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Novel contact force measurement in vibratory finishing 

Shuwen Wang a,*, Jiahui Chen a, Zhiguo Liu a, Michael Morgan b, Xiaoxiao Liu b 

a College of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China 
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• A novel triaxial wireless force sensor is 
successfully developed. 

• The VSFFs on different surfaces of a 
workpiece are measured. 

• The efficiency of vibratory finishing on a 
workpiece has been investigated.  
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A B S T R A C T   

The measurement accuracy of vibratory surface finishing forces (VSFFs) are seriously affected by the wiring of 
the force sensor, because the trajectory of the sensor with wiring is significantly different with that of the 
workpiece without wiring. To solve this problem, a triaxial wireless force sensor (WFS) is developed to measure 
the VSFFs between media and workpiece surfaces in vibratory surface finishing under various operation con-
ditions. Experimental results show that the normal impacts between the media and the workpiece are dominant 
in the vibratory surface finishing (VSF), and the mean VSFFs in normal direction on the front surface of the 
workpiece are larger than that on the side and rear surfaces of the workpiece. The mass and shape of media have 
a significant effect on the VSFFs that has significant effects on the surface roughness and hardness of a workpiece 
in the VSF. In order to get the best surface quality of workpiece in vibratory surface finishing, the media material 
and shape/size, finishing period of time, initial position of the workpiece, and other operation conditions should 
be optimized.   

1. Introduction 

The functional surfaces manufactured by machining or casting are 
normally have undesirable surface quality caused by burrs, scratches, or 

insufficient finish [1], which has significant effects on the performance 
and service life of functional surfaces and components. Therefore, many 
conventional and unconventional surface finishing or polishing pro-
cesses have been used in manufacturing industry. The conventional 
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surface polishing processes include manual polishing, grinding, chemi-
cal polishing, shot peening, abrasive polishing, and vibratory surface 
finishing [2,3]. The unconventional polishing processes include magnet 
abrasive finishing [4], ultrasonic-assisted magnetic abrasive finishing 
[5], low-plasticity burnishing [6], laser polishing [7,8], and deep ball- 
polishing [9]. 

Normally, the conventional surface polishing processes are conve-
nient in operation, capable of dealing with large and complex compo-
nents, and less cost. Compared with conventional surface polishing 
processes, the unconventional surface polishing processes have some 
limitations, such as the operations are complicated, difficult to polish 
large components with complex surfaces and holes, and expensive for 
large components. For example, Avilés [7] mentioned that, “Laser pol-
ishing is used to produce a relatively smooth surface finish in previously 
machined components. However, this process cannot achieve a perfectly 
smooth surface, and in many cases it cannot produce the degree of 
smoothness of a mirror finish. There are also some characteristic surface 
effects caused by this process, including surface pores, inclusions, and 
also micro-cracking, a consequence of the melting, evaporation and 
solidification stages”. 

Since the vibratory surface finishing (VSF) has strong adaptability, 
good processing quality, low economical cost, and no pollution in pro-
cessing, it has been widely used for deburring, polishing, hardening, 
eliminating cracks, and improving wear resistance of functional surfaces 
and components for many decades [2,3]. 

In the VSF, the impact forces or vibratory surface finishing forces 
(VSFFs) between media particles and workpieces are critical to the 
effectiveness of this processing. In order to systematically study the 
mechanism of VSF, it is necessary to understand the interactions be-
tween the media and workpieces; however, it is very difficult to accu-
rately measure the VSSFs, because the measurement accuracy of VSFFs 
between the surface finishing media and workpiece is significantly 
affected by the noise signals generated by the vibrations of the force 
sensor and its wiring. 

