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 ABSTRACT  

 
The burnishing process is an important modern technology for producing 
mechanical parts with high-quality surface finishes. A special rigid burnishing tool 
was imported and used specially for the purpose of this research. Based on a 
Taguchi L16 matrix, an experimental test design was applied to study the effect of 
ball burnishing parameters as well as dynamic characteristics on the surface quality 
of burnished workpieces. The results of average surface roughness number, peaks 
counted per centimeter, out-of-roundness, and vibration amplitude were conducted. 
The workpieces burnished by the rigid tool retained a minimum surface roughness 
value of 0.107 µm at a burnishing speed of 500 RPM, 0.09 mm/rev feed rate, and 
0.35 mm penetration depth. Regarding the out-of-roundness, the burnishing process 
using the imported rigid tool retained a minimum out-of-roundness value of 5.92 
µm at a rotating speed of 600 RPM, a feed rate of 0.11 mm/rev, and a penetration 
depth of 0.35 mm. The increasing in vibration level achieved as the burnishing 
speed increases has a good effect on the surface roughness until the burnishing 
speed reaches a certain value. Beyond this speed value, the increase in vibration 
level induces the chatter phenomenon which badly affects the workpiece surface 
roughness. Regarding the out-of-roundness, the increasing in vibration level as the 
burnishing speed increases has a good impact on the roundness error of the 
burnished workpiece. These findings provide important insights for optimizing the 
metal burnishing process and achieving the desired surface quality based on the 
specific tool and associated factors. 

Copyright © 2025 by the authors. This 
article is an open access article distributed 
under the terms and conditions Creative 
Commons Attribution-Share Alike 4.0 
International Public License (CC BY-SA 
4.0) 
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1. INTRODUCTION 
Mechanical component performance is significantly influenced by surface 

characteristics [1]. The wear resistance, fatigue life, friction behavior, and corrosion resistance 
of a component are all strongly influenced by its surface finish [2]. A contemporary finishing 
method called burnishing enhances surface properties without removing any material from the 
workpiece [3, 4]. In cold working settings, this procedure includes pressing a hard tool into the 
workpiece's surface, generating plastic deformation beyond its yield stress [5]. Surface 
characteristics including hardness, corrosion resistance, and roughness can all be improved by 
burnishing [6]. Applying burnishing to the workpiece's surface and subsurface layers has been 
demonstrated in earlier studies to enhance surface hardness [7-9]. However, because of the 
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ball's slight deforming action at high speeds and high feed rates, burnishing speed increases 
cause a drop in surface hardness [10]. In a parallel manner, increasing burnishing feed reduces 
surface hardness, because a lower surface area is disposed to plastic deformation [11]. As a 
result of higher strain-hardening levels and higher work-hardening degrees brought about by 
deeper penetration, there is an increase in hardness. Higher penetration depth, however, raises 
the temperature of the workpiece and lowers surface hardness [12, 13]. Surface roughness is 
one of the characteristics that is most impacted by the burnishing process. Surface roughness 
falls to a minimum value when burnishing speed is increased, however, increases beyond that 
point result in surface roughness increasing once more [10]. Surface roughness is reduced as 
the feed rate increases because asperities plastically deform and there is higher surface contact 
between the tool and the workpiece. However, going over a certain point causes the surface 
profile to deteriorate and the micro-profile to become distorted [14]. Surface roughness is also 
affected by burnishing tool penetration, where a greater degree of plastic deformation results 
in a lower surface roughness [13, 15]. Out-of-roundness is an important surface feature to study 
when investigating burnished surfaces. Better out-of-roundness is achieved by increasing the 
burnishing speed; this is correlated with the increase in temperature at high burnishing speed 
levels in the ball-work interface. A higher temperature leads to material softening, which 
improves burnishing and reduces out-of-roundness mistakes [16]. On the other hand, 
increasing the burnishing feed rate causes a reduction in burnishing duration, which increases 
the out-of-roundness error [17]. While increasing the penetration depth increases the tool 
pressure on the workpiece surface, it first reduces the out-of-roundness mistake. However, 
because of over-hardening and the ensuing flaking of the surface layers, each additional 
increase in penetration depth gradually causes an increase in out-of-roundness error [18]. 

Without the need for costly and time-consuming tests, researchers can examine the 
effects of burnishing parameters on the stress distribution and plastic deformation in a 
workpiece's surface layer using the potent technique of finite element analysis (FEA) [19]. 
DEFORM-2D has been utilized extensively in finite element simulations. When using FEA in 
burnishing simulations, the best burnishing parameters such as feed, burnishing force, and 
speed can be found that produce the desired surface characteristics, like micro-hardness, 
residual stress, and surface roughness [16]. It is possible to accomplish the processes of 
burnishing and grinding simultaneously by installing the burnishing tool after applying the 
grinding process [20]. When ultrasonic burnishing is applied, advantageous compressive 
stresses and high surface quality are produced in components that require contact as a 
functional necessity [21]. The work surface's sliding burnishing design element characteristic 
is a feature that is fixed to the handle. ANSYS is utilized for burnishing parameters 
optimization. A three-dimensional finite element model is employed to predict the residual 
stresses generated by the process [22, 23]. The highest surface quality is attained when the 
depth of ball penetration into the workpiece material is almost equal to the maximum peak 
height [24, 25]. This is the best set of parameters for the LPB process, which is generated across 
the thickness of the component. A numerical simulation model for the CoTuB process is 
applied using a mixed technique and with a burnishing ball [26]. Furthermore, the 2024-T3 Al 
alloy may be effectively burnished using a single toroidal roller as a mixed burnishing process, 
and other process combinations can provide similar microstructures [27, 28]. In Ti-6Al-4V 
alloy, the hydraulic burnishing pressure is the most important factor in generating advantageous 
compressive residual stress with minimal cold work [29]. The hardness values of the materials 

