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Abstract: The outsourcing in the automotive industry measurements and reporting the results. Conseguentl
transferred the responsibility to produce produetsh  many cases, there are divergences in the measuremen
quality to its supplier and, consequently, the migéin and results between suppliers and assembly plants r&id
execution of the measurements in the supplied mtsdu errors in the report and interpretation of the measment
However, it is still frequent the occurrence of tanflicts  results (Figure 2), use of inadequate measurenysierss,
between companies related to divergences in therrors in the interpretation of the specificatioims the
dimensional tests. This problem is more critical indrawings and so on.
coordinate metrology, due to the many parameterthén

measurement process. This paper describes a noéthyd

developed for the standardization of measuremeatesgfies

to be used during the product development and it

Measurement Process

application in the supply chain of the Braziliartcauotive ~Hode of fixing and orientation
. +*Cleanness
industry. *Environmental conditions
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1. INTRODUCTION

The intense outsourcing in the automotive industry &> 125,005 mm 125,050 <:J
the last 20 years brought new challenges to thenteal S

relationships between customers and suppliers. djosta : 27?77
themselves to this new reality, the assembly pldvatee |:> i P T
realized a complete reorganization of the suppbirghand, %9 v
consequently, of the relations and of the distidoubf the }4—% 005 Az +0,05
responsibilities among the companies. 1257 005

The product has been developed in an integrated way Figure 1: Different measurement strategies potentiezes
between customers and suppliers and, as a resdt, t incompatibility between results
assembly plants needed to establish methods toeatsel .
quality of these supplied products. Supplier 1 Supplier 2

During all the stages of the product life cycleg ar Report . e
generated deviations related to its quality. Howerwst of o ,[ ey
them are generated in the initial stages of produc \. P -
development and not only during the manufacturirgcess Gustomer
[1]. i :

In the dimensional area these deviations in théitguet
the product are particularly important, being aticai

contractual requirement in the supply. In the conipa \
where there is not an adequate definition of the  Supplier.. “/
measurement process by the suppliers and by tleenabs Ly
plant, the deviations in the quality of the produwdtl be = ® - BN ,
probably detected only during the manufacturingcpss, st :
causing many re-works. Supplier4 ‘““w

It was observed in many Brazilian companies that th s
suppliers are responsible for defining the pararseté the Figure 2: — Not standardized reports difficult thecommunication




These problems are more critical in the coordinateoordinate measurement strategies to be used ithall
metrology, because of the many parameters that ttalze  automotive supply chain, to the support, evaluataord
defined in the measurement process. Currently, theeliable in the dimensional test results.
coordinate metrology is the most used resource of With this methodology, the suppliers will defineeth
measurement for the dimensional conformity evatuain  measurements in an adequate and standardized wagllan
supply processes, due to its flexibility and unsadity [2], the parameters will be documented. Consequentlg, th
and this is also found in Brazil. analyses of the variations in the measurementteesiill be

Despite the measuring uncertainty of the coordinatenore reliable, and this will prevent imperfectioims the
measuring machines (CMM) is only a few micrometére, measurements in some advanced stages of the product
differences in the measurement results of the sandevelopment.
workpiece by different operators are considerabigater
than the uncertainty specification of the CMM astest by 2. PROPOSED METHOD

the manufacturer. [3] . . .
The causes are not only in the measurement syskerms, o gge drg\?etroopdeoollogil/ iﬁgsgiebrigllgaga?; aaﬁgt i(t);w:}[i;pl
also in the measurement strategy defined for eac Uring the stages of the product development. Térexl

measurement task and in the errors caused duriag t ; o o
execution of the measurement. [3] The difficultydefine structure W'th.the specific _attnpunoqs qf theambly plant
Qd the suppliers can be visualized in figure 3.

adequate measurement strategies occurs due to it For th ¢ f1h d thodol it
dependence from the form deviations generated ey tr}un or the execution of the proposed methodology It 1S

manufacturing processes, from the particularitiésthe dgmental thgt a functional group is created with
measurement process and mainly from the operailts. sk participants of different areas, such as product pmocess

To minimize all these problems and achieve theengineering, metrology, product development ingthgplier

assurance of the dimensional quality of supplieadpcts, and supplier participants. With this group the peats of

two important points to be considered are thecommunlcat|on will be minimized and will have a popt

standardization and evaluation of the measurenisitgeen 2M°NY the companies. . . .
customers and suppliers and a correct communicafitime . The methodology was divided in the modules desdribe
results and information between them. in the following sections.

