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1 INTRODUCTION

Modern companies have been focused on producingfioahproducts and have
been decided to buy all components from suppli@fseere are often many
different supplier firms, from big, well-known l=d companies to small family
firms with a couple of employees. To ensure thd lggality of the final product
the buyer companies have to be sure that all copmgenare following the
quality requirements and expectations. The purmdshis paper is to test and
analyze Production Part Approval Process (PPAR) ta®l to build quality into
the new product and processes and ensure thatrddegd meets the customer
expectations. The purpose is to test the usaliitPPAP to ensure that the
supplier has understood what is expected from compo reduce quality defects
in production lines by preventing them and doinigdk right at the first time.

This article includes four parts. The first partingroducing part including the
description of the study, targets and backgrounus r@search question. The
second part includes a theoretical framework of PPduality management and
new product development processes in the formtefaliure review. The third
part includes an empirical part of this study inieita case study related to PPAP
and its effects to new product development (NPQeiscribed. In the case study
we have tested PPAP with three suppliers from thdd&erent kinds of
component fields, and the results are summaziedisodssed.

Research questions:

* Is PPAP suitable tool to build quality into the pkect and process in the
beginning of the NPD process?

Research method is qualitative method using sedahse-study to research the
suitability of PPAP as a tool for quality managemeupplier's resources and

competences were also quite different and thahig these firms were chosen as
pilot firms.
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Qualitative method is a holistic way of informatigathering and material has
collected in a real life situation. The qualitativesearch method studies
the why and how of decision making, not just windiere and when. Qualitative
method as a research method favors often peoplanasstrument of the
gathering. Qualitative method is a method to deeplplore, understand and
interpret phenomena within its natural setting. Bging a qualitative
methodology, the researcher wants to collect rielmer more comprehensive data
and get a more detailed picture of issue or cagalif@tive research trusts in own
observations and the starting point is to desaibeal life situation. That is why
the smaller sample sizes are much more approghatelarger. (Hirsijarvi, et al.,
2010, pp. 150-151).

2 LITERATURE REVIEW

2.1 Quality management

Earlier, quality has been understood as a defeet ffroduct. Since then, quality
has become an organization’s comprehensive busic@ssept and a critical
success factor. It is linked to all operationsha tompany. Defining quality has
become more and more difficult because of the dgweént of quality thinking
and growing importance of quality. Quality conceéatgely depends on the
situation which varies case by case (Lecklin, 2@(R2,17-325).

What is quality exactly? There must be as manyndefns as it is people who
have written about it. We favor the following IBMdgfinition of quality (Van
Weele, 2005, p. 192):

“Quality is the degree in which customer requireraemé met. We speak of a
quality product or quality service when both suppind customer agree on
requirements and these requirements are’met

Crosby (1988, p. 7) says that “Quality is free“.cAading to Crosby, quality is

the fulfillment of the specified requirements whichn be measured. Croshy
advises to study tasks as processes, find the #raaseed improving and build
quality in processes. Crosby highlights activelgyant problems to get quality
right at the first time instead of wasting timeitgpect final product and repair
defects (Hannukainen, 1993, pp. 21-23).

According to Deming, quality is all those aspectd aharacteristics that product
or service meets the needs and expectations. HMidtits that when decreasing
the variance of the process, the consequence tsether quality and productivity
(Hannukainen 1993:19-21).

Juran highlights three points in his trilogy, anpagach to cross-functional
management: quality planning, quality control andalgy improvement
(Hannukainen, 1993, p. 24). Hannukainen (1993,1p.dlvides quality in four
parts:

ISSN 1335-1745 (print) / ISSN 1338-984X (online)



QUALITY INNOVATION PROSPERITY/ KVALITA INOVACIA PROSPERITAXVII/2 —2013 39

* Product oriented
* Function oriented
* Customer oriented

e Value oriented

Product oriented quality is the sum of the propsrtof the product. Product
oriented quality can be defined by metrics. Accogdio this definition, better
quality requires higher costs, because some nepeproincreases costs.

Function oriented quality is defined as a unifoymir equivalence to product
specification. It is effective and faultless of thfenction. Function oriented
quality is strongly linked to preventive problem\siog and cost reduction.

