i1

NA3EPHASl OYUCTKA

W NA3EPHBIA HAKNERN -
TEXHONOTUW YIYYILIEHUS
CBONCTB NOBEPXHOCTU

M.Boakos, A.Kuwanos, H.Opaos, B.Cepebparos,
B.CmupHos, A.duaamos, k.m.H., 000 "HIIII BOJIO";
mail @volo.ru ; www.volo.ru, Cankm-ITemepbypz

MN3HOCOCTOMKOCTDb, YCTANOCTHAsA NPOYHOCTb,
KOpPPO3MOHHas CTOMKOCTb, FepMEeTUYHOCTb
COefUHEeHUM, NPOYHOCTb MOCAA0K — 3TU CBONCTBA
AeTanen U CoegUHEHU BO MHOITOM onpepensioT
HaAeXHOCTb U A0/Ir0OBeYHOCTb 060pyA0BaHUS

M KOHCTPYKLUIA. DKCnayaTauMOHHbIe CBOMCTBA MALLUH
3aBUCAT OT KOHCTPYKLUM, MaTepuana, TOHYHOCTH
pasmepoB 1 kayecTBa pa6o4yMx NOBEpXHOCTEN
AeTanen, BXoASALWMX B UX COCTaB. B cTaTbe
pPaccMOTpeHbl pesy/ibTaTbl NPUMMEHEeHUs J1azepHbIX
TEXHONI0r M y/y4YLLeHUsl CBOVCTB NOBEPXHOCTU
MeTa/IJIoB MU HEMETA/IJIOB — J1a3epHOM OYUCTKU

M la3epHOro Haknena.

acTo paspylleHHe feTaael MeXaHHU3MOB HauH-

HaeTCsl C IIOBEpPXHOCTH. Ilo3Tomy, obecrie-

YUB 33JlaHHOE ITPOEKTHPOBIIMKOM Ka4decTBO
IIOBEPXHOCTHOTI'O CJIOSI IeTa/Ik, MOSKHO yBePEHHO IIPO-
THO3HMPOBATh HA/IeXKHOCTb PabOThI BCEro MeXaHH3Ma.
TakuM obpa3om, pelleHHe ITPO6IeMBI ITOBBIIIEHHUS
KauecTBa MeXaHH3MOB, 0DOpyHOBaHHS, KOHCTPYK-
LU U IPUO6OPOB JIEXKUT B 06J1acTH 0becriedeHHs 3KC-
IJTyaTAaLlUOHHBIX XapPaKTePUCTHUK IIOBEPXHOCTHOIO
cost metasner. IIpy 3TOM BOIPOC KacaeTcsl Kak reo-
MeTPHYeCKHX I1apaMeTPOB, TaK U QU3HUKO-XUMHUUe-
CKHX CBOMCTB IOKPBITHI M CAMOT'O IIOBEPXHOCTHOTO
crosi. JlazepHble TeXHOJIOTHH, BCe HOBbIe M HOBBIE
BAapHAHTHl UX HCIIOJIb30BAHMS B HayKe U TeXHHKe
CIIOCOOHBI IIOBBICHTB 3KCIIyaTAallHOHHOE KadeCTBO
IIOBEPXHOCTHOI'O CJIOSI IeTaJIH.

NNA3EPHASA OYUCTKA

Jlazeprl TOJBKO IOSIBUIKCH, U y>Ke TOIfa TeXHO-
JIOTM MIHOBEHHO 0OpaTH/IM BHHMaHHe Ha BO3MOX-
HOCTH MCIIONb30BAHUS "UHCTON JIy4YeBOM SHepPruu"
B KayecTBe CPeZCTBa [Jsl OYMCTKU. MMIIyJIbCHBIN
BBICOKOKOHILIEHTPHPOBAHHBIM CBETOBOM IIY4YOK CII0-
cobeH MOMeHTabHO HarpeTh TOHKHEI ITOBEPXHOCT-
HBIM CJIOM MaTepHajia TaK, YTO TOT IPOCTO MCIa-
puTcs 6e3 3aMeTHOro BO3JI€HCTBHMS Ha MaTepHall,
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LASER CLEANING AND LASER
SHOT PEENING -
TECHNOLOGIES

FOR THE IMPROVEMENT

OF SURFACE PROPERTIES

A Filatov, Cand. of Technical Sciences, A.Kishalov,
N.Orlov, V.Serebryakov, V.Smirnov, M.Volkov, NPP
VOLO Ltd.; mail @volo.ru; www.volo.ru, Saint-
Petersburg, Russia.

The following properties of parts and joints in many
respects determine the reliability and longevity

of equipment and constructions: wear resistance,
fatigue strength, corrosion resistance, tightness of
joints and fit strength. Performance characteristics
of machines depend on the construction, material,
dimensional accuracy and quality of the working
surfaces of parts which they consist of. The

results of application of laser technologies for

the improvement of metal and nonmetal surface
properties — laser cleaning and laser shot peening are
considered in the article.

reak up of mechanism parts often starts

from the surface. Therefore, if the quality

of the part surface layer specified by
designer is provided it will be possible to forecast
reliability of the whole mechanism operation
with confidence. Thus, solution of the problem of
quality enhancement of mechanisms, equipment,
constructions and devices lies within the range
of provision of performance characteristics of the
part surface layer. And this issue is related to
the geometrics as well as physical and chemical
properties of coatings and surface layer. Laser
technologies and new options of their application
in science and engineering are capable to improve
the functional quality of part surface layer.

LASER CLEANING

When lasers have just appeared, instantly
technologies paid attention to the capabilities
connected with the use of "pure beam energy" as the
cleansing agent. Pulse highly-concentrated light
beam is able to heat thin surface layer of the material
instantly in such manner that it can evaporate
without noticeable action on the material which
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YacTuubl 3arpsisHeHus, yaaneHHble
C NMOBEPXHOCTW MaTepuana
Pollutant particles removed

from the material surface
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NasepHbIn nyu
Laser beam

