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Abstract: This study intends to diagnose the maturity lefedampanies certified by the Automotive Quality Maement
System ISO TS 16949: 2009. Thus, it analyzes ib¢hare considered World Class Organizations (W@@htifying its
management strengths and weaknesses, to provigtefampmprovement opportunities in their systefisis study methodology
applies the Questionnaire Benchmarking Industrnamf the Institute Euvaldo Lodi of Santa CatarinalL(/ SC) using the
Method for Enterprises Diagnosis (MED). Therefdtewas performed using quantitative analysis reaydhe degree of
companies’ maturity, applying the Grey Correlatidnalysis System. Considering this research linotai and implications
classify, its results are classified as exploratBojure research may focus and study the comelattween a greater number of
companies certified by ISO TS. Broad-based andefasgmple size would provide a better picture ®®ITS and each
organizations maturity state. This study value irethe ability of diagnosing the organization matulevel, applying MED,
Industrial Benchmarking and Grey System tools. Ehakowed to define weaknesses and strengths ¢f @a@nization in
analysis. The study resulted in the identificatiba systematic way to guide new projects andatiites, to support and develop
strategic planning and to identify how organizasi@me establishing world class standards.

Keywords: 1ISO TS 16949, Automotive, World Class Benchmarki@gey Method

activities, whereas efficiency refers to the relaship
between achieved results and applied resource$. [Ale
ISO TS 16949 is a very important technical speatfan for
the automotive sector. Therefore, this work willeck if
companies certified by I1SO TS 16949:2009 are also
classified as belonging to World Class Levels. df, rit will

1. Introduction

The ISO TS 16949 is a technical specification fouality
management system to achieve world class levetsazfuct
quality, productivity, competitiveness and contiogo
improvement in the global automotive industry [12&h ISO X ) i i
TS represents an agreement between members dfiridaic define the maturity level of those companies bylygpg the

committee, which has been voted and accepted shpdustrial Benchmarking Questionnaire. This tool swa
publication once approved by 2/3 of its quorum (IS created by the London Business School in partngralith

16949, 2009). Johnson et al. [3] says that if wenoa IBM. Together with the Confederation of British Lmtry
measu,re we cannot improve. For this managemeierays (CBI), those institutions have an International 8emarking
the 1SO TS 16949 [4,5] urges that top managemestren Program. After this analysis, results will be comguhusing

effectiveness and efficiency for every process mgteed by N @nalogy to Boxing to verify the maturity levefl those
their organization. Effectiveness means meetingplaaned COmpanies, as well as the strengths and weaknessgsthe
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Grey Correlation Analysis.
The aim of this study is to adapt and apply a sdagsed

expansion of theoretical knowledge, without the agyn of
applying it in practice. It is considered a formasearch in

on MED to diagnose the maturity level of companiesegard to generalizations, principles, laws andvkadge

certified by the Automotive Quality Management ®yst
ISO TS 16949: 2009, in order to verify at what extdose
companies are considered WCO, according to thestridu
Benchmarking indicators. This research focus ormlyétg

construction. The method is a theoretical conceptained
from conceptual discussions in articles, literatgndews and
conceptual modeling. Also, we apply the case stagdyan
empirical work investigating a given phenomenonhixita

only certified companies by the Automotive Qualityreal contemporary context through in-depth analgfisne

Management System ISO TS 16949. Its population bell

or more cases. The instrument used is the questi@nn

composed by companies that work with pieces and buprepared by the IEL / SC for data collection, whislas

materials for the Brazilian automotive industry.eTsample
size shall be of four ISO TS 16949 certified comparand
was held until 2013 as several case studies, amplg
questionnaire with Practice and Performance IndisatFor
data collection, the questionnaire was sent by letoaihe
selected companies’ managers.

completed by participating companies [14].

According to its goals, this is an exploratorye@h. As
stated by Miguel [15], this approach is appliecdyameralize
results from different groups. Oliveira, Marins abalcol
[16] affirm that this research is both qualitativend
guantitative, as provided by the questionnaire. |iatxe

