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Abstract
This paper attempts to improve the physical and mechanical properties of selective laser sintered polyamide PA2200 
components through a vibratory surface finishing process by inducing severe plastic deformation at the outer surface 
layers. The industrial target of additive manufacturing components is to obtain structures having surface roughness, 
hardness, and other mechanical properties equivalent to or better than those produced conventionally. Compared to 
the as-built SLS PA2200 samples, vibratory surface finishing treated specimens exhibited a smooth surface microstruc-
ture and more favorable roughness, hardness, and tensile strength. Also, the duration of the vibratory surface finishing 
process showed a further improvement in the surface roughness and hardness of the SLS samples. Compared to the as-
built state, the roughness and hardness of the surface-treated samples improved by almost 90% and 15%, respectively. 
Consequently, microstructural analysis indicates that lower surface roughness and enhanced surface hardness is a crucial 
factor in influencing the overall tensile strength of SLS-PA2200 components. We consider that the combination of VSF 
and SLS processes can successfully handle a wide range of potential applications. This study also highlights the efficiency 
and applicability of the vibratory surface finishing process to other additive manufacturing processes and materials.
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1  Introduction

Selective laser sintering (SLS) is a type of additive manu-
facturing (AM) process, which sinter powder particles 
to melt and fuse their outer surfaces to form a solidified 
structure [1]. In order to form a three-dimensional geom-
etry, the laser sintering process is repeated on several lay-
ers of powder particles, which are stacked up one over the 
other according to a pre-designed computer-aided design 
(CAD) model [2]. The most common SLS material is Poly-
amide PA2200, thermoplastic material with high strength, 
high melting temperature, chemical resistance, and abra-
sion resistance [3]. Compared to the conventional pro-
cesses, the SLS is a cost-effective and low material waste 
technique to create complex forms, which are difficult to 
fabricate with conventional techniques [4]. The as-built 
SLS components are known for their light-weight [5], high 
hardness and excellent yield, and tensile strength com-
pared to their conventional equivalents [6]. However, the 
high micro-irregularities in the form of surface roughness, 
low ductility, and high sub-surface porosity negatively 
influence the overall mechanical performance of the SLS 
parts [7]. Any subsequent development in the choice of 
processing parameters is inadequate to bring a significant 

shift in the overall mechanical and microstructural features 
[8]. Therefore, the SLS parts are often post-processed to 
produce a necessary change in their final performance.

The mechanical-based post-processing operations are 
quite effective in reducing the surface irregularities of the 
additive components [9]. Besides refining the grain size 
of the surface, the mechanical impact also alters the grain 
morphology in the near sub-surface region. This results 
in forming a protective layer of refined grains on the sur-
face, which delays the crack nucleation or its propagation 
during loading [10]. Herein, the vibratory surface finishing 
(VSF) process was used to treat the as-built SLS polyam-
ide PA2200 samples. The VSF process is a widely adopted 
practice for the mass finishing of samples fabricated from 
different materials. Here, the container with many media 
pellets is subjected to vibratory motion using the weights 
and electric motor that generate repeated impact of 
media pellets with the sample’s surface [11]. The interac-
tion of the media pellets with the surface can be a mix 
of transversal and normal impacts. The transversal impact 
generally favors the mechanical attrition of the surface 
deviations, and the normal impact results in the trans-
ferring of compressive stresses on the surface due to the 
plastic deformation. As a result, the post-processing using 



Vol.:(0123456789)

SN Applied Sciences (2021) 3:364 | https://doi.org/10.1007/s42452-021-04371-4	 Research Article

the VSF process significantly enhances the surface charac-
teristics by reducing the surface roughness and improving 
the mechanical strength [12]. In this study, both cubical 
and tension test specimens were subjected to different 
VSF treatment duration for surface integrity enhancement. 
The final surface quality was then investigated and com-
pared with the as-built condition.

