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Abstract 
The present work describes microstructure, texture, mechanical and ballistic 
properties correlation of a hot rolled and peak aged AA-7017 alloy plate at 
surface and centre. Both the microstructures and textures are different on the 
surface and centre of the plate. The surface of the plate shows recrystallized 
grains and a weak over all texture. The centre of the plate displays elongated 
grains and a sharp texture. Tensile properties, hardness and impact toughness 
are evaluated at surface and centre of the plate. It is observed that strength 
and hardness is high at centre, whereas ductility and impact toughness is 
more at the surface. Ballistic properties of the plate at centre and surface are 
measured by impacting against two different 7.62 mm deformable projectiles. 
The plates impacted on the surface shows better ballistic resistance. Ballistic 
performance of the plate at surface and centre has been correlated with the 
microstructure, texture and mechanical properties. 
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1. Introduction 

Ballistic impact research has been focused on developing lighter materials which 
can resist the threat successfully. High strength aluminium alloys have drawn 
attention for protection against ballistic impact applications due to their high 
strength to weight ratio and energy absorption capability. A large number of 
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references are available in literature on ballistic behavior of high strength alu-
minum alloys [1]-[10]. These alloys can give equally good or even better ballistic 
protection per unit weight compared to those of the traditional steels [8] [11] 
[12]. The heat treatable aluminum alloys such as Al-Cu base AA 2219, AA 2519, 
Al-Zn base AA 7017, AA 7039, AA 7020, AA 7055, AA7075 have been explored 
for ballistic application [1] [10] [13] [14] [15] [16]. Among these, the aluminium- 
7017 alloy is an Mg-Zn precipitation-hardened alloy and is one of the commonly 
used armour material in the form of rolled plates.  

Materials for ballistic application are generally used in the form of rolled 
plates and produced by thermo-mechanical processing that consists of hot/cold 
working, solution treatment and aging. Thermomechanical processing is likely 
to introduce specific microstructure as well as texture at different stages such as 
hot/cold deformation and heat treatments. This in turn governs the anisotropy 
in mechanical properties. Development of microstructures during thermome-
chanical processing depends on the rolling temperature, extent of rolling reduc-
tion and subsequent cooling. It has been reported that the microstructure and 
texture may be inhomogeneous through the thickness of the rolled plates due to 
the inhomogeneity of the deformation caused during rolling [17] [18] [19], and 
the non uniformity of the recrystallization that occurs during the heat treatment 
[20]. The hot rolled microstructures further get modified during solution treat-
ment and subsequent aging. Two types of anisotropy namely, in-plane and 
through-thickness, have been reported in rolled products [21]. The thin sheet 
products typically display in-plane anisotropy i.e. variation in mechanical prop-
erties in different sample directions. Thick plate products, on the other hand 
have through-thickness anisotropy exhibiting different mechanical properties 
from centre to surface of the plate. Consequently, these variations must be taken 
into account while designing and making components for ballistic application. 

As a result of through-thickness anisotropy, hot rolled and peak aged AA 7017 
alloy plates display different microstructures and associated grain orientations 
across the thickness of the plate. This in turn exhibits different mechanical and 
ballistic properties. Present work, thus focuses on the understanding of the bal-
listic behavior of a 70 mm thick AA 7017 alloy plate by impacting on its surface 
and centre and correlating the ballistic results with microstructures and textures. 
Related damage and deformation microstructural patterns of the material after 
ballistic impact have also been analyzed. In addition, a comparative study of the 
mechanical properties has been carried out to explain the ballistic behavior.  

2. Experimental Procedure 

AA 7017 alloy plates of 70 mm thickness were received from Alcan International 
(UK) in hot rolled and peak aged condition. The analysed chemical composition 
of alloy is given in Table 1. Microstructure characterization of the plate was car-
ried out at surface and centre of the plate. The specimens were prepared follow-
ing standard metallographic techniques used for Aluminium and its alloys. All  
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Table 1. Analyzed chemical composition of the alloy. 

Material Chemical Composition 

Al-7017 4% - 5.2% Zn, 2% - 3% Mg, 0.35% Si, 0.35% Cr, 0.45% Fe, 0.2% Mn, balance Al 

 
Table 2. Analyzed compositions of the precipitates by EPMA. 

