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ABSTRACT

The goal of Quality Engineering is to design qualitto
every product, service and manufacturing procesgatticular
a methodology is claimed to be very important fonalty
design and management: Quality Function Deployri@fD).
QFD is a structured methodology and mathematicdiused to
identify and quantify customer requirements anddiae them
into key critical parameters of systems and prazess

The aim of the paper is to show how a quality managnt
approach can support the increase of the procgsbitizy in a
global vision of every business. QFD representsadriee most
successful tools used in industrial managemenudiyg actual
and real cases, the paper shows the effectivefidhe QFD in
improving both the management of a process anzhjability.
Four examples are presented. They take into acdtiffatent
environments: pharmaceutical, mechanical, healéhcand
transportation markets.

The first case study is deployed in a pharmacdutica
company to satisfy the new customer requirementsttie
introduction of a nasal spray product on the Japamearket.
The second example is applied to the automotivekendor the
production of air-cooling devices for deluxe vebgl Finally,
the other two cases show the implementation o @RE tool in
transactional processes, such as Cargo Centertiastiand
healthcare services.

Key words: QFD, VOC analysis, Continuous Improvement

INTRODUCTION TO QFD

The main goal of this paper is to show the effestass of
the QFD through four industrial cases. Neverthelesgrief
introduction to QFD is necessary in order to unies which
are the main methodology guidelines.

The high quality standards of the output, the rgpid
changing technology and the features of the achaaket have
imposed on companies the application of innovative
methodologies and tools in order to increase custom
satisfaction. One of these methods is the QualitycEon
Deployment (QFD), that links the voice to the custo
directly to the internal processes of a companytaorg and
suggesting prioritization for improvement [1]. Théchnique is
a systematic method for motivating a business tmgoon its
customers. It can be applied by different functioleams in
order to resolve problems in providing productgcesses or
services [2].

“QFD is a customer-driven process for planning picisl
and services. It starts with the voice of the cungtg which
becomes the basis for setting requirements” [3{lefines the
relationships between “product and process whathand in a
matrix form” [4]. The matrix form is called “Housef
Quality”, see Figure 1.

The QFD concept is based on four phases [5]:

- definition phase: management defines the product o
service to be improved. In this step there is #lecdion
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of the team that should share a common vision and

mission in order to achieve the project goal;

The integration of VOC into VOP gives an understagd
of the performance level of a company and, as aemurence, a

- identification of the Customer Axis: the team must first way to improvement (Critical to Quality feats — CTQSs)

determine customer requirements using differenisfoo

[8]. In a global evaluation of a company it is &ssl to focus on

such as interviews, surveys or complaint sheete Th the customer if we don’'t know the process that les the

output of this step is a list of features that ariéical to

service and in the same way it is restrictive teeas a process

customer. For every feature the team must define a without considering the market requirements. Thareefthe

weighting of importance as shown in Figure 1;

- determination of the Technical Axis: by using ouf the
customer, capability indexes and product or serpis,
the team must identify those technical features #ra
critical to satisfy the customer targets. They thdoe
shown under the “House of Quality” roof. It is pits to
link the different technical features using thefrob the
“House of Quality”. This step operates only on thi¢ical
parts of processes improving whole system;

- calculation of Critical to Quality features: byaading the
relationship matrix it is possible to calculate thest
important CTQs features in order to obtain immexiat
customer satisfaction. This step is fundamentakr¢ate a
prioritization to increase the performance levéltie
system. The relationships are shown at the intéoseof
the what and how, using different symbols. In théy the
team should calculate “how much” for each “how”
multiplying every symbol rank with the importancé o
weightings in each column [6].
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Fig. 1: The House of Quality

It is possible to complete the “House of Qualitgptbying

a comparison with competitors in order to understdahe
position of the company in the market. An effectimplication
of QFD could provide many benefits such as an imgment
of customer satisfaction, shorter lead time, lost@rtup cost,
marketing advantages or fewer startup problemsj3Jshown,
the deployment of Quality Function Deployment faesis
overall on two fundamental concepts:

- the voice of the customer (VOC);

- the voice of the process (VOP).

following sections define why and how to identifyOZ, VOP
and CTQs.