This study aims to expose the SLS prepared PA2200 
part material to VSF surface treatment at different expo-
sure times. This is of interest as the exposure times could 
allow sufficient particle-material interaction, leading to 
decreased surface porosity and reduced surface rough-
ness of the SLS PA2200 material. In this study, tensile test 
specimens were also created for various times (0 and 
4 h) to compare their mechanical properties. The paper 
is structured as follows; the introduction (Sect. 1) is fol-
lowed by materials and method (Sect. 2), highlighting 
the characterization techniques undertaken in this study. 
The research and discussion (Sect. 3) are divided into four 
parts where the effect of vibratory surface finishing was 
evaluated on the (1) microstructure, (2) surface roughness, 
(3) hardness, and (4) tensile strength of the SLS prepared 
polyamide PA2200 components. Finally, the conclusion of 
the present study was addressed in Sect. 4.

2 � Materials and methods

The polyamide PA2200 powders from EOS GmbH were 
selected to prepare the cubical and tension test specimens 
on the EOS FORMIGA P110 SLS 3D printing machine. All 
the samples were produced at the center of the platform 
bed. The parameters used for the fabrication of the core 
and contour regions of the SLS samples were 21 W laser 
power, 2500 mm/s scan speed, 0.25 mm scan distance, 
and temperature 167 °C with the scanning order alter-
nated between the X and Y direction. The scanning speed 

for the up-skin and down-skin parameters were 2500 and 
2800 mm/s, respectively, while the other parameters were 
similar to the one used for the core region. In this study, 
two different models (cubical and horizontally built ten-
sion test specimens) were selected for the surface treat-
ment investigation in the VSF machine, Fig. 1.

After the samples’ fabrication in the SLS machine, the 
samples were exposed to different VSF machine times. 
The operation’s duration plays a significant role in attain-
ing the desired surface qualities; therefore, four differ-
ent time-based VSF parameters were chosen to treat the 
cubic samples. For each case, three cubic samples were 
prepared. In the tension test analysis, only one parameter 
of 4 h of the VSF process was used to compare the tension 
test results with the as-built condition. The tensile proper-
ties of the as-built and VSF treated PA2200 samples were 
measured on the ALSA 100KN universal testing machine at 
a 2 mm/min test speed and a 50 KN load cell. Quasi-static 
tensile tests on materials were performed on ISO 527-2 
[13], and five specimens were produced for each case. 
Mechanical testing of both the as-built and VSF treated SLS 
samples was carried out at room conditions of 23 °C/50% 
relative humidity within 48 h of production following ISO 
291. Table 1 indicates the sample’s label based on the 
VSF machine’s duration and the sample type. In the VSF 

Fig. 1   Schematic representation of the (a) cubic and (b) the tensile specimen

Table 1   Name-codes for the samples tried for different hours of 
VSF treatment

Name-codes Time (h) Cubical Tension test

As-built 0 ✓ ✓
H1 1 ✓ –
H2 2 ✓ –
H3 3 ✓ –
H4 4 ✓ ✓
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process, all the samples’ faces can be treated simultane-
ously, which results in complete surface treatment without 
any personal intervention.

The surface roughness was measured using a Key-
ence VHX-6000 digital microscope, and the param-
eters Sa and Sz were used to characterize the surface 
quality. Sa is the average of the absolute value of all 
peaks and valleys to the median plane. Sz represents 
the sum of the largest peak height and the pit depth 
values within the specified area [14]. An average of 4 
measurements was obtained on the plane parallel to 
the scanning direction at different as-built locations and 
the VSF treated samples. The surface roughness (Ra) 
measurements of the plane perpendicular to the scan-
ning direction were slightly higher than the plane paral-
lel to the scanning direction. After the VSF treatment, 
the surface roughness of the two orthogonal planes 
was found identical; therefore, the rest of the analysis 
was carried out only on the scanning plane. The hard-
ness values were measured on the ASTM E384 certified 
standard microhardness tester from the Future-Tech 
FM310e. For better accuracy, an average hardness value 
was obtained from at least 3–6 measurements at differ-
ent locations. The microstructure investigation of the 
as-built and the VSF treated samples was performed on 
the optical microscope (OM) from the Zeiss Axio lab and 
scanning electron microscope (SEM) from the Hitachi 
SU3500. The 3D surface topographic images of the 
samples were also taken using VHX 6000 series digital 
microscope KEYENCE to evaluate the impact of the VSF 
process’s duration on the surface texture of the PA2200 
SLS samples.