Weight % Mg Al Si Cr Mn Fe Zn Total 

Bright 
Gray 

0.32 
63.16 

72.91 
3.68 

0.46 
29.79 

0.19 
0.04 

11.85 
0.03 

12.38 
0.04 

1.33 
3.01 

99.43 
99.75 

 
the samples were etched using Keller’s reagent (5 ml HNO3, 3 ml HCl, 2 ml HF 
and 190 ml water) to reveal the microstructure. The microstructures were ex-
amined in optical and scanning electron microscopes (OM and SEM). Chemical 
compositions of precipitates were analyzed using Electron Probe Micro Analyzer 
(EPMA: Cameca SX100) and results are given in Table 2. The through-thickness 
bulk hardness of the plate was measured using an AFFRI Vickers hardness tester 
at a load of 5 Kg. 

The X-ray diffraction (XRD) studies of bulk samples were carried out using a 
Philips 3020 diffractometer (Philips, The Netherlands) with CuKα radiation 
equipped with a graphite monochrometer. 25 × 15 × 5 mm size samples were cut 
from the surface and centre regions of the plate and were metallographically po-
lished for the XRD and texture measurements. An inel G3000 texture goniome-
ter coupled with curved position sensitive detector with CuKα radiation was 
employed for texture measurement using Schultz back technique [22]. Three 
incomplete pole figures {111}, {200} and {220} were measured from surface and 
centre of the 70 mm thick plate. An oscillation stage was employed with 20 mm 
specimen translation to increase the measured area. From the pole figure data, 
the complete orientation distribution function (ODF) plots are obtained. The 
results are presented as ODF plots of constant φ2 section with iso-intensity con-
tours in the Euler space defined by three Euler angles (φ1, Φ, φ2) and typical β 
fibre.  

Samples of 150 mm × 150 mm × 70 mm size were cut from a big plate. Then 
the plates were sliced at the mid thickness as shown in Figure 1. Out of these 
sliced samples three samples were impacted against deformable projectiles with 
the top surface of the starting plate (surface) facing the projectile. Three other 
samples were impacted against deformable projectiles with the centre plane of 
the starting plate (centre) facing the projectile. Ballistic experiments were per-
formed in a small arms range. The schematic of the testing arrangement is 
shown in Figure 2. The gun was mounted on a rigid mount. The target holding 
fixture was located in the tunnel at a distance of 10 m from the gun. All the 
plates were impacted by a projectile at 0˚ angle of impact. Two different types of 
deformable projectiles were used for the ballistic testing. One projectile was 
having complete lead core, whereas the other projectile was having a soft steel 
core. The nominal and actual diameters of the projectiles were 7.62 and 6.06  
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Figure 1. Schematic representation of the sectioning of the 70 mm thick plate. The plates 
were sliced along the dotted lines in the centre into two halves.  

 

 
Figure 2. Schematic of ballistic testing set-up. 

 
mm, respectively. The impact velocities of the projectile was measured in each 
test with the help of two aluminum velocity foil screens by measuring the time 
interval between the interceptions caused by the projectile running across the 
aluminum foils which are kept at a fixed distance apart. The measured impact 
velocity was 840 ± 15 m/s. By proper laying of the gun, it was ensured that the 
centre-to-centre distance between any two impact craters on the plate was at 
least three times the diameter of the projectile. This is required to avoid the 
overlapping of plastic deformation zones formed around the crater.  

After ballistic testing, these plates were cut into half across the craters and 
then subjected to standard metallographic procedure to reveal the post ballistic 
microstructures. Optical microscope was used to observe the microstructure 
along the path of the projectile. Vickers micro hardness values were obtained 
adjacent to the crater wall using a Leica micro hardness tester at 50 gm load. 

Tensile and Impact samples were machined as per the schematic diagram 
shown in Figure 3 in order to evaluate the properties of the material at surface 
and centre of the starting plate. Tensile properties of the material were evaluated 
at a crosshead speed of 1.0 mm/min using an Instron Universal Testing machine 
(Instron 5500R). Three tensile tests were carried out in accordance with ASTM 
E8-93 and average values of the tensile properties are reported in the present 
study. Standard Charpy V-notch (CVN) impact specimens having V-notch of 2 
mm depth were prepared for the impact tests. The tests were carried out as per  
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Figure 3. Locations of tensile and Charpy samples taken from 70 mm thick plate. 
 

the ASTM standards (E23-02a) using the Tinius-Olsen impact-testing instru-
ment. The fracture surfaces of the impact specimens were examined using a LEO 
scanning electron microscope. 