THE DEFINITION OF THE VOC

The need of QFD implementation should rise from a
detailed study of market requirements. In order ofatain
correct customer information an efficient marketstigucture is
necessary inside a company. The identificatiothefVOC can
seem a simple step. Nevertheless it is a very aadddecisive
step to reach the goals.

In general the customer knowledge is a complexgs®c
To contact the customers and to understand thegl lef
satisfaction requires a set of marketing tools thélt be
introduced briefly in this section.

The first step, often neglected, is to identify wisothe
client. The customer is not only the final user kagresents the
totality of entities that are down stream of a dé&pant or a
process that we are analyzing. Therefore a custaaerbe a
person, a company, a function, a process or awityctiat can
be in different positions of a supply chain. Alotigse lines it
is possible to divide customers into internal amteal. A
further stratification is the distinction betweej:[

- actual clients they are the users of the company
product/service;

- potential clients they can provide useful information to
increase the business of a company;

- lost clients they represent a severe loss for the company.
However they can be also an opportunity to undedsta
the encountered mistakes and thus they can bereesof
improvement.

In order to complete the Customer axis in the “Hoo$
Quality” there are a number of tools to collectstheypologies
of information: there are surveys, (phone, email direct)
interviews, comment cards (they are used to knavophality
level of a service) or filed reports providing omfhation
collected by sale managers. The importance of ttuede has a
significant impact on increased customer loyalty.

To understand and to satisfy the customer needa is
critical activity. However it can be very profitablfor a
company. In order to reach this goal a strong effarthe part
of the whole organization is necessary. In pardicut is
possible only if the top management emphasizesctlitsre at
every level of the company. In fact only a limitpdrt of the
organization knows the real customer needs. An itapbd
assignment of top management is to create an altstructure
that can spread this knowledge into every compavel)
building a customer centered organization.

There are also other useful tools that help to tiflen
graphically the role of customers or suppliers in a
manufacturing/service stream. These tools are SIED@plier
— input — process — output — customer) or IPO (inrpprocess
— output) [10]. The simple exercise of dividinglaw into its
main processes, inputs and outputs can help uaderavhat
the “user” is and as a consequence what the reqairts are.
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Every organization needs a clear mapping of itsorners.
In order to implement an efficient improvement plinis
fundamental to know what are the priority aspectsl a
convenience for the interventions to avoid useleaste. Only
when the customer is known it is possible to begistudy of
requirement satisfaction. A must of an organizatierto be
aware that its existence is constrained by the ilpitigs to
satisfy (or create) customer needs. To meet theaapons
offers a significant opportunity to overtop the qmatitors
gaining market shares.

In order to define VOC the main milestones are:

- to clearly identify the customethey can be internal or
external. This step requires a market analysis and
detailed process mapping (for manufacturing or
transactional activities);

- to define the customer needkis goal can be reached
using different tools, for example interviews, sys or
analysis of complaints. The business environmemt ca
suggest what are the best techniques to applyth&le
methods can be classified into two main classemqtive
methods and reactive methods. Information of thst fi
methods are directly collected by the customer stitiie

second techniques are initiatives deployed by
organizations to improve their knowledge of market
needs;

- to carry out a dynamic analysis of the customtre
current speed of the market imposes a continuous
assessment of customer needs. A company shoulyslwa
control the level of customer satisfaction.

- to create an ordinate and rigorous method to cali@cd
analyze VOCdefining specification limits (to perform)
and target values to be reached on time;

- to use information and datahey are useful inputs to plan
and define a winning strategy.

The goal of the VOC identification is to define t6dCs
(critical to customer) features. They have an imistedmpact
on customer satisfaction [11]. If an organizatioscdvers its
weak points, it can plan the priorities of improvarhand, as a
consequence, create a significant increase in ével |of
satisfaction in short time. This aspect has alsoftimction of
maintaining customers that are thinking of movimg dther
companies. Therefore CTC features provide different
advantages and they can be only identified by aildet
stratification of VOC. They are indicated with ahipriority in
the “House of Quality”. The identified CTCs definthe
improvement actions and focus also on other impbriapects
of process/product that impact significantly on puttservice
realization. In order to achieve all these goalsisitalso
necessary to study the “process” through its voice.