The Vibratory surface finishing process was realized 
on the ETP-100 ERBA VSF machine having a 0.55 KW 
driving power and 1400 rpm. VSF machines are used 
for deburring, polishing, and roughness removal for 
both metals and non-metals. In the VSF process, spe-
cially shaped media pellets and work-pieces are placed 

together inside a vibratory tumbler. The tumbler’s vibra-
tory action causes the media pellets to rub against the 
work-pieces, resulting in a smooth surface and slightly 
higher surface hardness than the bulk. The force and 
frequency of impact are much higher in dry impact con-
ditions than in water-wet conditions [15]. In the pre-
sent study, the SLS samples post-processing in the VSF 
tumbler was realized without any lubrication. The media 
pellets used in this study were ceramic abrasive of size 
25 × 25 mm, Fig. 2a. A direct view of the SLS cubical sam-
ple, H4, clearly establishes the VSF process’s effect on 
the surface of the as-built component, Fig. 2b.

3 � Results

3.1 � Microstructure

The microstructure of the top of the sample’s surface in the 
SEM micrograph represents the sintering of the powder 
particles where the fusion process is dominated by the 
neck formation, Fig. 3. This depicts that the particle’s inner 
zone remains largely unfused and that the outer region 
mainly experienced melting and recrystallization. This 
happens due to the insufficient energy density that fails 
to melt the powder particles completely to form a dense 
structure [16]. As a result, only the outer surfaces of the 
adjoining powder particles melt and fuse to form a neck. 
The unfused inner core region can be readily discernible 
from the general microstructure, as seen in Fig. 3d. This 
phenomenon also gives rise to a large number of pores 
formation appearing either individually or interconnected 
to form a large pore structure, as shown in the cutout sec-
tion of the as-built SLS cubic sample in Fig. 3c. Some of 
these pores are relatively deeper that encompass sev-
eral sintered layers, and the pores mainly appeared next 
to the particle edge. At the edge of the specimen, some 
extra powder particles can be seen attached to the main 

Fig. 2   Shape and size of the cement granule used in the VSF process. A direct visual image of the effect of the VSF process of b 4 h on the a 
as-built SLS PA2200 cubic samples
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component due to the partial fusion, which is difficult to 
distinguish from the given microstructure due to similar 
sintering phenomena. Partially attached powders are 
responsible for high surface roughness.

VSF is a surface treatment process that affects the tiny 
layers near the surface of the finished parts. The VSF pro-
cess is a frequently used mass finishing operation that is 
mainly applied to alter the surface quality and impart the 
necessary compressive stresses on the components’ sur-
faces [17]. Since the high tensile residual stresses in the 
top layers of the SLS components can facilitate the crack 
nucleation and its growth, the VSF process can fix it and 
enhance the overall performance of the SLS components 
[18, 19]. The effect of the VSF process and its duration on 
the surface texture of the as-built SLS samples can be seen 
in Fig. 4. As observed, any exposure (1, 2, 3, or 4 h) to the 
VSF process is likely to bring a significant change in the 
macrostructure of the SLS prepared polyamide PA2200 
samples. After 1 h of the VSF operation, the typical micro-
structure of the as-built SLS sample can be seen trans-
forming into a combination of plastically deformed and 
material-removal feature-specific structures. It is because 
of the diverse interaction of the VSF media pellets with the 
surface of the sample. In the VSF process, the particle–sur-
face interaction can be a mix of normal and transversal 
impacts where the normal impact is responsible for the 

necessary surface depression, and the transversal impact 
results in material erosion [20].