Customer oriented quality fulfills customers’ needad expectations and
highlights suitability for use. Products with higluality fulfill customers’
expectations, but high quality can be defined mdiffierent ways and different
kinds of peoples recognize it many different wagscording to Ulrich and
Eppinger (2000), success of manufacturing compashégends mostly on their
ability to identify the customer needs and creatmlpcts that meet their needs
and are produced at low cost.

2.2 New product development process

New product development can be used to solve alalmentioned kinds of
problems. According to Ulrich and Eppinger (200@),succeed as a company
and get as high customer satisfaction as possibie very important to be
familiar with the characteristics of successful darct development. They also
say that the performance of a new product developroan be evaluated by
looking at product quality, product cost, time, tcasd capability of development

The new product development is a process whiclesggded to develop, test and
ensure the profitability of the new products. There, the managers reduce and
control the uncertainty activities before the nglaise is implemented according
to the integrity of information. It can ensure thgrovement of the performance
and quality of NPD (Kuan, et al., 2010).

Ulrich and Eppinger have developed the processidinty six different phases
shown in Figure 1. (Viitaniemi, et al. 2010).
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Figure 1 — Product development process (Viitanietral. 2010)

The planning phase is a link for research and telclgy development activities.
The planning phase begins with corporate strataghuding the assessment of
technology development and market objectives. Thgpud of this phase is a
project mission statement, which specifies the miafr the product, business
goals, constraints and key assumptions.

In the concept development phase it is time totiflethe target market, generate
and evaluate alternative product concepts, setexto more concepts for further
development and testing. The system-level desigisehequires the definition of
the product architecture and major sub-systems emerfaces. Refining
industrial design, identifying suppliers for keyngponents and developing a plan
for product options and an extended product faméips the development team
to create a clear picture of a future product. Ehadivities allow the process to
move further into the phase of detail design whinbludes the complete
specification of the geometry, tolerances and ra$eto all parts in the product
(Viitaniemi, et al., 2010).

The end of the product development process is théugt ramp-up making the
product available for purchase. Before ramping upew product, it has to be
tested and refined. When ramping up a new produchesv manufacturing
location it is needed to ensure that the produdt @ocess is well-planned and
organized before starting production. The ramp l@sp includes a preparation
stage, a verification stage and a production ptaaise.

This phase involves the construction and evaluagigorototypes of the product.

The development team tests the reliability, perfmmoe and lifetime of the

product. In the last phase, evaluation of earlydpobion output can be done and
after that it is possible to begin the operationtted entire production system.
This phase is critical as its purpose is to tram workers and identify problems
in the production process. It is easier to ensheequality of the product and

divide all the work into different parts in the alty divided process. Using

phases in the product development process givesppertunity to develop and

also evaluate all activities included in the prac@éitaniemi, et al., 2010).

It is very difficult to develop products that becenfavorites on the market.
According Ulrich and Eppinger (2000) the new prdddevelopment is an
operation that includes lots of uncertainties. Aéin80% of the new product
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development costs arise due to its failure. Thenngoal is to identify the
customer needs and to respond to them quickly eofttgbly.

2.3 Production part approval process (PPAP)

It is important to ensure that the company’s preegsire providing the quality
that customers expect (Krajewski, et al., 2010298). Process control is a
demand of successful quality work. Because of m®cevay of thinking,
operations of organizations can be better undedstom all connected matters
and dependencies can be seen. The actual processa@aneeded from the
present state, if product quality and manufacturprgcess improvement is
wanted (Salomaki, 1999, pp. 145-155).

Chrysler, Ford and General Motors (AIAG, 2006) haleveloped a special
process that defines generic requirements for mtomtu part approval, including

bulk materials and production processes. The perpols Production Part

Approval Process (PPAP) is to determine that adt@mer engineering design
record and specification requirements are propeulyderstood by the

organization. It also determines that the manufauajuprocess has the potential
to produce product consistently meeting the requémts during actual

production run at the quoted production rate. PFARpplied to organizations
supplying production parts, production materiatsyvice parts, or bulk materials
to the automotive industry (AIAG, 2006). The maonmponents of PPAP are:

1) Design Records
A copies of the drawings. This can be a copy ofditomer drawing if
the customer is design responsible. In that casdl ibe sent together
with the Purchase Order (PO). If supplier is des@gponsible this is a
released drawing on the supplier's release system.

