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Abstract: The study investigates the structural and mechanical characteristics of permanent joints produced by laser welding of VT1-0/VT1-0
titanium alloys after cutting with a newly designed PMVR-5.3 narrow-jet plasma torch, which features a gas-dynamic stabilization (GDS)
system with several design innovations. The improved GDS efficiency enhances cutting precision and surface quality, thereby increasing the
radiation absorption coefficient, weld penetration, and overall laser-welding efficiency. Experimental results show that continuous-wave
CO, laser welding of VT1-0/VTI1-0 plates forms a narrow weld with a structure corresponding to the as-cast state of the alloy and large
equiaxed grains in the central part of the weld, which decrease in size toward the root compared with those in the surface region. Although
gas shielding does not completely prevent the formation of fine micropores in the weld metal, their amount is insignificant; they do not
form critical clusters within the microvolumes of the weld and have no adverse effect on the strength characteristics of the welded joint. The
average microhardness of the weld metal was found to be higher than that of the base metal. According to tensile and microhardness testing,
the weld metal demonstrates high strength, significantly exceeding that of the titanium alloy, and exhibits a ductile fracture morphology.
Under cyclic loading, fracture occurred in the base metal rather than in the weld metal, with the fraction of the final rupture zones increasing
as the maximum cyclic stress rose. The findings confirm the applicability of precision narrow-jet air-plasma cutting and continuous-wave
CO, laser welding technologies for producing VT1-0/VT1-0 welded joints with high efficiency and mechanical strength comparable to those
of the base material.
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Annorauus: VccienoBanbl 0c0O0eHHOCTH (DOPMUPOBAHUSI CTPYKTYPBI M CBOWCTB HEPA3bEMHbBIX COSIMHEHU N MTPU JIa3ePHOIA CBApKE TUTa-
HoBBIX criaBoB Tumna BT1-0/BT1-0, mony4eHHBIX MOCE Pe3KU HOBBIM y3KOCTPYHHBIM M1a3MoTpoHoM Tumia [IMBP-5.3, umetoimum psa
KOHCTPYKTUBHBIX 0COOEHHOCTE B cucTeme razogrHaMudeckoii crabunusanuu (IAC) niaa3MeHHOR ayru. JJOCTUTHYTOE MPEUMYIIECTBO
BaddexkTuHocTu ['JIC criocobCTBYET MOBBIIIEHUIO CTENEHU MPEIIM3NOHHOCTH M KAYeCTBa pe3a 1, KakK CJIE/ICTBUE, YBETUYeHH IO K0abdhu-
LIMEHTa TMOTJIOUICH YT U3ydeHusl, KoadduiineHTa nporiaBieHus u 3bdekTuBHOCTHU Ja3epHoii cBapku. [1o pesyabratamM ncciaefoBaHU I
MOKa3aHo, YTO MPH MOJYYEHUHU YIICKUCIOTHBIM JIa3epoM CBapHbIX coenrHeHuit Tuna BT1-0/BT1-0 npoucxonut opmMupoBaHue y3K0ro
1IBa CO CTPYKTYPO#, COOTBETCTBYIOIICI TUTOMY COCTOSTHUIO CIIJIaBa, M yYaCTKOB C KPYMTHBIMYU PABHOOCHBIMU 36pHAMU B LICHTPAIbHON
YacTH 1B, YMEHbBILIAIIIMMUCS MO pa3MepaM B TOHHOI YaCTH MO0 CPABHEHUIO C PACIIOJIOXKEHHBIMU B IIOBEPXHOCTHOI 00JacTu. 3amura
CIIJIaBa OT Ta30HACHIIIEHNS B CTPYKTYpEe CBAPHOTO I1Ba HE TO3BOJISIET U36eKaTh GOPMUPOBAHUSI MEJTKUX MUKPOIIOP B CTPYKTYpE CBap-
HOTO 11Ba, OAHAKO MX KOJMUYECTBO HE3HAYUTEIHHO M OHU HE CO3MAI0T KPUTUYECKUX CKOIJICHUN B MUKPOOOBEMax IIBa U HE BIUSIOT
Ha MPOYHOCTHBIE XapaKTEePUCTUKU HEPA3beMHOTO COENMHEHW ST, TIPU 9TOM CPeIHUE 3HAUEHU I MUKPOTBEPIOCTU MaTepuaa IBa BbIIle,
yeM MaTepuajia OCHOBBI. B pe3ysibrare MCIBITAHUI HA CTATUYECKOE PACTSIKEHUE, a TAKXKe OMpeaesieHUs] 3HaYCHUsT MUKPOTBEPAOCTH
YCTAHOBJIEHO, YTO MaTepuall CBAPHOTO I1IBA SIBJISICTCS JOCTATOUYHO MPOYHBIM M CYIIECTBEHHO MPEBBILIACT TPOYHOCTh CAMOTO TUTAHO-
BOrO CIJIaBa, a pesibed MOBEPXHOCTU pa3pylleHUsi 00pas3iioB COOTBETCTBYET BSI3KOMY paspylieHuo. [Ipy MUKINIeCKUX UCTIBITAHUSIX
00pa3iioB CBAPHBIX COCIUHEHU I pa3pylIeHUe MPOUCXOIUIIO HE IO IIBY, & IO OCHOBHOMY METaJIJIy C POCTOM [0JIU 30H J0JIOMa B CEYCHU U
00pa3iioB MpHU YBEJINYCHU U 3HAUCHU T MAaKCUMaJIbHOTO HATMpPsSIKeHUs Lukia. [1o pe3yiabraTamM UCCIeN0BaHUI MOXHO CIeIaTh BBIBOM O
MPUMEHUMOCTH TEXHOJIOTHUl MPELU3NOHHON Y3KOCTPYIWHON BO3AYLUIHO-TIJIA3MEHHON PE3KH U CBAPKH YTJIEKUCIOTHBIM JIa3ePOM Herpe-
PBIBHOTO ICUCTBUS IJISI peau3aluuy Ipolecca nmojaydeHus capHbix coenuHeHmnii BT1-0/BT1-0 ¢ BbicoKo# cTeneHblo 3(pHEeKTUBHOCTU 1
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Introduction

