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DISPLACEMENT MEASUREMENT USING THE HALL EFFECT SENSORS

Urgency of the research. There are several types of measurement principles for displacement measurement. Hall effect sen-
sor is one of them. Hall sensor has several advantages and there is a need for identification of suitable application principles.

Target setting. The selected Hall effect displacement sensors are a low-cost part, which are useful for many various
applications. The aim is to identify principles and behaviours of using of these sensors in various modes.

Actual scientific researches and issues analysis. The Hall effect sensors working on effect, where magnetic array influ-
ences the output voltage on these sensors. There is a problem with definition of suitable configuration of arrangement of these
sensors. It depends on polarity of magnetic array and intensity of magnetic array. Also, placement of the sensor is important
for this sensing application.

Uninvestigated parts of general matters defining. The main problem is expressing of transformation characteristic, which
depends on used permanent magnet as source of magnetic array. There is no regulations and recommendation for using these
sensors as a displacement sensor. The question is also about the reliability of these sensors and minimum number of measure-
ments for minimized uncertainty of measurement and stability of measured data. Long distance sensing measurements are
uninvestigated, therefore the next research will be focused on this area.

The research objective. The aim is to obtain any useful experience and recommendations about the using of these sensors.
Several sensors also have the hysteresis effect, which is as problem and it is parasitic effect for measurement.

The statement of basic materials. The Hall effect with ratiometric voltage output have been explored. So, it is analogue
sensors with voltage reaction to changed displacement.

Conclusions. The selected explored sensors have perfect properties for displacement measurement. They are potentially
applicable for very sensitive and precise measurement of displacement.
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Introduction. The paper is focused on area of displacement measurement. There are many
ways of measurement methods and principles as resistive sensors, capacitive sensors, inductive
sensors, optical sensors etc. Hall effect sensor is another way of displacement measurement.
The Hall effect is based on material sensitivity towards magnetic array. Sensor SS495A and
SS49E are tested for displacement measurement. Both sensors are ratiometric linear sensor
suitable for displacement measurement. Magnetic field from permanent magnet or electromag-
net can be detected. In our case, the permanent magnet NdFeB (diameter 10mm, length 10 mm)
will be used with axial anisotropic polarisation with remanence 1.25T and coercive force 907
kA/m. Four configurations of magnet and sensor (fig. 1) have been tested using the length gauge
blocks (fig. 2). Length gauge blocks are used as etalon of displacement [1-7].
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Fig. 1. Configuration Ul, U2, U3, U4 of hall
effect sensor with permanent magnet Fig. 2. Displacement sensor in test stand
for displacement measurement with gauge length block

1. Experimental verification of the sensor. Experimental verification of sensor has been
executed using the length gauge blocks Fig. 2 for every millimetre of measured range. Every
position has been tested ten times and average number of these measurements are shown on
figure 3 and figure 4. They show results for all measurement configuration U1, U2, U3, U4 for
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both explored sensors SS495A and SS49E. All measurements have been measured for ap-
proaching of magnet to the sensor and for moving away of magnet from sensor. This strategy
has been used for identifying hysteresis or other parasitic effects unwanted for measurement
process. Both sensors have similar characteristics (fig. 3, 4), but some configurations also have
hysteresis, what is unwanted effect for measurement purposes. Hysteresis is visible on enlarged
graphs on figure 5 and figure 6, where configuration U4 has the minimum hysteresis effect.
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Fig. 3. Measured result from displacement  Fig. 4. Measured result from displacement

measurement using the sensor SS495A4 measurement using the sensor SS49E
for all measurement configuration Ul, U2,  for all measurement configuration Ul, U2,
U3 and U4 U3 and U4
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Fig. 5. Hysteresis analysis for displacement  Fig. 6. Hysteresis analysis for displacement

measurement using the sensor SS495A4 measurement using the sensor SS49E
for all measurement configuration Ul, U2,  for all measurement configuration Ul, U2,
U3 and U4 U3 and U4