For many years, technical committees worked tonaligdata will be nominal and ordinal. Ordinals referd@ta that

automotive standards and ISO 9001 into a singléesys
considering the technical specification ISO TS 19524009
[5]. The ISO has developed many other standardssank
are customized for specific industry sectors sushtte
automotive, while others are structurally modeled 1860
9001 [6]. The objective of ISO TS 16949 is to depeh
quality management system
improvement, emphasizing on defect prevention, ctdu of
variation and waste in the supply chain [5]. ISOT8®49 is
an Automotive World Standard, equivalent to the 9980, a
standard that defines quality requirements for Beygp[7,8]
and intends to provide a greater focus on quaBfy The
technical specification ISO TS 16949 fulfills céntpractices
to ensure a consistent level of product and wdddscquality.
It is reasonable to expect that in the future fimmil seek the
ISO TS 16949 certification as a marketing tool [This
technical specification defines requirements of thality
management system for automotive industry-relatedycts
[10,11]. Those involve the design development, potidn,
installation and replacement of automotive-relapedducts
[12]. Therefore, it avoids multiple certificatiorudits and

provides a common approach for a system of autemoti

quality management [6]. One of the companies instiuely
of Curkovic & Sroufe [10] reported additional beitef

that promotes continuowsoss-sectional

can be ordered, as satisfaction, possibly classidie very
satisfied, satisfied, not satisfied. Nominal dagtate to those
answers that cannot be sorted, as car brand, thad bde
Honda, Ford, GM, or others. Quantitative data baélused as
discrete data, which are generated through calonlasuch
as number of children in a family. The researchgiess a
and observational study, involvidgta
collection from individuals of one or more groupsuyt
without intervention. Observational research wifide the
target and chosen population for this survey, idgng
samples for population and information. The type
sampling plan is the probability sampling appliedBtazilian
clusters.

3. Theoretical Foundation
3.1. Quality Concept

Quality is the degree to which a set of inhere
characteristics fulfills requirements and can barabterized
with adjectives as poor, good or excellent [6]. Degn[17]
states that quality can only be defined by who ss=®
because for those working in production, qualityekated to
their personal performance.

coming from the ISO TS 16949. It was stated tha th Juran [18] defines quality as fitness for purpos. he

company has grown, increased sales, warranty guképt
current business and improved its corporate image
potential clients. The work of Joshi et al [13] riens that
respondent companies affirm that a high level iralig
delivery was only reached when world-class cedtfans
were implemented, such as the ISO TS 16949 and ot
management systems. The scientific research catdgtto
identify whether certified companies in the Autoimet
Quality Management System ISO TS 16949 are recedraz
WCO. Also, weaknesses and gaps will be identifiearder to
allow companies to improve and reach the World €lesel.

2. Research Method

This is a basic research aiming at scientific peegr

describes, a method to measure is based on thgefreg of

eficiencies (number of defects, number of errownber of
field failures, rework hours, cost of poor qualityy
opportunities of failures (number of units produceadtal
hours of work, number of sold units, sales revenba) this

H@easurement depends on the product or servicerpeth

because sometimes the analysis presents grediydsitithe
company is losing clients.

Crosby [19] says that quality
requirements; therefore, non-conformity is laclkqoélity. He
affirms quality to be tangible and considers it bermeasured
in costs, divided into assessment, preventionriateand
external flaws: the costs of quality. Also, Croshiroduced
the concept of Zero Defects, which is a performaneasure
aiming to make it right at the first time [19,20)is better to

of

nt

is conformance to
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focus on preventing defects rather than just try;éind and

fix them. Based on this concept Gan et al [21] $hgbkto meet
these requirements for quality, reliability anasysshould

include both project and operations process. Itaiso

mentioned that quality concepts should be incoteara the

design process, not only in quality monitoring dte t
operational level.

Nevertheless, llkay and Aslan [22] mention that liqua
should be considered a systematic method aimimgttblish
a Quality Management System. Las Casas [23] appesac
Quality in terms of services, defining it as thelligbto
provide satisfaction, because it is not enoughtpuptease the
consumer, it is necessary to delight him,
expectation in meeting needs, solving problemsrovigding
benefits. Moreover, many organizations are lookargneans
to improve service quality in order to achieve oustr
satisfaction [24].

3.1.1. Quality Control

25

implementation of Quality Management and companige
to adopt tools and techniques of quality managenieghey
wish to survive and prosper.

The term Quality Management refers to coordinated
activities to control an organization in regard daality,
including the establishment of policies, objectivenning,
control, assurance and quality improvement [6].

To achieve this management level, the 1SO 9004ndsfi
principles of quality management related to:

» Customer Focus;

« Leadership;

« Employee Engagement;

exceeding ¢ Process Approach;

» Systems Approach to Management;

« Continuous Improvement;

« Evidence-based Decision Making;

« Mutually beneficial relationships with suppliers.

Quality management programs and practices haveetkfi
decades of research [30]. Even in the researctabyian et al

Quality control is defined as a process during Whic[31]’ the Total Quality Management (TQM) and qualit

managers evaluate the actual performance, comptoethe
former goal and work on those differences. Thiscephrefers
to maintaining the "status quo" in order to sustpianed
processes so that those remain able to achievetapel
goals [17].

Conventional quality control was based on centedliz
specification or performance known as small quajit$].
Goods were then inspected regularly and high quaiidducts
were labeled with special symbols [19].

