TEXHIYHI HAVKH TA TEXHOJIOTI Ne 4 (18), 2019

TECHNICAL SCIENCES AND TECHNOLOGIES
UDC 004.4
DOI: 10.25140/2411-5363-2019-4(18)-101-107

Tatiana Kelemenova

REPEATABILITY AND VALIDITY OF THE MEASUREMENTS MADE
ON TOOLMAKERS MICROSCOPE

Urgency of the research. There are several problems with resulting of measurement result related to validity and
repeatability of measurement device. Toolmaker microscope has been verified for these characteristics.

Target setting. Toolmakers microscope is as target device which is currently used for fast testing of manufactured
prototype. Currently, it is necessary to know information about repeatability and validity of obtained results.

Actual scientific researches and issues analysis. Producer did not provide the maximum permissible error MPE, so the
aim of this work was to establish the actual MPE for this microscope. Also there is no mention about repeatability of this
machine. Normally in accordance with standards, it is required to express results with also with measurement error or
uncertainty of measurement.

Uninvestigated parts of general matters defining. The main problem is with expressing of validity and repeatability of
measurement process. The minimum number of measurement has been established and also maximum permissible error has been
identified. Producer provides own microscope etalon as calibration ruler and multiscale micrometer glass slide for microscope. The
question of the validity of these etalons are uninvestigated, because the next research will be focused to this problem.

The research objective. Too log measurement process will unnecessarily over-price overall costs for measurement
process. But insufficient number of measurements will decrease accuracy of measurement and overall uncertainty of
measurement. Verification process of microscope has been executed for obtaining the information about maximum error of
microscope. This information is also necessary for balance of the uncertainty of measurement made on this microscope.

The statement of basic materials. The probability distribution of measured values and number of minimum required number of
measurement has been obtained from mentioned analysis.

Conclusions. Validity and repeatability of measurement device bring the information how we can believe to
measurement process with specified measurement device. Every measurement device should be verified for these
metrological properties. Repeatability obtained for examined microscope shows information about the number of
measurement needed for effective measurement from the viewpoint of optimized inaccuracy and also from the viewpoint of
economic costs. Measurement process is very expensive, so it is necessary to do economy optimization because of ability to
be competitive on the market.
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Introduction. This work tries to solve problem of validity of measurement which are made
on Toolmaker microscope. Validity and repeatability are the most important key properties of
measurement devices for evaluation of state of the device. Both repeatability and validity evalu-
ate the quality of research. The quality of measurement process is very important for the making
of decisions. If there is no quality of measurement, then it is not possible to make good decision.

Repeatability gives information about consistency of measurement results for multiply repeat-
ed measurements of any quantity. Repeatability describes the stability of process of finding of the
measurement of measurement quantity. Process of the measurement is influenced by the various
errors. Systematic and observational errors can be identified and eliminated. But random errors
can be reduced only via using of repeated measurements and making the average from many
measurements of quantity. But there is a problem, because if we will increase the number of re-
peated measurement then also overall price of the measurement will rapidly grows. Consequently,
there is a question: “How many measurement is necessary to do for the obtaining of the best re-
peatability of measurement result?” If random error is minimized then measurement result repeat-
ability is very high. It is necessary to find, how many minimum repeating of measurement is nec-
essary to do. It is possible to find it only with detailed analysis of large count measurements.
Optimum number of measurement will say about necessary repeating but it depends also on char-
acter of measured quantity. For some cases, another increasing of measurement repeating will not
improve repeatability but it will increase only the overall costs of measurement. For these reasons
it is a key role to identify optimum number of measurement repeating.

Validity responses on the question about the trustfulness of the measurement results for
any measured quantity. If systematic errors are minimized then it is possible to say that we
have valid measurement result.

If the measurement is not reliable then also it is not valid.
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Toolmaker microscope will be analysed in this paper for the reaching of the validity and re-
peatability of the measurements on this equipment. The microscope is used mainly for the in-
spection and measurement of machine and electrical (fig.1) or other type of parts (filters and
dust particles) (fig. 2). In compare with coordinate measurement machines (CMM), the micro-
scope allows fast measurement with lower price. Also price of the microscope and overall using
costs on the microscope are greatly lower than on CMM machines [1-4]. Here is no mention
about the type and producer of microscope because of General Data Protection Regulation.

Fig. 2. Measurement of dust particles

Tested microscope is designed for using in laboratory and also in production hall envi-
ronment. If it will be used for quality checking of parts, it is necessary periodically to check
the repeatability of the microscope [4].

1. Measurement repeatability of examined toolmakers microscope. Repeatability of
the microscope depends on numbers of measurements. For this reason it is necessary to iden-
tify suitable number of measurement. Standard deviation describes variation or disperse of set
of measured values. It is a statistical quantity, that is related to average value and it is ob-
tained as square root of the variance through the determination of variation of each value to
average value. Variation of measured value is defined as subtraction of measured value from
the average value. Every these subtraction is squared and summed. Square root of this sum is
searched standard deviation of measured values.

