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ABSTRACT
This study seeks to investigate the effect of laser shock peening on the mechanical properties of
aluminium 2099. The air craft is a complex structure that requires precise function of parts and a good
structural integrity. Al 2099 alloy is a potential advanced light material due to its low weight (density) and
high stiffness (elastic modulus) as required in aerospace industry and launch vehicles with cryogenic
tanks for their structural integrity and weight reduction. This research investigated the effect of laser
shock peening on the mechanical properties of Al 2099, Texture variation in the flange and Web of the T
bar of extruded Al 2099 alloy and the effect of cyclic loading on Al 2099 alloy. A minimum of three
Specimens each was machined at different orientations of the extruded ‘T’ shaped bar of Al 2099. The
Specimens measuring 20 X 15 X 10 mm2 were extracted in the flange and web parts of the extruded T
bar. These specimens were laser shock peened and tested for hardness response. The peened area was 4
mm2. Indents were taken at a measurement of 1mm to the centre of the peened area and 0.5 mm to the
centre of the peened area. Interestingly, the softer web part of the T bar with an average hardness value of
135 Hv showed 21% increase in hardness value after laser shock peening was applied as compared to the
unpeened section. The flange and harder part of the T bar with an average hardness value of 140Hv
showed 18% increase in hardness after laser shock peening was applied as compared to the unpeened
section. The increase in hardness was attributed to the textural differences induced by extrusion of nonsimple geometry and corresponding residual effect due to laser shock peening. The effective depth of LSP
on the alloy is approximately 1.6mm to 2 mm. the results obtained were in line with previous results
reported by multiple researchers on similar metallic alloys treated with LSP.
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INTRODUCTION
Laser shock peening (LSP) is a new material enhancing technology that gives added desirable material
properties such as mechanical properties to metallic alloys (Cunha et al, 2021,Sun et al, 2020, Mostafa et
al, 2019, Sticchi et al,2015). Hassan et al, 2018 & Liu et al, 2010). Often metallic alloys such as
Aluminium 2099 microstructural pores, which contain microscopic voids in the metallic alloy, along with
tensile residual stresses formed in the layers built in the metal during additive manufacturing process
(AMP).
Laser Peening makes metal parts stronger and more resistant to failure. This occurs through a surface
hardening and plastic deformation that inhibits the propagation of fatigue cracks – a major lifetime
inhibitor of metal components. Laser Peening prevents cracking on the part surface, and provides a strong
protective layer of compressive residual stresses several millimeters deep. This enhancement produces
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robust components that can operate safely for millions of cycles beyond their original fatigue limit (Zhang
etal, 2021, Kulekci & Esme, 2014, & Wang etal, 2020).
Residual stress distributed in the LSP material improves the fatigue life of the material. However, the
choices of peened parameters combination such as pulse duration, power density, depth of material or
thickness, power density and number of shots affect the level fatigue life response of the material.
Extensive characterization of residual stress distribution versus the peened parameters combination is
based on trial and error even though the benefit of improving the fatigue life of LSP materials is
established.
Background of the Study
In the aerospace industry, weight reduction with great functionality is candidate performance targets.
Treatment (mechanical and thermal) of materials is also important to achieve such target. Aircrafts are
faced with cyclic, impact and static loads. Because of the environment in which they work, corrosion,
erosion and cracks initiation are things to consider in the structural design. Cracks are due to imperfection
of materials used in the design of aeroplanes. Cracks can be initiated due to design issues such as
unanticipated stress concentrations, corrosion damage and cyclic loading. These cracks initiate and grow
until they cause failure of the structural design of the aeroplane if not checked.
According to (Wanhill, 2013), short fatigue cracks have been proven to grow at faster in metallic parts.
Their growth and coalescence under fatigue results to macroscopic defects especially in composites.
Hence, the need to research into the development of composites with high resistance to fatigue.
The designers of aircrafts design them in such a way that priority is given to safe life, safe failure and
controlled failure. The safe life design consideration takes care of unpredictable crack by those parts of
the aircrafts whose life span has reached. The controlled failure account for sensitive parts, designed to be
structurally and strength wise reliable even after the effect of local failure. Controlled failure assumes
that cracks must develop during the service life of the aircrafts. Here, attention is paid to how these cracks
can be controlled in such a way that they do not cause catastrophic failure by controlling their propagation
properties.
Aluminium alloys have a very wide application in the aviation industry and in the manufacture of launch
vehicles with cryogenic tanks most especially when it is alloyed with copper and lithium. Al-Cu-Li alloys
belong to the class of low density and high strength monolithic metallic advance light materials with
promising potentials for replacement of series 2000 and 7000 used by military and commercial aeroplanes
currently (Buhl, 2012). These alloys have excellent specific strength (ESS), corrosion resistant properties,
superior damage tolerance and weldability. The introduction of lithium in the aluminium lowers the
density with a corresponding increase in the strength and modulus of the Al 2099. Alcoa developed Al