3arpsisHeHune
Contamination

3arpsi3HeHHbI MaTepuan
Contaminated material

0O61aKo NCNapeHHOro BelLecTsa
Material vapor

Puc.1. MexaHu3m aasepHol o4uucmku
Fig.1. Laser cleaning mechanism

PaCIIONOKeHHBIM I1y6ske. 3aMeTHUM, B psfie CIy-
YaeB [IPU 3TOM MaTepHaJ IIOKPHITHS JaKe He HCIIBI-
TaeT TepPMHUYECKOIO pa3jiokKeHHs, a 3arpsi3HeHHs,
CompoBOXAampuuecs obOpa3oBaHHeM U BblJelle-
HYeM TOKCHYHEBEIX HJIM He>KeJaTeJbHBIX BeIleCTB,
He YCIeIOT IOSABHUThCS. B pesynpTaTe MBI HMeeM
YHUKAJIBHBIH I10 CBOMM CBOKCTBAM MeETOJ OUHCTKH,
JTHIIeHHBIH BCeX TeX He[O0CTAaTKOB, KOTOpble IpH-
CYIIM KJIacCHYeCKMM MexaHH4YeCKMM H XHMHYe-
CKMM MeTOJaM OYMCTKH. OTMETHM, YTO IIPOSB-
JeHHe JOIOJHHUTEIBHBIX 3PPeKTOB, CBA3aHHBIX
C reHepallMeX B IIPUIIOBEPXHOCTHOM CJIOe TepMO-
YIPYTUX HANPSIKeHHUH M yAapHBIX aKyCTHUYeCKHX
BOJIH, IOBbIIIaeT IIPOM3BOAUTE/NBHOCTD IIpoliecca
OYMCTKH, HOIOJHSS YCUIHUS 10 'OTPBIBY" 3arps3He-
HUU OT [I0BEPXHOCTH.

Pa3sBUTHIO TeXHOJIOTUM JIa3epDHOM OYHCTKU
B OCHOBHOM IIpeIlSITCTBOBAIK 3KOHOMHUYECKHe IIpo-
61eMBl (CTOMMOCTh MHCTPYMEHTA) U HHU3Kasl IIPOU3-
BOJUTe/IbHOCTD ITpoliecca. HTepecHO, YTO 1a3epHble
MeTOABl OYHCTKH y>Ke JAaBHO YCIIEIIHO HCIIONB3YIOT
B PeCTaBPaLMH AJIsI OYUCTKHU MY3eHHBIX [IeHHOCTeH ~
obnactu, rae CTOMMOCTh U IIPOM3BOSUTETBHOCTD He
UI'PAIOT TAaKOU OIlpeesollell PolH.

ITosiBlleHHe HaJeXKHBbIX, KOMIIAKTHBIX M JOCTa-
TOYHO He[OPOTUX J/a3epHBIX HUCTOYHUKOB — HTTep-
OreBbIX BOJIOKOHHBIX J1a3epoB C BBICOKMM KIIJ|
1 60BN M CPOKOM C1Y>K6BI (10 100 000 1) IT03BOSIHIIO
COBEPIIUTE Iepexo[, Ha HOBBIM KadeCTBeHHBIH Ypo-
BeHb TeXHOJIOTHUSIM JIa3epHOU OYHMCTKH. [IpuMeHeHHe
HOBBIX HCTOYHHKOB JIa3epPHOTO H3/1y4YeHHUs B TeXHO-
JIOTUSIX Ja3epPHOM OUYMCTKU obecriedMBaeT BBIIION-
HeHHe BBICOKHX COBPeMeHHBIX TpeboBaHHMI K 3KO-
JIOTUYHOCTH IIPOM3BOJCTBA. B psijie IPOMBIILIEHHO
Pa3BUTBEIX CTPaH paboTalOT KOMIAHHUH, UYbH QyHK-
LM CBSI3aHBI UCKJIIOYUTENIBHO C pa3paboTkamu 060-
PYJOBAaHHUS U MEeTOJIOB JIa3€PHOM OUHCTKH.

is located deeper. It should be noted that in many
cases coating material does not even experience
the thermal decomposition and contaminations
accompanied with the formation and release of
toxic or undesirable agents do not have time to
occur. As a result, we have cleaning method which
is unique by its properties and does not have all
shortcomings inherent to the classic mechanical and
chemical cleaning methods. It should be noted that
manifestation of additional effects connected with
the generation of thermo-elastic stresses and shock
acoustic waves in near-surface layer increases the
efficiency of cleaning process adding to the efforts
on "lifting" contaminants from the surface.

For the most part, economical problems
(instrument cost) and low process performance
impeded the development of laser cleaning
technologies. It is notable that laser cleaning methods
have been successfully used for a long time in the
restoration for the cleaning of museum valuables, in
the area where the cost and performance do not play
such defining role.

Occurrence of the reliable, compact and
inexpensive laser sources - ytterbium fiber lasers
with high coefficient of efficiency and long service
life (up to 100 000 hours) - made it possible to
jump to the new quality level for the laser cleaning
technologies. Application of new laser radiation
sources in the laser cleaning technologies provides
meeting high up-to-date requirements to the
production ecological compatibility. The companies
which functions are connected solely with the
development of equipment and laser cleaning

Puc.2. PaHuesas ycmaHosKa nazepHol o4uCmku
Fig.2. Backpack device for laser cleaning
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CxeMa mpoliecca ja3epHOH O4YHCTKHU (puc.l) mpe-
Ie/IbHO IIPOCTa - H3JlydeHHe KMIIYJIbCHOIO Jia3epa
$OKYCHPYIOT Ha IIOBEPXHOCTH fAeTanu. [IpuueMm pas-
Mep ISTHa AO/KeH OBITh TAKHUM, UTOOBI IIJIOTHOCTD
MOILIHOCTH H3JIy4YeHHUs 33 BpeMs HMIIyJIbCa IIPHUBO-
IuIa K 6BICTPOMY IIOBBIIIEHHIO TeMIIEPATY Pl IIOBEPX-
HOCTHOTO CJIOSl 10 TeMIIepaTyphl ero pas3pyLleHHs
(ucmapeHUs UAK cybnumanyu). OpueHTHPOBOYHAS
BeJIMYHMHA TaKOHM IUVIOTHOCTH MOILIHOCTH COCTaBJIsIeT
10710 Bt/cM? u 6onee. IIpu GOKyCHpOBKe H3Iyde-
HUS B IIITHO AUAMeTPOM ITopsaaKka 0,2 MM IJ1s1 JOCTH-
SKeHHUS TaKOM IUIOTHOCTH MOIIHOCTH [OCTAaTOYHO
HCII0/Ib30BaTh HMMIIYJIBCHBI BOJIOKOHHBIK JIa3ep
co cpe/:LHefI MOIIHOCTHIO Bcero 10 BT.

B HacTOAmMH MOMeHT Ha 6a3e KMMIIYJIbCHBIX
BOJIOKOHHBIX J1a3epoB IIpou3BoAacTBa IPG Photonics
yke pa3paboTaHBl CHCTEMBI Ja3epPHOHM OYMCTKH.
Haunbonee KOMIIAKTHBIM M JOCTYIIHBIM [J1s KOHeY-
HOTO IOTpebUTensi KjaaccoM o6OpymoBaHUS MAJs
Jla3epHOK OYMCTKH SIB/ISIIOTCS paHLIeBble YCTPOKCTBA.
OCHOBHBIM 3apybekHBIM IIPOKM3BOJHMTENEeM TaKHX
KOMIIAaKTHBIX CHCTeM JIa3epHOM OYMCTKU SIBIIS-
eTcsa HeMmenkas ¢upma Clean-Lasersysteme GmbH.
B Poccuu momobHble chcTeMbI paspaborana KomIla-
Hus 000 "HIIII BOJIO".