2) Authorized Engineering Change Documents
This is a document that shows the detailed deswniplf the change.

3) Engineering Approval
This approval is the Engineering trial with prodantparts performed at
the customer plant. A "temporary deviation" is rieeg to send parts to
customer before PPAP.

4) Design Failure Mode and Effect Analysis (DFMEA)
A copy of the DFMEA, reviewed and signed-off by pligr and
customer. If a customer is design responsible,llyscastomer may not
share this document with the supplier. This istdf all critical or high
impact product characteristics and should be shaitthe supplier, so
they can be addressed on the PFMEA and Control Plan

5) Process Flow Diagram
This is a copy of the Process Flow, indicatingst#ps and sequence in the
manufacturing process, including incoming composient
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6) Process Failure Mode and Effect Analysis (PFMEA)
The PFMEA follows the Process Flow steps, and atdi¢what could go
wrong" during the manufacturing and assembly oheammponent. It can
be used to assess the potential risks and to fm®the risk level. Whit a
help of FMEA the corrective actions can be focumedght topics and
areas. FMEA approaches the risk analysis from i@points of severity,
occurrence and detection probability. Each of tastrs are scored and
their outcome is a Risk Priority Number (RPN).

7) Control Plan — The Control Plan follows the PFMB&ps, and provides
more details on how the "potential issues" are kbedn the incoming
quality, assembly process or during inspectiorinegghed products.
Control plan is used and maintained throughouptieuct life cycle.
Early in the product life cycle its primary purpaséo communicate and
document the initial plan for process control. lcaieguides
manufacturing in how to control the process andienproduct quality.
Eventually, the CP remains as a living documeffigeceng the current
methods of control, and measurement system usedCPhis updated as
measurement systems and control methods are inghenae evaluated.

8) Measurement System Analysis Studies (MSA)
MSA usually contains the Gage R&R for the critioahigh impact
characteristics. It contains also a confirmatiaxt tjpuges used to measure
these characteristics are calibrated. Measurenystera analysis (MSA)
is specified for monitoring and measuring deviaed methods. It is used
to check the identified characteristics againstsihecification.
Measurement data, or some statistic calculated fham, is compared
with statistical control limits of the processtiie comparison indicates
that the process is out of statistical controlntaa adjustment of some
kind is made. Otherwise, the process is allowedimovithout adjustment.

9) Dimensional Results
A list of every dimension noted on the ballooneaveng. This list shows
the product characteristics, specifications, thasueement results and the
assessment showing if this dimension is "ok" ot ‘id. Usually a
minimum of 6 pieces is reported per product/processbination.

10) Records of Material / Performance Tests
A summary of every test performed on the part. himmary is usually
in a form of the Design Verification Plan and Repuwamhich lists every
individual test, when it was performed, the speaifion, results and the
assessment ok/nook. If there is an Engineeringifsgamn, usually it
notes on the print.
In addition, this section lists all material cad#tions (steel, plastics,
plating, etc.), as specified on the print. The mateertification shall
show compliance with the specific call on the print
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11) Initial Process Studies
This section shows all Statistical Process Cor{88IC) charts affecting
the most critical characteristics. The intent isliémonstrate that critical
processes have stable variability and that is ngqnear the intended
nominal value.

12) Qualified Laboratory Documentation
A copy of all laboratory certifications of the lafatories that performed
the tests reported in section 10.

13) Appearance Approval Report
Applicable for components affecting appearance.only

14) Sample Production Parts
A sample from the same lot of initial productiomrThe PPAP package
usually shows a picture of the sample and whasekiept.

15) Master Sample
A sample signed off by customer and supplier, tisaially is used to train
operators on subjective inspections such as v@ualr noise.

16) Checking Aids
When there are special tools for checking parts,gfction shows a
picture of the tool and calibration records, indghgddimensional report of
the tool.