Note that Quality Control has an equivalent meartimg
product inspection [25]. The inspection was apptieabtly at
the end of the production line, in order to enghet products
sent to the customer had proper quality. Qualityticn was
then performed by using the Pareto Principle, ecbdty
Vilfredo Pareto [26].

3.1.2. Quality Guarantee

According to Diaz et al [25], Warranty is usuallfided as
the policy applied to customers in regard to puselda
products or services that could be replaced orinegpén case
of any problems over a period after acquired.

The warranty is approved once evidence is providetthe
kind of evidence varies greatly according to clasnand
product nature. Regarding natural products, guaearis
defined by vegetable freshness, for example. Nbgkss,
manufactured products rely on laboratory-based emdd.
According to Crosby [19], Quality Assurance meamgagjing
people, from top management to frontline workersitprove
in every task.

Warranty data correspond to contractual
incurred by the manufacturer in connection withi@dpict sale.
The analysis of these warranty data focus on sgekew
methods to estimate the field of product reliapiiind register
product warranty claims in the company’s recordsJ4].

3.1.3. Quality Management
According to Zu et al [29], organizational cultuis
recognized as something that influences effectiserd the

management programs are considered as two different
practices. Quality Management practices are dedigioe
guide manufacturing resources and to improve quidibugh

an improved process control (eg, SPC), documenmntggg,

ISO 9001), a greater cooperation and engagemerit@ag),

and deeper improvement efforts as by applying Sgma
concepts and tools [32].

3.1.4. Quality Management System

For Deming [16], a system comprises a set of fonstior
activities (sub processes, internships, etc.) ésteda for the
same purpose within an organization.

A Quality Management System directly controls an
organization in relation to quality [6]. As Mahmoatlal. [33]
states, in a competitive international environmebor
economic growth, companies need to constantly adagt
optimize their industrial tools to increase prodkitt by
implementing a Quality Management System.

Levine and Toffel [34] say that the implementatioha
Quality Management System in accordance with 1S0190
documenting operational procedures, training, makaudits
and corrective action proceedings. A system implaat®on
relies on its processes capability of providinghhiguality
products and services, but also to its ability qplging
continuous and consistent quality improvementsaicef of
changes [25].

3.1.5. PDCA cycle
In 1924, Walter A. Shew Hart added the control th&o

obligationthe concepts of quality, included statistical cqmseto the

production reality of the company Bell Telephones
Laboratories and also proposed the PDCA cycle,ctiirg
analysis and problem solution [23]. According teH&r and
Nair [24], there are few records about how statidtmethods
were used to ensure quality prior to Shew Hart, puposed
the PDCA cycle and control charts.

Reniers et al and Azadeh et al [35,36] approachPib€A
application with the vision of continuous improvemethe
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loop of continuous improvement refers to the syst
efficiency; and is also a very important feature forteys
integration, according to Azadeh et al [36].

3.2. Benchmarking

Organizations tend to imitate the industry bestficas in
order to improve performance and maintain competitess
This requires copanies to closely monitor changes
business environment, evaluate new technologies
improve practices in their own industry [37]. Bendrking
was considered one of the most popular manage
techniques in the 1980s and 1990s and earnedcd toecit
helping organizations to improve their competitadyantage
[38].

Benchmarking as a technique was developed in the
during the 70s [27], firstly adopted by the Xeroar@oration
in this decade [39]. The president of Xerox wasceonec
with the Japamse companies advance in this market,
decided to send a team to compare his productstaigaster
competitors. It was noticed that Japanese productee
cheaper though simpler and Xerox began to changi
products from that time onwards [27].

To Schefczyk [40], for companies with inten
benchmarking, simple cobased measures appear to
adequate for analysis. Furthermore, Serdar Karapdah
considers benchmarking as the most powerful apprda
performance as it provides a systematiccture to identify,
classify and evaluate processes, activities andpeais’
performance.

3.2.1. Industrial Benchmarking

In the industrial benchmarking, development of 1
indicators into the process improves business ¢ipesaanc
competitiveness [42]Schefczyk [40] says that the industi
benchmarking can be a way to identify improven
opportunities. The Industry Benchmarking is a twelated by
the London Business School in partnership with It
Together with the Confederation of British Indus(CBI),
those institutions have an International Benchnmay
Program and a database with over 1000 companie
countries [14].

