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Rezumat. Conform cu David C. Crosby:daci nu ¥ Abstract. According to David C. Crosby,If‘you don’t

cunoti capabilitatea aparatelor de dsurz, nu veisti know the capability of your measurement system, you

dacz masuratorile sau produsele sunt bune sau tglHd. don’t know if your measurements, or your produatg
Incepand de la aceagiremigi s-a efectuat o analiz  good or bad [1].

comparatii din punct de vedere al capaliit de Starting from this basic it had been made an

masurare al unui micrometru de asurat diametrul comparative analyze from the point of view of the
interior, al unui ceas comparatortifale capabilitatea de capability of measuring of an interior diameter
masurare a unei myai de misurat in coordonate, Tn micrometer, indicating micrometer (caliper) and 3
vederea stabilirii fisurii de management optime pentru measuring machine in order to identify the optimal
masurarea diametrelor interioare a pieselor prelechat management measure for serial machining pieces to
serie. Testul a fost efectuat intr-un mediu coatrotu ~ measure interior diameters. The test was made in a
operatori diferii, pentru a stabili modul in care aceste controlled environment, with different operatorsarder
sisteme de #surare sunt afectate de variabilele: metodato see how each measuring system is affected by the
de lucrusi operator. variables: method of work and operator.

Caracteristicile de performgn utilizate pentru a The performance characteristics used to determine
determina care dintre aceste aparate @&®urare reprezidit  which measurement device is the best choice tasbd in
cea mai bui soluie pentru produta de serie sunt: costul serial production were: cost of the system, quality
sistemului, calitatea piesei, analiza sistemuluimideurare  measurement system analyze or repeatability and
sau repetabilitatgi reproductibilitate (R&R), eficiefa si reproducibility (R&R), efficiency and method of
metoda de isurare pentru fiecare sistem utilizat. measurement for each device.

In urma studiului de caz efectuat, ceasul comparato From the case study made, the result was thatetste b
a fost cel mai bun din punct de vedere al costului,cost effective, with the best efficiency, in quakitnd with
eficientei, califiti si cu cel mai bun rezultat ASM the best MSA (Measurement system analysis) valtigeis
(analiza sistemelor deasurare). caliper.

Cuvinte cheie: ASM, repetabilitatgi reproductibilitate Key words: MSA, repeatability and reproducibility

(R&R), sistem de @surare, micrometru, ceas (R&R), measurement system, micrometer, calliper,
comparator, mgna de n&surat 3D 3D measuring machine

1. Introducere 1. Introduction
Alegerea celui mai potrivit sistem deisurare Choosing the suitable measurement system for

pentru evaluarea caliti unui produs repreziat quality evaluation of a product represents the task
sarcina ce trebuie efectddncepand de la modelul that has to be performed from the beginning of the
produsului sau al liniei tehnologice. In acest sees  design of the product or of the technological liime.
impun a fi realizate teste cu sisteme d&sumare, this way, it is assessed to perform tests with
pentru a putea aprecia care dintre acestea va Mfeasurement systems in order to appreciate which
utilizat in produda de serie, pentru diverse repere,measurement device will be wused in serial
si care este cel mai potrivit pentru prodaade start production and which is suitable for start of
[2,6,7,8]. production [2, 6, 7, 8.

Analiza sistemelor de #surare s-a incercat Measurement Systems Analysis has been
efectuat Tn multe igiative de evaluare a produsului. attempted and done in many Quality initiatives in
Insi a devenit cu mai mult recunosgui aplicai  the past. It gained wider recognition when it was
atunci cand a fost defidiformal ca una dintre cele formally defined as one of the key requirements in
mai importante certe din vechiul standard de the old QS 9000 Quality Standard, and when it was
calitate QS9000si mai ales atunci cand a fost recognized as an important technique in Six Sigma
recunoscut ca o tehnig importand in initiativele initiatives.

Sase Sigma.
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Acest demers este utilizat pentru a evalua

caracteristicile statistice ale procesului sistemde

This tool is used to evaluate the statistical
characteristics of process measurement systems.

masurare. Scopul ASM este de a verifica statistic ¢ Purpose of MSA is to statistically verify that cemt

actualul sistem de #surare asigdr valori
reprezentative pentru caracteristicile ce ssoa,
rezultate neeronate, variabilitate migimCatigul
aferent procesului monitorizat prin utilizarea does
mijloace 1l reprezirit identificarea poteialelor
surse de variee, minimalizarea defectelorsi
cresterea caliitii produselor.

