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Abstract

The rational use of lasers as sources of radiation is also related to the development of optical
systems for conversion of laser radiation. One of the ways to convert the laser radiation is
related to its collimation, changing the cross-section and changing the divergence. This article
presents a methodology for designing two component optical systems to reduce the
divergence of laser beams. Ready-made optical elements were used, with which three
different configurations were created and analyzed. The optical design was developed and
subsequent optimization was performed. The resulting system has diffraction-limited quality
of the outgoing laser beam and small dimensions.

Pesiome

PanmonanHOTO M3I0JI3BaHE Ha Ja3epUTE KaTO U3TOYHUIM HA TbUEHUE € CBBP3aHO U C
Pa3BUTHETO HA ONTHYHU CUCTEMH 32 IpeoOpa3yBaHe Ha Ja3epHOTO W3buBaHe. Enun ot
HAYMHUTE 32 IpeoOpa3yBaHe Ha J1a3epHOTO JTbUCHUE € CBBP3aH C HEroBaTa KOJUMAIHs,
MPOMsIHA Ha HAPEYHOTO CEYEHHE U MPOMSHA Ha TUBEpreHuusarTa. B Ta3u cratus e
Mpe/icTaBeHa METOMKA 332 MPOEKTHPaHe Ha JBYKOMIIOHEHTHH ONTHYHU CUCTEMH 3a
HaMaJsIBaHe Ha AUBEPreHIUATa Ha Ja3epHU JTbuu. M3M0a3BaHu ca TOTOBH ONTHYHU
€JIEMEHTH, C KOUTO ca Ch3/aJeHU U aHAJIM3UpaHH TP paznudHu KoHpurypamnuu. Paspaboren
€ ONTUYEH JU3aliH U € U3BbpIICHA MocieaBama ontumusanus. [lonydyenara cucrema nma
TG PaKIIMOHHO-OIPAaHUYEHO Ka4eCTBO Ha U3XOHMS JIa3€PEeH b4 U KOMIIAKTHU pa3MepH.
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Abstract

In modern production, every finished product entering the market must have the necessary
marking applied. The contrast must be sufficient so the marking can be easily read both by
electronic devices and visually. The purpose of this paper is to investigate the variation of the
contrast ratio in the function of changing the laser power, speed of marking, step and
frequency. Carbon steel samples were used in the experiments, on which matrices with the
studied variable parameters were applied. A nanosecond fiber laser with a maximum power of
30W was used for the marking. The combination of optimal values of the technological
parameters was determined in order to reach the lower limit of contrast (15%) against the
background, a requirement for the minimum criteria for good readability of the marking by
specialized electronic devices.

Pe3tome

B cbBpeMEHHOTO MPOU3BOJCTBO BCEKH I'OTOB MPOAYKT, U3JIM3AIl HA MTa3apa, TpsiOBa 1a uma
HaHeceHa HeoOxoquMara MapKupoBKka. KoHTpacThT TpsiOBa a € JOCTaThyEH, 32 J1a MOXeE



MapKUpPOBKaTa Jia ce 4eTe JECHO KaKTO OT EJICKTPOHHU YCTPONCTBA, Taka U BU3yanHo. [lenta
Ha Ta3u CTaTusd € Aa CC U3CJICABAa NPpOMsAHATA HA CbOTHOIICHUCTO HA KOHTPACTa BbB
GyHKIUATA Ha TPOMSIHA HA MOIITHOCTTA Ha Jlazepa, CKOPOCTTa Ha MapKUpaHe, CThIIKATa U
yecToTaTta. B ekcriepuMeHTHTe ca U3M0JI3BaHN 00pasliy OT BBIJIEPOJHA CTOMAHA, BPXY
KOUTO Ca HAHECEHU MaTPHIIM C U3CJIeIBAHUTE IPOMEHIIMBH ITapaMeTpu. 3a MapKUPAHETO €
M3M0JI3BaH HAHOCEKYHJIEH BJIAKHECT Jla3ep ¢ MakcumaiHa MmouHoct 30W. Onpenenena e
KOMOHMHAIMSITa OT ONTUMAJIHU CTOWHOCTH Ha TEXHOJIOTUYHUTE MMapaMeTpH 3a JOCTUTaHE Ha
JoJHaTa rpanuia Ha KoHTpacT (15%) cnpsamo dona, n3uckBaHe 32 MUHUMAITHU KPUTEPUH 32
n00pa YETUMOCT Ha MapKUPOBKATA OT CHECIHATU3UPAHH €IEKTPOHHU YCTPOUCTBA.
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Abstract

Laser marking with a nanosecond fiber laser is one of the most common ways to permanently
mark various engineering materials. The roughness of the machined surface and its
observation is essential to evaluate the impact on the contrast of the marking as well.
Experimental studies of the roughness obtained as a result of the laser marking, were
inspected using a 3D measuring laser microscope OLYMPUS LEXT OLS5100. The
breakdown of the graphical relation of the roughness function of the four process parameters:
laser power, frequency , speed of marking and step.