SINAI International Scientific Journal (SISJ), 2025, 2(1) Online ISSN: 3009-7800
Print ISSN: 3009-6324

SISJ
SINAI INTERNATIONAL
SCIENTIFIC JOURNAL

SINAI International Scientific Journal (SISJ)
Volume 2, Issue 1, July 2025



 

 

SINAI International Scientific Journal (SISJ) 

 
Volume 2, Issue 1, July 2025 

 

79 
 

 SINAI International Scientific Journal (SISJ), 2025, 2(1)  Online ISSN: 3009-7800  

   Print ISSN: 3009-6324  

 

can be raised by a combined manufacturing process that maximizes harsh turning conditions, 
re-aging, and burnishing to improve surface quality and integrity [30, 31]. In addition, 
compared to the standard procedure, the energy consumption and roughness can be decreased 
by roughly 31.46% and 7.41%, respectively. The empirical data and the theoretical roughness 
values are slightly close [32, 33]. Ultimately, it is found that a higher burnishing effort increases 
the depth of the compressive zone while only marginally increasing the residual surface stresses 
[34]. A physic-based analytical model has conducted to investigate the hardening mechanism 
contributed to surface integrity enhancement during burnishing process. The concluded results 
showed that the there is a high contact between the measured and predicted values of hardness 
[35]. Even though earlier experimental findings offer some early understanding, 
comprehensive characterization across many controlled burnishing parameters is still required. 
The ability of burnishing to manage deviations from a desired geometric form, like out-of-
roundness and surface roughness, is not well understood. It is becoming more and more crucial 
to quantify the way surface finishing procedures such as burnishing, produce very near-surface 
geometry, as manufacturing tolerances get tighter to meet the precision requirements of 
contemporary designs. Therefore, this research aims to quantify the influence of burnishing 
parameters on the process dynamics, as well as, the surface texture and roundness accuracy of 
AISI 1035 steel specimens. 

2. MATERIALS AND METHODS 
2.1. Workpiece Material 

AISI 1035 steel is the workpiece material used in this study. It is a material that is 
frequently used in a variety of industrial applications. AISI 1035 steel is appropriate for the 
specified research goal because of certain features, such as high strength, good machinability, 
and a wide range of applications. It can be used in the manufacturing of power transmission 
shafts, gears, and power screws, this wide range of industrial applications is conducted on this 
type of steel also because of its ability to be heat and surface treated.  Its 0.35 percent carbon 
content by weight places it in the medium carbon steel group. AISI 1035 steel's chemical 
composition is thoroughly broken down in Table 1, showing the specific amounts of each 
element present [36]. 

Table 1: Chemical Composition of AISI 1035 Steel [36]. 

Grade 
Chemical Composition % 

Fe% C% Mn% S% P% 

C35 98.80 0.35 0.70 0.005 0.004 
 

Table 2 [36] shows the mean values of AISI 1035 steel mechanical characteristics. 
Examples include density, tensile strength, yield strength, modulus of elasticity, bulk modulus, 
shear modulus, and thermal conductivity. These qualities reveal important information about 
the material's strength, toughness, and capacity to tolerate varying loading situations. To 
evaluate the workpiece's performance, a tension test was performed on a standard tension test 
specimen at a rate of loading 1 mm/min by the ASTM E8/E8M standard, as shown in Fig. 1, 
[37]. This test entails subjecting the specimen to steadily increasing tensile strains until it fails. 

SINAI International Scientific Journal (SISJ), 2025, 2(1) Online ISSN: 3009-7800
Print ISSN: 3009-6324

SISJ
SINAI INTERNATIONAL
SCIENTIFIC JOURNAL

SINAI International Scientific Journal (SISJ)
Volume 2, Issue 1, July 2025



 

 

SINAI International Scientific Journal (SISJ) 

 
Volume 2, Issue 1, July 2025 

 

80 
 

 SINAI International Scientific Journal (SISJ), 2025, 2(1)  Online ISSN: 3009-7800  

   Print ISSN: 3009-6324  

 

Fig. 2, depicts the stress-strain relationship and provides information about the material's 
deformation behavior, ultimate strength, and fracture characteristics. 

Table 2: Mechanical Properties Analysis of AISI 1035 steel [36]. 

Grade Density 
(g/cm3) 

Tensile 
Strength 
(MPa) 

Yield 
Strength 
(MPa) 

Modulus of 
Elasticity (GPa) 

Bulk 
Modulus 

(GPa) 

Shear 
Modulus 

(GPa) 

C35 7.85 585 370 200 140 80 
 

 
Fig. 1: Design of Tension Specimen According to ASTM E8/E8M [37]. 

 

 
Fig. 2: Stress-Strain Diagram of AISI 1035 Steel from Tensile Test at Rate of Loading 1 mm/min. 

 
The workpieces were made with a center lathe. Certain cutting parameters were used 

to produce the workpiece to the appropriate standards. These parameters included a rotational 
speed of 600 RPM, a cutting feed of 0.1 mm per revolution, and a cutting depth of 0.1 mm. 
These factors are critical for producing the appropriate surface finish, dimensional accuracy, 
and chip formation during machining. The workpiece was constructed to have a diameter of 50 
mm and a length of 400 mm, with 10 test parts of 30 mm each, as illustrated in Fig. 3. 
Dimensions are crucial for ensuring that the workpiece is compatible with other components 
or systems with which it will be incorporated. The configuration shown in Fig. 3, is a data 
representation of the workpiece's general shape, including any special characteristics such as 
holes, or grooves. 
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Fig. 3: Configuration of Burnishing Workpiece: A Detailed Representation of the Workpiece 

Design and Dimensions. 
 