THE DETERMINATION OF THE VOP

In a global evaluation of a company it is useles$otus
on the customer if we don’t know the process thavipes the
product/service. In the same way it is restrictteeassess a
process without considering the market requirem@8rterefore
it is important to know and measure all processésao
manufacturing stream. We can define a processesothlity
of activities and procedures that are necessamgdbize and
deliver a product/service, transforming inputs iotdputs and
providing “value”. In order to correctly assess r@qess it is
indispensable to identify the qualitative featutlest define its

behavior. In order to understand the voice of thecgss it is
important to define the process into:

- start and end of the process;

- time;

- involved activities;

- output (products, services and information);

- input (6M: man, machinery, method,

measurement, mother nature) [12].

Often we believe to have a good knowledge of the
industrial processes. Nevertheless if we try to #ek same
question to different people, involved into a conmmyocess,
we can obtain different answers. This fact is duthé different
vision of the industrial activities in each empleyélhus the
process mapping has the goal to create clarity dmtwthe
different involved processes. When we have relialata and
information at the start and the end of a procesdllibe easier
to understand the time, the outputs and inputshiBcontext,
an effective tool is the IPO (input — process -patjt

Successively, the VOP should be defined kgraps
variation, speedandvalue

Scraps are everything that do not give value to the
customer. It is important to remember that oftem shraps are
not obvious and they may take a long time to appesra
consequence of market dynamism.

Variation exists in everything, in nature as in a common
industrial process. We can consider a box of apflesy can
vary depending on different qualitative features, éxample
the weight, the color or the shape. In realitig ihot possible to
obtain the reproducibility of a phenomenon, not rewesing
more accurate conditions. This is due to differesnises as in
the industrial environment, the variability of ramaterials or
the different ability of the operators.

The VOP must consider two other fundamental aspects
connected by a strong constraisppeedandvalue [13, 14]. By
defining a process it is necessary to identify dlgvities that
provide value for the customer. Eliminating no ‘ealadded
activities we can reduce the lead time and theeefee can
increase the process speed. Only reliable datardonation
can identify where, how and when we must interveng¢he
process to obtain a significant improvement of
performances. Often in the industrial environmenangn
parameters are measured for a long time withowdsagyy if
these data are really useful to describe the psooebkavior. It
is important to underline that the customer satigfa index
measures the effectiveness of a company. Nevesthedam
effective company could fail because in order topbefitable
an organization must also be efficient. The efficie can be
measured by a lot of parameters, for example lipagl, tscraps,
no value added activities or costs.

material,

the

THE IDENTIFICATION OF THE CTQs

The identification of VOC (Voice of the Customendathe
knowledge of VOP (Voice of the Process) focusesitical
aspects (CTQs) of processes and products that imatesd
impact on customer satisfaction. In order to deplay
improvement plan the definition of critical to gialfeatures is
the first step.

These features enable us to import into the comphey
voice of the customer and they represent a sigmific
benchmark to verify the progress of an improvenpeoject.
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In order to understand the CTQs it is necessary to
introduce the concepts of defects, units and oppdies.
Defects are all parts of a product or service tlrahot meet or
satisfy the customer expectations. Units are somgttihat we
can measure and observe on a process and oppediari¢ the
total number of possibilities to incur into a detfger unit of
product. Therefore when we identify a feature fauatomer it
is possible to connect it to a possible defect aasl, a
consequence, to a opportunity per unit [15]. Exampl a call
center we can define a CTQ as the speed of anserecgll.
The unit is the call, the opportunities are one qal and the
defects can be the waiting time over a specifiu@aln this
way it is possible to deploy a numeric and quatinia
translation of CTQs.

By using the QFD technique the determination of 6TQ
features is easier. In fact the QFD methodologyides a
structured and smart roadmap that identifies andntifies
customer requirements and translates them into drétical
parameters using a mathematical tool (relationshitrix).
When we know CTQs we can define a prioritizatioimprove
the performance level of a system focusing only tbase
processes that are critical for customer satigfacfrhis aspect
can provide a competitive advantage.

INTRODUCTION TO CASE STUDIES

The aim of this study is to demonstrate the eféectéss
and flexibility of the QFD. In order to achieve ghjoal four
real applications are shown. The first two projeas
completed and the results are given while the otwer QFD
implementations are ongoing. However the first Itssare
already visible.

