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JlasepHas peska o6nafaeT psaoM NPpenMyLLLEeCTB

Nno CpaBHEHWUIO C APYrUMU CNocobamu pesku,

HO MpoLLecchl 1a3epHOI pe3kyu TUTAHOBbIX CNJ1ABOB
M3y4eHbl Mano. B cTaTbe NpuBegeHbl pesyabTaThl
MCCNea0BaHU, KOTOPblie PACKPbIBalOT BO3MOXHOCTH
npuMMeHeHUs la3epHOWN pe3Ku A1 U3roToBAeHUs
AeTanen U3 TUTAHOBbIX CMJIABOB C/I0XXHOW (GOpMblI

C 3/leMeHTaMu Masibix pa3MepoB, a TakXe A/s pe3ku
AeTtanen 601bLNX TOJLMUH.

HacTosllee BpeMs IIHMPOKO IIPHUMEHSIOTCSA
MeTOAbl pe3sKM MeTajjla C MCIOIb30BaHHEM
BBICOKOKOHLIEHTPUPOBAHHBIX  HMCTOYHHKOB
5Hepruu (1. OOHKMM M3 IepCHeKTHUBHBIX IIPOLIECCOB
SIBJISIeTCS ra3ojia3epHas pe3sKa, OCHOBAHHAs Ha Mexa-
HHM3Me pas3pylleHHs MeTajlJIOB IUJIaBJIEHHeM MK
KCIIapeHHeM C BhIJYBaHHEM IIPOAYKTOB paclijaBa
M3 30HBI pe3a pa3JIMYHBIMHU ra3aMHu. JlaszepHas pe3Ka
obnajaer psIoM IIPeHMYILEeCTB I10 CPAaBHEHUIO C IpY-
TUMH CIIocobaMH pe3KH, OCHOBHBIMH M3 KOTOPBIX
SIBJISIIOTCS CTIeAYIOIHe:
* BO3MOXKHOCTH Pe3KH 06beMHBIX H3/Ie/THH;
* JIOKQJIBPHOCTb BO3[eMCTBHUSI, OTCyTCTBHE KOH-
TakTa ¢ 06pabaTbiBaeMBbIM H3/Ie/IHEM;

* MaJias 30Ha TePMHYECKOI0 BIHUSAHHUS;

* OTCYTCTBHe IIOBOJOK U KOPOO/IeHHUMN feTalew;

*  BBICOKAsi CKOPOCTb M TOUHOCTb 06paboTKH;

« SHeprocbepeskeHHe, MUHHUMH3ALIUS OTXOJOB;

* OTCYTCTBHe IOTPe6HOCTH B QUHHUIIHBIX OIle-

pauusx;

* YHHUBepPCaJbHOCTb, BO3MOXHOCTb 06paboTKu

Pa3IMYHBIX MaTepHaJoB.

ITpoueccyl /a3epHOM pe3KHW THUTAHOBBIX CIIJIa-
BOB MaJIo M3y4YeHBl M KaCAaIOTCA B OCHOBHOM Pe3KH
C UCIIONIb30BAHHEM HHEPTHBIX ra3oB [2, 3]. Huke
[IpelCTaB/IeHbl Pe3yJabTaThl MCCIeJOBAHMS Jiasep-
HOM pe3KH THUTAaHOBOro cmjaBa VST2 ToNIIKMHOHN
3 MM; 6,5 MM; 9 MM U 12 MM. Pe3ka IIPOH3BOLHU-
Jlack Ha jasepHBIX KomIulekcax: TRUMPF Trulaser
5030 Classic, ocHameHHOM CO,-J1a3epOM MOLIHOCTHIO
6 kBT, u TLC1005 c CO,-masepoM MOIIHOCTBIO 5 KBT.
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Laser cutting has several advantages in comparison
with other cutting methods, but laser cutting processes
of titanium alloys have been studied little. The results
of the experiments are given in the article. They the
have shown the possibility of using laser cutting for the
manufacture of parts from titanium alloys of complex
shape with small elements, and also its application for
cutting large-thickness parts.

t present, methods of cutting metal using
highly concentrated energy sources are widely
used [1]. One of the promising processes is gas-
laser cutting, based on the mechanism of destruction

Puc. 1. Cxema uccnedosaHus 06pasua nazepHol pesku:

n. 1-8pe3Ka c nocAedyrouUM NPSIMOAUHELHbIM DE30M;