Pentru studiul de caz s-au ales trei sisteme

diferite pentru a fi utilizate la &surarea diametrului
interior al unei buge, utilizai Tn industria

measurement systems provide representative values
of the characteristic being measured, unbiased
results, and minimal variability. The gain in the
surveillance process by using this tool represents
identification of potential source of process
variation, minimize defects and increase product
quality.

For this case study, it had been chosen three
different systems to help at the measuring of an
interior diameter of a bush used in the automotive

automobilelor. Tn acest sens, pentru a putea stabiindustry. In order to establish which of this arestn
care dintre acestea este cel mai potrivit pentrisuitable for the serial production it had to be @lon
producgia de serie, trebuie ca pentru fiecare sisteman MSA verification of each system and then

in parte 8 se efectueze un ASMi apoi $ se
compare rezultatele ghute.
Factorii analize ce influeneaz rezultatele

compare the obtained results.
The factors that can influence the results of the
measuring are: the way of handling of the

masuarii sunt: modul de manevrare a sistemului demeasurement system, the influence of the operator

masurare, influeta operatorului asupraasuatorii,
eficienta utilizirii sistemului Tn produga de serie,
repetabilitateai reproductibilitatea.

2. Prezentarea modului de abordare a
analizei comparative a sistemelor de
masurare

Un sistem de #@surare indi@ in forma
numerié o informgie importand despre entitatea

over the measurement, efficiency of utilization in
serial  production run, repeatability and
reproducibility.

2. Presentation of the approach way in the
comparative analyze of the measuring
systems

A measurement system tells in numerical
terms, an important information about the entiigtth

masurati. Cat de sigure pot fi datele pe careyou measure. How sure can be the data’s that the
sistemul de msurare le transmite? Este oare measurement system delivers? Is it the real vdlue o

valoarea redla misumtorii cea extras din procesul
de ni@isurare sau este afedtate o eroare varialiila
sistemului de rmsurare? Intr-adev, erorile
sistemelor de #surare pot fi variabilesi cu
consecife negative asupra evati calitatii
produsuluisi pot indejarta capabilitatea de a fite
valoarea redla misuiatorii. Adesea, valoarea réah
citirii unui parametru poate fi sigupari la limita pe
care sistemul de &surare 1l permite.
Repetabilitatea caracterizéazariaia aleatorie
a erorii induse de sistemul de asarare, iar
reproductibilitatea este eroarea intlude dtre
influenta operatorului. Erorile R&R sunt eliminate,
de obicei, prin asigurarea unei marivuniforme a
fiecarei piese si a sistemului de #surare in

procesul de lucru, prin standardizarea metodelor dprocess,

masurare si prin scolarizarea pentru calificarea
corespunitoare a operatorilor.
Variatia indust de efectele varfalor mediului

the measure that you obtain out of the measurement
process, or is it a variable measurement systeoriZerr
Indeed, measurement systems errors can be variable
and with relative consequences over the evaluafion
the product quality and can fog the capability to
obtain the true value of the measurement. Oftemn, th
real value of a reading of a parameter can be
confident only to the extent that your measurement
system can allow.

Repeatability error is the inherent random
variation in the measurement system, where the
reproducibility is the error induced by the inflwen
of the appraiser. R&R errors are usually addressed
by providing fixtures for a uniform means of
handling the work piece during the measurement
and standardizing the methods of
measurement by training with the right qualificatio
the appraisers.

Variations induced by environmental effects

de lucru sunt incadrate, de asemenea, ca fiine@ parare also classified under reproducibility of the

a reproductibilifitii rezultatelor nisuftorii. Este
important ca sistemul deasurare § fie robust la

measurement results. It is important to make the
measurement system robust to all the environmental
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orice variaie a condiilor de mediu ce poate afa, variations that can normally occur during the ceurs
in mod normal, n timpul unui proces désurare. of measurement.

In aceast lucrare sunt comparate rezultatele din In this paper it is compared the results from a
studiul ASM al fiedrui sistem analizat din punct de MSA study for each analyzed system from the point
vedere al costului de achiminare, al preciziei de of view of cost of buying, working precision aneth
lucrusi eficientei fiecirei metode de asurare. efficiency of each method of measuring.

