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Abstract: The paper deals with experimental identificatibcandition of measurement chain with position sen¥he
position sensor is industrial version used mainlymieasurement of position of any moving partesés technology of
conductive plastic. Gauge length blocks are usediéntification of its condition.

1 Introduction resistance between wiper and one end has beeneds®

Measurement of position is very frequently measure@very block of length gauges (every millimetre tiemes).
quantity in practice. The potentiometer sensor &g

. ‘ . O Wiper of
tradition of using. Last years the using of thimgiple has posm'op,f A - —
increased, because of its disadvantage. A lot atbbave

mentioned about its disadvantages like noise, tioidaf R,

wiper and resistive road, short life etc. In thagslsituation
is changes, because the new technologies and atster.
have been developed. Modern potentiometer senawes h

an excellent properties, low noise, long life, low Fi urgolsigggistfg;osrensor measurement chain
uncertainty etc [1-13]. g

h,

2 Position sensor measurement chain

The sensor has body with vibration damped element
and no wiper bounce in high vibration environmehtsas
smooth operation under large misalignment. Wiperase
from precious metal with high corrosion resistariogy
noise and high performance. The simplicity of téssor
enables to use it with simple controllers. It isgible to
execute absolute continuous measurement. Selected
properties of the sensor are listed in the tatidelaw [1].

Table 1. Selected parameters of the tested sefkor [

Total Mechanical dimension 70x 62 x 900 mm
Total Mechanical Travel 780 mm
Independent Linearity 0,1%

Total Resistance 10kQ
Operating Temperature -60°C az 100°C
Resolution Infinite

Calibration of the sensor has been executed in
accordance with standards (EA-4-02rev01) [2]. Rosiof N
the wiper has been adjusted with length gaugesgthen Figure 2 Position sensor
gauges has been composed into the block of thehleng
gauges. Full range of the sensor has been compatted It is recommended to do calibration for every
block of the gauges at every millimetre. Electricamillimetre ten times in industrial practise. Termds
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measured every value is minimum, which enables taboratory with stabilized air temperature all dasfore
evaluate standard uncertainty of type A (see staisd@A- measurements. Every piece of the length gauges is

4-02rev01) [2]. conserved with vaseline to avoid the corrosioeflength
gauges. So, every piece is necessary to unconagitve
3 Calibration of the measurement chain denatured alcohol before using.

Two packages of the length gauges have to be osed f Consequently, observance of every these mentioned
the calibration process. The Gloves has been remgefss ~ fules causes that calibration process is very cioated
the manipulation with these gauges. Process neerys vand difficult for time.
high attention and a lot of time. Temperature & thhom Measured data have been stored into the evaluation
has to be regulated via air condition at the 208€nsor tablg. It is possible to evaluate static charastiershown
and package of the length gauges has to be placedon figure 3.
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Figure 3 Static characteristic of the measuremérztirc

Measured data has nonlinear dependence. That uiscertainty is also used for uncertainty of meawerd if
difference from information mentioned via produneted there is no risk of misunderstanding.
in table 1. Dependence can be fitted with polyndranal Sensor producer doesn't note uncertainty of
degree. Also maximum range of the output electricaheasurement. Consequently, it is necessary torotite
resistance exceeds the mentioned total resistd@ik€e. 1 information from calibration process.

This characteristic enables to recalculate the oreds For a random variable the variance of its distidor
electrical resistance to linear position of theaviffom the the positive square root of the variance, calleshdsard
end of the sensor. The approximation regressioatemu deviation, is used as a measure of the disper$iealwes.
(shown on figure 3) can be inserted into the evadna The standard uncertainty of measurement assoargthd
subsystem for calculation of the measured positBut, the output estimate or measurement result y, ddrioye
how we can believe it? How is the measured data angy), is the standard deviation of the measurdi].

equation exactly? It is necessary to give ansvarthese The uncertainty of measurement associated with the
questions. input estimates is evaluated according to eitHéype A'

or a Type B' method of evaluation. The Type A eaébn
4 Uncertainty balance of standard uncertainty is the method of evaluatimg

The uncertainty of measurement is a parametéicertainty by the statistical analysis of a sertés
associated with the result of a measurement th@pservations. In this case the standard uncertantye
characterizes the dispersion of the values thatdcoleXperimental standard deviation of the mean thixivis
reasonably be attributed to the measurand. TerfiPm an averaging procedure or an appropriate ssgne
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analysis. The Type B evaluation of standard uniceytés e uncertainties assigned to reference data taken

the method of evaluating the uncertainty by meahero from handbooks.

than the statistical analysis of a series of olasens. In

this case the evaluation of the standard unceytaiitased Electrical resistivity has been measured via matan

on some other scientific knowledge [2]. and manufacturer provide specification for type B
The Type A evaluation of standard uncertainty can bevaluation of the standard uncertainty of measunénie

applied when several independent observations beee is possible to specify equation (1):

made for one of the input quantities under the same

conditions of measurement (minimum of 10 samples ofj, :J_r(o,oozg%measureg\,;,uueJr o,ooog%scme_range) Q)

measurement). If there is sufficient resolution tire

measurement process there will be an observaliesoa Figure 4 shows the standard uncertainty of

spread in the values obtained [2]. . measurement for values of electrical resistancesured
The proper use of the available information fory@d g multimeter. Type B evaluation is much smalleert
B evaluation of standard uncertainty of measureroaifs type A evaluation. So, it is possible the evaluat®
for insight based on experience and general kn@elett neglected in the next evaluation process. It mehas
is a skill that can be learned with practice. TY¥Be muyltimeter used in calibration process has been wel
evaluation of standard uncertainty can be obtain@th gglected.
various sources as [2]: Recalculation of the standard uncertainty of
*  previous measurement data, electrical resistance measurement to standard tairgr
*  experience with or general knowledge of thgt position measurement is possible via using Kssjoe
behaviour and properties of relevant materials ang{ath model obtained from analysis shown on figure 3

instruments, o Figure 5 shows the standard uncertainty for pasitio
*  manufacturer’s specifications, measurement.

» data provided in calibration and other certifesat

3,5

the standard uncertainty of measurement for
Electric resistance of the sensor [Ohm]

0 100 200 300 400 500 600 700 800
Measured position (length gauge) [mm]

Figure 4 The standard uncertainty of measuremanglirtric resistance of the sensor measured iibcaion process
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Figure 5 The standard uncertainty of position meament

Temperature in laboratory has been maintained @xperiment. It is known that coverage factor depeon

value 20°C+1°C. measurement data distribution.
Expanded uncertainty of measuremenf2), obtained Identification of the measurement data distributiais
by multiplying the standard uncertainify) of the output done for four random selected values from sensuyea
estimatey by a coverage factdr[2], Every value has been measured 100 times at the same
conditions. These values have been evaluated into
U=k (2) histograms. One of them is shown on figure 6. Atilered

values are distributed according to Normal law of

Coverage factor should be defined via sensdfistribution of measured values. It means that for

manufacturer, but datasheet has no information taihou Significance leveP=0.95 is coverage factor equals to value
Best way how to find value of coverage factor i2-

Histogram for length gauge value 500mm
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Figure 6 Measurement sensor chain - measuremeatdistribution
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5 Conclusion where is located true value of measurement with

Figure 7 shows the expanded uncertainty for pasitid?robability 95%. _ _
measurement. Expanded uncertainty means the ihterva The expanded uncertainty means how can we believe

about mean value (obtained as average of measatayl dto examined sensor in measurement process. Thadagha
uncertainty is as inseparable part of measurernesatltr

[14-32].
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Figure 7 Measurement sensor chain — expanded wingrt
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