Extensive research on VSF has been conducted by the researchers at 
the University of Toronto in Canada, the Nanyang Technological Uni-
versity in Singapore, the Aachen University in Germany, the Liverpool 
John Moores University in UK, and the Taiyuan University of Technol-
ogy in China. In 2000, Wang et al. [3] first measured the normal contact 
forces of media in a vibratory finisher and compared these with the 
resulting changes in surface roughness and hardness of two aluminum 
alloys, AA-1100-O and AA-6061-T6. The principal variables were the 
media size, degree of lubrication and duration of the VSF. The changes in 
hardness and roughness of vibratory finished surfaces were found to 
depend mostly on the lubrication condition, the media roughness, and 
the size of the media, because these influenced the interactions between 
the media and the workpiece. 

Based on the method proposed by Wang et al. [3], Yabuki et al. [10] 
measured both the normal and tangential contact forces between the 
media and a workpiece in the same bowl-type vibratory finishing ma-
chine. Together with a video system, it was established that actions 
between the finishing media and the test surface occurred in three 
different modes. The ratio of the normal and tangential forces was 
compared with the measured friction coefficient under dry and water- 
wet conditions, confirming that media sliding occurred more often 
under lubricated conditions. 

Baghbanan et al. [11] used the same sensor employed in the study by 
Yabuki et al. [10] to measure the contact forces in a larger, more en-
ergetic tub finisher and to study their relation to the erosion and work 
hardening of aluminum. They found that the contact forces were 
generally greater in dry condition than that in wet condition when using 
water as a media lubricant. 

Ciampini et al. [12] related the normal component of the measured 
contact forces in a vibratory finisher to the impact velocity using a piezo- 
electric transducer. This method provided a measure of the energy 
availability in the contacts that was independent of the sensor 

compliance. Consistent with Yabuki et al. [10], contacts could be clas-
sified as being either impact or non-impact events, depending on their 
duration. Both were expressed in terms of an ‘effective’ normal impact 
velocity. Although the piezo-electric sensor accurately measured the 
impact velocities, it was of interest to explore further the potential of the 
Almen system to provide a simpler characterization of the impact con-
ditions in VSF. 

Ciampini et al. [13] measured impact velocities within a granular 
bed using a stationary force sensor, and found that particle velocities 
were greater near the walls and increased with the increasing amplitude 
of tub vibration. Song et al. [14] also measured contact forces between 
media and work piece using a triaxial dynamometer, which was 
attached to a rigid wire. The sensor was mounted so that the contact 
forces could be measured in circumferential direction. Higher vibration 
frequencies and heavier media led to higher impact forces. 

Lucas et al. [15] used a force sensor to measure the contact force 
between media and the wall of a vibratory finishing barrel and found 
that the wall contact force increased with the increasing of the media 
depth above the sensor and the normal wall velocity. Lachenmaier et al. 
[16] used two systems (workpiece with an integrated camera and 
workpiece with an integrated piezoelectric sensor) to measure the 
contact forces. The relative speed and the surface integrity of the pro-
cessed workpiece were mainly affected by the speed and size of the 
grinding media. Ahluwalia et al. [17] proposed a dual vibratory fin-
ishing method, which used a vibratory fixture to make the processed 
workpiece reach saturation in a shorter time and employed a force 
sensor to study the rapid finishing mechanism. 

Richard et al. [18] analyzed the influences of different factors, such 
as the size of media, the revolution acceleration of motor eccentric 
blocks, phase angle, and mass distribution, on finishing force. Wong 
et al. [19] combined statistical test results with a force sensor and 
asserted that the increased frequency resulted in a better polishing effect 
and significantly shortened the processing time. 

Theoretical models also have been proposed to analyze the me-
chanical characteristics of barrel finishing. Hashimoto et al. [20] 
established a mechanical model of a vertical vibratory barrel polishing 
and finishing equipment to analyze the dynamic performance of the 
mechanical excitation system under free and forced vibrations. The 
impacts of the equipment was found to be the key factor to achieve 
better performance. Gaggar et al. [21] used a Lagrangian theoretical 
method based on the fluid dynamics of finishing media to simulate key 
indicators of the vibration polishing process. 