Studiul ASM a fost efectuat adoptandu-se ca  The MSA study was performed with an
esantion zece piese, trei operatori, iar fiecareadaptation of ten samples, trey operators and each
operator a risurat cu acegametodi de niisurare  operator had to measure with the same method trey
de trei ori fiecare pieés Piesa este o bgicutilizata ~ times each piece. The piece is a bush used in the
in construga de maini si are o toleratd de 0,021 automotive industry and has a 0.021 mm tolerance
mm la dimensiunea #suraf in concordafd cu from the measured dimension according to the
desenul tehnic din figura 1. drawing from Figure 1.

Figura 1. Desenuulltehnic al yat de misurat
Figure 1. Technical drawing of the bush for measyri

2.1. Analiza sistemului de riisurare efectuat 2.1. Measurement system analyses performed
folosind micrometrul de interior using the interior micrometer
Micrometrul utilizat in studiul de caz este unul The micrometer used in case study is a

de tip Mitutoyo, figura 2, cu plaja deasurare Mitutoyo type, Figure 2, with a range of 16-20 mm,
16-20 mm, avand o masle 400 gramei la un pr¢  with a weight of 400 grams and a price of 925 $.
de 925 $.

Figura 2. Micrometrul de interior tip Mitutoyo
Figure 2. Interior micrometer Mitutoyo type

Rezultatele risuirilor efectuate cu acest The results of the measurements performed with
instrument sunt prezentate in tabelul 1. Din agnaliz this instrument are presented in the Table 1. Atcor
valorilor masuratesi conform calculéei efectuate ing to the measurement values and the calculation
pentru studiul ASM, valoarea R&R pentru acestaperformed for the MSA study the R&R value for this
este 30,72%. Criteriul de acceptare in cazul R&Rs 30.72%. The acceptability criteria for R&R (% of
(% din variaia totak si % din toleram) este [2, 4]: Total Variation and % of Tolerance) is [2, 4]:

1. Sub 10% — sistemul este acceptat (de prefelpat si. Bellow 10% — acceptable system (under 5%
5%); preferred);
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2. De la 10% la 30% — poate fi acceptat, dar depind2. From 10% to 30% — may be acceptable
de: importaya aplicaiei, costul sistemuluisi depending on: importance of the application, cost
costul de mentenanetc. of the system and cost of repair, etc.

3. Peste 30% - este considerat neacceptat. . Over 30% - considered not acceptable. In

concluzie aparatul nu este capabila s conclusion, the device is not capable to meet the
indeplineast cerinele pentru repetabilitatgi requirements for repeatability and
reproductibilitate. reproducibility.
Tabelul 1. Valori nisurate ale diametrului interior al pieselor efet#@ micrometrul Mitutoyo
Table 1. Values of the measurements for the intelimmeter of the pieces performed with Mitutoya@rmmeter
Parts
A Trials 1 2 3 4 5 6 7 8 9 10
Average 1 19.06 | 19.062 19.061 19.061 19.062 19.061 19/0692.062| 19.062] 19.061
2 19.062| 19.063 19.062 19.06 19.061 19.063 19)069.061| 19.063] 19.062
19.061 3 19.06 | 19.061 19.0§4 19.061 19.06 19.P6 19]06 19/069.062| 19.061
Range| 0.002 0.002 0.002 0.001 0.002 0.003 0.002 010/0 0.001 | 0.001
Parts
B Trials 1 2 3 4 5 6 7 8 9 10
Average 1 19.059| 19.059 19.06 19.088 19.0p9 19.059 19/059.059| 19.06| 19.059
2 19.059| 19.059 19.06 19.089 19.0p9 19.059 19/059.059| 19.06| 19.059
19.059 3 19.058| 19.059 19.06 19.089 19.0p9 19.059 19/059.059| 19.061] 19.059
Range| 0.001 0 0 0.001 0 0 0 0 0.001 Q
Parts
C Trials 1 2 3 4 5 6 7 8 9 10
Average 1 19.059| 19.06| 19.061 19.06 19.06 19.059 19.061 0619.19.061| 19.059
2 19.059| 19.061 19.061 19.0%9 19.06 1906 19/061.0619 19.062] 19.059
19.06 3 19.061| 19.06| 19.061 19.06 19.0p1 19.059 19,06 05989. 19.061| 19.06
Range| 0.002 0.001 0 0.004 0.001 0.0p1 0.001 0.0020010; 0.001
Repetabilitatea este afectatin cauza devigei The repeatability is affected because the

deviation of the device is 0.003 microns and the
manufacturer gives this number and the
reproducibility is affected due to constructiontloé
micrometer that cannot eliminate the force inflleenc
that can be applied from the operator to the
measurement instrument.

