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ABSTRACT

Titanium alloys are a key part of an armour designer’s toolset due to their high ballistic mass
efficiency. However, titanium’s high cost has restricted its use in military land-based vehicles.
In this study, the effect of different processing routes on the microstructure, texture, ballistic
performance V5o and deformation modes of Ti-6Al-4V armour plate is investigated. Plates were
fabricated via conventional hot rolling and the powder metallurgy techniques of HIP and FAST.
The plate failure modes varied significantly with the microstructure while the formation of adia-
batic shear bands seems to be influenced by crystallographic texture. The rolled plate exhibited
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the best performance due to a strong transverse-type texture perpendicular to the projectile

direction.

Introduction

The use of titanium alloys within the defence sector is
advantageous due to its weight-to-strength ratio, partic-
ularly for structural applications. Owing to the high bal-
listic mass efficiency of armour grade Ti-6Al-4V alloy,
compared with Rolled Homogeneous Armour (RHA)
steel, 30-40% weight reductions can be achieved, and
no additional appliqué armour is required [1]. With the
implementation of the MIL-A-46077 military specifica-
tion for armour components of Ti-6Al-4V and its use
in combat vehicles [2], more research has been done
on understanding the impact performance of titanium
alloys manufactured by conventional methods [3-5].
However, the prohibitive cost of titanium alloys, up to
20 times the cost of RHA steel, together with the lack
of knowledge about its ballistic properties in the early
stages, have prevented their use on armour applications.

The increase of the oxygen content to a maximum of
0.30% established by the MIL-DTL- 46077G [6] spec-
ification for military applications allowed the use of
lower-cost single melting technologies such as Electron
Beam or Plasma Melting processes [5]. Albeit, energy
and labour-intensive thermomechanical processing by
hot rolling is still required. Powder metallurgy (PM)
routes were also considered with the added advantage
of the possibility to obtain a near-net shape compo-
nent. The blended elemental (BE) PM approach has
seen high volume production in the missile industry,
such as in sparrow missile wings [7]. ADMA Products,
Inc. produced titanium plates using TiH2 powders via
Cold Isostatic Pressing and rolling [8]. International
Titanium Powder (ITP) produced CP-Ti and Ti-6Al-4

V plates via Vacuum Hot Pressing (VHP) using Arm-
strong powders [9]. In both cases, the ballistic perfor-
mance was similar to conventional wrought Ti-6Al-4V
properties for specific thickness of plate. However, the
cost of production and/or post-processing required for
the powder feedstock of this BEPM approach is still the
main limiting factor for their consideration as low-cost
PM processes for the manufacture of titanium products.

Alternatively, Hot Isostatic Pressing (HIP) and Field
Assisted Sintering Technology (FAST) are direct solid-
state consolidation techniques that enable near-net
shapes to be produced in one single step, using vacuum
or protective atmospheres, with the proven capability to
use lower-cost titanium powder and particulate feed-
stock in the FAST process [10-13]. HIP is the most
common method used for consolidating titanium alloy
powders, which are hermetically sealed in a mild or
stainless steel can [14]. The pressure is applied iso-
statically to canned powder using argon gas at furnace
temperatures around 900°C heated by convection.