Pe3tome

JlazepHOTO MapKupaHe ¢ HAHOCEKYHJICH BJIIAKHECT JIa3ep € €ANH OT Hal-pa3npoCTPaHEHUTE
HAYMHHM 32 TPAHO MapKUpaHe Ha pa3InYHU WHXKEHepHU MaTepuanu. [ pamaBoctra Ha
o0OpaboTeHaTa MOBLPXHOCT U HEHHOTO HAOJIOIEHUE € OT CBHIIIECTBEHO 3HAUCHHUE, 3a J]a CE
OIICHH ¥ BJIIMSIHUETO BBPXY KOHTpACTa Ha MapKHUPOBKaTa. EKCIIEpUMEHTATHUTE U3CIICIBAHUS
Ha TparaBoCTTa, MOJyYeHa B PE3YJITAT HA JJa3ePHOTO MapKUpaHe, 0sixa MPOBEPEHU C TIOMOIITa
Ha 3D u3mepBarenen na3zepeH mukpockon OLYMPUS LEXT OLS5100. Paz6uBka Ha
rpaduyHaTa Bph3Ka Ha (DYHKIMATA HA TPANABOCTTa HAa YETUPUTE IMapaMeThpa Ha mpoleca:
Jla3epHa MOIIHOCT, YeCTOTa, CKOPOCT Ha MapKUPAHE U CTHIIKA.

Tsvyatkov, P., E. Yankov, L. Lazov, L., E. Teirumnieks, E.Teirumnieks, Color marking
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363-369, https://doi.org/10.17770/etr2023vol3.7318

Abstract



Marking of metal products is essential in many industrial processes. It is mandatory for the
finished products according to regulations of the European and world legislation. Traditional
marking usually creates contrasting symbols that can easily be erased and forged. In recent
years, a new method for product identification has appeared - color marking. One of the
advantages of this method is that it is difficult to counterfeit. This article aims to present the
progress of color marking technology on two types of materials. Three groups of factors have
been analyzed: the laser source; the technological process; material properties. Their role in
obtaining a specific color marking on Ti and AISI 304 is shown. The results are presented in
tables. Each color can be repeated only with strict observance of the three groups of factors.

Pe3tome

MapkupaHeTo Ha METaJIHU IIPOJYKTH € OT ChIIECTBEHO 3HAUEHNE B MHOT'O IPOMMIIIEHH
nporecu. 3aabDKUTENHA € 332 TOTOBaTa MPOAYKLUS ChIVIACHO pa3nopenduTe Ha
€BPOINENCKOTO U CBETOBHOTO 3aKOHOJATEICTBO. TpagullMOHHOTO MapKUpaHe OOMKHOBEHO
Ch3/1aBa KOHTPACTHU CUMBOJIM, KOUTO JIECHO MoraT Jja ObJIaT U3TPUTH U noAanpaseHu. 1pe3
MOCJIETHUTE FOAVHHU CE MOSIBM HOB METO/]I 3a MJICHTH(UKALIMA Ha TPOAYKTA - [[BETHA
MapkupoBka. EHO OT nmpenumcTBaTa Ha TO3M METO/ €, 4e € TPYAHO J1a ce (pammuduimpa.
Ta3u cratusa nMa 3a 1en Jja NpeACcTaBy HallpeIbKa HAa TEXHOJIOTHATA 33 IIBETHO MapKUpaHe
BBPXY /IBa BUJa MaTepuaiu. AHaJIU3UPAHH ca TPU IPyNH (pakTopu: J1a3epeH U3TOUHHK;
TEXHOJIOTUYHHUAT MIPOLEC; CBOMCTBA HAa MaTepuana. [loka3aHa e TsXHaTa posis 3a IoIy4aBaHe
Ha crienuduyuHa nBetHa MapkupoBka BbpXy Ti u AISI 304. Pesynrature ca npencraBeHu B
Tabauny. Beeku 1BAT Moske 1a Obi€ MOBTOPEH CaMo NPH CTPUKTHO CIIa3BaHE HA TPUTE IPyNHU
baxTopu.

P. Tsvyatkov, Reproducibility of laser color marking on c75 steel obtained by a
nanosecond pulsed laser , Mashinostroene 1 mashinoznanie, 2026

Abstract

The interaction of a fiber laser (1064 nm) with carbon steel resulted in the formation of
various colors due to oxidation occurring on the sample surface. The results show that the
thermal impact of the nanosecond pulsed laser on the surface leads to the formation of a
colored oxide film. The scanning speed is one of the key parameters in color marking. In this
study, the reproducibility associated with variations in marking speed was investigated. For a
given range of laser scanning speeds, several color markings were selected as reference
standards. Within the examined range, at a speed of 600 mm/s, the marking demonstrated the
highest reproducibility of surface coloration on carbon steel C75. Color marking is suitable
for protecting products against counterfeiting, and many manufacturing companies show
interest in implementing such marking systems.