Extensive research on titanium and its alloys con- mon ones such as steel and aluminum. The continuous
ducted in recent years has unequivocally demonstrated growth in their application is attributed to the fact that
that, in terms of their physical, mechanical, chemical, titanium alloys combine low density with high strength
and technological properties, these materials surpass and heat resistance at moderate temperatures while
most modern structural alloys, including the most com- maintaining excellent corrosion resistance. These ad-
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vantages have made titanium a versatile structural ma-
terial, particularly in high-technology industries where
titanium alloys with diverse properties are often essen-
tial — or even irreplaceable — for strategic sectors such
as aerospace, nuclear power, shipbuilding, and chemical
engineering [1—3].

The development of welding methods capable of
producing high-quality, permanent joints has signifi-
cantly expanded the use of titanium and its alloys in
manufacturing complex engineering components and
metal structures. However, welding titanium alloys
presents certain technological challenges. These are
primarily associated with the high chemical reactivity
of titanium with nitrogen, oxygen, and hydrogen at ele-
vated temperatures and in the molten state. As a result,
the material may lose ductility due to the formation of
stable compounds with atmospheric gases, as well as de-
velop defects such as porosity. To prevent such issues, it
is essential to ensure reliable shielding of both the weld
zone and the root side from atmospheric contamination
and to minimize the heating time of the joint during
welding [4].

A major drawback of titanium alloys is their tendency
to form a coarse-grained structure during welding, both
in the weld metal and in the heat-affected zone (HAZ).
This structural heterogeneity leads to a decrease in the
mechanical strength of the joint due to the formation of
a microstructure that differs from that of the base me-
tal [5; 6]. Since different regions within the welded joint
are exposed to varying thermal cycles, grains of diffe-
rent sizes form, complicating the selection of welding
parameters that minimize the thermal impact on the
HAZ. From this perspective, laser welding is considered
a promising alternative to conventional welding me-
thods [7]. The localized and short-duration high-energy
exposure of the laser beam provides the most favorable
conditions for forming sound welds in titanium and its
alloys [8; 9].

