wlaoh listed in table (A.2) below.

1. Build awareness of the need and opportunity foranement.
2. Set goals for improvement.
3. Organize to reach the goals.
4. Provide training.
5. Carryout projects to solve problems.
6. Report progress.
7. Give recognition.
8. Communicate results.
9. Keep the score.
10. Maintain momentum by making annual improvementas @f the regular
system and processes of the company.
Table A.2: Juran's Ten Points
Source: [Liston, 1995]
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Philip B. Crosby

Crosby is another quality expert. He is well knof@n his concepts such as, "Zero Defects”,
"Doing Things Right the First Time", and "the systef quality is prevention not appraisal".
Crosby is concerned with the tools of TQM, andftero described as a TQM technician. He
defines quality as "conformance to the requiremfesosby offered a 14-point program as a
guideline for quality improvement, [Crosby, 1980he 14-point program is as presented in
table (A.3).

= Management Commitment
= Quality Improvement Team
= Quality Measurement
= Cost of Quality Evaluation
= Quality Awareness
Corrective Action
Establish an Ad-hoc Committee for the Zero Def@rtsgram
Supervise Training
Zero Defect Day
Goal Setting
Error Cause Removal
Recognition
Quality Councils
Do It Over Again
Table A.3: Crosby's 14-Point Quality Program
Source:[Crosby, 1980]

ududusudul

In addition, [Crosby, 1980] introduced the managetmmeaturity grid which is counted as a
method for measuring the existing quality systend drmighlighting areas that need
improvement. The grid consists of five main staglesse are:

1. Uncertainty stage: at this stage, management is aware that theré grablems of poor
guality in the organization, but the causes ofptfablems are not known.

2. Awaking stage:at this stage, the basic problems remain the sé@theno consideration for
long-term plan in solving such problems.

3. Enlightenment stage:at this stage, more attention is given to quadlign at the earlier
stages. Also, problems are looked at and resolvedsystemic way.

4. Wisdom stage:at this stage, the cost of quality is accuratslyngated and problems are
handled as they appear. This is regarded as theamiisal stage of the five stages.

5. Certainty stage: at this stage, quality management becomes asraahtusiness of the
organization's culture.

Armand V. Feigenbaum

Feigenbaum is known as the father of Total Qualipntrol, as he was its originator. He
defined quality as the "the total composite producservices characteristics of marketing,
engineering, manufacture, and maintenance throdgbhvihe product and service in use will
meet the expectation of the customer” [Feigenbal881]. On the other hand Feigenbaum
defined Total Quality Control as "an effective gystfor integrating the quality development,
quality maintenance, and quality improvement effaftthe various groups in an organization
S0 as to enable marketing, engineering, productind,service at the most economical levels
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which allows for full customer satisfaction, [Femjpaum, 1991]. Moreover, to achieve
business success, Feigenbaum suggested that amzatga must develop a quality control
program that must foster sound business growthpaoeide major competitive advantage to
a company. There are normally four steps to a tetabtrol program according to
Feigenbaum, these are:
= Setting standards:determining the required quality costs and stahglar
= Appraising conformance: comparing the conformance of the product or servic
the standards.
= Acting when necessary:correcting problems and their causes throughouketiag,
design, engineering, production, and maintenancgor® that influence user
satisfaction.
= Planning for improvement: developing a continuing effort to improve standard

In addition Feigenbaum further developed the conokthe cost of quality, and showed how

TQM could reduce the overall costs by very sigaificamounts. Feigenbaum's best known

contribution is his ten benchmarks, which are:

1. Quality is a company-wide process.

2. Quality is what the customer says it is.

3. Quality and cost are a sum not a different.

4. Quality requires both individual and teamwork zé&glo

5. Quality is a way of managing.

6. Quality and innovation are mutually dependent.

7. Quality is an ethic.

8. Quality requires continuous improvement.

9. Quality is most cost-effective, least capital-irdime route to productivity.

10.Quiality is implemented with a total with a totalstgm connected with customers and
suppliers.

