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Burnishing is an essential finishing process that plays a vital role in improving the surface quality
and hardness of machine tool structures. This review paper offers a thorough examination of
advanced burnishing techniques, with a specific emphasis on multi-ball burnishing tools. The paper
explores the development of burnishing techniques, the creation and production of multi-ball tools,
and the influence of burnishing parameters on surface characteristics. In addition, it delves into the
use of Response Surface Methodology (RSM) to optimize burnishing processes. The study also
explores the latest technological advancements and innovations in burnishing. This review provides
a comprehensive analysis of the advantages and drawbacks of contemporary burnishing techniques,
as well as proposes potential areas for future research to drive further progress in the field.
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,Response Surface Methodology (RSM) , Process optimization.

1. Introduction

Surface finish and hardness play a crucial role in the production of machine tool structures. To
ensure long-lasting durability and optimal performance, machine tools like beds and housings
need to have high-quality surfaces. However, traditional methods like grinding and flame
hardening can be slow and may result in issues like distortion and micro-cracks. In this review,
we delve into the world of advanced burnishing techniques, with a specific focus on multi-ball
burnishing tools, and examine how they can enhance surface finish and hardness[1,6].
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2. Burnishing Process and Its Evolution
2.1 Historical Development

The process of burnishing, which involves the rubbing of a hardened steel tool against a
workpiece, has undergone significant evolution. Historically, burnishing techniques were done
by hand and were not very precise. However, with the progress of technology, automated and
multi-ball burnishing tools have been created [6].

2.2 Modern Burnishing Techniques

Modern burnishing techniques now employ advanced tools and machinery to achieve
exceptional surface quality. A notable breakthrough in this field is the use of multi-ball
burnishing tools, which offer improved surface finish and hardness [6,12].
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Figure 1: Evolution of Burnishing Techniques [12]
2.3 Literature Review on Advanced Burnishing Techniques

This literature review provides a comprehensive analysis of burnishing techniques,
highlighting their impact on surface finish, material properties, and manufacturing processes.
The authors extensively explore advanced burnishing techniques and their effectiveness in
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enhancing surface finish and mechanical properties. They discuss various burnishing tools,
including single-ball, multi-ball, and roller burnishing tools, and evaluate their performance in
turning, milling, and drilling processes. The study reveals that advanced burnishing techniques
significantly improve surface roughness, hardness, and fatigue strength. Additionally, the
review examines the influence of process parameters such as force, speed, and feed rate on the
outcomes. The methodologies employed in this review include experimental studies and
simulations to compare different burnishing techniques [1].

The authors investigated the application of Response Surface Methodology (RSM) in
optimizing manufacturing processes. They examined diverse applications of RSM for
enhancing process parameters and product quality. Significant findings indicated that RSM
effectively identified optimal conditions, resulting in improved product quality and decreased
costs. The review included case studies on its implementation in machining, casting, and
welding, featuring statistical analysis and experimental validation of RSM models [2]. The
authors examined current advancements in multi-ball burnishing equipment, emphasizing
their design, functionality, and influence on surface quality. Research indicated that multi-ball
burnishing tools provided enhanced surface finishes and decreased processing durations in
comparison to single-ball tools. The review emphasized the benefits of multi-ball instruments,
including consistent pressure distribution and enhanced material characteristics, corroborated
by experimental tests and finite element analysis [3].The authors utilized statistical techniques
to enhance surface polish by burnishing. They identified critical process factors affecting
surface finish, including burnishing force, speed, and feed rate, and offered suggestions
derived from statistical research. The methodologies employed comprised design of
experiments (DOE) and regression analysis to create prediction models for surface finish [4].

The authors emphasized recent advancements in burnishing methods designed to improve
wear resistance. Their findings indicated that burnishing enhanced wear resistance by
generating compressive residual stresses and improving the surface microstructure. The
review examined many methodologies and their efficacy across diverse materials,
substantiated by experimental investigations and microstructural analysis [5].The authors
conducted a comprehensive analysis of the design and production of burnishing instruments.
They emphasized the pivotal importance of tool design in performance, encompassing factors
such as tool shape, material composition, and surface coating. The review encompassed case
studies and experimental validation of several burnishing tool designs [6].