2099 with C460 designation for aerospace applications and other high strength uses in two forms of 2099T351 and 2099-T39 by extrusion and covered with AMS 4287 and AMS 4459. According to Alcoa,
extruded Al 2099 is a good replacement for 2xxx, 6xxx and 7xxx alloys of aluminium that were
previously used for applications dynamically and statically loaded fuselage structures, designs with high
stiffness and lower wing stringers. Extruded Al 2099 is characterised with excellent machinability,
fastening, forming and good finish properties.
Surface treatment of metals is of great importance because cracks usually develop on the surfaces before
gradually propagating deeper into the alloy. The surface of the metal is exposed to multiple stresses such
as tensile and cyclic stresses. Due to the crystalline structure of metals, the surface of the metal can bend
and stretch repeatedly unevenly through the thickness of the metal. When this happens, the numerous
crystal dislocations in the crystal lattice on the surface moves (Van, 2007). If this stress is sustained long
enough, the dislocations will move until they will become cross tangled also known as work hardening.
When the dislocation can no longer move, and the stress persist, the lattice structure will fracture under
stress (Gilbert, 1998). This gives room for crack initiation and eventual crack growth if not checked.
Compressive residual stresses (CRS) can be used to improve metallic fatigue life. Cyclic mean stress
(CMS) is reduced thereby retarding crack initiation on the metal (Williams & Starke, 2003).
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Different methods are used to introduce CRS into a metallic alloy. Laser shock peening (LSP) is however
receiving more attention because apart from been an emerging technology, it is proven to extend the life
of engineering materials like metals (Sticchi , 2015), (Cuella, 2012), (King, 2006), (Hatamleh, 2007), and
(Nikitin, 2004).
LSP introduces very deep CRS. This is achieved using a fraction of the cold work needed in shot peening
(SP). With this method, there is less thermal relaxation of RS at high temperatures. After examination of
fatigue on specimens of aerofoils that were subjected to LSP, it was discovered that the crack growth rate
resistance post foreign object impact (FOI) increased significantly (Maawad, 2012).
Laser Shock Peening (LSP) is competitively used as a modern means of treatment of metals especially
alloys. Laser shock peening (LSP) been an advanced technique used to treat surfaces by introducing
compressive stresses that prevent fatigue crack initiation and onward growth hence fatigue and strength
life of the material is improved (Montross, 2002) and (Yang, 2001). LSP uses high power laser pulses to
induce compressive stresses in millimetres depth in materials of thick dimensions (King, 2006). Where as
in thin samples compressive stresses are introduce through thickness compression with corresponding
lateral tension balance (Rankin & Hill, 2003). The advantages laser shock peening has over mechanical or
shot peening include deeper penetration with precision, flexibility, short process time, accuracy, high
speed, and excellent and attractive aesthetics (Montross, 2002). For instance, 2mm depth excess 304
stainless steel is reported by (Turski, 2010). 1mm excess depth in nickel alloy Inconel 718 is reported by
(Hammersley, 2000).
Though the improvement of the fatigue life of a material by the LSP process depends on the distribution
of the residual stresses which is a function of choice of LSP parameters (Fitzpatrick, et al., 2015). Hence
the benefit of LSP is fatigue life improvement and is well recognised (King, 2006), (Hatamleh, 2007), and
(Nikitin, 2004). Since the mechanical principles varies per material, structural design process is still on
trial and error basis. This is because the correlation between what happens in the stages of plastic
deformation, hardening and residual stress generation is yet to be fully understood (Fitzpatrick, 2015). It
is therefore time consuming and expensive to develop a fatigue design with enhanced structural integrity
using LSP (Williams & Starke, 2003).
To quench the thirst for high demand for preferential materials to replace the traditional materials for
design purposes. The traditional metals are replaced with new generational metals. The new generation of
metals are produced by modifying the traditional metals. Often times elements are combined with the
traditional metals to enhance the desired mechanical properties Yan, Chen, & Liou, (2020). The choice of
the use of metals in the design of space crafts such as aeroplanes, satellites and cryogenic tanks revolves
around their special mechanical properties. Hence the search for advanced light metallic alloys is
insatiable Sivolella, (2017).
Due to weight savings of 3% / 1% Lithium, 5-8% increase in stiffness, (Bois-Brochu, 2014) reported that
Aluminium-Lithium alloys are replacing the old aluminium alloys. This makes them potential advance
lightweight materials. (Lin, 2013) reported that aluminium 2099 has been researched in previous years as
collaborated by the views of (Romios etal: 2005), (Mase etal: 2011), (Csontos & Starke, 2000),
(Fragomen: 2005), (Buchheit & Gouma, 2001), (Kertz, 2001) and (Gable, 2001) but microstructural
changes due to thermo-mechanical processing on Aluminium 2099 such as laser shock peening and
extrusion have not been reported upon (Dursun & Soutis, 2014), (Lin, 2013), (Bois-Brochu, 2014), (Lin,
2014), (Csontos and Starke: 2000),(Gable, 2001), (Romio, 2005), (Mase et al., 2011), (Buchheit &
Gouma, 2001), (Fragomen: 2005),and (Kertz, 2001).
To this end, extruded and Laser shock peened Al-2099 specimens will be studied by means of comparison
between the Laser shock peened and the unpeened specimens. The effect of the laser shock peening will
be studied along the surface and depth of the radius area. This Research intends to establish the effect of
laser shock peening on the mechanical properties of a ‘T’ shaped Al 2099 extruded. The knowledge that
will be gained from this study will be of value to the aviation industry and academic researchers.