Nn. 2 = pe3ka MUHUMAAbHO-603MOXKHO20 BHYMpPeHHe20
paduyca ¢ 0CmMaHosKkou; N. 3 = pe3ka MUHUMAAbHO 803MOK-
H020 8HYMpeHHe20 paduyca 6e3 0cmaHosKku; n. 4 — peska
MUHUMAAbHO~803MOXKHOU MeXHOA02U4ecKol nepembluku;
n. 5 - 8blpe3Ka Kpy2n020 omeepcmusi MUHUMAAbHO 803MOK-
H020 duamempa; n. 6 = pe3Kka ¢ HakaoHom (noAyyeHue packu
nod ceapky)

Fig. 1. Scheme of the laser cutting sample: p.1- insert with
subsequent rectilinear cut; p.2 - cutting the minimum
possible internal radius with a stop; p.3 - cutting the
minimum possible internal radius without a stop;

p.4 - cutting the minimum possible technological jumper;
p.5 - cutting a circular hole of the minimum possible
diameter; p.6 - cutting with tilt (obtaining a bevel for
welding)

DOI:10.22184/1993-7296.2018.71.3.270.278



RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
I MANUFACTURING EQUIPMENT & TECHOLOGY
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

Pe>kyIIMH ra3 - rejIMH; COIJIO C BEIXOAHBIM JHaMe-
TpoM 2,3 MM. PeXXHMBI pe3KH 06pasloB yKa3aHBEI
B Tab. 1.

Pe3ka ocymiecTBasigach mo cxeme (puc. 1), pas-
pabOTaHHON C y4eTOM Lieslell OINTHMM3ALHU 3KCIIe-
PHMeHTa II0 J1a3epHOI pe3Ke U3JeIHL C pa3TUu4YHON
reoMeTpHelr U IOC/IeAYIOIUX HCCaeoBaHUN obpas-
LIOB C MHTepeCyoIUMHU 30HaMHU.

Jna TonmuH 9 MM M 12 MM OTCYTCTBYeT 30Ha
II. 6 - pe3Ka ¢ HakJIoHOM. Ha puc. 2 u 3 mipeacTaBjieH
BHEIIHWUM BHUJ, UCCIeAyeMbIX 06pas3IoB: a - IIOBEpX-
HOCTb BXO/Ia JTa3€PHOr0 HU3JIyueHHUs; b - IOBepXHOCTh
BBIXOZIA JIa3epHOI0 M3/ydeHHs. [I0BepXHOCTH BXOAa
7ayda jasepa A8 PasHBIX TONIIMH HIEHTHYHBL.

of metals by melting or evaporation with the blowing

of melt products from the cutting zone by means

various gases. Laser cutting has several advantages in

comparison with other cutting methods, the main ones

being the following:

« possibility of cutting large-volume products;

 locality of exposure, absence of contact with the
workpiece;

o small zone of thermal influence;

« absence of deformation and warping of details;

+ high speed and accuracy of processing;

+ energy saving, waste minimization;

 mno need for finishing operations;

« versatility, possibility of processing various materials.

Puc. 2. /lazepHas pe3ka 06pasua moAuuHol 3 mm:

(a) nosepxHocmb 8xo0da u (b) nogepxHocmb 8bix0da ny4a
Fig. 2. Laser cutting of a sample 3 mm thick: beam input (a)
and output (b) surface

Puc. 3. /lazepHas pe3ka 06pasud moAusuHou 9 mm:

(a) nosepxHocmb ex0da u (b) nogepxHocmb 8b1x0da Ay4a
Fig. 3. Laser cutting of a sample 9 mm thick: beam input (a)
and output (b) surface
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Tabnanua 1. Pexxnmbl N1a3epHOM pe3km 06pasLLoB TUTAHOBOIO crniaBa VST2B
Table 1. Modes of laser cutting of samples of VST2B titanium alloy

XapakTepucTumKa 1a3epHoro nyyka

Laser beam characteristics

TonwwnHa metannia, MM

Metal thickness, mm

CKOpOCTb pe3Kku, M/ MUH
Cutting speed, m/min

[aBneHune rasa, 6ap
Gas pressure, bar

MowHoCTb, BT YacToTa, Iy,
Power, W Frequency, Hz
3,0 4000 10000 4 17
6,5 4000 10000 2 19
9,0 5500 20000 1.8 19
12,0 5800 20000 14 19

CocTosiHMe IIOBePXHOCTH Ha BBIXOJE Jiy4ya [Jis pas-
HBIX TOJIIIMH OT/IIMYaeTCsl Pa3HOM CTelleHblo obpa3o-
BaHHS rpaTa.