Currently, the Brazilian assembly plants are begign 2.1Coordinate measurement strategies database
the process of adapting themselves to this newityeal
observing the application of some techniques atidiges.
However, all these efforts are still wide-rangiagd consist
basically of a more detailed selection of the sigppland

the execution of more tests in the supplied pradcting h h | dati by th bl
the stages of the product development. The effeftged to | T usil kt) ese prdoposzidrecgmm‘('enh atlorlllslm)]/ t I'e as%zem
the dimensional measurements, nevertheless aré shl ant will be stored in a "database” that wi galize the

deficient. Recommendations of how to define themfo_lr_rrr:anon. i il h it the datab
parameters of the coordinate measurement processaan e suppliers will have to consutt the database to
metrology support of the assembly plant are séiflaient. e"?"uate th? suggested mf_ormatlon and, if theegias are

Thus, the standardization (recommendations) ofu/table to its manufacturing and measurement SEEe:
measurement process among partners will be able {Bey will be gble to use them_. On. the other h“‘"@ case
minimize in great amount the occurrence of thesblpms, is very particular, the supphgr will have to defim new
bringing benefits as: measurement strategy that will have to be apprdethe

» Consistency among results; assem_bly plant. . .

. Reduction of the conflicts: While new measurement strategies are being approved

. M ticient and reli bI, s the assembly plant will include them in the databads

ore eflicient and reflable measurements, _ order to increase the information and transferkiin@wvledge
*  Improvement in the relation among partners; among companies. For this, it is necessary thastiiueture

This module consists in disponibilizing coordinate
measurement  strategies recommendations to each
measurement task to be used in the measuremerdsgex
of the suppliers and of the assembly plant.

*  More accurate and faster corrective actions; of the database is flexible, dynamic and expandable

*  Quality Improvement of supplied products; For the organization of the information stored he t

 Transference of knowledge between assembly plafatabase and easiness in its consult, a strugtured form
and suppliers; (Figure 4) was developed based on the work devdlape

Time reduction for the product development. [4]. In this way, the recommendations of the measent

The standardization of the measurement reportsngim strategies of each measurement task are strucedaty the
to provide a more objective, accurate and fastegharacteristics of the geometric elements to besnred,

communication among partners brings benefits as: defined from the tolerances specified in the priojfcthe
* Reduction of the interpretation errors; product.
» Easiness of communication among partners; Thus, to consult the index of the database, the wike
* More conclusive reports; have to define some parameters for each toleramdeet

« More adequate and reliable dimensional analyses. €valuated, such as:
Motivated for this problem, this work proposes the < Direct or associate (association of elements
development of a methodology for tistandardization of measured directly) measurement;



Characteristic to be evaluated
tolerance.

SUPPLIER’S ATTRIBUTION
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Figure 3: General structure of the proposed methodogy

Figure 4: Index of the measurement strategy databas
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The concept of direct measurement was created becauolerances and other parameters (functional eleshéotbe
of the many cases where it is necessary to assa@ments evaluated in each dimensional test and so on.
measured directly to evaluate a determinate chexatit. In

the database there will be only recommendationdirefct 2.3 Measurement strategy document

measurements. For the associate measurementseheill It is a document to register all the parametershef
have to specify the measurement strategy of easmesit measurement process defined by the supplier, wallows
and how its association was done. a possible repetition of the measurement and faigb the
After consulting the database, the user will hageaa evaluation of the results.
result, the recommendations of the measuremenégrdor Thus, this document will contain:
its measurement task. * Measurement system used;
These recommendations consist basically in a « Mode of fixing and orientation of the part in the
description of how the measurement will have to be measurement system;
executed, through the specification of some pararset +  Probe configurations;
considered important for the authors of this workese . Specific parameters for each measurement task of
parameters are the number and distribution of thasured the reference system:
points in the geometric element, the evaluatiotedd, the .

Specific parameters for each measurement task of
each evaluated tolerance (code of the database or
proposal of a new measurement strategy);

»  Environmental conditions and so on.

Besides, this document will be the link of
communication of the supplier with the assemblynpléhat
will contain information about the planning, the
accompaniment and the analysis of the measuremecet$s
and, the evaluation of the supplied samples. Ii wd

pr(l)cisstéflgdurte S)' As afreSlﬂt’t ef?tmh supr;lle: 'Wi’”e access updatedas soon as the analyses in the stages of the proces
only to the database reterred 1o its manutactuyprogess. of product development are realized.

/ \ After the definition of the measurement procesddae
\DATABASE/ by the supplier, it must be evaluated and apprdwedhe

filter used to smooth measuring data from contisuou
surface probing, the diameter of the probe tip silae of the
element and so on.

