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Structural-phase transformations in specimens of electron beam welded joints on two experimental heat-
resistant pseudo- α and α + β multi-component titanium alloys containing silicon additions were investigated.
Specific (differentiated) contributions of different types of structures and phase formations in the near-weld
zone to strength values and distribution of local internal stresses in the welding zones under investigation
were analytically estimated.
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Compared to aluminium alloys, steels and nickel
superalloys, high values of strength, specific
strength and corrosion resistance of titanium al-
loys over a wide temperature range favour their
increasingly wider application in aircraft and
space engineering, ship building, chemical indus-
try, etc. The use of titanium alloys grows due to
high reliability of this class of materials at in-
creased and high (of the order of 600—650 °C)
temperatures, as well as in high-temperature and
aggressive environments, this allowing replace-
ment of parts and components of steels and other
structural materials by titanium ones (parts of
cases of rocket engines and nuclear power plants,
disks and blades of compressors, steam turbines,
turbine and gas-turbine engines, heat exchangers,
etc.). Heat-resistant titanium alloys are receiving
an increasing acceptance in motor car construc-
tion, this leading to a substantial increase in
power of automobile engines [1—3].

However, complication of service conditions
related to increase in the level of working tem-
peratures and necessity to extend the life of parts
and mechanisms requires not only improvement
of composition and technology of treatment of
initial materials, but also finding a solution to
the problem of their weldability. The latter is of
special importance in manufacture of long and
complex-configuration structures, as well as in
repair-and-renewal operations, including, for ex-
ample, reconditioning of worn-out engine blades.

As increase in service properties and level of
working temperatures of any structure can be
achieved, first of all, by appropriate alloying, as
well as by providing the required structural state

of the employed metals, alloys and their welded
joints, the focus in this study is on conducting
more comprehensive investigations of structural-
phase changes depending on alloying with sili-
con, and on evaluating the chemical composi-
tion → structure → properties relationship for
titanium alloys and their welded joints.

In this connection, considering the complexity
of the processes and mutual effect of alloying
and phase formation under different technologi-
cal conditions of the thermal-deformation effect
(welding, heat treatment), it seems expedient
not only to perform appropriate experimental
studies of structural-phase changes (chemical
composition, character of grain, sub-grain and
dislocation structure, and phase precipitates dif-
fering in composition, morphology and distribu-
tion) under certain welding conditions, but also
to evaluate the effect of specific structural-phase
components on changes in mechanical charac-
teristics of the welded joints that are most sig-
nificant for service conditions, such as strength,
ductility and crack resistance values. This will
make it possible to determine the role of struc-
tural and phase components not only in strength-
ening of metal, but also as a factor affecting the
processes of accumulation of local internal
stresses, value and extent of this type of stresses,
as well as the possibility of their plastic relaxa-
tion, which is an indicator of crack resistance of
a material under service conditions.

Materials and procedures. The investigation
objects in this study are electron beam welded
(EBW) joints on two heat-resistant multi-com-
ponent titanium alloys. Both alloys contain sili-
con as an alloying element, and belong to pseudo-
α (alloy 1) and α + β (alloy 2) titanium alloys
(Table).
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The basic experimental information on struc-
tural-phase composition of metal of a welded
joint was generated by using optical, analytic
scanning microscopy (SEM-515, PHILIPS, Hol-
land) and microdiffraction transmission electron
microscopy (JEM-200 CX, JEOL, Japan) with
accelerating voltage of 200 kV. Thin foils for
transmission microscopy were prepared by the
two-stage method, i.e. preliminary electropolish-
ing and subsequent multiple ion thinning by ion-
ised argon flows in a specially developed unit
[4]. The latter allowed not only widening the
investigation fields (increasing statistics), but
also making all structural and phase components
of a material being analysed «transparent» for
electrons.