92

Jige .…. Int. J. Inno. Scientific & Eng. Tech. Res. 9(3):90-109, 2021
MATERIALS AND METHODS
Materials description
Al 2099 used in this study was supplied by Alcoa in form of extruded ‘T’ shape. Laser shock peening was
done by Metal Improvement Company in United Kingdom by Earby in conjunction with Laser Shock
Peening Technologies, Columbus, OH, USA. The chemical properties of Al 2099 according to (Rioja &
Liu, 2012), (WanhillÃ et al, 2013) and (Alcoa, 2003) and mechanical properties of Al 2099 according to
(Rioja & Liu, 2012), Giummarra et al, 2008) and (Alcoa, 2003) are shown in tables 1 and 2 respectively.
Table 1: Chemical composition of Al 2099 by percentage (Rioja & Liu, 2012)
Alloy
Li
Cu
Mg
Zr
Mn
Zn
Date
Al 2099
1.8
2.7
0.3
0.09
0.3
0.7
Alcoa, 2021
The percentage remaining out of 100 is Aluminium.
Table 2: Mechanical properties of Al 2099 (Giummarra et al, and Alcoa, 2003)
Heat
Tensile
Yield
Compressive
Elongation Toughness
Tension
treatment
strength Strength yield strength (%)
(MPa)
modulus
(MPa)
(MPa)
(MPa)
(GPa)

Tempering
T39

560

525

520

9

30

78

Density
(g/cm3)