The work by Nesterenko et al [15,16] on the inves-
tigation of HIP using Ti-6Al-4V plasma rotating elec-
trode process powder showed enhanced ballistic per-
formance when compared to conventional rolled plate
material. The FAST process consolidates powder by
heat, via the joule effect of an electric current in
graphite dies, and mechanical pressure. Compared to
HIP, it allows shorter processing times, and the reuti-
lisation of the graphite dies and tooling [17]. How-
ever, the ballistic performance of titanium billets pro-
duced from powder via FAST has not been previously
investigated.
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In titanium alloys, microstructure and texture are
strongly dependant on thermomechanical processing
parameters [18-20]. For armour applications, thermo-
mechanical processing significantly influences ballis-
tic performance [21]. Beta processed material exhibits
low-energy absorption with a dominant failure mode of
adiabatic shear plugging, while a+ S processed mate-
rial fails by higher energy absorbing failure modes
of enhanced bulging, planar delamination cracks and
adiabatic shearing [3]. The higher energy absorption,
delamination crack failure modes of the a+pg pro-
cessed material established by Burkins et al [4] was
later linked to a strong transverse texture [22]. Similarly,
recent research in other hexagonal close-packed (HCP)
alloys have shown that a transverse texture is beneficial
by enhancing energy absorption and restricting strain
hardening [23]. The type of failure mechanisms has
also been linked to the microstructure and the propaga-
tion of the adiabatic shear bands that lead to ductile or
brittle failure for bimodal or lamellar microstructures,
respectively [24-26]. Compared to HIPed Ti-6Al-4V,
the differences in ballistic performance and different
shear bands patterns are believed to be related to the
difference in texture [27]. However, previous investiga-
tions on the effects of texture on ballistic performance
by Kad et al [28] and Schoenfeld et al [22] did not
explicitly measure the texture of the ballistically tested
material and instead assumed generalised processing
and recrystallisation textures from the literature.

In this investigation, different processing routes of
Ti-6Al-4V plates and their microstructure, texture and
ballistic performance were fully characterised. The
main objective is to compare the performance and
failure modes of the baseline material processed by
conventional rolling to alternative powder metallurgy
routes such as conventional HIP and field-assisted sin-
tering technology (FAST).

Materials and methods
Plate processing routes

The materials used in this investigation are Ti-6Al-4V
plates with thicknesses of 14.2, 13.8 and 12.7 mm pro-
cessed via conventional rolling, FAST and HIP, respec-
tively. The rolled plate is ASTM 256 Ti-6Al-4V Grade
5 in the mill-annealed condition. Two FAST plates of
250 mm diameter were produced using surplus Ti-6Al-
4V powder using The University of Sheffield’s FCT HP
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D250 machine, where a large amount of prior research
has been carried out into the consolidation of titanium
particulates via FAST [13,17,29,30], using a sintering
cycle of 30 min dwell time at 1100°C or 950°C with a
uniaxial pressure of 35 MPa, with no further heat treat-
ment. The HIPed plate was manufactured by BAE Sys-
tems to a proprietary BAE Systems HIP cycle. After sin-
tering the HIPed plate was then stress relieved to a ‘mill
anneal’ temperature, so it is comparative with commer-
cial mill annealed wrought titanium products. Table 1
shows the composition of the Ti-6Al-4V products or
feedstock (in the case of FAST and HIP processing)
used in this investigation.

Ballistic impact experiments

The plates were used as targets for the Vs ballistic
impact experiments conducted by RBSL to obtain the
V5 ballistic limit of the plates according to the MIL-
STD-662F specification for evaluating armour mate-
rials using a threat of 30-cal APM2 Armour-piercing
projectile. A schematic of the setup is shown in Figure
1. Between 9 and 12 shots were fired into each plate
with velocities starting at 30 m/s above the minimum
required Vsg given in the MIL-DTL-46077G specifica-
tion [31]. The Vs indicates the velocity of the bullets
where 50% of the bullets penetrates the target. In this
study, a failure is considered when damage is caused in
the witness card placed behind the target, see Figure 1
with the red line. A pass occurs when the projectile is
contained by the target or when no light can be seen
through the witness card, see Figure 1 with the blue line.

The attack and rear faces of the perforated plates
were photographed. Pass and fail shots were selected
from each plate and sectioned parallel and across the
penetration direction for further examination (Section
2.3).

