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The impact response of Ti–6Al–4V alloy is investigated using a compressive split-Hopkinson pressure
bar at strain rates of 1.0 � 103 s�1, 3.0 � 103 s�1 and 4.3 � 103 s�1 and temperatures of �150 �C, 0 �C
and 25 �C, respectively. It is shown that for a constant temperature, the flow stress, work hardening rate
and strain rate sensitivity increase with increasing strain rate, while the activation volume decreases.
Meanwhile, for a constant strain rate, the activation volume increases with increasing temperature, while
the flow stress, work hardening rate and strain rate sensitivity decrease. Scanning electron microscopy
(SEM) observations reveal that the fracture surfaces are characterised by a transgranular dimpled struc-
ture, indicating that Ti–6Al–4V alloy has excellent ductility. The density of the dimples increases with an
increasing strain rate or increasing temperature. Transmission electron microscopy (TEM) observations
show that the dislocation density increases with an increasing strain rate, but decreases with an increas-
ing temperature. The linear correlation between the square root of the dislocation density and the true
stress confirms the existence of a Bailey–Hirsch type relationship. Finally, the strengthening effect
observed at higher strain rates and lower temperatures is attributed to a greater dislocation density.

� 2010 Elsevier B.V. All rights reserved.
1. Introduction

Ti–6Al–4V alloy has attracted considerable interest recently be-
cause of its high specific strength, extensive ductility and good cor-
rosion resistance [1–3]. These properties render Ti–6Al–4V an ideal
candidate for a wide variety of components in the aerospace, de-
fense, bio-medical and nuclear industries. Regarding the nuclear
engineering applications of titanium alloys such as Ti–6Al–4V,
modern nuclear-powered submarines are commonly built with
titanium hulls, allowing the vessel to operate at depths of as much
as 6000 m [4]. Similarly, titanium alloys are used to fabricate the
body of nuclear missiles designed to operate at high flight veloci-
ties and altitudes of 50,000 m or more [5,6]. In both cases, the tita-
nium alloy structure is subjected to a high strain rate and a low
(2 �C for submarines) or cryogenic (�150 �C for missiles) tempera-
ture. To ensure the mechanical integrity of Ti–6Al–4V components,
it is therefore essential to develop a thorough understanding of the
effects of impact loading and cryogenic temperature on the alloy’s
mechanical properties and microstructural evolution.

It is well known that the mechanical properties and failure
characteristics of most engineering metals and alloys vary with
the strain rate and temperature [7–13]. For example, the impact
flow stress of 304L stainless steel increases with an increasing
strain rate. Furthermore, a notable increase in the strain rate sen-
sitivity occurs at strain rates greater than a critical value of approx-
ll rights reserved.
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imately 103 s�1 [8]. When predicting the dynamic failure
characteristics of engineering materials, this marked increase in
the strain rate sensitivity must be taken into account. However,
the effects of temperature on the mechanical properties of the
material must also be considered [14–17]. For example, most met-
als and alloys experience a significant increase in flow stress and a
dramatic reduction in ductility as the temperature is reduced to
the cryogenic range. This effect is even more pronounced when
the component is loaded under high strain rate conditions.

From a microstructural viewpoint, the plastic deformation of an
engineering material is directly related to the motion of disloca-
tions within the microstructure. The evolution of the dislocation
structure depends on both the original structure of the material
and the applied strain rate and temperature [18,19]. Furthermore,
it has been reported that dislocations within the crystal structure
form loops, pile up at the grain boundaries, or arrange themselves
in various types of cells [20,21]. These various dislocation arrange-
ments act as obstacles to the motion of other dislocations, and
therefore provide a hardening effect [22,23]. The effect of the dis-
location density on the hardening behaviour can be described by
the following Bailey–Hirsch type relation [24]:

r ¼ r0 þ a1bG
ffiffiffiffi
q
p

; ð1Þ

where q is the dislocation density, G is the shear modulus, b is the
magnitude of the Burgers vector, a1 is a material constant related to
the crystal and grain structure, and r0 is the initial yield stress of
the material.
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Ti–6Al–4V alloy has a poor thermal conductivity (6.7 W/m K),
and thus it is important to clarify the adiabatic shearing effect in
order to prolong the service life of Ti–6Al–4V components and to
prevent their catastrophic behaviour. Although the high-tempera-
ture deformation behaviour of Ti–6Al–4V alloy has been exten-
sively examined over a wide range of strain rates [25–28], the
effects of strain rate on the impact response, failure characteristics
and microstructural evolution of Ti–6Al–4V alloy in the low-tem-
perature regime are less clear. Consequently, the present study uti-
lises a compressive split-Hopkinson pressure bar (SHPB) to
examine the impact deformation behaviour of Ti–6Al–4V alloy un-
der strain rates ranging from 1.0 � 103 s�1 to 4.3 � 103 s�1 and
temperatures of �150 �C, 0 �C and 25 �C, respectively. The respec-
tive effects of the strain rate and temperature on the stress–strain
characteristics of the impacted specimens are identified and dis-
cussed. The fracture surfaces are then analysed using scanning
electron microscopy (SEM) in order to identify the dominant frac-
ture mechanism. Finally, transmission electron microscopy (TEM)
is employed to observe the microstructures of the deformed spec-
imens in order to correlate the mechanical response of the Ti–6Al–
4V alloy and its microstructural evolution.
2. Material and experimental procedure

The Ti–6Al–4V alloy used in this study was purchased from B&S
Aircraft Alloys, USA in the form of a hot-rolled bar with a length of
200 mm and a diameter of 27 mm. According to the supplier’s
specification, the chemical composition of the Ti–6Al–4V alloy
was as follows: 6.1%Al, 4.0%V, 0.21%Fe, 0.1%C, 0.03%N, 0.012%H,
0.15%O, and a balance of Ti. The bar was annealed at 750 �C for
2 h and was then air-cooled in order to reduce the residual stress
and ensure a uniform microstructure. Specimens with a length of
7 ± 0.1 mm and a diameter of 7.2 mm were then machined from
the bar and finished to a final diameter of 7 ± 0.1 mm using a cen-
tre-grinding process. Dynamic impact tests were then carried out
using a compressive SHPB at strain rates of 1.0 � 103 s�1,
3.0 � 103 s�1 and 4.3 � 103 s�1 and temperatures of �150 �C, 0 �C
and 25 �C.

Fig. 1 presents a schematic illustration of the experimental
arrangement. In the impact tests, the cylindrical specimens were
sandwiched between the incident pressure bar and the transmitter
bar and the end of the incident bar was then impacted by the strike
bar. The strike, incident and transmitter bars were all made from
high-strength tool steel and had a diameter of 12.7 mm. In addi-
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Fig. 1. Schematic illustration of compressive split-Hopkins
tion, the incident and transmitter bars were both 100 cm in length,
while the strike bar had a length of 22 cm. The low testing temper-
atures of 0 �C and �150 �C were obtained by fitting a refrigeration
system around the specimen. Liquid nitrogen and alcohol were
added to the refrigeration system at the beginning of the experi-
mental tests and were periodically replenished in order to main-
tain a constant fluid level. (Note that the full details of the
experimental procedure and analytical technique used to evaluate
the dynamic mechanical response of the impacted specimens are
presented in [29], and are therefore omitted here.)

Following the impact tests, fracture analysis specimens were
prepared using a standard metallographic technique and were
examined using an FEI Quanta 400F scanning electron microscope
with an operating voltage of 15 kV. TEM samples were prepared by
cutting foils with a thickness of 350 lm from the Ti–6Al–4V spec-
imens using a low speed cutting machine. Discs with a diameter of
3 mm were then punched from each foil and polished in a solution
of 95% ethyl alcohol and 5% perchloric acid at a temperature of
25 �C using a twin-jet electro-polishing machine with an agitation
voltage of 20 V. Finally, the microstructural characteristics of the
various specimens were examined using a JEOL TEM-3010 trans-
mission electron microscope with an accelerating voltage of
200 kV.
3. Results and discussion