2.63

Description of Specimens for Hardness Test
Laser shock peened specimens were used for hardness test in this study. The specimens were sectioned
along the drilled hole, grounded and polished for hardness test. The specimens measured 25× 15 × 10
mm3. The unpeened specimens were treated in like manner. Details of shock peening parameters and the
locations the specimens were extracted is shown in table 5.
Table 3: Al 2099 with one spot peening condition
Specimen
Machined
Orientation Peened condition
label
position
Power
density/pulse
duration/number
of
shots (GW/cm2-ns-#)
1a
Flange
YZ
3-18-1
location
2a
Flange
XY
3-18-1
location
4a
Web
XY
3-18-1
location
5a
Web
ZX
3-18-1
location
6a
Web
YZ
3-18-1
location
12a
Web
XY
3-18-1
Location
20a
flange
YZ
3-18-1
location
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Spot
Size/ mm2

Hole
Depth

4

1.4

4

1.4

4

1.4

4

1.4

4

1.4

4

1.4

4

1.4

Jige .…. Int. J. Inno. Scientific & Eng. Tech. Res. 9(3):90-109, 2021
The specimens were marked and sectioned in the middle in the middle of the drilled hole as shown in
figures 9 and 10 respectively.

Figure 1: Labelled specimens of Al 2099 for harness test showing the position of the peen and hole.

Figure 2: Al 2099 specimens for hardness test marked and sectioned along the drilled hole.
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Experimental Method
Hardness Test Method
Solid materials generally exhibit three changes viz; elastic, plastic, and fracture changes when stressed.
The strong intermolecular forces in the hard materials allow them to withstand external forces without
changing their shape permanently (Schuh et al., 2007).
Hardness test is carried out to understand the complex behaviour of force on a solid matter (Cohen et al.,
1998). Types of hardness test include indentation, scratch and rebound hardness (Chandler, 1999). In this
work, the researcher used Vickers indentation hardness test.
Hardness test measures material resistance to indentation. Hardness testing methods and specifications
include the list; Rockwell – ASTM E18; NASM-1312-6, Superficial Rockwell – ASTM E18; NASM1312-6, Brinell – ASTM E10, Microhardness – ASTM E384; NASM-1312-6, Vickers – ASTM E384,
ASTM E92, Shore – ASTM E2240.
Vickers Hardness test can be used to test different materials irrespective of their hardness. The ease of use
makes it a choice of many. It observes the materials resistivity to plastic deformation from standard
source. It can test all metals including aluminium. This method is used because of the ease of use of the
machine, it is relatively inexpensive, little practice is required, and the specimens will not be destroyed at
the end of test. In this study, the hardness test used was Vickers hardness test because the measurement is
only meant for comparison of the effect of shock peening along the radius area and depth of the peen
compared with the unpeened specimen. Specimens of aluminium were treated with Laser shock peening.
The peened area was 4mm2 with a 1.4 mm hole drilled in the middle of the peened area. After the
peening the specimens were splitted along the centre of a hole drilled in the middle of the peened area.
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Cut specimens were metallographically prepared for hardness test. Hardness test was performed using
MVK-H1 Mitutoyo Hardness Testing Machine. The test was performed with a spacing of 0.25mm
between indents starting from the peened surface and from the middle of the drilled hole. After 4 mm, the
spacing changed to 0.5mm between indents. From 5mm, the spacing between indents changed to 1mm.
16 indents were made in the first 4mm. the remaining indents were spread out along the width of the
specimen. All procedures were according to ASTM, 2002 tensile testing standard.
A total of three sets of indents were made for each specimen with 0.5 mm before the hole, mid-way under
the hole and 1 mm after the hole. The MVK-H1 Mitutoyo Hardness Testing Machine was used for the
test.
Precautions were adhered to while performing the hardness test. Laboratory coat was worn while carrying
out laboratory test. The zero mark was prechecked and set at the beginning of new test. The polished
specimens ready for hardness test are shown in figure 18.

Figure 3: Polished specimens ready for hardness test.

The marked position shown in figure was applied on the specimens in figure 19.
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Figure 4: Schematic diagram of the indented specimens
Hardness Test
Vickers Micro hardness also uses the pyramid shape diamond with an exact defined force to create an
indent on the specimen. The surface area is measured and evaluated in mm squares. Mathematically,
Vickers hardness HV = Test Force F divided by the surface area of the indentation (Olivier et al., 2008).
The surface area (SA) of the pyramid Diamond Head bused for indenting is given by S 2 + 2(S*L). The
hardness value relationship is shown in figures 20 and 19.