Consequently, configuration U4 is the best from the viewpoint of hysteresis. It means that
configuration U4 should be used for practical application for both sensor type. Both statics
characteristics of U4 configuration are converted to transform characteristics as dependence of
measured position on measured sensor voltage output. Math model of these transform charac-
teristic can be used for calculation of searched displacement from measured sensor output volt-
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age. Fitting of these experimental data using the regression analysis using the least square meth-
ods is shown on figure 7 and 8. Various types of approximation function have been tested for
these characteristics and polynomial function looks like the best approximation (fig. 7, 8). But
also, approximation by polynomial function was also a problem, because of atypical shape of
characteristic. For this reason, the usable measurement range had to be decreased for further
displacements from sensor. Consequently, for reduced measurement range both characteristics
were successfully fitted using the polynomial functions (fig. 9 and 10).
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Fig. 7. Regression analysis for displacement — Fig. 8. Regression analysis for displacement

measurement using the sensor SS495A4 measurement using the sensor SS49E
for measurement configuration U4 for measurement configuration U4

Measurement range for sensor SS495A is defined in interval from Smm to 25mm and for
sensor SS49E the interval is defined from 5mm to 30mm. Therefore, the sensor SS49E has a
bit larger measurement range (fig. 7 and 8).
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Fig. 9. Polynomial fitting for displacement Fig. 10. Polynomial fitting for displacement

measurement using the sensor SS495A4 measurement using the sensor SS49E
for measurement configuration U4 for measurement configuration U4

2. Reliability of measurement on explored sensors. Reliability gives information about
consistency of measurement results for multiply repeated measurements of any quantity. Reli-
ability describes the stability of process of finding the measurement of measurement quantity.
For this purpose, a hundred measurements have been executed for 6 selected values of both
sensors (fig. 11 and 12).
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Fig. 12. Hundred measurement for sensor
SS49E for measurement configuration U4

The measured data have been captured with one second sampling time. Measured values
(fig. 11 and 12) show the perfect time stability of measurement signal. Both graphs are between
similar limits so, from this viewpoint, both sensors are comparable. From this data the cumu-
lated standard deviations have been made (fig. 13 and 14).
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Measured data shown on figure 11 and 12 also can be interpreted in different forms. It is
possible to make average number for all cases, and maximum error index from the average. For
evaluation, it is better to express relative error for both sensors and for all measured values (fig.
15). This graph shows that both sensors are comparable approximately on one level of accuracy.
Both sensors have relative error less than 0.25%. It means that these sensors are also perfect
from the viewpoint of accuracy of measurement. In addition, it is necessary to say, that these
errors also include the error of multimeter (not only for sensor). The error is larger for smaller
displacements. The best error index is for displacement of 30 mm and 35 mm. For these values,
the error is less than 0.05%. This value means that both these sensors are very accurate (fig. 15).
This error can be reported into overall uncertainty of measurement.
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Fig. 15. Relative error for sensor SS495A and SS49E for measurement configuration U4.

Data obtained from the measurement made for reliability exploring, can be used also for
evaluation of probability distribution. Figure 16 and 17 shows the histograms for selected nom-
inal values. The histograms confirmed that it is not possible to express them using the gauss
normal distribution function. In this case, it is better to use uniform distribution, because the
probability of all values in measured range is equal. The knowledge of probability distribution
is necessary for expressing of expanded uncertainty, where it is necessary to use the coverage
factor, which depends on probability distribution of measured data. In addition, these histo-
grams include influence of used multimeter. The used multimeter has datasheet with declared
maximum error with value 0.5 % of measured value and it means that sensors have probably
much better accuracy than our exploring shows.
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Fig. 16. Histograms for sensor SS4954 Fig. 17. Histograms for sensor SS49E
for measurement configuration U4. for measurement configuration U4.