Kaoru Ishikawa

This Japanese quality expert believed that qualiytrol is a company-wide issue, placed
great emphasis on "Quality Circles" in which empley must jointly and on voluntary basis
form teams for problem solving, as a significamhtaque for solving quality problems, and
as a tool for empowering employees from differemiels in the decision —making and
improvement processes. He is also known for higntien of the "Fishbone diagram", or
what known as the "Cause and Effect” as presemteithure (A.2), which is used as an
important tool for identifying and analyzing theusas of problems of poor quality.
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The Fishbone Process
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For transformation of a management process, acupriai Ishikawa, such process has six
categories, these are:

= Quality first-not short-term profit

= Consumer orientation-not producer orientation. KHnom the standpoint of the other

party.

= The next process is your customer-breaking dowt#neger of sectionalism.

= Using facts and data to make presentations-uiizaif statistical methods

= Respect of humanity as a management philosophyduticipatory management

= Cross-function management

Conclusion

What was said above is only a glimpse on what tam mxperts have covered in this field; as
such literature can not be covered in couple @&dianly. These writers are considered as well
known specialist, who have made a great contributiothe domain of quality management.

Also, it worth mentioning that there are other mamgiters and researchers who have
contributed in this field but were not mentionedhrs annex.
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Annex B: List of performance measurement frameworks

Model/framework

Measures/Indicators/Criteria

Reference

Sink and Tuttle (1989)

Efficiency, Effectiveness, Quality, Productivity, Quality of
work life and innovation, Profitability/budget ability.
Excellence, survival and growth,

Sink and Tuttle (1989)

Du Pont Pyramid

Financial ratios, Return on investment (ROI)

Chandler (1977); Skousen et
al. (2001)

PM matrix

Cost factors, Non-cost factors, External factors, Internal factors

Keegan er al. (1989)

Results and
determinants matrix

Financial  performance,  Compefitiveness,  Quality,
Flexibility, Resource utilization, Innovation

Fitzgerald et al. (1991)

PM questionnaire

Strategies, actions and measures are assessed, Extent to
which they are supportive? Data analysis as per management
position or function, Range of response and level of
disagreement

Dixon et al. (1990)

Brown’s framework Illpllt measures, Process measures, Output measures, Brown (1996)
Qutcome measures

SMART pyramid Quality, Delivery, Process time, Cost, Customer satisfaction, | Developed by Wang

(Performance Flexibility, Productivity, Marketing measures, Financial | Laboratories.

pyramid) measures Lynch and Cross (1991)

Balanced Scorecard

(BSC)

Financial, Customer. Internal processes, Learning & growth

Kaplan & Norton (1992)

Consistent PM system

Derived from strategy, continuous improvement, fast and
accurate feedback, explicit purpose, relevance

Flapper et al. (1996)

Framework for small Flexibility, Timeliness, Quality, Finance, Customer Laitinen (1996)
business PM satisfaction, Human factors ’ ’
Cambridge PM uality, Flexibility, Timeliness, Finance. Customer | __ _

) = Q ) y . v ) Neely er al. (1997)
process satisfaction, Human factors

Integrated dynamic
PM System

Timeliness. Finance, Customer satisfaction. Human factors ,
Quality, Flexibility

Ghalayini et al. (1997)

Integrated PM
framework

Quality, Flexibility, Timeliness, Finance, Customer satisfaction

Medori and Steeple (2000)

Integrated PM system

Finance, Customer satisfaction, Human factors, Quality,
Flexibility, Timeliness

Bititei (1094)

Dynamic PM Systems

External and internal monitoring system, Review system,
Internal deployment system, IT platform needs

Bititei e al. (2000)

Integrated
Measurement model

Customer satisfaction, Human factors, Quality, Flexibility,
Timeliness, Finance

Oliver & Palmer (1998)

Comparative Business
Scorecard

Stakeholder value, Delight the stakeholder, Organizational
learning, Process excellence

Kanji (1998)

Skandia Navigator

Financial focus, Customer focus, Human focus, Process
focus. Renewal and development focus

Edvinsson and Malone

(1997); Sveiby (1997)

Balanced IT Scorecard
(BITS)

Financial perspective, Customer satisfaction. Internal
processes, Infrastructure & innovation, People perspective

ESI (1998) as mentioned in
Abran and Buglione (2003)

BSC of Advanced
Information. Services
Inc (AISBSC)

Financial perspective, Customer perspective
Processes, People, Infrastructure & innovation

Abran and Buglione (2003)

Intangible Asset-
monitor (IAM)