Texture and microstructure analysis

The analysis of microstructure and texture in the bulk
material was performed in the transverse plane of each
plate. Note that in all cases, the transverse plane is par-
allel to the projectile direction. The specimen surface
was ground, polished and etched using Kroll’s reagent
to reveal the microstructure for optical microscopy.
Micrographs were obtained using Olympus Bx51 with
the software Clemex Vision PE. The texture analysis

Table 1. Chemical composition and powder size distribution of the Grade 5 Ti-6Al-4V materials used for the manufacture of each
product and composition requirement for MIL-DTL-46077G titanium armour specification [6,36].

Powder size (um) 0 C N H Comments
Class 2 (MIL-DTL-46077G) n/a 0.2 0.08 0.05 0.0150 Common Armor: 6% Min Elongation
Ti-6Al-4V Grade 5 n/a 0.20 0.08 0.05 Max 0.015 Rolled plate
PREP powder 60-123 0.18 0.04 0.008 0.0032 FAST-1100
GA powder 105-405 0.12 0.004 0.008 0.0019 FAST-950
PA powder 45-180 0.12 0.01 0.01 0.001 HIP
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Figure 1. Schematic setup of the ballistic experiments were the dotted lines show the trajectory of two different projectiles. The red
dotted line represents a failure of the material, and the blue dotted line represents a pass.

was performed by electron backscattered diffraction in
a scanning electron microscope JEOL7900F equipped
with a Symmetry detector and AZtecHKL. Post-
processing of the texture data was performed using the
open access MTEX [32]. Post-ballistic investigation was
performed by optical microscopy in the cross section
of selected targets perpendicular to the projectile direc-
tion after etching. The hardness was measured with a
Vickers Armstrong Pyramid Testing Machine 3290 at
HV30.

Results and discussion
Microstructure of the Ti-6Al-4V plates

The microstructure from the bulk material of the Ti-
6Al-4V plates is shown in Figure 2. The rolled plate
shows a bimodal microstructure of primary alpha
grains (crp) and secondary alpha colonies (o5) with
50% volume fraction of oy, grains of 20 um diameter,
Figure 2(a). The microstructure from HIP (Figure 2(b))
and FAST-950°C (Figure 2(d)) material shows a quasi-
equiaxed microstructure consisting of alpha nodules
and thick alpha laths of 3-10 um width being coarser for
HIP material. The FAST-1100 °C plate shows the typical
B-processed fully lamellar microstructure with grain
sizes between 200 and 500 um diameter surrounded
by grain boundary alpha of 10-20 um thick and alpha
lath widths of the lamellar colony structure between
3 and 6 pm (Figure 2(c)). The highest hardness val-
ues were found at the fully lamellar microstructure of
FAST-1100°C with 360HV30, see Figure 2.

Note that the axial axis AD, and the transversal axes
TD; and TD, are used to relate the reference axis of
interest during processing and during ballistic experi-
ments (see axis in Figure 2). For FAST material, AD is
parallel to the direction of the uniaxial pressure during
sintering while TD; and TD, are two random orthog-
onal radial directions of the 250 mm diameter plates.
For rolled plate, TD; is aligned with the rolling direc-
tion. Since the HIP plate was processed under isostatic
pressing conditions, no reference axes of interest are
allocated. Note that in all cases, AD is parallel to the
projectile direction during the ballistic experiments.

Vso ballistic limit results

Table 2 summarises the results from the ballistic tri-
als listing the manufacturing process, heat treatments,
and thickness of each target. All plates passed the bal-
listic impact requirements of MIL-A-46077G except for
target FAST-1100°C. Most data points from the tests
performed in this work are equal if not better than the
base line of the specification MIL-A-46077G, Figure 3.
Based on normalised thickness, the rolled plate material
was 3.5% better than the minimum required Vs, fol-
lowed by a 1.5% and 1.6% increase for the FAST-950°C
and HIP plates respectively, while the FAST-1100°C
plate was 0.33% lower than the V5 limit line.

