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Abstract: The main thesis of this paper was to briefly déscthe measurement technique using a non-cordset |
profilometer. This paper is divided into severaitpawhere in the introduction, in the theoretigahlysis, we described
the necessity of using control mechanisms in autiomarl hen, in the second chapter, we have devdltpetechnology

of measurement with a profilometer and its applicein scientific work and in practice. In the expeental part, we

have defined the application of a profilometerahdratory conditions on an automated line in thasueement of a part
printed with a 3D printer. Finally, we evaluatee tidvantages and disadvantages of this device cethfzamechanical
measuring devices.

1 Introduction consistent product quality. Better process contisio
Today, almost all mass production is automategi€ans that materials are used more efficientlyltieg in
because it is cheaper, more accurate, and recfeines  less waste [3].
people. Increasing productivity and the desire & g The use of state-of-the-art measurement and control
competitive advantage are usually the main reasmrsy Mechanisms is also a given. One of these techreslagi
companies initiate an automation project. Othesoma for also non-contact measuring systems such as (sensors
automation may not be due to "thinking about thergl  profilometers or camera systems). Today these @lontr
but rather the presence of current specific reassnsh as Mechanisms have much more complex functions than in
a hazardous work environment or high labor costsnes the past. They are used as a control algorithma as
companies automate processes to reduce produirtien t transformat!on ele_ment between the measured vara;{tni
increase production flexibility, reduce costs, détiate the evaluation unit, or as an element of produetlityu
human error, or address a labour shortage [1]. control in automated production [4]. o
Automation solutions usually focus on some or &ll o The principle of these measuring devices is that th
these economic and social factors. In this waygtreeral Measured object enters the measuring zone of theede
purpose of production automation can be assigned: #e device performs the measurement, and since e
replace human labour and optimize work. In a broad&echanical contact between the object and the miegsu

sense, the goals of process automation include [2] device, hlgh rellablllty and repeaFabiIity of theasures is
«  Reducing the production of operators. ensured. Such devices are maintenance-free andtdo n
«  Increasing the number of products. wear out quickly thanks to the non-contact measargm

which is an excellent advantage for manufacturing

» Expanding the range of products. companies [5].

*  Multiplication of production.
Increasing production refiability. 2 Principle of non-contact measuring with
Benefits generally attributed to automation include  the profilometer
higher production rates and productivity, more it The profilometer consists of a laser emitter,
use of materials, better product quality, improsadety, cylindrically arranged lenses, a light-sensitivesiger lens
shorter workweeks, and shorter lead times. Higlgpws With a large aperture and a high-resoluton CMOS
and higher productivity are two of the most impotta (Complementary Metal-Oxide Semiconductor).
reasons for using automation. Despite high qualayms The principle of this measuring device is that taser
from good human workmanship, automated systentigdiation from the measuring head emits a blug bglam
typically perform a production process with lesgafility ~ that irradiates the measured surface. The refldightlis
than human workers, resulting in better control emate  projected onto a light-sensitive CMOD sensor and
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generates a 2D and 3D profile of the measured vieckp =
which can then be examined [6].

Figure 2 Measurement process with profilomet ]

_ 3 Application of profilometer in laboratory
Figure 1 2D/3D Profilometer Keyence [7] conditions

The measurement procedure in this article conefsts
implementation of a profilometer on an automhditee
set up under laboratory conditions. The measurement
object was a part printed with a 3D printer, whselnves as
a stabilizing element of the robot arm. The parhé&le of
PLA filament for black 3D printers, which can leé&a
Bgrtial measurement errors for the profilometerseduby
the absorption of light by the ink.
Figure 3 shows the measuring head of the LJ-X8400
21 Thedateof art profilometer from Keyence. This profilometer usée t
As mentioned earlier, one of the non-contachiinciple of laser triangulation with a light soara blue
measurement systems is also a profilometer. 4Qsmiconductor laser with a wavelength of 405 nne ot

profilometer is a special metrological measuringic®  gjze of the laser radiation is approximately 275 ma#9
that is used to measure the height differenceseafsuring um at a reference distance of 380 mm.