17) Customer-Specific Requirements
Each customer may have specific requirements todeded on the
PPAP package.

18) Part Submission Warrant (PSW)
This is the form that summarizes the whole PPAKa@ge. This form
shows the reason for submission (design changeahnevalidation, etc.)
and the level of documents submitted to the custoiere is a section
that asks for "results meeting all drawing and Bation requirements:
yes/no" refers to the whole package. If there agedeviations the
supplier should note on the warrant or inform fRBAP cannot be
submitted (AIAG, 2006).

3 RESEARCH METHODOLOGY

PPAP defines generic requirements for productiont pgproval, including

production and bulk materials. PPAP model usedhédase company bases on
the AIAG’s (Automotive Industry Action Group) priptes, as shown in Figure

2. The purpose of PPAP is to determine if all comoengineering design record
and specification requirements are properly undetsby the organization, and
that the manufacturing process has the potentigiréaluce products meeting
these requirements consistently — during an agit@uction run at the quoted

ISSN 1335-1745 (print) / ISSN 1338-984X (online)



44 QUALITY INNOVATION PROSPERITY/ KVALITA INOVACIA PROSPERITAXVII/2 —2013

production rate. The PPAP ensures also that theepsoproduces sufficient
quality. The content of the PPAP is defined during component's proto state.
The target is that the product requirements areerstolod and the process is
effective enough.

PPAP will be started when there exists a prototgpehe product. Product
development responsible and quality engineer vefire the level of the PPAP
and what kinds of documents are required. It issddmg on supplier what kind
of elements are required. There may be a big list@dpany which processes and
quality assurance is on a good level and only asteages of PPAP are necessary.
There can also be a small family company and ih ¢hae a heavy and broad
PPAP is impossible to carry through because of tdekesources. When PPAP is
carried through the product is ready for mass petdn. The purpose of PPAP is
to continuously develop quality level, actions gmdcesses and to ensure the
capability of new products and processes.

‘ PPAP Process ‘

CUSTOMER CUSTOMER
Customer Purchase
O'des'fezis(::me" Record of Approved
Requirements ORGANIZATION pow

Completion of Subm,ssion (or
PPAP Required Resubmission) of |——
Items PPAP Warrant

i i Receipt and Approval of

Submitted PSW

Customer Part Design

Project Owner &
Requirements

team

Customer Process

Design Requirements Gather Information Completion of PSW f

Customer Validated Process
Specifications (PSO/Run at Rate)

PPAP Records
(Table 1.1)

\/\\/\

Approved PSW Supplier Initiated
Changes

Customer Logistics
Requirements

Customer Initiated

!

Figure 2 — PPAP (AIAG, 2006)

3.1 Research sample and data collection

Case studies started with the pilot phase wherdaitgeet was to test and refine
the PPAP model. The target was to test the suiabil using this model to build

the quality into the product and processes. PPARirements were defined,
documents and information were gathered throughriigws, meetings and
required communication through the whole pilot ojpct. There were also
trainings organized by customer and suppliers ve¢se invited to learn more

about PPAP. There were involved in the quality eagrs, quality managers, key
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account managers, purchasers, the R&D Manager, IN®agers and engineers.
PPAP model was tested with suppliers in practice ®@fined so it would be
useful with all suppliers in product developmenbgess. Suppliers produced all
needed documents and gave feedback which are sarfgol@nalyzing. During
the pilot phase there were changes especially itemmah declaration part in
PPAP. There were noticed that the changes in rgplprocesses are visible
after a few years and need to be audited laterrditapto the auditing system.