The Euvaldo Lodi Institute of Santa Catar- IEL /SC [14]
has been accredited by the International Compatitda and
aims toapply Industrial Benchmarking in Brazil througt
certified network of multiplier institutions. Theebefits for
those companies include identification of its mamragnt
strengths and weaknesses, subsidizing investmenigiales
and providing strategic farmation on the sector they oper:
All information on the company that hires an apgiicn of
Industrial Benchmarking is kept under strict coafitlality.
Individual data will only be disclosed with the cpamy
written permission. The company partiaips in this prograr
as a step towards manufacturing excellence

The industrial benchmarking applies a questionn&ir
various areas of the company [43]. The Indus
Benchmarking Survey applied in this study has 8@stjans
classified into practie and performance indicators, divic

and assessed @ach area, as shown in Figu.

Logistic

Lean Production

Environment
Health

Excellence

%aba

tionand O g

Figure 1. Areasfor Industrial Benchmarking Assessment [14].

The industrial benchmarking analysis should nosden a:
an audit, but rather as a process that helps thwaoy tc
verify its position between world leaders, identify potential
improvement opportunities and strengths. The qomssire
has a scoringsystem based on intervals 1 to 5 anc
transformed into percentages in a graph for ara[ys].

The industrial benchmarking is an evaluation
comparison tool of practices and performances lation to
world leaders [44]. The analysis comparincactice and
performance allows the company to prioritize itéicats to
improve and adapt in order to achieve superiorgoerdnce
[43]. If indicators actually reflect the currentugtion, rea
improvement opportunities will be distinguished lifuthe
evaluation presents an indicator with high gradehwit a
match to a high performance, it may prevent the paomg to
invest in improvements for this indicator. Therefowhen the
final indicators are analyzed according to bestctra
standards and perimances, they are also compared \
indicators from companies that completed the sarpeess
[44,45].

3.3. World Class Organization (WCQ)

A lot of effort is put into identifying ‘best praces’ to helg
companies achieve higher performance levels [4ccording
to Laugen et al. [46], these Best Practices hageifgiant
effect on high performance compani

Companies with best practices typically achievehéi
production performance than their competitors [
Therefore, as Motwani et al. [48] sti many manufacturing
companies embraced the philosophy of World C
Manufacturing (WCM), a concept that gathers thet
practices.

Voss and Blackmon [49] define practices and peréoroes
from world class manufacturir

« Practice of World Class is thstablished process, placed
in order to improve business execut

* World Class Performance are measurable improves
in the manufacturing process from the adoption wth:
practices.

The increasing pressure for continuous improvenagik
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organizational desire to achieve business exceallehiggh
performance, or to become a World Class Organiaaghiongs
an urgent need for companies to take steps foravgmnent
[50]. As Harrison [51] affirms, by adopting WorldlaSs
practices, business performance will
correspondingly.

3.3.1. Analogy to Boxing

To analyze the company position in regard to i@cpce
and performance levels, it was established an gpalith the
skill and performance of boxers, a popular sporEigland
[40]. The analogy is based on benchmarking studi&¥orld
Class Production System developed in Europe by.dmelon
Business School (LBS), in cooperation with the graaf
consultants from the IBM company in England [43].

The graph of practices and performances facilitdbes

27

practice. Results are inconsistent and its positorvery
unstable, difficult to sustain over a long term ipér if

competition conditions increase. Some companids sihple
processes may achieve superior results once teedtqas are

improvemplemented. In all cases, it is necessary to aealyhether

the high performance is being achieved by its @msce
simplicity or if the company is generating costs dffset
operational inefficiencies, which reduces produttivA
typical example is when the firm tries to meet tieen
deadline by dispatching orders through airmaitdmpensate
for delays in lead time. Another example are bisses that
operate with high levels of internal defects, bse uhe
inspection at the process end to avoid defectieelymts to
reach the customer. In both cases, company pays for
operational inefficiency costs.

e Companies in the category "Counterweights" have

study once general indices are obtained by appl¥f® ctice and performance rates between 50% and 6bese

benchmarking model [44,45]. The company receives th,

designation according to its position in the diagraf
practices (x-axis) and performance (y-axis) [48llofwed by
an analogy to boxing to characterize the industniaturity, as
proposed by Hanson and Voss [52].

The scale in the performance and practice chagesafrom
0% to 100%. The company position in the graph fsdd by

ompanies are far behind the industrial excelleacel
certainly struggle with a real international coniti@t and are
typically protected niche markets.

« Companies in the category "Punching Bag" belanthé
lowest score group. Companies in this category lzaseore
lower than 50% in practice and performance. Thtiaton is
serious and survival is threatened in an open madanomy.

the answers to the survey indicators, from whicle ar, iis case, business strategy should assume \avalur

calculated the general practice and performandeesd

According to Calado [44,45], Seibel [43] and Hansowl
Voss [52], each category can be defined in regardts
maturity level as described below:

» The World Class Organization is the one thatdwdseved
a performance and practice level equal or highan t80%
compared to the world class performance patterosétare
characterized by possessing a large part of thiepastices
available in the industry and by its competitivenés the

international market. A World Class Company reaches

operational excellence and positions itself at ithgustry
forefront, with the condition of competing in th&eérnational
market.