Furthermore, the discrete element method (DEM) has been used to 
simulate VSFFs. Kang et al. [22] proposed a DEM-based vibrating ma-
chine model to study the three-dimensional motion of media in vibra-
tory finishing. The model could calculate the normal and tangential 
finishing forces of media on workpiece surfaces. The influences of con-
tact parameters, such as contact stiffness, friction, and damping, on the 
movement of media were also investigated. Yang et al. [23] selected the 
same experimental parameters used by Parker [24] for discrete element 
simulations, compared the simulation results with experimental find-
ings, and used the finishing force of media and the relative collision 
speed and frequency between the media to verify the effectiveness of 
simulation results. Wang et al. [25] analyzed the vibratory finishing 
mechanism based on the contact force obtained by discrete element 
simulations and experiments, and provided guidance for actual vibra-
tory finishing applications. Macie et al. [26] used DEM to predict the 
force exerted by the container wall on granular media and verified the 
predicted results with previous experimental measurements under 
different vibration frequencies and numbers of media. Hashemnia et al. 
[27] based on DEM, found that the impact velocity increased with the 
increasing of wall vibration amplitude, and the impact velocity of media 
was reduced at higher frequencies. Li et al. [28] conducted theoretical 
analysis and discrete element simulations to explore the influences of 
media movement and process parameters on centrifugal quality finish-
ing. The force and speed of media in the finishing process were tested 
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and analyzed. 
Moreover, Li et al. [29] developed a new type of polyurethane media 

with high strength, low elastic modulus, and good deformation adapt-
ability. DEM was adopted to analyze the dynamic behavior of media 
with different mass ratios and hardness. It was found that as the hard-
ness of media and the mass ratio of polyurethane raw rubber to abrasives 
increased, the velocity, energy, normal and tangential contact forces of 
the media increased. 

The above studies have enhanced the experimental and theoretical 
understanding of VSF, especially barrel finishing force. However, owing 
to technological constraints, the influence of the force sensor wiring on 
the finishing force cannot be completely eliminated and the VSFFs of 
media at different positions of a workpiece cannot be effectively 
measured, which limit the better understanding of the mechanism of 
VSF. In this work, a triaxial wireless force sensor (WFS) was developed 
and used to measure the VSFFs without the effect of force sensor wiring. 
A band-pass filter and the wavelet packet analysis method were used to 
eliminate the background noise induced by the vibrations of the finisher. 

2. Experiment 

2.1. Vibratory finishing machine and media 

In the vibratory finishing machine, the horizontal centrifugal force 
and the vertical moment were generated by the eccentric block at the 
end of the driving motor connecting rod. The vibration energy is 
transmitted to the media in the finishing barrel through the connecting 
shaft and springs; thus, the spiral trajectory movement of the media and 
the workpiece occurred in the vibratory finishing barrel [2], which 
makes the workpiece surfaces be finished by the media in the barrel. The 
barrel of the vibrating machine is made of ring-shaped polyethylene and 
had an outer diameter of 780 mm, an inner diameter of 215 mm, and a 
depth of 450 mm. The barrel is connected to the motor through a con-
necting shaft. The motor drove the eccentric block at a speed of 1500 
rpm, and the whole assembly is fixed on the base by three spiral springs 
(Fig. 1). Without loading, the vibration acceleration in the x-, y-, and z- 
direction was about 42 m/s2, 39 m/s2, and 95 m/s2, respectively. A 
house-made wireless force sensor (WFS) is used to measure the surface 
finishing forces between the media and the workpiece, which will be 
described in details in the next section. 

Three different media of SiC quadrangular abrasives with 6 mm in 
side length, resin triangular abrasives with 12 mm in side length, and 
corundum spherical abrasives with 6 mm, 12 mm, and 18 mm in 

diameters were used in this study, which is pictured in Fig. 2. 

