ISSN: 3143-438X

International Journal of

Advanced Computer Science Engineering and Artificial Intelligence

Peer Reviewed, Referred & Indexed Journal
www.ijacseai.com

Original Research Paper

MACHINE LEARNING-BASED OPTIMIZATION OF TURNING
PARAMETERS FOR SURFACE ROUGHNESS AND TOOL WEAR

Alastair Pembroke
Research Scholar

Abstract

Machining industries continuously seek higher
productivity, improved surface quality, reduced
tool wear, and optimized manufacturing costs to
remain competitive in modern manufacturing
environments. Conventional turning operations
rely heavily on predefined machining
parameters and operator experience, often
resulting in inconsistent product quality,
excessive tool wear, increased production costs,
and inefficient resource utilization. Machine
learning  provides intelligent predictive
capabilities by continuously analyzing
machining conditions and identifying optimal
cutting parameters that improve manufacturing
performance. This paper proposes a machine
learning-based optimization framework for
turning parameters by integrating
manufacturing data acquisition, predictive
analytics, cloud computing, Industrial Internet
of Things (IloT), and intelligent decision
support. The proposed framework continuously
evaluates spindle speed, feed rate, depth of cut,
cutting temperature, vibration, machining
forces, and tool condition to optimize surface
roughness while minimizing tool wear.
Experimental analysis demonstrates significant
improvements in machining quality, production
efficiency, tool life, manufacturing consistency,
and operational decision-making compared
with conventional turning parameter selection
approaches.

Keywords: Machine Learning, Turning
Operations, Surface Roughness, Tool Wear,
Predictive Analytics, Smart Manufacturing,
Industrial IoT, Manufacturing Optimization,
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1. Introduction

Turning operations remain one of the most
important machining processes in modern
manufacturing because they enable the
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production of precision cylindrical components
used across automotive, acrospace, biomedical,
energy, and industrial engineering applications.
Product quality in turning operations is strongly
influenced by machining parameters such as
cutting speed, feed rate, depth of cut, tool
geometry, workpiece material, and cutting
Manufacturing industries
continuously seek improved surface finish,

environment.

extended tool life, reduced machining costs,
and higher production efficiency while
maintaining dimensional accuracy and process
reliability. Conventional parameter selection
methods generally rely on machining
handbooks, operator expertise, and historical
production experience, making them less
effective under changing manufacturing
conditions. Consequently, machine learning has
emerged as a promising solution for intelligent
machining parameter optimization capable of
improving manufacturing performance through
predictive decision-making [1], [2].

Modern manufacturing systems operate within
Industry 4.0 environments where Computer
Numerical  Control  (CNC)
continuously generate operational information
regarding spindle speed, feed rate, cutting
forces, vibration, temperature, machining time,

machines

energy consumption, and tool condition. These
manufacturing datasets provide valuable
opportunities for predictive analytics capable of
identifying relationships between machining
parameters and  production  outcomes.
Traditional optimization approaches generally
depend upon experimental trial-and-error
procedures or fixed machining guidelines that
cannot dynamically adapt to changing
workpiece materials, cutting tools, machine
conditions, or production requirements.
Machine learning enables intelligent machining
systems to continuously evaluate operational
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information and recommend adaptive cutting
parameters that improve machining quality and
operational consistency [3], [4].
The integration of cloud computing, Industrial
Internet of Things (IloT), predictive analytics,
and intelligent manufacturing has significantly
strengthened data-driven machining
optimization. Smart sensors installed on CNC
machines  continuously monitor cutting
temperature, spindle vibration, acoustic
emissions,  machining  forces, coolant
conditions, tool wear progression, and
equipment utilization throughout production
Cloud-based
efficiently process
manufacturing-scale datasets, while predictive
algorithms convert operational information into
actionable machining intelligence. Integrating

operations. analytical

infrastructures

these technologies enables manufacturing
organizations to  optimize = machining
parameters  proactively  while  reducing
production  variability and  improving
manufacturing productivity across distributed
industrial environments [5], [6].

Machine learning further enhances intelligent
machining by continuously identifying
complex relationships among spindle speed,
feed rate, depth of cut, cutting temperature,
vibration characteristics, tool wear progression,
surface roughness, dimensional accuracy, and
machining stability. Predictive analytical
models estimate machining performance under
different  operating
recommending parameter combinations that

conditions while

simultaneously improve surface finish and
minimize tool degradation. Continuous
learning enables these models to refine
optimization recommendations automatically
using newly generated machining information,
thereby improving production efficiency,
extending tool life, and reducing operational
costs through adaptive  manufacturing
intelligence [7], [8].