Technologies
and research objective

While laser technologies have a number of unde-
niable advantages in welding processes for the fab-
rication of various metal structures [10; 11], certain
features of beam processing must also be taken into
account. Chief among them is the relatively low effi-
ciency of the process, as the effectiveness of laser weld-
ing largely depends on the reflective properties of the
metal surface. Several approaches are known to im-
prove the absorption coefficient — and consequently,
the penetration depth and overall welding efficiency.
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As demonstrated in [12], the absorption coefficient is
affected by the material properties, as well as by the
quality and method of edge preparation, which deter-
mine surface roughness and the geometry of the joint
gap in butt-welded plates. Comprehensive studies eva-
luating the relationship between absorption coefficient
and cut-edge quality have shown a significant increase
in reflected radiation from rougher surfaces compared
with polished ones [13—15]. Thus, it should be noted
that surface roughness produced during sheet cutting
in the preparation stage varies widely depending on the
cutting method used.

The authors conducted comparative studies to
evaluate the cut-edge quality achieved using various
high-energy cutting techniques for the preparation
of welded joints. The results indicated that the most
favorable outcomes across all standardized parame-
ters were obtained when using precision air—plasma
cutting of metallic materials with the PMVR-5.3 plas-
ma torch, developed by NPO Polygon LLC (Ekater-
inburg, Russia) [16]. A distinctive feature of this de-
sign is the implementation of a new gas—air flow path
with symmetric plasma-forming gas injection into the
flow-splitting system and a gas-dynamic flow stabili-
zer. The stabilizer employs two swirlers (forming and
stabilizing) with a variable number of swirl channels,
providing efficient gas-vortex stabilization of the plas-
ma arc. The evaluation focused on standardized quali-
ty indicators such as the presence of burrs, droplets,
and temper colors, as well as oscillations (variations
in the linearity of surface micro-irregularities) and
deviation of the cut edge from verticality. To substan-
tiate the visual inspection results quantitatively, sur-
face microrelief parameters were measured using a
TR-200 surface roughness tester [17]. The results are
presented in Table 1.

According to geometric and surface-quality cha-
racteristics after high-energy cutting, the most favora-
ble results for subsequent laser welding were obtained
using the PMVR-5.3 plasma torch, designed as a do-
mestic alternative to imported plasma systems of this
class. Moreover, as demonstrated in [17], enhanced weld
penetration and improved weld formation during laser
processing were achieved when the cut-edge rough-
ness ranged between Ra ~ 2.0+6.3 um, which promotes
a higher absorption coefficient on the prepared surfaces.
With further increases in roughness, however, the
joint gap between the welded plates widens, allowing
a substantial portion of the laser beam to pass through
without absorption. Consequently, the absorption coef-
ficient decreases, resulting in lower weld quality and a
higher incidence of defects.
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Table 1. Comparison of average surface roughness parameters for various high-temperature cutting technologies

Tabauua 1. CpaBHeHUE CpeIHUX MMoKa3aTeseil IepoXoOBaTOCTH pe3a
MPU Pa3IUIHbBIX TEXHOJIOTUSIX BBICOKOTEMIIEPATYPHOM pa3aeiku

Specimen Cutting technology Equipment Cutting parameters Ra Rz Rt
I=175A
Plasma torch YK200H U=155B
1 Air—plasma (Huayuan FLG-400HD, . 3.30 4.22 34.82
. V'=1500 mm/min
China)
Dosme = 1.9 mm
I1=175A
Plasma torch PMVR-5.3 U=137B
2 Air—plasma (NPO Polygon LLC, V= 1500 mm/min 2.17 2.70 58.48
Russia) Dnozzle = 1.9 mm
P=45atm
Mechanized Po,=5atm
3 Gas—oxygen gas-cutting system Longteng PC3H3 =0.5atm 3.71 4.65 33.86
(China) V'=1500 mm/min
Trulaser 5030 Classic, CO N=L7kw
rulaser assic, CO, f=2kHz
4 Laser (Trumpf Group, . 10.78 12.61 69.41
V=600 mm/min
Germany)
P=10.6Dbar

In view of the above, the objective of this study was to
investigate the structural and mechanical characteristics
of permanent joints formed during laser welding of tita-
nium alloys, where the plates were cut using narrow-jet
air—plasma cutting technology implemented with the
PMVR-5.3 plasma torch.