Internal Structure: *Growth, *Renewal, *Efficiency, *Stability,
Risk (Concept models, Computers, Administrative systems);
External Structure: *Customer, *Supplier, *Brand names,
*Trademark & image; Individual Competence: * Skills,
*Education*Experience, *Values, *Social skill

Sveiby (1997)

Performance Prism

Stakeholders satisfaction, strategies, processes, capabilities,
stakeholders contribution

Neely and Adam (2000)

QUEST

Quality, Economic, Social and Technical factors

Abran & Buglione (2003)

European Foundation
for Quality
Management (EFQM)

Leadership, Enablers: people management, policy and
strategy, resources: Processes, Results: people and customer
satisfaction, impact on society; and Business results

http://www.efqm.org/ as
mentioned in Wongrassamee
et al.(2003)

Table B.1: List of Performance Measurement Frameworks

Source: [Parida A., 2006]
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Annex C: International quality organizations

1. The European Foundation for Quality Management EFQM)
Model

This model, developed by the European FoundationQality Management in 1992, is
widely used by United Kingdom and European orgdrmma, in both public and private
sectors as a means of reviewing performance agateshationally recognized best practice.
The model is presented in figure (C.1).

e T T )

FECIFLE
FEQIFLE

RESLTS

LE& DERSHIF FOLEVE FROGESSES CLISTORER PEHF;HE:'IAN:E
STRATEGY RESILTS

RESILTS

i ATNERSHIFS SOCIETY
& RESOURGES RESULTS

h IMMOVATION 4 WD LES RMING _

= EFOhd

Figure C.1: European Foundation for Quality Managehixcellence Model

The model is used as a practical tool in a numbdifierent ways:
= As atool for self-assessment
= As a way for benchmarking with other equivalentamigations
= As a guide to identify areas for improvement
= As a structure for the organization's managemestiesy

The EFQM is structured of nine criteria items, aB#8 sub-criteria, against which
organizations can assess their activities. The migdbased on the principle that the five
enablers of excellence are about leadership, pa@my strategy, people, partnerships and
resources, and processes. As stated by dolphinbwokk section "A" [dolphif, 2003] that
these activities enable excellent performance, eanotistrated by people results, customer
results, society results, and ultimately, key penfance results. Key performance results are
the indicators of progress towards the organizatiaims and objectives.
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2. Malcolm Baldrige National Quality Award

This is a competition award to identify and recagniop-quality United States of America
companies. This award was established in the UrStates of America by the Congress in
1987as a quality management system for manufastuservice business and small business.
Other categories were added later, for examplegadotin and heath were added in 1999. The
model addresses a broadly based range of quailigyiar including commercial success and
corporate leadership. Its role is that once anrorgéion has won the award it has to wait
several years before being eligible to apply agéime Baldrige National Quality Program is a
self-assessment and action planning program. Tlal-assessment profile is the
organizational profile for a snapshot assessmentthef organization. The recipients
organizations of the award are selected on achiemeand improvement in (7) areas known
as the Baldrige criteria for performance excelleddese are:

Leadership

Strategic planning

Customer and market focus

Measurement, analysis, and knowledge management

Human resource focus

Process management

Business/organizational performance results

o el ud

3. The International Organization for Standardization

The International for Organization Standardizai®based in Geneva, Switzerland, and it is a
worldwide federation of standards bodies from mibyv@n (110) countries. Its mission is to
promote the development of standardization ande@lactivities in the world with a view to
facilitating the international exchange of goodd aarvices, and to developing cooperation in
the spheres of intellectual, scientific, technotadji and economic activity. 1ISO's technical
work consists of developing international agreemethirough a consensus-based process, for
voluntary application. These agreements are pudiss International Standards. Moreover,
the 1ISO describes standards for a Quality ManagerSgstem addressing the process
surrounding the design, development, and delivefyaogeneral product or service.
Organizations can participate in a continuing @ediion process to demonstrate their
compliance with the standard.

