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ABSTRACT: Surface mechanical attrition treatment (SMAT) has been used to treat the surfaces of an 
aluminium alloy manufactured by selective laser melting (SLM). SMAT involved impacting the SLM 
sample surface with spherical balls at a frequency of 30 Hz for 10 min to 30 min, which induced plastic 
deformation of the sample surface, leading to a change in surface finish and surface hardness. The surface 
finish, morphology, hardness, and structural features have been investigated. The results show that SMAT 
is very effective in improving the surface finish of the SLM aluminium alloy surface. After 30 min of 
treatment, the roughness value (Ra) was reduced by 87%, from 19.4 μm to 2.6 μm. SMAT also has the 
benefit of increasing the surface hardness of SLM aluminium alloy from 125 HV0.1 to 160 HV0.1, and 
generating a strain hardened layer of about 300 μm thick at the subsurface, and thus has the potential of 
improving wear resistance. In addition, SMAT induced a compressive residual stress of around 100 MPa 
on the treated surface, which would be beneficial in improving the fatigue properties of SLM aluminium 
alloy. The mechanisms underlying surface smoothing, hardness increase, and the evolution of compressive 
residual stress in SMAT are discussed in terms of severe surface plastic deformation and strain hardening. 

Keywords: Aluminium alloy; Selective laser melting; Surface mechanical attrition treatment; Surface 
finish; Hardness; Residual stress 
 

1. Introduction 

Selective laser melting (SLM), as an advanced additive manufacturing (AM) technique, has found 
increasing applications in industries for the fabrication of complex structural metal components [1–4]. 
Although SLM provides substantial advantages as compared to conventional manufacturing techniques, 
such as design freedom, reducing lead time from design to manufacturing, and improving material 
utilization, it also has some drawbacks, including high surface roughness, poor surface quality, porosity, 
tensile residual stresses, and constrained fatigue life, which limit its applicability in high performance fields 
such as aerospace, automotive, and aeronautic engineering [5–9]. In particular, due to the powder-bed 
fusion and rapid heating and cooling involved, SLM is known to produce metal components with surface 
roughness (Ra) values ranging from 5 μm to 20 μm, depending on build orientation, processing parameters, 
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and material type [10–12]. A rough surface not only reduces dimensional tolerance and accuracy, it also 
deteriorates such surface-related properties as wear, fatigue and corrosion properties [8,13,14]. 

Aluminum alloys, due to their light weight, high strength-to-density ratio, excellent electrical and 
thermal conductivity and good corrosion resistance, have been widely used in the aerospace, aeronautical 
and automotive industries. In recent years, AM, in particular SLM, has been used to produce complex 
aluminum components for static and dynamic loading applications [15–18]. Among the many aluminum 
alloy series, the Al-Si series, e.g., AlSi10Mg, is the most compatible with SLM as it is close to the eutectic 
Al-Si composition, promoting effective castability and weldability [18]. Other aluminum alloy systems, 
such as the Al6xxx series, are not as compatible with SLM, which may result in a high level of porosity, 
hot cracking and formation of large columnar grains [19]. However, the relatively low strength and poor 
ductility of Al-Si alloys limit their applications in high performance fields. Efforts have recently been made 
to develop high strength aluminum alloys which are compatible with SLM for aerospace and aeronautical 
applications [20–22]. Tang et al. [20] developed a high strength alloy, Al-4.5Mn-1.5Mg-0.9Sc-0.2Zr, for 
SLM fabrication of aerospace components, achieving an as-printed yield strength of 467 MPa and age-
hardened yield strength of 585 MPa. However, the as-SLM surface is too rough for real engineering 
applications without post process polishing operations. 