If all the medium variations of the measured
dimension are according with the ones presented in
the Figure 3 then all the operators need a
supplementary training because the device is
sensible to each force applied. This means each
operatorul se va schimba, valoareasmrati va fi  time the operator will change the value measured
diferita decat cea a operatorului precedentwill be different from the previous operator. The
Rezultatele ASM sunt prezentate n tabelul 2, deesults of the MSA are presented in Table 2, from
unde se deducear ca varigia de repetabilitate este where it can easily find that the variation of

de 0,003 microni preluatdin datele furnizate de
catre produdtor, iar reproductibilitatea este afeétat
de construga micrometrului ce nu poate elimina
influenta forei ce se aplic de dtre operator

instrumentului de @surat.

Daa variaiile medii ale dimensiunii @surate
sunt de tipul celor prezentate in figura 3, atdogi
operatorii au nevoie de o calificare suplimeitar
deoarece instrumentul este sensibil la oriceafor
aplicat. Inseama ci de fiecare dat cand

45,46%si afecteaz campul de toleraa cu 14,97%,
ceea ce Insearairca instrumentul are o eroare de
0,003 microni, in concordgh cu documenté
furnizat de produétor.

Reproductibilitatea ainuta, care ardt varigia
rezultatelor operatorului, este de 81,48% din
varigia totah si cu influena de 26,82% asupra
toleranei, adi@ o eroare de 0,005 microni din
tolerana impud de desen.

repeatability is 45.46% and affects the tolerance
field with 14.97% that means the device has an
error of 0.003 microns according to the
documentation from the manufacturer.

The reproducibility obtained which shows the
variation results of the operator is 81.48% from th
total variation and with influence of 26.82% over
the tolerance; this means an error of 0.005 microns
from the tolerance given by the drawing.
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Figura 3. Valorea medie a dimensiunii pieselatiralie pentru fiecare operator A, B, C
Figure 3. Average of the measurements for eachatqred, B, C

Tabelul 2. Sursa de vatia
Table 2. Source of variation

Percent of Percent of
Source of variation Sigma Variation Total variation Tolerance
Repeatability (EV - Equipment Var) 0.00061 0.003143 45.46% 14.97%
Reproducibility (AV - Appraiser Var) 0.001094 0.005633 81.48% 26.82%
Repeatability & Reproducibility (R&R) 0.001253 0.006451 93.30% 30.72%
Part Variation (PV) 0.000483 0.002487 35.98% 11.85%
Total Process Variation (TV) 0.001342 0.006914 100% 32.92%

Valoarea ,red” pentru fiecare piegs a fost The “real” value of each piece was measured

masurati pe 0 maina de ndisurat in coordonate, cu on a coordinate measuring machine, with high
performane de precizie ridicatin raport cu ale precision performance in contrast with the
instrumentului utilizat. Aceasta este comparat  instrument used. This is compared in Figure 4 ¢o th
figura 4 cu cea mai mare valoaretiobta de cétre  highest value obtained by the operators in order to
operatori, pentru a avea orientarea valorilor meitod have the linear trend of the measurement method
de nisurare a fiedrui operator fgi de valoarea from the appraisers against the “real” value. The 3
.reald”. Masina 3D utilizati pentru acea&toperaie machine used for this operation is a DEA Micro-
este DEA Micro-Hite 3D prezentain figura 5, iar  Hite 3D shown in Figure 5, where the cost of this i
costul de achizionare pentru aceasta este del50000 $. Micro-Hite 3D’s optional fine adjustment
150000 $. Setarea fina Micro-Hite 3D este is particularly useful for small features, where a
utilizata Tn special pentru tolergs mici, unde precision touch is required. Thermally compatible
precizia este necesarMaterialelesi componentele materials and components minimize the influence of
compatibile din punct de vedere termic minimizeaz ambient temperature on measurement results,
influenta temperaturii ambientale asupra rezultatelomaking the Micro-Hite 3D the compatible
masurate, fcand din Micro-Hite 3D sistemul de measuring system for virtually any application in
masurare compatibil pentru orice apliga in  only rated conditions [3].

anumite condii impuse [3].
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Figura 4. Variga dimensiunilor pieselor fade cea mai mare valoarésorat de ctre operatori