In this work one hundred measurement have been executed for six selected values in all
range of microscope. These measured data are analysed via using histograms (fig. 3). Histo-
gram is graphical representation of distribution of measured values. It is as bar graph, which
is composed from series of intervals and all values are sorted into these interval with equal
size. Bar graph shows a count of values in every interval. Height of bar is proportional to the
count or frequency of values, which belong to this interval. Number of interval can be ob-
tained from Sturgess equation [5]:

khl.sti1+log2nM, (1)

where nys 1s a number of values.
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Scott equation also respects also disperse and span of values [6]:

R 1
ki =70 )
"w349.8, M

where R 1s span of measured values, Sx is standard deviation, 7y is number of measured values.

Histograms show which data distribution law is valid for these measured values. Figure 3
shows, that we can assume the normal (Gaussian) distribution law for obtained values (fig. 4). It is
most frequently used continuous probability distribution of measured data representation. Bell
curve is characteristic for this distribution shows that most of values are placed close to average.
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Fig. 4. Probability density for normal Gaussian distribution

Approximately 68% of values are placed inside interval with plus and minus one standard
deviation of the average valued. If we assume plus minus two standard deviations interval,
then 95% of values become to this interval and if we will take interval plus minus three stan-
dard deviations, then 99.7% of values are inside this interval around the average.
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Standard deviation from these values have been evaluated (fig. 5). For comparing the cu-
mulative standard deviations are done for first ten measured values, then for first twenty
measured values and so on up to the standard deviation of all (hundred) measured values.
Consequently, it is possible compare data dispersion when we will add next ten measured
values. Figure 5 shows the cumulative standard deviations and it gives answer to question
“How many measurement is necessary to execute?” Best repeatability is obtained for 50
measurements. Next measurement do not improve the repeatability of measurement or contri-
bution is only minimally.
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Fig. 5. Cumulative standard deviations for obtained values

2. Measurement validity of examined toolmakers microscope. Validity is an ability of
measurement device to return quantity value, which we want to measure. It evaluates whether
the measurement process returns accurate measurement result and whether the suitable meas-
urement device have been used.

Calibration process returns the answer about ability of measurement device to measure
any quantity with requested accuracy. It means that it is need to do comparison of measured
value with value represented on etalon gauge. International standards (EALR-R2, ISO 3650)
provides necessary steps for calibration process [7, 8].

Maintenance staff often meet with terms as calibration and verification. International Vocabu-
lary of Metrology (VIM) [9] defines verification as process measurement devices is tested if it is
able to fulfil requirements as for example maximum permissible error MPE. Verification check-
ing the calibration results or actual state of measuring machine with specified requirements de-
fined by manufacturer or legal metrology organisation or customer which is as end user.

International Vocabulary of Metrology (VIM) [9] also defines term calibration as process
where it is obtained relationship between the value from indicator and value obtained from
reference material or etalon.

Maximum permissible error MPE obtained by the ISO10360 is also as evaluation of validity
of examined microscope. Maximum permissible error is maximum error normally guaranteed
by producer of measurement instruments. But there is a many measurement instruments, where
producer does not provides this information. Math model from experimental data (fig. 6) has
form MPE=5+L/2.5, where L is measured dimension (mm) and MPE is resulted in pm.
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Fig. 6. Maximum permissible error MPE for Toolmaker microscope

Conclusion. Validity and repeatability of measurement device bring the information how
we can believe to measurement process with specified measurement device. Every
measurement device should be verified for these metrological properties. Repeatability
obtained for examined microscope shows information about the number of measurement
needed for effective measurement from the viewpoint of optimized inaccuracy and also from
the viewpoint of economic costs. Measurement process is very expensive, so it is necessary to
do economy optimization because of ability to be competitive on the market. Too log
measurement process will unnecessarily over-price overall costs for measurement process.
But insufficient number of measurements will decrease accuracy of measurement and overall
uncertainty of measurement. Verification process of microscope has been executed for
obtaining the information about maximum error of microscope. This information is also
necessary for balance of the uncertainty of measurement made on this microscope. Producer
did not provide the maximum permissible error MPE, so the aim of this work was to establish
the actual MPE for this microscope. The evaluation of MPE also shows, that it has downward
trend and it can be partially compensated with separation of systematic error from this error
balance. The main advantage of this microscope is fast measurement process and also low
overall costs in comparing with coordinate measuring machines [10-17].
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IHOBTOPIOBAHICTbB I JOCTOBIPHICTH BUMIPIOBAHD, 3POBJIEHUX
3A TOITIOMOI'OIO IHCTPYMEHTAJIBHOI'O MIKPOCKOITIA

Axkmyansnicms memu 0ocnioxncenusn. Ilpobnema oyinku nOBMOPIOGAHOCHE Ma 00CMOGIPHOCI 3aC00i8 BUMIPIOBATLHOT mex-
niku (3BT) € naodssuuaiino eaxciusoro Ha oaromy emani. Jlana poboma nPUCesuera OUiHyi Yux XapaKkmepucmux 0jist MIKPOCKONY.