2.2. Development of the wireless force sensor 

The developed wireless force sensor (WFS) system consists of a 
triaxial force sensor (LH-SZ-40), a signal amplifier (LH-FD-DN-10 V), a 
data recorder (MSR160), a power supply battery (9 V), and housing, 
which is an independent system used to measure the VSFFs between the 
media and workpiece, as shown in Fig. 3. The outer case of the WFS is a 
rectangular aluminum alloy block with a length of 95 mm, a width of 95 
mm, and a height of 90 mm. A smaller aluminum alloy cylinder with a 
diameter of 10 mm and length of 5 mm is fixed to the triaxial force 
sensor, which is interacted with the finishing media in the vibratory 
finisher and it can be replaced with other different materials. 

The WFS has a force measurement range of ±50 N with 0–20 mV 
output signals that can be converted into 0–10 V signals by the signal 
amplifier for the data acquisition. The force measurement accuracy of 
the WFS is 0.5%. In the measurements, the sampling frequency of the 
data logger was set to 512 Hz. 

2.3. Wireless force sensor calibration 

2.3.1. Static calibration 
Before the VSFF measurements, the static calibration of the WFS was 

carried out, and before that the output signal without loading was 
adjusted to 5.000 V (zero-balanced). The static calibration of the WFS 
was carried out by increasing and decreasing the standard calibrating 
weights in X-, Y-, and Z-direction, and record the corresponding output 
voltage in X, Y, and Z direction, respectively. Fig. 4 demonstrates the 
relationship between the output voltage and the loading/unloading in Z- 
direction. 

It is observed from Fig. 4 that the WFS has a very good linear rela-
tionship between the load and output voltage in Z-direction and has no 
significant cross-effect on X- and Y-directions. 

2.3.2. Dynamic calibration 
In vibratory surface finishing, the WFS is in vibrating due to the vi-

brations of the finisher and media, which generates output signals or 
background noise. These noise signals must be eliminated from the 
measured force signals. Therefore, the background noise of the WFS 
should be measured before carrying out the formal VSFF measurements, 
which is called the dynamic calibration of the WFS. 

In the dynamic calibration of the WFS, the force-sensing surface of 
the WFS was covered (as shown in Fig. 5) to prevent it from contacting 
with finishing media in the vibratory finisher, and the output signals 
were recorded while the finisher was in operation. Fig. 6 (a), (b), and (c) 
demonstrates the signals generated by the WFS itself or the background 
noise of the WFS in X-, Y-, and Z-direction, respectively. 

2.4. Surface finishing force measurement 

In the vibratory surface finishing force (VSFF) measurements, the 
WFS was put in the vibrating barrel filled with 100 kg of media. Fig. 7 
demonstrates the VSFF measurements using the WFS in vibratory 
finishing. 

Fig. 1. Schematic diagram of the vibratory finishing machine.  
Fig. 2. Media used in the experiment. (a) SiC quadrangular media; (b) resin 
triangular media; (c) corundum spherical media. 
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In the VSFF measurements, the WFS followed the movement of the 
media in the finisher. It rotated around its axis and also around the is-
land of the finisher, generating a spiral movement. The measured force 
signals were exported to a computer for analysis after the completion of 
the measurements. 

In order to compare the effectiveness of surface finishing for different 
surfaces of the workpiece, the VSFFs from three different surfaces of the 
workpiece, i.e. the front surface facing the media travel direction, the 
rear surface opposite to the media travel direction, and the side surface 
facing the island of the finisher, were measured separately. 

Since the background noise is included in the measured output sig-
nals from the WFS, the background noise as shown in Fig. 6 should be 
removed from the measured force signals. Fig. 8 (a) presents the 
measured VSFFs with background noise in Z-direction (normal to the 
contact surface of the WFS); while Fig. 8 (b) shows the measured VSFFs 
without background noise. 

3. Results and discussion 

3.1. Vibratory surface finishing force 

Since the data storage of the recorder in the WFS is limited, after a 
certain period of testing (10 min in this study), the measured data stored 
in the WFS (recorder) were exported to a computer. In the data pro-
cessing, wavelet denoising method was employed to remove the 

Fig. 3. Schematic diagram of the wireless force sensor.  

Fig. 4. Static calibration of the WFS.  