« Companies in the category "Challengers" are ifladsas
companies that obtained between 60% and 80% irtigeac
and performance rates, but have not reached th&d\@taiss
level.

« Companies in the category "Promising" presenttma
levels higher than 60%, but still need to improegf@rmance
levels that stand below 60%. These are companatshtve
invested in modernization and best practice adopbat have
not obtained proper return. The challenge of tleesepanies
is to improve their performance through effectivee uof
installed resources. There are two different sdesar
practices were recently implemented and are stal learning
period; practices were implemented and remain ojpec
difficulties due to poor training or improper prese
adaptation to reality.

e Companies in the category
performance levels higher than 60%, but best prestare not
installed in a sustainable manner. These are coepanat,
although present satisfactory results, have a l@myrated

approach.
3.4. The Grey System

The Grey Correlation Analysis (GRA) was first prgpd in
1982 by Deng, professor at the Huazhong University
Science and Technology [53]. The Grey System islairto
the black box concept: knowledge contained and owknin
the system is rated and analyzed by the Grey Syi&éjn
The Grey correlation degree is a type of quantati
analysis to evaluate alternatives, a measure oflasity
between the discrete data that could be arrangea@ in
sequential order [55]. It provides an alternatiyppraach to
identify correlations between factors [56] and feesion the
research object [57]. It is used to describe sttengnd
weaknesses, as well as the proportion and formathef
relationship between factors.

The Theory of Grey System avoids to inherent defeft
conventional statistical methods [58]. It evaludesgures of
multiple performances [59], according to the degide
information. If the system information is fully kwa, it is
called a white system; if the information is unkm\it is a
black system; if only partial information is knovthen the
system is called gray. The Degree of Grey Cormaati
fluctuates from 0 to 1 and is equal to 1 if two seces are
identically coincident.

If the sample data reflect the same mutative sdoafor
two factors, it means their correlation degreeidghér, on the

“ulnerable" presen?ppOSite' if this situation differs, correlationlwbe smaller

[44,45]. As an example, the combination of thregigles (A1,
A2, A3) together with the cutting method providesumique
design and situation (A4), a total of four desigssshown in
Table 1, with quantitative and qualitative data][61
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Table 1. Technical index to evaluate design improvements [ 59]

Index / Project Al A2 A3 A4

X1: The precision 9 95 99 99
degree

X2: Investment

structure (x$10.000) ! 5 100 0.1

X3: Cost of labor

(x$10.000) 30 9 9 100
X4: Count rate 2000 1200 60000 500
(number per hour)

X5: The area size to . .

be covered Larger Big Larger Biggest
X6: The degree of Most

difficulty and easily = Common Difficult difficult Easiest

to rebuild

Numbers are adopted to quantify estimated X5 andnX6
Table 2, where all contents are rearranged quénéig
placed in a non-linear dimensional standardizechatket At
the same time, all contents are unified assumimppsitive
index [59].

Table 2. Evaluation Index

Index/Project X1 X2 X3 X4 X5 X6
Al 90 95 99 99 3,75 5

A2 1 © 100 0,1 2,5 1,25
A3 30 9 9 100 6,25 3,75
Ad 2000 1200 60000 500 1,25 8,75

At this point, the optimal proportion of samples<ig = (1,
1,1, 1,1, 1), due to the formula (1), which cédtes the
absolute difference of the samples X0 and Xi

0,909 0,100 0,300 0,033 0,600
0,960 0,020 1,000 0,020 0,400
1,000 0,001 1,000 1,000 1,000
1,000 1,000 0,090 0,008 0,200

0,571
0,143
0,429
1,000

X =

Matrix 1
Using the formula of the absolute difference matvix
D= |Xor — Xif| (i=1234; f=123456)
Formula 1l

E is the difference in the absolute value of xi aAdn the
Matrix 2.

represents the degree of information importancesddfined
between zero and one, as a variable that belonggab
numbers in the range (0; 1), so that the sum ofmtsiequals
to 1 (100%).

Thea (max.) =0999A (min.) = 0 and the known weight of
the various indexes (wj): 0.2, 0.2, 0.2, 0.1, 0.03,5. The
correlation coefficient is calculated accordindgdomula 2.

_ A (min) + pA (max)
& = A;j + pA(max)

Formula 2

The Ajj is the difference between the absolute valua®f
and xi; p is the distinction coefficient: <p<1; Amin is the
lowest value oij; Amax is the highest value afj.

The coefficient is different and assumes a valueden 0.1
and 0.5, assigned to the value equal to 0.3, toulzk the
correlation coefficient of the third matrix.