[ToBepXHOCTB pe3a 1151 06pasLioB TOIIIHUHOM 3 MM;
6 MM 4 9 MM poBHasi 6e3 BbIpakeHHOH ILIepOXOBa-
TocTH (pUC. 4 1 5a), Ha IIOBEPXHOCTH pe3a obpasua
TOJIIIMHOM 12 MM MMEIOTCSI BePTUKAIbHEIE IITPUXHU
(puc. 5b), obpa3oBaHHBIe CTpyeil PeKyIero rasa.

I MccnefoBaHUS MAaKpo- M MHKPOCTPYKTYD
HHTEPeCcyIUX 30H ObLIM BbIPe3aHBI COOTBETCTBY-
fole obpaslbl MU HM3rOTOBJIEHBl IIIH(B. AHAIH3
MaKpOCTPYKTYpbl IPOBOAMJCS Ha OHHOKyIspe
OLYMPUS SZX 7, aHanu3 MHKPOCTPYKTYPhI IIPOBO-
JHJICSI Ha OIITHYeCKOM MHKpockorie OLYMPUS GX 71,
3aMephl BeJIMYHMHBI 30HBl TEPMHYECKOTO BIHSHHS
Ipou3BefleHbl C IIOMOINbI0 ITporpaMMbl AnalySIS.

b)

Puc. 4. Kpomka 06pa3su,a moAausuHol 3 MM nocae AazepHol
pe3ku: (a) psamoAuHeliHbiii pe3, (b) co ckocom KpomKu

Fig. 4. Edge of the sample 3 mm thick after laser cutting:
(a) rectilinear cutting; (b) with scarfed edge

The processes of laser cutting of titanium alloys have
been underexplored, and concern mainly cutting with
the use of inert gases [2,3]. Below are the results of a laser
cutting of VST titanium alloy with a thickness of 3 mm,
6.5 mm, 9 mm and 12 mm. Cutting was performed on
laser complexes TRUMPF TruLaser 5030 Classic, equipped
with a CO,laser with a power of 6 kW and TLC1005 with
a CO,laser with a power of 5 kW. Cutting gas is helium;
output diameter of a nozzle is 2.3 mm. Cutting modes for
samples are shown in Table 1. In order to minimize the
experimental laser cutting with various geometries and
subsequent study of samples with the zones of interest,
the cutting was carried out according to the scheme
shown in Fig. 1.

For thicknesses of 9 mm and 12 mm, the zone of
p.6-cutting with tilt, is absent. Figures 2 and 3 show the
appearance of the samples under study: a-laserradiation
input surface; b - laser radiation output surface. The

b)

Puc. 5. Kpomka 06pa3u08 moaujuHot 9 mm (a) u 12 mm (b)
nocae AasepHou pe3ku

Fig. 5. Edge of samples 9 mm thick (a) and 12 mm (b) after
laser cutting
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Pe3ynbTaThl HUCC/IETOBAHUS 30HBI

TepMuYeckoro BausHus (3TB)

IIpUBeZieHbI B Tab/. 2. Pe3ysbTaThl

reoMeTpUYeCKUX H3MepeHHU

06pas1oB mpescTaBaeHs! B Tab1. 3.
H3smepeHHs reoMeTpHUH pesa

B HCC/IelyeMBIX 30HaX IIOKa3aJd

ClleyIOLIe Pe3y/IbTaTh:

e 30Ha Nel: nuameTp Bpe3KH
0,7 MM, IMHpHHA  pesa
or 0,4 mo 0,6 MM (3aBHCHUT
OT TONIIUHBL pa3pe3aemoro
MeTaja);

e 30HBI N22 M Ne3: TexHHKa
BBITIOJIHEHH S JIa3€PHON Pe3KHU
MHHHMAJIBHO  BO3MOMKHBIX
PaAHyCOB C OCTAHOBKOM U 6e3
OCTAaHOBKHM He OKas3blBaerT

Puc. 6. Mukpocmpykmypa 0CHO8H020 Memanaa 06pa3uoe (*200): (a) moawuHol
3 MM co 3HaqeHuem mukpomeepdocmu 364-380 HV,y,; (b) moawurol 6 mm, 9 mm
u 12 Mm co 3HayeHuem mukpomeepdocmu 364-386 HV,,

Fig. 6. Microstructure of the base metal of the samples (200): (a) 3 mm thick with
a microhardness value of 364-380 HV,y; (b) a thickness of 6 mm, 9 mm and 12 mm
with a microhardness value of 364-386 HV/,

BIAMSHUS Ha KayecTBO pesa.