Advanced machining optimization also
supports
environments where machine operators,

collaborative manufacturing
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production engineers, quality inspectors,
maintenance specialists, manufacturing
planners, and process engineers work together
using intelligent analytical recommendations.
Predictive = machining  systems  enable
stakeholders to evaluate cutting strategies,
monitor machining quality, optimize tool
utilization, and schedule maintenance before
machining performance deteriorates. Such
integrated decision-support capabilities
improve production consistency, strengthen
manufacturing  reliability, and enhance
operational flexibility across modern smart
manufacturing facilities [9].

This paper proposes a Machine Learning-Based
Optimization of Turning Parameters for Surface
Roughness and Tool Wear framework by
integrating Computer Numerical Control
machining, machine learning, Industrial
Internet of Things, predictive analytics, cloud
computing, and intelligent manufacturing into a
unified optimization architecture. The proposed
framework continuously evaluates spindle
speed, feed rate, depth of cut, cutting
temperature, vibration, machining forces, and
tool condition to generate intelligent
recommendations that improve surface quality
while minimizing tool wear. Through
continuous predictive learning and
manufacturing data analysis, the framework
aims to enhance machining efficiency, extend
cutting tool life, improve manufacturing
consistency, reduce production costs, and
support intelligent decision-making across
Industry 4.0 manufacturing environments [10].
2. Literature Survey

Paulo Davim (2008) reviewed the application
of Artificial Intelligence techniques within
machining processes by examining predictive
modeling, intelligent optimization, process
monitoring, and adaptive manufacturing
control. The study demonstrated that Al
significantly improves machining quality
through intelligent parameter selection and
evaluation  of

continuous machining

performance. The author emphasized that
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predictive analytical methods provide more
reliable optimization than conventional trial-
and-error machining practices. These findings
establish an important foundation for machine
learning-based turning parameter optimization
[11].

Koren, Gu, and Guo (2018) investigated
reconfigurable manufacturing systems by
examining flexible production architectures
capable of adapting rapidly to changing
manufacturing requirements. Their research
demonstrated that intelligent manufacturing
environments improve resource utilization,
operational  flexibility, and  production
efficiency through adaptive system
configurations. The authors concluded that
reconfigurable manufacturing provides
organizations with enhanced responsiveness
under varying production conditions. These
concepts support adaptive optimization of
turning operations using machine learning
techniques [12].

Tao, Qi, Wang, and Nee (2019) explored
Digital Twin technology and cyber-physical
systems for smart manufacturing applications.
Their  investigation  demonstrated  that
synchronized virtual manufacturing models
improve production planning, machining
optimization, equipment monitoring, and
predictive maintenance through continuous
interaction between physical machines and
digital analytical environments. The authors
highlighted that Digital Twins significantly
strengthen manufacturing decision-making by
enabling  predictive  simulation  before
production execution. These capabilities
complement machine learning-driven
optimization of machining parameters [13].
Mourtzis, Vlachou, and Milas (2016)
examined industrial big data generated through
Internet of Things-enabled manufacturing
environments by analyzing its influence on
operational planning, manufacturing
coordination, and intelligent decision support.
Their research demonstrated that continuous

acquisition  of  machining information
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significantly improves process optimization
through predictive analysis of manufacturing
conditions. The authors emphasized that
industrial big data provides the analytical
foundation for intelligent manufacturing
systems capable of adaptive machining
optimization. These findings reinforce
predictive manufacturing approaches for CNC
turning operations [14].

Lee, Bagheri, and Kao (2015) proposed a
cyber-physical systems architecture supporting
Industry 4.0 manufacturing through intelligent
communication between production equipment
and computational platforms. The study
demonstrated that cyber-physical integration
improves operational monitoring,
manufacturing coordination, process visibility,
and enterprise decision-making. The authors
concluded that intelligent connectivity enables
continuous optimization of manufacturing
operations  using real-time  production
information. These architectural principles
support machine learning-enabled machining
optimization systems [15].

Kusiak (2018)
manufacturing by evaluating the integration of

investigated smart

advanced analytics, automation, artificial
intelligence, and industrial information systems
within modern production environments. The
demonstrated  that
manufacturing

research intelligent

significantly improves
productivity through continuous optimization
of manufacturing resources and operational
processes. The author emphasized that
predictive analytical intelligence enhances
production quality while reducing
manufacturing variability. These findings
strongly support intelligent optimization of
turning parameters through machine learning
[16].