Ncnonb3oBaHUe TEXHOI0MMU

Na3epHOM OYUCTKMU

O6macTp 337134, B PelIeHUH KOTOPBIX HUCIIONB3YIOTCS
TeXHOJIOTU U na3epH017I OYHNCTKH, IIPDOCTHPAETCHA
OoT onepauuﬁ y,E[aJ'IEHI/IH 3aFPH3HEHI/Iﬁ o0 oIllepa-
L[I/II;I CHATHUSA HOKPI:ITI/II;I, HaHeCeHHbIX Ha H3e/iIHhe
B npouecce ero U3roToBJIEHH . ‘{ame BCero HaBEPHaH
OYHUCTKa I/ICHOJ'II:3yeTCH OJIsL:
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Puc.3. JlazepHas oyucmka cmanbHOU NAGCMUHbI 0M pXKae-
YUHBI, KpOLEK OKAAUHBI U MACAA € nocredyroweli HanAasKol
Fig.3. Steel plate laser cleaning of corrosion, scale chips and
oil with the further facing

-

Puc.4. /lazepHas oyucmka myp6uHHoU Aonamku om 3Kc-
nAYamauyuoHHbIX 3azpsi3HeHUL Npu NOMOLLU UMNYAbCHO20
80/10KOHHO020 Ad3epa

Fig.4. Turbine blade laser cleaning of consumption pollutants
using the pulse fiber laser
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methods operate in a number of advanced industrial
countries.

The scheme of laser cleaning process (Fig. 1) is
very simple - radiation of pulse laser is focused on
the part surface. And the spot must have such size
that the radiation power density would cause quick
increase of the surface layer temperature during the
pulse up to the temperature of its quick destruction
(evaporation or sublimation). Approximate value of
such power density is 107-101° W/cm?. When focusing
the radiation on the spot with the diameter of about
0.2 mm in order to reach such power density, use of
pulse fiber laser with the mean power of just 10 W
will be sufficient.

Currently, the systems of laser cleaning based on
pulse fiber lasers by IPG Photonics have been developed.
Backpack devices are the most compact and affordable
class of laser cleaning equipment for the end users.
Cerman firm called Clean-Lasersysteme GmbH is
the primary foreign producer of such compact laser
cleaning systems. In Russia similar systems have
been developed by NPP VOLO.

Use of Laser Cleaning Technology

The scope of tasks in the solution of which laser
cleaning technologies are used includes the operations
on pollutant removal and operations on the removal of
coatings applied on the product during the production
procedure. Laser cleaning is mostly used for:

« removal of paint coatings;

« removal of electrodeposited coatings;

» removal of consumption pollutants;

« removal of biological pollutants;
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* yHaJeHUs JIAaKOKPACOUHBIX IIOKPBITHH,

* yHaJeHHUs FaJIbBAHUYECKUX IIOKPBITHH,

* yHaJeHHs 3KCIIyaTallHOHHBIX 3aTPsI3HEHHH,

+ yHaneHHs OHMONTOTrMYeCKUX 3aTPsiI3HEHHH,

e IpeABapUTeNbHOM 06paboTke IIOBEPXHOCTH
mepes CKJIeMBAaHHEM HJIM HaHeCeHHeM KaKHX-
nub0 QYHKLIMOHATBHBIX IIOKPBITHUH IJISI yBeIHUe-
HUS ee a[iITe3HOHHBIX CBOMCTB,

* ypanenus COX,

* yHaJeHHs CIeJI0B KOPPO3HH,

* yAaleHHs KOHCEPBALIMOHHBIX IIOKPBITHH H KOM-
OMHHUPOBAaHHBIX 3aTPSI3HEHU.

MHuoroobpasue  NIpPHUMeHeHHH  Ja3epHOH
OYUCTKH IIOPOXKJAAaeT MHoroobpasue Jia3epHBIX
YCTPOMCTB, IpeJHAa3HAYeHHBIX [JI51 PelIeHHs 3THX
3aga4. Jiyisi ryboKoro IMPOHHMKHOBEHHS HAa PBIHOK
M MK POKOT0 PACIIPOCTPaHEHHUSsI MOfO0OHBIE JTa3epHBIe
YCTPOMCTBA HOJKHBEL 00lafaTh PSAOM [JOCTOMHCTB.
Bo-mepBBIX, J/a3epHoe 0060pynoBaHHE OYHCTKHU
OOJKHO HMMeTbh HHU3KYI CTOMMOCTb. BO-BTOPBIX,
obecrieurBaTh HHU3KYI CTOMMOCTb IIPH 3KCILIyaTa-
IIUH. B-TpeThUX, MPOSBUTH BBICOKYIO HaJeXKHOCTb
B paboTe. B-uyeTBepThIX, 0671aaTh KOMIIAKTHOCTBIO,
IIPOCTOTOM YCTPOKCTBA U yao6cTBOM B paboTe.

KoMmanuu "HIIII "BOJIO" y4aa0Ch
B CBOUX H3JeNHSIX - paHLIeBOM 000PyJOBaHHUU

i g

+ prior treatment of the surface before gluing or
application of any functional coatings for the
improvement of its adhesive properties;

« removal of coolant-cutting fluids;

« removal of corrosion residues;

« removal of preservative coatings and combined
pollutants.

Variety of laser cleaning applications produces the
variety of laser devices intended for the solution of
these tasks. In order to enter the market and get major
distribution, similar laser devices must have several
advantages. First of all, laser equipment intended
for cleaning must have low cost. Secondly, it should
provide low cost during its operation. Thirdly, it should
demonstrate high reliability in operation. Fourthly, it
should be compact, have simple configuration and
must be easy to use.