Investigation results. The optical metallogra-
phy methods were used to reveal structure, pres-
ence and arrangement of cold cracks in the EB
welded joints on two experimental titanium al-
loys in the most problematic zone of a welded
joint, i.e. HAZ [5—7], which in fact is a near-weld
zone (NWZ), whose size and structure are deter-
mined by the thermal cycle of welding, and where
the most dramatic changes in structure are ex-
pected to take place, allowing for high cooling
rates characteristic of EBW.

Cold cracks were found to form in the welded
joints on the investigated alloys after welding,
the rate of formation of this type of cracks in the
welded joints on experimental alloy 1 being much
higher (Figure 1, a, b) than in the welded joints
on alloy 2.

Also, as shown by metallographic examina-
tions of structure, coarse equiaxed polyhedral

primary β-grains up to 0.5 mm in size form in
NWZ of the welded joints on alloy 1 (Figure 1,
c). In NWZ of the welded joints on alloy 2 the
primary structure is heterogeneous: along with
large regions of polyhedral grains 0.2 mm in size
(Figure 1, d), there are regions of fine 20—60 μm
equiaxed grains surrounded by coarse grains
(Figure 1, e). Formation of chains of fine
equiaxed grains was observed also in the HAZ
regions located at a distance from the weld (Fi-
gure 1, f). As a rule, they extend along the base
metal rolling direction (normal to the weld axis).
Often, location of fine grains coincides with lo-
calisation of clusters of dispersed precipitates,
most probably silicide ones. Intragranular struc-
ture in NWZ of alloy 1 consists of a coarse-acicu-
lar α′-phase. In NWZ of alloy 2, the martensitic
α′-phase has a fine-acicular structure (see Figu-
re 1, c, d). In addition to the martensitic phase,
NWZ of both alloys may contain the retained
β-phase, the amount of which, according to the
chemical composition, is very insignificant in al-
loy 1, and higher in alloy 2 than in alloy 1.

More detailed structural-phase examinations
of HAZ of the welded joints on titanium alloys
by using microdiffraction transmission electron

Figure 1. Microstructures of HAZ metal on experimental heat-resistant alloys after EBW: a, b – alloy 1, cracks in HAZ
metal; c – alloy 1, NWZ; d, e – alloy 2, NWZ; f – alloy 2, HAZ region located at distance from the weld

Chemical composition of experimental heat-resistant alloys

Alloy
Content of alloying elements, wt.% Coefficient

of stability
of β-phase KβAl Sn Zr Mo V Nb Si

1 5.2 3.3 4.2 0.1 0.6 0.8 0.6 0.07

2 4.3 4.4 6.0 1.6 0.7 4.3 0.4 0.33
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microscopy were carried out to determine com-
position of the forming phases, as well as their
sizes, morphology and structural zones of their
localisation (internal volumes or grain-boundary
regions).

Welded joint on experimental heat-resistant
alloy 1. Structure of NWZ of the EB welded
joint on alloy 1 consists mainly of the laminated
α′-phase and a very small amount of the lami-
nated β-phase, which differ in length ll of a sub-
micron sized (approximately from 0.3 to 1.5 μm)
form with cross section hl (Figure 2, a). More-
over, the laminated structural components differ
greatly in their internal structure. The major part
of this type of structures (consisting mostly of
the α′-phase, according to the microdiffraction
analysis) is characterised by a minimal disloca-
tion density (ρ ~ 109 cm—2) in the internal volume
of the uniformly distributed laminae. The other
part of the laminated structures (their quantity
being much lower) radically differs both in dis-
location density and distribution. For example,
in this type of the laminated structures the dis-
location density is higher approximately by an
order of magnitude (ρ ~ (7—8)⋅1010 cm—2). The
distribution of crystalline lattice defects in some
cases is more or less uniform (Figure 2, a, b),
whereas in other cases the complex dislocation
configurations in the form of blocks or cells, as

well as an intralaminar dispersed (ds ~ 0.1 μm)
sub-structure (Figure 3, a) are detected. The
structure with a clearly defined intralaminar sub-
structure is most pronounced in the dark field
imaging mode (Figure 3, c).