Table 1 — PPAP definitions

Company Field Documents

Supplier 1 Power electroniq  Process flow, PFMEA, Control plaBjmensional
Measurement Report, Records of Material/Performance
Tests, Capability Test, Appearance approval report,
Sample production parts, Master sample, PSW

Supplier 2 Mechanics Process flow, PFMEA, Control plan, Dimemnasl
measurement report, Records of material/Performance
Test, Capability test, Appearance approval re@atnple
production parts, Master sample, PSW

Supplier 3 Plastic molding | Process flow, PFMEA, Control plaRimensional
measurement report, Records of material/Performance
Test, Capability test, Appearance approval re@atnple
production parts, Master sample, PSW

3.2 Data analysis

The data analysis was based on the documents, cuisiaed e-mails collected
during the case study. We also had meetings togeiitle the pilot suppliers to
reflect results and opinions. This was useful tmifiarize with the data and to
fill the gaps in the documents. A brief summarynireach supplier was prepared,
so that a meaningful data could be documented. gtlsering group had a couple
of meetings to discuss whole project and analyza. d@documents and comments
were compared against each other's and analyzedletn of preparing
documents and information. The supplier's commargpresented in Table 2.
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Table 2 — Supplier’s feedback about PPAP
Supplier comments

Company

Supplier 1

The extent of the work is challenging

Maybe the extent should be smaller

Records of material affect lots of extra costs heedt needs to be
done by chemistry

Documentations need to be on a better level

A little bit experience about PPAP in some autoretases
Positive attitude to get this work

Corrective actions

Supplier 2

Starting requires that all documents are sent bagetith the orders
and new products.

Critical dimensions must be marked to the documandtspossible
ratings for them.

Without any documents and drawings PPAP cannotarted

PPAP needs to be carried through a couple of ttmgst it flexible
and routine work

After that it is possible to see how much resouRIRAP needs, how
much time it takes and what are the effects optiwng

Records of material are difficult and take muchetirtt can be
impossible to get all information

A great possibility to get documentation and comitation to the
better level

No further experience about PPAP

Validation and verification

Design reviews

Control special or critical characteristics

Supplier 3

Expected to take into use

The extent of the work and limited resources dnallenges for PPAP-
project

Experience and knowledge about PPAP exists and theafe used in
some automotive-cases

Documentations need to be on a better level

Easier to recognize expectations

Understanding the customer needs

Proactive feedback

Designing within the process capabilities
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4 RESULTS

The purpose of this paper was to test and analyaduetion Part Approval
Process as a tool to build quality into the newdpt and processes and ensure
that it meets the customer expectations. The perpas to find out if PPAP is
capable tool to ensure that the supplier has utatetswhat is expected from
component, reduce quality defects in productioediy preventing them and
doing things right at the first time. Turning toetihesearch questions the target
was to find out IfPPAP is suitable tool to build quality into the pect and
process in the beginning of the NPD process?

To give direct answer to the research question sddcsay that: “Yes, it is
suitable tool and have many positive side effeatsftom better documentation
and communication to cooperation with suppliersslsuitable tool because it
helps to take into account the entirety of the NpMcess. There is many
different important things that should be takero iatcount, when developing a
new product, for example manufacturability, worktmctions, tools, which have
some effect to the quality of the final productisitvery suitable tool to take into
account the problems and risks, what can go wronthé desing phase and
production phase. Into the design FMEA is listeldtl@ihgs that can go wrong
when desinging the product, and these are condrafieprocess FMEA and
control card. It is also very clear tool and easyse. This helps to include a
quality management into the process from the beginaof the process. There are
also many things that need to be updated or ceddmtfore PPAP can be used.

One of the most important highlighted findings tmage of this kind of tool is
the importance of communication and documentattoery supplier mentioned
these points under meetings (See table 2.). Becafispoor or lack of
communication and documentation the problems canidgger than they were at
the beginning and there can occur a lot of miswtdedings when
documentations are poor or it does not exist. PP&#ures that the
documentation is on needed level and both partisapplier and customer )
understood what is expected and what can be expelfRAP helps to make
product development an independent process whighloes itself and absorbs
all the new aspects and perspectives of the chgngiarld, society and
environment. It is important that the implementatad this tool would benefit all
parties, not only customer. Feedback has beenimsind this study is striving
to increase the know-how and understanding of #reefit and usage of these
kinds of tools and methodsA practical benefits arbetter quality from the
beging of the product development process to tiseoouer, with the help of the
better documentation, better communication, docuetenrisks, improved
processes at the supplier which gives a resultks & better quality of
components.