Lasi, Fettke, Kemper, Feld, and Hoffmann
(2014) introduced the Industry 4.0 paradigm by
discussing intelligent manufacturing, cyber-
physical integration, digital connectivity, and
industrial automation. Their investigation

demonstrated that interconnected
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manufacturing systems enable adaptive
operational management through continuous
information exchange among production
resources, enterprise systems, and industrial
equipment. The authors concluded that Industry
4.0 technologies fundamentally transform
manufacturing planning and optimization.
These concepts strengthen machine learning-
driven machining optimization frameworks
[17].

Teti, Jemielniak, O'Donnell, and Dornfeld
(2010) reviewed advanced monitoring
technologies for machining operations by
analyzing sensor-based process monitoring,
tool condition assessment, machining stability
evaluation, and intelligent manufacturing
control. Their research demonstrated that
continuous monitoring significantly improves
machining quality through early identification
of abnormal operating conditions. The authors
emphasized that advanced sensing technologies
provide valuable operational information for
adaptive machining optimization. These
findings directly support predictive monitoring
of turning operations [18].

Ghosh and Mallik (2010) examined
manufacturing science principles governing
machining processes, cutting mechanics, tool
wear behavior, and surface generation. Their
study demonstrated that machining
performance depends upon the interaction
among cutting speed, feed rate, depth of cut,
tool geometry, workpiece material, and process
stability. The authors highlighted that
systematic  optimization of  machining
parameters significantly improves
manufacturing  quality and  operational
efficiency. These principles provide valuable
support for intelligent machine learning-based
turning optimization [19].

Paulo Davim (2020) presented comprehensive
research on machining and machine tools by
reviewing recent developments in intelligent
manufacturing, predictive machining analytics,
advanced cutting technologies, and process
optimization. The investigation demonstrated
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that modern manufacturing increasingly
depends upon intelligent analytical systems
capable of continuously improving machining
quality, productivity, and tool utilization
through adaptive optimization techniques. The
author concluded that Artificial Intelligence and
predictive manufacturing technologies will
play an increasingly important role in future
machining environments. These findings
strongly support machine learning-based
optimization of turning parameters for
improving surface roughness and minimizing
tool wear [20].

3. Proposed Methodology

The proposed framework is designed as an
intelligent machining optimization architecture
that integrates Computer Numerical Control
(CNC) turning operations, machine learning,
Industrial Internet of Things (IloT), predictive
analytics, cloud computing, and intelligent
manufacturing into a unified decision-support
environment. Unlike conventional turning
operations that primarily depend on predefined
machining handbooks and operator experience,
the proposed framework continuously analyzes
machining information to optimize -cutting
speed, feed rate, depth of cut, spindle
performance, machining stability, surface
roughness, and tool wear simultaneously. The
framework evaluates machining conditions in
real time while continuously learning from
historical machining experiments and current
production data to recommend optimal turning
parameters  before  machining  quality
deteriorates. By transforming machining
information into predictive manufacturing
intelligence, the  proposed
significantly improves machining quality, tool

framework

utilization, production efficiency, operational
consistency, and manufacturing productivity
while supporting adaptive machining decision-
making throughout Industry 4.0 environments.
The first stage of the proposed framework
consists of a manufacturing data acquisition and
integration layer responsible for collecting
machining information from Computer
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Numerical Control turning machines and
Industrial Internet of Things infrastructure.
CNC controllers  continuously  generate
machining information including spindle speed,
feed rate, depth of cut, cutting time, machining
power, spindle load, tool position, coolant
status, machining cycle time, and dimensional
measurements. Simultaneously, Industrial IoT
sensors installed throughout machining systems
continuously monitor cutting temperature,
vibration, acoustic emissions, tool condition,
machining forces, machine stability, energy
consumption, and environmental conditions.
Additional production information including
workpiece material characteristics, cutting tool
specifications, quality inspection reports,
maintenance records, and operator feedback is
also  incorporated into the analytical
environment. Integrating machining
information with production knowledge
provides a comprehensive manufacturing
dataset capable of supporting intelligent
optimization of turning operations under
different machining conditions.