Many post-processing techniques have been used to improve the surface finish of SLM components 
during the past decade, including conventional machining [23], laser polishing [24–26], chemical polishing, 
chemical-mechanical polishing [27,28], electrochemical polishing [29,30], plasma electrolytic polishing 
[31,32], dry electropolishing [33], abrasive flow polishing [34], and surface mechanical attrition treatments 
[35,36]. Although there have been many reported studies on post process polishing of SLM stainless steels, 
titanium alloys and nickel based high temperature alloys, there have been very few reported studies on post 
process polishing of SLM aluminum alloys [37,38]. Sausto et al. [37] analyzed the effect of different surface 
post-processes on the fatigue strength of SLM AlSi10Mg alloy, and found that the as-SLM samples had a 
relatively low fatigue strength of 105 MPa, while sandblasting and machining increased the fatigue strength 
to 177 MPa and 204 MPa, respectively. Joshy et al. [38] compared the machinability of cast and SLM-
generated AlSi10Mg and found that the SLM samples experienced larger thrust and cutting forces during 
machining. Zhang et al. [39] used a fibre laser to conduct in-situ polishing of four SLM alloys, i.e., Ti6Al4V, 
AlSi10Mg, 316L and IN718. For the SLM AlSi10Mg alloy, the surface roughness (Sa) was reduced from 
16.6 μm in the as-fabricated state to 3.3 μm after optimized laser polishing. 

In the present work, surface mechanical attrition treatment (SMAT) has been employed to treat the 
surfaces of the SLM Al-4.5Mn-1.5Mg-0.9Sc-0.2Zr alloy, with the primary purpose of reducing surface 
roughness. SMAT involves repeatedly striking the sample surface with high speed, smooth balls of a few 
mm in diameter at controlled frequencies, thereby inducing severe surface plastic deformation. The 
technique has previously been used mainly for surface nanocrystallization and surface hardening to improve 
mechanical properties of metallic materials [40–43]. More recently, SMAT has also been used to smooth the 
surfaces of AM materials, such as SLM-fabricated stainless steels [35,36]. It has been reported that SMAT 
can reduce the surface roughness of SLM 316L by up to 96%, and SMAT also has the benefits of increasing 
surface hardness and wear resistance [35]. However, there have been few reports on using SMAT to enhance 
the surface quality of SLM aluminum alloys. The focus of this work was on the evolution of surface finish, 
morphology, hardness and residual stresses during the SMAT process of the SLM aluminum alloy. 

2. Materials and Methods 

The precursor material for SLM was an aluminum alloy, Al-4.5Mn-1.5Mg-0.9Sc-0.2Zr, developed by 
Tang [20] specifically for aerospace and aeronautical applications, with the composition shown in Table 1. 
Powders of the aluminum alloy were manufactured by the high-speed centrifugal atomization technique. 
The particle size of the powders used for SLM ranged from 15 μm to 45 μm. Samples of 25 × 25 × 3 mm 
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dimensions were fabricated using the EOS 290 SLM system, supplied by EOS Germany. The build 
orientation is shown in Figure 1a, with the 25 × 25 mm face built vertically. The SLM parameters were as 
follows: laser power of 290 W, scan speed of 1150 mm/s, hatching distance of 0.12 mm, and layer thickness 
of 30 μm. A scanning mode characterized by 67° layer rotation was used, with a contour scanning followed 
by the hatch scanning. These SLM parameters and scanning strategy were selected based on previous work 
to produce samples with the highest density of 99.8% [20,22]. After retrieving from the base plate, the 
samples were ultrasonically cleaned in a bath of methanol for 30 min to remove the loosely bonded particles. 

Table 1. Chemical composition of the aluminum alloy. 

Element Mn Mg Sc Zr Fe Si Al 
wt % 4.65 1.52 0.89 0.20 0.08 0.06 92.6 

 

Figure 1. Schematic diagram showing (a) the SLM build orientation of the samples, and (b) the SMAT set up configuration. 