NPP VOLO company (Fig. 2) managed to meet these
conditions with its products - backpack equipment
for laser cleaning. First of all, price of the backpack
equipment intended for laser cleaning is approximately
equal to the cost of annual usage of blasting equipment.
Secondly, the laser cleaning equipment practically
does not necessitate any operating expenses. Thirdly,
average equipment life which defines the laser life
cycle is more than 50 000 hours. Our units do not

PHOTONICs N23/45/2014 37
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Puc.5. /lazepHas o4ucmka nogepxHocmu pe3bb mpyboi. Cresa
pe3bba 0o nazepHoll, cnpasa nocae Aa3epHoll o4uCmKu

Fig.5. Laser cleaning of the surface of pipe thread. Thread
before laser cleaning - on the left, thread after laser cleaning -
on theright

LU Jla3epHOM OYMCTKHU (PHUC.2) BBIIIOJIHUTH 3TU
yclnoBHUS. Bo-mepBhIX, LieHa paHLieBoro obopymo-
BaHHUSA [JIs1 /1a3epPHOM OYMCTKH IPHUMEPHO paBHa
CTOMMOCTH TOJ0BOM 3KCIJyaTallMHU IeCKOCTPYH-
Horo obopymoBaHHUsA. Bo-BTOpPBIX, o060pymoBa-
HHe [Jid JIa3epHOH OYMCTKH IPaKTH4YeCKH He
TpebyeT HHMKAaKHX O3KCIUIYaTAaLlMOHHBIX PacCXo-
IOB. B-TpeTpuX, CpelHUN pecypc obopymoBaHUS,
KOTOPBII OIlpefessieTcs pecypcoMm paboThl 1asepa,
coctaBnsier 6omee 50000 uyacoB. Hamu ycCTpom-
CTBa He HMEIT H3HANIMBAMIIMXCA MeXaHHYe-
CKHX 4YacTeH. B-dyeTBepTBhIX, IOJHBIK BeC TaKOIo
yCTPOMCTBA, BKJIKOUYasi BeC MaHHUIYIsiTopa (pyd-
HOM MHCTPYMEHT), He IIpeBbIIIaeT 15 KI.

JlazepHas o4ncTKka B DencTBUmn

PUCYHOK 3 MJIIIIOCTPHUPYeT Pe3yabTaThl JIa3epHOH
OYMCTKHU IIOBEPXHOCTEH Pa3IUYHBIX MaTepHasIOB
C IOMOINBIO JIA3€PHOTO PaHIIEBOTO YCTPOHCTBA,
Ipor3BefeHHOro KommnaHuen OOO "HIIII BOJIO".
JUisl HarAsAHOM HeMOHCTpPALlMM pe3yibraTta OblIa
BeIOpaHa CTaJbHas IIAaCTHHA, 3arps3HeHHas
P’)KaBUMHOM, KPOIIKAMM OKAaJHMHBL U MacJOM.
HU>KHIOIO 30HY CTaJIbHOM IIACTHHBI IIOABePIIH
Ja3epHON OYMCTKe, IIPH 3TOM BepXHss 30HA CIle-
I[Ma/IbHO Obl/Ia OCTAB/IEHA HEOUHIIEHHON U 3arpsi3-
HeHHOH. 3aTeM U Ha OYHUINEHHYI0, U Ha HeIoJro-
TOBJIEHHYIO IIOBePXHOCTb IIPOM3BeJM HAIlJIaBKY
CTaJIPHOM IIPOBOJIOKH. XOPOIIO BHIHA PasHHUIIA
MeX/Jy Ppe3yJIbTaToM KpaKlHe HecCTabHUIBHOIO
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have wearing mechanical parts. Fourthly, total weight
of such unit including the manipulator (hand tool)
weight is not more than 15 kg.

Laser Cleaning Process

Figure 3 illustrates the results of laser cleaning of
the surfaces of different materials using the laser
backpack unit manufactured by NPP VOLO. In order to
demonstrate the result visually the steel plate polluted
with corrosion, scale chips and oil was selected. Lower
area of the steel plate was cleaned by laser and upper
area was specifically left uncleaned and polluted. Then,
steel wire facing was applied on cleaned and untreated
surfaces. The difference between the result of extremely
unstable process of facing in the upper area and the
result which meets the requirements in the lower area
subjected to the prior laser cleaning is clearly seen.
This experiment showed well the applicability of laser
cleaning technology for the treatment of weld edge
right before welding, for instance.

Turbine blade of gas-turbine engine (CTE) is
shown in Fig. 4 before (on the left) and after laser
cleaning (on the right). As the result of cleaning,
surface consumption pollutants were removed. Fig.
5 demonstrates thread area of pump-compressor
pipe (PCP) before (image on the left) and after laser
cleaning (image on the right). PCP thread was
polluted with the residues of coolant-cutting fluids
and metal burrs and other workshop pollutants stuck
to it after the thread cutting. Simple configuration of

Puc.6. Ouucmka uzgecmHsika om 3azpsi3HeHul
Fig.6. Limestone cleaning of pollutants
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mpollecca Hall/IaBKU B BePXHell 30He U pe3y/bTarta,
yOooBaeTBOpsiomero TpeboBaHUSM, B HHXKHeH
30He, MOJBEpPrHYTOM IpeJBapUTe/lbHON /a3ep-
HOM OYHCTKe. ITOT IKCIIEPUMEHT XOPOIIO IToKa3all
IIPUMEHHUMOCTh TEXHOJOTHH JIa3ePHOM OUYHCTKHU
OJ1s1 IOATOTOBKHM, HAaIlpUMep, CBAPOYHBIX KPOMOK
HeIloCpe/CTBEHHO IlepeJi CBapKOH.

Ha puc.4 usobpaxeHa TypbuHHas omaTka
razorypbunnoro aBurartenss (ITH) mo (cineBa)
M II0CJe Ja3epPHOM OYHUCTKH (cIpaBa). B pe3synsp-
TaTe OYUCTKHU OBIIM yHasieHBl IIOBEPXHOCTHEIE
3KCIUIyaTallUOHHBIe 3arpsi3HeHUsl. PHc.5 IeMOH-
CTpUpyeT pe3bbOBOM y4aCTOK HACOCHO-KOMIIpec-
copHort Tpybsl (HKT) mo oumcTKHU (M306paskeHue
CJIeBa) U IIOCJIe JIa3ePHOM OYHCTKH (M306paskeHue
cupaBa). Pe3pba HKT 651 3arpsi3HeHa OCTaTKaMU
COX, Ha KOTOphle HAJIHUIIIU MeTa/UIMYeCKUe 3ay-
CeHMIIBl U APyrHe LieXOBble 3arps3HEHHUSs IIOCIIe
Hape3KH pe3bObl. IIpocToTa /1a3epHBIX OYMHCTHU-
TeJIbHBIX YCTPOMCTB I103BO/ISET JIeTKO BCTPOUTD HUX
B TeXHOJIOTUUeCKHe IMHUU NPeIpUSTHUH.

Pe3y/nbTaThl J1a3epPHOM OYMCTKHM KaMeHHBIX
06pa3oB 0T GHOTOTHYECKUX U AHTPOIOrEeHHBIX
3arpsi3sHeHUU IpeAcTaBJeHbl Ha pUC.6 U 7. ITO
o6pasibl peasbHBIX O06BEKTOB, KOTOPble [OJI-
roe BpeMsi HaXOOUJIMCh B YCIOBUSIX OTKPBHITBIX

i g

Puc.7. O4yucmka mpamopa om 3azpsizHeHul
Fig.7. Marble cleaning of pollutants

laser cleaning devices allows their easy integration
into the production lines of enterprises.