In every project the analysis of the customer neguithe
manufacturing and transactional processes is fuadtah The
contribution of an heterogeneous team, that inwohal
necessary departments, is essential in order tdewaxh
ambitious goals. These projects want to show thpdigbility
and flexibility of QFD in different contexts. Indathe first two
cases focuses overall on manufacturing systems\le other
two projects take into account transactional andvice
processes. It is possible to note a common guieldin each
case study: an effective customer need analysisedethe best
roadmap in order to improve the performance levklao
manufacturing or transactional system.

CASE STUDY 1. QFD IN THE PHARMACEUTICAL
ENVIRONMENT

The deployment of this project arose from the neiteof
a pharmaceutical company to launch a product onea n
market: the Japanese market.

This product was already commercialized in other
countries. Therefore the real goal was not to m®eethe
system productivity, but to eliminate those prodessures that
the Japanese market considers as defects. Thecpradis a
common nasal spray indicated for head care tredtnitewas
characterized by five main components:

- the actuator, it delivers the grip of the devicel @mables
the spray exit;

- the cup, it covers the glass vial,

- the vial, it is closed by a stopper;

- the solution, it is held by a needle (internalle actuator)
when the JNS is used;

- the label: shows the expiry date, bar code and rgéne
information of the product;

In order to achieve the project goal and to define
prioritization the implementation of QFD was neeggs For
this reason an heterogeneous team was involvedjstiory of
different personnel figures: the project leadée tmanager
responsible for the Japanese marketing, the manafer
marketing relationships, the production managere th
maintenance person and the internal consultant for
improvement management. The first input was to tifletthe
CTCs (Critical to Customer features) for the nagaby and to
assess the complaints from the other markets, wiieee
product had already been commercialized. A furtlssessment
was the study of the complaints about similar potsiuthat had
been sold on the Japanese market. The integragiovebn the
results obtained in this first step and the actwarketing
experience suggested the publication of a docu@mtaining
a more accurate definition of the terminology (TT&chnical
Terms of Supply) and the different categories.his phase the
role of the Quality Assurance, Customer Service ladketing
Department was fundamental. The main defect caegor
(Critical to Customer for the Japanese market) were

- blister contamination;

- black spots > 50Q0m and scraps on device;
- device dirt;

- black spots > 50Qm on blister;

- label position.

The second step was to map the manufacturing system
this way it was possible to identify the data adieavailable in
the company. The nasal spray value stream wasedivitto six
macro-processes: the solution preparation, thendill the
autoclaving, the automatic inspection, the asserghbdind the
blistering, as shown in Figure 2.

Raw material
acceptance

Raw material
acceptance

Solution
Vials
Stoppers
Operator

Filling

Labels
Operator

Actuators
Cups
Operator

Labels
Operator
Photocamerayy

Actuators

Cups 4 Device

Assembling Labeling

Vial

Vials A
Operator
Drum

Ass.Mach.

Devices
Operator Device
Machinery
Speed
Cycle Time,

WashMach
Operator
Vials

Temp Vial

Operators
Temp.
Press

Autoclaving

Blister

Blistering

Scraps

Blisters
Operators

A,

Packaging Delivery

Fig. 2: Nasal spray manufacturing system mapping
For every process the team members, in particllar t

responsible for the production system, definedntiaén inputs,
outputs and critical parameters. They could providportant
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information during the QFD deployment. Table 1 show
collected data to assess the performance levelhefmain
processes. The voice of the customer and proceaslaththe
QFD deployment.
discussed and studied the different relationshigswéen
customer requirements and system features in daodeefine
the CTQs.