MuHHMaIPHBIH pagHuyC pe3a cocTaBasgeT 0,5 MM

(30oHa Ne 2);

e 30Ha N¢4: MUHHMMAJIbHAS TOJIIHMHA TEXHOJIO-
THYeCKOM IIepeMBbIYKH BbIpe3aeMOM Ja3epHOU
Pe3Koy cocTaBisieT: 1 MM Ays 06pasLioB TOMINU-
Hot 3,0 U 6,5 MM; W BapbHUpyeTCs B JHAIla30He
OT 3 10 4 MM [J1s1 06pa3u0B TONIIMHOMN 9 U 12 MM
(Ta3epHBIN ITYYOK OKa3bIBAeT TEPMHUUYECKOE BIIH-
SIHHe Ha TeXHOJIOTMYeCKYIo IepeMBIUKy II0 BCel
TOJIIIMHE);

e 30Ha N25: MHUHHMMAJbHBIM OHAaMeTp BhIpe3aH-
HOTO OTBepPCTHS COCTAaB/IsIeT 2 MM [Jis TOJNIIUH
3,0 u 6,5 mm, 4,3 MM - IS TOMIIHUHBL 9,0 MM
U 3,3 MM — OJ1 TOJTIIMHEL 12,0MM.

TunruyHasg MUKPOCTPYKTYpa OCHOBHOI'O MeTaJljia
06pasLioB pasHBIX TONIIWH IIpefCcTaBIeHa Ha pHUC. 6.
OmnpefnesleHMe BeJIMYKMHBI 30HBI TEPMHUYECKOIO BJIH-
SIHUS IIPOBOSUJIOCH MeTa/JIOTpadUyYecKUM MeTOAO0M

input surfaces of the laser beam for different thicknesses
are identical. The state of the surface at the exit of the
beam for different thicknesses differs in the different
degree of formation of the burr.

Surface of cut for samples 3, 6 and 9 mm thick is even
without expressed roughness (Figures 4 and 5a), there are
vertical strokes on the cutting surface of a sample 12 mm
thick (Figure 5b) formed by a jet of cutting gas.

To study the macro- and microstructures of the
zones of interest, the corresponding samples were cut
out and the polished sections were manufactured. The
macrostructure analysis was performed using OLYMPUS
SZX 7 binocular, the microstructure analysis was carried
out using OLYMPUS GX 71 optical microscope, the
measurements of the zone of thermal influence were
made using AnalySIS program. The results of the study
of the heat-affected zone (HAZ) are given in Table 2. The
results of geometrical measurements of the samples are

shown in Table 3.

3TB

b)

AdzepHoli pesku (*200)

6.5 mm (b) after laser cutting (*200)

Puc. 7. Mukpocmpykmypa 3TB 06pa3zuos moawuHoti 3 mm (a) u 6,5 mm (b) nocae

Figure 7. Microstructure of HAZ of the samples with a thickness of 3 mm (a) and

Measurements of the cutting

geometry in the examined zones
showed the following results:
3TB +  zone No. 1: the diameter of the
insert is 0.7 mm, the width of the
cut is from 0.4 to 0.6 mm (depending
on the thickness of the metal being
cut),
« zones Nos. 2 and 3: the
technique of performing laser
cutting of the minimum possible
radii with a stop and without a stop
does not affect the quality of the cut.
The minimum cutting radius is 0.5
mm (zone No. 2),
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Tabnunua 2. Pe3ynbTaTbl NCCNeA0BAHMS 30HbI TEPMUYECKOTO0 BIMSHMA HA 0bpasuax 13 cnaaea VST-2 noc/sie nazepHon

pesKku

Table 2. Results of the study of the heat-affected zone on samples of VST-2 alloy after laser cutting