Results of the laser cleaning of stone samples
having biological and anthropogenic pollutants
are given in Fig. 6 and 7. These are the samples of
actual objects which were exposed to the open urban
spaces of the Northern Capital for a long time. Their
restoration cleaning did not require transfer of these
monuments to the special workshops. And low power
inputs and high ecological compatibility of laser
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FOPOLCKHUX IIPOCTPAHCTB CeBepHOM CTOJIHILHL.
J7Isl KX PeCcTaBPAaLlMOHHON OYHCTKH He BO3HUKAJIO
HeoOXOAMMOCTH IEePeHOCHUTh 3TH MaMSITHHUKHU
B CIIeIIMaJIbHble MacTepcKHue. A HHU3KHe 3Hepro-
3aTpaThl U BBICOKASI 3KOJIOTMYHOCTb HCII0JIb30Ba-
HUS Ja3epHOTo 060pyLOBaHHUS B COBOKYIIHOCTH
C paHLIeBOX GOPMOM KOMIIJIEKCA I103BOJISIIOT OCHA-
CTUTh HUMH /006BIe TOPOJCKKEe KOMMYHAaJIbHBIE
CILY>KOBI.

OmBIT J1a3epHOM OYHUCTKHU C IIOMOINBIO 060pymo-
BaHM S, U3LOTOBJIEHHOro B KoMmaHuu OOO "HIIII
BOJIO", moATBepAMJ OCHOBHBIE IIPeHMMYIIECTBA
JIa3epHOM OYHMCTKU IIepe] Haubosee pacripocTpaHeH-
HOM IIeCKOCTPYHHOM. Cpefir HUX:

* BO3MOXHOCTh PaboThl IIPAaKTHUYECKH B JIIOOBIX

IIOMEIIeHUAX, A He B CIIe[MaIbHBIX OOKCaX,

* OTCYTCTBHE IIYMa,

e BECKOHTAKTHOCTb,

+ 6e3abpa3suBHOCTD,

 JlerKUM c60p IIPOAYKTOB OUKCTKH,

* OTCYTCTBHE [OIIOJHHTEJBHBIX  ONepaluHu

110 y60pKe IBIIU C TIOBEPXHOCTH I10CTIe OUHCTKH,

e IOJMyYeHHe IPAKTHUYECKH XHUMHUYECKH YHCTOH

IIOBEPXHOCTH,

* HH3KHe 3Heprosarparsl,
* OTCyTCTBHe abpa3HBHOI0 M3HOCA IIOBEPXHOCTH,
* BO3MOXKHOCTb IPOH3BOAUTH OYHCTKY TOHKHX

MaTepHaJIoB,

e BBICOKAS KOJOTHUYHOCTb,
* BO3MOXKHOCTb MHTEIpallMK 060pyAOBaHUS B TeX-

HOJIOTHYeCKUe IUHUU IIPefIpUsSTHH.

NA3EPHbIVA HAKJIEN

Eme ofHa TeXHOJIOTHsI, TI03BOJISIIONIAS CYILIeCTBEHHO
YCHUIUTD 3KCILUIyaTaLIMOHHBIE XapPaKTEePUCTHUKU He
TOJIBKO IIOBEPXHOCTH, HO M OCHOBHOTO MaTepHaJia
meTased Ha riaybuHy o 1 MM, 6bLIa OCBOEHA B KOM-
naHuu OOO "HIIII BOJIO". 9To - TeXHOJIOTUs yAap-
HOTO J1a3epHOr0 YIIPOYHEHMS, H/IM TeXHOJIOTHS
NasepHoOro Hakuemna. CaM MeTOZ JIa3epPHOro HaKJemna
M3BeCTeH KaK OJHUH U3 METOMOB IIOBBIIIEHHS COIIPO-
THBJIEHUS YCTAJOCTH, JJIUTEIBHON IIPOYHOCTH, KOP-
PO3MOHHOMY PacTPeCKHBAHHIO MAeTaled MallUH
M KOHCTPYKLIHM, 3KCIUIyaTHUPyeMBIX B YCJIOBHSX
IIOBBIIIEHHBIX TEeMIIEpaTyp U LUKIHYeCKHUX HaTpy-
30k. Ecnu meTanu, y3/1bl MallMH U MeXaHH3MOB
MOJBeP>KeHBl ILIMKAMYeCKHUM 3HaKoIlepeMeHHBIM
Harpy3KaM, PaBHO KaK M 3HAYHTEIbHBIM TEIIJIOBBIM
HarpyskaM, TO CYIIeCTBYeT BBICOKAasi BEepPOSITHOCTb
06pa30BaHUSI MHKPOTPELIUH, POCT KOTOPBIX MOXKET
IIPHUBECTH K PaspyLIeHHIO JeTalH. MeTof yIpodHe-
HUS [IOBEPXHOCTH II03BOJISIeT CHU3UTh BEPOSITHOCTD
0bpa3oBaHUSI MUKPOTPEIIHH.
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Mpo3payHbin cnom
Transparent layer

Mnasma BbICOKOro faBNeHuns
High-pressure plasma

NasepHbint
nyy

Laser beam
Obpasel,
Sample

YaapHas Bo/Ha
Shock wave

Ynpo4HeHHas
obnactb

MornowatoLwmi cnom Hardened area

Absorbing layer

Puc.8. Cxema nazepHoz0 Hakaena
Fig.8. Laser shot peening scheme

equipment usage in combination with the backpack
form of the unit allow equipping any municipal
utility services with them.

Experience of laser cleaning using the equipment
produced by NPP VOLO proved the main advantages of
laser cleaning which are manifested with the respect to
widespread sandblast cleaning. These advantages are:

« ability to work practically in any premises and not
in special boxes;

« absence of noise;

e contactless;

« non-abrasiveness;

« easy collection of cleaning products;

 absence of additional operations on dust collection
from the surface after cleaning;

« obtaining of practically and chemically clean
surface;

+ low power inputs;

« absence of surface abrasive wear;

« ability to clean thin materials;

 high ecological compatibility;

Puc.9. MNosepxHocmb mexHono2U4ecko20 06pasua nocne
AA3epH020 Haknena

Fig.9. Surface of the technological sample after laser shot
peening
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METO,D,bI N TeXHOJI0ON'Mmn Haksiena