Process yield To tal Batch
yield Scraps
Preparation 0.998 0.998 162
Filling 0.980 0.978 1,617
Autoclaving 1.000 0.978 0
Inspection 0.990 0.968 792
Assembling 0.990 0.959 784
Total 0.959 3,355

Tab. 1: The JNS process performances

In Figure 3 the cause effect matrix is shown. passible
to note the priorities of customer satisfactionparticular the
team did not take into account the functionalitytioé nasal
spray because it had a significant yield and tipadase market
had shown satisfaction analyzing data from othemutes in
which the nasal spray has already been commemiflizhe
absence of blistering contaminations representedl rttost
important critical to customer, defined by a higmpact.
Following the different parts of the system themeanalyzed
where and how this contamination could occur. Ovetee
failure modes were defined in the blistering precd$owever
the nasal spray could be contaminated during théogment of
other process activities, such as assembling aivelitay
process. In order to understand the critical amgasvhich the
team should focus for an immediate improvement,
stratification of the different kinds of contamiimats was
necessary.
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Fig. 3: Nasal spray “House of Quality”

a

The result of this study highlighted three typeslefects:
fibers due to blistering process and working lingack parts,
defined by the ink of the labeling process andshdire to the

During a meeting the team members operators. For this reason the main CTQs werdgehlig, PET

sheets and labeling process.

The same method was applied to the other CTCs
identifying where and how the team should openaterder to
obtain an increase in the performance level ofilsems.

For example the absence of scraps on the devidd beu
linked directly to assembling process. In this mdrthe system
different activities and machines are necessaigstemble the
cup with the actuators. In particular a drum fitlkes actuators
on the line. This process could be critical to trestraps on the
device. An improvement action was to regulate theed and
the queue of the actuators in order to avoid thevbl

The team deployed whole matrix for each CTCs, often
roof of the “House of Quality” connected differe@TQs
working only on critical features. By using the Qe team
identified a significant number of improvement aos. For
example the team imposed the cleaning of the leferk the
production of pieces for the Japanese market, reguthe
blister contamination and the device dirt defedike team
changed the maintenance method working abatingaalices
of device defects (i.e. maintenance of clamps thave the
device). The supplier process was reviewed impogiigh
standards of controls suggesting a severe controPBT to
reduce the black spots on the blister. These actiocreased
the process vyield and abated the defects, thusndpaei
significant saving. The QFD methodology determiaedefect
reduction of 80% increasing the saving of 20%.

CASE STUDY 2:
ENVIRONMENT

The purpose of this case study is to show the poivére
QFD methodology in satisfying the requirements ok t
automotive market. The company in this project poas air
cooling pipes, hamely KOMO devices, for deluxe e¢éds.

This process review takes into account an incredisbe
quality standards due to the automotive market.rafbee it
was fundamental to collect input information on toonser
needs and expectations, translate the VOC inpub int
meaningful terms and define requirements for tleegsses and
product. The project product is a common pipe usetie air-
cooling system of deluxe vehicles. Starting frora thoice of
the customer, the main goal was to increase thinpesince
level of the whole manufacturing system. In modern
organizations processes are fragmented in manyrtiegats,
therefore the team, characterized by differentrégu had to
map the primary processes and alternative patlsiding a
context picture of the manufacturing system. Toesstand the
complexity of the KOMO system, a process mapping wa
necessary. The production manager and operatore wer
involved in this step. Figure 4 shows the produtttream of
the product: the extruded pipes arrive from suppde the
warehouse and then they are transported to thegudtocess.

In this position an operator cuts the pipes in teagf 400 mm
and eliminates the produced chips. The devicesvarked by
five machine tools producing on the piece all feegurequired
by the customer. Subsequently the pieces, havieg beshed
in an industrial washing machine, are sent to a(@&tribution
center), and then delivered to the vehicle constracin order

QFD IN THE AUTOMOTIVE
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to verify customer requirements, a 100 % samplings w
implemented in the distribution center, using a uals

inspection. The process mapping allowed to compté

technical axis of the relationship matrix, see Fégbi [16].

Extruded pipe

Raw material ;
acceptance Cuttlng
P Extruded pipes
Cuttin
Extruded pipes Ope,,jo,
Operator Device [— Device
Machine tools
Operator
Scraps Turning
Device
Delivery
Device

4 Washing

Air-cooling Pipe Device Device Operator

Washing

h
Rework

Scraps

Fig 4: Komo manufacturing system mapping

At the same time the team deployed an analysishef t
customers and their requirements. By involving tBE,
Quality Assurance and the Marketing department #sw
possible to classify a list of critical features.
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Fig 5: Komo “House of Quality”

This activity was divided into two steps:
- an assessment of the technical reports of theiBusiton
Center, classifying the main defect categories and

deploying an economic analysis on the Costs of Poor

Quality and on the lost gains;

- an implementation of an internal visual inspectimn
check the capability of the system.