Iocmanoeka npoonemu. Mixpockon - ye npucmpiil, SKull 6UKOPUCHOBYEMbCSL OISl WBUOKO20 MeCmyB8aAHHS NPOMOMUNIS.
s 0ocmosipnocmi OYiHKU 3DA3KIE 8ANCIUBUMU € MEMPOJIOSIUHI XAPAKMEPUCUKU UbO2O 3ACO0Y BUMIPIOBAILHOI MEXHIKI.

Ananiz ocmannix 0ocnioxcens i nyonikayiii. Bupoonux y mexuiuniii 0okymenmayii He HA0asas epaHuiHo 0OnyCmumy
noxuoxy 3BT, momy memoro danoi pobomu 06y10 6cmanosumu hpakmuune 3HaYeHHs noXudKY 011 yboeo mikpockona. Takooic
8i0cymHs iHdhopmayis w000 nosmoprogarocmi o ybo2o 3BT.

Buoinenns neoocnioyncenux uacmun 3a2anvHoi npoonemu. B sxocmi 6CmMaHoB1eH s MEMPOTIOIUHUX XAPAKMEPUCTIUK
00CTOACYBAHO20 MIKPOCKONY BUPOOHUK 300e3neuye 61aCHULl emalon AK KaniopysanvHy aiHiuky. [lumanus npo o6rpyHmo-
BAHICMb YUX eMAJIOHIE He OOCHIONCEHO, OMICE HACMYNHE OOCAIONCEHHS Oy0e 30Cepeddiceno Ha Yitl npobiemi.

Ilocmanoeka 3ae0anns. OCHOSBHUMU 3A80AHHAMU, SKI SUPIULYIOMbCS 6 OAHill poOOMI € 8CMAHOBLEHHS. eKOHOMIYHO-
06IPYHMOBAHOI KilbKOCMI UMIPIOGab, 0151 3a0e3nedents HeoOXiOHOI mouHoCmi Ma aHANIMUYHO20 8UPA3Y, WO Xapakmepu-
3y8amume OCHOBHY THCHPYMEHMATbHY NHOXUOKY 8UMIDIOBAHHSL.

Buknao ocnoenozo mamepiany. Ilposedeno ananiz excnepumenmaivbiux OAHUX 8UMIPIOBANb JIHIUHUX PO3MIPIE 3d 00-
nomMo2o10 onmuuHoeo mikpockony. Ilobyodosani cicmoepamu po3nooiny pe3yibmamie UMIpIoeanb 0as 00'ckmie 6i0 3 00
25 mm. Oyineno 3anexncnicms HeGUHAYEHOCI BUMIPIOBAHb NIHIUHUX PO3MIPIE 3a munom A 6i0 KilbKocmi eKCnepumenmis.
Ha ocnosi npedcmasnenux 3anexcnocmell 8U3HAYEHO eKOHOMIYHO OOYIIbHY KLILKICIb CNOCMEPedceHb, HeoOXIOnY Ons om-
PUMYBAHHA pe3yIbmamie i3 3a0ano mounicmio. Ha ocnosi ananizy excnepumeHmanvHux OaHux memooamu JiHIUHOL pe-
2pecii gU3HaAUeHO AHANTMUYHUL BUPA3 OISl MEJHC THCMPYMEHMANbHOT NOXUOKU 8 3a1eHCHOCHIE 810 3HAUEHHS NIHIUHUX PO3MIDIE.
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Bucnoexu eionosiono 0o cmammi. Ha ochosi excnepumenmanibHux O0CHiONCeHb GU3HAUEHI XAPAKMEPUCTUKU O0-
CMOBIPHOCMI BUMIPIOBAHD Y GUSTIAOL AHATTIMUYHOSO BUPA3ZY MENC SPAHUYHOT THCMPYMEeHMAanbHoi noxubxu. /locriosceno no-
B8MOPIOBAHICMb Pe3YIbMamie 0lst Ybo2o Mikpockony. QOIPYHMOBAHO KiNbKICIb GUMIPIOBAb, HCOOXIOHUX OISl eheKmueHo20
BUMIPIOBAHHSL 3 MOYKU 30PY ONMUMIZ308AHOT MOYHOCT, A MAKOJIC 3 MOYKU 30py eKOHOMIuHUX sumpam. [Ipoyec eumipiosan-
Hs Oyoice 0opozutl, MoMy HeoOXIOHO 30IUCHI08aMU ONMUMI3AYII0 eKOHOMIYHUX sumpam OJisk MONCIUBOCTI OYMU KOHKYDEH-
TMOCIPOMOIICHUMU HA PUHK).

Kniouosi cnosa: onmuunuii Mikpockon, 8i0cmans, 6UMIPIOBAHHS, 00CMOBIPHICIb, HOBMOPIOBAHICMb.
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