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Abstract: 
The development of modern industries necessitates complexity and the creation of manufactured models to 
keep pace with advancements. Magnetic abrasive finishing (MAF) is the most prominent finishing technique 
due to its effectiveness and efficiency without damaging the part. This study fills a research gap by directly 
comparing dry and lubricated magnetic abrasive finishing (MAF) using hybrid abrasive particles on 
geometrically complex surfaces, with surface quality evaluated through non-contact laser scanning and SEM. 
This work investigates the effect of adding lubricating oil to the abrasive grain finishing technique, comparing 
this finishing with traditional dry finishing. The magnetic abrasive grains used were prepared from a hybrid 
mixture consisting of two types of abrasive particles: silicon carbide (SiC) and tungsten carbide (WC), with the 
addition of iron particles to enhance the magnetic attraction force. The tool was magnetized with a permanent 
neodymium magnet. Three operational variables were controlled at three levels: feed rate, tool rotation speed, 
and particle size. The surface roughness of the samples was measured before and after the finishing process 
to assess the improvement. Since the designs of the samples used for the experiments were non-planar, they 
were difficult to inspect using conventional techniques. Therefore, laser scanning technology, in addition to 
scanning electron microscopy, was used to assess surface defects. Experimental results showed that the oil-
lubricated finishing process performed better than the dry finishing process, with the oil-lubricated finishing 
process achieving an improvement of approximately 66.4% compared to the dry finishing process, which 
achieved a 36.9% improvement under the same operating conditions. The experimental results demonstrated 
that the level of influence of these variables on finishing performance may vary depending on the external 
operating conditions. 
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INTRODUCTION 
Magnetic abrasive particle finishing is one of the most ad-
vanced processes that can keep pace with modern prod-
ucts that require unconventional finishing, capable of fin-
ishing edges and complex shapes. This technology is char-
acterized by its flexibility, which enables it to finish all 
available designs, and its precision in improving surfaces 
without causing damage [1, 2]. MAF is based on the prin-
ciple of using a magnetic field to generate an attractive 
force that contributes to the formation of a brush com-
posed of abrasive particles, which serves as the finishing 
tool. As the tool rotates, the abrasive particles begin to 
remove surface burrs, improving surface roughness [3]. 
Although its effectiveness at finishing and enhancing sur-
faces has been proven in studies, experiments conducted 
with the addition of lubricating oil to the abrasive particles 
have not been performed accurately. Such an addition to 
the process can significantly alter finishing results [4]. This 

process can be implemented either using dry magnetic 
abrasive particles or by adding lubricating oil to the abra-
sive particles, which reduces friction and limits surface 
scratches [5, 6].  Despite these advantages, few studies 
compare dry and lubricated MAF, especially on complex 
surfaces with medium initial roughness. To bridge this 
gap, the current study evaluates both techniques using a 
hybrid abrasive mixture consisting of silicon carbide (SiC) 
and tungsten carbide (WC), bonded with acrylic resin and 
mixed with carbonyl iron powder [7, 8]. It is challenging to 
inspect the surface that has been finished using tradi-
tional screening techniques because it is complex and 
somewhat uneven. Therefore, laser scanning was 
adopted to obtain the most accurate results [9]. There-
fore, the primary objective of this study is to evaluate and 
compare the performance of dry and lubricated magnetic 
abrasive finishing (MAF) processes when applied to geo-
metrically complex, non-flat surfaces, using a hybrid 



246 Management Systems in Production Engineering 2026, Volume 34, Issue 2 
 

 

abrasive mixture of silicon carbide (SiC) and tungsten car-
bide (WC) bonded with acrylic resin and mixed with car-
bonyl iron powder. The novelty of this work lies in directly 
comparing both finishing methods using the same process 
parameters and evaluating them on complicated geome-
tries with high, non-contact surface evaluation tech-
niques, including laser scanning and scanning electron mi-
croscopy (SEM). In this combined method, the exhaustive 
evaluation of the surface quality is more precise and re-
veals how operational parameters affect the different fin-
ishing environments. 
 