3. Results 
3.1. Initial Microstructure 

The optical microstructures of the plate at the surface and centre are shown in 
Figure 4. This exhibits three distinct features namely grey matrix, white region 
along grain boundaries and dark precipitates. The white regions reflect the par-
ticle simulated nucleated (PSN) recrystallized grains. The recrystallization occurs 
around intermetallic precipitates due to the presence of larger strains at the in-
terface between precipitates and matrix. The volume fraction of recrystallized 
grain is comparatively large at the surface in comparison to that of the centre of 
the plate (Figure 4(a) and Figure 4(b)). The back scattered electron (BSE) im-
age of the plate displays the presence of two types of precipitates with bright and 
dark contrasts (Figure 5). The analyzed compositions obtained by electron 
probe micro analyser (EPMA) indicate that these are Al6FeMn and Mg2Si preci-
pitates (Table 2).  

3.2. Texture Characterization 

The XRD pattern of the alloy shows that the matrix is typical face-centered-cubic 
(fcc) phase (Al matrix, Fm 3 m) (Figure 6). The lattice constant of the matrix 
phase is 4.05 Å. The textures of the materials at the surface and centre are shown 
in Figure 7. The overall intensity of texture at the centre is nearly 7 times larger 
than that of the surface. The major texture components at the surface and centre 
of the plate are {0 1 11} 〈3 11 1〉 [f(g) = 1.9], {0 1 11} 〈15 11 1〉 [f(g) = 2.5], {0 1 
11} 〈8 11 1〉 [f(g) = 2.4], {2 0 3} 〈3 0 2〉 [f(g) = 2.0], {1 1 4} 〈2 6 1〉 [f(g) = 3.5], {1 1 
3} 〈0 3 1〉 [f(g) = 2.9], {2 2 1} 〈3 4 2〉 [f(g) = 3.3], {1 1 2} 〈1 1 0〉 [f(g) = 3.4] and {0 
1 1} 〈5 3 3〉 [f(g) = 16.4], {4 4 1} 〈1 0 4〉 [f(g) = 17.5], respectively. The intensities 
[f(g)] of the texture components are reported as “times random”. The corres-
ponding typical β fibers of this alloy at centre and surface are shown in Figure 8. 
The β fibre is very weak and homogeneous at the surface while highly inhomo-
geneous with very high intensity between {168} 〈211〉 and {011} 〈211〉 locations. 

3.3. Mechanical Properties 

The engineering stress-strain and true stress-true strain curves for the AA 7017 
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plate at surface and centre are given in Figure 9. The average values of yield 
strength (σYS), ultimate tensile strength (σUTS) and elongation at the surface and 
centre are given in Table 3 and Figure 9(c). The impact energy values obtained 
from Charpy impact test are also given in Table 3 and Figure 9(d). VHN hard-
ness profile of as received plate from surface → centre → surface is shown in Fig-
ure 10. This exhibits a gradual increase and decrease in hardness values from 
surface to centre and centre to surface, respectively. 

 

 

Figure 4. Optical microstructures of the normal direction planes taken from (a) surface 
and (b) centre of the 70 mm thick plate. 
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Figure 5. BSE microstructure taken from the (a) surface (b) centre of plate and (c) BSE 
microstructure showing white (Al6FeMn) and dark contrast (Mg2Si) precipitates. 
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Figure 6. XRD patterns taken from the surface and centre of the 70 mm thick plate. 

 

 
Figure 7. Textures of the plate measured from the (a) surface and (b) centre of the 70 mm thick plate. 
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Figure 8. Typical β fibres from surface and centre of the plate. 

 

 
Figure 9. Tensile properties from the surface and centre of plates: (a) Engineering stress-engineering strain and (b) True 
stress-true strain curves. (c) YS and UTS at surface and centre and (d) CVN and %RA at surface and centre. 
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Table 3. Mechanical properties of the plate at surface and centre. 

Sample location YS (MPa) UTS (MPa) %RA CVN (J) 

Surface 
Centre 

306 
390 

394 
448 

45 
33 

8 
6 

 

 

Figure 10. Hardness distribution of the plate along the cross section. 
 