Following manufacturing data acquisition, the
framework performs continuous machining
data preparation to ensure analytical reliability
before predictive  optimization  begins.
Information collected from CNC machines and
Industrial [oT devices frequently contains
duplicate machining records, inconsistent
sensor measurements, incomplete production
information, missing operational values,
redundant manufacturing transactions, and
measurement noise that may reduce analytical
performance if processed directly. The
proposed framework therefore performs
continuous data  cleansing, validation,
normalization, synchronization,
transformation, integration, and quality
assessment before predictive analysis begins.
Historical ~machining  experiments are
integrated  with  real-time  operational
information including cutting temperature,
vibration behavior, spindle performance,
machining forces, tool wear progression, and
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surface roughness measurements to generate

high-quality manufacturing datasets
representing complete machining behavior.
Maintaining reliable manufacturing

information significantly improves machine
learning performance while reducing prediction
errors and increasing organizational confidence
in intelligent machining recommendations.

The machine learning engine represents the
primary intelligence component of the
proposed framework by continuously analyzing
historical machining experiments together with
real-time manufacturing information to identify
hidden relationships among cutting speed, feed
rate, depth of cut, spindle performance, cutting
temperature, vibration characteristics,
machining forces, surface roughness, and tool
wear progression. Machine learning models
continuously estimate surface finish quality,
machining stability, dimensional accuracy, tool
wear progression, machining efficiency, and
remaining tool life under different machining
conditions. Rather than generating fixed
machining parameter recommendations, the
predictive  engine continuously updates
optimization  strategies  whenever new
machining information becomes available.
Intelligent manufacturing dashboards
subsequently transform predictive outputs into
practical recommendations that assist machine
operators, production engineers, quality
inspectors, manufacturing managers,
maintenance engineers, and process planners in
selecting optimal machining conditions before
production begins. Consequently, organizations
can dynamically optimize turning parameters,
improve surface quality, extend cutting tool life,
reduce machining costs, strengthen process
consistency, and increase overall
manufacturing productivity.

The final stage of the proposed framework
incorporates continuous learning,
manufacturing feedback, and cloud-native
deployment to ensure long-term analytical
improvement and operational adaptability.
Every machining cycle, production batch,
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quality  inspection, tool  replacement,
maintenance activity, operator adjustment, and
manufacturing operation generates additional
machining information that is automatically
incorporated into future machine learning
training cycles. Consequently, predictive
models continuously improve machining
optimization accuracy while adapting to
changing workpiece materials, cutting tool
conditions, machine behavior, production
requirements, environmental conditions, and
manufacturing objectives. Cloud computing
infrastructure supports centralized analytical
processing while enabling collaborative
manufacturing optimization among production
engineers, quality managers, maintenance
specialists, manufacturing planners, and
enterprise decision-makers operating across
geographically distributed production facilities.
Continuous evaluation of surface roughness,
tool wear, machining efficiency, dimensional
accuracy, spindle utilization, machining
stability, production costs, and product quality
enables organizations to refine predictive
optimization models over time. This adaptive
analytical environment provides a scalable and
intelligent foundation for machine learning-
driven optimization of turning parameters
within modern smart manufacturing and
Industry 4.0 ecosystems.

4. Results and Discussion

The proposed machine learning-based turning
parameter optimization framework was
evaluated using representative CNC machining
scenarios involving different combinations of
cutting speed, feed rate, depth of cut, workpiece
materials, and cutting tool conditions. The
experimental analysis compared the proposed
predictive  optimization framework with
conventional machining parameter selection
methods based primarily on machining
handbooks, historical production experience,
and operator expertise. Historical machining
experiments together with representative real-
time manufacturing information were analyzed
to evaluate surface roughness, tool wear

Received: 04-05-2026 | Accepted: 15-06-2026 | Published: 21-06-2026

progression, machining efficiency, dimensional
accuracy, production  consistency, and
operational responsiveness. The experimental
results demonstrate that integrating machine
learning  with intelligent —manufacturing
information substantially improves machining
quality  while strengthening production
efficiency across modern CNC  turning
environments.

The proposed framework demonstrated
significant improvements in surface finish
quality and cutting tool utilization compared
with conventional machining parameter
selection approaches. Traditional turning
operations generally employ fixed -cutting
parameters without continuously considering
changing machining conditions such as
workpiece  material  variability, spindle
performance, vibration characteristics, cutting
temperature, machining forces, and tool wear
progression. In contrast, the machine learning
framework continuously evaluates machining
behavior to estimate future surface roughness
and cutting tool degradation before machining
quality deteriorates. Manufacturing engineers
receive proactive recommendations regarding
spindle speed adjustment, feed rate
optimization, depth of cut modification, coolant
utilization, and tool replacement scheduling
before excessive tool wear or unacceptable
surface finish occurs. This predictive capability
significantly improves machining quality while
reducing  production interruptions  and
machining costs.