3.1. True stress–strain curves and mechanical behaviour

Figs. 2a–c present the true stress–strain curves of Ti–6Al–4V al-
loy for strain rates of 1.0 � 103 s�1, 3.0 � 103 s�1 and 4.3 � 103 s�1

and temperatures of 25 �C, 0 �C and �150 �C, respectively. In
Fig. 2a, it can be seen that the flow stress depends on both the
strain and the strain rate. Specifically, for a constant strain, the flow
stress increases rapidly with increasing strain rate, while for a con-
stant strain rate, the flow stress increases gradually with increasing
strain. Similar tendencies are observed in Fig. 2b and c for deforma-
tion temperatures of 0 �C and �150 �C, respectively. From inspec-
tion, it is found that for a fixed true strain of 0.3 and a strain rate
of 4.3 � 103 s�1, the flow stress increases from 1260.9 MPa to
1428.4 MPa as the temperature is reduced from 25 �C to �150 �C.
The results presented in Fig. 2a–c show that the strain rate governs
not only the flow stress, but also the facture strain. Specifically, for
a given temperature, the fracture strain increases with an increas-
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Fig. 2. True stress–strain curves of Ti–6Al–4V alloy deformed at strain rates of
1.0 � 103 s�1, 3.0 � 103 s�1 and 4.3 � 103 s�1 and temperatures of (a) 25 �C, (b) 0 �C
and (c) �150 �C, respectively.

Table 1
Dynamic mechanical properties of Ti–6Al–4V alloy impacted at strain rates of
1.0 � 103–4.3 � 103 s�1 and temperatures of �150 �C, 0 �C and 25 �C.

T (�C) Strain
rate (s�1)

Yield strength
A (MPa)

Material
constants B
(MPa)

Work hardening
coefficient, n

�150 4300 876.58 973.72 0.4021
3000 837.40 1000.96 0.3749
1000 783.42 1038.92 0.3414

0 4300 784.13 816.57 0.3361
3000 756.91 838.26 0.3183
1000 721.18 866.46 0.2967

25 4300 751.91 819.94 0.3266
3000 723.13 843.94 0.3091
1000 685.17 875.22 0.2877

Table 2
Variation of work hardening rate of Ti–6Al–4V alloy at different strain rates and
temperatures.

T (�C) Strain rate (s�1) Work hardening rate (MPa/unit strain)

e = 0.1 e = 0.2 e = 0.3 e = 0.4 e = 0.45

�150 4300 1473.9 807.2 567.3 441.6 –
3000 1313.2 708.5 – – –
1000 1179.4 – – – –

0 4300 1137.2 595.6 407.2 310.7 278.1
3000 1114.7 566.9 380.4 – –
1000 1066.4 – – – –

25 4300 1119.4 572.9 386.0 291.5 259.7
3000 1062.1 539.7 360.3 – –
1000 985.8 – – – –
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ing strain rate. However, for a constant strain rate, the fracture
strain reduces with a reducing temperature.
The flow stress relations shown in Fig. 2a–c can be described
using the simple model proposed by Ludwik [30], i.e. r ¼ Aþ Ben,
where A is the yield strength, B is a material constant, and n is
the work hardening coefficient. Table 1 summarises the values of
A, B and n for each of the strain rate/temperature conditions shown
in Fig. 2a–c. The results show that the yield strength (A) and work
hardening coefficient (n) increase with increasing strain rate at a
fixed temperature, but decrease with increasing temperature for
a given strain rate. This result suggests that a lower deformation
temperature increases the density and multiplication rate of the
dislocations within the Ti–6Al–4V microstructure, and prompts a
corresponding improvement in the resistance of the alloy to plastic
flow.

In Fig. 2a–c, the gradient of the stress–strain curves is equiva-
lent to the work hardening rate (dr/de). Therefore, for a given
deformation temperature, it is evident that the work hardening
rate of Ti–6Al–4V alloy is dependent on both the strain rate and
the strain. Table 2 summarises the work hardening rate of the cur-
rent Ti–6Al–4V alloy for each of the experimental conditions con-
sidered in Fig. 2a–c. It is observed that for a given temperature, the
work hardening rate reduces with increasing strain for a constant
strain rate, but increases with increasing strain rate at a constant
strain. In addition, for a constant strain rate and strain, the work
hardening rate reduces with an increasing temperature.

3.2. Strain rate sensitivity and activation volume

The stress–strain relations presented in Fig. 2a–c clearly show
that the flow stress of Ti–6Al–4V alloy is significantly dependent
on the strain rate. The strain rate sensitivity (b) of the Ti–6Al–4V
alloy can be derived from the experimental results presented in
Fig. 2a–c in accordance with the formulation [31]

b ¼ ð@r=@ ln _eÞ ¼ r2 � r1

lnð _e2= _e1Þ
; ð2Þ



4 W.-S. Lee et al. / Journal of Nuclear Materials 402 (2010) 1–7
where the flow stresses r2 and r1 are obtained in impact tests con-
ducted at average strain rates of _e2 and _e1, respectively, and are cal-
culated at the same value of plastic strain.