Figure 5: Hardness value relationship (Olivier et al: 2008).

Figure 6: Hardness test (Wang et al., 2003)

Where L is the slant height of the triangles and S is the base square side length. Hardness test is
performed to characterise surface hardness (Fischer, 2000). A load of 50N was applied to the Specimens
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of Al-2099 for a period of 10 seconds. The surface area of the indent created was then measured and the
data got was plotted as Hardness vs Position from peened surface.
RESULT AND DISCUSSION
The result for the various specimens tested are presented in the various figures according to the
orientations of the position of the extraction of the specimen.
The result obtained from the hardness test of specimens extracted as shown in figure 26. The specimens
as marked in their respective positions were laser shock peened according to the peening condition shown
in table 3.
Again, the peening response will be investigated in relation to position and orientation of the specimens.
If there is a varying response due to laser shock peening, explanation will be offered accordingly.

Figure 7: Positions of peened specimens as extracted on the T shape (Fitzpatrick et al., 2015)

The various results are shown in figures 9 to 14. From the result, it clear that Al 2099 responded to the
peened condition presented in table 3. There was a 21% increase in the maximum surface hardness values
of the peened specimens in the web and 18% increase in the maximum surface hardness values of the
peened specimens in the flange as compared with the unpeened specimen.

Figure 8: Result of hardness test on laser shock peened specimen 1a in the flange section of Al 2099.
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The highest surface hardness value of specimen 1a is approximately 160 Hv. The depth of the effect is
approximately 2mm. The average hardness value of the unpeened section is 135 Hv to 140 Hv. Worthy to
note is the fact that the measurement directly under the hole does not have values 1.4 mm length. This is
because; the measurement started 1.4 mm into the specimen. The same will be observed on the rest of the
specimens.

Figure 9: Result of hardness test on laser shock peened specimen 2a in the flange section of Al 2099.

The approximate highest value of specimen 2a extracted from the flange is 160 Hv still. The average
effective laser shock peening depth is 2 mm into the specimen. The average hardness value outside the
peening effect is scattered between 130 Hv to 140 Hv.

Figure 10: Result of hardness test on laser shock peened specimen 20a in the flange section of Al 2099.
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Specimen 20a shows average maximum surface hardness value of below 160Hv. The average hardness
value outside the peened effect is scattered between 130 Hv to 140 Hv. Effective depth of peening is
approximately 2 mm.

Figure 11: Result of hardness test on laser shock peened specimen 4a in the web section of Al 2099.
The specimens in the web section showed a higher maximum hardness value of approximately 170 Hv as
compared with 160 Hv maximum surface hardness value obtained from specimens in the flange section.
The effective depth of peening is about 2 mm but with less scatter values. The range of hardness values
outside the peening effect is between 130 Hv to 140 Hv.

Figure 12: Result of hardness test on laser shock peened specimen 6a in the web section of Al 2099.
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Approximate maximum surface hardness value due to laser shock peening is approximately 170 Hv.
Effective depth is approximately 2 mm unpeened section measures average hardness value of 130 to 135
Hv.

Figure 13: Result of hardness test on laser shock peened specimen 12a in the web section of Al 2099.
Maximum surface hardness value for specimen 12a is approximately 175 Hv. This value is because of
laser shock peening effect. The depth of effect is approximately 2 mm. The unscattered hardness value
outside the peening effect is 130 Hv while the scattered value is 135 Hv.
In summary, increase in hardness value achieved for sure with the peening for both specimens. The
response is more on the web specimens as compare to the flange specimens.
The depth to which the peening penetrated the material was approximately 2 mm in the specimens in the
flange and web sections of the extruded Al 2099. Due to a variation in hardness values and depth
penetration of specimens of the same sample at different locations, a suggestion is made here for further
investigation. Preferably, by way of changing the peening parameters such as power density, number of
layers and pulse duration to ascertain further variation in the hardness property of the specimens.
(Fitzpatrick et al., 2015) reported a variation in in surface residual stress profile reflected in hardness
trend of Al 2624 when power density was varied from 1 to 7 shots as shown in figure 15.
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Figure 14: Variation in hardness trend due to power density change from 1 shot to 7 seven shots (Fitzpatrick
et al., 2015)