Another aspect also considered in the structur¢hef
database is that the specific characteristics oh égpe of
manufacturing process can influence, in a differeay, the
measurement process. For this, it was defined that
database will be categorized by the type of martufang

assembly plant (initial evaluation, without the exton of
the measurement), before the submission of the Isamp
order to facilitate the evaluation of the measunemesults
of the samples submitted in the most advanced stageen
deadlines are shorter. In the stage of productibrthe
supplied samples and the execution of the dimeakiests,

. ! = ! u , ! r b the supplier will have to use the measurement @ce
cap. 1 cap. 2 cap.3 cAp.4 CAP.5 already defined and approved to perform its rebtiagon.
MACHINE- STAMPED FOUNDED CONFORMED INJECTED
PART TUBE (PART) i PART 000 2 4 M easurement report
d I :

This module proposes a definition of a standardized
Figure 5: Database categorized by the type of theanufacturing model of measuremen_t report to b?,useq by _a” irecbl It
process also proposes mechanisms that facilitate its géinera
The measurement reports must contain the necessary

2.2 Measurement Plan information in an objective form, in a format thaill allow
a fast and an easy way to interpret dimensionafocority
of the product, without generating doubts. The refoymat
cannot be disentaileaf the possibilities of the software used
for this purpose. Preferably, all the process basetfast and
Sutomatized, to prevent errors in the write andrattons in
its format.

It is necessary that the assembly plant inforrestdiols
that will generate the measurement reports or ddfie tool
that shall be used by all suppliers.

It is a document with the goal to clearly definee th
metrology requirements to be demanded of the senspin
all the stages of the product development and,emprently,
minimize the incomplete estimates and assure th
application of these requirements in the measur&snén
must be defined by the functional group, based lmn t
analysis of the project and the manufacturing pssad the
product and sent to the suppliers together withdifzeving
of the product, previous to the stage of selectibrthe
supplier. 2.5 Validation of the measurement process

These requirements are constituted by the definitib
the measurement resources to be used in the diomahsi
tests (to develop or not fixturing devices and candevices
for the manufacturing process, measurement syste
qualification of the operator), special considenasi in the
definition of the reference system (datums); d&bniof the

It is a study that will have to be performed by the
supplier, for the operational (time, easiness aost)cand
metrological validation (compare the variability dle

easurement process with the manufacturing prametse
specification limits) of its measurement processs |
objective is to increase the reliability of the me@ments



and, it is important that the suppliers have thescmus
about its importance.

From the mapping of the current reality in these

companies, the application of methodology was ataed

There are diverse studies and standards for thef immense validity for the work, due to presentéiverse

metrological
however
different. In this direction, studies of metrologgnformity
based on the estimate of the uncertainty accorttingsO
Guide [5], and studies of statistics capacity ohmgement
systems are indicated [6]. The assembly plantheilbble to
specify some specific study to the suppliers ofetothe
choice for the supplier.

Free from the executed study, it is important tvit
shows a complete knowledge about the measurement
process, and when possible, the identification ahne
qguantification of the uncertainty sources. Moregvtre
results of these studies must be registered andtsethe
assembly plant to evaluate them.

It must be realized by the supplier together witle t
dimensional tests in its sample, considering the
measurement process already pre-approved by teenbks
plant. If the results of this validation are notisfactory, the
causes will have to be evaluated and the necessagy,
parameters will have to be modified. However, i$sential
that the assembly plant realizes a new analyzehn t
measurement process, based then on the real ddatee of
measurements.

After the validation of the measurement processhay
supplier and its approval by the assembly plamt,stipplier
will have to use it in the other dimensional tesisbe
realized in the further stages of the product dgwelent.

2.6 Metrology manual

Its objective is to level the knowledge referredthe
development and to assure the quality of the prodoong
the assembly plants and its suppliers. It will htoveontain
theoretical and practical concepts for the definitand the
execution of the measurement process in an adegagte

It will have to be supplied by the assembly plamd &
be available to be consulted.

With the explanation of the main modules of this
methodology, its implantation consists basically the
creation, consult and use of the proposed docunimnthe
assembly plant and the suppliers, each one in isem
adjusted stage of the process of product developnien
order to guarantee the considered benefits.

Thus, with the definition of the measurement preces
based on these 6 modules, with the metrology stmhdhe
assembly plant and the joint effort of the funcéibgroup,
the assembly plant will have more reliability arabi@ess in
the evaluation of the measurement results of segpli
products and will only repeat the measurement @& th
supplied sample in its installations for criticakes.