Fig. 3a plots the strain rate sensitivity of the Ti–6Al–4V alloy as
a function of the true strain for two different strain rate ranges and
temperatures of �150 �C, 0 �C and 25 �C, respectively. It can be
seen that the strain rate sensitivity increases with increasing strain
and strain rate, but decreases with increasing temperature.

Given the assumption that the plastic deformation of the cur-
rent Ti–6Al–4V alloy is thermally-activated, the activation volume
can be expressed in the following form [32]:

m� ¼ � @G�

@r
¼ kT

@ ln _e
@r

� �
T

; ð3Þ

where G* is the activation energy, k is the Boltzmann constant, and T
is the absolute temperature. Substituting the data presented in
Fig. 2a–c into Eq. (3), the activation volume of Ti–6Al–4V alloy
can be calculated and plotted as a function of the strain. The corre-
sponding results are presented in Fig. 3b. Note that in compiling this
figure, the activation volume is normalised by b3, where b is the
Burgers vector and has a value of 3.0 � 10�10 m for Ti–6Al–4V alloy
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Fig. 3. (a) Variation of strain rate sensitivity of Ti–6Al–4V alloy with true strain as
function of temperature and (b) variation of activation volume of Ti–6Al–4V alloy
with true strain as function of temperature.
[33]. The results reveal that the activation volume increases with an
increasing temperature at a fixed strain and strain rate, but de-
creases with an increasing strain rate at a constant temperature
and strain. Finally, for a constant temperature and strain rate, the
activation volume decreases with increasing true strain. From a
general thermodynamic perspective, the thermal activation volume
of a material helps dislocations in the microstructure overcome
short-range barriers to movement. In the current study, the rela-
tively low values of the activation energy imply that the disloca-
tions in the Ti–6Al–4V microstructure require a higher driving
force to overcome short-range obstacles when deformation takes
place under high strain rate or low temperature conditions.

3.3. Fracture surface observations

Fig. 4 presents a low-magnification SEM fractograph of a speci-
men tested at a strain rate of 3.0 � 103 s�1 and a temperature of
25 �C. It can be seen that the specimen failed along a plane orien-
tated at 45� to the loading direction. This plane corresponds to the
plane of maximum shear stress, and thus it is inferred that the
specimen fractured as the result of localised shearing. Fig. 5a and
b present SEM fractographs of two Ti–6Al–4V specimens deformed
at a temperature of �150 �C and strain rates of 1.0 � 103 s�1 and
4.3 � 103 s�1, respectively. The dimple-like features on the two
fracture surfaces indicate that the dominant fracture mechanism
is one of transgranular ductile failure. Furthermore, comparing
the two fracture surfaces, it is observed that the dimple density in-
creases with an increasing strain rate. Similar tendencies are noted
in Fig. 5c, d and e, f at temperatures of 0 �C and 25 �C, respectively.
Comparing the three sets of figures, it is found that the dimple den-
sity reduces and the number of flat cleavage planes increases as the
temperature reduces. In other words, the ductility of the Ti–6Al–4V
alloy reduces as the deformation temperature is reduced. This re-
sult is consistent with the stress–strain curves presented in
Fig. 2a–c, which show that the fracture strain increases with an
increasing strain rate or an increasing temperature.

3.4. Microstructural observations and analysis

Fig. 6 presents a TEM image of an undeformed Ti–6Al–4V spec-
imen at a temperature of 25 �C. It is observed that the microstruc-
ture contains a small number of dislocations and has a stacking
fault arrangement. Fig. 7a–f shows the dislocation structures of
Ti–6Al–4V specimens deformed at temperatures of �150 �C, 0 �C
Fig. 4. Low-magnification SEM fractograph of Ti–6Al–4V specimen deformed at
strain rate of 3.0 � 103 s�1 and temperature of 25 �C.



Fig. 5. Fracture surfaces of Ti–6Al–4V specimens deformed at: (a) �150 �C, 1.0 � 103 s�1; (b) �150 �C, 4.3 � 103 s�1; (c) 0 �C, 1.0 � 103 s�1; (d) 0 �C, 4.3 � 103 s�1; (e) 25 �C,
1.0 � 103 s�1, and (f) 25 �C, 4.3 � 103 s�1.

