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ABETRACT

& Systematic investigation cf fracture features of structurally
and crystallographically textured billets in a two—phage Ti-&aAl-
IV=IMo alloy impact and low cycle tested with a l1ight
metallographic, X=-ray and scanning elesctron microscopy was
carried out. It ig indicated that a reduction of the tensile
properties is induced by the structurally and erystalle-
Jraphically precipitatsd fields of basis orientation of the
interface boundaries of 20-30 um in width spaced across the
thickness billet by 100-170 pm.
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INTRODUCT ION

A fracture of titanium alley billets ar the time of a hot
deformation (rolling) iz their elevated senzitivity to a
temperature and deformation inhomogeneity across the thickness,
This induces a concentration irhomogeneity of alloving elements
distribution and an inhomogeneity of a recrystallizaricon process
acrosz the thickness of the Elat billets, generation of a

gecmetrical oriented (structurally texted) structure. The
structure enchances an anlsotropy of the tensile properties of
flat semiproductz. An  addition te structural testurs the

anisotropy of the propertiea is influenced by a orystallographic
texture of deformation represented by a preffered crientation of
elemental hexayonal cells of a corystal lattice of an a-phass
influenced by rolling stresses. The present work aims at an
investigation of impact and low cycle values cf the hot deformed
billets of the two-phase Titanium Ti-EAl-TV-IMo alloy with
structural and crystallographic texture features of the
investigated materials.



IMPACT BEND TEST

Fig.1l shows the location of the impact

cutting. sSpecimens and notch

Fig.1l. The location of impact specimens and
notch cutting in a bulk of a billet.

Table 1. Impact values KCV j /m* i
t va p , KCU, Mj/m° and its compo-
nents-a crack initiation and a crack propagation eneggy

Specimen and

notch orien- KCv KCU , o RCH RCD
taticn initiation propagation

nn 0.51 0.76 0.33 0.43

BIT 0.45 0« 57 0.16 0.41

IIB 0.89 0.92 0.06 0.86

an 0.58 0.74 0.21 0w53

B 073 0.86 0.18 0.68

B 1.29 1.32 0.06 1.26

To explain the results an investigation of a vo

of a structural and crystallographgc texture OfvttgmiiT?gggoiﬁgg
11ght metallography, X-ray and electron microscopy was carried
out. As X-ray investigations showed in the billets two
components texture of a prismatic {10710} type with an <0001>
axes oriented ~along and across the rolling direction had
generated. An investigation of the billets by colour chemical
painting alloys to suppose that the components of the
crystallographic texture across the full thickness of the
billet howe a lamellar Structure (fig.2.a). Within the layer
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sections of the ({0001} crystallographic plane of the a-titanium
(white colour in the figure) were distributed across the
thickness of the billet and <0001> orientation was changed layer

by layer and made up 0 degree
angle (non-basic component of
the order of magnitude of 20%)
or 90 degrees (basic component
of the order of magnitude of
60%) in respect with the rolling
direction.

The metallographic studies sho-
wed that in a surface layers of
the hot rolled billet the struc-
turally pronounced fields
(bands) had formed, the thick-
ness of the bands was 20-30 um,
they consisted of elongated,

internormal, flattened in the
thickness direction closely
packed particles of the a-phase
(Eig.2.b).:

Fig.2. Volume morphology of a crystallographic

texture (a) and of a structural in a
surface (b) and an axial (c) layers of
a billet.

The preferred orientation of the boundaries of these
structurally fields makes an angle of 90 degree (basic
component). So, in the surface layers of the billet the
structurally pronounced fields seemed to be crystallographically
pronounced fields of the basic orientation of the interface
boundaries which are reqgularly distributed across its thickness
and spaced by 100-170 um.

In axial layers of the hot rolled structurally pronounced field
of the geometrical orientation the boundaries were not observed,
in practice. There was observed small chains of rounded
recrystallized grains of the a-phase of the basic orientation
across the thickness (fig.2.c).
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4 fractographic investigations 2f ths fracture surfaces of the
Lmpact specimens pf lamaliax Ftfucture and of 5 crystallographic
LeXture allow tg understand their fracture mechani=sms during the

tegt. The hasic Micromechanism of a Specimen plastio deformation
when the applied stress jo normal to the <oools direction is
known to be a prismatic sliding in the {1010} plain in <1130-
direction, which induces high values ol impact toughkness. The