LITERATURE REVIEW 
Magnetic Abrasive Finishing (MAF) is an effective process 
for enhancing the surface quality of parts, particularly 
those with difficult-to-access or complex geometrical 
shapes. The performance of MAF has been the subject of 
several studies examining how to improve this process. 
The influence of operational parameters on magnetic air 
floats (MAF) applied to flat and cylindrical surfaces was 
analyzed by Singh et al. [10], revealing that the magnetic 
field strength is a critical parameter controlling the per-
formance of the finishing operation and surface improve-
ment. Uddin et al. [11] emphasized that the material used 
as an abrasive, such as SiC and Al2O3, is a significant factor 
that influences the performance of the finishing process. 
Examples include particle size and working gap, which are 
the main parameters when using Al2O3 abrasive, whereas 
tool speed and abrasive amount prevail when using SiC. 
Process efficiency has also been achieved through innova-
tions in tool design. Nagdeve et al. [12] proposed a tool 
that utilized neodymium permanent magnets, resulting in 
improved abrasive distribution and reduced surface 
roughness. On the same note, Ahmad et al. [13] suggested 
a multi-phase Al2O3, SiC mixture, which can provide a bet-
ter hardness-toughness ratio, along with improved finish-
ing of titanium alloys. This concept was further developed 
by Cheng et al. [14], who utilized abrasive media gel-
based fluids to polish stainless steel tubes, demonstrating 
that the significant variables affecting roughness minimi-
zation were the concentration of the particles and the fin-
ishing duration. 
Several of them have transitioned from MAF to CNC sys-
tems. Kumar and Komma [15] demonstrated a low-cost 
configuration for finishing simple models with the CNC, in-
dicating that machining time and spindle speed are the 
most critical parameters. Zhao et al. [16] used silicone gel 
to create flexible magnetic particles that enhanced flexi-
bility and facilitated processing. Their results also indi-
cated that a smaller particle size resulted in a quicker rate 
of wear, but improved finishing detail. 
Wang et al. [17] provided a comprehensive analysis of the 
MAF on complex surfaces, with an emphasis on the re-
quirements of a versatile motion apparatus and the need 
to adapt MAF to three-dimensional geometries. Research-
ers of Sah et al. [18] studied the interactions of process 
variables, including the number of passes and feed rate, 
in CNC-based MAF. They justified that it is capable of au-
tomated bright finishing. 

More recent reviews conducted by Kumar and Komma 
[19] highlighted the need to incorporate simulation and 
optimization tools into MAF systems to eliminate human 
dependency and enhance control. In their comparative 
study, Singh et al. [20] found that unbonded, binder-
bound, and sintered abrasives differed in their servicing 
properties, as the latter provided better surface improve-
ment and material removal rates. Lastly, Souza et al. [21] 
developed a hybrid tool composed of gel and paste-based 
abrasives, which melt during ablation to form a flexible 
brush that fits different internal geometries. Their prac-
tice embraces sustainability in terms of reusability and 
flexibility in various forms. 
Despite the progress in this field, no prior studies have di-
rectly compared dry and lubricated magnetic abrasive fin-
ishing (MAF) using hybrid abrasive particles on non-flat or 
geometrically complex surfaces. Most existing works have 
focused on one technique applied to flat or straightfor-
ward geometries. Furthermore, limited attention has 
been given to the non-contact and highly accurate evalu-
ation of surface quality in such complex cases using laser 
scanning and SEM.  This research paper addresses this gap 
by comparing dry and oiled MAF at practically the same 
process setting, using a hybrid abrasive blend, on samples 
with complex geometries, and assessing high-end investi-
gation tools. 

 
METHODOLOGY 
This section is considered the fundamental step in any re-
search project, as it serves as the basis for the study and 
verifies that it is achieving its objectives. It provides a com-
prehensive explanation of the tools used, the materials 
they were made from, and their design. 