2.2. Burnishing Tool  
Taizhou Ke Chi Machinery Company, a prominent Chinese manufacturer, produced a 

high-quality, precision-engineered stiff burnishing tool. This specific burnishing tool, indicated 
by the code JC-SQ8R2030, is intended to provide superior performance and accuracy in metal 
finishing tasks. The burnishing tool's 20x20 mm tool shank ensures outstanding stability and 
rigidity during machining. One unique feature of the burnishing tool is its 30-degree bent tip 
shape. This shape allows smooth and efficient burnishing operations, particularly in complex 
workpiece geometries or confined spaces. The bent tip increases maneuverability and gives 
precise control over the burnishing process, resulting in consistent and uniform surface 
finishes. The burnishing tool is loaded with an 8 mm tungsten carbide ball, noted for its high 
hardness and wear endurance. This material is known for its Young’s modulus of 600 GPa with 
a maximum compression stress of 6000 MPa, these high values of mechanical properties have 
a good effect on the burnishing ball, leading it to withstand high force as well as friction stress 
generated from the contact between the ball and workpiece in the burnishing process. The 8 
mm ball size provides optimal contact with the workpiece surface, enabling effective 
smoothing and refinement of imperfections. Fig. 4 depicts the burnishing tool, including its 
main components and specifications. The illustration shows the tool shank, the 30-degree bent 
tip, and the tungsten carbide ball. This visual reference provides a clear grasp of the tool's 
design, allowing for accurate identification and application in manufacturing. The main aim of 
purchasing the JC-SQ8R2030 burnishing tool from Taizhou Ke Chi Machinery Company is to 
improve the efficiency and precision of metal finishing operations. This tool's sturdy 
construction, bent tip design, and high-grade tungsten carbide ball allow for exceptional surface 
finishes, guaranteeing that the finished items match the required specifications and quality 
standards. 

 
Fig. 4: A Schematic Representation of the Rigid Burnishing Tool Used in this Study. 
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This type of burnishing tool uses a rigid floating pressure device with a highly finished surface 
mounted on the tool shank to press the ball against the workpiece. The burnishing load 
transferred by this tool is high with a long-time ball life because of low friction between the 
tool and the floating pressure device. The products with surface finished by this tool shall have 
a high surface hardness with a noticeable wear resistance, the fatigue life of these products will 
also be improved. All these enhancements will extend the product life and positively affect the 
maintenance cost due to part replacement. 

2.3. Testing Procedures and Measurements 
The Taguchi experimental test design approach was used to study the influence of 

various parameters on the burnishing process. Each tool underwent 16 experiments utilizing 
the Taguchi method, resulting in a stable and efficient experimental design. The experimental 
components were chosen based on three quantitative variables: burnishing speed ( ), feed rate 
( ), and tool depth of ball penetration (�), each with four different values. Table 3 shows how 
the Taguchi Array was used to organize the specific levels and their matching combinations. 

Table 3: Selected Burnishing Process Parameters Investigated for the Study. 

Parameter Burnishing Speed, 

 (RPM) 

Burnishing Feed, 

 (mm/rev) 

Depth of penetration,  (mm) 

1 300 0.09 0.20 

2 400 0.10 0.25 

3 500 0.11 0.30 

4 600 0.12 0.35 
 

The arithmetic average roughness ( ) and number of peaks counted per centimeter 
( ) were used to assess surface roughness enhancement. As shown in Fig. 5, these parameters 
were measured with the Mitutoyo surftest SJ-201, a precision instrument designed specifically 
for surface roughness investigation. A cut-off length of 0.8 mm was chosen to ensure the 
measurements capture the critical surface features while minimizing the influence of longer 
wavelength fluctuations, this cutoff length is chosen from the measurement standard table 
based on some preliminary measurements. The workpiece was divided into five circumferential 
parts to ensure that all necessary data was collected to determine the best measurement 
locations, and also to reduce measurement error as possible as we can. Five readings were taken 
at each indicated place, and the arithmetic average of these five measured values was 
calculated. 

 
Fig. 5: Setting Up of SJ-201 Mitutoyo Surftest to Measure the Surface Roughness for the 

Burnished Workpieces. 
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The specimens' out-of-roundness ( ) was measured using a HEXAGON 257 coordinate 
measuring machine (CMM) with a sensitivity of 0.1 µm. One hundred points were measured 
around the circumference during the testing process. Fig. 6 depicts the measured out-of-
roundness. The graphical representation shows the variances in the specimens' geometry, 
emphasizing any inconsistencies or deviations from the ideal round shape. The measurements 
taken by the HEXAGON 257 CMM machine provide useful insights into the specimens' out-
of-roundness features, allowing for quantitative analysis and comparison of various 
experimental settings. The vibration analysis was performed using a 4514 B&K accelerometer 
and a B&K 2560 C Signal Analyzer, with the vibration signal measured in the time domain. 
The measured signal is saved as an Excel workbook for every experiment conducted in this 
study, the signal is digitalized by the analyzer and saved within four thousand points per signal. 
The vibration level ( ) was determined by taking the root mean square of the saved signal 
points, this step is conducted manually using a programmed code in the Excel software. Fig. 7 
shows the vibration measurement setup, including the accelerometer and the vibration analyzer 
setup. Fig. 8, displays the vibration signal measured in the time domain. Table 4 lists the 
experiments performed and the experimental data obtained for this investigation. 