0,767
0,881
1,000
1,000

gij =

0,250
0,234
0,231
1,000

0,300 0,237
1,000 0,234
1,000 1,000
0,248 0,232

Matrix 3

0,428
0,333
1,000
0,273

0,412
0,259
0,344
1,000

The correlation is calculated by applying formula 3

r;

6
= E Wij&ij
j=1

Formula 3

0,153
0,176
0,200
0,200

ri =

0,050
0,047
0,046
0,200

0,060
0,200
0,200
0,050

0,024
0,023
0,100
0,023

0,064
0,050
0,150
0,041

0,062
0,039
0,052
0,150

0,091
0,040
0,000
0,000

Once calculatech (max.) anda (min.) it is necessary to

0,900
0,980
0,999
0,000

0,700
0,000
0,000
0,910

0,967
0,980
0,000
0,992

Matrix 2

0,400
0,600
0,000
0,800

0,429
0,857
0,571
0,000

define weight, due to the judgment of importandee Weight

Matrix 4

Once calculated R1 = 0.4048, R2 = 0.5315 R3 = A.6®4
= 0.6624, the following set of design evaluatiolh&> A4>
A2> Al. This shows that the A3 project is the bpln.
According to the Grey System, during assessmensiof
indicators, one can learn that is best optionasutify and
apply the same size box'.

4. Method for Enterprises Diagnosis
4.1. Stages of MED

This study performed a business diagnosis by apglihie
Industrial Benchmarking Questionnaire, from the MED
created by Calado [43,44] with only 14 of its 2dgds. Steps
and its description are based on the PDCA cyclan,Mo,
Check, Act.

Plan — corresponds to four steps in the MED:

* Step 1: Set up the theme and the preliminaryarese
proposal to apply the MED. The research will bectaned in
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four companies related to the automotive sectorthathave In this study, the Grey System was be applied sxilee
the ISO TS 16949 certification. The company analysll be  strengths and weaknesses of four companies from the
performed  through the Industrial Benchmarkingautomotive sector. One area of World Class Manufaaj
Questionnaire; was chosen to describe the Grey System applicatittED:

e Step 2: Proceed to a review of relevant litemton Total Quality. Table 3 shows the combination ofridicators
Quality, ISO 9001, ISO TS 16949, World Class Benatking, when assessed by managers from four different coiapa
Industrial benchmarking, Grey Correlation Methoaider to
aIign with this research aims; Table 3. Indicators pointed by companiesin the field of Total Quality

» Step 3: Apply the case study method in orderditect

Indicators  Company A Company Company Company

data from automotive companies; B c D

 Step 4: Initial contact with companies to carmyt the AD1 3 S 2 4
diagnosis, explaining them about this researchutyinothe ﬁgg g g f g
Information Sheet and Consent Form. This documiies ¢ 1o 3 3 3 3
that diagnosis will provide the company an analismssistin - oc 5 3 3 4 3
decision making for process, business and humauress OC7 3 3 3 3
improvements. The final results will be available the ©C?9 3 3 3 3
company, preserving its confidentiality; Q 10 g g f i

 Step 5: The research participant is identifietjclv will 82 5 3 2 5
collect data from the company, fill out the surtbyough a g3 1 5 3 3
self-evaluation and send it to the researcher. Q4 5 3 3 3

Do - Consists of one step in the MED, which is sfeps Q5 5 S 1 4
follows: Q g g g é i

» Step 6: Information is collected to make a diag®o 0 5 5 3 4

through a questionnaire. It is explained to th@oesent that
this work aims to support decision making. The ipgrant  4.1.1. Strengths and Weaknesses of the TQM Area
must possess knowledge about company data andyjdeal After data from the four companies was analyzedbgy
respondents could be the Management Representati®stem in the field of Total Quality, values of wiere
Managers or an employee working at the Quality M@ngent identified, as shown in Table 4.
Department. Those shall rate each question frono b,t
according to the Industrial Benchmarking Survey. Table 4. Values fromthe area of Total Quality

Check - consists of the MED three steps, as follows

. . Acronym R R value I ndicator
» Step 7: Elaborate calculations after sending ftre :
. . . . Q6 ri4 0,320 Defects (internal)

completed luestionnaire for evaluation of each amypin
regard to questions about practice and performanseven AP 38 3 0,342 RErErmanceimeastes
areas of Industrial Benchmarking. Afterwards, conipsare OC 10 r4 0,404 Tools for problem solution
ran_ked gccordmg to the _Boxmg analogy tg Benchmglr,k_to oc 7 6 0,404 gyster:natltl:( application of
define in which maturity level they will be cladsid. enchmarking
Strengths and weaknesses of practice and perfoema ©C 9 I Client guidance
indicators will also be identified; AD 6 r2 0,446 Productivity

» Step 8: Questions with high performance are sedec s r15 0,446 Suppliers relantionship
apcording to the Grey Correlation Analysis Methaat f o3 M1 0524 Process capability
d|agn05|s, . . . OC5 r5 0,531 Employee engagement

« Step 9: Underperforming issues are selected doapto o .