A laboratory built SMAT machine was used to treat the 25 × 25 mm face built vertically by SLM 
(Figure 1a), with the main purpose to reduce surface roughness. The same SMAT system has previously 
been used to produce surface hardening of stainless steel [42] and to improve the surface finish of SLM 
316L stainless steel [35]. The system consisted of a vibrator and a treatment chamber, as schematically 
shown in Figure 1b. During the treatment, the sample surface was bombarded repeatedly by the flying steel 
balls inside the chamber, due to the vibration of the chamber, which was attached to the vibrator. The 
repeated high speed and high frequency impacts of the surface by the steel balls could cause plastic 
deformation and/or fracture of the roughness peaks, resulting in surface finish improvements. SMAT 
process parameters include vibration frequency and amplitude, treatment time, ball material, ball size and 
number of balls in the chamber. These parameters affect the speed and energy of the balls impacting the 
sample surface, as well as the efficacy of roughness reduction. Preliminary experiments were first 
conducted to determine the vibration frequency, amplitude and ball size, using surface finish improvement 
as the criterion. Based on the initial trial experiments and previous work on SMAT of stainless steels [35,42], 
it was determined to use stainless steel bearing balls of 5 mm diameter, which have a surface finish of 0.06 
μm and a hardness of 710 HV0.1, a vibration frequency of 30 Hz and amplitude of 7 mm. The SLM 
aluminum alloy surfaces were treated using the above parameters for various times from 10 min to 30 min. 
Before and after the treatment, the mass of the sample was measured using an analytical balance accurate 
to 10−3 g, and the thickness of the sample was measured using a micrometer accurate to 2 μm, which could 
provide information regarding material loss and surface deformation induced by SMAT. Three samples 
were tested under each condition, and if large differences among the three tests were observed, a fourth test 
was conducted. The results from these tests are presented in this manuscript to show data variations. 
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Before and after SMAT, the surface profiles and surface finish were measured by a contact-type stylus 
profilometer (Mitutoyo SJ-300, Kawasaki, Japan). The surface roughness parameters, Ra (arithmetic 
average) and Rz (maximum height), were acquired from 6 tests for each sample. The surface hardness of 
the SMAT surfaces and the as-SLM sample was measured under an indentation load of 100 g, using a 
Vickers microhardness tester (Sinowon, Dongguan, China). Since the as-SLM surface was too rough for 
microhardness measurements, it was manually ground to remove the initial surface roughness peaks, 
achieving a surface finish of 0.1 μm (Ra), after which microhardness measurements were performed. No 
further surface preparation was applied to the SMAT surfaces. Furthermore, to evaluate the subsurface 
hardening effect, microhardness profiles were measured across the subsurface region on the cross-sections 
of the SMAT samples, which were prepared by standard metallographic procedures. 

An optical microscope (Olympus GX53, Tokyo, Japan) and a scanning electron microscope (SEM) 
(Verios 5 UC, Thermo Fisher, Brno, Czech Republic) were used to examine the surface morphology and 
cross sections of the samples. The optical microscope was also used to quantitatively measure the 
percentage of polished or contact area using the ImageJ image analysis software (Version 1.54t). For this 
purpose, six images were taken from each sample (three samples were analyzed under each SMAT 
condition) at a magnification of 50, and the ImageJ software was then used to analyze the images employing 
the same threshold of 85% for each image. X-ray diffraction (XRD) was used to analyze the phase 
compositions of the samples using Cu-Kα radiation (D8 Advance, Bruker, Karlsruhe, Germany). XRD was 
also used to measure the residual stresses of the SMAT surfaces based on the sin2ψ method, using the high 
angle lattice plane (422) (2θ~137°) and Cu-Kα radiation, following standard measurement procedures. In 
brief, during experimental implementation, the XRD instrument systematically tilted the sample at 0°, 10°, 
30°, and 40° angles (ψ tilt angle) while the diffraction angle 2θ of the (422) lattice plane was recorded for 
each tilt position. After calculating the lattice spacing data (d), a linear regression fitting of the d-sin2ψ 
curve was performed, and from the slope of the fitted straight line, together with the known elastic modulus 
and Poisson’s ratio, the residual stress value on the surface was determined. In this work, residual stress 
measurements were only performed on the surfaces of the samples. Due to the limited X-ray penetration, 
only a thin layer, a few microns thick, was captured, representing surface residual stress originating from 
the SLM and SMAT processes. 