In particular the second step helped us to undedsitew
the voice of the customer impacted on process prgnce
capabilities.

The definition of customer axis was possible assgshe
technical reports given by the DC inspection. Tham
identified the following CTCs: blows on device, aféntering
error, internal roughness, extrusion bubbles angpsc on
device that represented the CTCs (Critical to Qust). Figure
6 shows a Pareto Diagram [17] that highlights #sults of the
first inspections.

Pareto Chart

120

100

INTERNAL
ROUGHNESS

EXSTRUSION OFF CENTERING SCRAPS ON
BUBBLES ERROR DEVICE

BLOWS ON
DEVICE

Fig 6: Pareto Diagram of the main defect categories

The QFD team completed the relationship matrix to
identify the CTQs. This operation was deployed miyria
meeting involving different organization figurest Wwas
essential to make an effective use of the main nuresources
of the company.

It is possible to note that the main defect catggeas
blows on device, followed by extrusion bubbles. Tdéem took
also into account this information during the “Heu®f
Quality” deployment.

The relationship matrix highlights the main Critic®
Quality features on which the team should focushitain an
improvement of the manufacturing system. For exantphke
washing process could be a significant source t#ade with
an important impact on customer requirements. Bpgushe
matrix, the analysis phase followed two ways: maotifring
processes, considering the machines and all idtératures of
the system, and materials, involving the suppli®cesses and
external resources. The manufacturing process sisaly
discovered that the basket of washing process aarthge the
device when the operator inserted the piece imtaehine.

A common discussion between the team members
highlighted that the scraps on the device couldéwesed by the
cutting process and in particular by the mainterant the
cutter. The bad clamping of the piece in the mazHiools
could give rise to the off centering errors.

The analysis phase defined a number of improvement
actions. In order to eliminate the blows on theickevthe team
studied a new method to wash pieces, by changieddsket
cover. This choice protected the pieces during whaeshing,
eliminating the blows on the device. The mainteeaperson
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used rubber to cover the basket thus softeningplihes due to
water pressure during the washing.

The involvement of the extruded pipe supplier armgliobal
review of its processes determined a significadticdon of the
bubbles. In implementing QFD the company obtained a
increased vyield from 98.50% to 99.45%. Consideriag [
production volume per year of 500,000 pieces passible to b
suppose a strong reduction of COPQs.

Truck
acceptance

Unpacked handling

Unpacked
Balances
Operators

—» ULD

ULD creation » uLD
X X Balances
Weighting W Operators

CASE STUDY 3: QFD IN THE A CARGO CENTER
This project is ongoing. However the first resuétad
benefits of the QFD implementation are alreadyblgsilt was Unpacked
deployed in an airport Cargo Center with a handtagability v oo Dol
of 50,000 ton per year. In last years the Cargot&emad a
significant growth of business. For this reason ttop
management wanted to study the market requiremants
improve the customer satisfaction operating orrivaeservices
and processes. Therefore the goal of this proganiincrease
of the performance level indexes (KPI) of the Cafgenter
focusing on customer needs and translating themimernal
services and transactional processes. The mosb@te tool
to achieve this goal was Quality Function Deploymérhe
QFD team is constituted by the Cargo Center manager
Quality Assurance person, the person responsibie thie
warehouse and two members of Operational Excellence
department. The first step was to identify the maark
requirements through a customer interview focusedtlee
satisfaction of the deliveries (on time, documeatet, integrity
of handling shipments) and the services (compls®rend
clarity of invoices and other information).
It was possible to add further comments to therviggy in
order that new inquires could be included to custoaxis.
In this way the main critical to customer were:
- delivery on time;
- correct handling shipment;
- absence of damage on pallets or containers; Dalles
- correct and exact information;
- correct and on time invoice.
For every need the team defined an importance of
weighting in order to deploy the relationship matri Dolles
The completion of the technical axis was made by a A
process mapping. It is important to underline thatprocesses
of a Cargo Center are divided into outbound andumd cargo
activities. For this reason Figures 7 and 8 shoe tWwo y
different situations. In order to clarify the pratluof this
project we introduce the meaning of ULD (Unit Lo@dvice).
ULD is the correct terminology used by the air $port
industry for containers and loading units that ased for the
carriage of cargo by air. Technical specificatidos unit load
devices are set by the International Air Transpgssociation
(IATA). These relate to the dimensions, materiatl asther
characteristics of the ULD. For more clarity thartedeployed
the relationship matrix for each flow, outbound antiound
stream as seen in Figures 9 and 10. We can notetttha
customer requirements are the same for every mairiact
the most important customer needs had the samecingra
export or import processes. In particular the wiighcolumn
shows that “delivery on time” and “correct handlisigipment”
are the most important CTCs. They defined the ‘@afor the