According to [15], the particle–surface interaction in 
the VSF process can be assumed in three modes. First is 
the free-fall impact of the media pellet with the workpiece 
surface, resulting in a single crater and a smaller magni-
tude of the force. In the present case, the free-fall impact 
can be hypothesized from a very short distance from the 
workpiece surface due to a significantly large density of 
media pellets in the tumbler. Since the workpiece is freely 
moving in the tumbler, the free-fall impact of the interact-
ing media pellets can occur at different angles, resulting 
in both normal and tangential free-fall impact. The normal 
impact can plastically deform the surface, whereas the tan-
gential impact can result in material erosion. The second 
impact occurs due to the media pellets rolling onto the 
workpiece surface, resulting in a mixture of normal and 
tangential impact. This rolling form of impact can create 
many small craters and multiple distinct peaks of small 
impact force. Depending on the inclination of the work-
piece surface, the magnitude of the normal and transver-
sal impact may vary. This stage can produce more craters 
than the first stage at a relatively lower impact force. The 
third form of impact assumes the interacting media pellet 
to be stationary on the workpiece surface, which is repeat-
edly hammered by the other surrounding media pellets 

Fig. 3   The SEM micrographs of the a as-built SLS sample, b its magnified form, c interconnected porosity in the cut-out section, and d neck 
forming
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either by rolling or free-falling over it. The third form of 
impact forms a single large crater with an impact force 
lasting longer than the other two modes. This third mode 
can be expected to be more common in the VSF process. 
Due to the large numbers of the media pellets in the tum-
bler in the dry working conditions, the stationary media 
pellet can be assumed to remain motionless on a slightly 
inclined workpiece surface. As a result, the maximum ero-
sion of the attached powder particles can occur at this 
stage, resulting in a significant breaking of attached pow-
der particles and pore filling. As a result of the particle–sur-
face interaction, five different features were observed in 
the microstructure of the H1 sample such as the original 
pores (A), pores left due to the incomplete powder filling 
(B), filled up pores (C), striation marks of the media pellets 
(D), and the stretched marks of the plastically deformed/
eroded powder particles (E), as shown in Fig. 4b. Thus, the 
circular morphology of the powder particles of the as-built 
SLS sample disappeared after the 1-h exposure in the VSF 
process. Moreover, several randomly-oriented stretch 
marks can be seen in Fig. 4. This is because of the plastic 
erosion of the partially-attached powder particles.

In addition to the above, the highly porous structure of 
the as-built SLS surface can be seen transforming into a 
relatively dense surface structure. The pores can be seen 
as fewer in numbers and smaller in size compared to the 
as-built state. Moreover, we hypothesized that some of 
the pores were filled with fine pieces of the powder parti-
cles attached to the surface, most likely the ones close to 
the pores. This may be due to the breaking of the nearby 
attached powder particles during the direct impact by the 
VSF media pellets and later filling and welding of the pow-
der’s fragments in the nearby pore due to the shearing 
effect during the transversal motion of the media pellets, 
as shown in Fig. 5. Some of these filled pores can be seen 
partly open, maybe due to the fallout of powder fragments 
during the media pellet-material interaction. The breaking 
and filling of powder particles can be imagined to occur 
while the samples were slightly inclined to the horizon-
tal position (third mode of impact) since the size of the 
crater and the frequency of the impact force are higher 
than the other two modes of particle–surface interaction. 
The microstructure of the filled regions can be seen as dif-
ferent from the main texture. However, it is unlikely that 
the filled regions would contribute to the strength of the 

polyamide samples. This is because the filled regions were 
loosely bonded to the matrix, as observed in Fig. 5. Moreo-
ver, the surface finishing process like VSF can only affect 
the few tiny layers near the sample’s surface [21]; therefore, 
the filling process can be limited to only small pores and 
restricted to the nearby sub-surface region only, resulting 
in weak bonding. The primary strength of the sample can, 
therefore, be assumed to come from the plastic deforma-
tion of the surface.