Failure modes from Vs ballistic limit testing

Photographs taken from the attack and rear faces from
selected impacts are shown in Figure 4. A pass and
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Figure 2. Light optical micrographs from the bulk material of Ti-6Al-4V (a) Rolled plate, (b) HIP plate, (c) FAST-1100°C plate and (d)

FAST-950°C plate with their respective HV30 hardness values.

Table 2. Summary of the Vsq ballistic limit results.

Required Vsq
(MIL-DTL-46077G)
Manufacturing process Heat treatment  Thickness (mm) Areal Density (kg/mz) V50 (m/s) Std Dev (m/s) Velocity Spread (m/s) (m/s)
Rolled plate Mill Anneal 14.2 61.45 704.5 4 10 680.3
HIP ~ 900°C Mill Anneal 12.7 55.72 641.6 7 16.6 632.1
FAST 1100°C n/a 13.8 61.17 667.8 6.2 17.6 670.0
FAST 950°C n/a 13.8 60.57 680.9 6.4 16.8 670.0

a fail were chosen for each plate condition for fur-
ther investigation. Significant differences in the fail-
ure mode are observed between the materials pro-
cessed in the o+p and the 8 regions which can be
directly related to the final microstructure. The bimodal
and semi-equiaxed microstructures from o+ process-
ing showed a more ductile failure mode with petaling
occurring at the front face in both pass and fails, Figure
4(a,b,d). The fully lamellar microstructure resulting
from B processing, observed in the FAST-1100°C plate,
showed a brittle type of failure by plugging and frag-
mentation, Figure 4(c-i,c-ii). However, this sample also
showed more radial confinement of the bullet, Figure
4(c-iii,c-iv), compared to the other conditions (espe-
cially Figure 4(d-iii,d-iv)). This means that less mate-
rial has fractured and been ejected away from the
bullet surroundings, creating a smaller diameter shal-
low crater on the attack face. The reason why there

is more radial confinement in S-processed materials
could be due to the higher fracture toughness behaviour
compared to material processed in the a+f region.
It has been well-documented in the aerospace indus-
try that a large-grained, fully lamellar microstructure
provides enhanced crack growth resistance [33].

Adiabatic shear band formation and fracture

As shown in previous ballistic metallography investi-
gations [4,24,25,28], the failure mode is first defined
by the microstructure. Adiabatic shear parallel to the
direction of impact is commonly observed in all types
of microstructures prior to ultimate breakthrough tar-
get [22]. The cross sections of each pass from Figure
4 are shown in Figure 5 with highlighted regions to
illustrate the deformation by adiabatic shear bands -
white ribbon-shaped features - close to the penetration
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Figure 3. Vs against thickness plot comparing the MIL-DTL-46077G minimum required limit line with the experimental results on

the four different Ti-6Al-4V plate targets.

hole. The brittle fragmentation previously observed in
Figure 4(c-i) for the lamellar microstructure target can
also be seen in the cross section (Figure 5(e)) by the
spalled fragments that are pulled out from the target.
Whereas in bimodal and quasi-equiaxed microstruc-
ture a ductile hole formation was observed, particularly
for rolled plate and FAST-950°C (Figure 5(a,g)). Adia-
batic shear bands (ASB) and ASB-induced cracks are
observed in all targets. Such ASBs are considered the
major mechanism by which titanium alloys fail and
fracture during impact testing [25]. ASBs are gener-
ated at high strain rates, and due to the poor thermal
conductivity of titanium, leading to adiabatic heating
which causes material softening and strain localisa-
tion. All targets showed well-defined ASB with varying
thickness, propagation directions, ramifications and
ASB-induced cracks. The average thickness of the ASBs
was about 9-15um (rolled plate), 6-18 um (HIP),
15-20 pum (FAST-1100°C) and 5-13 um (FAST-950°C)
with the thickest ASBs of about 25-30 um observed
in the FAST-1100°C and HIP material, respectively.
The length of the ASBs was obtained by measuring
the ASB in a straight line from the surface of the
hole until the ABS faint in the bulk material. The
average length values were about 4 mm (rolled plate),
3.1mm (HIP), 2.7mm (FAST-1100°C) and 3.7 mm
(FAST-950°C) with the longest ASBs observed in rolled
and FAST-950°C plates of 6.3 and 5.6 mm respectively.
The rolled plate showed fine and equidistant ASB with
a preferred propagation direction following the flow
lines of the material inherited from the rolling pro-
cess, (Figure 5a,b). In the rolled plate, there is a greater

