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Abstract: Aluminum-magnesium-silicon alloys have been widely used as extruded products due to
its mechanical strength and high ductility. The effects induced by shot peening has been extensively
used in materials that have potential for structural applications. In this context, the purpose of this
study was to evaluate the residual stress induced by shot peening of extruded aluminum alloy 6082.
Initially, the effect of heat treatments such as solution treatment and ageing of this alloy was
studied. The residual stress measurements were carried out using x-ray diffraction. The
microstructure of the alloy was studied by optical microscopy. The crystallographic texture was
determined using x-ray diffraction and back-scattered electron diffraction. The heat treatment
sequence that resulted in the highest hardness of Al alloy 6082 was solution treatment at 560°C for
30 min, followed by ageing at 185°C for 5 h. The residual stress in compression of the extruded
alloy’s surface increased by 87.38%, from -66.6 to -124.8 MPa, caused by shot peening. The
residual stress profile indicated an increase in its value up to a depth of 86 um, beyond which the
values obtained were unreliable. The extruded section revealed accentuated crystallographic texture
in the (111) plane parallel to the cross-section and in the (200) and (220) planes oriented
preferentially in the longitudinal direction to extrusion and perpendicular to the (111) plane.

Introduction

The motivation purpose for using aluminum and its alloys in structural applications is mainly
related to its low density. The versatility in fabrication using extruded components makes these
alloys potential substitutes for materials with higher density, mainly as structures. The Al-Mg-Si
(AA 6XXX) alloys are considered to be of medium strength and constitute the largest amount
among extruded aluminum alloys.

In metallic components, residual stresses are introduced either intentionally by shot peening
or unintentionally during manufacture. In the case of shot peening, the introduction of compressive
residual stresses in the surface layers results in a marked increase in fatigue life of the component.
Shot peening is nothing more than high velocity bombardment of the surface with hard spherical
particles that could be metallic, ceramic or glass. This process creates a plastically deformed layer
on the surface of the material. A region with residual stress in compression is produced when the
elastically deformed material, just below the plastically deformed surface layer, tries to recover its
original geometric form [1-5].

Many studies have been carried out to understand better the role of residual stress in
improving the fatigue resistance of aluminum alloys [6-12]. This study was carried out to contribute
further towards understanding the residual stress generated by shot peening of aluminum alloy
6082. The microstructure of the extruded section of this alloy has been examined, having observed
the effect of the presence of large grains and crystallographic texture in the determination of
residual stress.
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Materials and Methods

Extruded bars of aluminum alloy AA 6082 with a circular section 13 mm in diameter were
used in this study. Specimens 20 mm in length were cut from the extruded bars for solution and
ageing heat treatments. The solution treatment was done at temperatures of 545°C and 560°C for
30 min followed by quenching in water. Ageing was done at 175°C and 185°C for 0.5, 1, 2, 3, 4, 5,
6, 7, 8 and 24 hours followed by air cooling. On cross-sections of the heat treated specimens,
Rockwell B hardness measurements were carried out, and hardness curves as a function of ageing
times for both solution treatment temperatures were determined. On each specimen, 5 random
measurements were made.

Shot peening was carried out with a METALCYM/METALBLAST Turnblast equipment.
The nominal distance between the turbine and the specimen was 600 mm. The turbines of this
equipment was set to operate at 2500 rpm and for 1 min. Spherical S170 steel shots manufactured as
per SAE J-444 standard, with diameter of 0.42 mm and minimum hardness of 57 HRC were used.
To measure the residual stress a Rigaku x-ray diffraction equipment was used with a chromium
tube, voltage of 40 kV and current of 20 mA. The method used was sen’y, with variation in y from
+50° to -50° and intervals of 10° in the diffraction angle with respect to (311) plane.

The residual stress curve as a function of depth was determined in the radial direction of the
cross-section, starting from the circular surface of the specimen. This depth profiling was done by
etching the surface of the specimen with concentrated HCI followed by measurement of the residual
stress. To measure the depth after etching, a setup consisting of a Mitutoyo base and a PUY 220
comparator watch with sensitivity of 1 um was used.

To carry out optical metallographic measurements, specimens from longitudinal section and
the cross-section, with respect to the extrusion direction, were prepared using conventional
procedures consisting of cutting, mounting, grinding, polishing and etching with HF. The optical
measurements were made with an Olympus optical microscope using polarized light. To carry out
crystallographic texture measurements, a Rigaku x-ray diffraction equipment was used. The pole
figures were obtained for the crystallographic planes (111), (200), (220) and (311). To examine the
crystallographic orientation, a scanning electron microscope coupled to an electron backscattered
diffraction equipment was used.