Materials and methods

Titanium alloys are known for their tendency to
undergo hardening due to the presence of alloying
elements that promote the formation of nonequilibri-
um microstructures and reduce ductility, sometimes
resulting in cold cracking [18, 19]. For this reason,
commercially pure titanium VTI1-0 was selected as
the material for this study. During welding, this alloy
forms a cast structure characteristic of pure titanium in
the joint zone, allowing the assessment of weld quality
without the influence of additional phase or structural
transformations.

Laser welding of 3 mm-thick titanium plates, pre-
viously cut by plasma, was carried out using a contin-
uous-wave CO, laser with a maximum power of 3 kW.
The laser was equipped with a zinc selenide (ZnSe)
focusing lens (focal length 254 mm) and produced a

plane-polarized beam with a diameter of 30 mm. The
welding parameters were as follows: welding speed V' =
= 46.6 mm/s, laser power W = 2.1 kW, and focal off-
set F = 0 mm. Protection of the weld pool and heat-
affected zone was provided by a shielding gas mixture
of carbon dioxide and air in a ratio of 1 : 7, in accord-
ance with GOST R ISO 14175-2010', at a pressure of
12 Torr (1.6 kPa). Metallographic analysis was per-
formed using an optical microscope Neophot 21 (Ger-
many). The titanium structure and weld morphology
were revealed by chemical etching, which was also used
to prepare the surface for microindentation testing.
The weld and adjacent zones were analyzed on speci-
mens cut from different areas of the joint, taking into
account structural features formed during solidifica-
tion following high-temperature processing. Grain size
was determined in accordance with GOST 21073.3-752

'GOST R ISO 14175-2010. Welding materials. Gases and gas
mixtures for fusion welding and related processes. Moscow:
Standartinform, 2011. (In Russ.).

2 GOST 21073.3-75. Non-ferrous metals. Determination
of grain size by counting border crossings. Moscow: Publ.
Standards, 2002. (In Russ.).
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Fig. 1. Schematic representation of the specimen used for tensile testing

Puc. 1. Cxematudeckoe n3obpaxeHue odpasna s UCTIBITAHNN Ha pacTSIKeHUe

using the grain boundary intersection counting me-
thod. Microhardness across the weld was measured
by instrumented Vickers microindentation using a
Fischerscope HM 2000 XYm microhardness tes-
ter (Helmut Fischer GmbH, Germany). The tensile
strength of the welded joints was evaluated using a
servo-hydraulic testing machine Instron 8801 (In-
stron, USA) in accordance with GOST 6996-66".
Flat specimens of type B, designed for determin-
ing weld metal strength, were used. To ensure frac-
ture propagation through the weld, a special notch
was machined along the weld width, reducing the
cross-sectional area of the specimen by 30 % (see
Fig. 1).

Cyclic fatigue tests on flat specimens were per-
formed under a sinusoidal loading cycle at a frequen-
cy of 5 Hz and a stress ratio (R) = 0, in accordance
with RD 50-345-82%. The fracture surface morpho-
logy after mechanical testing was examined using a
Tescan Vega-11 XMU scanning electron microscope
(Carl Zeiss, Czech Republic) and described follow-
ing the terminology and definitions specified in
RD 50-672-88.

' GOST 6996-66. Welded joints. Methods for determining
mechanical properties. Moscow: Standartinform, 2006.
(In Russ.).

2 RD 50-345-82. Methodological guidelines. Calculations
and strength tests in mechanical engineering. Methods of
cyclic testing of metals. Determination of crack resistance
characteristics (fracture toughness) under cyclic loading.
Moscow: Publ. Standards, 1983. (In Russ.).