Pesiome



Bw3nelicTBueTo BbpXY BBITIEpOAHA cToMaHa ¢ Gaiobp nazep (1064 nm) nosene A0 pa3IudHU
I[BETOBE B PE3YJITAT OT OKCUIAIIHSI, ITOJIy4eHa Ha TOBRPXHOCTTA Ha ipobute. PezynraTture
MOKa3Bart, Y€ Mopaju TEPMUYHOTO Bb3ACHCTBHE HA HAHOCEKYH/IEH UMITYJICEH JIa3ep BbPXY
MOBBPXHOCTTA Ha MpodaTa, ce 00pa3yBa 1BeTeH okcuieH Gpuim. CKOpocTTa MpH Ja3epHO
CKaHUpaHEe € €IMH OT BaXKHUTE MapaMeTpHu MPH LIBETHOTO Mapkupane. B ta3u padora e
u3cieBaHa Bb3MPOU3BOANMOCTTa OT H3MEHEHHETO Ha CKOPOCTTa Ha MapKupaHe. 3a ajieH
JMarna3oH OT CKOPOCTHU Ha JIa3epHO CKaHHUpaHE U ce N30paT HAKOJIKO LIBETHU MapKUPOBKH
KaTo eTajoHu. B u3cneaBanus quamnazoH mpu ckopoct 600 mm/s MapKUpoOBKaTa € ¢ Hall-
BHCOKa BB3MPOU3BOJUMOCT Ha MOBBPXHOCTHOTO OI[BETSIBAHE Ha BbIVIEpoiHa ctomaHa C75.
[IBeTHaTa MapKUpOBKA € MOAXO/ASINA 3a 3al[UTaBa HA U3JIETUsATA OT KOMHPaHE U MHOTO
MIPOM3IOCTBEHH (PUPMHU UMAT UHTEPEC OT BHEJIPSIBAaHE HA TaKUBa MapKUpAIld CUCTEMH.
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Abstract
Over the last decade, laser surface treatment of stones has gained increasing scientific interest.
New technologies and processes based on different types of laser sources and processing
modes are studied. This report examines the process of laser ablation on marble surface
using fiber laser. Three factors influencing the process of laser marking and engraving were
studied: power, processing speed and step between raster lines. The functional dependencies
between these factors and the contrast of the obtained graphic image are established. The
optimal operating intervals for this group of technological parameters are analyzed. Due to the
very-high definition laser ablation, wording, drawings and images can be re-created and
processed with unique accuracy. In addition, the reduction of manufacturing time and
resources used in the process make this technology an environmentally-friendly and
extremely cost-efficient solution.

Pesrome
IIpe3 mocnenHOTO eceTuseTre JiazepHara o0paboTka Ha KaMbK MPUI001Ba BCE MO-TOJISIM
Hay4eH uHTepec. M3cnensaT ce HOBU TEXHOJIOTHHU U MPOLIECH, Oa3upaHy Ha pa3IMYHU TUIIOBE
Ja3epHH U3TOYHUIIM U PEKUMHU Ha 00paboTka. B To3m noKiIa ce pasriexaa mpouechT Ha
Jla3epHa abnanus BbpXy MpamMopHa MOBBPXHOCT C M3MOI3BaHe Ha (Paitdobp mazep. M3cnenpanu
ca Tpu (pakTopa, BIMACIIN BHPXY MPOIeca Ha JTa3epHO MapKUpaHEe U TPaBUPaHE: MOITHOCT,
CKOPOCT Ha 00paboTKa U CTHIIKA MEXKAY PACTEPHHUTE JIMHUU. Y CTAHOBEHH ca
(YHKIMOHATTHUTE 3aBUCIMOCTH MEXy Te3U (PaKTOPH U KOHTpAcTa Ha MOIYYEHOTO rpapuyHO
n300pakeHre. AHATU3UPAHU ca ONITUMAIIHUTE PaOOTHU MHTEPBAJIM 3a Ta3u rpymna
TEXHOJIOTUYHHU MapameTpH. biaronapenue Ha y1azepHarta adnanusi C MHOTO BUCOKA
PE30ITIOIHS, TEKCTOBE, PUCYHKH M U300pakKeHUsI MOTaT /1a ObAaT BH3MPOU3BEXKIAHH U
00paboTBaHM ¢ yHUKaIHA TOYHOCT. OCBEH TOBAa HaMaJIIBAHETO Ha BPEMETO 3a MTPOU3BOJICTBO
Y M3TI0JI3BAaHUTE PECYPCH MTPABU Ta3W TEXHOJIOTHSI €KOJIOTHYHO YUCTO U M3KIIOUUTEITHO
MKOHOMHYHO peIlIeHHE.