It should be noted that structures with a high
dislocation and phase precipitate density corre-
spond not only to the β-phases, but also partially
to the α′-phases.

Examinations of thin foils allowed generating
the detailed information on the phase precipitates
forming in the welded joint, which differ in size,
morphology, stoichiometric composition and lo-
calisation zones (along the boundaries of the
laminated structures, in internal volumes, in sub-
structure, etc.).

Phase precipitates of fine sizes (dPh.P ~ 0.01—
0.10 μm) forming in narrow grain-boundary in-
terlayers and along the interlaminar boundaries
(see Figure 2, c), the composition of which cor-
responds mainly to stoichiometry Ti5Si3 (Figu-
re 3, b), are most distinct. The fine phase pre-
cipitates form also in internal volumes of the α′-
and β-laminae, in the bulk of which fragmenta-
tion of the intralaminar structure and formation
of sub-structures take place (Figure 3, a—c). The
phases forming in this type of the structures are
detected primarily in the zones of intralaminar
sub-structural boundaries, and are characterised

Figure 2. Microstructure of experimental alloy 1, NWZ: a – well-defined orientation of laminae of mainly α-component
of structure at comparatively low density and uniform distribution of dislocations (lamina width hl ~ 0.3—1.5 μm),
×20,000; b, c – phase formation in internal volumes and in boundary regions of α-laminated structures, ×30,000
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by the finest sizes, i.e. dPh.P ~ 0.01—0.02 μm. As
can be seen, such phases are the phases bordering
the sub-structure. In addition to the fine equiaxed
phase precipitates, there are also precipitates of
an extended form, when lPh.P >> hPh.P at ll ~
~ 0.7—0.8 μm, propagating along this type of the
sub-structural boundaries (Figure 3, a, b).
Stoichiometric composition of the fine phase pre-
cipitates bordering the intralaminar sub-struc-
ture becomes a bit wider: in addition to the noted
Ti5Si3 composition, there are also phases of other
compositions, including such elements as alu-
minium and zirconium, i.e. Ti3Al and Ti2Zr3Si3
phases (Figure 3, a—c; Figure 4, a).

The most active development of phase forma-
tion is characteristic of the laminated structures
of comparatively coarse (in cross section) sizes
(hl ~ 0.4—1.5 μm). Besides, the active phase for-
mation in such zones is accompanied by occur-
rence of the following important factors. Firstly,
coarsening of the phase formations takes place,
i.e. size of the phase formations dPh.P amounts
to about 0.1—0.2 μm, this being an order of mag-
nitude higher than size of the intralaminar sub-
boundary phases observed in the laminated struc-
tures of a smaller cross section (see Figure 4, a).
Secondly, no ordering can be seen in distribution
of coarse, mainly silicide phases in the bulk of
the massive α′-laminae: the forming phases are

distributed chaotically, and they are not related
either to structural boundaries, or grain and sub-
grain boundaries. Moreover, formation of intra-
volume phases in the said cases is accompanied
by a substantial increase, i.e. up to (7—
8)⋅1010 cm—2, of the dislocation density in the
phase formation zone propagating along the en-
tire length of the laminae (Figure 4, b, c). There-
fore, a distinctive feature of the structure of the
metal under investigation is formation of ex-
tended, special α-lamina structural zones satu-
rated with coarse globular phase precipitates sur-
rounded by dense dislocation clusters.