Based on figure 15, peening parameters such as power density will create varying pulse profiles with
varying hardening effects. This can be applied on Al 2099 to observe the hardness trend. Other peening
parameters such as number of peened layers and duration can be varied on Al 2099 equally.
The change in the surface residual stress profile-reflected hardness response is likened to residual stress
effect associated with power density and energy of Laser shock peening. So many literatures such as
(Fitzpatrick et al., 2015), (khan et al, 2011) and (Sun et al., 2014) have pointed to that fact.
Different textures can also cause a variation in hardness and different textures respond differently laser
shock peening. For instance, the texture of the flange and the web in the same sample can vary. When
texture varies, hardness varies too. When hardness varies, different responses should be expected from
surface treatment techniques such as laser shock peening.
From the result in figure 16, the initial average hardness value of the flange was 140Hv while that of the
web was 130 Hv. That was before laser shock peening was applied. After the application of laser shock
peening, the initial softer part (Web) showed a higher value of hardness value of up to 170 Hv. The flange
which was initially harder than the web before laser shock peening showed a hardness increment value of
up to 160Hv. By implication, it means the softer web developed more residual stress meaning better
response to laser shock peening.
This result is also consistent with the report of various literatures on the positive effect of laser shock
peenining like (Sun et al., 2014), (Fu et al., 2014), (Hatamleh, 2007), (Hales & Hafley, 1998),(Sticchi et
al., 2015), (Cuella et al, 2012), (King et al., 2006), (Hatamleh et al., 2007), (Nikitin et al., 2004) and
(Fitzpatrick et al., 2015). This research is however specific on Al 2099.
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Based on this correlation, this research confirms that laser shock peening improved the hardness of
extruded Al 2099 by 18 % in the flange section and 21% in the web section.
Evidence of hardness variation was reported by (Hales & Hafley, 1998) and (Fitzpatrick et al., 2015) as
shown in figure 16.

Figure 15: Unpeened bar of Al 2099 showing both axis and Vickers hardness variation (Fitzpatrick
et al: 2015) .
Singh & Jata, (2014) and Denzer et al, (1992) explained further with evidence of varying texture in the
flange and the web having (111), (200) and (220) textures as shown in figure 17.
The way crystallographic orientations are distributed in a polycrystalline sample is referred to as texture
(Bunge, 2013). Or it can be said to be the preferred crystallographic orientation of a polycrystalline
sample or simply, preferred crystallographic orientation.
Aluminium is compressed during hot extrusion in one direction. As it flows through the die under
pressure, the crystals of aluminium deforms in the direction of extrusion. This grain flow results in rolling
texture (Hirsch & Al-Samman, 2013) and (Sheppard, 2013).
Most materials pulled out in tension or compression have uniaxial or fibrous symmetry. Fibrous texture
occurs because of symmetry rotation with respect to sample direction. Orientational transformation of
crystals into one another takes place at equal frequency. Hence, rotationally symmetric textures are
referred to as fibre textures (Newnham, 2005). It appears that the flange has rolling texture while the web
has fibrous texture which may cause a variation in hardness response due to Laser Shock peening as
reflected in the result in figures 9 to 14. While the partly fibrous texture responded to laser shock peening
as reflected in figures 15 to 16.
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Figure 16: Poles figures of extruded T bar present in the Flange and web of the Sample (Singh & Jata, 2014)