The 1SO 9000 family of standards was designed ta lgeneric process that can be used by
manufacturing and service companies, worldwide.atldition, the ISO 9000 family of
standards sees quality as a process. This is dignthe standard examining quality from
beginning to end-user and considers service topaetaof the overall standard. ISO 9000 was
developed by the International Standards Orgawoizatnd details about the scope and
implementation of the standard were establishedl987. The standards have been revised
several times since then. The ISO standards hase I@adened over the last few years to
deal with other non-quality issues, for examplsués dealing with environmental standards
under the general heading of ISO 14000, and I1S@datds that deal with “knowledge
management” as a distinct discipline, and others.
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4. The Alliance for Performance Excellence

This is a network of states, local, and internaloarganizations that uses the Malcolm
Baldrige National Quality Award criteria and mogal the grassroots level to improve the
performance of local organizations and economieklitfonal to the external assessment of
the organization, the alliance offer many othervises and education programs in the
following fields:

= Benchmarking

= Consulting

= Training on Kaizen theory

= Six sigma

= Lean manufacturing

= Offers best practice workshops and conferences

5. Discussion

As can be cited from the literature above that e@aoldel has its own criteria and rules of the
game. These models basic idea is the self assessmengh a dedicated analysis of the
performance of the quality system of the organmatvith the guidance of a list of criteria
and sub-criteria. After the assessment which isedonthe organization itself, a copy of the
assessment would be sent to that particular maitan order to benchmark the results with
other organization in the same domain.
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Annex D: Arrow's impossibility theorem

Arrow's theorem is related to Decision Theory, ibig often expressed in a non-mathematical
way. The framework for Arrow's theorem assumes ttate is a need to extract a preference
order on a given set of options (outcomes). Eadividual in the society (or each decision
criterion) gives a particular order of preferenoaghe set of outcomes.

[Hazelrigg, 1996] has argued that design approachesh as the Quality Function
Deployment, that seeks to optimize the value oésigh to its different customers can lead to
highly erroneous results. He bases this argumenbh@mmpossibility theorem first presented
by Kenneth Arrow [Arrow, 1963]. Kenneth Arrow codsred the problem of constructing a
utility function to express the presence of a grand showed that apart in some very special
case, utilities cannot be used. For further undadihg this theorem the concept of utility is
discussed below;

Utility is an economic value of preference. For mapée an individual's preference for three
alternatives A, B, and C; where A is preferred taBd B is preferred to C, can be expressed
as:A>B>C

In this case each option can be assigned a ulditgl, as a measure of the level of each
preference. The above could then be expresseddgnatlity function as:

UA>uB>uC.
The impossibility theorem considers the prefererafes group of three rational individuals

which are presented in the table (D.1) below wiittappears that no consensus is possible in
this case.

Individual Preferences Avs. B Bvs.C Avs. C
1 A>B>C,A>C A B A
2 B>C>A B>A B B C
3 C>A>B,C>B A C C
Group preference A>B B>C C>A

Table D.1: Arrow's Impossibility Theorem

Source: [Hazelrigg, 1996]

So to avoid this difficulty, Quality Function Degiment should adopt either a hierarchy of
opinions or a global one resulting of the aggregatf individual ones.
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Annex E: Introduction to fuzzy logic

1. Introduction

Fuzzy logic and fuzzy set was introduced by Zadelfilas an extension of classical set
theory, and is built around the central conce Gizzy set membership function. Its concept
is based on trading off between significance argtipion. Fuzzy Logic is a convenient way
to map an input space to an output space. Thisepbns used due to its many advantages,
such as, its naturalness of its approach and s\édritreaching complexity, its flexibility, it's a
very powerful tool for dealing quickly and efficigy with imprecision and non linearity, it's
also tolerant of imprecise data as Fuzzy Reasdmirigs this understanding into the process
rather than taking it onto the end. As fuzzy logi&nown to deal with linguistic, vague, and
uncertain data, its use in many applications wazed to fulfill this task. For instant it was
utilized as a fuzzy approach to environment peréoroe evaluation, and as an approach for
developing metrics for determining knowledge mamag® success, and many other
applications.

2. Fuzzy Sets and Crispy Sets

Fuzzy set theory enables the processing of imgdaif®rmation by means of membership
function. In contrast to Boolean Characteristicspplag of a classical set (called crisp set)
takes only two values: one, when an element beltmgise set; and zero, when it doesn't. In
fuzzy set theory, an element can belong to a fisetywith its membership degree ranging
from zero set to one. For example, this can becatdd by stating the difference between
classical theory and the fuzzy set theory as shusiow:

Classical Theory Fuzzy Set Theory
1 IFXOA

pA(X) = pua(x)0[od]
0 ItxOA

Further more, crisp sets and fuzzy sets are usidahtified with these membership functions
as presented in figure (E.1), and (E.2).