 
Design and Manufacture of Working Sample 
As industries grow and applications become more com-
plex, it is essential to keep pace with this development by 
conducting experiments on work samples with designs 
that accurately reflect these changes. The shape of the 
work samples to be finished was determined to be non-
standard or unconventional. A complex, non-flat shape 
was chosen whenever possible. SolidWorks (version 23) 
was used for this task; its computer-aided design program 
is widely used for designing three-dimensional models 
across various industrial fields. It offers distinct features 
when designing shapes, including the ability to simulate 
them before implementation and facilitate design modifi-
cations [22]. Figure 1 shows the design chosen as a wor-
king sample. 

 

 
Fig. 1 SolidWorks workpiece design: high-carbon steel 
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The working sample metal type was chosen to be high-
carbon steel as the basic material for conducting research 
experiments, as it is widely used in industrial applications 
and is readily available. The use of high-carbon steel was 
due to its high mechanical properties, such as a high level 
of hardness, high resistance to wear, and dimensions that 
cause good performance within the conditions of mag-
netic abrasive finishing (MAF). Such features render it a 
proper material to determine the effectiveness of MAF in 
enhancing the quality of surfaces and providing constant 
finishing capabilities [23]. The chemical composition of 
the sample workpiece is shown in Table 1. 
 

Table 1 
Chemical Composition of Samples 
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The SolidWorks models were created using a three-axis 
CNC machine, and HSMWorks software was utilized to 
convert the designs into code that the machine could un-
derstand, thereby enabling the creation of the desired 
shapes. To generate the magnetic force, neodymium 
magnets were mounted on the cylinder, which was de-
signed as a finishing tool, generating a constant, highly ef-
ficient magnetic field for its small size. At this stage, a 
roughness inspection is performed on the samples to be 
used for finishing tests in both dry and lubricated condi-
tions. The samples used in this study were examined using 
laser scanning technology. This unconventional testing 
technique involves shining a laser on the reflective surface 
of work samples [24]. The reflected radiation is received 
by a special camera, which converts this radiation into 
readings, graphs, and three-dimensional images of the 
surface that can be viewed in a computer application 
called the GENTC program, which stands for Generic 
Transport Layer Control. The pictures and graphs are then 
processed using image processing software to produce 
values that indicate roughness on the surface. During the 
inspection process, certain technical variables must be 
considered and addressed to ensure the success of the in-
spection and obtain accurate results. This analytical ap-
proach allows the evaluation of roughness at various res-
olution levels. Roughness can be evaluated at different 
levels of resolution. The value of roughness was not meas-
ured in a one-point direct reading system of the device; 
otherwise, the ruling was based on the evaluation of the 
surface profile produced by the laser scanning system. 
Given that the decimal variations are tiny, the results can 
be reasonably rounded to a suitable number of decimal 
places for clarity and consistency. Figure 2 shows the laser 
scanning sampling system.  
 

 
Fig. 2 Laser scanning device diagram 

 
Design and Manufacture of Finishing Tools 
The finishing tool is crucial in determining the efficiency of 
the finishing process, as it controls the direction and in-
tensity of the magnetic field that defines the shape of the 
finishing brush formed during the process [25]. The tool 
was designed with a cylindrical end diameter that 
matched the dimensions of the finished workpiece and a 
radial shaft that matched the CNC machine used to per-
form the finishing operations. The required shape was 
also designed using SolidWorks. The shaft material was 
selected to match the sample material (high-carbon steel) 
to ensure mechanical and thermal compatibility, as well 
as stability of performance during the finishing process. In 
this investigation, the electromagnetic coil was swapped 
out with a permanent neodymium magnet, which is light-
weight and easy to move for surface finishing. This mag-
net also provides a high and constant magnetic force with-
out the need for an external source. This makes the sys-
tem easier to use and maintains a stable finishing process 
[26, 27]. A cylindrical neodymium (NdFeB) magnet (10 
mm diameter, 10 mm height) was selected for its high ca-
pacity to generate a strong magnetic field despite its small 
size  [28]. The magnets were symmetrically distributed 
within the shaft to ensure balance during rotation and 
avoid vibration or deflection. Figure 3 illustrates the 
stages of designing the finishing tool used in the MAF 
stage.  
 