Figure 4. Pieces vs. highest values measured batops

Highest values measured [mm]
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Figura 5. DEA Micro-Hite 3D
Figure 5. DEA Micro-Hite 3D

2.2. Analiza sistemului de misurare efectuaa
folosind ceasul comparator using calliper
Ceasul comparator utilizat pentru ASM (figura The calliper used for this MSA (Figure 6) is a
6) este de tip Diatec, cu valoare a diviziunilor TnDiatec calliper with the divisions of the dial in
microni ce este asamblat cu un suport DM1 cumicrons which is assembled with a DM1 support
pretul de 250 $ pentru ceasul comparagiod45 $  with the price for the calliper of 250 $ and a prfor
pentru suport. the support of 145 $.

2.2. Measurement system analyses performed

Figura 6. Ceas co.mparator Diatec asamblat cu sijjdit
Figure 6. Diatec caliper assembled with DM1 support

Valorile abaterilor rasuratesi inregistrate cu The deviations measured and recorded with this
acest instrument sunt evidete in tabelul 3. device are shown in the Table 3. The value of the
Valoarea calculgei pentru R&R este de 28,68%. In R&R calculation is 28.68%. According with the
concordari cu specificda acesta poate fi acceptat specification this instrument can be accepted with
cu derogare deoarece metoda de citire a diviziuniloderogation because the method of reading the dial
cadranului de la ceasul comparator a fost diferit of the calliper was different from each operatbis t
pentru fiecare operator, acest fapt observandum-se fact was observed during the performed

momentul risutorilor. In conseciti aceasta
trebuie Tmbuatatita prin Tntocmirea unei instréani
de citire a cadranulgi scolarizarea utilizatorilor.

in figura 7 este evideiti media dimensiunilor
diametrelor msurate pentru fiecare piesle dGtre
fiecare operator, iar pentrua cmedia valorilor

measurements. Addressing, this must be improved
with the creation of a reading instruction of thald
and the training of the operators.

Figure 7 shows the average dimensions of
diameters measured for each part by each operator.
The diagram for averaged values measured by B
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obtinute de operatorul B se intersectean cele operator intersects the diagram for those measured
obtinute de operatorul Asi operatorul C nu a by operator A. Measurements of C operator
obtinut nici o valoare a #suiatorii sub rezultatele determines a diagram positioned below diagrams
inregistrate de ceil@ldoi operatori, metoda utilizat for A and B operators. All these results indicétat t
este mai bubh decat cea fologit in cazul the used method is better than micrometer method
micrometrului si poate fi imbuatatita pentru a and it can be improved to obtain an under 10%
atinge o valoare de R&R sub 10%. R&R value.

Calculaia pentru R&R a ceasului comparator The values of the R&R are for the calliper
este prezentatin tabelul 4. Valoarea inregisttat presented in Table 4. The value of the repeatgbilit
pentru repetabilitate este de 12,07%. Aceasta esie 12.07%. This is lower than the value obtained in
mai mici decéat valoarea inregistidh studiul ASM  the case of the MSA for the micrometer and means
al micrometrulsi reprezing 2,5 microni devige a 2.5 microns deviation from the total tolerance.
valorilor citite din tolerara totah.

Reproductibilitatea a Tnregistrat o valoare de  The value obtained for the reproducibility is
26,01%, aproape aceeéaaloare cu cea gimuta in 26.01%, almost the same value with the one
studiul ASM pentru micrometru de 26,82%, obtained in the MSA study for the micrometer of
deoarece citirea diviziunilor pe cadran a fostritife  26.82%, due to the reading of the divisions of the
pentru fiecare operator. dial was different from each operator.

Table 3. Values of the measurements for the intglimmeter of the pieces performed with the catlipatec
Tabelul 3. Valori misurate ale diametrului interior al pieselor efetduau ceasul comparator Diatec