Hak/iemm MeTajJioB M CIJIABOB - 3TO H3MeHeHHe
CTPYKTYPhl M CBOMCTB MeTAJJIOB K CIIJIABOB IIO[
JelCTBUeM IUIacTU4YecKod AedopMallvK IPU TeM-
mepaTypax, JIekallluX HUXKe TeMIIepaTyphl peKpH-
CTAJIIN3ALUH B COCTOSIHHUHM "XOJIOLHOM' ITOBEpPXHO-
CTH. Bo BpeMs HakeIla B MeTajie IIPOUCXOLHUT
HaKOIJIeHHe YacTH 3Hepruu gedopmMalKi, KOTO-
pasi pacxomyeTcs Ha HCKa’keHHe KPHUCTALIHYeCKOH
pemreTky ¢ obpa3oBaHUEM IIPeHMYIeCTBEHHO OpH-
€HTHPOBAHHBIX TeKCTYP M U3MeHeHHeM II0JI0OKeHHU S
OUCIOKAIIMK. Hakienm COmpOBOXIAETCs IIOBBIIIe-
HHUEeM I[IPOYHOCTH, TBEPAOCTH U CHIKEHHEeM IlIa-
CTUYHOCTH MaTepHasa. Ilocie 06paboTKH B IIOBepx-
HOCTHOM (JIoe [eTajaH co3jaeTcsi OIaronpuUsTHas
CHUCTEMA CKUMAIOIUX OCTATOUHBIX HAMPSKeHUH,
KOTOpPasl BBIpaskaeTcsl B IOBBIIIEHHUHM IIpefiena ycTa-
JIOCTHOM IIPOYHOCTH, & UHOIZA U U3HOCOCTOMKOCTH.
O6BIUHO HAKJIENl OCYIIeCTB/ISIOT Ha CIIe[HaJbHOM
060pymOBaHUM IIPHU IIOMOIIK OOKATKH POIHKAMH,
npobecTpyiHOM 06pabOTKY MU YOAPHBIMH HHCTPY-
MeHTaMHU. Boiblive IpeHMMYyILIecTBa Ilepef Tpa-
OUIIMOHHBIMU MeTOLAMH 06paboTKU MeTallioB
U CIJIABOB B IIOC/IeLHUE TOZABl IIPOSIBISIET TEXHOJIO-
TH$l JIa3ePHOLO YAAPHOTO0 YIIPOYHEeHU I [I0OBEPXHOCTH
(1a3epHBII HAKJIEII).
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« capability of equipment integration into the
production lines of enterprises.

LASER SHOT PEENING

Another technology which allows the considerable
enhancement of performance characteristics of the
surface as well as basic material of parts at the depth up
to 1 mm was developed by NPP VOLO. This technology
is called impact laser hardening or laser shot peening
technology. The method of laser shot peening is known
as one of the methods used for the increase of fatigue
resistance, long-term strength, resistance against
corrosion cracking of machine parts and constructions
operated under the conditions of high temperatures
and cyclic loads. If parts, components of machines and
mechanisms are exposed to the cyclic alternating loads
as well as considerable thermal loads, there is high
probability of the formation of microcracks, growth
of which can cause the part destruction. Surface
hardening method allows decreasing the probability of
microcracks formation.

Methods and Technologies of Shot Peening

Shot peening of metals and alloys refers to the change
of structure and properties of metals and alloys by the
action of plastic deformation at the temperatures which
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MpuUHLMN Na3epHOro yaapHOro ynpoYyHeHus
JlazepHOe ympouHeHHe IIOBePXHOCTH obecreuuBa-
eTCsl YAAPHOM BOJHOM 6O/IBIION aMIIJIMTYIBI, KOTO-
pas TeHepHUpyeTCs B Ia3epHOM IIJIa3Me IIPU IIOMOII K
7a3epHBIX MMIIYJIbCOB BBICOKOM 3HepPruH. JPdekT
YIIPOUHEeHM s JOCTHUIAaeTCs 33 CYeT MeXaHHYeCKoH
nebopMalLlMK B XOJTOLHOM COCTOSHHH, MPOKU3BOAH-
MOM yZapHOM BOJHOM, a He TepPMHUYECKHM Harpe-
BaHHEM IIOBeDXHOCTH H3JydeHHeM Ja3epa, Kak
B C/lydae J1la3epHOM 3aKaJaKH. B camom obmem ciy-
Yae IIOBePXHOCTb obpabaTsiBaeMoil geTanu (puc.8)
[IOKPBIBAIOT CJI0eM-MOIJIOTHTeaeM (C/IOM KpackH
HMJIK IIJIeHKH, KOTOpas XOPOILIO IIOIJIOoLIaeT Jia3ep-
HOe H3Jly4yeHHe), HeNpPO3pauHBIM JJIsl JIa3epHOTO
M37ydyeHHUs. 3aTeM A06aBSIOT C/I0OM IPO3PAuHOro
A7 J1a3ePHOr0 M3/Iy4YeHHUsl MaTepHaa, 3TO MOXKeT
6BITH BOJA MJIM Apyrasi JKUAKOCTh (KOTOpPasi MOXKET
Teub II0 MOBEPXHOCTHU [eTalH, TeueHHe JOJIKHO
OBITh TAMHHAPHBIM, He UMETb I1y3bIPbKOB U BHUAU-
MBIX 3aBHUXpeHHH). CPOKYCHPOBAaHHOe ja3epHoOe
M3JlydeHHe HaIIPaBJseTCs Ha IOBEPXHOCTb, OHO
IIPOXOAUT 4epe3 MPO3PavyHBIM CIOH M B3aUMOJel-
CTBYeT CO CJI0eM-TIOIJIoTHTeneM. IIpH B3auMMomel-
CTBHUH JIa3epHasi 3HEPrus afcopbupyercs BHYTPHU
C/I0S-TIOTJIOTUTe/NSI, NPOUCXOOUT ero HCIapeHHe
1 GopMHpyeTCd IIa3MeHHBIH ¢aKey. [JaB/leHHe
B M30JIMPOBAHHON IIJIa3Me OBICTPO BO3pacTaer,
BBI3bIBAasl yJapHYIO BOJHY, KOTOpas HAET B Mare-
pHaJ feTaqHd 4yepe3 OCTATOK HENPO3PayHOro Cjosi-
IIOIJIOTUTENS. M Hapy>Xy depe3 CJIOM MPO3PavHOro
MaTepHaa.

C/I0M-TIOITIOTUTeNb CAY>KUT 3aLIUTOM OT IIPSIMOIO
KOHTAKTa [TOBEPXHOCTH JeTa/lH C IJIa3MoH. IIpsimoe
B3aMMOJI€HCTBHE IOBEPXHOCTH [eTa/H C IIa3MOH,
KaK IIpaBUJIO, BefeT K 06pa3oBaHMIO pacIaBa
MeTaJI/Ia Ha IIOBEPXHOCTHU Ha IIybuHy 1o 15-25 MKM.
Henpo3pauHbIA C/IOM-TIOIJIOTUTENb MOXeT OBbITh
chopMHpOBaH M3 pa3IHYHBIX MaTepHasoB: CyXas
WM BJIa’XKHasl Kpacka, 4epHas IUIeHKAa, MeTaJlIH-
4yeckasi Qoibra, Bce OHM II03BOJISIIOT Peajn30BaTh
HOMMHAJIPHO OflMHAKOBbIE 1aBI€HUS.