As follows from the results of investigations
of the dislocation structure and phase formation
processes, a substantial difference between the
structural-phase states of the α′- and β-laminated
structures is observed in the welded joints on
experimental alloy 1. There occurs parallel for-
mation of the laminated structures dramatically
differing in their structural-phase states, such as
almost dislocation-free laminae containing no
phase precipitates, along with laminae charac-
terised by a high dislocation density and satura-
tion of the internal volumes with chaotically dis-
tributed precipitates of a rather coarse size. It is
likely that formation of the substantially graded
(as to phase precipitates and dislocation density)
laminae is attributable to the type of the crys-

Figure 3. Microstructure of experimental alloy 1, NWZ: a – fine structure of laminae with sub-structure, ×37,000; b –
microdiffraction reflection; c – dark-field image of specific (marked with arrows in Figure 3, a) phase formations, ×3000
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talline lattice corresponding to the β- and α-for-
mations in titanium alloys. For instance, the β-
phase having the bcc lattice (comprising up to
48 sliding systems) has an almost unlimited pos-
sibility for initiation, sliding and redistribution
of dislocations, which are known to serve as ac-
tive channels for transportations of alloying ele-
ments and, hence, activation of the phase forma-
tion processes. The α-structure having the hcp
lattice is characterised by a very limited quantity
of the sliding systems. Predominantly, this is one
basal (0001) plane, and deformation in metal
with this type of the lattice is realised due to
twinning, which hampers dislocation initiation
and sliding and, therefore, phase formation.

Most probably, it is different peculiarities in
realisation of the deformation processes (through
dislocation sliding or twinning) and, as a result,
different phase formation possibilities for the
main phase components (α- and β-phases) that
explain formation of the extended laminated
structures characterised by sharp gradients of the
dislocation density and saturation with phase
precipitates. The presence of the graded struc-
tural-phase formations, which are substantially
different in the quantity and degree of dispersion
of the silicide phases, including in dislocation
density, is likely to serve as a base for formation
in metal of this type of the corresponding sharply
graded mechanical characteristics, such as gradi-
ents of strength properties (σ0.2 and σt) in the
related laminated structures.

Therefore, it was found that NWZ of alloy 1
is characterised by the presence of the extended
α′- and β-laminated phase formations, sharply
graded in dislocation density, as well as in quan-
tity and size of the forming silicide and intermet-
allic phase precipitates:

• α′ – laminated phase components (hcp lat-
tice) characterised by a minimal intralaminar dis-
location density and an insignificant quantity of
phase precipitates in laminae;

• β – laminated structures (bcc lattice) and
a small part of the α′-phase characterised by a
dramatic increase in the general dislocation den-
sity, formation of the sub-structure, very inten-
sive development of the phase formation proc-
esses (growth of size and quantity of phases) and
distribution of the silicide and intermetallic
phases in zones of the dislocation clusters.

Welded joint on experimental heat-resistant
alloy 2. Metal structure in NWZ of the EB
welded joint on experimental alloy 2, similar to
experimental alloy 1, is represented by different
phases (α′- and β-phases), which differ both in
size and fine structure of the phase formations
and in size and distribution of the silicide and
intermetallic precipitates originating during the
welding process.

For example, cross section size hl of laminae
of the martensitic α′-phase is much smaller (ap-
proximately 2—3 times) compared to that of the
laminated structures of the corresponding zone
of the welded joint on experimental alloy 1, and

Figure 4. Microstructure of experimental alloy 1, NWZ: a – phase formation in β-laminae, ×50,000; b – extended
dramatic gradients of dislocation density along the laminated structures, ×30,000; c – combined microdiffraction reflec-
tions of specific phases in α′-lamina structures
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is equal to 0.2—0.5 μm (Figure 5, a). In addition,
no dramatic changes in thickness of the laminae
are observed. In this case, and this should be
emphasised, structure of the α′- and β-phases is
characterised by the presence of the acicular and
fine intralaminar sub-structure. The dislocation
density equal to ρ ~ (8—9)⋅1010 cm—2 is uniformly
distributed.