number of ASB which are distributed mainly on the
lower half of the cross section in Figure 5(a), showing
signs of delamination as highlighted by the white arrow
showing a region with an ASB-induced crack. Delam-
ination occurs following the flow path of rolled plate
perpendicular to projectile direction through regions of
heavily different critical resolved shear stress (CRSS),
i.e. soft to hard regions in rolled plate. This has been
suggested as an additional failure mechanism allow-
ing for the increased absorption of projectile energy
[22] as observed in the rolled plate investigation by
Burkins et al [4]. The delamination phenomenon was
not observed in any powder-derived Ti-6Al-4 V targets,
most likely due to the lack of a strong texture anisotropy
that generates these regions with significantly different
CRSS. As the ASBs are regions of intense plastic insta-
bility leading to fracture, the rolled plate distributes this
plastic deformation (and thus, energy absorption) over
a larger number of thin ASBs compared to the other
plate conditions. For example, at the other extreme, the
FAST-1100°C processed material, with a large-grained,
lamellar structure has a smaller number but thicker
ASB, concentrated towards the back end of the plate.
Thicker ASB are regions of a higher volume of intense,
plastic instability regions — and more prone to fracture.
This accounts for the fracture and inter-ASB cracks
observed at the back face of the FAST-1000°C plate
(Figure 5(e)). The subtle difference between HIP and
FAST-950°C material is the slightly larger number of
regularly spaced ASB generated in FAST-950°C (Figure
5(g)) compared to HIP (Figure 5(c)), as well as the
slightly longer nature of the ASBs for FAST-950°C. Such
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Figure 4. Photographs of the attack (back) and rear (front) face of the impacted targets of Ti-6Al-4V (a) Rolled plate, (b) HIP plate, (c)
FAST-1100°C plate and (d) FAST-950°C plate showing pass (i, iii) and fail (ii, iv) ballistic impact from each plate. Vsq value is indicated

for each impact.

ASB in the former are also slightly thinner which again
may account for the slightly less fracture in the back
end compared to the HIP plate, where the thicker ASB
has led to slightly more pronounced cracking/inter-
ASB cracking and thus more fragmentation at the back
end (Figure 5(c)).

Texture and anisotropy developed in Ti-6Al-4V
plates from different processing routes

Orientation maps from the bulk material of the Ti-6Al-
4V plates are shown in Figure 6. Inverse pole figure
(IPF) orientation maps with respect to the projectile
(AD), which is in the vertical axis. The orientation
maps show no preferential orientation for the HIP

(Figure 6(b)) and FAST material (Figure 6(c,d)) while a
strong anisotropic texture is observed in the rolled plate
(Figure 6(a)) displaying band-like features perpendic-
ular to AD which is also highlighted by the respective
pole figures (see Figure 7(a)). The pole figure plots
of these maps are shown in Figure 7 with respect to
the projectile direction (AD in the centre). The rolled
plate shows a transverse texture dominated by a strong
basal {0002} texture in TD, typically observed in hot
rolling of titanium alloys [34]. Another lower inten-
sity peak is aligned with TD; in the basal {0002} pole
figure as a result of cross rolling. Overall, there is no
basal component in AD meaning that the c-axis of
the HCP crystal, i.e. [0001] direction, is perpendicu-
lar to the projectile direction (AD), Figure 7(a). The
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Figure 5. Light optical micrographs mosaics from the etched cross section of passimpacts in Figure 4 and examples of ABS formation
and bifurcation near the penetration channel of (a, b) Rolled plate, (c, d) HIP plate, (e, f) FAST-1100°C and (g, h) FAST-950 °C plates.