rny6buHa 3TB, MKM

3HayeHns MnMKpoTBepaoCcTn 3TB

;a};:gmi'ﬂaM HAZ depth, pm (c 50 MKM OT MOBEPXHOCTM C LIAroMm
sheet S amination sone MeTannorpaguueck  mosavepaw e
thickness, (Bx0a-BbIX0d nazepa) MUKPOTBEPAOCTMN (with 50 um from the surface with
mm by metallography by microhardness 100 Hm | l)J HY
(laser input-output) measurements ATAITTECEITENE) Iy
30Ha Bx0Aa (8 Nnake) 120 100 437,382, 373,373, 356
Input zone (in plan)
30Ha NPAMOIMHEHOTO
pe3a (B ce4yeHnm) .
Straight cut zone 160-180 200 (BbIxoa / output) 405, 400, 344, 364, 356, 344
(in cross-section)
3 200 - -
210-220 = =
180-360 300 (Bbixoa / output) 442, 382,396, 348, 348, 333
130-400-300 = =
280-540 - -
3o0Ha Bxoaa (B nnaHe) 630 700 391, 442, 426, 447,447, 448, 400,
Input zone (in plan) 382, 386, 377
30Ha NPSIMOAIMHENHOTO
pesa (B cevyeHum) 160-240 100 (Bbixoa / output) | 400, 377, 373, 364, 364,
Straight cut zone 200 (Bbixos / output) | 426,431, 361, 364, 373, 360
(in cross-section)
190-260 = =
6,5
200-200 (rpaT900) _
(burr900)
160-160 (rpat-1000) _ 464,464, 454, 454, 466, 465, 4306,
(burr 1000) ETRHCOIRIITE S0 | oo ne
340-200-280 - -
440-260-1060 = =
30Ha BxoAa (8 Nnake) 550 550 382, 391, 405, 415, 426
Input zone (in plan)
30Ha NPAMOINHENHOTO
pe3a (B ceyeHunn) _
Straight cut zone 248-560 500 (Bbixoa / output) 380, 396, 410, 426
(in cross-section)
9,0
328-1065 - -
192-657 = =
360-1634 1560 (Bbixoa / output) | 532,540,533, 518, 526, 511, 466, 415
980 (Bbixoa / output) 400, 410, 437,454, 450
160-1210 = =
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Tabnuua 2. MNpogosmkeHne
Table 2. Continuation

rnybuHa 3TB, MKM
HAZ depth, pum

TonwmHa

ncTa, MM
30Ha uccnegoBaHms

o mMeTanaorpapuyeckm
Examination zone

(Bxoa-BbixoA fasepa)
by metallography

NEE
thickness,
mm

i g

3HayeHna MUKpOTBepAoCTu 3TB
(c 50 MKM OT MOBEPXHOCTM C LIArOM
100 MKM), HV o,
HAZ microhardness value
(with 50 pm from the surface with
100 pm increment), HV,

CEEIVIELY
MUKPOTBEPAOCTU
by microhardness

(laser input-output) measurements
30Ha Bxoza (B nnaHe) _ 511;442;460; 431; 420; 431; 420; 410;
Input zone (in plan) 440-865 1050 410; 400
1 30Ha NpAMONANHENHOIO
pe3a (B ceueHnn) » 400; 393; 391; 382; 420; 415; 431;
Straight cut zone 640-1700 1700/(=Eix0n FOUTPUL) |15 2] Ly
(in cross-section)
12,0 2 no 890 - -
3 801-1097 = =
Ha BbIxoae —
. To/NWMHA nepemMbiykn | 436; 430; 410; 405; 400; 405; 400;
4 280-1554 At the output - 431;421;430
jumper thickness
5 300-1978 = =

*

*

¥ METOJOM M3MEPEeHMS MHKPOTBEPIOCTH. MMKpO-
TBEPIOCTh HM3Mepsaiachk Ha TBepaomepe DuraScan50
€ HarpyskoH 100 r ¢ paccTosiHHSI 50 MKM OT IOBEPX-
HOCTH pe3a ¢ maromMm 100 MKM [0 BbIXOA4a Ha OCHOB-
HOM MeTa/l/. MUKPOTBEpPAOCTh OCHOBHOIO MeTajla
o6pa3ua TONIIKUHOM 3,0 MM cocTaBisieT 364-380 HV,y;
obpasna TonmuHON 6,5 MM - 364-386 HV;; obpasua
TonmuHON 9,0 MM - 390-405 HV,,; obpasua tonmiu-
Hoi 12,0 MM - 380-405 HV,. OmnpeneneHue BelH-
YMHBI 30Hbl TEPMUYECKOTO BIMAHHSA METOIOM HM3Me-
PeHHsI MHKDPOTBEPIOCTH IIPOBeIeHO BBIOOPOUHO Ha
HEeCKOJIBPKHUX obpasmax, T.K. Pe3ylIbTaThl IIPHU H3Me-
PeHHHN BeJIMYMHBI 30HBI TEPMHYECKOrO BIMSHHUSA
MeTajlJIorpadpruyecKUM METOAOM U MeTONOM HM3Mepe-
HHS MUKPOTBEPIOCTH MMEIOT He3HauuTeJbHOe pac-
XOkIeHuUe (20-60 MKM).