ULD weighting

—» uLD

Loading

ULD
Dolly Dollies
Operators

ULD/unpacked
Dollies

Operators
Airplane

Loading ULD loading

A 4

Flight
departure

Fig 7: Cargo Center outbound process mapping

The process mapping highlights the activities and
processes that are necessary in order to delivergcoept
freight.

Handling
uLb

Operators

Flight landing Unloading

A

Transporters

Error verification

3

Thru unit

Stock

r  Europallet

Trucks
Operators
Breakdown

Truck load

Fig 8: Cargo Center inbound process mapping

customer and therefore they represented the pomibegin the
improvement project.

For every activity the operator has an importaré ro
define the capability of the processes or the whkgktem. The
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team took into account this particular aspect dyrithe
deployment of the QFD. Figure 9 shows the relatigmsnatrix
for the outbound cargo system. The process mappiggested
that the critical area was “ULD creation”, followdxy “truck
acceptance”. These processes had a strong impadheon
“delivery on time” CTC. At the same way the QFD ks&s
underlined that “unloading”, “breakdown” and “Euediet
creation” were the most important processes ontwtiie team
should work in order to increase customer satigiactFor
every critical process a particular analysis wadaed by the
team. For example a stratification of the “ULD drea’
mapping was necessary to identify the main inpuits.
particular the role of the operators was fundaniefua the
process capability. The clarity and effectiveneds tlweir
procedures determined the on time completion ofatttvities.
For this reason the definition of KPI indexes comldasure the
cycle time.
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On time registration 2 O & ‘.L\‘ A ‘.i\‘
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TOTAL 57 | 26 | 26 | 24 | 18 18 27 |117

Fig 9: Outbound process “House of Quality”

The “truck acceptance” process was studied by iingl
the suppliers. In fact the real problem for theivdgly delays
was a lot of mistakes on the truck documentation.

The publication of guidelines explaining what icessary
for the truck acceptance, could help the Cargo €¢iot speed

up its activitiesln the same way the team assessed the inboun

processes (Figure 10), studying the variability daféct causes
using KPI indexes to measure the performance lefethe
system and brainstorming techniques to involveeitmployees
in the improvement processédable 2 shows the voice of the
process defined by Cpk index. A global assessmightighted
a no satisfactory performance for the system.

This project is ongoing, but the first results habeady
been noted. By implementing a number of the impnoset
actions, such as:

- clear procedures for ULD and Europallet creatiom an

breakdown processes;
- partnership with supplier for a more effective mgeraent
of the documentation;

- sharing of data and information with administration
employees to manage the invoices;

- a creation of a database to measure and analygebgte
step the voice of the process;

it was possible to obtain an increase in the peréorce level of
the whole system.
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Fig 10: Inbound process “House of Quality”

Cpk

Delivery on time 0.67

Correct handling shipment 1.02

Absence of dam_age on pallets 133
or containers

Correct information 0.85

On time invoice 0.90

Tab. 2: Cpk results before improvement action implenentation

In particular the team reduced the lead time ofgsses by
20 %, with improved Cpk indexes [18] (these arerage
values considering the different handling shipmerssipplier
training on documentation management is giving irtgpu

qPenefits, for the acceleration of the truck acceqta

CASE STUDY 4: QFD IN THE HEALTHCARE
ENVIRONMENT

The final project is deployed in the healthcareimment
and it focuses on the Radiology department of pitedsIn this
context customer satisfaction has a double meatinfgct it is
important to provide an efficient service. Nevehtiss it is
fundamental to discover criticalities and priostidor the
patient’s life. For this reason quality managemtuls and
continuous improvement techniques are necessaagdore a
high level of services. In order to achieve thialgoproject has
begun involving the main figures of the departmenat
constitute the QFD team. In particular the proprcise from a
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number of customer interviews that the Radiologgadement
deployed in order to measure the customer satisfagt the
last three years. The results of this analysisliggted that:

- 48% - patients satisfied with the service;

- 34% - patients completely satisfied,;

- 18% - patients unsatisfied.