Results and Discussion

Figure 1 shows the hardness versus ageing time curves. The highest hardness (89 HRB) was
exhibited by the specimen that was solution treated at 560°C and aged for 5 h at 185°C. These
conditions were chosen to heat treat other specimens prior to shot peening and measurement of their
residual stresses. Shot peening was carried out on specimens with two parallel longitudinal
chamfers 0.6 mm deep along its whole length. These chamfers were introduced mainly to serve as
reference while positioning the specimen to carry out subsequent measurement of residual stress
and depth after chemical etching. Measurement of residual stress on the specimen surfaces was
done at 4 positions at 90°, 2 in the chamfered region and 2 in the curved region, before and after
shot peening. The shot peening showed more than 100% coverage. Regardless of the position, the 4
measurements revealed similar values for both, the specimen before and after shot peening,
indicating thus that the shot peening process was homogeneous. The specimens, prior to and after
shot peening, revealed values of residual stress in compression. The average residual stress value on
the surface of the specimen that was not shot peened was -66.6 MPa, whereas it was -124.8 MPa on
the surface of the shot peened specimen.

The average residual stress curve as a function of depth from the curved surface is shown in
figure 2. It can be seen that the residual stress values increase with depth up to 86 um. Beyond 86
um, the measurements showed no statistical consistency and after 166 um, measurements could not
be made with the technique used in this investigation. These results indicate the presence of very
large grains and/or highly oriented crystallography.
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Fig. 1: Rockwell B hardness curves as a function of ageing time.
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Fig. 2: Residual stress values as a function of distance from the surface on extruded AA 6082 alloy
that was solution treated, aged and shot peened.

The microstructure was examined to identify the reason for the results of the residual stress
measurements. Figures 3 and 4 show optical micrographs of the cross-section (figure 3) and the
longitudinal section (figure 4), obtained using polarized light. The microstructure of the cross-
section (figure 3) shows large grains at the edge of the extruded section. This may have resulted
during solution treatment of the material while exiting the extruder. Nevertheless in the central
region of the micrograph the presence of a large grain and with a slight variation in its color can be
seen. The micrograph of the longitudinally cut specimen (figure 4) confirms the presence of large
grains at the edge. In the central region, fine grains elongated in the extrusion direction can be
observed, with predominantly two colors, suggesting preferential orientation.

Fig. 3: Micrograph of cross-section of the extruded specimen.
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Fig. 4: Micrograph of longitudinally. cut extruded specimen.

The x-ray diffraction spectra of the cross-section and longitudinal section of the specimens are
shown in figures 5 and 6 respectively. The spectrum of the cross-section (figure 5) reveals marked
crystallographic orientation in the (111) plane and, to a lesser extent, in the (200) and (220) planes.
Other crystallographic planes are not seen. The spectrum of the longitudinally cut specimen (figure
6) reveals only peaks related to the (200) and (220) planes. Conjoint evaluation of these x-ray
spectra along with the observations from optical microscopy suggest accentuated texture in the
(111) plane and, to a lesser extent, in the (200) plane, both parallel to the cross-section of the
extruded section. The (002) and (220) planes are preferentially oriented in the longitudinal direction
of extrusion and perpendicular to the (200) and (111) planes, respectively.
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Fig. 5: X-ray diffraction spectrum of the cross-section of extruded specimen.
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Fig. 6: X-ray diffraction spectrum of the longitudinally cut specimen from the extruded section.

To confirm crystallographic texture in the alloy, pole figures were obtained by x-ray
diffraction and electron backscatter diffraction (EBSD) images using a scanning electron
microscope. The pole figures related to the (111), (200), (220) and (311) planes of the specimen
cross-section can be seen in figure 7. These confirm strong crystallographic orientation in the (111)
plane, parallel to the cross-section of the extruded section. Besides this, the specimen revealed
radial symmetry. In the ESBD image of the central region of the same section (figure 8), only two
colors related to orientation can be observed. As seen in the orientation standard of this image, the
blue color represents predominantly the (111) direction and the red color the (200) direction. These
observations are consistent with those made based on the results of optical microscopy, the x-ray
diffraction spectra and the pole figures.
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Fig. 7: Pole figures of the cross-section of the extruded aluminum alloy 6082.
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Fig. 8: ESBD image of the central region of the cross-section of the extruded aluminum alloy 6082.

Conclusions

The heat treatment sequence that resulted in highest hardness of the aluminum alloy 6082 was
solution treatment at 560°C for 30 min followed by ageing at 185°C for 5 h. The shot peening and
fatigue tests were carried out after extrusion and heat treatment for maximum hardness. The
residual stress in compression of the surface of the extruded aluminum alloy increased by 87.38 %
from -66.6 to -124.8 MPa as a result of shot peening. The residual stress profile revealed an increase
with depth. However, measurements could not be made beyond a depth of 86 um due to the grain
size being very large in the subsurface region of the extruded section and crystallographic texture.
The extruded section showed marked crystallographic texture in the (111) plane, parallel to the
cross-section and the (200) and (220) planes that were oriented preferentially in the longitudinal
direction of extrusion and perpendicular to the (111) plane.
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