A

|

0 0.5 0.8 1y
Figure E.1: Characteristic Function of a Crisp Set
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Figure E.2: Characteristic of Fuzzy Sets

3. Operations on Fuzzy Sets

In addition, basic operations can be introducedumzy sets. Similar to the operations on
crisp sets, it can be intersect, unify and negateyf sets. These operations coincide with the
crisp unification and intersection if only the mesnthip degrees are considered between 0
and 1. Examples are presented in figures (E.33)(Bnd (E.5) below. Figure (E.3) indicates
Fuzzy set between 5 and 8 AND about 4 using thénmaum method.

Hang A

1 A( \
! >
4 5 8 X

Figure E.3: Fuzzy AND using the Minimum Method

Set between 5 and 8 OR about 4 is presented irefi@ti4) below;

A

2 >
5 8 X

Figure E.4: Fuzzy OR using the Max Method

The NEGATION of fuzzy set A is as shown in figuEeg) below;
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»

My 4

1

4 5 8

Figure E.5: Fuzzy NEGATION

4. Fuzzy Classification

Fuzzy classification is one application of fuzzedhy. Expert knowledge is used and can be
expressed using linguistic variables. For examtble, polarimetric variables entropy H and
o- angle can be modeled as depicted in figure (E.®whe

1 very low low medium high
H) >< ><
0 Y
A . .
low medium high
a)
0° 90

Figure E.6: Linguistic Variables
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5. Acquisition of Knowledge and Designing the RulBase (Inference Rules)

Fuzzy rules must be set in a linguistic form thdt describe the relation between the inputs
and the outputs. An example of such a linguistie sl "IF temperature is coldiHEN heater
is high". To interpret this ruldF temperature is coldHEN heater is high" by the first order
formula Cold(x)—High(y) and assume that r is an input such thatd@pls false. Then the
formula Cold(r}»High(t) is true for any and therefore antygives a correct control givan
Rules are usually expressed in the form: If vagail set Then action. The example below
considers an extremely simple regulator that udas.arhe rules for this particular case will
look like:

= IF temperature is very cold THEN stop fan

= IF temperature is cold THEN turn down fan

= IF temperature is normal THEN maintain level of fan

= IF temperature is hot THEN speed up fan
Fuzzy decision is a function of many fuzzy rulelechthe base rules. To get these rules,
there exist many methods such as:
- The extraction of human knowledge and experiaridbe system operation is undoubtedly
the most common method used for the control of dexpystems. It can be obtained directly
in the form of rules set out by experts in the colndf the process, or from a set of data input-
output representative of behaviour of the humarraipe In the second case, it is to build
fuzzy model actions taken by the operator.

- Getting the fuzzy controller by inverting the iyzmodel of the process. The reversal of this
model leads directly to a fuzzy controller. Howevéne use of this model as inverse
controller is only possible when the system is ogdd¢o minimum phase. Otherwise, it would
lead to instability of closed-loop system. The o§doth direct and indirect (with inverted)
fuzzy model the process leading to the laws ofyudercision by internal or predictive model.

- Expert knowledge concerning the behaviour offfexess in certain situations (eg, temporal
responses) can also be used for the realizatidnzaly controllers. There are also rules of
equivalence between the classical type controflereportional-Integrated Derivative (PID)"
Controllers and fuzzy. Mac-Vicar Whelan table i af the most used regulation tables in
this domain. These controllers are fuzzy versidretandard controllers.