The interviews involved a significant sample of ipats.
Therefore, the formal goal of the project was tovendhe
patients from the “unsatisfied” class toward thatisfied” class
and increase the percentage of the “completelysfdl’
category. For more clarity Figure 11 shows the pirag of the
Radiology system. The first step is the exam bapkifmere a
prioritization of patients is defined. This phasa de deployed
by phone or directly at the department desk. Thiécal
situations are processed immediately while the aboases are

preparation of the reports and the delivery of thsults to
patients complete the system mapping. As definédjsi
fundamental to determine prioritizations in ordersafeguard
the patient’s life. By involving the customer see/idepartment
it was possible to select a list of critical to twumser features.
This step completed the customer axis in the matiip matrix
of the “House of Quality”. Figure 12 shows a numb&CTCs
that include both simple booking activities and ttritical
procedures of the Radiology laboratory. In particithe time
of radiation has a significant impact on patieralttecare and a
continuous control must be deployed. As we can nbt
critical area on which the team should focus torémse
customer satisfaction are “Radiology exam execUtitResult
analysis” and “Exam booking”.

scheduled, assessed and planned for the exam ixecut

following the standard procedures.

Assessment of
emergency

Patient data

Planning

[
Urgent exams

Radiology Exam
execution

Data and
information

Result analysis

Result exams = A

A 4

1
i Other departments | Result delivery
1 1

Customer satisfaction
measurement

Fig. 11: Radiology system mapping

The core of the system is the exam execution in
Radiology laboratory and the analysis of the raesulthe
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Fig. 12: Radiology system “House of Quality”

For each CTQs the team is studying possible impneve
actions. For example the team has already defirfea t
following actions:

- more information for the patients on booking prages
focusing overall on the call center activities ¢@glines,
emergency management, kindness, etc...);

- more effective procedures and guidelines for opesain
order to improve the result analysis and filing qass
(emergencies, filing database, privacy, order Bsice,
etc...);

- a continuous control of the level of the radiatinrorder
to preserve the healthcare of the patients anchtgrs;

- animprovement in the relationship between the &agdy
unit and other departments;

- a more efficient management of the urgent exams and

the emergencies.
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Following these first steps the team will be aldeassess
the improvement status of the system. Surely arsamu
approach is necessary to reach the project goafamatain the
results. The Quality Function Deployment provided a
necessary tools in order to understand the sowfcpsoblems
and the possible solutions. The hospital managemmemes to
complete the project at the end of 2007.

CONCLUSIONS

The main goal of this paper was to show the pows a
flexibility of the Quality Function Deployment. Eme case
study demonstrates that “QFD is an effective togdrovide the
coupling between the customer satisfiers and theigde
process” [19].

The integration of the customer requirements wite t
features of a manufacturing or transactional sysietermines
the CTQs (Critical to Quality), the most importgydrts of a
process or a product on which the project team ruogsts for
immediate improvement of customer satisfaction.

By involving an heterogeneous team, that includés a
necessary work functions, it is possible to de@oyefficient
project [20]. In fact QFD provides all necessarplsoand
techniques to achieve excellence and ambitioussg@4ll. A
structured and rigorous roadmap quantifies theltesf its

application in term of company savings or customer

satisfaction: this aspect is often neglected iroimprovement
techniques. The first two cases focus on manufagfleystems
underlining the importance of the effectiveness effitiency
of the processes. The last two projects explainaghication
of QFD in order to increase the performance le¥al service.

In particular the project on the Radiology depariime
shows that the voice of the customer can assumdiffeyent
meanings: the satisfaction of a service (i.e. arefifast, etc..)
and the preservation of healthcare (i.e. a cordéagnostic,
protection from excessive radiation, etc...). We canclude
that QFD is both a strategy and a tool which presica
mechanism for multi-functional team to capture thustomer
needs and to link these requirements into prodersfitse
systems.
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