ITpo3pavHbIM CJIOM H30AHPYeT ILIa3My OT aTMOC-
dephl U CIY>KUT OTpakaTe/leM aKyCTUYeCKOH BOHBI
O7s co3maHHsl Oojlee MOIIHOM YyHApHOM BOJHBIL.
CaMBbIM NPOCTOM IPO3PavuHBIM CJIOHM — JaMHUHApPHBIH
IIOTOK BOZBI. IIOBTOPHMCS, UTO BOJIA MCIIOIb3yeTCs He
IJ151 OXJIKAEeHU S, a AJ1S1 U30/I1[U U IIa3MEI OT JIeTKO
CKHMaeMoM atMocdeprl. B 3ToM ciydae AaBiieHHe,
Co3JaHHOe IIJIa3MOM Ha IIOBePXHOCTH [eTalu, yBe-
nuvynBaercs B 10 pas.

YOoapHasi BOJIHA, PacCHpOCTPaHSsICh B MaTepH-
ajie, IPUBOJMT K Y/Iy4lIeHHUIO CBOMCTB MaTepHaa.
[Inactuveckast gebopMalus OT yAapPHOM BOJIHBI

42 ®OTOHMKA N23/45/2014

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
TEXHOJ/IOTMYECKOE OBOPYAOBAHUE U TEXHOJIOrMN
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

are lower than recrystallization temperature in the
condition of "cold" surface. During the shot peening, the
partial accumulation of deformation energy occurs in
the metal; this energy is spent on the lattice distortion
with the formation of predominantly-oriented textures
and change of dislocations position. Shot peening is
accompanied by the increase of strength, hardness
and decrease of material ductility. After the treatment
favorable system of compressing residual stresses is
formed in the surface layer of part; this system is
expressed by the increase of ultimate fatigue strength
and sometimes wear resistance. Usually, shot peening
is accomplished using the special equipment by means
of rolling, bead-blasting treatment or percussive
tools. In recent years the technology of laser surface
impact hardening (laser shot peening) has shown
great advantages in comparison with the traditional
methods of metal and alloy working.

Principle of Laser Impact Hardening
Laser hardening of the surface is ensured by the shock
wave with high amplitude which is generated in laser-
produced plasma with the help of high-energy laser
pulses. Hardening effect is reached at the expense of
the mechanical deformation in cold condition produced
by the shock wave and not by the thermal heating of
the surface with laser radiation as in the case with
laser quenching. In general case the surface of treated
part (Fig. 8) is coated with the absorber layer (layer of
paint or film which absorbs laser radiation well) which
is non-transparent for laser radiation. Then, the layer
of material which is transparent for laser radiation is
added; it can be liquid, water (liquid can flow along the
part surface, flow must be laminar without beads and
visible whirls). Focused laser radiation is directed on
the surface, and it passes through the transparent layer
and interacts with the absorber layer. When interacting
laser energy is adsorbed inside the absorber layer, its
evaporation occurs and plasma torch is formed. Isolated
plasma pressure grows quickly causing the occurrence
of shock wave which goes to the part material through
the residue of non-transparent absorber layer and
outside through the layer of transparent material.

Absorber layer serves as the protection against
direct contact of the part surface with plasma. As a
rule, directinteraction of the part surface with plasma
causes the formation of metal melt on the surface at
the depth of 1525 pm. Non-transparent absorber layer
can be formed of different materials: dry or wet paint,
black film, metal foil, all these materials are able to
realize nominally-equal pressures.

Transparent layer isolates plasma from the
atmosphere and serves as the reflector of acoustic wave
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IIpU JIa3ePHOM HaKJIeIle pacIIpoCTPaHSeTCsl Topasio
rnybske, dem Ipu APobeCTPyHMHOM YIPOUHEHHUH.
[To3TOMy M C)KHMMaIOIIHe OCTaTOUHBIe HaIPsKeHHs
HaxofsATcsl Ha bonpinert rnybuHe MaTepuasna. bonee
r1yboKo pacronoskeHHBle OCTaTOYHBIe HaIpsiKe-
HUS OIIpelle/IsioT yIyd4lleHHe CBOMCTB MaTepHala.
B cinydae 60JIBIION MOLIHOCTH yHApPHOK BOJIHBI Ha
[IOBEPXHOCTH JeTall MOXKHO HabilmofaTh XapaKkTep-
Hble oTme4yaTku (puc.9) mocnae 06paboTKU I1yOHMHOM
70 HeCKOJIBKMX MHKDOH.

Hambonee BocTpeboBaHA TeXHOJOTHS JIa3epHOr0
HaKJIella B MAalIMHOCTPOUTE/NBHBIX OTPACISIX IIPO-
MBIIIIEHHOCTH: aBHAIMOHHOM (ABUTaTe/leCTPOeHHUe,
yIIpOYHeHHe JIONaTOK, YIIPOYHeHHe pas3THUYHBIX
JeTajlel IlJIaHepa); aBTOMOOMIBHOM (YIIpouHeHHe
JeTajiell ABUraTesiel); SHepreTHYecKoMm (yIpouHe-
HHe JIOTIATOK I1apOra3oBbIX TYpPOHH); aTOMHOM 3Hep-
reTuke (06paboTKa CBapHBIX IIBOB U CTEHOK peak-
TOPOB, B TOM YMCJIe K BOCCTAHOBJIeHHe paboTaBllem
anmnapaTrypel, 3TH MePOIPUSITHUS IIPENsiTCTBYIOT
obpa3oBaHHIO TpellMH); HedTerasoTONIUBHOU
orpacnu (06paboTKa CBAapHBIX IIBOB, B TOM YHCIIe
Tpy6, NpemHa3sHaYeHHBIX [/ IPOKJIAAKU B oba-
CTH apKTH4ecKoro menbda). B MeguiuHe, rae o6b-
eKThl IPOTe3MPOBAHUSI HECOM3MEPHMO MaJbl
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in order to form the shock wave with higher power.
Laminar water flow is the simplest transparent layer.
It should be repeated that water is used not for cooling
but for the isolation of plasma from easily-compressed
atmosphere. In this case, pressure which is generated
by plasma on the part surface increases by 10 times.
Shock wave spreading in the material causes
the improvement of material properties. Plastic
deformation caused by the shock wave during laser
shot peening spreads much deeper than upon bead-
blasting hardening. Therefore, compressing residual
stresses are located at the larger depth of material.
Residual stresses which are located deeper determine
the improvement of the material properties. In case
when there is great power of shock wave, distinctive
imprints can be observed on the part surface (Fig. 9)
after the treatment at the depth of several microns
Laser shot peening technology is mostly needed
in engineering industries: aviation (engine-building,
hardening of blades, hardening of different parts of
airframe), automotive industry (hardening of engine
components), electric-power industry (hardening of
blades for combined cycle gas turbines), nuclear power
engineering (treatment of weld joints and reactor walls
including the restoration of working equipment; these
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I10 CPABHEHHUIO C 06beKTaMH MAIIMHOCTPOEHUSI, TeX-
HoJorus Hakjemna (o6paboTka IIpoTe30B CYCTABOB)
OTKPBIBaeT 6OJIbIIMe MePCIIeKTUBBI AJISI COXPAHEHHUS
M BOCCTAHOBJ/IEHMU S 3/I0POBbS UeI0BeKa.