pole figure plots from HIP plate and FAST-1100°C plate
show a non-descriptive texture with several intensity
peaks with no preferential alignment with any refer-
ence axis, Figure 7(b,c). Contrastingly, the FAST-950°C
plate shows a weak compression texture, as represented
in the basal {0002} pole figure with the c-axis lying
perpendicular to the projectile direction (AD) showing

some preferential alignments in three radial directions,
Figure 7(d).

The influence of texture on ballistic performance

The texture analysis has shown that there are two main
types of texture within the Ti-6Al-4V targets investi-
gated in this work: having the c-axis of the HCP crystal
either perpendicular or not with respect to the projec-
tile direction. The rolled plate showing the best bal-
listic performance has the c-axis lying perpendicular
to the projectile direction (Figure 7(a)) as a result of

[1100]

AD

0001] [1210]

Figure 6. Inverse pole figure (IPF) orientation maps with respect to the axial direction (AD) from the bulk material of Ti-6Al-4V (a)
Rolled plate, (b) HIP plate, (c) FAST-1100°C plate and (d) FAST-950°C plate.
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Figure 7. Basal {0002}, Prismatic {1010} and {1210} pole figure plots from the bulk material of Ti-6Al-4V (a) Rolled plate, (b) HIP
plate, (c) FAST-1100°C plate and (d) FAST-950°C plate. AD is in the centre of the pole figures which is parallel to the projectile

direction.

the transverse type texture developed from the rolling
process. This is also the case for the FAST-950°C plate
although in this case this is a result of a weak com-
pression texture inherited from the uniaxial pressure
direction in the sintering/consolidation process when
processing below Tg, Figure 7(d). This agrees with
ballistic work performed in magnesium alloys at which
a transverse texture exhibits enhanced ballistic perfor-
mance when the c-axis is perpendicular to the projectile
direction by the increment of slip activity in contrast
to the strong basal texture [23]. However, this is not
the case for the HIP plate due to the isostatic pressure
being applied in all directions during the consolida-
tion process, resulting in a random texture. Despite the
differences in the microstructure, the texture in HIP

is similar to the texture observed in the FAST-1100°C
plate, Figure 4 (b,c).

For the transverse and compression texture of rolled
plate and FAST-950°C plate, respectively, the deforma-
tion by impact of the projectile is likely to occur mainly
in soft prismatic planes. This is shown schematically in
Figure 8(b) at which the c-axis of the HCP crystal is
lying perpendicular to the shooting direction. While in
HIP and FAST-1100°C plate, the random distribution,
although it is commonly desirable to obtain isotropic
properties in titanium alloys, might lead to a lower den-
sity of crystals preferentially aligned for deformation to
occur due to the wider range of orientations covered.
This is due to the strong anisotropic behaviour of the
HCP crystal of the titanium o -phase with respect to the
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Figure 8. Schematic drawing of the distribution of the (a) HCP crystals with respect to the projectile direction for (b) Rolled plate

and FAST-950°C plate, and (c) HIP and FAST-1100°C plate.
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Figure 9. Schmid factor distributions for the basal (a) and prismatic (a) slip for the (a) FAST-950°C (b) FAST-1100°C (c) HIP plate and

(d) Rolled plate.

main loading direction (i.e. projectile direction in the
current investigation) [35]. In this case, the HCP crys-
tals had the c-axis not only lying perpendicular to the
shotting direction but also parallel or to an angle with
respect to the shotting direction, as shown schemati-
cally in Figure 8(c).