YCTaHOBJIEHO, YTO /IS TONIIMHB MeTajajaa 3 MM
rpaT OTCYTCTBYeT JJISI PAa3/lM4YHBIX KOHQUIYypalluH
pe3ku (cM. puc. 2). par Habmomaercss /sl OCTalb-
HBIX TOJIIIHH IIPU BbIpe3Ke OTBePCTHH M TeXHOJIOTH-
YecKHUX IlepeMbluek. [IOBepXHOCTh pe3a He TpebyeT
KaKoH-TH60 [OMONHUTEeNbHON 06paboTKM, KpoMme
3aYMCTKH OT I'paTa. 30Ha TePMHUYECKOro BIAMSAHHSI
(3TB) 3aBUCHUT OT TOJNLIMHBEI MeTajjaa U COCTABISET
6-8% TOJIIMHBI pa3pe3aeMoro obpasiia /s pesKMOB
pe3aHus Ne1-3. IIpu BbIpe3Ke OTBEPCTHH (peXkUM

J71st 06pa3iia TOMMHHOM 9 MM A1 30HBI N2 4 IaT PH M3MePeHUH MUKPOTBEPAOCTH COCTABUT 200 MKM

For a sample 9 mm thick, for zone No. 4, the increment for measuring the microhardness is 200 pm

+ zoneNo. 4: theminimum thickness of the technological
jumper cut by laser cutting is 1 mm for thicknesses of
3.0 and 6.5 mm and - from 3 to 4 mm for thicknesses
of 9 and 12 mm. The laser beam is heat-affecting
technological jumper across the entire thickness,

+ zone No. 5: the minimum diameter of the cut hole is
2 mm for thicknesses of 3.0 and 6.5 mm, 4.3 mm for

Ta6bnuua 3. Pe3ynbTaTbl FEOMETPUYECKUX U3MEPEHWNI
obpasuoBs
Table 3. Results of geometric measurements of samples

Pa3smepbl, MM
Sizes, mm

MWUHUMANbHbIN
AnameTp

TonuwmHa o6pasLos, MM

S le thicl minimal diameter TO/LLKMHA
ample thickness, mm nepembluKm
BXOA4 BblX0/, Jumper
CTpym cTpyn thickness
Jet Jet
input output
3,0 2,02 1,92 0,91-0,96
6,5 2,14 1,96 0,91-0,96
9,0 4,56 4,21 3,60-4,00
12,0 3,30 3,38 2,95-3,00
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Puc. 8. Mukpocmpykmypa 3TB 06pa3u08 moawuHot 9 mm
(a) u12 mm (b) nocae nazepHoli pesku (* 200)

Figure 8. Microstructure of the HAZ of samples 9 mm thick
(a) and 12 mm (b) after laser cutting (* 200)

Ne 5) 1 TeXHOJIOTMUYeCKHX IlepeMbluek (peskum Ne 4),
HayMHas C TOJALIUHEL 6,5 MM, BeIMYKMHA 30HEBI Tep-
MMYECKOTO BJIIMSHUS YBeIHYMUBAETCS II0 Mepe IIpPH-
611KeHH S K IOBEPXHOCTH BBIXOJA JIy4a jasepa. 3TB
pacmpeneneHa IpakKTH4YecKd PaBHOMEpHa IO TOJ-
muHe u3genus (puc. 7, 8). IIpu peske THUTAHOBBIX
CIUIaBOB M3MeHeHUSs CTPYKTYphl MeTa/ia B 3TB He
OKa3bplBAKOT BJIMSHHSA Ha MeXaHH4YeCKHe CBOMCTBA
BEIPE3aHHBIX JIA3ePHBIM JIy4OM JeTaJIed IPH OITH-
MaJbHBIX PeXHMax. ITO IIOATBEPKIAIOT Ppe3yJib-
TaTbl MEeXaHHYeCKHX M YCTA/JIOCTHBIX HCIBITAHHH,
a TaKKe HCIOBITAHHHN Ha oOIIyl0 KOPPO3HIO, IPO-
Be[leHHBIX [JISl JeTaJled, BBIPe3aHHBIX Ja3epHBIM
JIyYOM U C IIOMOIIBIO TMIBOTHHHBIX HOXKHHII,.
uprHa pe3a yBeJIUMYUBAETCSA C POCTOM TOJIIIMHEI
obpasua u cocrapnset ot 0,4 mo 0,6 MM. KadecTBo
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500 um

b)