3. APPLICATION OF THE PROPOSED METHOD

For the validation and improvement of the proposed
methodology, it was applied in an assembly plamt imna
supplier company (aluminum casting and machinibgth
in Brazil.

pply
conflguratlon of the assembly plant were modified:

validation of the measurement processfems that were evaluated and included in the dgveént
its objectives and evaluated parameters ard this methodology, increasing the probabilityvierify its
practical behavior and to realize the necessaridatibns
and improvements.

Some of the problems observed in the dimensiosds te

of this supply chain are:

» Lack of involvement of the metrology area with the
supplier;

» Lack of definition of the metrology requirements to
be developed by the supplier;

* Incomplete estimates in the metrology items;

» Problems in the project of the product;

e Lack of information in the measurement report;

e Lack of knowledge of how the measurement of the
supplier was realized;

* Repetition of the measurement of the supplied
sample by the assembly plant.

Therefore, to apply the proposed methodology its thi

chain, some points of the organizational

Generation of a functional group, responsible for
the supplied product development;

« Participation of the metrology area in the begignin
of the product development, in order to critically
analyze the project of the product and to defiree th
metrology requirements to be fulfiled by the
supplier in its measurement process;

* Metrology support during the stages of the
methodology. The metrology area has to deal
directly with the supplier.

The case study was divided in five stages:

« 1% Executed in the assembly plant: selection of the
part, analysis of its project, definition of the
measurement requirements to be followed by the
supplier, definition of recommendations of
measurement strategies to be included in the
database by the assembly plant (initial
recommendations) and definition of the model of the
measurement report;

« 2" Executed in the supplier plant: definition and

documentation of the measurement process
parameters through the database and the operator’'s
knowledge,

« 3“ Executed in the assembly plant: analysis of the
measurement process defined by the supplier
(document) and its approval;

« 4" Executed in the supplier plant: execution of the
measurement using the measurement process
already approved, realization of the validatiordgtu
and generation of the measurement report;

« 5%Executed in the assembly plant: measurement of
the part (choice of the assembly plant), comparison
and evaluation of the results, approval of the
measurement of the supplier and update of the
information in the database.



4. RESULTS AND DISCUSSION
The application of methodology in the case stuaéaidy

evidenced the transference of knowledge among th[
companies, where the supplier proposed some usefH

considerations of the manufacturing processes hidwteen
enclosed in the database, and the assembly platitaded
with general recommendations for the execution lof t
measurement, analysis of the measurement systenthand
influence sources.

Another topic that brought a favorable result whse t
involvement of the metrology area of the assembantp
with the supplier during the diverse stages of méttogy,
having a closer relationship and facilitating thelange of
information and solution of the doubts.

Some recommendations of measurement strategi
present in the data base (proposed by the assequidly)
was improved after of the realization of the caselys This
illustrates the responsibility in defining and aating the
measurement strategies, and the necessity to hdyeaanic
structure to store the information in the databasd to
divulge its updates.

It was evident also that the success of the metbggo
depends fundamentally on the involved people in th
process that must be eager to realize a processsafance
of the quality of the produdh a precisdorm.

Therefore, the main advantages of the proposegS

methodology are:
Earlier identification of the problems
inconsistencies in the project of the product;

and

these stages since the initial moment, where n@nev
occurred the selection of the supplier, so thatrtie¢rology
area already could include its considerations énpitoject of
e product and define the metrology requiremeatde
eveloped by the suppliers.

In addition, the methodology also proposes
standardization of the coordinate measurementegiied to
be used by the suppliers and by the assembly plahis
way, it must be included all the parameters comsitle
important to an adequate measurement. These pa&m@met
are stored in a database, with a flexible structiiaé can be
adapted to the particularities of each company.

However, the use of the proposed methodology, whose
objective is to intensify the studies during theodurct
development, is not enough. It is necessary toimoatthe
%3surance the quality of the product through thaligation
of tools that control its manufacturing process, fas
example, the application of statistical processrobdn

Therefore, it is essential to realize an adequfiteten
the measurement tasks in both stages. In the sfggeduct
development, it is necessary high accuracy in the
measurements, because the measurement errors @doduc
will be frozen and the quality of the product vk inferior
%o the level established. This is the focus of pheposed
methodology in this work.

However, for the stage of production of the prodtct
sential the continuity of the quality controltioé supplied
product, through the control of the process, agtithat
must also have an accompaniment and support of the
assembly plant.

the

Adequate definition of the product reference system

(datum) realized by a functional group that haSACKNOWLEDGMENTS
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