 

 
Fig. 6: Out-of-roundness measurements of the workpiece using a CMM machine. 

 
Fig. 7: Setup of Vibration Measurement Equipment including, (a) the 4514 Accelerometer, and 

(b) the 2560 C Signal Analyzer. 
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Table 4: Taguchi L16 Experimental Design, and Investigation Outputs for Rigid Burnishing Tool. 

No.  (RPM)  (mm/rev.)  (mm) 
Rigid Tool 

 (µm)  (1/cm)  (µm)  (m/S2) 

1 300 0.09 0.20 0.22 35.5 11 2.81 

2 300 0.10 0.25 0.19 30 8.6 3.04 

3 300 0.11 0.30 0.18 29.9 8.6 2.88 

4 300 0.12 0.35 0.16 26.8 8.4 3.38 

5 400 0.09 0.25 0.18 29.6 8.9 5.18 

6 400 0.10 0.20 0.19 31 10.4 5.76 

7 400 0.11 0.35 0.14 25.3 6.3 5.13 

8 400 0.12 0.30 0.16 26.2 6.9 4.29 

9 500 0.09 0.30 0.13 24 7.7 5.51 

10 500 0.10 0.35 0.12 23.1 7.3 5.95 

11 500 0.11 0.20 0.2 31.7 8.9 7.55 

12 500 0.12 0.25 0.14 26.3 8 7.94 

13 600 0.09 0.35 0.11 22.1 5.9 6.08 

14 600 0.10 0.30 0.17 28.5 7.2 8.08 

15 600 0.11 0.25 0.18 30 7.4 8.90 

16 600 0.12 0.20 0.19 31.5 9.7 8.96 

 

 
(a) (b) 

Fig. 8: Online Vibration Signal Measured in The Time Domain including, (a) the working signal, 
and (b) the signal magnitude. 
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3. RESULTS AND DISCUSSIONS 
3.1. Mathematical Modelling and Error Analysis 

This work used Taguchi analysis to investigate the effect of burnishing parameters and 
dynamic characteristics, as well as to forecast the associated outcomes for reducing surface 
out-of-roundness and roughness. Following Taguchi's technique, loss functions were used to 
measure the difference between predicted and actual values. Low surface roughness and out-
of-roundness are always preferable for improving product performance. Thus, the surface 
response parameters were classed as a "smaller is better" function. The signal-to-noise ratio 
(S/N ratio) was calculated using ( ) , ( ) , and ( )  in this context. In terms of dynamic 
characteristics, the effect of vibration amplitude on surface parameters was unknown in this 
study, a "nominal is better" type function was employed to classify this parameter. The loss 
function definitions used in this study followed the "lower is better" criterion, while the 
"nominal is better" criterion was applied to n repeated measurements, denoted as . The loss 
functions are expressed as follows: 

 

= = − 10  
1

  (1) 

= = 10  
1 � −

  (2) 

 
To establish the best ball burnishing process parameters, single response optimization 

was used to reduce surface roughness and out-of-roundness. The optimal effect of ball 
burnishing process parameters, such as rotating speed, burnishing feed, and penetration depth, 
was identified by plotting surface roughness and out-of-roundness main effect plots (MEP) 
with MINITAB 21 software. The signal-to-noise (S/N) ratio quality features of surface 
roughness factors and surface out-of-roundness were determined to evaluate the experimental 
outcomes, using the "the smaller, the better" method. Fig. 9, shows the main effect graphs for 
each response investigated in this study for the stiff tool. The Taguchi method was used to 
maximize the S/N ratio and determine the best cutting condition. Table 5 shows the optimal 
combination of input burnishing settings that produces the greatest outcomes for each response 
across the rigid burnishing tool. For example, the tool's minimal surface roughness may be 
reached at a burnishing speed of 500 rpm, a feed rate of 0.09 mm/rev, and a penetration depth 
of 0.35 mm. In terms of out-of-roundness, the rigid tool's minimal value was attained at a 
burnishing speed of 600 rpm, a feed rate of 0.11 mm/rev, and a penetration depth of 0.35mm. 
These optimum parameter combinations were determined using the Taguchi approach, 
resulting in superior burnishing results for the relevant responses. 
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(a) (b) 

 
(c) 

Fig. 9: Main effect Plot for /  ratio of studied responses for rigid tool for, (a) , (b) , and (c) 
. 

Table 5: Optimum ball burnishing parameters according to the Taguchi method for a rigid tool for , 
, and , respectively. 

Responses 

Rigid Tool 

N S H 

RPM mm/rev Mm 

 500 0.09 0.35 

 500 0.09 0.35 

 600 0.11 0.35 
 

The goal of this study was to determine the parameter values that resulted in the lowest 
surface roughness and out-of-roundness, hence increasing the product's overall performance. 
To accomplish this, the Taguchi approach was used to create mathematical models that define 
the relationship between burnishing response variables (surface roughness factors and out-of-
roundness), as well as process dynamic characteristics and burnishing parameters for stiff 
burnishing tools. These models were created using Taguchi linear regression, followed by 
evaluation and analysis. During the evaluation phase, the ANOVA was used to determine the 
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significance of the process variables and their interactions. This statistical research shed light 
on the impact of burnishing factors on surface and dynamic features, enabling for more 
effective burnishing process optimization. Tables 6–21 describe the burnishing process 
modeling and analysis used in this study. The particular inspection and analysis of experimental 
data, as well as the mathematical models constructed using the Taguchi Method, allowed for a 
thorough knowledge of the link between burnishing response variables and burnishing 
parameters. This knowledge is an essential component for improving surface quality and 
overall product performance. 