As to the phase precipitates, structural exami-
nations and parallel analysis of microdiffraction
reflections (Figure 5, b, d; Figure 6, b, d) show
formation of primarily fine (0.01—0.02 × 0.02—
0.06 μm) and comparatively more uniformly dis-
tributed silicide and intermetallic phases in NWZ
of the welded joint on alloy 2, compared to the
welded joint on alloy 1. Moreover, the forming
phases are distributed mainly in internal volumes
of the laminated structures, first of all along the
sub-structural boundaries, i.e. they are phase pre-
cipitates that border the intralaminar sub-struc-
tural elements (Figures 5 and 6). This character
of distribution of the fine phase precipitates
should promote not only fixation of the formed
intralaminar sub-structure, but also consolida-
tion of the thus fixed structure up to a tempera-
ture of dissolution of the grain-boundary distrib-
uted phases. Besides, this type of the structural
state (fine fragments with grain-boundary fixing
phases) is more or less uniformly distributed in
the entire volume of the NWZ metal.

Analysis of microdiffraction reflections of the
structures being investigated reveals diversity of
stoichiometric compositions of the phase precipi-
tates forming in NWZ of the joints on alloy 2.
These are mostly phases of the Ti5Si3, Ti2Zr3Si3
and Ti3Al types (Figure 5, d; Figure 6, b). As
seen, compositions of the precipitated silicides
and intermetallics hardly differ from those de-
tected in NWZ of the welded joint on alloy 1.
However, morphology of this type of the phases,
their size and distribution are substantially dif-
ferent. In the welded joint on alloy 2, silicides
and intermetallics are finer, have a rod-like or
globular shape (see dark-field image in Figure 6,
b), and are distributed more uniformly in the
bulk of metal, which seems to be caused by a
structural state of the NWZ metal of the welded
joint on this alloy, i.e. by a comparatively more
uniform and finer structure of α′-martensite.
However, despite a more favourable change in
structural-phase state of the NWZ metal on alloy
2, including dispersion and uniformity of struc-
ture, formation of fine precipitates along the
structural boundaries and absence of the lami-
nated structure that is dramatically graded in its
structural-phase state, the presence of a pro-
nounced extension of the laminated structures
will lead, though to a smaller degree (compared
to the NWZ state in alloy 1), to decrease in

Figure 5. Microstructure of experimental alloy 2, NWZ: a, c – fine structure of laminated phases of the martensitic
type (a – ×50,000; c – ×37,000); b, d – microdiffraction reflections of phase precipitates
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ductility values and, accordingly, to increase in
susceptibility of the welded joint to cracking.

Therefore, NWZ of the welded joint on ex-
perimental alloy 2 is characterised by formation
of the extended phases of the laminated type
(α′-martensite and β-phase) having, like in alloy
1, a laminated morphology, but considerably dif-
fering (approximately 2—3 times) in width of the
laminated structures, finer acicular α′-martensi-
tic structure and intralaminar sub-structure, as

well as more uniform distribution of dislocations
in the entire volume of the NWZ metal.

Differences are observed also in the process
of formation of the silicide and intermetallic
phases: at a similar stoichiometric composition
(like in case of alloy 1) the phases are smaller
in size and are uniformly distributed in the entire
volume, their localisation occurring mainly along
the sub-structure boundaries.

Additional fractographic examinations of
fractures of the EB welded joints on experimental

Figure 7. Microstructures of fracture surfaces on titanium alloys (×4020): a – brittle cleavage in laminated structures
with intravolume phase precipitates (welded joint on experimental alloy 1); b – quasi-brittle fracture in martensitic
component (welded joint on experimental alloy 2)

Figure 6. Microstructure of experimental alloy 2, NWZ: a, c – distribution of phase precipitates differing in morphology
and size, ×50,000; b, d – microdiffraction reflections of specific zones of phase precipitates
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alloys 1 and 2 showed that the fracture zone of
the welded joints on experimental alloy 1 is char-
acterised by the presence of regions of the ex-
tended transcrystalline brittle cleavage in a di-
rection of the laminated structures (Figure 7, a).
In contrast to this, the welded joints on experi-
mental alloy 2 feature a more homogeneous quasi-
brittle fracture of the intragranular type (Fi-
gure 7, b) with dispersed fragments (df ~ 2—
5 μm) corresponding in size to sub-structural
components in α′-martensite.