Fig. 5. Dynamic calibration of the WFS.  

Fig. 6. Background noise of the sensor in X-, Y-, and Z-directions.  
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background noise using the MATLAB software. The WFS was a rectan-
gular parallelepiped, and the VSFFs on each surface of the workpiece 
were measured by changing the position of the WFS in the finisher. 

Fig. 9 (a), (b), and (c) demonstrates the measured VSFFs without 
background noise between the SiC dielectric media and the front surface 
of the workpiece in X-, Y-, and Z-direction, respectively. It is observed 
from Fig. 9 that the measured VSFFs in Z-direction are much larger than 
that in X- and Y-directions, indicating that the normal impacts between 
the media and workpiece are dominant. Therefore, in this study the 
effects of the workpiece surface and media on the VSFFs are focused on 
the Z-direction, which will be presented in the following sections. 

3.2. Effect of workpiece surface on the VSFFs 

The measured normal contact forces or the VSFFs in Z-direction 
between the SiC media and the front surface, side surface, and rear 
surface of the workpiece are presented in Fig. 10 (a), (b), and (c), 
respectively. Fig. 11 shows the measured VSFFs occurrences between 

the SiC dielectric media and different surfaces of the workpiece; while 
Table 1 lists the measured mean normal contact forces (mean VSFF in Z- 
direction) between the SiC media and workpiece. 

It is observed from Figs. 10 and 11 that the largest number of impacts 
with contact force larger than 0.5 N are occurred on the front surface of 
the workpiece, but on the rear surface the smallest number of impacts 
with contact force larger than 0.7 N are occurred. Table 1 lists the 
measured impact energy and mean normal contact force between the 
SiC media and workpiece without noise. It is observed that without 
background noise the largest impact energy and mean normal contact 
force occurs on the front surface of the workpiece, followed by the side 
and rear surfaces. 

3.3. Effect of media material on the VSFF 

The effects of three different dielectric materials on the normal 
contact force were studied, namely (a) SiC dielectric, (b) resin triangular 
pyramid dielectric, and (c) corundum spherical dielectric. Fig. 12 (a), (b) 
and (c) shows the normal contact forces between the front surface of the 
workpiece and the media (a), (b), and (c), respectively. Fig. 13 shows the 
measured VSFFs occurrence between the front surface of the workpiece 
and the three different media; while Table 2 presents the measured 
impact energy and RMS normal contact forces (VSFFs in Z-direction) 
between the workpiece and media. 

It can be seen from Figs. 12 and 13 that the number of effective 
impacts of the resin triangular pyramid media on the front surface of the 
workpiece is significantly smaller than that of the other two media. 
Since the corundum spherical media is relative smaller, the number of 
occurrence of smaller VSFFs (less than 0.6 N) is the largest; but for the 
relative larger volume SiC media, the number of occurrence of larger 
VSFFs (larger than 0.7 N) is the largest. Table 2 shows that the average 

Fig. 7. VSFF measurements with the WFS.  

Fig. 8. Measured VSFFs in Z-direction on the side surface of the workpiece: (a) 
measured VSFFs with background noise; (b) measured VSFFs without back-
ground noise. 

Fig. 9. Measured VSFFs between the front surface of the workpiece and SiC 
dielectric media: (a) X-direction, (b) Y-direction, and (c) Z-direction. 
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contact force of the resin triangular pyramid media is the largest, fol-
lowed by the corundum spherical medium and the SiC quadrangular 
media. 

Fig. 10. Measured normal contact forces between the SiC dielectric media and 
the workpiece surfaces. (a) front surface; (b) side surface; (c) rear surface. 

Fig. 11. Measured VSFF occurrence between the SiC quadrangular media 
and workpiece. 

Table 1 
Measured impact energy and RMS of normal contact force between the SiC 
quadrangular media and workpiece.  