 
Table 6: Estimated Model Coefficients for . 

Term Coef. SE Coef.   

Constant 0.166250 0.003461 48.034 0.000 

N 300 0.021250 0.005995 3.545 0.012 

N 400 0.001250 0.005995 0.209 0.842 

N 500 -0.018750 0.005995 -3.128 0.020 

S 0.09 -0.006250 0.005995 -1.043 0.337 

S 0.10 0.001250 0.005995 0.209 0.842 

S 0.11 0.008750 0.005995 1.460 0.195 

h 0.20 0.033750 0.005995 5.630 0.001 

h 0.25 0.006250 0.005995 1.043 0.337 

h 0.30 -0.006250 0.005995 -1.043 0.337 

 
 

Table 7:  Model Summary. 

S R-Sq R-Sq(adj) 

0.0138 92.00% 80.00% 

 
 

Table 8: Analysis of Variance Table for  Model. 

Source DF Seq SS Adj SS Adj MS   

N 3 0.003275 0.003275 0.001092 5.70 0.034 

S 3 0.000525 0.000525 0.000175 0.91 0.489 

H 3 0.009425 0.009425 0.003142 16.39 0.003 

Residual Error 6 0.001150 0.001150 0.000192   

Total 15 0.014375     
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Table 9: Response Table for  Model. 

Level   �  

1 0.1875 0.1600 0.2000 

2 0.1675 0.1675 0.1725 

3 0.1475 0.1750 0.1600 

4 0.1625 0.1625 0.1325 

Delta 0.0400 0.0150 0.0675 

Rank 2 3 1 

 

Table 10: Estimated Model Coefficients for . 

Term Coef. SE Coef. T P 

Constant 28.2188 0.3716 75.946 0.000 

N 300 2.3312 0.6436 3.622 0.011 

N 400 -0.1938 0.6436 -0.301 0.774 

N 500 -1.9437 0.6436 -3.020 0.023 

S 0.09 -0.4187 0.6436 -0.651 0.539 

S 0.10 -0.0688 0.6436 -0.107 0.918 

S 0.11 1.0063 0.6436 1.564 0.169 

h 0.20 4.2062 0.6436 6.536 0.001 

h 0.25 0.7562 0.6436 1.175 0.284 

h 0.30 -1.0688 0.6436 -1.661 0.148 
 

Table 11:  Model Summary. 

S R-Sq R-Sq(adj) 

1.4863 93.19% 82.97% 
 

Table 12: Analysis of Variance Table for  Model. 

Source DF Seq SS Adj SS Adj MS   

 3 37.152 37.152 12.384 5.61 0.036 

 3 5.847 5.847 1.949 0.88 0.501 

�  3 138.272 138.272 46.091 20.87 0.001 

Residual Error 6 13.254 13.254 2.209   

Total 15 194.524     

 

SINAI International Scientific Journal (SISJ), 2025, 2(1) Online ISSN: 3009-7800
Print ISSN: 3009-6324

SISJ
SINAI INTERNATIONAL
SCIENTIFIC JOURNAL

SINAI International Scientific Journal (SISJ)
Volume 2, Issue 1, July 2025



 

 

SINAI International Scientific Journal (SISJ) 

 
Volume 2, Issue 1, July 2025 

 

89 
 

 SINAI International Scientific Journal (SISJ), 2025, 2(1)  Online ISSN: 3009-7800  

   Print ISSN: 3009-6324  

 

Table 13: Response Table for  Model. 

Level   �  

1 30.55 27.80 32.42 

2 28.03 28.15 28.98 

3 26.27 29.23 27.15 

4 28.02 27.70 24.33 

Delta 4.28 1.53 8.10 

Rank 2 3 1 

 

Table 14: Estimated Model Coefficients for Out-of-Roundness. 

Term Coef. SE Coef.   

Constant 8.20000 0.1700 48.230 0.000 

N 300 0.95000 0.2945 3.226 0.018 

N 400 -0.07500 0.2945 -0.255 0.807 

N 500 -0.22500 0.2945 -0.764 0.474 

S 0.09 0.17500 0.2945 0.594 0.574 

S 0.10 0.17500 0.2945 0.594 0.574 

S 0.11 -0.40000 0.2945 -1.358 0.223 

h 0.20 1.80000 0.2945 6.112 0.001 

h 0.25 0.02500 0.2945 0.085 0.935 

h 0.30 -0.60000 0.2945 -2.037 0.088 

 
Table 15: Out-of-Roundness Model Summary. 

 R-Sq R-Sq(adj) 

0.6801 90.63% 76.56% 
 

 

Table 16: Analysis of Variance for Out-of-Roundness Model. 

Source DF Seq SS Adj SS Adj MS F P 

N 3 5.5250 5.5250 1.8417 3.98 0.071 

S 3 0.8950 0.8950 0.2983 0.65 0.614 

H 3 20.4050 20.4050 6.8017 14.71 0.004 

Residual Error 6 2.7750 2.7750 0.4625   

Total 15 29.6000     
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Table 17: Response Table for Out-of-Roundness Model. 

Level N S H 

1 9.150 8.375 10.000 

2 8.125 8.375 8.225 

3 7.975 7.800 7.600 

4 7.550 8.250 6.975 

Delta 1.600 0.575 3.025 

Rank 2 3 1 
 

Table 18: Estimated Model Coefficients for Vibration Amplitude. 

Term Coef. SE Coef.   