The authors analyzed the optimization of burnishing settings by statistical approaches. They
determined ideal values that enhanced surface quality and mechanical qualities, offering
suggestions for parameter selection based on statistical analysis. The methodologies employed
were design of experiments (DOE) and response surface methodology (RSM) [7].The authors
discussed current advancements in burnishing procedures designed to enhance surface finish.
They investigated novel procedures, including ultrasonic and laser-assisted burnishing,
emphasizing its benefits and drawbacks. The research encompassed experimental
investigations and comparative evaluations of several burnishing processes [8].The authors
investigated the effects of burnishing on different material qualities. its emphasis was on the
enhancement of surface hardness, roughness, and fatigue strength by burnishing, elucidating
the mechanisms responsible for these enhancements and its ramifications for diverse
applications. The review included empirical investigations and theoretical examination
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[9]. The authors examined methods employed to improve surface hardness by burnishing. They
examined technigues such as roller and ball burnishing, which markedly enhanced surface
hardness through the induction of plastic deformation and the refinement of grain structure.
The review encompassed experimental research and microstructural analysis to evaluate the
effect of burnishing on surface hardness [10-12, 16-21].

3. Design and Manufacturing of Multi-Ball Burnishing Tools
3.1 Tool Design

Multi-ball burnishing tools have been designed to accommodate factors like the quantity of
balls, ball diameter, and burnishing load. The design entails the selection of suitable materials
and the configuration of the tool for compatibility with vertical milling machines [6,14].

3.2 Manufacturing Process

The production process encompasses CNC turning for components such as the Morse taper
shank and meticulous assembly of the burnishing balls. These instruments are intended to
diminish manufacturing duration and eradicate flaws linked to conventional techniques. Figure
2 illustrates a cross-sectional representation of a multi-ball burnishing tool, highlighting its
internal components [6,14].

1. Ball: The primary element that directly engages with the surface of the workpiece. It
is often composed of a durable material (e.g., steel) to execute the burnishing process, which
polishes and strengthens the surface.

2. Cap: This component encases and secures the ball, maintaining its position. It
safeguards the internal components of the tool while permitting the ball to roll freely under
exerted pressure.

3. Body: The body is the primary construction of the burnishing tool, designed to secure
internal components such as the spring, ball, and lock nut. It offers structural reinforcement
and alignment.

4, Spring: The spring exerts force on the ball, propelling it outward against the workpiece
surface. This force ensures uniform pressure throughout the burnishing process.

5. Lock Nut: The lock nut functions to modify and stabilize the alignment of internal
components, including the spring and ball, therefore guaranteeing the tool operates at the
specified force and position.

6. Stem: The stem is the component that links the burnishing tool to the machine or
holder. It conveys the machine's movement to the tool, facilitating the burnishing process.
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Figure 2: Design and Manufacturing of Multi-Ball Burnishing Tool [6,8,14]

In this burnishing tool, the ball is pressed against the workpiece surface under the force applied
by the spring. The entire assembly ensures that the ball stays in place and exerts consistent
pressure, which is key for the burnishing process that improves surface finish and
hardness[14].

4. Influence of Burnishing Parameters on Surface Finish and Hardness
4.1 Experimental Studies

Studies have shown that burnishing parameters such as load, speed, and feed significantly
influence surface roughness and hardness. Response Surface Methodology (RSM) is used to
optimize these parameters [2,11,12].

4.2 Case Studies

Experimental results demonstrate that proper adjustment of burnishing parameters can achieve
a substantial reduction in surface roughness and an increase in hardness. For example,
increasing the load and speed generally improves surface finish.

Effect of Burnishing Speed on Surface Roughness Effect of Burnizshing Speed on Hardness
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Figure 3: Effect of Burnishing Parameters on Surface Roughness and Hardness[11-12]

Figure 3 (a) depicts the relationship between burnishing speed and surface roughness across
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various feed rates (labeled as "fd") with a constant force of 700 N. The X-axis denotes
burnishing speed, varying from 225 to 560 RPM, and the Y-axis illustrates surface roughness
in micrometers (um). Each curve in the graph represents a distinct feed rate (fd = 11, 16, 22,
31, and 45 mm/min). The overall trend (Figure 3 (b)) indicates that for all feed rates, surface
roughness diminishes as burnishing speed escalates, attaining maximum smoothness between
355-400 RPM. Exceeding this range, surface roughness begins to increase once again.
Reduced feed rates (e.g., fd = 11 mm/min) yield smoother surfaces, whereas elevated feed
rates (e.g., fd = 45 mm/min) sustain greater surface roughness, even at ideal velocities. This
indicates that both speed and feed rate are essential in attaining the appropriate surface polish
during the burnishing process.The graph depicts the influence of burnishing speed on material
hardness (BHN) across various feed rates, maintained at a constant force of 700 N. At reduced
feed rates (fd = 11 and 16 mm/min), hardness escalates with speed, reaching a maximum at
around 355 RPM before declining. Conversely, at elevated feed rates (fd = 31 and 45 mm/min),
hardness uniformly diminishes with increasing speed. This indicates that reduced feed rates
along with moderate speeds yield ideal hardness, but increased feed rates cause a notable
decline in hardness as burnishing speed escalates.