In fuzzy decision, the fuzzy rules are generallgcus the form:

IF (X, is A) and (X, is A) THEN (Y is B) [2.1]
— —— _ H_J
Condition Conclusion

When the fuzzy rules are semantically complex, tay easily be written and transformed to
the general simple form of the same type as stbede in (2.1). Some examples are shown
below:

JUIf (X, is A) Then(Y is B ElseY is B,)"can be transformed to:
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"IF (X, is A) Then Y is B,"
OR

"IF (X, is A)ThenY is B,"

-"If (X, is A) Then (Y is B, Unless X,is A)" can be transformed to:

"IF (X, is A) Then Y is B,"
OR
"IF (X, is A,) Then Y is A,"
- "If (X, is A) Then (Y is B, Elself X,is A, ThenY isBz))"can be
transformed to:
"IF (X, is A) Then Y is B;"
OR
"IF (X, is A)land X, is A, ThenY isB,"

-"If (X, is A) Then (If X, is A ThenY is B)"can be transformed to:

"IF (X, is A and X, is A, Then Y is B,"

6. The Different stages of Fuzzy Decision

A fuzzy controller system is a knowledge-basedarisy, limited in depth. It uses sequential
procedures consisting of computing the belongirgreles of the inputs. All the rules having a
belonging degree different from zero in the leftesare activated, after that the average of all
the outputs is computed to get the final decisidre different steps are as presented in figure
(E.7).
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Measuremnt Process Decision Variable

Figure E.7: Structure of the Base of Fuzzy Decision

The measurements are the inputs of the fuzzy dtertrdhese measurements are generally
consisting of the outputs of the process or sonmoitant quantities describing the dynamic
evolution of the process. The outputs of the fuzaytroller are the decisions to be applied.

The knowledge database is composed of a rule lmasmfmrmation base which consists of:
= Fuzzy sets describing the inputs and outputs ofitthey controller
= The normalization and demoralization factors

The basis of rules contains rules in the form:

"IF (X, is A and X, is A, Then Y is B,"

X, X, and Y Are physical characteristics of the system, wrerégqand A,are the

linguistic labels.
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There are two types of rules, they are:
= Symbolic conclusion rules (Mamdani rules), where #ero of the rules are fuzzy.
Example: If the error is "negative average" andvaeation of the error is "small/low
positive" then the order is "small/low negative".
= The algebraic conclusion rules (Sugeno rules), ehibe zeros are not fuzzy, so
defuzzification is not needed.

The normalization and de-normalization steps arongal. Physical measurements can be
directly used in fuzzzyfication and defuzzicatiowgedures

7. Fuzzification

Fuzzification consists of computing the belongirigeach input to its related fuzzy sets. It is
the projection of real physical values on the fugets characterizing these variables. In other
words, it is the process of converting a crisp tn@lue to a fuzzy value.

To get the belonging functions, there is no spectiathematical procedure; these functions
can be (triangular, trapezoidal, exponential, ganysSome comparative studies have proved
that, instead of the shapes of the belonging fangtsimilar results can be obtained from
closed loop configuration. The triangular functiare easier to be implemented in computer
programming. The number of fuzzy sets is usuallg sdch as (3, 5, and 7), because the sets
are symmetric with respect to zero. An exampleuoicfion belonging triangular is given in
Figure (E.8).

NH NM NL ZERO PL PM PH

A

»
»

0 Universe speech

Figure E.8: An Example of Triangular Membership Functions

The abbreviations for the linguistic values are:
NH: "Negative High"

NM: "Negative Medium"

NL: "Negative Low"

ZE: "Zero"
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PL: "Positive Low"
PM: "Positive Medium"
PH: "Positive High"

8. Fuzzy Inference

This is based on the utilization of an involvemepeérator, which is used to evaluate the truth
degree of a rule ‘R’ in the form "If X is A theni¥ B". In other words, this operator describes
the strength of the linkage between the conditiwh the conclusion.

There are many and various operators of involveraeocbrding to the interpretation given to
the involvement "A implies B" (A B). Two typex involvement can be distinguished;
classical type where "A implies B" is defined byotrA or B", conjunctive type where "A
implies B" is defined by "A and B". The most comrhpused operators are conjunctive.

Mamdani envolement (1974)R(x, y) = min (AA(X), UB(Y)),
Larsen envolement (198QR(X, y) = LA(X).1B(y)

Let's consider: "If the engine of the vehicle ig,lB0 its fuel consumption is high. This rule
will be used for a particular vehicle which we kngpwecisely the engine capacity, which is
not necessarily typical of the characterizatiorg"pand must also provide a conclusion on its
fuel consumption if the engine capacity is reldinvagh.