objects. In technical articles, we can find mangregles
of the use of this device, such as Leroux et &lgse article
focused on the use of a 3D profilometer in theftifieation
of the surface of the paper, where he was abldettify
the inscription on the papers printed by lasertprithanks
to the ultra-precise microbalance [9]. Mital et ai.their
article, use a profilometer for surface roughnes
identification in waterjet machining [10]. Sun &f & turn,
proposed an algorithm for evaluating the qualit
(machinability) of the surface texture of tools ngsia
profilometer [11]. Chen et al. came up with theaidsf
inspecting the surface of gears on clutch wheeisgus
halogen illumination and a CMM-based profilometkt][

As a measuring instrument, the profilometer is very,,
accurate, as it is supposed to identify and quastifface
elements on a very small scale. Surface roughress
categorized in degrees from "N12" to "N1" according
ISO 4287 and is based on the maximum height diffare
between microscopic slopes, peaks and valleys to
accuracy of 1 micron [8].

Arezki et al. used accurate profilometer measurésnem ) A i 1 =
several ultra-precision measuring machines to ewalu Figure 3 Profilometer Keyence LJ-X 8400
innovative optical aspherical and free-form surfaf&s].

In turn, Oezcan et al. presented an interestingqsal in The raw profilometer data is transmitted using a
their work using a camera system and a profilometer software algorithm that determines the type of elenand
develop a 3D measurement scheme for analyzing theeasures the width of the measured object andl¢iae c
failure of concrete specimens and their porosit¢].[1 distances. The algorithm first uses the differelmesveen
Fiorentini et al. had an even more interesting ideeir adjacent data points to detect a sudden profilegtha
study, in which they used a 3D laser profilometer tSudden changes in surface profile indicate theepies of
measure the surface of an asphalt road in ordeetsure an element. The object data goes through a second
the surface texture of the asphalt exposed to ukdric algorithm to classify the object. Data identifietl@verlap
traffic and environmental erosive influence aftacke day or gap is passed to a third algorithm for widthinaation.

[15].

~ 56 ~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 7 2021 Issue: 2 Pages: 55-59 ISSN 2453-675X

APPLICATION OF NON-CONTACT PROFILOMETER IN AUTOMATED PRODUCTION
Patrik Kascak; Martin Miskiv-Pavlik

Figure 6 Measured workpiece in the software interface

The zero reference surface for measuring a pdheis
surface of the pallet on which the part is pladédure 6

Before the component itself could be measured, §1OWs that the software distinguishes the height
trigger had to be installed on the line, in ourecas optical distribution of the part based on colour differesjosith
laser sensor. The 48.6 x 48.6 x 7.2 mm workpiecs wi€ blue colour representing negative values aedred
placed on a prefabricated pallet that served tinpt the Fepresenting positive values. When identifying defen
laser beam from the trigger as it moved along the, | Production, we can use this device to quickly idfgmiither
informing the profilometer to begin measuring tretp Machining defects or, as in our case, 3D printiefpdts.
After the pallet passes the sensor, the laser bsamThe X and Y position data as well as the angletage
reconnected to the light-sensitive reflective sefa 'eference points for the profilometer for the next

causing the profilometer to complete the measuremen Measurement. The software also gives us the option
directly measuring the dimensions of individualneémts

of the workpiece to better identify height diffecess in the
mould.

Figure 4 Pallet with measured wor kpiece on automated line

.‘- 2.229!1"!1I | | 0__608mm
- )

0. 146mm 0. 200.0; 409mm

Figure 7 Measurement of height differences on the workpiece

Figure 5 Measurement process of aworiecewith a

profilometer on an automated line 3.1 Evaluation of profilometer application
N The non-contact gage, instead of a needle uselijinta
After the measurement, the data about the workpgece age, uses an advantage over mechanical gageslyname
sent to the software of the company Keyence LJ-the elimination of wear on the contact surfacehefgage
Terminal Software, where the measured parts aptegfisd  jith the measured component. The advantages and

in 3D format. With the help of this software, wenca gisadvantages of using a non-contact profilomeder ke
measure height differences of individual components s,mmarized in the following points.

serial production by determining standard valuesstan
given input height conditions, and the profilometieen
measures the difference of these parameters orr othe
components.
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Advantages: 2601-2622, 2017. doi:10.4018/978-1-5225-1759-