A substantial effect on quality of the welded
joint is exerted by distribution and localisation
of internal stresses in the HAZ metal of the alloys
investigated. Stresses of this type related to non-
uniformity of heating and structural-phase trans-
formations lead to a dramatic decrease in ductil-
ity, and in some cases to cold cracking, which
occurs under the conditions of EBW of experi-
mental heat-resistant alloys. Therefore, analysis
of the role of different structural factors inducing

or blocking formation of internal stresses is also
of an important practical interest.

The package of the conducted experimental
studies made it possible, firstly, to analytically
estimate specific (differentiated) contributions
of different structural-phase factors and parame-
ters forming in welded joints of the investigated
alloys to changes in strength characteristics σ0.2,
and, secondly, to reveal the structural factors
determining the character and distribution of in-
ternal stresses τin, which are potential sources of
initiation and propagation of cracks in the inves-
tigated structural microregions [8—12].

Analytical estimates of strength σ0.2 were
made according to the Archard equation that in-
cludes the known Hall—Petch, Orowan and other
dependences [13—20]:

ΣΔσ0.2 = Δσ0 + Δσs.s + Δσg + Δσs + Δσd + Δσd.s,

where Δσ0 is the resistance of the metal lattice
to movement of free dislocations (friction stress

Figure 8. Contribution of different components of structural strengthening (grain, sub-grain, dislocation and dispersion):
a – alloy 1; b – alloy 2; c – calculated value of yield strength Σσ0.2
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of the lattice or Peierls—Nabarro stress); Δσs.s is
the strengthening of solid solution with alloying
elements and impurities (solid solution strength-
ening); Δσg, Δσs is the strengthening due to a
change in size of grain and sub-grain (Hall—Petch
dependences, grain and sub-grain strengthen-
ing); Δσd is the dislocation strengthening caused
by the inter-dislocation interaction; and Δσd.s is
the strengthening provided by the dispersed par-
ticles according to the Orowan dependence (dis-
persion strengthening).

It was shown as a result that the HAZ metal
of the welded joint on experimental alloy 1 fea-
tures the dramatically graded (approximately 1.8
times) change in yield strength (Δσ0.2 ~ 570—
1010 MPa) that depends on the structural-phase
state of the laminated structures. A dramatic in-
crease in Δσ0.2, which is characteristic of the lami-
nated structures with a high dislocation density
(ρ ~ (7—8)⋅1010 cm—2) and most saturated with
the phase precipitates, leads to a growth of dis-
location (Δσd ~ 250 MPa) and dispersion (Δσd.s ~
~ 375—500 MPa) strengthening (Figure 8, a, c).

NWZ of alloy 2 is characterised by a high
level and more uniform distribution of strength
properties (Δσ0.2 ~ 910—1040 MPa) in the form-
ing martensitic phases of the laminated type (Fi-
gure 8, b, c), this being related to their finer
structure. In this case, a certain increase in
strengthening is caused by dispersion of the sub-
structure (Δσs ~ 530 MPa), and a comparatively
uniform increase in general dislocation density
in the bulk of metal leads to strengthening of an
order of Δσd ~ 360 MPa (Figure 8, b). 

Furthermore, internal stresses τin in HAZ of
the joints were determined by examinations of
the dislocation structure [21, 22]:

τin = Gbhρ/[π(1 — ν)],

where G is the shear modulus; b is the Burgers
vector; h =  2⋅10—5 cm is the foil thickness; ν is
the Poisson ratio; and ρ is the dislocation density.

The investigations conducted showed (Figu-
re 9, a) that the HAZ metal of alloy 1 is char-
acterised by a dramatically graded (approxi-
mately 10 times) distribution of internal stresses,
directed along the laminae (from 10—100 to 750—
860 MPa), this being related to a change of the
dislocation density in different types of the lami-
nae, i.e. with low (ρ ~ 109—1010 cm—2) and high
(ρ ~ (7—8)⋅1010 cm—2) dislocation densities. How-
ever, there are also regions with an even higher
local dislocation density (ρ ~ 2⋅1011 cm—2), where
local internal stresses τin/l amount to about
2000 MPa.