deformaticon of the Specimens, where the Applied s=stresses are
Parallel to <go0i1=> direction is activated by a twinning process
along [1071} plane, hzre the impact walussg are lower. At the
time of thea fracture tha main crack seaks the most easy ways of
propagation. as for the investigated billets these directions
are: extention direction aof the large anpgle boundaries of
Structurally proancunced fields cut of a-phase primary grainz andg
also a directicn along tha <goois crystallegraphie axis within
the grains. The crack Fropagates by a minimum EMErgy consumpticn
along the=ze Indicated crisntations [structural and
r¥stallographic). EKolachew (1283} indicates that the energy to
initiate a micra Srack wiil be minimum when disloecation
mechanism of jts initiation in a mees] and it is retarded,and
crack generation QCCUrs along the innsr lntarfaces preferably.

2o, the Structural texture of the investigated materials was
represented by a preferred crientation of +he largae angle
interface boundaries pf the flattensd ang elongated particles of
the a-phase. The crystallographic teXture is representad by a
rreferable srientation of the zlemental hexagonal cells of the
crystal lattice of +he titanium a-phase. Firsts, the affect of
Structurally and crystallographically Eronounced fields
alongated along the rolling direction [{hasic component) an the
fracture micro machanisms cf the pact specimens was studied. A
contribution of strustural E=Xture in these fields is clearly
shown on the TID 2amples (RCU prop.=0.43 Mi/m") where the large
ingle boundary brientation is coincided to the prepagatiapn
direction of the main crack (fig.i.a).

Fig.3. Fracture mechaniem of the impact spe-
cimens of structural (al, erystallogra-
phic (b)), and Loth L¥pes taxture (c.
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The striations =- traces 2t a ductile grain boundaries of these

Structurally pronounced fields were ocbzerved on  the surface
fracture of thess Specimens type.

Flig.4. The characterigtic p:ntuqraphg of a
nicrosections of crach Propagation zZones
on frasture surfaces of impact specimens
of Nifa), NB(bh), §lfe), BOi{d), OmOfe),
OE(E) types.

Flg.4.a. The crack initiation in thess specimens was pracaded by
AN appreciable plastic deformation along an interSg:tlnq_upder
90 degree [0001) and {1070} planes in =1120> direction which is

in line with a direction of an applisd load. Because cf this Ehe
crack initiatien energy is large {KCU init,.= ﬂ.}! Jﬁj;m y
Vertical specimens of BTT ‘tyvpa (KLU EFrop.= 0.41 Mji/m™), =he

tested section of which was taken cut of an axial section of the
billeta indicate a contribution of the crystallographic texture
only, as the structural texture of the material dees not axist
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in the axial layers. The direction of the propagation of the
main crack was in line with the <0001> crystallographic
orientation (fig.3.b) and traces of plastic deformation process
by microtwinning mechanism were observed on the fracture
surfaces of the specimens of this type, (fig.4.c.) The contribu-
tion of the both factors was investigated on the specimens of 1B
type (KCU prop.= 0.86 Mj/m°). The impact values of these speci-
mens was good related to the total values of impact, energies of
the specimens of IO and BI type. In the specimens of IB type
with the main crack propagation the enerqy was consumed either
by a crack opening along the boundaries of the structurally
pronounced fields or by a drastic change of its movement
direction along the crystallographic axes of <0001> type normal
to a front of the crack propagation (fig.3.c). Some jogs were
observed on the fracture surfaces which is a feature of the
crack propagation with large energy consumption (fig.4.q).
However, the crack initiation energy of the specimens of this
type was minimum (KCU init.= 0.06 Mj/m°), as the direction of
the operating load was not in the line with either sliding
system, and the fracture preceded plastic deformation was not
present.

The similar arguments can be put forward for the specimens of
a1, BHO, OB type. At the time of their fracture the main crack
meets the structurally and crystallographically pronounced
fields oriented across the rolling direction. As the component
is not base one (about 20%), its embrittlement effect was smal-
ler, and impact values was higher as compared to the correspon-
ding samples of 0, BI, 0B type (see Table 1). A fractographic
analysis of the fracture surfaces of the specimens. Fig.4.b,d,f
showed, that they fractured by the similar mechanisms, fig.3.a-c

Thus we can summarize that in the investigated billets after hot
deformation a strong structural (in the surface layers) and
crystallographic (across the full plate thickness) texture of
material with lamellar structure is generated. These layers of
the basic orientation of interface boundaries of the structu-
rally and crystallographically pronounced fields of 20-30 um in
width are reqularly distributed across the full thickness of the
billet and spaced by 100-170 um. The existence of this fields in
the material results in a change of a fracture mechanism and in
an enhancement of the anisotropy of impact values of the
specimens in the two-phase titanium alloys.

