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Abstract: The article deals with the design of a universsteteof length and position sensors. It is compadedrotary
table and a sliding mechanism for generating digpteent. Length parallel gauges are used as stamddrd result of
the testing is the static and calibration charésties of the sensor and the verification of theximaum permissible errors
of the sensor and measuring chain.

1 Introduction a permanent magnet as the detected object, asdltit®n

Position sensors are a relatively widespread cagaxfo Of the test equipment must be adapted to this. Hatot
sensors app“ed in almost all areas of science afﬁﬁture that is |nterest|ﬂg for the appllcatlorseﬁsors IS
techno]ogy_ Before the actual app]ication of poﬂ'ti their lifetime defined by the number of cycles thah be
sensors, it is necessary to Verify the properti‘éghe realized during the entire lifetime of the senﬁoSI.
selected sensor and possibly identify the unknown Current solutions of test equipment do not allow

properties of the tested sensors. comprehensive testing of sensors from the pointest of
The properties of the sensors listed in the catmogthe mentioned properties. _ _
sheets are specified under certain measuremenitiomsd Parallel gauge blocks (Figure 1) are precisely

However, sensors are often used in other thanm manufactured prisms with defined dimensions thatlma
conditions, so it is necessary to verify their gnjes in  Used as length standards. These are materialirgghle
other conditions as well. measures, which are used for the verification ofjie

Existing test equipment is developed for each senséensors and length gauges. They are made of metal o
type and application Separately and does not am']g ceramics with a low CoefﬂCl-ent of thermall e.Xpamﬁlo
other sensors and testing multiple sensor progerfiest Parallel gauge blocks are available as a multiepsat that
devices are deve|oped as Sing|e-purpose test deface allows for any size assembly. The accuracy of teesens
output control by sensor manufacturers. is defined by the 1ISO 3650 standard [2].

In the case of sensors, it is necessary to tesitdtie
characteristic as the dependence of the sensafmitou
reference value on the input measured value. Thardic
properties of the sensors include the transiel
characteristic, which shows the response of theosdn a
step change in the measured input quantity. Ambeg ti
dynamic properties of the sensor is also the ingpulggle
characteristic, which describes the response o¢hnsor
to the impulse of the input measured value. Anoth
dynamic property is the speed characteristic, whid
investigates the response of the sensor to theé quauntity
with increasing speed of change of the input qtyank
frequently monitored dynamic property is also th
frequency characteristic, which describes the mespof
the sensor to the harmonically varying input qugn@/ith
some types of sensors, it is also necessary tstigete the
influence of the inaccuracy of the positioningfud sensor Figure 1 Set of parallel gauge blocks
with respect to the detected object. This meartdiinéng
testing it is necessary to deviate the axis ok#mesor with
respect to the perpendicular to the detected objith
sensors sensitive to magnetic fields, it is necgdsglace

~27 ~

Copyright © Acta Mechatronica, www.actamechatronica.eu



2

&
&
5 4
:
9 Universal tester of length sensors
2 & Katarina Palova, Tatiana Kelemenova
oy
2 Length sensor tester concept

In the test device (Figure 2), the tested posisensor
is placed on a plastic arm connected to a slideimgov
along a horizontal line. The detected object isgdbon a
rotary and height-adjustable table attached to lthse
plate. The slide is attached to the toothed bel wislide
carrier. The movement of the slide with the serisor
ensured by a toothed belt and toothed pulleys. tBoihed
pulley is attached to a DC motor with a gearboxijctvh
ensures the movement of the toothed belt and teuslitle.

The movement of the slide is also sensed by a a&par

sensor of the position of the slide to obtain infation
about its current position. The runner of this sers
connected by means of a runner carrier with a slithe
horizontal guide of the slide, the sensor of thsitman of
the slide and the gear with a DC motor are attathede
frame, which is placed on a rotating base, whitdwa the
rotation of the whole system with respect to theected
object by a specified angle. A DC motor with a gear
and a toothed gear enables automated testing ctdkie
and dynamic properties of the tested position seasal it
is also possible to carry out tests of the lifeah# tested
sensor. In addition, the rotary table makes it ipbes$o test
the influence of the deviation of the sensor frone t
perpendicular with respect to the detected objebpse
position the sensor detects (Figure 2).

Position sensor
Sliding guide \

Rotating table

——

Figure 2 Length sensor tester concept

3 Technical solution of the tester

In the tester (Figure 3), the detected objectr2aanted
on a rotary and height-adjustable table 3, whidtteched
to the base plate 4. The tested sensor 1 is mowmted
plastic arm 5 firmly connected to a slide 6 movahgng a
horizontal guide 13.
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1 - Tested sensor; 2 — Detected object; 3 — Ratati height
adjustable table; 4 — Base plate; 5 — Plastic &rmSlide; 7 — Slide
driver; 8 — Timing belt; 9 — Toothed pulleys; 1Bearing the pulley; 11
— DC motor with gearbox; 12 — Frame; 13 — Horizblite; 14 — Swivel
base; 15 — Runner drifter; 16 — Slider positionseenl7 — Slide
position sensor runner.