 
Fig. 3 The design of a finishing tool:  
a) The design of the tool with grooves,  
b) The tool with the magnetic pieces added,  
c) The final shape of the tool 

 
Specifically, Figure 3(a) shows the shape of the tool with 
grooves, and Figure 3(b) shows the tool with magnetic 
pieces added. Figure 3(c) shows the final shape of the tool. 
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Preparation of Magnetic Abrasive Particles 
− Selection of the Abrasive Material: In this stage, a com-

bination of two types of abrasive particles was chosen: 
silicon carbide (SiC) and tungsten carbide (WC). This 
was done to maximize the benefits of each distinct 
mechanical property. SiC is characterized by its high 
hardness and resistance to wear, while WC is charac-
terized by its hardness and durability [29]. 

− Iron Material: In this stage, iron particles are added to 
the mixture to enhance its magnetic strength and at-
tract it to the magnetic finishing tools. 

− Binding the combination: An acrylic resin is used to 
bond the iron particles with abrasive particles to form 
a cohesive mixture whose abrasive and magnetic 
properties are enhanced [30].  

After the combination solidifies, it is mechanically ground 
to transform it into a homogeneous powder that responds 
to magnetic forces. Table 2 shows the particle mixing 
ratios.  

Table 2 
Particle Mixture Ratios 

Particle Mixing ratio 

Wc 20% of the total weight 

Sic 20% of the total weight 

Fe 60% of the total weight 
 

As for the binder, its proportion was set between 10% and 
30% of the total weight, which contributed to the for-
mation of a homogeneous and cohesive paste of mixed 
particles.  Figure 4a shows the EDX test that was con-
ducted to show the distribution of particles and the mix-
ture that was made of the abrasive particles with the iron 
particles before adding the bonding material, Figure 4b 
shows the surface structure of the particles and how the 
elements are distributed, and Figure 4c represents the hy-
brid mixture and the elements that make it up. 
 

 

Fig. 4 The Results of the EDX Tests 
a) The EDX test shows the distribution of particles,  
b) The surface structure of the particles and how the elements are distributed,  
c) EDX test shows the hybrid mixture and the elements 
 

Defining Variables and Designing Experiments 
This study focused on some operational variables that can 
directly affect performance and efficiency. Three levels 
were defined for each variable to ensure the comprehen-
siveness of experiments and to study different levels. 
These variables were: 
− Feed rate, which represents the surface finish time in 

this study. Since the samples being finished are  

uneven surfaces, it is impossible to determine the fin-
ishing time [30]. Therefore, the feed rate was deter-
mined to complete the surface finish. The following 
levels were chosen: 35, 70, and 90 mm/min. 

− Tool rotation speed during the process, at three levels: 
350, 500, and 750 rpm. 

− Abrasive particle size, with three different sizes used: 
200, 300, and 600 µm. 

  

a) b) 

 

c) 
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The Taguchi method was employed to design process ex-
periments, aiming to reduce the number of experiments 
while achieving a balanced distribution of variables [31]. 
An L9 orthogonal matrix was adopted to distribute the ex-
periments. Table 3 shows the design of the planned prac-
tical experiments.  
 

Table 3 
The Design of the Finishing Experiments 

No. 
Tool rotation 
speed (rpm) 

Feed rate 
(mm/min) 

Particle size 
(µm) 

1 350 35 200 

2 350 70 300 

3 350 90 600 

4 500 35 300 

5 500 70 600 

6 500 90 200 

7 750 35 600 

8 750 70 200 

9 750 90 300 

 
These experiments were conducted twice: the first for the 
finishing process of dry magnetic abrasive particles, and 
the second for the addition of lubricating oil to the mag-
netic abrasive particles. The samples were examined after 
finishing, and the results of these tests are included in the 
next section. 
 