3 RD 50-672-88. Methodological guidelines. Calculations
and strength tests. Classification of types of metal fractures.
Moscow: Publ. Standards, 1989. (In Russ.).
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Results and discussion

During the formation of the VT1-0/VT1-0 welded
joint, a narrow weld was obtained with a shape fac-
tor (the ratio of penetration depth to weld width) of 2.5
(Fig. 2). Despite the high cooling rates, the grain size
in both the fusion zone (FZ) and the heat-affected zone
(HAZ) was significantly larger than in the base metal
(Table 2). The structure of the FZ corresponds to the
as-cast state of titanium: the central region consists of
equiaxed polyhedral grains, while the outer regions are
composed of larger, elongated grains oriented along the
direction of heat removal (Fig. 3, a). In the lower por-
tion of the weld, the grains were 1.5—2 times smaller and
more equiaxed compared to those in the upper surface
area (Fig. 3, b).

The microstructure of the as-cast VT1-0 alloy con-
sists of B-transformed grains of about 300 pm, contain-
ing parallel o-lamellae 4—10 pm thick, with a length
comparable to the size of the prior B-grains. It is known
[20; 21], that during the B — o polymorphic transfor-
mation, the o.-phase grows according to the principle of
orientation and dimensional conformity, forming paral-
lel a-lamellae aligned in the same direction. As a result,
colonies of a.-lamellae form a characteristic intragranu-
lar texture within the former B-grains.

At the interface between the heat-affected zone
(HAZ) and the base metal, a mixed microstructure
was formed, consisting of light-colored polyhed-
ral B-phase grains and a-phase lamellae (Fig. 3, ¢).
It should be noted that the o-phase grain size in the
HAZ was approximately 1.5—2 times larger than in
the base metal (Table 2). Overall, the HAZ material
was characterized as partially recrystallized, contain-
ing numerous deformed o-phase grains with a high
level of residual stresses, which affect crystal orienta-
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Table 2. Characteristics of the VIT1-0/VT1-0 welded joint material

Tabauua 2. XapakTepucTUKUA MaTeprana cBapHoro coeauHeHust BT1-0/BT1-0

FZ parameters HAZ parameters Grain size, pum
Specimen HV, s HV, 05 Rase
[, mm [, mm tal HAZ FZ
max min average max min average il
1 1,2 370 210 280 0,75 280 195 230 20 40 300
2 1,2 275 175 230 0,70 275 220 247 20 50 300

200 pm

Fig. 2. Macrostructure of the VT1-0/VT1-0 welded joint

Puc. 2. MakpocCTpyKTypa CBAapHOTO COETUHEHUST
BT1-0/BT1-0

tion, promote texture formation, and determine the
specific features of the structure formation in the weld
metal itself (Fig. 3, d).

The examination showed that, despite shielding
protection against gas absorption, the weld structure
contained small micropores about 2—3 pum in size,
which can be observed in the micrograph of a local area
of the chevron fracture (Fig. 7, b). It should be noted
that their number is insignificant, and they do not
form critical clusters within the microvolumes of the
weld metal and, overall, have no effect on the strength
characteristics of the welded joint (Table 3). VTI1-0,
being a single-phase oi-alloy, contains a small amount
of secondary B-phase, which appears as thin lamellae
along the o-grain boundaries. The two-phase struc-
ture causes a nonuniform microhardness distribution,
where minimum values correspond to the B-phase and
maximum to the o-phase [22]. As shown above, the
weld metal exhibits a mixed microstructure in which
B-phase—enriched regions, upon rapid solidification

from the melt, attain high strength. This leads to an
overall increase in the average microhardness across
the weld width, reaching its maximum in the cast mic-
rostructure of the weld metal [23]. At the same time,
the refinement of the formed phases contributed to a
greater scatter of microhardness values along the mea-
surement line. The averaged microhardness distribu-
tion is presented in Fig. 4.

Tensile test results showed that, despite minor in-
ternal porosity, the weld metal exhibited high strength
(Table 3), significantly exceeding that of the base al-
loy. The fracture surface morphology after static ten-
sion corresponded to ductile failure (Fig. 5, a, b). The
fracture surface of the weld metal contained dimples of
varying depth and isolated regions of cellular relief—
clusters of small, flat dimples resembling a honeycomb
pattern (Fig. 5, b), typical for the fracture of cast alloys.
This morphology indicates a limited degree of local
plastic deformation at failure, but still belongs to the
ductile fracture mode, characteristic of plastic mate-
rials [20; 24].