Figure 3 Tester arrangement

The slide 6 is attached by means of the carridrtfieo
slide 6 to the toothed belt 8, which moves with likép of
a DC motor 11 with a gearbox connected to one ef th
toothed pulleys 9 on which the toothed belt 8 isinted.
The toothed pulleys 9 are stored in the bearingflihe
pulleys. The movement of the DC motor 11 with the
gearbox creates the movement of the toothed bahd
thus also the slide 6 with the tested sensor 1slite 6 is
connected to the runner 17 of the sensor 16 gbdiséion
of the slide 6, which is part of the sensor 16hefposition
of the slide 6. Horizontal line 13, storing 10 ey, DC
motor 11 s by the gearbox and the position sergof the
slide 6 are attached to the frame 12, which is I§irm
connected to the rotating base 14. The entire bt
positioning system is formed by the pay arm 5 difde 6,
the driver 7 of the slide 6, the toothed belt & tbothed
pulleys 9, the bearings 10 of the pulley , DC mdtbmwith
gearbox, frame 12, the horizontal guide 13, thatimg
base 14, the driver 15 of the runner, the sensaf1be
position of the slide 6 and the runner 17 of thesee 16 of
the position of the slide 6, together with the édssensor
1, it is thus possible to film with respect to tes of the
rotary and height adjustable table 2 with the detkobject
2 and to investigate the influence of the deviatbrihe
perpendicularity of the tested sensor 1 with respek to
the detected object 2. The detected object 2 Ectea
according to the type of the tested sensor 1. kamele,
for the tested sensor 1 sensitive to the magnitid, fa
permanent magnet is used as the detected objécth2.
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tested sensor 1 is based on the inductive princapieetal
object and the like is selected as the detecteztbhj

4  Experimental testing of the Hall-effect
distance sensor

During the experimental testing of the distancessen
based on the Hall-effect principle (Figure 4), anmenent
magnet was placed on the rotary table, which iserad
non-ferromagnetic material so as not to affechtlagnetic
field of the placed permanent magnet. Hall-efféstaghce
sensor vol mounted on a plastic beam that can
positioned relative to the permanent magnet. Thative
position of the sensor relative to the permanemgmaacan
be adjusted using parallel gauge blocks.

When testing the Hall-effect distance sensor, it is
possible to realize four possible configurations tioé
arrangement of the sensor and the permanent magnet
(Figure 5). From the obtained experimental data,bst
solution is the U4 configuration, which has thegésst
useful distance measurement range and the minimum
hysteresis.

The result of the experimental testing of the senso
(Figure 6) shows the course of the output elesitage
of the sensor when changing its position relativethie
permanent magnet in the U4 configuration. The graph
shows a slight hysteresis, which, however, can be
neglected and the working area of the distance
measurement range is suitable for dimensions frotm4
to 20mm (Figure 6).

Measured

Hall effect displacement

P ]

magnet
U2
U3
Ul
U4

Figure 5 Sensor and permanent magnet arrangemeitsp
configurations

Hall-effect distance sensor output voltage (V)

0 10 20 30 40 50
Distance of the sensor from the magnet (mm)
Figure 6 Experimental testing of the Hall-effecttdince sensor
during uniaxial distance change
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The proposed test device also provides the posgibil Refer ences

of changing the direction of the permanent maggiative
to the axis of the sensor (Figure 7). With this tivaskis
approach and distance of the sensor with respettieto
magnet, it is possible to observe the directional
characteristics of the sensor based on the principthe

Hall effect. The 90° rotation angle is when thesaofi the
sensor is identical to the axis of the permanergnes It

can be seen from the graph (Figure 7) that whesehsor

is rotated with respect to the magnet, the seitsitdf the
sensor improves and the usable range of distance
measurement also increases slightly. At the sane ft is
possible to find out from the graph (Figure 7) remmsitive
the sensor is to the accuracy of the adjustmetiteobixis
of the sensor to the axis of the permanent magnet.

[1]

2]

[3]

[4]

127

[5]

Sensor output voltage

[6]

2.56

Angle (%)

o 50

Figure 7 Experimental testing of the Hall-effecttdince sensor
during multi-axis distance change

5 Conclusion [7]

The result of this study is the design of an experital
test device that allows testing the characteristitshe
distance sensors and at the same time it is pesgibl
identify the directional characteristics of the sans using [8]
a rotary table.

The proposed tester for testing sensors can betased
simulate the application of the tested positionseerand
verify its properties in this application. In addlit to the
static and dynamic characteristics of the sensds, also
possible to test the lifetime of the sensor andstandard
motion cycles according to the application in whible
sensor is planned to be used.

Similar to other applications, it is important &st and
diagnose systems for identifying their propertias for
their periodic diagnostic verification of their fttionality
[6-21].
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