New product development engineers and managerdd fthet PPAP enabled
them to better understand the customers. In tuPdRPenabled the new product
development department to demonstrate commitment support to their
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suppliers. Communicativebenefits were also expeeadnn everyday working.
On the other side, communication was felt to beered by the often confusing
and complex systems and abstract language. Dufwg pilot project a

stakeholder begun more and more to speak “sameidged. In terms of the
suitability of PPAP as a tool being experiencedwés largely of resources,
involving the skills and knowledge and also laclco$§tomers’ documents which
get most feedback and caused problems and extia wor

The overload was experienced when testing PPAPpeodlicing documents. In
the beginning were noticed some kind of “us anantheeling across customer
and supplier when sitting around the meeting boathough it allowed
customers and suppliers to better become awarenef another’'s process,
routines, quality assurance routines, new prod@stebpment and everyday
working. There were noticed the very lack of precdiscipline, documentation
and commonly understood procedural frameworks @suae of re-work, project
variation and a failure to make effective work (Sedle 2.).

According to supplier feedback this is a great ity to get documentation

and communication to the better level because digaviand documents
including critical characteristics and dimensioresvdn been insufficient at the
customer site. PPAP projects were seen as a goeangnication channel and
the channel to better understand each other’s. €pacaroused the extent of
work, lack of documentation and poor drawings adl we the lack of PPAP

experience and know-how. Limited resources to lgetugh this kind of process
at supplier site were seen challenging. The camioh is findings from meetings

(See the Table 2.) which shows that the AIAG’s PPABdel can improve

supplier processes, and communication between isupid customer. These
are the key factors in quality management.

5 DISCUSSION AND CONCLUSIONS

The process of successful NPD requires much gkildisciplines. There are lots
of different reasons why NPD is so challengingdarNPD team. New product
development and innovations are one of the moditgote ways for a company
to get a stronger place at the market, creatergmisibilities for further product
development, growth, compete in markets and find market areas and make
an impact to the customers. There are many factbes make product

development challenging and more complicated. Anghrey environment,

changing customers’ preferences, multiple choicéme pressure, new
competitors in the market, changes in standardsteeithical requirements and
the world’s financial situation — just to name wf@Jlrich and Eppinger , 2000).

Following the process models requires reorganimatiof the strategy,
reconsideration of goals and priorities, systematy of doing things, changing
the attitude towards product development and peoeesy of thinking and also
understanding the importance of quality manageméntorder to create a
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winning product the company has to create somethaw which differs from
the competitive products and brings special andjumibenefits to the users.
Finding new ideas and solutions has its effectdsht® quality level and that
extends also to the suppliers' processes. New pratkvelopment and quality
management go hand in hand representing a comntitoméetter order. Product
development is born from innovation creating newdpicts and services. New
product or service generates instability of thecpes and variation of the quality
during ramp up- and learning phase.

Quality activities in production ensure the fawdress of the products or
services and the expected functions of the prose$3eality management has
changed from the characteristic of the producteswvise to one of the biggest
success factors of the organization. It is impdrtanbuild the quality into the

processes and product and create meters metriogdsure it. In addition to its
theoretical contribution to new product developmant quality management
literature, this paper offers several implicatiofte those responsible for
managing quality in new product development proeess

PEMEA, Control plan and MSA are the most importsi@ps in the PPAP. A
Process Failure Mode and Effects Analysis (PFME®#)ofv the process flow
steps and indicate possible implications duringrttamufacture and assembly of
each component. The control plan provides moreildeta how the “potential
issues” are checked during the whole manufactuprogess. The measurement
system analysis study (MSA) is a specially desigegueriment and its purpose
is to identify the variation of the components e tmeasurement. The common
tools and techniques of MSA are usually selected determined by the
characteristics of the measurement system itsetfidition can be started and
ramped up to the required production level afteapproved verification. When
starting production, it must be ensured, that alktuinents (such as working
instructions) are up-to-date, all personnel hawertdquired training and all the
needed capacity is available (human and machinecdsp

The deployment of the PPAP in case company requireschecking of new
product development processes. The most impofrtargd are to follow decided
process steps and include suppliers in the prodésgossible. Also
documentations and drawing needs to be on bete knd include critical
metrics and parameters. New product developmentdnaael more effective and
PPAP possible to get through. This supports thmieétion of defects in the
beginning of the new product development procesadut development
departments work often separately from others &edetare many peoples in
other departments who don’t know what the new pcodasigners are doing.