Fig. 6. TEM micrograph of undeformed Ti–6Al–4V specimen at temperature of
25 �C.

W.-S. Lee et al. / Journal of Nuclear Materials 402 (2010) 1–7 5
and 25 �C under strain rates of 1.0 � 103 s�1 and 4.3 � 103 s�1,
respectively. In every case, it can be seen that the deformed micro-
structure contains dislocation cells. It is thought that the presence
of these dislocation structures is the result of the high stacking
fault energy of Ti–6Al–4V alloy [34]. Comparing Fig. 7a and b, it
is observed that at a very low temperature of �150 �C, the number
of dislocations increases and the average size of the dislocation
cells decreases as the strain rate is increased. The increased dislo-
cation density prompts the formation of a tangled dislocation
structure, which reduces the mobility of the dislocations and
therefore enhances the resistance of the Ti–6Al–4V alloy to plastic
deformation. Thus, as shown in the stress–strain curves in Fig. 2a–
c, for a constant true strain and a temperature of �150 �C, the flow
stress increases with an increasing strain rate. A similar strain-rate
dependency is also observed in the specimens deformed at tem-
peratures of 0 �C and 25 �C, respectively. However, comparing the
microstructures of the specimens deformed at a constant strain
rate (e.g. 1.0 � 103 s�1) but at an increasing temperature (Fig. 7a,
c and e), it is seen that a gradual annihilation of the dislocations
takes place as the deformation temperature is increased. Thus,
while the microstructure of the specimen deformed at a tempera-
ture of 25 �C still contains dislocation cells, the average cell size is
larger than that in the specimens tested at �150 �C or 0 �C, respec-
tively. The larger size cell provides a wider free path for the mobile
dislocations, and therefore results in a softening effect. Hence, a
reduction in the work hardening rate and material strength occurs
(see Table 2 and Fig. 2a–c).

In this study, the correlation between the microstructural evo-
lution of Ti–6Al–4V alloy and its macroscopic behaviour was eval-
uated quantitatively under various strain rate and temperature
conditions by computing the dislocation density within the various
fracture specimens using the method proposed by Ham [35], i.e.
q ¼ 2n=Lt, where n is the number of intersections between a par-
ticular dislocation and a random set of lines of length L and t is
the foil thickness. The values of n, L and t were determined by
drawing five lines with a total length of L in random directions
on TEM images with a magnification of 100,000�, and then count-
ing the total number of dislocations intersecting these lines in or-
der to obtain the value of n. Finally, the foil thickness, t, was
measured using a convergent beam diffraction technique.

Table 3 summarises the dislocation density and cell size charac-
teristics of Ti–6Al–4V alloy specimens deformed at a true strain of
0.1 under different strain rates and temperatures. It is seen that the
dislocation density increases with an increasing strain rate, but de-
creases with an increasing temperature. Fig. 8 plots the variation of
the true stress values given in Fig. 2 against the square root of the
dislocation density (

ffiffiffiffiqp ), and confirms the presence of a Bailey–
Hirsch type relation. Substituting parameter values of
G = 42.5 GPa [36], b = 3.0 � 10�10 m [33] and r0 = 915 MPa [37]
into Eq. (1), the value of a1 is determined to be a1 ffi 0.42. Table



Fig. 7. TEM micrographs of dislocation microstructures of Ti–6Al–4V specimens deformed at: (a) �150 �C, 1.0 � 103 s�1; (b) �150 �C, 4.3 � 103 s�1; (c) 0 �C, 1.0 � 103 s�1; (d)
0 �C, 4.3 � 103 s�1; (e) 25 �C, 1.0 � 103 s�1; and (f) 25 �C, 4.3 � 103 s�1.

Table 3
Dislocation density and cell size of Ti–6Al–4V alloy deformed at true strain of 0.1
under different strain rates and temperatures.