The fracture surfaces of the tensile specimens are quite distinct in samples 
made from surface and centre of the plate. Both the samples exhibit typical duc-
tile dimples which are fine and shallow at the surface whereas coarse and flat-
tened at the center (Figure 11(a) & Figure 11(b)). The high magnification BSE 
fractographs reveal the presence of cracks within and around Fe rich particles 
(shown by arrow in Figure 11(c)) at the surface while centre sample exhibits 
these cracks within and around Fe rich particles as well as in the matrix (shown 
by arrow in Figure 11(d)). The Charpy impact samples exhibit absence and 
presence of cracks in surface and centre specimens, respectively (Figure 12(a) & 
Figure 12(b)). The high magnification BSE features are similar to those of ten-
sile specimens (Figure 12(c) & Figure 12(d)) 

3.4. Ballistic Properties 

Ballistic properties in terms of the depth of penetration (DOP) obtained by im-
pacting lead and soft steel projectiles from surface and centre of the plate are 
shown in Figure 13. It can be seen that the DOP of plates impacted by both the 
soft steel and lead projectiles on the centre of the 70 mm AA 7017 plate is higher 
than that on the surface. It is also observed that the DOP against the soft steel 
projectile is higher than the lead projectile. The material flows out to form nice 
petalling damage patterns for the samples impacted on the surface of the 70 mm 
AA 7017 plate (Figure 14(a)). On the other hand, broken petal damage pattern  
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Figure 11. Tensile fractographs: (a) surface and (b) centre specimens Tensile BSE micrographs: (c) surface and (d) centre. 

 

 
Figure 12. Charpy fractographs: (a) surface and (b) centre specimens Charpy BSE micrographs: (c) surface and (d) centre. 
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Figure 13. Ballistic results in terms of depth of penetration against lead and soft steel 
projectiles. 

 
is observed for the samples impacted on the centre of the 70 mm AA 7017 plate 
(Figure 14(b)). The cross sections of the representative post-ballistic impact pe-
netration channels are also included in Figure 14. Macro cracks emanating from 
the penetration channel are observed for samples impacted on the centre of the 
70 mm AA 7017 plate. No such cracks are observed in the samples impacted on 
the surface of the 70 mm AA 7017 plate.  

3.5. Post Ballistic Microstructure Observation 

The impact craters have been examined to observe changes in microstructures 
after ballistic testing. The microstructures of the target impacted on the surface 
and centre of the AA 7017 plate against lead and soft steel projectiles are shown 
in Figures 15-17. The microstructure of the penetration channel formed by the 
impact of lead projectile on the surface of the AA 7017 plate shows that the ma-
terial flow lines are severely bent towards the direction of penetration (Figure 
15(a)). Only a few shear bands are observed along the penetration channel. Mi-
cro cracks are observed originating from the bottom of the crater. The micro-
structure of the penetration channel formed by impacting on the centre of the 70 
mm AA 7017 plates also reveals material flow lines along with many shear bands 
(Figure 15(b)). The number of the shear bands observed to be decreasing to-
wards the bottom of the penetration channel. As seen in Figure 15(b), the adia-
batic shear bands (ASB) are connected with cracks, providing an easy crack 
propagation path. An enlarged view of ASB induced crack has been shown in 
Figure 16. Cracks are also observed emanating from the bottom of the penetra-
tion channel. 
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Figure 14. Front view of the (a) surface and (b) centre plates after ballistic testing. Half section views of the respective penetration 
channels are also included for comparison of penetration channel after ballistic testing. 
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Figure 15. Post ballistic microstructures along the penetration channel impacted by lead 
projectile. (a) surface (b) centre. 
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Figure 16. Montage of post ballistic microstructure from the centre showing adiabatic shear bands leading to crack. 

 
The microstructure of the penetration channel formed by the impact of soft 

steel projectiles on the surface of the 70 mm AA 7017 plates displays that the 
maximum deformation is observed at the entry of the projectile (Figure 17(a)). 
Very few shear bands are seen in the microstructures. A less severe material flow 
is observed at the bottom of the penetration channel. The penetration channel 
microstructure of the centre shows severe material deformation at the entry of 
the projectile (Figure 17(b)). Similar to the lead projectile impacted micro-
structures as mentioned above, large numbers of shear bands are observed along 
the length of the penetration channel. Micro cracks are seen emanating from the 
bottom of the penetration channel.  

3.6. Post Ballistic Micro-Hardness Measurements 

In order to examine the deformation process, distribution of micro Vickers 
hardness is measured adjacent to the bottom of penetration channel wall created 
by impact of lead projectiles. Figure 18 summarizes the distribution of hardness 
along the horizontal direction away from the penetration channel. There is an 
increase in hardness of all the target plates adjacent to the crater wall compared 
to the original hardness of the plate. There is a steady increase in the hardness 
values followed by a gradual decrease in hardness. The region of increase in  
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Figure 17. Post ballistic microstructures along the penetration channel impacted by soft steel projectile (a) surface (b) centre. 
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Figure 18. Post ballistic micro-hardness measurements adjacent to the penetration channel wall. 

 
hardness for the surface impacted targets is more than the targets impacted at 
the initial centre of the 70 mm AA 7017 plate. In case of the front face impacted 
targets, the peak in the hardness curve is seen at a distance of about 6 mm from 
the bottom of the penetration channel. For the targets impacted at the centre of 
the plate, the peak hardness is observed at a distance of about 3 mm from the 
entrance point of projectile. 