9. Aggregation of the Rules

Depending on the type of involvement, classical aamjunctive, the operator used to
aggregate the rules is respectively conjunctivdigjunctive. Thus, usually the implication is
of conjunctive type, so this involves the usingtleé operator "OR" to link the rules. In
practical, the operator max is used:

1B (y) = max(u8, (y)

Before describing the next stage consisting of sfiaming the resulting sets from the
aggregation of rules (fuzzy sets described by timetfon of belonging to a valus (y ),)to
crisp value, let's consider the classical exampiegiMamdani reasoning.

The example illustrated in figure (E.9) considérs following rules:

R:1f(x is ZE and x, is ZE) then y is ZE

R,:1f(x, is PP and x, is PP) then y is PP

The Mamdani method as presented in figure (E.@pged on the use of the operator min for
the combination of condition and involvement. Eaetjulation is activated separately and the
results are aggregated to describe the fuzzy $ete @utput variable y. The aggregation of
rules is carried out by the operation max.
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Figure E.9: mustration of the Mamdani Method
10. Defuzzification

The defuzzification is transforming all fuzzgsulting sets from the aggregation to a specific
order of magnitude. There are several methods thidpincluding:

The method of height

The first of maximums

The last of the maximums

The average maximum

The centre of gravity

The centre of areas

The centre of the largest area
The centre of the maximums.

R R VR

The most commonly used Defuzzification methodsuzey decision are the centre of gravity,
the centre of areas and the centre of maximums.
The method of height and its variants

The method of the height chooses the greatest levdlizzy decision as the value of
maximum as displayed in figure (E.10).
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Hg (Y)

p = arg{maxug ()}

v

M y

Figure E.10: Deffuzification using the Method of Height

In the case of function of belonging having moranttone maximum, it would be a choice
between the first of maximums, the last of the mmxns or the average maximums. The
average maximum is similar to the first and lasttltd maximum methods that consist
computing the average. Figure (E.11) shows theautgifor the method of height.

4 (Y)

First max: 91

Last max:y,

average max pu=2>%

v

0 Y1 Y,

Figure E.11: Variants for the Method of Height

This method requires a small amount of calculatiomscan introduce discontinuities in the
fuzzy decision, which explains why this method a$ widely used.

The method of centre of gravity

The centre-of-gravity formula as presented in fg(E.12) is the most frequently used due to
its preciseness. It gives directly the most repregive value of the fuzzy output sets, but it
needs a lot of computation.

- 145 -



Annex E: Introduction to fuzzy logic

A Once
recorded
area

~ jyﬂBl(y)-y-dy

- fy B1(y).dy

U

Figure E.12: Defuzzification Using the Centre of Gravity Method

The Centre of Areas Method

This method is similar to the previous one, butsdoet require calculating Bl(y .Jrhe idea

is to consider the contribution of each area irdliaily. The whole B 'is constructed from the
sum of all the areas. Thus, areas that overlaghely exist, are counted more than once as
depicted in figure (E.13).

A twice
recorded
area

[ > wBi(y).dy
Y=

[ > uBi(y).dy
Yi=1

U

Figure E.13: Defuzzification using the Centre of Areas Method

The centre of the largest area

This method calculates the center of gravity ofl#rgest area. This method is not commonly
used.

The Centre of maximums

This method considers the maximums of each cortobuand computes their weighted
average as presented in figure (E.14).
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Figure E.14: Defuzzification using Centre of Maximums Method

Sugeno’s Method
In the case of rules having polynomial conclusigndes of Takagi-Sugeno), having the

following form:
R:lf(x is A and x, is A, and.x, is A)) Then(y is f(X,%X,...X,))

The final decision is obtained by a simple weightadgrage according to the levels of
activation of each of the ruleR (i =1,...,r):

r
dooay i (Xg Xg e Xg )
i

S

/J -

WEn @ =T(ly (%), Hy (%), (%))

11. Denormalization
This last stage transforms the standardized valtidge output variables of fuzzy decisions to
their respective physical magnitude using the néimakon factors.

12. Conclusion
Fuzzy controllers can be classified into severgesy with respect to the nature of their

conclusion:
= Symbolic (Mamdani type controllers).
= Algebraic (Sugeno type controllers).
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The major interest of fuzzy logic lies in its abjlito translate a strategy used by qualified
operator to a set of linguistic rules in order édasily interpretable into fuzzy decisions.