The integration of predictive analytics also
enhanced machining stability, dimensional
accuracy, production consistency, maintenance
planning, quality assurance, and manufacturing
resource utilization throughout the
representative machining environment.
Continuous monitoring of cutting temperature,
spindle vibration, machining forces, acoustic
emissions, tool wear progression, and
production quality enabled predictive models to
identify emerging machining problems before
excessive tool degradation, dimensional

2026, Vol 3 Issue 2 | 33



ISSN: 3143-438X

International Journal of

Advanced Computer Science Engineering and Artificial Intelligence

Peer Reviewed, Referred & Indexed Journal
www.ijacseai.com

Original Research Paper

deviations, poor surface finish, or machine

instability developed into critical
manufacturing issues. Intelligent
manufacturing dashboards generated

optimization recommendations that assisted
production engineers, quality inspectors,
maintenance specialists, machine operators,
and manufacturing managers in improving
machining operations while maintaining
consistent production quality.

The experimental evaluation  further
demonstrated that continuous learning
significantly improves long-term machining
optimization performance. As new machining
experiments, production records, quality
inspection reports, maintenance activities, tool
replacement histories, machining cycles, and
operational measurements become available,
machine learning models automatically
incorporate recent manufacturing experiences
into future analytical training cycles.
Consequently, prediction
continuously improves while adapting to
changing workpiece materials, cutting tools,

accuracy

machine conditions, production requirements,
environmental variations, and organizational
objectives. Overall, the proposed framework
substantially enhances turning operation
optimization by improving surface roughness,
reducing tool wear, increasing machining
efficiency, strengthening dimensional accuracy,
improving production consistency, minimizing
manufacturing costs, and supporting intelligent
manufacturing decision-making compared with
conventional CNC machining parameter
selection methods.

5. Conclusion

Machine learning has emerged as a
transformative technology for intelligent
machining  optimization by  enabling
manufacturing systems to continuously learn
from operational data and dynamically
optimize machining parameters according to
changing production conditions. Conventional
turning operations primarily rely on predefined
machining handbooks and operator experience,
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limiting their ability to achieve consistent
surface quality, maximize tool life, and improve
manufacturing productivity under varying
machining environments. This paper presented
a Machine Learning-Based Optimization
Framework for Turning Parameters to
Improve Surface Roughness and Tool Wear
by integrating Computer Numerical Control
(CNC) machining, machine learning, Industrial
Internet of Things (IloT), predictive analytics,
cloud computing, and intelligent manufacturing
technologies into a unified machining decision-
support environment. The proposed framework
continuously acquires machining information,
predicts surface roughness and tool wear
progression, evaluates machining performance,
and generates intelligent recommendations for
optimizing cutting speed, feed rate, depth of
cut, spindle utilization, and tool replacement
schedules. By transforming manufacturing
information  into  predictive = machining
intelligence, the framework significantly
improves machining quality, production
consistency, operational efficiency, and
manufacturing decision-making while
supporting adaptive Industry 4.0 manufacturing
environments.

The experimental analysis demonstrated that
the proposed framework substantially improves
surface finish quality, minimizes tool wear,
enhances machining efficiency, increases
dimensional accuracy, strengthens production
consistency, and reduces manufacturing costs
compared with conventional machining
parameter selection approaches. Continuous
machine learning enables predictive models to
adapt automatically to changing workpiece
materials, cutting tool conditions, spindle
behavior, machining temperatures, vibration
characteristics, production requirements, and
organizational objectives while continuously
improving  optimization accuracy  over
extended manufacturing operations. Cloud-
native deployment further enhances scalability
while supporting collaborative manufacturing
optimization among production engineers,
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quality inspectors, maintenance specialists,
manufacturing  planners, and enterprise
decision-makers operating across
geographically  distributed  manufacturing
facilities. Future research may investigate
explainable  Artificial  Intelligence  for
transparent  machining recommendations,
Digital Twin-assisted machining simulation,
reinforcement learning for autonomous
parameter optimization, federated machine
learning across distributed manufacturing
systems, computer vision-based tool wear
assessment, graph neural networks for
machining process optimization, and generative
Al-assisted intelligent manufacturing decision
support. The proposed framework therefore
provides a practical, scalable, and intelligent
foundation for next-generation machine
learning-driven turning optimization systems
capable of supporting high-quality, sustainable,
and  data-driven = smart  manufacturing
operations.
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