4. Discussion 

The results from the optical microscopy clearly reflect a difference in micro-
structure at the surface and the centre of the plate. The relatively large volume 
fraction of recrystallized grains at the surface can be attributed to three factors. 
These are: i) temperature gradients produced through the work piece created by 
heat transfer between the rolls and the work piece, ii) strain gradients created by 
friction between the rolls and the work piece and iii) redundant deformations 
contribute to this non-uniform microstructure [23]. The recrystallization in 
present alloy has occurred around the prior deformed grains, wherein the pre-
cipitation of Al6(FeMn) and Mg2Si occurs. This in turn contributes to PSN. It is 
to be noted that the these precipitates are more finely distributed at the centre 
than that of surface of the 70 mm AA 7017 plate (Figure 5(a), Figure 5(b)). This 
can again be attributed to temperature as well as strain gradient as mentioned 
above. It has been reported that the small dispersed particles in the matrix retard 
recrystallization rates through exerting a drag force on migrating grain or sub- 
grain boundaries and preventing the nucleation of recrystallization [24]. This 
also explains the observation of less recrystallization at centre portion of the 
plate.  

Both the XRD patterns from surface and centre of the plate exhibit different 
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intensity ratios which are dissimilar to typical powder patterns of Al. This clearly 
indicates the presence of different texture at surface and centre of the plate. The 
overall intensity of ODF at the centre is more than seven times higher from the 
surface. The texture components observed at the surface are either recrystallisa-
tion component or located near recrystallisation components. This also reflects 
that the associated cooling rates after hot rolling is probably not sufficient to 
produce stable recrystallisation texture. On the other hand, the texture at the 
centre is quite sharp and close to typical Bs component. The corresponding β fi-
bre also supports this observation. Therefore, the difference in texture at the 
surface and centre of the plate can therefore, be attributed to the stored energy, 
which drives the recrystallisation process. This is much higher at the surface 
than that the centre.  

It is observed that the mechanical properties also illustrate anisotropy at sur-
face and centre. There is substantial difference in strength at centre than that at 
surface. The strength is usually dependent on both the texture and the micro-
structure, especially grain shape. The yield strength can generally be related to 
the critical resolved shear stress (CRSS) by an equation of the type [23]:  

y gb totMσ σ τ= ∆ +  

where gbσ∆  is the strength due to the grain shape, M the Taylor factor which 
depends on texture and totτ  the CRSS of the grains.  

In the present study, centre of the plate shows more elongated grains than the 
surface. This can be attributed to relatively larger fraction of recrystallization at 
the surface than the centre. As mentioned above, recrystallization occurs in pre-
sent alloy due to PSN. The recrystallised grains are equiaxed and the large frac-
tion of recrystallized grains at the surface of the plate also reduces the aspect ra-
tios of unrecrystallized grains (Figure 4). As a result, different aspect ratios of 
grains at the surface and centre of the plate result in different mechanical prop-
erties such as σYS, σUTS, bulk hardness, ductility and Charpy impact energy val-
ues. The difference is maximum in yield strength. It has been mentioned that the 
most affected property due to presence of texture is yield strength but the results 
of the present study reflect that the other properties are also equally influenced 
[24].  

As mentioned above, the yield strength contributed from the grain shape, i.e. 

gbσ∆  is higher in the centre than in the surface. The texture is more than seven 
times sharper at the centre than at the surface, which has lead to higher M value 
in the centre. Thus, due to the effects of both grain shape and texture, the centre 
of the plate displays large value of yield strength. As strength and toughness val-
ues are inversely proportional to each other, the centre of the plate with high 
strength shows lower ductility and impact toughness.  