This annex covered an introduction to fuzzy logibere it has displayed the basics of fuzzy
logic operations, fuzzy decision and numerical ienpéntation.
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Abstract

In this thesis, Quality Function Deployment forca#ift maintenance organizations is considered. gsssent and
evaluation of quality management in aircraft maiaigce organizations is the key to ensure safdigbiity, and the
assurance of quality. At present, companies artl@dvorld have an absolute need for quality managesystems in
order to help them to develop and manage bettardhgvities. Improving the way in which organikats handle their
organizational management plays a major role isirrgithe standard of the quality of the producther quality of the
service they deliver. The challenge of implementinglity approaches in the management of aircraintanance
organizations is appealing since it is recognizesiave time and money. As a result, the organizaiam become more
efficient, more competitive in its domain and figainore profitable. Quality management is, therefan essential
function for maintaining and improving the qualit§ the services and products provided by aircradimenance
organizations.

First necessary background andréteal knowledge on aircraft maintenance orgaipatand quality management is
presented in detail. This is achieved by perforn@anganalysis of the needs and the means for impgayiiality in the
maintenance activities. The proposed analysis agbris a combination of Quality Function Deploymentd Fuzzy
Logic theory. The Quality Function Deployment isedsas an analysis tool to translate the customedshand
requirements into service features. The Qualityckion Deployment involves the construction of a nixastructure
which allows the assessment and ranking of diffecenrse of action with respect to quality. Sincangopinions from
experts are expressed in linguistic terms it apmb#hrat fuzzy logic could improve this analysisqass. Then, the final
part of the thesis is devoted to the developmeatfoizzy quality function deployment. The proposedlysis approach
is then illustrated in the case of aircraft maiaigre organizations where the objective is to irm@dieet availability,
maintain aircraft reliability, decrease servicinge, and limit investment costs.

Key words: Industrial Engineering, Quality Management, Aiftréaintenance, Quality Function Deployment,
Fuzzy Logic, Fuzzy Modeling.

Résumé

Dans cette thése, le déploiement de la fonctioladialité pour I'organisation de I'entretien deigms est considérée.
L'évaluation de la gestion de la qualité dans lemmismes de maintenance des avions est la clé garantir la
sécurité, la fiabilité et 'assurance de la qualté nos jours, les entreprises partout dans ledmont un besoin absolu
de systemes, gestion de la qualité afin de les @ddévelopper et & mieux gérer leurs activitésfdgon dont les
organisations gérent leurs gestions de I'organisgtiue un réle majeur dans I'amélioration du nivda la qualité du
produit ou la qualité du service qu'elles fournigsée défi de la mise en ceuvre de la démarcheatéuddns la gestion
de la maintenance des avions est important canitilodnduire a des économies de temps et d'argargestion de la
qualité est, par conséquent, une fonction esskntielr maintenir et améliorer la qualité des smwiet produits offerts
par les organismes de maintenance des avions.

Dans cette thése les prés requis et connaissaméesques sur l'organisation de la maintenance efektion de la
qualité sont présentés en détail. Ceci est réatiséffectuant une analyse des besoins et des mppensaméliorer la
qualité dans les activités d'entretien. L'apprathealyse proposée est une combinaison du déplotededa fonction
de la qualité et de la Logique Floue. Le déploiemnla fonction de la qualité est utilisé commeounil d'analyse
pour traduire les besoins des clients et les besminqualité des services. Le déploiement de letifom de la qualité
comprend la construction d'une structure matrieipkrmettant d’évaluer et de comparer les différetans d’action.
Puisque de nombreuses opinions d'experts sontneéesi en termes linguistiques, il semble que la dusgiFloue
pourrait améliorer ce processus d'analyse. La éermartie de cette thése est consacrée a I'étetvoda déploiement
de la fonction de la qualité dans le cadre de gidue Floue. L'approche d'analyse proposée estterilbustrée dans le
cas de l'organisation de l'entretien d'une flottavihns. L'objectif est d'augmenter la disponikilide la flotte, de
maintenir sa fiabilité, de diminuer le temps dwgar de maintenance, de limiter les colts d'ingsstnent.

Mots Clés:Génie Industriel, Gestion de la Qualité, Entreties Avions, Déploiement de la Fonction de la Qéalit
Logique Floue, Modélisation Floue.
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