RESULTS OF PRACTICAL EXPERIMENTS 
This section presents the results of the finishing experi-
ments, which were obtained by examining the surface of 
the samples using laser scanning technology and conduct-
ing SEM examinations. However, before starting the fin-
ishing experiments, the results of the samples examined 
before finishing will be presented to accurately analyze 
the abrasion that will be determined for the samples. Sur-
face roughness before finishing was 4.329 µm.  
 

 
Fig. 5 Sample Surface Before Finishing 
a) Surface Roughness Diagram from Laser Scanning,  
b) Surface Ridges from Laser Scanning,  
c) SEM Scan with Magnification 

 
Figure 5 shows a scanning electron microscope (SEM) ex-
amination of a sample surface before the finishing process 
is applied to determine the nature of microscopic changes 
that may occur after the finishing process, where (a) Sur-
face Roughness Diagram from Laser Scanning, (b) Surface 
Ridges from Laser Scanning.  

Graphical explanation of roughness: the (X-axis) is the 
number of peaks detected within the inspected area, and 
the (Y-axis) is the height of the peaks expressed in µm, and 
(c) SEM Scan with Magnification. 
After completing the magnetic finishing experiments, ac-
curate surface roughness measurements were performed 
on the samples to evaluate the efficiency of the finishing 
process under each operational condition. Table 4 pre-
sents the final roughness (Ra) results for each experiment 
after completion, under both dry and lubricated condi-
tions.  
 

Table 4 
The Results of The Finishing Process Experiment  

for the Dry and Lubricated Phases 

No. 

Dry finishing Lubricated finishing 

New  
SR 

(µm) 
∆ Ra 

Total  
Improvement 

% 

New  
SR 

(µm) 
∆ Ra 

Total  
Improvement  

% 

1 3.329 1 23.1 2.397 1.932 44.6 

2 2.929 1.4 32.3 1.904 2.426 56.1 

3 3.629 0.7 16.2 2.871 1.458 33.7 

4 2.729 1.6 36.9 1.455 2.874 66.4 

5 3.829 0.5 11.6 3.024 1.305 30.1 

6 3.419 0.910 21.1 2.482 1.847 42.7 

7 3.829 0.500 11.6 2.875 1.454 33.6 

8 3.356 0.973 22.5 2.265 2.065 47.7 

9 3.029 1.300 30.1 1.818 2.512 58.1 

 
Figure 6 includes the results of a sample subjected to the 
dry finishing process. It contains a 3D map of the sample 
surface generated using laser scanning, a graph illustrat-
ing the change in roughness, and a scanning electron mi-
croscope (SEM) image that highlights the characteristics 
of the residual burrs on the surface after finishing, where 
(a) Surface Roughness Diagram from Laser Scanning, (b) 
Surface Ridges from Laser Scanning. Graphical explana-
tion of roughness: the (X-axis) is the number of peaks de-
tected within the inspected area, and the (Y-axis) is the 
height of the peaks expressed in µm, and (c) SEM Scan 
with Magnification.  
 

 
Fig. 6 Sample Surface After Finishing Dry:  
a) Surface Roughness Diagram from Laser Scanning,  
b) Image of Surface Ridges from Laser Scanning,  
c) SEM Scan with Magnification 

 
Figure 7 shows similar results for a sample finished using 
the lubricated mixture, allowing for a visual comparison 
between the two conditions and demonstrating the effect 
of the presence of lubricating oil in improving process ef-
ficiency and reducing roughness residue on the treated 

  
a) b) 

   
c) 
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surface, where (a) Surface Roughness Diagram from Laser 
Scanning, (b) Surface Ridges from Laser Scanning.  
 

 
Fig. 7 Sample Surface After Lubricated Finishing:  
a) Surface Roughness Diagram from Laser Scanning,  
b) Image of Surface Ridges from Laser Scanning,  
c) SEM Scan with Magnification 

 
Graphical explanation of roughness: the (X-axis) is the 
number of peaks detected within the inspected area, and 
the (Y-axis) is the height of the peaks expressed in µm, and 
(c) SEM Scan with Magnification. 
 