The difference in ductility and impact energy at surface and centre of the plate 
can also be explained from their respective fracture surfaces (Figure 13 & Figure 
14). As mentioned above, cracks are formed within and around the Fe rich pre-
cipitates at the surface as well as centre of the plate for both tensile and Charpy 
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broken samples. However, formation of cracks in the matrix at centre of the 
plate can be corroborated with a high intensity texture component located be-
tween {168} 〈211〉 and Bs components. It has been mentioned that only four slip 
systems are activated for a material with an ideal Brass texture compressed along 
the short transverse direction [25]. That clearly indicates the presence of limited 
number of active slip systems associated with Bs component. This has intro-
duced an inhomogeneous deformation during ballistic impact at centre of the 
plate. As a result, cracks are appeared in the matrix of the centre of the plate. On 
the other hand, cracks in matrix are absent at the surface due to moderate tex-
ture.  

Presence of sharp texture in the centre portion of the plate can also be corre-
lated with the presence of large fraction of shear bands at the centre of ballisti-
cally evaluated plates. The misorientations among neighboring grains are rela-
tively less at the centre due to presence of sharp texture. This reduces the effec-
tiveness of the grain boundaries as a barrier to slip, which can easily propagate 
through the grain boundary into neighboring grains [25]. As a result, a large 
fraction of shear bands are present at the centre of the plate.  

For better ballistic performance of any armor material, it is essential that it 
should be able to absorb as much energy of the projectile as possible in a homo-
genous manner [26] [27]. Energy absorption in armor material takes place by 
plastic deformation, which can be inferred from the post-ballistic damage pat-
terns, microstructures and mirco-hardness observations adjacent to the penetra-
tion channel. Nice petalling damage pattern observed on surface of the 70 mm 
AA 7017 plate after ballistic impact indicates the better ductility and toughness 
of the target. It also points out that the impact energy is getting transmitted to 
the adjacent regions effectively. Broken petal damage pattern observed at the 
centre indicate towards low ductility and impact toughness at centre. Also it 
points out that the impact energy is not uniformly getting transmitted to the ad-
jacent regions.  

From the post ballistic micro-structural observations (Figures 15-17), large 
deformations along with shear bands are observed in all the target plates. How-
ever, it is seen that on the surface impacted plates, both the shear band and crack 
formation decrease considerably. Formation of adiabatic shear bands at high 
strain rates at room temperature has been studied by several investigators [28] [29] 
[30]. During projectile impact, heat generated by the shear deformation is re-
stricted to a narrow region in which it decreases the material strength and causes 
instability. Shear band is generated due to this extension of thermo-mechanical 
instability. The incompatibility of the deformed region increases to accommo-
date the overall distribution of dissipation energy. This results in cracks in sur-
rounding regions. Hence, it can be inferred that formation of less number of 
shear bands at the surface of the plate indicates better dissipation of heat gener-
ated by the projectile impact. The plastic deformation is better distributed and 
more homogeneous if shear bands are not formed [31]. It is to be noted that 
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both the surface and centre of the plate display moderate and very strong tex-
ture, respectively. This has resulted in different properties. Observations of less 
number of shear bands at plates impacted on the surface, therefore suggest that 
the heat generated due to projectile impact has dissipated to the surrounding 
areas effectively due to moderate texture. On the other hand, energy dissipation 
is non uniform at centre of the plate due to the presence of very strong texture. 
As a result, surface of the plate displays better ballistic performance than the 
centre. 

The variation in hardness adjacent to the penetration channel is a result of 
two simultaneously competing processes i.e. annealing and strain hardening ef-
fects. Annealing effect caused by rise in temperature after projectile impact and 
strain hardening caused by severe deformation. Adjacent to the penetration 
channel, wall temperature rise is high. As a result, the hardness rise is less. Little 
beyond, annealing effect decreases but strain hardening is still there. This results 
in the increase in hardness. Eventually, the extent of strain hardening also de-
creases. Consequently, there is a fall in the hardness curve till it reaches the ini-
tial hardness of the plate. In case of surface impacted plates, the extent of defor-
mation is spread over a comparatively larger volume than that of the plates im-
pacted on the centre of the plate. This implies that more volume of the material 
at the surface is involved in absorbing the kinetic energy of the projectile. This in 
turn helps the material to absorb the energy in a homogeneous manner. The mi-
crohardness results are in accordance with the microstructural observations.  

5. Conclusion 

The different microstructures and textures at surface and centre of the plate re-
sult in the anisotropy of the mechanical properties. The weak texture at surface 
helps the material to absorb the projectile impact energy efficiently and it has led 
to a better ballistic behaviour of the material. Due to strong texture at the centre 
of the material, the impact energy gets constricted to a narrow region and felici-
tates the formation of easy shear bands and a poor ballistic behaviour. Type of 
texture present in sheet material has strong bearing on both the mechanical and 
ballistic properties.  
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