As the duration of the VSF process increases, the sam-
ples’ surface was found much smoother with less plasti-
cally-deformed stretched marks and less pore density. The 
reduction in stretch marks is due to their further suppres-
sion or erosion by the media pellets, as observed in the 
cases of H2, H3, and H4 samples. Moreover, the striation 
marks in sample H1 can be seen in multiple directions 
due to random particle–surface interaction. The striation 
marks visibility reduces with the increased duration of the 
VSF process, resulting in a significantly lower density of 
striation marks and relatively much smoother texture, as 
observed in sample H4 of Fig. 6. Compared to the as-built 
state where significantly large deviations in a surface pro-
file can be seen in combination with high porosity near 
the edge of the specimen, the VSF treated samples were 
found smoother with a complete absence of large pores 
in the sub-surface region, Fig. 6. The edge of the sample 
after the VSF process can be seen smoother and round in 
profile, with the surface representing more like a plasti-
cally deformed structure. In cases of metals subjected to 
the shot-peening or vibratory surface finishing operation, 
it is already confirmed that the surface treatments alter 
the grain morphology of the surface and the sub-surface 
region of the SLM built components [22, 23]. Therefore, in 
the present case, the grains on the surface and within the 
sub-surface region can be assumed to be refined after the 
VSF operation. This results in a strong protective layer all 
around the sample. The effect of prolonged exposure of 
4 h of VSF treatment results in the complete elimination 
of deviations from the surface of sample H4 compared to 
the sample H1, which still shows some rough ridges, as 
shown in Fig. 6b and c.

3.2 � Surface roughness

The surface roughness values of the as-built and the VSF 
treated SLS PA2200 samples are shown in Fig. 7. The high 
surface roughness of the as-built SLS sample is because of 
the deviations from the mean average size. The deviations 
mainly arise due to the semi-attached powder particles 
and high surface porosity. The average surface rough-
ness of the as-built SLS PA2200 was found in a range of 
13–16 µm on either plane, which is relatively high com-
pared to any samples treated with the VSF process, as 

Fig. 4   A characteristic SEM micrograph of the SLS PA2200 cubic 
samples a, b H1, c, d H2, e, f H3, and g, h H4. Here, the symbols 
A, B, C, D, and E represent the original pores, small pores left after 
the filling of the broken powders, pores filling phenomenon, media 
pellets striation marks, and the stretched marks of the plastically 
deformed/eroded powder particles during the VSF process, respec-
tively. (NOTE: Figures b, d, f, and h are the magnified images of fig-
ures a, c, e, and g, respectively)

◂
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observed from Fig. 7. The long duration of exposure in 
the VSF process to produce a reasonable change in the 
surface roughness values is due to the media pellets’ low 
impact force with the work-piece surface, resulting in less 
material erosion. The decrease of Sz indicates that the VSF 
process and the process duration were effective in subdu-
ing peaks. Moreover, the decrease of Sa indicated a sur-
face smoothening by the VSF process. Compared to the 
as-built state, even 1 h exposure in the VSF machine was 
reasonably successful in reducing the roughness by half. 
As the time to exposure increases, the surface roughness 
of the SLS sample was found further reducing by almost 
the same degree (> 40%) until sample H3. Finally, the sur-
face roughness of the sample H3 and H4 was measured at 
2.75 µm and 1.8 µm, respectively.

The three-dimensional surface topography of the as-
built and VSF treated SLS PA2200 samples along the plane 
parallel to the scanning direction is shown in Fig. 8. The 

Fig. 5   Filling of original pores of the as-built SLS samples by broken 
powder particles after the VSF process

Fig. 6   VSF process effect on the edges of the a as-built SLS sample and after b 1 and c 4
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images clearly establish the high waviness in the focus 
region of the as-built sample, which was found to reduce 
after the VSF treatment. The deviations from the mean 
average size were observed all across the surface, which 
is evident from the inconsistency in the laser sintering pro-
cess. The surface topography in the H4 sample was found 
a lot smoother than the other cases with fewer deviations.