3. Results and Discussion 

A typical surface profile of the as-SLM sample is given in Figure 2a, which shows that the as-SLM 
surface was quite rough with peaks as high as 60 μm and valleys as deep as 60 μm, and the mean Ra was 
about 20 μm and Rz was about 120 μm. This indicates that in order to eliminate all the original roughness 
peaks and valleys, a surface layer of about 120 μm thick should be removed [28]. The roughness features 
of SLM surfaces are believed to result from rippling in the melt pools due to instability and surface tension, 
from the staircase effect, and from the partially melted or sintered powders sticking to the surface [12,30]. 
As can be clearly seen from Figure 2b, there were ripples, protrusions, deep valleys, and many partially 
melted particles on the SLM surface. In the cross-section shown in Figure 2c, there can be seen surface 
peaks, valleys, microcracks, and pores. Such SLM surface features have been observed and reported by 
many investigators [10,25,33], which may affect the surface quality, particularly the friction, wear, and 
fatigue properties of SLM components [35,44]. 

SMAT involved bombarding the rough SLM surface repeatedly with spherical and smooth steel balls 
of 5 mm diameter, which could cause plastic deformation and/or fracture of the roughness peaks. Thickness 
and mass measurements before and after SMAT revealed that the thickness of the sample was reduced 
continuously with increasing SMAT time, as can be seen from Figure 3. Thickness reduction was rapid at 
the initial stage of SMAT, then it became more gradual after 10 min (Figure 3). Interestingly, SMAT also 
led to a loss in the mass of the sample and such a mass loss was rapid at the initial stage of SMAT (10 min) 
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and then it became more gradual (see Figure 3). There are obvious reasons for the observed thickness 
reduction and mass loss. Plastic deformation of the roughness peaks flattened the high peaks, thereby 
reducing thickness. Fracture of some of the asperities could also contribute to thickness reduction. However, 
plastic deformation is believed to play a major role due to the plasticity of the aluminum alloy [20], as 
confirmed by the SEM images shown in Figure 4. On the other hand, mass loss could have two origins, one 
being the fracture of some asperities and the other being the removal of the loosely-bonded particles which 
could not be completely removed by ultrasonic cleaning before SMAT. 

 

Figure 2. Surface roughness profile (a), surface morphology (b), and cross-section (c) of the as-SLM sample. 
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Figure 3. Sample thickness reduction and mass loss as a function of SMAT time. 

 

Figure 4. SEM images showing the surface morphology of the (a) as-SLM, (b) 10 min SMAT, (c) 20 min SMAT, and (d) 30 
min SMAT surfaces. 

Figure 4 shows typical SEM images of the sample surfaces after SMAT for various times. After 10 
min of SMAT (Figure 4b), the highest peaks were deformed, and the deformed material spread into the 
surrounding area, forming flattened, smooth areas. It is also noted that some of the spherical particles 
sticking on the SLM surface were flattened due to plastic deformation, while some particles were obviously 
detached from the surface duo to the dynamic impacts of the balls. It is evident from Figure 4b that although 
the valleys on the surface could be clearly seen, there were no particles there, while there were particles in 
the valleys on the as-SLM surface (Figure 4a). As discussed before, the removal of the loosely-bonded 
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particles could contribute to mass loss of the sample. With further increasing SMAT time, the SLM surface 
was further flattened, and the number of valleys exposed to the surface was reduced (Figure 4c,d). The 
SLM surface areas that made contact with the flying balls were polished and smoothed. Examined under 
an optical microscope, such polished or contact areas were seen as bright and shinny areas, as shown in 
Figure 5. Quantitative image analysis revealed that after 10 min SMAT, around 80% of the SLM surface 
areas were already covered by the balls, and increasing SMAT time to 20 min, the coverage area was 
increased to 87% (Figure 5d). Obviously, after 10 min and 20 min SMAT, the roughness peaks were 
deformed and the deformed materials spread to fill the surrounding valleys. This is consistent with thickness 
reduction measurements shown in Figure 3, which shows that after 10 min of SMAT, the thickness of the 
sample was reduced by nearly 100 μm. However, because the as-SLM surface had valleys as deep as 60 
μm, it was difficult to achieve nearly 100% coverage without causing excessive damage to the surface. 
Indeed, further increasing SMAT time to 30 min only increased the coverage area to 93%, leaving behind 
7% uncovered areas (valley areas) exposed to the surface. 