During cyclic testing of VT1-0/VT1-0 welded joint
specimens at a stress ratio of o/c, > 0.72, fracture oc-
curred not along the weld metal but within the base me-
tal. In this case, considerable plastic deformation was
observed, accompanied by the formation of a neck dur-
ing the final loading cycles. This phenomenon is ex-
plained by the fact that the VT1-0 alloy exhibits cyclic
softening behavior [18].

The fracture surfaces of all specimens displayed
characteristic features of fatigue fracture — distinct sur-
face regions differing in morphology, including the crack
initiation area, fatigue striations, and ridges representing
traces of coalescence of separately initiated neighboring
cracks propagating in the same direction, usually from
the initiation site. In addition, final fracture zones with
features of ductile failure were identified. The fracture
surface morphology of VT1-0/VT1-0 welded joint spe-
cimens is shown in Fig. 6.

55



lzvestiya. Non-Ferrous Metallurgy e 2025 ¢ Vol. 31 e No.4 « P.50-61
Anakhov S.V., , Michurov N.S. Influence of plasma narrow-jet cutting parameters on the weld quality during laser welding...

Table 3. Mechanical test results for VT1-0/VT1-0 welded joint specimens

Tabauua 3. PesynbraThl MeXaHWUECKUX UCIIBITAHUI 00pa31ioB cBapHoro coeauHeHus BT1-0/BT1-0

Tensile test Fatigue test
Specimen Material
Fract}lre o,, MPa Number 6. MPa 5 /Gu*
location of cycles
1 Base metal - 500 Not determined
2 Weld metal Weld metal 620 5770 433 0.7
3 Weld metal Weld metal 660 485856 257 0.4
* Specimens were compared at equal ratios of the maximum cyclic stress (o) to the ultimate tensile strength (o,) determined
in tensile tests.

Fig. 3. Microstructure of the VT1-0/VT1-0 welded joint

a — upper part of the fusion zone (area / in Fig. 2); b — root of the fusion zone (area 2 in Fig. 2);
¢ — boundary between FZ and HAZ (area 3 in Fig. 2); d — heat-affected zone (area 4 in Fig. 2)

Puc. 3. MukpoctpykTypa cBapHoro coequHenust BT1-0/BT1-0
a — BepxHsis yactb 3CI (30Ha 7 Ha puc. 2); b — kopenb 3CII (30Ha 2 Ha puc. 2); ¢ — rpanuua 3CII u 3TB (30Ha 3 Ha puc. 2);

d — 3TB (30Ha 4 Ha puc. 2)

Fracture in the crack-initiation regions is brittle and
feather-like, propagating along several directions. While
the overall direction of fatigue crack growth is preserved,
it changes in neighboring grains (Fig. 7, a). This beha-
vior is governed by the lamellar a-phase morphology in
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the weld metal: smooth, polished facets alternate with
relief steps that might be mistaken for cleavage, although
they are, in fact, the lateral surfaces of a-lamellae.

In the vicinity of micropores, local areas of chevron
fracture were observed (arrowed in Fig. 7, b). This fea-
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Fig. 4. Variation of microhardness across the width of the VT1-0/VT1-0 welded joint

Puc. 4. XapakTep U3MEHEHUSI MUKPOTBEPIOCTHU 110 IIMpUHE cBapHOTo coeauHeHust BT1-0/BT1-0

I mm

Fig. 5. Macro- (a) and micro- (b) relief of the fracture surfaces of a VT1-0/VT1-0 welded joint specimen
after tensile testing

Puc. 5. Maxkpo- (@) u Mukpo- (b) penbed MoBepXxHOCTHU pa3pylieHust oopasia cBapHoro coennuerust BT1-0/BT1-0
MOCJIe CTATUYECKOTO PACTSIKEH U ST

