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Abstract: The article deals with the design of a universal tester of length and position sensors. It is composed of a rotary 
table and a sliding mechanism for generating displacement. Length parallel gauges are used as standards. The result of 
the testing is the static and calibration characteristics of the sensor and the verification of the maximum permissible errors 
of the sensor and measuring chain. 
 
1 Introduction 

Position sensors are a relatively widespread category of 
sensors applied in almost all areas of science and 
technology. Before the actual application of position 
sensors, it is necessary to verify the properties of the 
selected sensor and possibly identify the unknown 
properties of the tested sensors. 

The properties of the sensors listed in the catalogue 
sheets are specified under certain measurement conditions. 
However, sensors are often used in other than laboratory 
conditions, so it is necessary to verify their properties in 
other conditions as well. 

Existing test equipment is developed for each sensor 
type and application separately and does not allow testing 
other sensors and testing multiple sensor properties. Test 
devices are developed as single-purpose test devices for 
output control by sensor manufacturers. 

In the case of sensors, it is necessary to test the static 
characteristic as the dependence of the sensor's output 
reference value on the input measured value. The dynamic 
properties of the sensors include the transient 
characteristic, which shows the response of the sensor to a 
step change in the measured input quantity. Among the 
dynamic properties of the sensor is also the impulse 
characteristic, which describes the response of the sensor 
to the impulse of the input measured value. Another 
dynamic property is the speed characteristic, which 
investigates the response of the sensor to the input quantity 
with increasing speed of change of the input quantity. A 
frequently monitored dynamic property is also the 
frequency characteristic, which describes the response of 
the sensor to the harmonically varying input quantity. With 
some types of sensors, it is also necessary to investigate the 
influence of the inaccuracy of the positioning of the sensor 
with respect to the detected object. This means that during 
testing it is necessary to deviate the axis of the sensor with 
respect to the perpendicular to the detected object. With 
sensors sensitive to magnetic fields, it is necessary to place 

a permanent magnet as the detected object, and the solution 
of the test equipment must be adapted to this. Another 
feature that is interesting for the application of sensors is 
their lifetime defined by the number of cycles that can be 
realized during the entire lifetime of the sensor [1-5]. 

Current solutions of test equipment do not allow 
comprehensive testing of sensors from the point of view of 
the mentioned properties. 

Parallel gauge blocks (Figure 1) are precisely 
manufactured prisms with defined dimensions that can be 
used as length standards. These are materialized length 
measures, which are used for the verification of length 
sensors and length gauges. They are made of metal or 
ceramics with a low coefficient of thermal expansion. 
Parallel gauge blocks are available as a multi-piece set that 
allows for any size assembly. The accuracy of these etalons 
is defined by the ISO 3650 standard [2]. 
 

 
Figure 1 Set of parallel gauge blocks 
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2 Length sensor tester concept 
In the test device (Figure 2), the tested position sensor 

is placed on a plastic arm connected to a slide moving 
along a horizontal line. The detected object is placed on a 
rotary and height-adjustable table attached to the base 
plate. The slide is attached to the toothed belt with a slide 
carrier. The movement of the slide with the sensor is 
ensured by a toothed belt and toothed pulleys. This toothed 
pulley is attached to a DC motor with a gearbox, which 
ensures the movement of the toothed belt and thus the slide. 
The movement of the slide is also sensed by a separate 
sensor of the position of the slide to obtain information 
about its current position. The runner of this sensor is 
connected by means of a runner carrier with a slide. The 
horizontal guide of the slide, the sensor of the position of 
the slide and the gear with a DC motor are attached to the 
frame, which is placed on a rotating base, which allows the 
rotation of the whole system with respect to the detected 
object by a specified angle. A DC motor with a gearbox 
and a toothed gear enables automated testing of the static 
and dynamic properties of the tested position sensor, and it 
is also possible to carry out tests of the life of the tested 
sensor. In addition, the rotary table makes it possible to test 
the influence of the deviation of the sensor from the 
perpendicular with respect to the detected object, whose 
position the sensor detects (Figure 2). 

 

 

 
Figure 2 Length sensor tester concept   

 
3 Technical solution of the tester 

In the tester (Figure 3), the detected object 2 is mounted 
on a rotary and height-adjustable table 3, which is attached 
to the base plate 4. The tested sensor 1 is mounted on a 
plastic arm 5 firmly connected to a slide 6 moving along a 
horizontal guide 13. 

 

 

 
1 – Tested sensor; 2 – Detected object; 3 – Rotating and height 

adjustable table; 4 – Base plate; 5 – Plastic arm; 6 – Slide; 7 – Slide 
driver; 8 – Timing belt; 9 – Toothed pulleys; 10 – Bearing the pulley; 11 
– DC motor with gearbox; 12 – Frame; 13 – Horizontal line; 14 – Swivel 

base; 15 – Runner drifter; 16 – Slider position sensor; 17 – Slide 
position sensor runner. 