Parts
A Trials 1 2 3 4 5 6 7 8 9 10
Average 1 19.06 | 19.061] 19.061 19.06 19.069 19.062 19.062.0599 19.061| 19.06
2 19.06 | 19.061] 19.061 19.06 19.06 19.062 19.062 0619 19.062| 19.06]
19 061 3 19.06 | 19.061] 19.061 19.062 19.0p1 19.062 19/062.061 | 19.062] 19.061
Range 0 0 0 0.002 0.002 0 0 0.002 0.0p1 0.001
Parts
B Trials 1 2 3 4 5 6 7 8 9 10
Average 1 19.061| 19.061 19.062 19.061 19.061 19.062 19/069.062| 19.062 19.061
2 19.06 | 19.061] 19.062 19.062 19.0p1 19.062 19/062.061| 19.061] 19.062
19.061 3 19.06 | 19.061] 19.061 19.062 19.0p2 19.063 19/062.061| 19.062| 19.062
Range| 0.001 0 0.001 0.001L 0.001 0.001 0.001 0.0020010|{ 0.001
Parts
C Trials 1 2 3 4 5 6 7 8 9 10
Average 1 19.061| 19.063 19.062 19.063 19.062 19.064 19/068.061| 19.064 19.063
2 19.062| 19.064 19.063 19.063 19.063 19.064 19/068.062| 19.064 19.063
19.063 3 19.061| 19.064 19.063 19.064 19.063 19.064 19/069.062| 19.064 19.063
Range| 0.001 0.001 0.001 0.001 0.001 Q 0.001 0.001 0 0

e ™
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Figura 7. Valoarea medie a diametrului pieselasumate de fiecare operator A, B, C
Figure 7. Average for the measurements of the diamfier each operator A, B, C
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Tabelul 4. Sursa de vatia
Table 4. Source of variation

Percent of Percent of
Source of variation Sigma Variation Total variation Tolerance
Repeatability (EV - Equipment Var) 0.0004922 0.0025349 36.40% 12.07%
Reproducibility (AV - Appraiser Var) 0.0010608 0.005463 78.44% 26.01%
Repeatability & Reproducibility (R&R) 0.0011694 0.0060225 86.47% 28.68%
Part Variation (PV) 0.0006793 0.0034983 50.23% 16.66%
Total Process Variation (TV) 0.0013524 0.0069648 100% 33.17%

Faptul & precizia de citire a valorilor pe The fact that precision of the reading on the dial

cadranul ceasului comparator trebuie Tmitaita — of the caliper must be improved is shown in the
reiese din figura 8, operatorii B C au depsit Figure 8, the operators B and C were exceeding the
valorile ,reale” nmisurate pe mgna 3D, in schimb “real” values measured on the 3D machine, in
valorile operatorului A se intersectédazu aceste exchange the values of the operator A are

valori ,reale” (mai aproape de realitate). intersecting with the “real” values (closed to the
reality).
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Figura 8. Variga dimensiunilor pieselor fade cea mai mare valoarésarat de ctre operatorii A, B, C
Figure 8. Pieces vs. highest values measured ébr gzerator A, B, C

2.3. Analiza costului sistemului de rsurare 2.3. Cost versus efficiency analyze between the
comparativ cu eficierta intre micrometru si micrometer and calliper
ceas comparator
Costul pentru fiecare sistem deisurare a fost The cost of each measurement system was

calculat in concordalh cu preul oferit de calculated according to the manufacturer price and
producitor, iar eficiema a fost calculatin timpul  the efficiency was calculated during the tests with
testelor pentru fiecare operator. Din analiza datel each operator. From the data analyze shown in
prezentare in figura 9 se deducé eficiena  Figure 9 it is deduced that the efficiency of gahi
ceasului comparator este mai mare decat cea ia higher than the micrometer because the operator
micrometrului, deoarece operatorul nu este obligahas no obligation to check the calibration after
si refa@ calibrarea la fiecare zece piese.every ten pieces. Considering an order for
Considerand o comandie verificare dimensional dimensional verification of two hundred pieces it
avand doa sute de piese se poate calcula timpulcan be calculated the time lost just for calibraiid
pierdut doar pentru a calibra micrometrul este dehe micrometer was 340 seconds, time that can be
340 de secunde, timp ce poate fi folosit pentra alt used for others measurement operations.

operaii de masurare.

Un alt dezavantaj al micrometrului esté c The micrometer also has a disadvantage
operatorul trebuie & efectueze minim trei because the operator has to make minimum three
masuiatori  pentru a putea determina  dac measurements in order to determine if the
dimensiunea este conform desenului. Pe d& altdimension of the piece is according to the drawing.
parte, preul de 925 $ pentru un micrometrufale  In other way the price of 925 $ for the micrometer
495 $ pentru ceasul comparator conduce laversus 495 $ for the calliper drives to the coriolus
concluzia @ nu este potrivit pentru produg de that is not suitable for serial production; the
serie; micrometrul este un instrument ce poate fmicrometer is the device that can be used in