HAZ of alloy 2 is characterised by a compara-
tively uniform distribution of internal stresses

(τin ~ 860—970 MPa), this corresponding to a
uniform dislocation density (ρ ~ (8—9)⋅1010 cm—2)
in the intralaminar structures (Figure 9, b).

However, both welded joints on alloy 1 and
welded joints on alloy 2 (though to a lower de-
gree) feature a clear relationship of orientation
of the distribution of internal stresses and the
laminated structures, which can be a cause of
formation and propagation of cracks.

CONCLUSIONS

1. As established in the course of the comprehen-
sive investigations of the welded joints on ex-
perimental titanium alloys conducted at different
structural levels (grain, sub-grain, dislocation),
NWZ of the joints on alloys 1 and 2 is charac-
terised by formation of the laminated-type ex-
tended structures of the α′- and β-phase compo-
nents with a similar morphology, but consider-
ably differing in density and distribution of dis-
locations, as well as in intensity of the processes
of formation of phase precipitates of the silicide
and intermetallic types.

2. In NWZ of the welded joint on pseudo- α
alloy 1, the silicide phase formation occurs most
actively in few grains of the β-phase and in a
small part of the α′-laminae, which are charac-
terised by a high dislocation density and forma-
tion of a sub-structure. At the same time, the

Figure 9. Level of local internal stresses forming in lami-
nated structures of NWZ of the welded joints: a – lami-
nated structures graded in distribution of dislocation den-
sity, and intravolume phase precipitates (experimental alloy
1); b – martensitic laminated structures (experimental al-
loy 2)
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major part of the α′-laminae is characterised by
a low dislocation density, uniform distribution
of dislocations and absence of silicides and inter-
metallics in their bulk. Phase precipitates are
observed both in the grain-boundary interlayers
and along the boundaries between the laminae.

3. The presence of the structural-phase forma-
tions in NWZ of alloy 1, which are considerably
different in quantity and degree of dispersion of
the silicide phases, and in dislocation density, is
a base for formation of dramatically graded
strength characteristics, as well as internal
stresses in the adjoining laminated structures.

4. NWZ of the welded joints on (α + β) tita-
nium alloy of the martensitic type is characterised
by formation of finer silicide and intermetallic
phase precipitates in the α′- and β-phases, which
are mainly uniformly distributed in the bulk of
the NWZ metal, i.e. along the sub-boundaries
and boundaries of the fine martensitic α′-phase.

5. Analytical estimation of differentiated con-
tribution of different structural-phase factors and
parameters forming in the welded joints on the
investigated alloys to changes in strength prop-
erties (σ0.2) showed that a substantial change in
yield strength σ0.2 of the adjoining laminated
structures occurs in NWZ of the welded joints
on alloy 1, i.e. from 570 MPa for the laminated
α′-phase with a low dislocation density to
1010 MPa for the laminae with a high dislocation
density and silicide precipitates. NWZ of alloy
2 features a higher level and more uniform dis-
tribution of strength properties (σ0.2 changes
from 910 to 1040 MPa in the entire volume of
the NWZ metal).

6. Estimation of changes in internal stresses
τin in NWZ of the welded joints on the investi-
gated alloys, made on a base of examinations of
the dislocation structures, showed that distribu-
tion of internal stresses in NWZ of the welded
joint on alloy 1 is extremely non-uniform and
directed along the laminated structures (τin
changes from 10—100 to 750—860 MPa in the
laminae with a high and low dislocation densi-
ties). Internal stresses in NWZ of the welded
joint on alloy 2 are distributed more uniformly.
However, fixation of the direction of the distri-
bution of internal stresses and laminated struc-
tures can serve as a cause of a directed propaga-
tion of cracks.

7. To eliminate strength and internal stress
gradients, it is necessary to achieve formation of
a homogeneous uniform dispersed structure.
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