Figure 3 Tester arrangement 
 
The slide 6 is attached by means of the carrier 7 of the 

slide 6 to the toothed belt 8, which moves with the help of 
a DC motor 11 with a gearbox connected to one of the 
toothed pulleys 9 on which the toothed belt 8 is mounted. 
The toothed pulleys 9 are stored in the bearing 10 of the 
pulleys. The movement of the DC motor 11 with the 
gearbox creates the movement of the toothed belt 8 and 
thus also the slide 6 with the tested sensor 1. The slide 6 is 
connected to the runner 17 of the sensor 16 of the position 
of the slide 6, which is part of the sensor 16 of the position 
of the slide 6. Horizontal line 13, storing 10 pulleys, DC 
motor 11 s by the gearbox and the position sensor 16 of the 
slide 6 are attached to the frame 12, which is firmly 
connected to the rotating base 14. The entire horizontal 
positioning system is formed by the pay arm 5, the slide 6, 
the driver 7 of the slide 6, the toothed belt 8, the toothed 
pulleys 9, the bearings 10 of the pulley , DC motor 11 with 
gearbox, frame 12, the horizontal guide 13, the rotating 
base 14, the driver 15 of the runner, the sensor 16 of the 
position of the slide 6 and the runner 17 of the sensor 16 of 
the position of the slide 6, together with the tested sensor 
1, it is thus possible to film with respect to the axis of the 
rotary and height adjustable table 2 with the detected object 
2 and to investigate the influence of the deviation of the 
perpendicularity of the tested sensor 1 with respect to k to 
the detected object 2. The detected object 2 is selected 
according to the type of the tested sensor 1. For example, 
for the tested sensor 1 sensitive to the magnetic field, a 
permanent magnet is used as the detected object 2. If the 
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tested sensor 1 is based on the inductive principle, a metal 
object and the like is selected as the detected object 2. 

 
4 Experimental testing of the Hall-effect 

distance sensor 
During the experimental testing of the distance sensor 

based on the Hall-effect principle (Figure 4), a permanent 
magnet was placed on the rotary table, which is made of 
non-ferromagnetic material so as not to affect the magnetic 
field of the placed permanent magnet. Hall-effect distance 
sensor vol mounted on a plastic beam that can be 
positioned relative to the permanent magnet. The relative 
position of the sensor relative to the permanent magnet can 
be adjusted using parallel gauge blocks. 

 

 

 

 

 
Figure 4 Experimental testing of the Hall-effect distance sensor 

 
When testing the Hall-effect distance sensor, it is 

possible to realize four possible configurations of the 
arrangement of the sensor and the permanent magnet 
(Figure 5). From the obtained experimental data, the best 
solution is the U4 configuration, which has the largest 
useful distance measurement range and the minimum 
hysteresis. 

The result of the experimental testing of the sensor 
(Figure 6) shows the course of the output electric voltage 
of the sensor when changing its position relative to the 
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 from 4mm 
to 20mm (Figure 6). 

 

 
Figure 5 Sensor and permanent magnet arrangement options 

configurations 
 

 
Figure 6 Experimental testing of the Hall-effect distance sensor 

during uniaxial distance change 
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The proposed test device also provides the possibility 
of changing the direction of the permanent magnet relative 
to the axis of the sensor (Figure 7). With this multi-axis 
approach and distance of the sensor with respect to the 
magnet, it is possible to observe the directional 
characteristics of the sensor based on the principle of the 
Hall effect. The 90° rotation angle is when the axis of the 
sensor is identical to the axis of the permanent magnet. It 
can be seen from the graph (Figure 7) that when the sensor 
is rotated with respect to the magnet, the sensitivity of the 
sensor improves and the usable range of distance 
measurement also increases slightly. At the same time, it is 
possible to find out from the graph (Figure 7) how sensitive 
the sensor is to the accuracy of the adjustment of the axis 
of the sensor to the axis of the permanent magnet. 

 

 
Figure 7 Experimental testing of the Hall-effect distance sensor 

during multi-axis distance change 
 

5 Conclusion 
The result of this study is the design of an experimental 

test device that allows testing the characteristics of the 
distance sensors and at the same time it is possible to 
identify the directional characteristics of the sensors using 
a rotary table. 

The proposed tester for testing sensors can be used to 
simulate the application of the tested position sensor and 
verify its properties in this application. In addition to the 
static and dynamic characteristics of the sensor, it is also 
possible to test the lifetime of the sensor and non-standard 
motion cycles according to the application in which the 
sensor is planned to be used. 

Similar to other applications, it is important to test and 
diagnose systems for identifying their properties and for 
their periodic diagnostic verification of their functionality 
[6-21]. 
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