. . . . Q4 12 0.560 Product reliability in service

Grey Correlation Analysis Method for diagnosis. , ( external faults )

Act - consists of five steps in MED, as follows: AD 1 " 0,561 Customer satisfaction levels

 Step 10: Present the research results througpartrfor 010 o 0.607 Costs of scrap , rework , recycling
respondents; ' (including second quality )

» Step 11: Recall the problem that drove the irgabn, o5 r13 0,697 Warranty costs
performed in order to analyze weather the ISO TS8496 ° 16 0759 Production quality accordance to a
certified companies were also classified as Woltlhss; Q ' ’ new product specification

e Step 12: Compare results with this research tiemal Q2 ri0 0,844 Models and quality procedures
foundation; Q1 r8 0,872 View of quality

* Step 13: Elaborate the final research report;

« Step 14: Disclose research results. The following set of assessment indicators is: Q&8>

(OC10 = = OC7 OC9)> (AD6 = Q8)> Q3> OC5> Q4> AD1>

(Q10 = Q5)> Q9> Q2> Q1.
Strengths for the field of Total Quality are adduals:

4.1. The Grey Method Application for Strengths and
Weaknesses Analysis
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* Vision of Quality (Q1): companies that have men&d
the Mentality of Zero Defects and Total Quality;atjty
control during processes, quality designed to itatd
manufacture; and that quality everyone's responsibili

» Models and quality procedures (Q2), mentioned fdzk
comprehensive models for quality management
improvement are reformatted, resulting in the inm@atation
of action plans.

Weaknesses were calculated as follows:

* Defects (internal) (Q6) show that more than 1%efedt
(more than 10,000 ppm) may occur anywhere in tbegss

» Performance measures (AD8): mentioned only coett
costs and nofiinancial measures as a result of the pro

performance measures.

5. Results

5.1. Demonstration of the Calculation for the Boxing
Analogy

To demonstrate the boxing analogy, calculation V&l
shown regarding the Company

As the calculations shown Practice and Performamtiee
field of Total Quality, the table below presents calculations
for other fields of Industrial Benchmarking applied
Company A.

Table 5. Fields of Enterprise Diagnosis

Fields of Enterprise Diagnosis Sum of obtained data from respondent Sum of possible punctuation %

Total Quality PR (%) 28 40 70%
Total Quality PF (%) 30 40 75%
Lean Production PR (%) 35 55 64%
Lean Production PF (%) 22 45 49%
Logistics PR (%) 16 20 80%
Logistics PF (%) 10 35 29%
Organization and Culture PR (%) 32 50 64%
Organization and Culture PF (%) 1 5 20%
New Product development PR (%) 36 50 72%
New Product development PF (%) 20 30 67%
Innovation Management PR (%) 22 30 73%
Innovation Management PF (%) 6 10 60%
Environment, Health and Safety PR (%) 38 40 95%
Environment, Health and Safety PF (%) 18 20 90%

To obtain the General Practice and Performanceximd
Company A, the calculation is the same: (28 + 3%+ 32 +
36 + 22 + 38: all values of PR, summing up all daitainec
by the respondent relating to PR and then divitinghe surr

of possible scas for PR, calculated as follows ) / (40 + 5
20 + 50 + 50 + 30 + 40) = 207/285* 100 =7

Table 6shows the overall rate of practice and performs
related to the four companies.

Table 6. Overall rate

Fields of Enterprise Diagnosis Company A Company B Company C Company D
General Practice Index - PR (%) 73% 73% 69% 69%
General Performance Index - PF (%) 58% 79% 56% 68%

5.1.1. Maturity Level of Enterprises

Word Class

y —— ——

Vulnerable Company B

Challengers
—Challengers _ |

=

Promising

Company D

Counterweights

Company A

Company C

I

% Performance

Punching bag

0 10 20 30 40 50 60 70 80 90 100

0 10 20 30 40 50 60 70 80 90 100
% Practice

Figure 2. The Boxing Analogy

The maturity level of the four compan is represented in
graph (Fig. 2)of the boxing analogy, related to companie:

B, C and D. The Analogy Boxing graph provided act
preview, showing at what stage companies are filed:
accoding to its a percentage in practice and performz
Also, it allowed a visual way to compare compaies single
graph.