LOW CYCLE TESTS

A similar combination of the investigations was carried out on a
low cycle specimens with a circumferential notch taken out of
the surface layer of a billet in such a manner as it axis was
parallel to the rolling direction, fig.5.a. 120 specimens tested
in a 3% NaCL solution in a regime of a form zero tension under
pulsed cycle 1loading of 2-3 c/min and of  applied stress
amplitude 0.8 and 0.7 of the average value of the yield
strength. Cycles to fracture change in 200-1900 and 700- 3800
range. Thus with a reduction of applied stress value the scatter
of cycles number to fracture increases.
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A fractographic analyses of macro- and micro topography of the
specimens allow to assume that with an increase of the main
crack length and a reduction of the gauge section of the
specimen four characteristic fracture zones. The zone of the
fatigue crack initiation (zone 1) changed for a zone of stable
crack propagation of large fields of regulary fatiqgue strations
(zone 2). Then a field of an accelerated crack growth followed,
where fatigue fracture mechanism was added by a mechanism of a
single quasi static failure (zone 3). And, finally, the field of
an after fracture appropriate to a fact static fracture of a
final part of the specimen (zone 4). The micrographs of the zone
3, the zone of the accelerated crack growth represented the
mosaic of the misoriented shear facets and microstriction
colonies normal to them. This field can be designate a corrosion
embrittlement zone (fig.5.b) as on the fracture surfaces of the
specimens fractured in an air inspite of the existence of
microstriction, share facets were not ofserved.

a)

Fig.5. The fracture scheme (a) and a characte-
ristic appearance of the fracture sur-
face (b) of low cycle specimens after
sea water tests.

The zone of corrosion embrittlement was of great area on the
fracture surfaces of the samples of low number of cycles to
failure and came out on the edge of the sample. The color
electrochemical painting of the metal just before the failure
aligns to defect the structurally and crystallographically
pronounced fields of the basic orientation of the interface
boundary at the places of the corrosion embrittlement either
does not exist on the fracture surfaces of the samples of high
number of cycles to failure or there was in the middle portion
of the fracture surface. The colour electrochemical painting of
these sample detected a non-existence of the elongated o-phase
particles of the basic orientation of the interface boundaries
in the plane of the main crack propagation.

The above discussed combination of the investigation allowed to
understand the fracture mechanisms of the low cycle longitudinal
samples of structurally and crystallographically pronounced
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fiolds oriented across the rclling direction (fig.s.a). As the
samples were notchord circumiernntially, the zane of the main
crack initiation was potentially over the whals sample perimetar
at the same time. However, as it had heen SNown recently, in
places, whers structurally and EI?EtalngrthiCﬂLly pronounced
fiaelds randomly accured in the crack initiatian zong, and were
oriented in such a way that the directicn of the active load was
Aot in line with s=ither of plastic deformation 2vstem (tor
example, on the samples of AE t¥pe, fig.3.c}), the crack of the
Mminimum energy of crack initiation lazily Fenerated along plane
base. Further tare place a drastic change of its movement
direction along the crystallographic axis of <pools type normal
to a front of the crack Propagation, and the same time opening
its bve mechanism of multiple sliding alaong an intersecthg
crystallographic planes of {1010} type to the <1130> direction.
The shear facets witkh microstriction colonies normal  to them
appeared on  the fracture surfaces {fig.5.b) which is  in
Fgreement with the Wanhill (1376) zuppositions relating to the
Ti=6Al=g4V alloy.

CONCLUSION

Thus, the Structurally and crystallographically  pronsunced
fields of the basa orientaticn of. the intarface boundaries 20-1g
Mm in width spaces across the thickness of the hot rolled billet
by 100=170 um i= shown to be responsible for the enhancamant of
anisctropy of impact values, the increase of the scatter of the
low cycle test results of the specimens in tha two—phase
titanium alloys. The lower the applied stress value at the time
of the =zpecimen tasting (impact ar zyclic), the more <he
contribution of crack initiavion period in its life time, the
more important is the account ef the number and geoamectry of the
locaticn in a bulk of the flat bPillets of such structurally and
crystallngraphically prenounced fields effecting on the fracrure
mzchanism change of the tested samples.
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