What was valued about this study was the mannewvhith the stakeholders
could use to facilitate a sense of partnershipgsmworkers aiming the same
goals rather than have a traditional customer+setlationship. While this study
offers new insights into the quality managemeninefv product development
processes there are a number of limitations. Tingysbnly covers three medium

ISSN 1335-1745 (print) / ISSN 1338-984X (online)



50 QUALITY INNOVATION PROSPERITY/ KVALITA INOVACIA PROSPERITAXVII/2 —2013

sized companies making generalization a littledifiicult. Future studies may
wish to consider other tools for developing quaiitynew product development
processes and compare those to PPAP as a tool.

REFERENCES

AIAG Automotive Industry Action Group, 200&roduction Part Approval
Process. Chrysler Corporation, Ford Motor Company, Generalotd
Corporation, Southfield.

Crosby, Philip B., 1988Kuvalitet ar gratis: Hur man sakerstéaller kvalitet.
Utbildningshuset Studentlitteratur. 277 p., ISBN&199301-3.

Hannukainen, Timo, 1993.Laatuyritykset — Laatujohtaminen maailman
valioyrityksissdTammerpaino Oy. 316 p., ISBN 951-817-570-5.

Hirsijarvi, Sirkka, Remes, Pirkko and Sajavaarayl®a2010.Tutki ja kirjoita.
Tammi. 464 p., ISBN 978-951-314-8362.

Krajewski, Lee, Larry Ritzman & Manoj Malthora 2Q100perations
Management. Processes and Value Ch&rentice Hall, New Jersey. 672 p.,
ISBN 978-0-13-245891-7.

Kuan, Meng-Jong, Tzeng, Gwo-Hshiung & Hsiang Chias@ 2010 Exploring
the Innovative Quality System Structure Model f®DNProcess by combining
DANP with MCDM Model International Journal of Innovative Computing,
Information and Control.

Lecklin, Olli ,2002.Laatu yrityksen menestystekijar@ummerus Kirjapaino Oy,
Jyvaskyla. 464 p., ISBN 952-14-0519-8.

Saloméki, Rauno, 1999.Hyddynna SPC - Suorituskykyiset prosessit.
Metalliteollisuuden Kustannus Oy. 398 p. ISBN 931/&07-4.

Ulrich, Karl., Eppinger, Steven, 200@roduct design and developme#t. Ed.
Boston: Irwin McGraw-Hill. ISBN 0-07-229647-X.

Van Weele, Arjan J., 200®urchasing & Supply Chain Management: Analysis,
Strategy, Planning and PracticEhomson Learning 2005. 364 p.,
ISBN 1-84480-024-7.

Viitaniemi, Juhani., Aromaa, Susanna., Leino, Siekka., Kiviranta, Sauli.,
Helin, Kaj., 2010. Integration of User-Centered Design and Product
Development Process within a Virtual Environmentadical case KVALIVE
Finland: VTT. Available from Internet: <URL: http:
Ilwww.vtt.fi/publications/index.jsp> ISSN 1459-758

ISSN 1335-1745 (print) / ISSN 1338-984X (online)



QUALITY INNOVATION PROSPERITY/ KVALITA INOVACIA PROSPERITAXVII/2 —2013 51

ABOUT THE AUTHORS

Johanna Hermans Main author, Master student of Industrial engrireg
Faculty of Technology, Department of Productionjuédrsity of Vaasa, PL 700,
65101 Vaasa, Finland, e-mail: johanna.hermans9 @ goa.

Yang Liu, Corresponding author, advisor, D.Sc. (Tech.),versity Lecturer,
Faculty of Technology, Department of Productionjuérsity of Vaasa, PL 700,
65101 Vaasa, Finland, e-mail: yli@uva.fi.

ISSN 1335-1745 (print) / ISSN 1338-984X (online)