In a separate study by (Sun et al, 2014) on Al 2196, improved surface hardness was achieved with
mechanical shot peening. Multiple dimple like surface was observed after receiving multiple shots as
shown in figure 5 previously, as compared to the unpeened specimen. Mechanical properties improved at
the detriment of smooth surface. Appearance of surface dimples due to mechanical shot peening
phenomenon and local delamination was observed after shot peening. Due to the different speed of the
shots, the craters were of average varying sizes of 100 µm with irregular distribution on the surface.
Overlap was caused by different impact of different shots resulting to the varying shapes and sizes of the
craters. This is however a limitation of shot peening as the surface was damaged. This limitation has been
overcome by laser Shock peening (Sticchi et al., 2015), (Cuella et al, 2012), (King et al., 2006),
(Hatamleh et al., 2007), and (Nikitin et al., 2004). On the other hand, compressive residual stresses were
generated on the surface of the peened material. A value of -240.3 MPa was recorded at the surface. A
maximum value of -265.5 MPa with 81 µm was recorded. Uneven plastic deformation occurred at the
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surface of the Al 2196 Al-Li alloy producing compressive residual stresses that inhibit fatigue crack
generation. This process result to increase in hardness in the surface region. Hardness test result showed a
hardness value 201 HV at the surface with a decreasing inward hardness value to the average material
matrix value of 146 HV. (Sun et al, 2014) achieved 37% increase in hardness value as compared to the
unpeened specimen shown in figure 5.
Summary
This research has investigated the effect of Laser Shock Peening specifically on Al 2099 extruded. The
magnitude of response of the material to Laser shock peening is a function of the crystallographic texture
and cyclic plasticity behaviour. Thermo mechanical processing and heat treatment such as extrusion and
laser shock peening influence crystallographic and plastic behaviour of Al 2099.
A variation in yield strength of the same material has been demonstrated. Hardening variation has been
demonstrated too. The softer material in the web section tend to have more hardness response than the
harder material in the flange after laser shock peened.
If the same material can possess different texture and cyclic plastic behaviour, care should be taken to
categorise laser shock peening parameters per heat treatment, texture and cyclic plasticity behaviour. This
is because different hardness response will mean different residual stresses.
Worthy of note is the fact that this research has been consistent with the expectation of different
crystallographic textures at different locations in a hot extruded section due to temperate and local strain
variations within that hot extruded cross section. Even though such expectations abound, until proven for
each alloy as in the study. One cannot assume and conclude that different hardness and yield strength
exist in the same material with complex geometry. Hence, the use of softwares with solvers such as finite
element analysis and eigen strain analysis for modelling should bear in mind the assumption of such
geometry as continuum and assumption of homogeneous material properties and assumption of
homogeneous material properties.
CONCLUSION
1. Al 2099 extruded T shaped possess different crystallographic textures at differing locations within the
extruded cross section. This is reflected in the yield strength and hardness variation. There is evidence of
fibrous texture in the web and rolling texture in the flange.
2. Inhomogeneous texture has influence on mechanical properties such as yield strength and hardness
properties.
3. The softer part of the T bar of Extruded Al 2099 showed higher hardness response as compared to the
harder part of the T bar.
4. Approximately 18 % and 21 % increment in maximum surface hardness was for the flange and web
specimens respectively after treating them with Laser shock peening.
5. The cyclic behaviour of Al 2099 shows evidence of reverse yielding. This because the yield strength of
all the specimens varied after the specimens were loaded and unloaded in cyclic manner. Even though due
to the limitations of the Instron tensile testing machine, compressive part of loading cycles was not
investigated to ascertain the specific values of βσ1, βσ2 , and βσ3.
RECOMMENDATIONS
1. Laser shock peenning has proven to improve mechanical properties of Al 2099. Since research is
ongoing to make potential light materials even better, this research has provided a take-off platform in
laser shock peening and its effect on mechanical properties of Al 2099 specifically. Microstructure
and textural analysis should be performed of the specimens to explain the differences in the yield
strength and yield strain with a view to improve on the desirable properties of the alloy as part of
future work.
2. The extruded specimens for hardness test requires two perfect parallel side for effective testing.
In this study, the specimens were not parallel. Extra work was done to get the parallel edges.
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Hence, geometry of specimens for hardness test are recommended to be machined with parallel
sides.
3. Laser shock peening parameters have shown reasonable depth effect in Al 2099 as per the
condition of the peen.
4. Cyclic stresses have shown cyclic hardening on Al 2099 beyond 2% strain. Effect of cyclic
stresses and failure due to sustained cyclic loading effect is been researched into presently
especially in potential advanced light materials such as Al 2099.
5. Preferred crystallographic orientation of the rolling type in the flange of hot extruded T bar of Al
2099 showed higher yield strength of up to 500 MPa as compared to the web section with 400
MPa
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