Fig. 6. Macroscopic fracture surface of a VT1-0/VT1-0
welded joint specimen at a maximum cyclic load
of 265 MPa

Puc. 6. Makpopenbed MOBEpXHOCTH pa3pylleHM s
ob6pasia cBapHoro coenuHenust BT1-0/BT1-0
NPy MaKCUMaJbHOM Harpyske nukia 265 MIla
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Fig. 7. Macroscopic fracture surface of a VT1-0 alloy specimen
a — change in fatigue crack propagation direction near the initiation site

b — microregion of a chevron fracture near a micropore (indicated by an arrow)

Puc. 7. Muxpopenbed MOBepXHOCTHU pa3pylleHUsT oopasua crraBa BT1-0

a — N3MEHEHUEe HAITPaBJIeHMs POCTa YCTAIOCTHON TPEIMHBI BOJIM3U oyara
b — MMKPOYYACTOK IIIEBPOHHOTO M3JIOMa BOJIM3KM MUKPOITOPHI (OTMEUYEH CTPEJTKOI)

ture indicates limited plastic deformation and forms
under tension with bending in regions of unstable
crack growth or during brittle transgranular fatigue
fracture. The pores deflect the path of fatigue cracks,
which appears as changes in the orientation of fatigue
striations. Within initiation zones, isolated areas of
ductile fatigue fracture with striations and plateaus, as
well as segments of intergranular fatigue crack growth,
are present.

Analysis of fracture-surface relief after fatigue
tests at different maximum cyclic stresses showed
that, at a maximum cyclic stress of 264 MPa, the fi-
nal rupture zone occupied 35 vol. % of the specimen
cross-section. Under these conditions, the area ra-
tio of the fatigue-fracture zone to the final-rupture
zone increased to 1.9. In all examined specimens,
the final rupture zones exhibited a dimpled fracture
with relatively deep dimples, indicating high fracture
energy.

As the maximum cyclic stress increased, the frac-
tion of the final rupture zone in the cross-section in-
creased as expected; at a maximum cyclic stress of
425 MPa, these zones occupied 55 vol. %. This finding
indicates a substantial contribution of the final rupture
zone to the strength of titanium alloy specimens with
welded joints under fatigue loading. Since a dimpled
fracture corresponds to relatively high fracture energy,
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the specimens that endured a greater number of cycles
were those in which the volume of material involved
in fatigue crack growth was about half that of the final
rupture zone.

Conclusions

1. Precision narrow-jet air—plasma cutting with
PMVR-5.3 torches is suitable for joint preparation,
delivering high cut accuracy and surface quality while
increasing the absorption coefficient — and, conse-
quently, weld penetration and overall laser-welding ef-
ficiency.

2. Continuous-wave CO, laser welding of VT1-0/
VT1-0 produces a narrow weld whose structure corre-
sponds to the as-cast state of the alloy. The central weld
region contains large equiaxed grains that become elon-
gated along the heat-flow direction toward the bounda-
ries and decrease in size toward the root compared with
the surface region. The weld microstructure comprises
light polyhedral grains and o-phase lamellae; in the
HAZ, the a-phase grain size is 1.5—2.0 times larger
than in the base metal.

3. Shielding does not completely eliminate fine mi-
cropores in the weld metal, which leads to a nonuni-
form microhardness distribution. Nevertheless, owing
to the fine-lamellar o-phase morphology, the average
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microhardness in the weld metal is somewhat higher
than in the base metal. Tensile tests show that, despite
minor porosity, the weld metal exhibits high strength,
significantly exceeding that of the base alloy, and the
fracture surface morphology corresponds to ductile
failure.

4. Under cyclic loading, VT1-0/VT1-0 specimens
fracture in the base metal rather than in the weld metal.
With increasing maximum cyclic stress, the fraction of
the final rupture zone increases, indicating its substan-
tial contribution to the strength of welded titanium alloy
specimens under fatigue loading.

5. The combined use of precision narrow-jet air—
plasma cutting and continuous-wave CO, laser welding
enables the fabrication of VT1-0/VT1-0 welded joints
with high efficiency and strength comparable to the pa-
rent material.
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