Constant 5.71593 0.1447 39.510 0.000 

N 300 -2.68748 0.2506 -10.725 0.000 

N 400 -0.62536 0.2506 -2.496 0.047 

N 500 1.02194 0.2506 4.078 0.007 

S 0.09 -0.82079 0.2506 -3.276 0.017 

S 0.10 -0.00772 0.2506 -0.031 0.976 

S 0.11 0.40267 0.2506 1.607 0.159 

h 0.20 0.55387 0.2506 2.210 0.069 

h 0.25 0.54993 0.2506 2.195 0.071 

h 0.30 -0.52549 0.2506 -2.097 0.081 
 

Table 19: Vibration Amplitude Model Summary. 

 R-Sq R-Sq(adj) 

0.5787 96.98% 92.46% 
 

 

Table 20: Analysis of Variance for Vibration Amplitude Model. 

Source DF Seq SS Adj SS Adj MS   

 3 55.625 55.625 18.5417 55.37 0.000 

 3 4.069 4.069 1.3563 4.05 0.068 

�  3 4.879 4.879 1.6264 4.86 0.048 

Residual Error 6 2.009 2.009 0.3349   

Total 15 66.582     
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Table 21: Response Table for Vibration Amplitude Model. 

Level   �  

1 3.028 4.895 6.270 

2 5.091 5.708 6.266 

3 6.738 6.119 5.190 

4 8.007 6.142 5.138 

Delta 4.978 1.247 1.132 

Rank 1 2 3 
 

Predicting burnishing results by the experimental method used is a significant 
advantage of applying experimental test design procedures. Fig.10 (a) – (d), illustrates a 
comparison of experimental and expected findings using the Taguchi technique. Using the 
Taguchi experimental design approach, the experimental results of the surface quality 
indicators ( , , and ) as well as the vibration amplitude of the burnishing process of steel 
50 bars by rigid tool used in this study are compared to the statistical values predicted. The 
figures show that there is little difference between the experimental and projected data, 
implying a little anticipated error between the various approaches. This shows that both 
strategies are effective at optimizing the burnishing operation and forecasting the burnishing 
results. The Taguchi technique determines the best prediction with the smallest feasible margin 
of error using percentage error analysis and mean percentage error. The expected error was 
calculated using the following formula: 

 
  ( %)

=
 −  

 
 × 100  (3) 

 

  
(a) (b) 

SINAI International Scientific Journal (SISJ), 2025, 2(1) Online ISSN: 3009-7800
Print ISSN: 3009-6324

SISJ
SINAI INTERNATIONAL
SCIENTIFIC JOURNAL

SINAI International Scientific Journal (SISJ)
Volume 2, Issue 1, July 2025



 

 

SINAI International Scientific Journal (SISJ) 

 
Volume 2, Issue 1, July 2025 

 

92 
 

 SINAI International Scientific Journal (SISJ), 2025, 2(1)  Online ISSN: 3009-7800  

   Print ISSN: 3009-6324  

 

  
(c) (d) 

Fig. 10: Comparison Between Experimental and Taguchi Predicted Results for Surface 
Characteristics of Workpiece Burnished by Rigid Tool for (a) , (b) , (c) , and (d) . 

 
Fig. 11, depicts an error analysis for surface and dynamic properties using a rigid 

burnishing tool. The chart shows that, at all design sites, the Taguchi technique's percentage 
error for surface characteristics is minor, not exceeding 11.36%. In some design points, the 
Taguchi technique predicts a much larger mistake in vibration amplitude than the surface 
characteristics error. The Taguchi technique produces a maximum inaccuracy of 17.44%. Fig. 
12 compares the mean percentage errors for the surface and dynamic properties of the 
burnishing process using the Taguchi method. The Taguchi technique calculates a maximum 
anticipated error of 5.76%. This tiny result shows that the Taguchi approach is appropriate and 
effective for industrial applications. 

 
Fig. 11: Comparison Between Percentage Error of Taguchi Method of Surface Characteristics for 

Workpiece Burnished by Rigid Burnishing Tool. 
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Fig. 12: Mean Percentage Error of Taguchi Method of Surface Characteristics for Workpiece 

Burnished by Rigid Burnishing Tool. 