5. Response Surface Methodology (RSM) in Burnishing Tool Research
5.1 Application of RSM

RSM is a statistical methodology employed to create experiments and evaluate the impacts of
various factors. In burnishing research, RSM aids in comprehending the interplay among
factors and improving the procedure for intended results [2].

5.2 Benefits of RSM

RSM minimizes experimental expenses and delivers an exhaustive study of the impact of
burnishing settings on surface polish and hardness. Figure 4 presents a flowchart that
delineates the utilization of Response Surface Methodology (RSM) for the optimization of
burnishing parameters [13,15].
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Figure 4: RSM Analysis in Burnishing Experiments[2,13,15]
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6. Recent Advances and Innovations
6.1 Technological Developments

Recent improvements encompass the use of sophisticated sensors and control systems in
burnishing equipment. Advancements in material science have resulted in the creation of more
resilient and efficient burnishing tools [23].

6.2 Emerging Technologies

Innovative technologies including automated burnishing systems and real-time process
monitoring are anticipated to improve the efficiency and efficacy of burnishing operations.
The configuration depicts a CNC machine employing a burnishing ball to refine a workpiece,
while a load cell quantifies the force applied. Data is transmitted wirelessly over Bluetooth to
a PC for analysis, as seen in Figure 5.[16, 18]
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Figure 5: Recent Innovations in Burnishing Technology [16,18]

Recent advancements in burnishing technology emphasize the improvement of surface quality,
efficiency, and tool durability. Significant progress encompasses:

1. High-Speed Burnishing Tools: High-speed instruments enhance production and attain
superior surface qualities. Research indicates that elevated burnishing rates yield enhanced
surface quality and decreased processing durations[22].

2. Advanced Materials: Resilient substances such as composites and carbides are employed in
burnishing tools, prolonging their lifespan and improving functionality. Studies demonstrate
that these materials provide substantial improvements in wear resistance and tool durability
[21]

3. Automated Burnishing Systems: The use of automation and robots enhances accuracy and
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uniformity. Automated solutions diminish manual effort and enhance reproducibility, as seen
by recent progress in robotic burnishing systems [23].

4. Precision Control Systems: Sophisticated control systems enhance precision in pressure and
velocity, resulting in superior surface quality. Contemporary control systems provide
improved process stability and accuracy [24].

5. Sustainable Solutions: The advancement of environmentally friendly lubricants and
techniques mitigates ecological damage. These advances enhance sustainability while
ensuring superior performance in burnishing operations.

6. Augmented Monitoring and Diagnostics: Real-time monitoring and diagnostic systems
assess tool conditions and process parameters, enabling predictive maintenance and process
improvement [26].

7. Advantages and Disadvantages of Burnishing Tools

7.1 Advantages

* Exceptional Surface Finish: Attains a smooth surface finish ranging from 1 to 3 microns.
* Enhanced Hardness: Augments surface hardness by 5-10%.

* Improved Wear and Corrosion Resistance: Minimizes wear and enhances corrosion
resistance.

7.2 Disadvantages

. Tool Specificity: Tools lack broad applicability and necessitate adaptation.
. Production Rate: Inferior production rates relative to certain other approaches.
Table 1: The pros and cons of burnishing tools
Aspect Pros Cons Citations
Achieves high-quality surface . -
Surface Finish finishes  with  minimal | M Not be suitable for all materials or | )
surface conditions.
roughness.
Tool Longevity Advgnced materlgls like ngh-speed_ operations may lead to tool [1,6,9]
carbide extend tool life. wear over time.
Productivity ngh-sp_eed _t(_)ols increase | Initial cost o_f high-speed and advanced [10]
processing efficiency. tools can be high.
Automated - systems improve Automation systems require significant
Automation consistency and reduce manual | . dy - N g [23]
labor. investment and maintenance.
Precision  control  systems
. . Complex control systems can be
Precision enhance accuracy in pressure . - L [24]
challenging to calibrate and maintain.
and speed management.
Environmental Eco-f'rlendly lubricants  and Some eco-friendly options may not be as
techniques reduce . L - [25]
Impact - . effective as traditional lubricants.
environmental impact.
Real-time monitoring improves | Implementation of monitoring systems can
Monitoring maintenance  and  process | add to the overall cost of the burnishing [26]
optimization. process.
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Table 1 provides a concise overview of the benefits and limitations of burnishing tools,
supported by recent research and developments.

8. Conclusion

This paper emphasizes the notable progress in burnishing techniques, especially the
application of multi-ball burnishing tools. These developments have resulted in enhancements
in surface polish and hardness, providing a feasible alternative to conventional approaches.
Subsequent study ought to concentrate on enhanced tool design and process optimization.
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