Puc. 9. Mukpocmpykmypa 06pa3uos: (a) moawuHoli 3,0 mm —
NnpsiMoAUHeliHbIll paspe3 wupuHol 420 mkm; (b) moawuHol
9,0 MM - npsimoAuHeliHbIl pa3pe3 wupuHol 460-590 MKm
Fig. 9. Microstructure of samples: (a) 3.0 mm thick straight
cut with a width of 420 pm; (b) 9.0 mm straight cut with a
width of 460-590 um).

thicknesses of 9.0 mm and 3.3 mm - for a thickness of

12.0 mm.

Characteristic microstructure of the base metal
of samples of different thicknesses is shown in Fig. 6.
The value of the heat-affected zone was determined by
means of metallographic method and microhardness
measurement. The microhardness was measured with
DuraScan50 hardness gauge with a load of 100 g from
a distance of 50 pm from the surface of the cut in
increments of 100 pm before reaching the base metal.
The microhardness of the base metal of a sample 3.0
mm thick is 364-380 HV,; that of a sample 6.5 mm
thick -364-386 HV,;; that of a sample 9.0 mm thick -390~
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Puc. 10. Kpbiwka 0o o6pabomku
Fig. 10. Cover before processing

Puc. 1. Jlonamka do obpabomku
Figure 11. Blade before processing

pe3a He 3aBHCHUT OT paJiyca pe3a U BO3MOKHOM 0CTa-
HOBKHU Jy4a (puc. 9). MUHHMa/JbHBI pafguyc pesa
coctaBui 0,5 mM.

Hcrmonb3yss IONy4YeHHBIe Pe3yJbTaThl HCCIIeO0-
BAaHHUM, BBIIIOJTHHIN OIBITHYIO JIa3epPHYIO 0Ope3Ky
067105 y ABYyX IITAMIIOBAaHHBIX ITIOKOBOK K3 CIIJIaBa
BT6: xperuku (puc. 10) u somatku (puc. 11).

Kak mpaBuo, B KaueCcTBe TeXHOJTOTMYEeCKOro rasa
IU1sI Ta30/1a3epHOM Pe3KH THTAHA HCIIONIb3YIOT aproH.
OnHaKo IPH 3TOM KaueCTBO KPOMOK Pe3a MOKeT OKa-
3aThCS HeyIOBJIETBOPUTEIbHBIM H3-32 06pa3oBaHMUS
rpaTta, 0cobeHHO IIPH TOIIIHMHe MeTasa 6oee 3 MM.
B HameMm cIy4dae TOJNNIMHA IITAMIIOBKH IO IIepHU-
MeTpy pe3KH H3MeHSeTCs OT 6 J0 12 MM, II03TOMY
B KadeCTBe PEXYIEro rasa MCIIOIb30BAJIM TelHH.
PaboTa 6bl1a BBIIIOJTHEHA HA 5-0CEBOM JIa3€PHOM TeX-
Hojoru4yeckoM Komiiekce TRUMPF Laser Cell 1005.
Ob6paboTka obeux meTaser IPOBOAMIACH Ha MOII-
HOCTH Jia3epHOro usnyudenusd 4,0 kBT coriom nuame-
TpoM 2,3 MM. IIpu pe3ke metanu "KpeIKa"' CKOPOCTh
pesKku cocTaBula 2,1 M/MHUH, JaBlleHHe peXyIero

405 HV,;; that of a sample 12.0 mm thick -380-405 HV,.
Determination of the value of the heataffected zone
by the method of measuring the microhardness was
carried out selectively on several samples, since the
results when measuring the value of the heat-affected
zone by the metallographic method and the method of
measuring the microhardness have a slight discrepancy
(20-60 pm).

It has been established that for a metal thickness
of 3 mm, no burr is available for various cutting
configurations (Figure 2). For the remaining thicknesses,
the burr is observed when cutting the holes and
technological jumpers. The cutting surface does not
require any additional processing, except stripping from
the burr.