* No damage to the sample surface. 7.ch107

 Ability to measure smaller roughness with higH4] FU, S., CHENG, F., TJAHJOWIDODO, T., ZHOU,
accuracy. Y., BUTLER, D.: A Non-Contact Measuring System

«  Fast measurement and high repeatability. for In-Situ Surface Characterization Based on Laser

«  Simultaneous observation of the surface image and Confocal MicroscopySensors, Vol. 18, No. 8, pp. 1-
height profile. 15, 2018. doi:10.3390/s18082657

e The ability to produce a fully focused, high-resuo [5] YINBAO, CH., ZHONGYU, W-’_CHEN’ X, LI Y.,
image that competes with SEM (3D colour laser L H. Ll H, WANG, H. Evaluation and

microscope images). Optimizz_ition of .Task-oriente.d Measurement
Uncertainty for Coordinate Measuring Machines Based
Disadvantages on Geometrical Product Specificationdpplied

Sciences, Vol. 9, No. 1, pp. 1-22
doi:10.3390/app9010006

MANIN, J., BACHALO, W.D.: Advances in Imaging
Diagnostics for Spray and Particle Research in High
Speed FlowsApplied Sciences, Vol. 10, No. 4, pp. 1-
18, 2020. doi:10.3390/app10041450

. [7] KEYENCE, Improve Reliability with  4x

4 Concluson More Resolution: [Onling], Available:

As we can see, the automation of various production pps:/mwww.keyence.eu/products/measure/laser-2d/lj
processes increases the speed of the tasks petforme ygooo/index pr.jsp?ad_local=sitetopnp4

Moreover, in this way, it is possible to elimingte human [20 Apr 2021], 2021.

factor, the number of frequent errors is signiftban [g] KEYENCE, Roughness Measuring Microscope For
reduced, which allows improving the quality of the " precise Surface Analysis: [Online], Available:
process. Thanks to the development of new techigdlog  piins:/mww.keyence.eullanding/ipc/1807-vk-surface-

e The limited size of the measurement target.

* The Ilimited measurement of some surfacef6
(reflections, colour absorption of light etc.). ]

* The limited to fixed measurement only in one place
(immobility).

production automatior_1 also contributes to the impnoent analysis.jsp?aw=gagooglekbczennonbrmicvk188&gcli
of control mechanisms, such as the non-contact d=CjwKCAjwmK6IBhBgEiwAocMc8gZciuVUSTQs
profilometer LJ-X8400. YYMXLLeE1JvaGDSoLwjCjINKE57Idfp2RZXFF2Er

As shown in the article, non-contact (Iaser) MBOCbWQQAVD BWE [20 Apr 2021] 2021.

profilometers are the best choice for automatedygton, [9] LEROUX, P., LEISING, C.Paper Surface Roughness
because thanks to their long-term stability andedpé is With 3D Profilometry, Nanovea, 2014.

possible to do without technical service for a ldime, doi*10.13140/RG.2.1.4344.7203

which is the main criterion for the functionality the H‘O] MITAL, G., DOBRANSKY, J., RUZBARSKY, J.,
g

automated line. Furthermore, thanks to the hi OLEJAROVA, S.: Application of Laser Profilometry
measurement accuracy and easy-to-use software, the 1o Evaluation of the Surface of the Workpiece

application of this device are very simple. Foromdted Machined by Abrasive Waterjet Technolodypplied
production, this device offers the possibility ofick Sciences, Vol. 9, No. 10, pp. 1-14, 2019.
identification of defects by measuring the profile the doi:10.3'390/app9i02134 ’ '

workpiece and then analysing the height differencethis 11] SUN, W., YAO, B., CHEN, B., HE, Y., CAO, X.
article, we have evaluated all the advantages and  zpou T. LIU. H.: Noncontact Surface Roug'hne,ss

disadvantages of this device and can recommerithibut Estimation Using 2D Complex Wavelet Enhanced
the slightest doubt for the manufacturing sector. ResNet for Intelligent Evaluation of Milled Metal

Surface QualityApplied Sciences, Vol. 8, No. 3, pp.
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