Analysis of Experimental Results 
The results analysis phase aims to interpret the data ob-
tained from the practical experiments and link them to 
the study objectives, thereby determining the effective-
ness of magnetic abrasive finishing technology in improv-
ing the quality of complex surfaces. This phase extends 
beyond presenting numbers; it encompasses descriptive, 
visual, and statistical analysis of the process outputs, facil-
itating an understanding of the behavior of operational 
variables and their role in determining finishing perfor-
mance in both dry and lubricated conditions. This analysis 
includes three main phases: 
− Qualitative Analysis: This stage interprets the data 

from the experimental results and links them to the 
study objectives to determine the effectiveness of the 
magnetic abrasive finishing technology in improving 
the quality of complex surfaces.  

− Descriptive Analysis: Table 4 shows the final roughness 
results (New SR), roughness difference (ΔRa), and 
overall improvement percentage (%) for each experi-
ment after applying the dry and lubricated finishing 
processes. Comparing the values between the two 
conditions reveals the following: In general, the final 
roughness (Ra) values were lower in the lubricated fin-
ish than in the dry finish, demonstrating the effective-
ness of using lubricating oil in improving surface qual-
ity. In all nine experiments, a higher percentage of im-
provement was recorded in the lubricated condition, 
with the highest improvement reaching 66.4% in Ex-
periment 4 when lubricated, compared to 36.9% in the 
same experiment without lubrication. The improve-
ment in the dry condition ranged from 11.5% to 36.9%, 
while in the lubricated condition, it ranged from 30.1% 
to 66.4%, supporting the hypothesis that lubrication 
contributes effectively to increased finishing effi-
ciency. 

− Microscopic and Visual Inspection: The data indicate 
that the use of lubricating oil helped reduce the re-
sistance between the particles and the surface, 

resulting in smoother and more consistent removal of 
surface burrs. From the figures displaying the results 
of the experimental samples in Figures 6 and 7, it is 
evident that the samples finished using the lubricated 
finishing technique had more uniform surfaces and 
fewer surface burrs, reflecting the improved process 
efficiency of the lubricated finishing technique. Micro-
scopic images also show that surface defects in sam-
ples finished using the oiled finishing technique are 
improved, resulting in a uniform structure, unlike dry 
finishing, which exhibits surface scratches and cracks. 
Additionally, Figure 8 presents a comparison between 
the results of the dry and oiled finishing processes, il-
lustrating the difference in surface roughness. 

 

 
Fig. 8 Comparison of the Results of The Two Finishing Types 

 
CONCLUSIONS 
1) Magnetic abrasive finishing technology has proven ef-

fective in improving the quality of complex surfaces, 
with all experiments showing a decrease in surface 
roughness values after treatment, both in the dry and 
lubricated state. 

2) The use of lubricating oil significantly enhanced the 
performance of the finishing process. The improve-
ment in roughness increased in all experiments when 
using oil, reaching its maximum in the fourth experi-
ment, with an improvement of 66.4% compared to 
36.9% in the same experiment without lubrication. 

3) Optical examinations (laser and scanning electron mi-
croscopy (SEM)) showed a clear improvement in sur-
face smoothness in samples finished using the lubri-
cated mixture. This was accompanied by a reduction 
in burr height and greater uniformity in roughness dis-
tribution, compared to the dry state, which exhibited 
finer surface irregularities and cavities.  

4) The best finishing results were achieved with 300-µm 
particles, indicating that the medium size provides an 
ideal balance between removal capacity and finishing 
accuracy. 

5) The difference in the effect of variables depending on 
the working environment (dry or lubricated) indicates 
that the importance of these factors is not fixed but 
rather varies depending on the surface nature and 
processing conditions. This must be considered when 
designing future finishing processes. 

6) The results of this research can be used as a basis for 
using MAF technology in industrial applications that 
require precise finishing of surfaces with complex ge-
ometric configurations, with the recommendation to 

   
a) b) 

   
c) 
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use a lubricated environment to achieve optimal per-
formance. 
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