Workpiece position Impact energy [N.s] RMS of VSFF without noise [N] 

Front surface 14.87 0.303 
Side surface 10.85 0.274 
Back surface 10.04 0.240  

Fig. 12. Measured VSFFs in Z-direction between the front surface of workpiece 
and media. (a) SiC quadrangular media; (b) resin triangular media; (c) 
corundum spherical media. 

Fig. 13. Impact occurrence at the front surface of the workpiece with 
different media. 
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3.4. Surface roughness and hardness 

3.4.1. Workpiece 
In order to investigate the effects of vibratory surface finishing on the 

surface roughness and hardness of workpiece, four different materials of 
6061 aluminum alloy (AA-6061), 7075 aviation aluminum alloy (AA- 
7075), A3 steel, and stainless steel were used as the workpiece materials. 
To save experimental time, smaller specimens (30 × 20 × 5 mm) made 
of the above mentioned four materials were inserted into the surface of a 
larger workpiece that is in the same dimension as that of the WFS 
described in sections 3.1–3.3. The larger workpiece was made of AA- 
6061 and its weight (including the smaller specimens) is similar to 
that of the WFS. Fig. 14 illustrates the overview of the workpiece with 
experimental specimens. 

3.4.2. Surface roughness 
After vibratory surface finishing the workpiece for a certain period of 

time, say 30 min, 90 min, 150 min, 210 min, 270 min, and 330 min in 
this study, the smaller specimens were taken out from the larger work-
piece. A white light interferometer (Bruker) was employed to observe 
the surface topographies of the specimens. 

Figs. 15 (a), (b), (c), and (d) present the surface topographies of the 
AA-6061, AA-7075, A3 steel, and stainless steel specimens, respectively, 
after vibratory surface finishing with SiC abrasive media for 0 min, 30 
min, 150 min, and 330 min. Table 3 shows the roughness Ra of speci-
mens on the front surface after vibratory finishing with SiC dielectric 
media. It is observed from Table 3 that the surface roughness Ra of all 
the four materials is reduced with the increasing of finishing time. The 
surface roughness of stainless steel reduced to 20% of that the original 
surface roughness after VSF for 330 min; while the surface roughness of 
the AA-6061, AA-7075, and A3 steel reduced to 53.8%, 65.9%, and 
38.6% of its original surface roughness, respectively. 

Fig. 16 presents topographies of AA-6061 specimens from the front, 
side, and rear surfaces of the workpiece, after VSF with the SiC dielectric 
media for 30 min, 150 min, and 330 min, respectively. Table 4 compared 
the efficiency of VSF with the SiC dielectric media on the surface 

roughness (Ra) of AA-6061 at different positions (front, side, and rear 
surfaces) of the workpiece. Table 4 shows that VSF has the best per-
formance in surface roughness reduction on the front surface with 
54.5% Ra reduction after VSF for 330 min operation, followed by side 
and rear surfaces with 43.3% and 42.2% Ra reduction, respectively. 

Fig. 17 (a) clearly shows that stainless steel has the smallest surface 
roughness after surface finishing for 30 min, and after surface finishing 
for 150 min the surface roughness of stainless steel is stable, but the 
surface roughness of AA-6061 and A3 steel is decreasing with surface 
finishing time in the whole processing period. However, the surface 
roughness of AA-7075 is slightly increased after surface finishing for 
270 min. Fig. 17 (b) shows that after VSF, the front surface roughness of 
the workpiece reduced more quickly and has the smallest surface 
roughness followed by the side and rear surfaces, indicating that at the 
position of the front surface the finishing effectiveness is the highest and 
followed by the side and rear surfaces. With the increasing of vibratory 
surface finishing time, the surface finishing effectiveness at the two 
positions of side and rear surfaces of the workpiece is tending to be the 
same. 

3.4.3. Surface hardness 
The surface Rockwell hardness of the vibratory finished specimens 

were measured after 30 min, 90 min, 150 min, 210 min, 270 min, and 
330 min of vibratory finishing with SiC dielectric media. 