3.3 � Hardness

The hardness measurements were made on both scanning 
and building planes of all the test samples, which were 
relatively similar in each case. Compared to the as-build 
state, the hardness values in samples after the VSF treat-
ment was found to increase, however, less significantly, 
as observed in Fig. 9. The increase in hardness values in 
the VSF treated samples is attributed to the plastically 
deformed surfaces. As seen from Fig. 3, there exists a high 
pore density in the as-built SLS sample, and it was equally 
higher near the surface. After the VSF treatment, the SEM 
images showed a relatively smooth surface profile with 
less pore density. During the particle–surface interaction 
between the SLS sample’s surface and the hard ceramic 
abrasives, two different phenomena were observed that 
could have contributed to the high hardness of the SLS 
sample. First, the pore-filling by the broken fragments 
of the powder particles, and the second was the plastic 
deformation of the surface by the hard abrasive ceramic 
media pellets. As discussed before, the pore-filled struc-
tures were loosely bonded to the matrix, and the VSF effect 
was only limited to the near sub-surface region; thus, the 
pore filling is unlikely to contribute to the high hardness 
of the SLS samples. On the other hand, the severe plastic 

deformation of the surface can induce significant sur-
face hardening, resulting in high hardness values in the 
SLS samples after the VSF treatment. As a result, the SLS 
samples’ hardness after VSF treatment was found slightly 
improving from 19 Hv to within a range of 21–22 Hv, as 
shown in Fig. 9.

3.4 � Tension test results

The tension test results of the as-built and the H4 tension 
test specimens were conducted at room temperature. 
The tensile stress–strain curves of the two samples are 
shown in Fig. 10. The changes in the tensile strength, yield 
strength, and elongation at break are also presented in .

Table 2 as observed, the SLS sample after the VSF treat-
ment exhibits slightly better mechanical properties com-
pared to the as-built SLS equivalent. The VSF treatment 
results in forming a protective layer of refined grain struc-
ture on the surface and within the sub-surface region of 
the H4 sample. According to the semi-empirical Hall–Petch 
(HP) equation [24], the proof stress of the component is 
directly proportional to the square root of the grain size. 
Therefore, the strength of the surface of the H4 sample 
improves considerably, although the bulk region remains 
ineffective in the VSF process. As known before, the crack 
generally nucleates from the surface of the component; 
therefore, the surface enhancement can practically delay 
the crack formation, thereby increasing the strength and 
the life of the component.

The fracture surfaces of the as-built and the H4 sam-
ples are shown in Fig. 11. The micrographs established that 
the failure in the two specimens was of the ductile mode 

Fig. 7   The effect of the VSF 
process’s duration on the 
surface roughness of the SLS 
PA2200 samples
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(inset of Fig. 10). The two samples were observed with lit-
tle lateral contraction (necking), and the fracture surface 
was characterized by ductile dimpling. However, it was 
difficult to distinguish the amount of plastic deformation 
in the two specimens, which shows similar behavior. The 
mechanical strength, as well as the elongation at break, 
was found slightly better in the H4 sample compared to 
the as-built case.

4 � Discussion

The SLS process enables the neck formation and growth 
of the individual powder particles via surface tension to 
produce a three-dimensional solid structure [16]. The high 
surface roughness of the order of 13 – 16 μm was observed 
mainly due to the partially attached powder particles near 

the surface of the as-built SLS PA2200 components. The 
high surface porosity in SLS structures may act as stress 
raisers, significantly affecting the structural performance 
during service life. High surface irregularities and sub-
surface porosities due to the non-uniform surface mor-
phology are sensitive regions for crack nucleation [25]. 
The components’ exposure to VSF treatment resulted in 
a significant drop in the surface roughness values. The 
kinetic energy of the impacting VSF media eliminates 
the protruding un-molten powder particles and surface 
agglomerates, reducing the surface roughness by 90% 
after 4 h of VSF operation. The particle–surface interaction 
in the VSF process can be a mixture of media pellet free-fall 
and rolling on the workpiece surface or the media pellet 
resting on the workpiece surface. This interaction results 
in the normal and tangential impact of the media pellet 
on the samples’ surface, causing its material removal and 

Fig. 8   The three-dimensional surface topography of the a as-built b H1, c H2, d H3, and e H4 SLS PA2200 samples
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work-hardening. As a result, the highly porous structure 
transformed into a relatively dense surface structure with 
fewer pores.