The heat-affected zone depends on the thickness of the
metal and is 6-8% of the thickness of the cut sample for
cutting modes No. 1 to 3. When cutting holes (mode No.
5) and technological jumpers (mode No. 4), starting from
a thickness of 6.5 mm, the value of the heat-affected zone
increases as it approaches the exit surface of the laser

Puc. 12. Kpbiwka nocae 06pe3ku 06105
Figure 12. Cover after trimming of the casting material

Puc. 13. Jlonamka nocae 06pabomxku
Figure 13. Blade after processing
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a) b)

u 55 mm (b) nocae nazepHoli pe3ku

(a) and 55 mm (b) after laser cutting

Puc. 14. [MosepxHOCMb 30HbI pe3d 06pa3io8 u3 cnaaga \VVST-2 moawuHoll 80 mm (a)

Figure 14. Surface of the cutting zone of samples made of VST-2 alloy 80 mm thick

beam. The HAZ is almost uniform in
the thickness of the product (Figures
7 and 8). When cutting titanium
alloys, changes in the structure of
the metal in the HAZ do not affect
the mechanical properties of the
laser beam-cut parts under optimal
conditions. This is confirmed by the
results of mechanical and fatigue
tests, as well as general corrosion
tests carried out for parts cut with
a laser beam and using guillotine
shears.

The width of the cut increases
with the thickness of the sample
and ranges from 0.4 to 0.6 mm. The
quality of the cut does not depend
on the radius of the cut and the

raza 17 6ap, npu obpaborke "JlomaTKH", CKOPOCTH
pe3ku - 1,0 M/MHH, JaBIeHHe pexxymiero rasa 20 6ap.
Pe3ynbTaTsl 06paboTKM ITOKa3aHBI Ha puUC. 12 1 13.

Kpome Toro, 6pl1a mpoBeJeHa OLeHKa II0TeH-
LMaJbHBIX BO3MOXHOCTell Tra30/1a3epPHOM Ppe3kH
TUTAHOBBIX CIIIaBOB OOJIBIIMX TOMINHH. [IJIsL 3TOro
IIpOM3BeaH Pe3Ky obpasuoB u3 cruiaBa VST2 Toi-
muHOM 55 1 80 MM (puc. 14). Pe3Ka IIpoBOAMIIACh HA
pobotusupoBanHOM Komiiekce FLW-10-01 Ha Mou-
HocTH 10 KBT ¢ mpuMeHeHHeM rasa renus. IloBepx-
HOCTb pe3a B 0OOMX C/ydasix HMMeeT yIOBIETBOPHU-
TeJIbHOe KaueCTBO U He TpebyeT NOMOTHHUTETbHOMU
obpaborku.

Takum obpa3oMm, HCCIeOBAHMS IIOKA3aJH BO3-
MO>XHOCTb IIPUMEHEHHUS J1a3epHOM Pe3KH I/ U3T0-
TOBJIEHH S [ileTa/Ier U3 TUTAHOBBIX CIIJIABOB CJIOKHOM
GOpMBI C 31eMeHTaMH MaJIbiX Pa3MepoB, a TaKxKe
IpUMeHEeHUsI ee [JIs Ppe3KH JeTanell 6olbLIIHX
TOJILIMH.
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possible stop of the beam (Figure 9).
The minimum cutting radius was 0.5 mm. Using
the obtained experimental results, we performed an
experimental laser trimming of a casting material for
two stamped forgings made of BT6 alloy: cover (Fig. 10)
and blade (Fig. 11).

Typically, argon is used as a process gas for gas-laser
cutting of titanium. However, the quality of the edges of
the cut may be unsatisfactory because of the formation
of the burr, especially when the metal thickness is over
3mm. In our case, the thickness of the stamp forgings
along the perimeter of the cutting varies from 6 to 12
mm, therefore helium was used as the cutting gas. The
work was performed on a 5-axis laser technological
complex TRUMPF Laser Cell 1005. The both parts were
processed at a laser power of 4.0 kW with a nozzle
with a diameter of 2.3 mm. When cutting the "Cover"
part, the cutting speed was 2.1 m/min, the cutting
gas pressure was 17 bar, when processing the "Blade”
part, the cutting speed was 1.0 m/min, the cutting gas
pressure was 20 bar. The processing results are shown in
Figures 12 and 13.

Furthermore, an estimation was made of the
possibility of gas-laser cutting of titanium alloys of
large thickness - the samples made of VST alloy with
a thickness of 55 and 80 mm were cut (Figure 14). The
cutting was carried out on a robotic complex FLW-10-01
at a power of 10 kW with the use of helium. The surface
of the cut in both cases is of satisfactory quality and does
not require additional processing.

Thus, the experiments have shown the possibility of
using laser cutting for the manufacture of parts from
titanium alloys of complex shape with small elements,
and also its application for cutting large-thickness
parts.