 

Figure 5. Optical micrographs showing polished areas of the sample surface after SMAT for (a) 10 min, (b) 20 min and (c) 30 
min, and (d) percent of contact area as a function of SMAT time. 

Figure 6 compares the surface profiles of the samples after SMAT for various times. It can be seen that 
SMAT was very effective in smoothing the SLM surfaces by flattening the original roughness peaks 
through asperity deformation and fracture, as well as filling the roughness valleys with deformed material. 
After 10 min SMAT, almost all of the roughness peaks were removed, but a significant number of valleys 
were still exposed to the surface (Figure 6). Increasing SMAT time to 20 min and 30 min further reduced 
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the number of exposed valleys, leading to further smoothing of the surface. The effect of SMAT time on 
smoothing the SLM surface can be more clearly seen in Figure 7. SMAT for just 10 min reduced Ra from 
19.4 μm to 4.5 μm and Rz from 116 μm to 37 μm, registering an improvement in surface finish by 76.8% 
(Ra) and 68.1% (Rz), respectively. The surface finish was further improved by increasing SMAT time: after 
30 min SMAT, the surface roughness value (Ra) was further reduced to 2.6 μm (by 87%). Obviously, the 
reduction in surface roughness was the most effective after the first 10 min SMAT, and with increasing 
SMAT time, the effectiveness in improving surface finish diminished gradually, in consistent with 
thickness reduction and mass loss measurements shown in Figure 3. Further attempts were made to increase 
the SMAT time above 30 min, however, these did not lead to further reductions in Ra and Rz values, 
suggesting that plastic deformation of the surface asperities reached the saturation level which was limited 
by the ability of the present SMAT facility set up. 

 

Figure 6. Surface profiles measured on the as-SLM surface and SMAT treated surfaces. 

 

Figure 7. Surface roughness (a) Ra and (b) Rz as a function of SMAT time, showing the effectiveness of SMAT in smoothing 
SLM surfaces. 

In order to gain a better understanding of the mechanisms of surface smoothing by SMAT, a surface 
profile was measured across the boundary area between the as-SLM surface and the SMAT surface, as 
shown in Figure 8. Clearly, the surface peaks were removed through plastic deformation (as evidenced in 
Figure 4) and asperity fracture (as evidenced by the mass loss shown in Figure 3). It is also clear that plastic 
deformation was limited to the roughness peaks and did not reach the valleys. However, most of the valleys 
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disappeared in the SMAT area, which suggests that the deformed materials from the peaks spread over to 
fill the valleys, leading to further smoothing of the surface. Thus, there must be parting-lines formed 
between the filling materials and the surfaces of the valleys, as observed previously for SMAT of SLM 
316L stainless steel [35]. 

 

Figure 8. Surface profile measured across the boundary area between the as-SLM area and the SMAT-treated area. 

Indeed, cross-sectional examination (Figure 9) revealed that after SMAT for 10 min, most of the 
surface peaks disappeared and some valleys could still be seen (Figure 9b). In the valley areas, there are 
crack-like dark lines (arrowed in Figure 9b). It is believed that these crack-like dark lines are parting-lines 
between the filling materials and the valley surfaces [35]. To further confirm this, an SMAT experiment 
was conducted on the ground surface of an SLM sample, where, before SMAT, the surface was ground to 
remove all the original roughness peaks and valleys to achieve a smooth surface of 0.1 μm (Ra). After 
SMAT for 20 min, the cross-section was examined, as shown in Figure 10. No cracks or parting-lines were 
observed, suggesting that the dark lines shown in Figure 9 are not cracks, but are parting-lines between the 
filling materials and the valley surfaces. Such a feature is more clearly seen in Figure 9c, which shows that 
after SMAT for 20 min, most of the valleys were filled with deformed material, forming parting lines. Some 
of the weakly-bonded filling material seemed to have come off the surface. Further increasing the SMAT 
time to 30 min could lead to further smoothing the surface through further surface deformation and 
increased fusion between the filling material and the valley surfaces (see Figure 9d). 