A detailed Schmid Factor (SF) quantification was
obtained from the orientation EBSD datasets to predict

the likelihood on deformation behaviour on the dif-
ferent materials for Basal and Prismatic slip systems,
Figure 9. The Schmid factor distribution for the rolled
plate material suggests that there is a high density of
grains preferentially orientated for Prismatic (a) slip,
Figure 9(d), in contrast to the other materials which
showed similar tendencies for Basal (a) and Prismatic
(a) slip at low and high SF values but with lower



frequencies, i.e. less grains orientated favourably for slip
to occur. Note, however, that the Schmid factor distri-
bution for HIP (Figure 9(c)) and FAST-950°C (Figure
9(a)) plates follow the same trend but there is a slightly
higher preference for Prismatic (a) slip activation on the
FAST-950°C plate, which could explain the subtle dif-
ferences in the ballistic performance of the FAST-950°C
versus HIP material. Despite the similar observed avail-
ability of both Basal (a) and Prismatic (a) activation on
the FAST-1100°C (Figure 9(a)) at relatively high SF val-
ues, the effect of a fully lamellar microstructure on the
failure mode appears to have a bigger influence than the
texture present in the material.

The SF analysis suggests that the easier activation of
Prismatic (a) slip in rolled plate plays an important role
on the enhanced ballistic performance of this material
compared with the other targets in the current work.
This is due to the rolling texture inherited from the pro-
cessing of the rolled plate leading to the presence of a
large number of grains favourably orientated for Pris-
matic (a) slip to occur, i.e. the c-axis is perpendicular
to the shooting direction, as shown in Figure 8(b), and
therefore the prismatic planes are subject to a high criti-
cal resolved shear stress (CRSS), while basal planes will
have very low or none CRSS as shown in Figure 8(d).
This, however, was not the case for the other materials
(particularly HIP and FAST-1100C) whose HCP crys-
tals had the c-axis in all directions, as shown by the
pole figures in Figure 7(b,c) and Figure 8(c). Those tex-
tures have shown a smaller number of grains favourably
orientated for slip (Basal (a) and Prismatic (a)) com-
pared to the rolled textured target which suggests that
these are less prone to plastically deform under loading
and therefore less energy absorption diminishing their
ballistic performance.

Conclusions

Ti-6Al-4V targets produced from conventional tita-
nium mill products and alternative powder metallurgy
routes were successfully tested against ballistic perfor-
mance. The targets including rolled and HIP plates,
and a FAST plate performed successfully according to
the MIL-A-46077G specification when processed in
the or+4-B region. The target processed by conventional
rolling, commonly used as baseline in ballistic testing
of titanium alloys, exhibits the best performance fol-
lowed by the FAST and HIP products. Post-ballistic
investigation suggests that while the fulfilment of the
V50 requirement might be defined by the microstruc-
ture resulting from the processing temperature with
respect to Tg in titanium alloys, the deformation mode
leading to ASB propagation, density and thickness
and ultimately, leading to failure is texture dominated.
This work has shown that the c-axis distribution and
orientation of the HCP crystals plays a key role in the
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deformation behaviour with respect to the projectile
direction.

In the current work, the texture resulting from the
processing can generate this optimum texture for ballis-
tic performance in rolled plate and FAST using surplus
Ti-6Al-4V powder from their rolling and compression
texture regarding the projectile direction respectively.
While in the rolled plate this is a result of the rolling
texture, in the FAST-950°C plate this is generated by a
weak compression texture inherited from the uniaxial
pressure direction in the sintering process. This, how-
ever, is not the case for the HIP process due to the
sintering pressure being applied in all directions, result-
ing in a random texture, i.e. random distribution of
the c-axis. This, together with the adding value of the
low-cost nature of the process by (1) the use of surplus
commercial titanium alloys powder (2) short sintering
cycles compared to HIP and (3) the no need for a post
heat treatment place the FAST process as a good can-
didate to reduce cost and enhance sustainability for the
production of titanium components.
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