Moreover, VSF surface treatment also induces consider-
able compressive residual stress and work-hardening on 
the material surface by refining the surface morphology 
[26]. The hardness study revealed a slight improvement 
in the surface hardness by 15% due to the plastic defor-
mation caused by the repetitive media-pellet impacts on 
the work-piece surface. The plastic deformation induces 
compressive residual stress in the sub-surface region and 
the modification of the surface microstructure in the form 
of grain refinement, resulting in surface hardness improve-
ment in the mechanically treated components [27]. There-
fore, surface hardening using mechanical post-processing 

Fig. 9   The effect of the VSF 
durations on the surface hard-
ness of the as-built SLS PA2200 
cubic samples

Fig. 10   The stress–strain 
curves of the as-built SLS 
sample and after 4 h of VSF 
operation

Table 2   Mechanical properties from the stress–strain curve

Sample Yield strength 
(MPa) (± SD)

Tensile strength 
(MPa) (± SD)

Elongation at 
break (% EL) 
(± SD)

As-built 18.12 (1.87) 29.6 (2.36) 18.1 (1.58)
H4 21.7 (1.54) 33.1 (1.77) 18.9 (1.43)
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methods is ideal for producing necessary compressive 
residual stress by modifying surface layer microstructure.

As the duration of the VSF process increases, the sam-
ples’ surface was found much smoother with less plasti-
cally-deformed stretched marks and less pore density. 
Higher kinetic energy due to the VSF treatment resulted 
in wider plastic indentations compared to the as-built 
case. The indentations were even more accentuated at a 
longer VSF treatment duration due to the higher deform-
ability and surface hardening. In general, regardless of 
the VSF process duration, the surface-treated specimens 
represented a more regular surface morphology than the 
as-built series. The SLS specimens without VSF treatment 
exhibited slightly lower mechanical strength, signifying 
easy crack nucleation due to the high surface roughness 
leading to a  lower mechanical strength. On the other 
hand, the VSF process led to comparably higher mechani-
cal strengths due to the reduced surface roughness with 
homogeneous surface morphology and high compressive 
residual stresses in the sub-surface region.

5 � Conclusion

It is well understood that the high surface roughness and 
sub-surface porosity of the additive components are det-
rimental to their mechanical strength. The highly tran-
sient processing conditions limit the SLS components’ 
practical usage in several critical applications. Moreover, 
any further optimization of the SLS processing param-
eters is considered insufficient in bringing the necessary 
change in the overall mechanical and microstructural 
features of the additive components. This work evalu-
ated the effect of the vibratory surface finishing process 
on the mechanical and physical properties of PA2200 
parts fabricated by the SLS process. The VSF treated SLS 
samples achieved overall better mechanical strength 
and reduced surface roughness than the as-built series. 
An increase in the VSF process duration showed drastic 
improvement in surface roughness values with moder-
ate changes in surface hardness, UTS, and ductility. The 
reduction in surface roughness and hardness of the SLS 
samples after 3 or 4 h of VSF duration was nearly 90% 
and 15%, respectively, indicating higher toughness 

Fig. 11   Fracture surface of the a, b as-built and c, d H4 SLS tension specimen
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achievement at longer particle–surface interaction 
duration. The post-processing surface treatments like 
the VSF process demonstrate the potential to improve 
the overall mechanical and microstructural features of 
AM parts by altering their surface layer microstructure. 
The VSF media-pellets achieve this by plastically deform-
ing the work-piece surface and inducing compressive 
residual stresses and work-hardening in the surface layer. 
Future work will need to monitor the combined effect 
of the thermal and mechanical-based post-processing 
treatments of the SLS parts and characterize their micro-
structures to assess the effect of density, surface rough-
ness, hardness, and crystallite sizes on the mechanical 
properties of the SLS PA2200 parts.
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