356




RECENT, Vol. 13, no. 3(36), November, 2012

utilizat in laboratoarele metrologice sau pentrumetrological laboratories or measurements for
masurarea de piese prototip, unde timpul nu est@rototype pieces, where the time is not important

atat de important ca in zona de praghic like in the production area.
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Figura 9. Eficiera sistemelor de #surare
Figure 9. Efficiency of the measurement systems

Pentru a elimina influga condiiilor de mediu In order to eliminate the influence of the
asupra rezultatelor: testele au fost efectuateuimtr environment conditions over the tests results: the
mediu controlat la ZLC, pieselssi instrumentele de tests were performed in a controlled environment at
masurare fiind depozitate cu cel tpuzece minute 21°C, the pieces and the measurement devices were
inainte de testarea lor. Prelucrarea datelodeposited at least ten minutes before testing. The
experimentale ainute au fost efectuate cwi@rul  experimental data obtained were performed with

Excel Microsoft Office [5]. Excel file Microsoft Office [5].
3. Concluzii 3. Conclusions
Din analiza rezultatelor oinute reiese & From the analyze of the results obtained it was

ceasul comparator este potrivit pentru pradude decide that the caliper is suitable for the serial
serie din cauza: costului mai mic de adfiézi495 $ production due to the benefits of: costs, 495 $
comparativ cu 925 $, valoarea procertumlASM  versus 925 $, MSA value that is lower and more
este mai mig si se Tncadredzin specificai mai precise in the specifications than in the casenef t

precis decat in cazul utifidi micrometrului. utilization of the micrometer.

Metoda utilizal pentru nisurare folosind The method used for measuring using the
ceasul comparator este simpkficient, usor de caliper is simpler, efficient and easy to use and
folosit si inswita de ctre operatori. understand by the operators.

Pe de alt parte micrometrul este dotat cu On the other way, the micrometer has a reading

sistem de citire digital de mare ajutor pentrudigital system that is useful for the operatorsead
operator fga de cadranul analogic al ceasului of the analogical dial from the caliper that canéha
comparator care poate conduce la erori de citire Tierrors of reading depending of: light intensity,
functie de: intensitatea luminii, ergonomia postului working station ergonomics, position of the
de lucru si pozitia operatorului Tn raport cu operator in report with the one for the measuring
instrumentul de @surare. instrument.

Echipamentul de #surare in coordonate DEA The measurement in coordinate’s equipment
a fost utilizat doar pentru a mhe o valoare tip DEA it was used only to have type value measured
efectual cu precizie mai mare pentru fiecare pies with a higher precision for each piece. This maehin
Aceasi maina este calibrdtin fiecare an deatre  is calibrated every by the supplier and is verified
producitor si este verificat la fiecaresase luni cu  with master samples every six months. Such
calibre. Un astfel de echipament nu poate fi @ttliz equipment cannot be used in serial production due
in produtia de serie din cauza costului foarte mare o is very high cost and time for verifying oneqae
iar timpul de verificare pentru o piedepiseste trei  that is exceeding three minutes per piece, which in
minute, care Tn anumite sitigeste mai mare decat some situations it is higher than the one for
cel de prelucrare [6]. producing [6].
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4. Perspective de cercetare 4. Future work

Cercetarea poate continua prin analizarea  The work can continue with the analyze of the
sistemelor de #surare utilizate la temperatura din measuring systems at the temperature from the
zona de produe de 29°C, unde diametrul piesei production floor at 29C, where the diameter of the
se poate modifica semnificativ, iar calibrareapieces are changing considerable and the calibratio
aparatelor poate fi afecliatde varigile de  of the devices can be affected by the temperature
temperatut. Pe de alt parte testele se pot fagigpe  variations. Furthermore the tests can be made with
diferite tipuri de materiale la diferite temperatir  different types of materials at different temperatu
vederea verifigrii amandurora, materigdi sistem in order the check them both, material and device.
de misurare. Cercétile pot fi extinse luandu-se The research can be extended considering for
spre analiz si utilizarea aparatelor optice, analyze and utilization optically, pneumatically,[7
pneumatice [7], electrice etc., pentru verificareaelectrically, etc. Devices for verification of
preciziei dimensionale, precungi la stabilirea dimension precision and for establishing the
performanelor calibrelor de control dimensional [8] performance of the control gauges [8] in an optimal
si @ domeniului optim de utilizare in prodiecde  domain of utilization in the serial production run.
serie.
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