Conclusion. Thanks to mass production, the hall effect sensors are economically perfect
selection for realisation of displacement measurement. The experiments show that configura-
tion U4 (North pole of magnet oriented to larger area of sensor) is the best for measurement
purposes for both explored sensors. It is possible to make transformation characteristics for
implementation to controller program to recalculate voltage to displacement information. Next
experiments confirm the perfect time stability of output signal and relative error of both sensors
are less than 0.25% of measured value. Histograms show that standard distribution probabilities
cannot be used for description of these sensors, so uniform probability distribution is recom-
mended to use for expressing of measurement uncertainties.
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BUMIPIOBAHHSA 3MIIINEHHA
3 BUKOPUCTAHHSAM JATYUKIB XOJIJIA

Axmyansuicme memu 00cniodHceHHA. ICHYE KiTbKA NPUHYUNIG BUMIPIOSAHHA 3MiwenHs. [Jamyuk na ochogi epexmy Xoana
€ 00num i3 nux. Jlamuux Xonna mae Kinoka nepesae i icHye HeoOXiOHiCmb GU3HAYUMU GIONOBIOHI NPUHYUNU 3ACOCYBAHHS.

Ilocmanogka npodnemu. Bubpani damuuxu nepemiujents Ha ocrogi epexmy Xoana € Hedopo2umu, wo € KOPUCHUM OJisl
pisnux 3acmocyeansb. Mema nonszac y 6usHauenni npuHyunis ma nogedinKu npu UKOPUCIAHHI YuX OAMYUKIE Y PIHUX PENCUMAX.

Ananiz ocmannix docniocens i nyonixayiii. Jamyuxu Xonna npayooms na epexmi, Ko MAsHimHa Mampuysi 6niueae
Ha BUXIOHY Hanpyzy yux oamuukie. Bunuxae npobnema 3 6usHaueHHAM 8i0N06IOHOI KOHDIeypayii posmautyeanHa yux oam-
yuxie. Lle 3anesxcumo 6i0 nONAPHOCMI Ul IHMEHCUBHOCI MAcHIMHO20 Macugy. Kpim mozo, easxcaueum 01 yb0o2o 3aCMocy8aHHs
€ pO3MiujeHHs OamuuKda.

Buoinenns neoocnioxycenux wacmun 3a2anvHoi npoonemu. OCHOBHA NPOOIEMA NOTALAE Y BUPANCEHHI XAPAKMEPUCTIUKY
NepemeoperHsl, KA 3ANeNHCUMb 810 NOCMIIHO20 MACHIMY, BUKOPUCIIAHO20 8 AKOCMI 0Jicepena O machimuoi mampuyi. Hemae
HISIKUX NPABUL I peKOMeHOAayill i3 6UKOPUCIAHHA YUX 0AmM4uKie K 0amyuxa smiwentns. [lumanns makoic y HaOTuHOCMI yux
0amuyuKie | MIHIMALHIT KITbKOCMI 6UMIDIOBAHL OJis 3a0e3neyueHHs MIHIMAIbHOI HEMOYHOCI 6UMIPIOBAHD | CMAbLIbHOCHI
BUMIPIOBAHUX OaHUX. BUMIPIOBAHHA YuMU OAMYUKAMU HA 8ETUKUX BIOCMAHAX He 00CTIONCEH], MOMY HACTHYNHE 00CTIONCEHHS
6y0e 30cepediicere Ha Yux NUMAHHSAX.

Ilocmanogka 3agoanna. Memoio € ompumanis KOPUCHO20 00C8i0y ma peKoMeHOayill w000 GUKOPUCMANHS YuX OAMYUKIG.
Kinvka oamuuxie maxooic maioms eghexm 2icmepesucy, wo makooic € npobnemoio, i ye napasumuuti eghoexm npu GUMIPIOBAHHSIX.

Buxknao ocnoenozo mamepiany. Jlocnioxceno egpexm Xonna 3a koeghiyienmom suxionoi nanpyeu. Omoice, ye ananoeoei
OamyuUKY 3 peaxyiero Hanpyau Ha 3MilyeHHs.

Bucnosku. Bubpani 0ocniosiceni oamuuku Maoms iOMIHHI 61aCMUEOCMI 0Jist GUMIDIOBAHHS 3MilyeHHsl. Bonu nomenyiiino
niox00smv 071 OYAHCce YYMIUBO20 | MOUHO20 BUMIPIOGAHHSL 3MIUJEHHSL.

Kniouogi cnosa: epexm Xonna, sminyenns; UMIpIOGAnHs, MASHIMHA PewlimKa, Oamuuxu.
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