Fig. 18 presents the surface hardness at the side surfaces of the tested 
specimens after various surface finishing period of time. It is observed 
from Fig. 18 (a) that the surface hardness of AA-6061 is increased with 
the increasing of finishing time; while the surface hardness of AA-7075 
is increased with the increasing of finishing time for 270 min, but 
decreased after that; the surface hardness of A3-steel is increased 
significantly in the first 30 min and then increased gradually; the surface 
hardness of stainless steel is increased with finishing time for 90 min and 
then decreased with finishing time, indicating that in vibratory surface 
finishing of stainless steel, the finishing time is better less than 210 min, 
as the surface hardness is close to its maximum but the surface roughness 
is close to its minimum. 

4. Conclusions 

A novel triaxial wireless force sensor has been successfully developed 
to measure the vibratory surface finishing forces (VSFFs) between the 
media and workpiece without being affected by the sensor wiring. The 
effects of media and workpiece position on the VSFFs have been studied, 
and the effectiveness of vibratory surface finishing with various mate-
rials of media and workpiece has been investigated. The following 
conclusions can be drawn. 

(1) The normal impacts are dominant in the vibratory surface fin-
ishing. The impact energy and RMS of VSFFs in normal direction 
on the front surface of the workpiece are larger than that on the 
side and rear surfaces of the workpiece.  

(2) The size or mass of media had a significant effect on the VSFFs. 
The peak VSFFs of larger mass media were higher than those of 
smaller mass media, but the impact frequency of larger media 
was lower than that of smaller size media.  

(3) Both the VSFFs and media shapes have significant effect on the 
surface roughness and hardness of the workpiece. 

(4) After vibratory surface finishing for 330 min, the surface rough-
ness of Al-6061, Al-7075, A3 steel, and stainless steel reduced to 
53.8%, 65.9%, 38.6%, and 20% of the original surface roughness, 
respectively.  

(5) The surface hardness of AA-6061 and A3 steel was increased with 
the increasing of VSF in the whole operation period of 330 min; 
while the surface hardness AA-7075 and stainless steel was 
increased with VSF for 270 min and 210 min, respectively. 

Table 2 
Impact energy and RMS of normal contact forces between media and the front 
surface of the workpiece.  

Media Impact energy [N.s] RMS of VSFF without noise [N] 

SiC quadrangular 14.870 0.303 
Resin triangular 13.508 0.286 
Corundum spherical 12.068 0.275  

Fig. 14. Overview of the workpiece.  
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(6) In order to get the best surface quality of workpiece in vibratory 
surface finishing, the media material and shape/size, finishing 
period of time, initial position of the workpiece, and other 
operation conditions should be optimized. 
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Fig. 15. Effects of SiC dielectric medium on the front surface topography of different workpiece samples after different surface finishing times. (a) AA-6061; (b) AA- 
7075; (c) A3 steel; (d) stainless steel. 

Table 3 
The roughness Ra of specimens on the front surface after vibratory finishing with 
SiC dielectric media.  

Processing period 
[min] 

AA-6061 
[μm] 

AA-7075 
[μm] 

A3 steel 
[μm] 

Stainless steel 
[μm] 

0 2.75 2.05 3.25 2.35 
30 1.9 1.75 1.72 1.18 
150 1.64 1.62 1.38 0.58 
330 1.48 1.35 1.255 0.47 
Reduced (%) 46.2% 34.1% 61.4% 80%  

Fig. 16. Effects of SiC dielectric media on the surface topography at different positions of AA-6061 workpiece after various of finishing periods: (a) 30 min, (b) 150 
min, and (c) 330 min. 

Table 4 
Effect of SiC dielectric media on surface roughness at different positions of AA- 
6061 workpiece after surface finishing.  

Surface finishing period 
[min] 

Front surface 
[μm] 

Side surface 
[μm] 

Back surface 
[μm] 

0 2.75 2.75 2.75 
30 1.65 1.94 2.3 
150 1.5 1.58 1.66 
330 1.25 1.56 1.59 
Reduced (%) 54.5% 43.3% 42.2%  
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