The Boxing Companies Aand C in the study weresifiesl
as Promising. The companies B and D were classHi&
Challengers. The ecopanies surveyed are therefore
classified as World Class.

In this research, companies from the Automotivet@e
certified by ISO TS 16949: 2009 are not yet clasdifas
World Class, but are close, once this level demant=ast 809
in practice and0% in performance. It was noticed that fir
classified as Challengers are closer to gettingoald\Class
rating, while the Promising Companies still hi
improvements to be implemented in order to achitie
level.
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5.1.2. Confidence I nterval of Surveyed Companies

Note —it was applied a confidence interval of 95% cettai
using Minitab software chart, to affirm Company &ually
has better ranking. The same position of othemprises can
be checked in Figure 3.

Confidence Interval between the Company A, B, Cand D
95% Cl for the average

3,0
3,2

3,4

Data

3,6

3,8

4,0

Company A Company B Company C  Company D

Figure 3. Confidence Interval of 95% for Companies A, B, C, and D.

Companies A and C were classified as Promisingjev
companies B and D were classified as Challengdmough
these analyzes, we note that the companies in tienfotive
Sector certified by ISO TS 16949: 2009 not yet classified
as World Class Organizations (WCOQ), but are clas¢his
level, once that to be WCO at least 80% must baioéd bott
in practice and in performance levels. We realited firms
classified as Challengers are closer to gettingGOhating.

The classification of C as a Promising Company
Company is because it has obtained 73% score atigEaanc
58% in performance. Generally, that means it neg&v
management improvement, once the major issue rneliés
management method.

Compmany B was classified as Challengers due to its
score in practice and 79% in performance. In génénis
means tasks must be improved to achieve its pnasefts,
once the greatest concern is in performing compatiyities

The classification of Cas a Promising Company f
Company C reflects its 69% grade in score and 56¢
performance. In general, this means there is a rfee
improvement in task performance to achieve resatise the
greatest concern is in the execution of companyities and
its management, since the problem relies in theagamen
practice.

At last, Company D was classified as Challengeh &%
in practice and 68% in performance. In generak thould
lead to the same conclusion as for compan

5.2. Analysis of MED

The draft EAW allowed this research design, apg
PDCA. It has facilitated this study developmentcenit
showed the step-bstep to be followed. The planning phas
the most time consuming one. After data collect
respondents replied within & days delay, but withol
harming research progress. The verification phases

efficient once the researcher had previously studlmout the
Grey correlation method. At last, action stage @mésd ¢
higher complexity due to the need of synthesizingd report
findings.

Once the companies’ analysis composes a case shtiagr
than an actiomesearch, data from the four companies
compared in regard to its strengths and weaknésseneral
not on individual basis. To define each companyenghs
and weaknesses, the researcher would need moréics
information, what was out of this research scoppkams.

5.2.1. Data Analysisfor Practice and Performance

It was found that companies have higher scoresdntige
when compared to performal This means that these
companies are active, applying v-rated activities, methods
and tools, but are weak in terms of management.iftse
companies do not diagnose its issues, opportuniie:
improvement will remain uncle:

We note that A and Bad the best scores in pract- 73%.
Companies C and D obtained values equivalent to 69
practice. The company that has the best performand®
(79%), and with the lowest value remains with C%!

Company B shows that practice, which comprisee
applied methods and tools, is on its path towalds lhes
performance. Therefore, among the companies archiye
is the one presenting the best ra- 73% on practice and 79%
on performance.

5.2.2. Comparison Analysis of the Confidence I nterval

By applying a 95% confidence interval, almost the s
classification was obtained for each company, ceingao
the data in analogy to the Boxing chart. Thuspjtears tha
Confidence Interval graph produced in the Minitalftvgare
corroborates with databtained in analogy to the Boxit
chart.

5.2.3. Analysis of Grey Correlation Method

The calculation using with the Grey Correlation nost
allowed defining strengths and weaknesses, easifppned
through the software Excel.

5.2.4. Analysis of Strengths and Weaknesses of Analyzed
Companies

Grey correlation method was applied to define gjties
and weaknesses for the four companies in analyased or
the calculation of r in seven areas of Industrieh&hmarking
Those were obtained through the Grethod calculations for
Total Quality, Organization and Culture, New Prdc
Development, Innovation Management, Logist
Environment, Health and Safety and Lean Product

6. Conclusion

According to this research, the maturity level ofmpanies
certified by ISO TS 16949 has not reached a wdddsclevel
but stands close to this goal, classified as Priogignd
Challenging. This would be an opportunity for fitwvork: to
verify the naturity level of certified companies in t
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Integrated Management Systems. Another project royipioy
would be to identify which companies certified i8Q TS
16949 have high defects levels. [13]
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