3.2. Effect of Burnishing Parameters on Surface and Dynamic Characteristics 
of AISI 1035 Steel 

3.2.1. Burnishing Speed 
Fig. 13 (a) depicts the relationship between burnishing speed and the surface roughness 

arithmetic average ( ) of a workpiece burnished with a rigid tool. The graph offers vital 
information on the impact of burnishing speed variation on surface roughness. For all depth of 
penetration values, as burnishing speed increases, surface roughness decreases until it reaches 
its minimum value at 500 RPM. This reduction in surface roughness can be attributed to the 
increased material flow and refinement caused by the higher burnishing speed. However, 
surpassing the ideal speed threshold may result in increased surface roughness caused by 
chatter, an undesired vibration-induced phenomenon [38,39]. The enhancement in surface 
roughness due to the change in burnishing speed with the optimum feed rate and depth of 
penetration is 27 % as calculated from the data. Fig. 13 (b) shows the relationship between 
burnishing speed and the number of peaks per centimeter ( ) on a workpiece that was 
polished using a rigid tool. The graph depicts the impact of burnishing speed on surface peaks. 
Initially, as the burnishing speed increases, the surface peaks decrease, reaching a minimum of 
500 RPM for all penetration levels. The lower surface peaks can be attributed to increased 
material flow and refinement generated by the faster burnishing pace. However, exceeding the 
ideal speed threshold might result in greater surface peaks due to chatter, which causes 
unwanted vibrations and flaws on the workpiece surface [38,39]. The chatter generated by 
vibration causes unwanted ball traces to be formed on the workpiece surface, resulting in higher 
peaks counted. The reduction in surface peaks counted due to the change in burnishing speed 
with the optimum feed rate and depth of penetration is 16.4 % as calculated from the data. Fig. 
13 (c) depicts the relationship between burnishing speed and out-of-roundness ( ) of the 
workpiece burnished with the rigid tool. Burnishing speed reduces surface out-of-roundness, 
reaching a minimum value at a maximum speed of 600 RPM, as per the research interval for 
all penetration values. This pattern can be traced in part to the fact that the burnishing ball's 
deforming effect is less pronounced at low speeds and becomes more noticeable as speed 
increases. However, according to prior research, increased burnishing speed result in a large 
increase in roundness inaccuracy [38,39]. The enhancement in out-of-roundness due to the 
change in burnishing speed with the optimum feed rate and depth of penetration is 21.83 % as 
calculated from the data. Fig. 13 (d) depicts the relationship between burnishing speed and 
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vibration amplitude of the workpiece subjected to burnishing using the rigid tool. The graph 
shows that increasing the burnishing speed at any penetration value leads to an increase in 
vibration amplitude until it reaches its maximum value of 8.98 m/s2 at a maximum speed of 
600 RPM with a feed rate of 0.12 mm/rev and 0.2 mm depth of penetration according to the 
study interval. This phenomenon can be attributed to the increase in negative damping as the 
burnishing ball rolls on the workpiece surface while the burnishing speed increases [40]. 

  
(a) (b) 

  
(c) (d) 

Fig. 13: Effect of Burnishing Speed on the Surface Characteristics of Workpiece Burnished by 
Rigid Tool for (a) , (b) , (c) , and (d) . 

3.2.2 Burnishing Feed Rate  
Fig. 14 (a) demonstrates the relationship between feed rate and average surface 

roughness while employing a rigid tool. However, earlier research has shown that as the feed 
rate increased, the surface roughness decreased until it reached an optimum value, at which 
point it began to increase again [38,39]. This analysis revealed a unique tendency.  Notably, 
when the feed rate is increased, the workpiece's surface finish increases until it reaches its 
maximum value of 0.163 µm when the feed rate reaches a value of 0.11 mm/rev with a speed 
of 300 RPM and depth of penetration of 0.35 mm, then the trend is reversed. The change in the 
area of contact between the ball and the workpiece is considered the main reason for such an 
effect. 
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(a) (b) 

  
(c) (d) 

Fig. 14: Effect of Feed Rate on the Surface Characteristics of Workpiece Burnished by Rigid Tool 
for (a) , (b) , (c) , and (d) . 

Fig. 14 (b) demonstrates the relationship between feed rate and number of peak counts 
while using a rigid tool. A previous study found that increasing the feed rate reduced surface 
roughness until it reached an optimum, after which it increased again [38, 39]. This 
investigation revealed a different pattern. Notably, raising the feed rate causes the workpiece's 
peaks to rise to reach its maximum value of 27.66/cm at a feed rate of 0.11 mm/rev, after which 
it is dropped again. The alteration in the region of contact between the ball and the workpiece 
is regarded to be the primary component causing such an impact. Unwanted ball traces are 
formed on the workpiece surface due to the difference in contact area, resulting in high number 
of peaks counted. Fig. 14 (c) depicts the relationship between burnishing feed rate and 
roundness error when a rigid tool is used. The burnished surface's out-of-roundness decreases 
with increasing feed rate at any burnishing speed value, reaching a minimum value at 0.11 
mm/rev then the roundness error started to increase again according to the research interval. 
This phenomenon could be explained by changes in the contact area between the burnishing 
ball and the workpiece, as well as the tool's bend angle. Changed contact circumstances affect 
material flow and deformation, minimizing surface imperfections and out-of-roundness. 
Previous research has shown the same effect [38,39]. The enhancement in out-of-roundness 
due to the change in burnishing feed rate with the optimum speed and depth of penetration is 
8.92 % as calculated from the data. Fig. 14 (d) depicts the relationship between the burnishing 

SINAI International Scientific Journal (SISJ), 2025, 2(1) Online ISSN: 3009-7800
Print ISSN: 3009-6324

SISJ
SINAI INTERNATIONAL
SCIENTIFIC JOURNAL

SINAI International Scientific Journal (SISJ)
Volume 2, Issue 1, July 2025



 

 

SINAI International Scientific Journal (SISJ) 

 
Volume 2, Issue 1, July 2025 

 

96 
 

 SINAI International Scientific Journal (SISJ), 2025, 2(1)  Online ISSN: 3009-7800  

   Print ISSN: 3009-6324  

 

feed rate and vibration amplitude of the workpiece subjected to burnishing using the rigid tool. 
The graph shows that increasing the burnishing feed leads to an increase in vibration amplitude 
until it reaches its maximum value of 8.98 m/s2 at a maximum feed rate of 0.12 mm/rev with 
a speed of 600 RPM and 0.2 mm depth of penetration according to the study interval. The 
increasing in negative damping due to rolling of the burnishing ball on the workpiece surface 
as the feed rate increases is the main reason of this phenomenon [40]. 

3.2.3. Depth of Penetration 
Fig. 15 (a) depicts the connection between average surface roughness and depth of 

penetration when a rigid tool is applied. Surface roughness decreases with penetration depth 
for any feed value, reaching its minimum value at 0.35 mm.  

  
(a) (b) 

 
 

(c) (d) 

Fig. 15: Effect of Depth of Penetration on the Surface Characteristics of Workpiece Burnished by 
Rigid Tool for (a) , (b) , (c) , and (d) . 