MNpenMyLiecTBa TEXHO/IOTUMN

Jla3epHOoro HakJsena

[I[ppMeHeHHe Ja3epHOr0 YIPOYHEHHUS IIOMOTaeT

m3beskaTh 3aTpaT, CBS3aHHBIX C 3aMEHOH JeTajlen

MeXaHH3MOB IIPU KX peMOHTe. OCHOBHBIMH JIOCTO-

MHCTBAMHU JIa3epHOT0 HaKJIema sIB/ISIOTCS:

* TIIOBBIIIEHMe IIpefiesia BEIHOCAHUBOCTH U yBeJIHYe-
HUe U3HOCOCTOMKOCTH 06paboTaHHBIX leTaleH,

* TIOBBIIIEHMeE pecypca JeTaeH,

* COXpaHeHHe CBOMCTB IIOCIe HarpeBa B ITpoliecce
3KCIUTyaTall UK,

* IOBBHIIIEHHEe MHUKPOTBEPAOCTH IIOBEPXHOCTH,

e OTCYTCTBHe AedOpMaLlUU AeTajel Iociae obpa-
60TKHU M UCKIIIOUYeHHe QUHUIIHBIX ONepaltH,

e KOMHATHas TeMIleparypa obpaborku, 6saro-
Iapsi 4eMy B MeTaJUIaX U CIVIaBax He IIPOHUCXOLUT
CTPYKTYPHBIX ITPeBpalleHHH,

* 9KOJIOTHYecKas YHUCTOTa,

* IOBBbIIIEHHE KYJIbTYPbI IPOU3BOACTBA,

¢ OTCYTCTBHe pabo4HX ra3os,

¢ OTCYTCTBHE H30TePMHUUECKUX BBIIEPKEK, a CIeJI0-
BaTeJIbHO, CHHM>KEHHe SHeprosarpar,

e yIydYIleHHe CAHUTAPHO-TUTHEeHHUYeCKHUX YCIOBHUH
IIPOM3BOJCTBA,

e TIIOJIHOEe COOTBETCTBHE TEeXHOJOTHMH BCeM COBpe-
MeHHBIM TPebOBaHHUSIM II0 OXPaHe OKPY’KAIOLIeH
CpeJbL.

3AKJIKOYEHUE

TeXHONOTHSl yOAPHOIO YHNPOYHEHUS IIOBEPXHO-
CTH PONMJIAChH ellle B IPOIIJIOM BeKe, a C IOSBIIe-
HHUeM TBepJOTe/bHBIX JIa3epoB OHA Hada/la HHTEH-
CMBHO  Ppa3BHBaThCcsi U  Ipeobpa3oBaack
B TEXHOJIOTHIO JIa3€PHOTO yAApPHOrO YIPOYHEHHS
(masepHBIM Hakiell). 3aKa34HMKy OCTAaeTCsl TOJIBKO
cllenaTh IIPAaBUJIBHBIN BBIOOP pa3spaboTyMKa KOHEY-
HoM cucTeMmel. Kommanus OOO "HIIII BOJIO" pas-
pabaTbiBaeT M IIPOM3BOAUT Jla3epHoe 060pyLOBaHUe
IO/l pa3Hble IIPOMBIIIEHHBIE 33/1a4H OYUCTKH MaTe-
puaoB. B cBoer paboTe, omHpasich Kak HA MHPOBOM
OITBIT, HAKOIJIGHHBIH B 3TOH 00/1aCTH, TaK K Ha CBOU
pa3paborku, OOO "HIIII BOJIO" co3maeT na3epHoe
obopyzmoBaHUe, peanH3yiolllee MeTOIbl YIydIleHUs
KayecTBa IOBEPXHOCTH. Y IIPOMBILIIIEHHBIX IIPeJ-
IDPUSITUN IIOSIBJISIETCSI BO3MOKHOCTb MOJEPHH3H-
poBaTh CBOe IPOU3BOACTBO, MHTEIPHPOBAB Jla3ep-
Hoe obopymoBaHHe KoMmaHuu OOO "HIIII BOJIO"
B CBOM TEXHOJIOTHUeCKHe IUHHUH. ]
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measures prevent from the formation of cracks), oil, gas
and fuel-producing industry (treatment of weld joints
including pipes intended for installation in the area
of arctic shelf). In medicine where prosthetic objects
are incommensurably small in comparison with the
engineering objects shot peening technology (treatment
of prosthetic articulations) opens great prospects for the
preservation and restoration of human health.

Advantages of Laser Shot Peening

Technology

Application of laser hardening helps to avoid expenses

connected with the replacement of mechanism parts

during repair. The main advantages of laser shot
peening are:

+ enhancement of the surface microhardness;

» absence of parts deformation after the treatment
and elimination of final operations;

« increase of endurance limit and wear resistance of
treated parts;

« increase of component life cycle;

« room temperature of treatment ensuring the
absence of structural transformations in metals
and alloys;

« retention of the properties after heating during the
process of operation;

« ecological purity;

 improvement of production standards;

 absence of working gases;

« absence of isothermal exposure and therefore
decrease of power inputs;

+ improvement of sanitary and hygienic production
conditions;

« complete technology compliance with up-to-date
requirements connected with the environment
protection.

CONCLUSIONS

Technology of laser impact surface hardening (laser
shot peening) occurred in the last century but it
has started developing actively when the solid-
state lasers were designed. Customer just needs to
make right choice of the developer of end system.
NPP VOLO company develops laser equipment
for different industrial tasks of cleaning of the
treated materials. VOLO designs laser equipment
which implements the methods of improvement
of surface layer in its work relying upon the world
experience which was accumulated in this area
as well as its own projects. Industrial enterprises
have opportunity to upgrade their production
integrating the laser equipment produced by VOLO
into their production lines. ]