 

Figure 9. Cross-sectional morphology (un-etched) of the (a) as-SLM, (b) 10 min SMAT, (c) 20 min SMAT, and (d) 30 min 
SMAT samples. Arrows indicate parting lines between deformed material and the original surface of the valleys. 
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Figure 10. Cross-sectional morphology (un-etched) of the ground SLM sample after SMAT for 20 min. Before SMAT, the SLM 
surface was ground to remove the original peaks and valleys. 

Figure 11 shows SEM images of the cross-section of the 10 min SMAT sample after etching to reveal 
the microstructures. Except for the near surface region, where asperity deformation and filling of the valleys 
with the deformed materials are obvious, no major difference in structures was observed between the as-
SLM sample and the SMAT sample, both containing columnar grain regions and fine grain regions, typical 
of SLM aluminum alloys reported by many investigators [20,21]. Similarly, XRD analysis could not detect 
any major changes in the phase composition after SMAT treatment (Figure 12). The as-SLM sample 
contains an aluminum solid solution fcc phase. After SMAT treatment, the same phase was detected, but 
the diffraction peaks were broadened and shifted slightly to lower 2θ angles, as shown in Figure 12b. Peak 
broadening could be the result of grain refinement and microstrains in the surface region, and peak shifting 
could be the result of macro residual stresses on the surface [45]. The residual stresses on the SMAT 
surfaces were measured by XRD based on the sin2ψ method, and the results are shown in Table 2. Although 
the as-SLM surface exhibits a tensile residual stress of 62 MPa, compressive residual stresses ranging from 
−100 MPa to −118 MPa were detected on the SMAT surfaces, and as SMAT time increased, the 
compressive residual stress increased slightly. As reported extensively in the literature, SLM generates 
tensile residual stresses in the outer layers due to the large thermal gradient during the layer-by-layer 
manufacturing process [46–48]. It has been reported that the SLM AlSi10Mg alloy can have a tensile 
residual stress of about 70 MPa in the outer layer [48]. The SMAT treatment in the present work has not 
only removed the harmful tensile residual stresses but also generated compressive residual stresses on the 
surface, which could be beneficial for the improvement of fatigue properties of SLM aluminum alloys. 
Since residual stress measurements were performed only on the surfaces of the samples, the values listed 
in Table 2 are representative only of thin surface layers a few microns thick. To further evaluate the effect 
of SMAT on the fatigue properties of the samples, it is necessary to measure residual stress profiles along 
the depth of the samples, coupled with fatigue performance measurements. This forms the subject of our 
further investigation in the near future. 

 

Figure 11. SEM images showing the cross-sectional structure of the 10 min SMAT specimen: (a) overall view and (b) enlarged 
view. 
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Figure 12. (a) XRD patterns from the samples and (b) zoom-in view of the α(311) peak, showing peak broadening and shift. 

Table 2. Surface hardness, residual stress and roughness (Ra and Rz) after SMAT for various times. 

SMAT Time (min) 
Surface Hardness 

(HV0.1) 
Residual Stress (MPa) Ra (μm) Rz (μm) 

0 124 ± 4 62 19.4 ± 1.1 116 ± 5.6 
10 153 ± 10 −100 4.5 ± 0.9 36.9 ± 7.6 
20 158 ± 4 −105 3.2 ± 0.2 24.6 ± 3.9 
30 160 ± 5 −118 2.6 ± 0.2 17.6 ± 1.6 

Compressive residual stress evolution was obviously due to plastic deformation of the surface peaks, 
which could also result in hardness increase in the surface region. Table 2 also lists the measured surface 
hardness of the samples. After SMAT, the surface hardness was increased from 124 HV to 153~160 HV, 
an increase of 23% to 29%, and increasing the SMAT time can marginally increase the surface hardness. 
The increase in surface hardness by SMAT was obviously the result of strain hardening due to asperity 
plastic deformation and possibly grain refinement. Furthermore, subsurface hardening was also evident 
after SMAT, as shown in Figure 13. The hardness profile shows that, irrespective of SMAT time, a 
subsurface zone around 300 μm thick was hardened with a hardness gradient, suggesting bulk plastic 
deformation also occurred during SMAT to reach the subsurface region. The fact that there was no 
difference in the hardening depth among all the SMAT samples suggests that plastic deformation was 
mainly concentrated on the surface peaks and the degree of bulk deformation was similar in all SMAT 
samples [35]. Such surface hardening effect by SMAT could help to improve the tribological properties of 
SLM aluminum alloy, which will be reported in a forthcoming publication. 