 
This trend can be explained by increased penetration depths resulting in more 

pronounced plastic deformation, leading to smoother surfaces. Increased plastic deformation 
improves material flow and rearrangement, leading to better surface burnishing. Otherwise, 
prior research found that increasing the depth of penetration reduced surface roughness until a 
specific value was reached, after which further increasing penetration increased surface 
roughness [38,39]. The enhancement in surface roughness due to the change in burnishing 
depth of penetration with the optimum feed rate and burnishing speed is 38.29 % as calculated 
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from the data. Fig. 15 (b) illustrates the relationship between surface peak count and depth of 
penetration when a rigid tool is used. The findings show that increasing penetration depth 
reduces surface peaks until they approach a minimum value of 0.35 mm for any feed rate across 
the study interval. Higher penetration depths cause more intense plastic deformation, resulting 
in smoother surfaces. Increased plastic deformation promotes material flow and rearrangement, 
resulting in a smoother surface. Alternatively, earlier research revealed that increasing the 
depth of penetration reduced surface roughness until a particular value was achieved, after 
which further increasing penetration increased surface roughness [38,39]. The reduction in 
surface peaks counted due to the change in burnishing depth of penetration with the optimum 
feed rate and burnishing speed is 27 % as calculated from the data. Fig. 15 (c) depicts the 
relationship between the depth of penetration and the out-of-roundness (O) of a workpiece 
burnished with a rigid tool for any feed rate value. The surface's out-of-roundness decreases 
with penetration depth, reaching a minimum value of 0.35 mm. This can be due to the increased 
ball pressure and hence higher plastic deformation, which contribute to a more uniform and 
more round surface profile. Previous research found that when the depth of penetration 
increased, the out-of-roundness also decreased [38,39]. The enhancement in out-of-roundness 
due to the change in depth of penetration with the optimum feed rate and burnishing speed is 
33.85 % as calculated from the data. Fig. 15 (d) depicts the relationship between burnishing 
depth of penetration and vibration amplitude of the workpiece subjected to burnishing using 
the rigid tool. The graph shows that increasing the penetration value at any feed rate leads to a 
decrease in vibration amplitude until it reaches its minimum value of 6.6 m/s2 at a maximum 
depth of penetration of 0.35 mm with a speed of 600 RPM and feed rate of 0.09 mm/rev 
according to the study interval. The increasing penetration of the ball into the workpiece causes 
an increase in positive damping, this increase in damping makes the vibration amplitude to be 
decreased as known leading to this phenomenon [40]. 

3.3. Relationship Vibration Amplitude and Surface Characteristics of 
Burnished AISI 1035 Steel 

Fig. 16 (a) displays the relationship between the vibration amplitude and the surface 
roughness arithmetic average (Ra) when the burnishing speed is the varying parameter for a 
workpiece burnished using the rigid tool. The graph indicates as the burnishing speed increased 
the increasing vibration amplitude reduced the surface roughness until it reached a minimum 
value of 0.107 µm at a speed of 500 RPM, 0.09 mm/rev feed rate, and 0.35 mm depth of 
penetration, as per the research interval. Any further increase in the vibration amplitude caused 
by the increase in burnishing speed value enhances the chatter to be induced causing an increase 
in surface roughness. Fig.16 (b) shows the relationship between vibration amplitude and out-
of-roundness (O) when burnishing speed is a variable parameter for a workpiece burnished 
with a rigid tool. The graph indicates that increasing burnishing speed reduces out-of-roundness 
to a minimum of 5.92 µm at 600 RPM, 0.11 mm/rev feed rate, and 0.35 mm depth of 
penetration, according to the research interval. In this case, the vibration level has a favorable 
effect on the roundness of the workpiece. 
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(a) (b) 

Fig. 16: Effect of Variation of Vibration Amplitude with the Burnishing Speed on the Workpiece 
Burnished by the Rigid Tool for (a) Surface Roughness, (b) Out-of-Roundness. 

4. CONCLUSIONS 
This study conducted a thorough assessment of the effect of process parameters as well 

as dynamic characteristics on surface roughness and out-of-roundness in the burnishing 
process. A series of studies were carried out using a delivered rigid burnishing tool and a 
Taguchi L16 matrix was applied to evaluate the effects of burnishing parameters on the 
workpiece surface characteristics. The results of this study show that the relationship between 
burnishing parameters and surface roughness, as well as out-of-roundness, is determined and 
compared with the vibration level induced during the burnishing process. Notably, optimal 
parameter combinations were identified for each surface characteristic as follows: 

● The minimum surface roughness achieved by this study using the rigid burnishing tool is 
0.107 µm at a rotational speed of 500 RPM, feed rate of 0.09 mm/rev, and penetration 
depth of 0.35 mm. 

● The minimum out-of-roundness value attained by the burnishing process using the 
imported rigid tool is 5.92 µm at a rotating speed of 600 RPM, feed rate of 0.11 mm/rev, 
and penetration depth of 0.35 mm. 

● The increasing vibration level achieved as the burnishing speed increased has a good 
effect on the surface roughness until the burnishing speed reaches a value of 500 RPM, 
according to the research interval. 

● Beyond the optimum speed value, the increase in vibration level induces the chatter 
phenomenon which has a bad effect on the surface roughness. 

● Regarding the out-of-roundness, the increasing vibration level as the burnishing speed 
increased has a good effect on the roundness error of the burnished workpiece, according 
to the research interval. 

These findings provide important insights for optimizing the metal burnishing process 
and achieving the desired surface quality based on the specific tool and associated factors. 
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