T (�C) Strain rate
(s�1)

Stress
(MPa)

Dislocation density
(1010 cm�2)

Dislocation cell
(lm)

25 1000 1050 11.2 0.56
3000 1099 14.7 0.51
4300 1135 17.6 0.50

0 1000 1061 12.5 0.54
3000 1119 17 0.51
4300 1157 18.9 0.49

�150 1000 1138 17.7 0.51
3000 1207 23.2 0.48
4300 1253 25.6 0.45
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Fig. 8. Variation of flow stress with square root of dislocation density for Ti–6Al–4V
alloy deformed at constant true strain of 0.1.
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3 also shows that the dislocation cell size decreases with increasing
strain rate, but increases with increasing temperature. Fig. 9 shows
the variation of the true stress with the dislocation cell size. The
relationship between the average dislocation cell size, the true
stress and the hardening behaviour can be described by [38]

r� r0 ¼ a2G
b
d

� �m

ð4Þ

where d is the average dislocation cell size, r0 is the initial yield
stress, G and b are the shear modulus and Burgers vector, respec-
tively, and a2 and m are constants. In general, the value of �m
(minus m) shows the power of the dislocation cell walls, or the ef-
fect of the dislocation cell size on the flow stress. Utilising the val-
ues presented in Table 3 for the stress and dislocation cell size, a2

and m are found to have values of a2 = 1.73 � 109 and m = 3.57.
Microscopically, the grain boundaries of polycrystalline materi-

als act as barriers to dislocation motion. For general engineering
materials, the strength is related to the grain size via the following
Hall–Petch relationship [39]:

r ¼ r0 þ kd�
1
2; ð5Þ
where r0 and k are constants and d is the mean grain size. This rela-
tionship clearly shows that the strength of the material is related to
the grain size by a power of �1/2.

It has been reported that stacking-fault free energy effects have
a significant impact on deformed microstructures [40]. In high
stacking-fault free energy materials, partial dislocations are not
appreciably extended and cross-slip is favoured. Extensive cross-
slip gives rise to dislocation cell structures which form a minimum
energy configuration as the dislocation density increases in
response to large deformations and high strain rates. Typically, dis-
location cell structures are formed in impact loaded metals when
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the stacking-fault free energy exceeds a value of approximately
60 mJ/m2.

Since titanium alloy has a high stacking-fault free energy (i.e.
110 mJ/m2 [41]), the appearance of cell structures within the pres-
ent deformed specimens is not unexpected. These cells impose a
grain refinement effect upon the undeformed material, and the
resulting change in the flow stress with increasing strain rate is gi-
ven by Eq. (4) with m = 3.57. This value of m is approximately se-
ven times greater than that of the power term in Eq. (5), and is
also notably higher than that of other materials deformed under
low strain rates at room temperature or elevated temperature con-
ditions [42]. For example, m = 1 for polycrystalline aluminum de-
formed at 20 �C and 4 � 10�3 s�1 [43], m = 1.06 for Ni-20–Cr–
2ThO2 alloy deformed to a plastic strain of 0.15 at 700, 900 and
1100 �C, respectively, and cross-head speeds of 5.08 � 10�3 mm/
min or 5.08 � 10�1 mm/min [44], and m = 0.98 for Al–Zn alloy in
double shear and creep tests performed at strain rates ranging
from 1.6 � 10�6 to 2 � 10�3 s�1 and temperatures of 650–893 K
[45]. Thus, it is inferred that the large value of m observed in the
present impacted specimens is the result of the dislocation cell
structure induced by a cryogenic deformation temperature and a
high strain rate.
4. Conclusions

This study has conducted an experimental investigation into the
effects of the strain rate on the impact response and microstruc-
tural evolution of Ti–6Al–4V alloy at strain rates ranging from
1.0 � 103 s�1 to 4.3 � 103 s�1 and temperatures in the range of
�150 �C to 25 �C. The experimental results have shown that the
flow stress, yield strength and work hardening coefficient all in-
crease with increasing strain rate, but decrease with increasing
temperature. Moreover, as the strain rate is increased, the strain
rate sensitivity increases, but the activation volume decreases.
The SEM observations have shown that the fracture surfaces are
characterised by a transgranular dimple structure, which indicates
that the Ti–6Al–4V specimens fail in a ductile mode. The fracture
strain increases with an increasing dimple density. The TEM obser-
vations have shown that the dislocation density increases with an
increasing strain rate, but decreases with an increasing tempera-
ture. The flow stress induced within the Ti–6Al–4V specimens var-
ies with the square root of the dislocation density under the
current test conditions. In other words, the flow stress response
of the Ti–6Al–4V specimens conforms to a Bailey–Hirsch type rela-
tion. Finally, the results have shown that the size of the dislocation
cells has a greater strengthening effect on the flow stress than the
grain boundaries.
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