 

Figure 13. Hardness profiles measured across the subsurface regions of the SMAT samples, showing the hardening effect of the 
SMAT process. 
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The results presented in this section clearly show that the roughness values of Ra and Rz of the as-SLM 
surface can be reduced from 19.4 μm and 116 μm to 2.6 μm and 17.6 μm, respectively, after SMAT 
treatment for 30 min, which are improvements of 87% and 85%, respectively. SMAT also has the added 
benefits of increasing surface hardness, generating a strain hardened subsurface layer, and inducing 
compressive residual stress on the treated surface, and thus has the potential of improving mechanical 
properties. The SMAT technique is simple and environmentally friendly because it does not require 
additional heating and the use of chemicals. However, SMAT is limited by line-of-sight and can only apply 
to external surfaces with relatively simple geometries, such as planar surfaces and non-planar surfaces with 
symmetric shapes. It is difficult to apply SMAT to internal surfaces and components with complex 
geometries. Such technical limitations are similar to those of laser polishing, which has been employed by 
other investigators to polish as-built aluminum alloys. It has been reported by Zhang et al. [39] that laser 
polishing could reduce surface roughness (Sa) of SLM fabricated AlSi10Mg alloy by 80%, from 16 μm to 
3.3 μm, while Schanz et al. [49] reported a reduction of surface roughness of SLM fabricated AlSi10Mg 
by 92% using a disk laser with a maximum power of 4 kW in laser polishing. As compared with laser 
polishing, SMAT has similar roughness reduction efficacy and the benefit of generating compressive 
residual stress at the surface, while laser polishing has the danger of inducing harmful tensile residual stress 
at the surface due to the rapid heating and cooling involved. Electropolishing (EP) is another technique that 
has been employed to reduce the surface roughness of as-built SLM AlSi10Mg [50]. It has been reported 
that EP under optimized conditions can achieve a surface roughness (Ra) < 1 μm, which is better than what 
can be achieved by SMAT of this work. EP can also apply to more complex components and possibly to 
internal surfaces with proper electrode design. However, EP normally requires some pre-treatments to 
remove the semi-melted particles, and the use of hazardous chemicals in the polishing electrolyte, which 
are mostly environmentally harmful. EP does not generate a hardened layer and compressive residual stress 
on the surface. Thus, the SMAT technique possesses some advantages over other post process polishing 
techniques for SLM fabricated aluminum alloys. 

4. Conclusions 

Based on the experimental results of this work, several conclusions can be drawn regarding the 
effectiveness of SMAT in improving the surface quality of the SLM aluminum alloy, as follows. 

(1) SMAT is an effective technique to improve the surface quality of the SLM aluminum alloy, by 
smoothing its surface and enhancing its surface hardness. 

(2) The surface roughness can be reduced by 77% (Ra from 19.4 μm to 4.5 μm) after 10 min SMAT. 
Increasing SMAT time to 30 min is effective in further reducing surface roughness by 87%, such that 
Ra is reduced to 2.6 μm and Rz is reduced to 17.6 μm. 

(3) Plastic deformation and fracture of surface asperities and peaks, as well as filling of the roughness 
valleys by the deformed materials, are responsible for the smoothing of the SLM surface. This also 
results in the formation of crack-like parting lines in the near surface region. 

(4) SMAT increases the surface hardness and generates a strain-hardened zone of 300 μm thick in the 
subsurface layer of the SLM aluminum alloy. The surface hardness is increased from 125 HV0.1 to 160 
HV0.1 after 30 min SMAT treatment. 

(5) SMAT removes the tensile residual stress on the as-built SLM surface and generates compressive 
residual stresses of 100~118 MPa on the surface. The value of compressive residual stress increases 
slightly with increasing SMAT time. 
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