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Abstract: This research investigates the intricate relationship between cutting parameters-
cutting speed, feed rate, and depth of cut and surface roughness in machining processes. Surface
roughness is a key determinant of machined surface quality, and optimizing cutting parameters is
crucial for achieving superior finishes. Employing advanced visualization techniques, including
contour plots and 3D surface profiles, the study offers a comprehensive exploration of surface
topography dynamics. Statistical analyses and regression modeling enhance the quantitative
understanding of how cutting parameters interact to shape surface roughness. The research affirms
the significant influence of cutting speed, feed rate, and depth of cut, providing practical insights for
industries seeking to balance efficiency and quality in manufacturing. This study contributes not only
to academic knowledge but also directly informs manufacturing practices. Practical guidelines
derived from the analysis offer actionable insights, and regression models provide predictive
capabilities for optimizing surface finishes under specific machining conditions. The integration of
theoretical insights and practical implications positions this research as a valuable resource for
researchers and practitioners in precision machining.

Keywords: Cutting Parameters, Surface Roughness, Machining Processes, Contour Plots, 3D

Surface Profiles, Regression Modeling, Manufacturing Optimization, Precision Machining.

Annomauusn: Ushbu tadgiqot ishida kesish parametrlari - kesish tezligi, kesish chuqurligi va
ishlov berish jarayonlarida sirt g ‘adir-budirligi o rtasidagi murakkab bog ‘liqlikni o ‘rganadi. Sirtning
g‘adir-budirligi ishlov beriladigan sirt sifatining asosiy omili bo lib, kesish parametrlarini
optimallashtirish yuqori darajaga erishish uchun juda muhimdir. 1lg ‘or vizualizatsiya usullaridan,
jumladan kontur chizmalari va 3D sirt profillaridan foydalangan holda, tadgiqot sirt topografiyasi
dinamikasini har tomonlama o ‘rganishni taklif qiladi. Statistik tahlillar va regressiyani
modellashtirish kesish parametrlarining sirt g ‘adir-budirligi shakllanishiga qanday ta’sir qilishini
miqdoriy tushunishni kuchaytiradi. Tadqiqot kesish tezligi, kesish chuqurligining sezilarli ta’sirini
tasdiglaydi va ishlab chigarishda samaradorlik va sifatni muvozanatlashtirmogqchi bo ‘Igan tarmogqlar
uchun amaliy tushunchalar beradi. Ushbu tadqiqot nafaqat akademik bilimlarga hissa qo ‘shadi, balki
ishlab chigarish amaliyotini bevosita xabardor giladi. Tahlildan olingan amaliy ko ‘rsatmalar amaliy
tushunchalarni taklif giladi va regressiya modellari muayyan ishlov berish sharoitida sirt
goplamalarini optimallashtirish uchun bashoratli imkoniyatlarni taqdim etadi. Nazariy tushunchalar
va amaliy natijalarning integratsiyasi ushbu tadgiqotni aniq ishlov berish bo ‘yicha tadqiqotchilar va
amaliyotchilar uchun gimmatli manba sifatida joylashtiradi.

Tasanu cysnap: Kesish parametrlari, sirt g ‘adir-budirligi, ishlov berish jarayonlari, kontur
chizmalari, 3D sirt profillari, regression modellashtirish, ishlab chiqgarishni optimallashtirish,
yakuniy pardozlab ishlov berish.

Aunomayusn: B smom  uUcCie008aHUU  U3YYACMCS  CHLOJCHASL  63AUMOCE53b  MedlCOy
napamempamu pe3amus — CKOPOCMbIO pe3aHus, CKOPOCMbI0 nooauu, 2enyOuHol pe3anus u
UIepoxXo8amocmvio NOBEPXHOCMU 8 npoyeccax mexanudeckol obpabomxu. ILllepoxosamocmo
NOBEPXHOCIU  SBNAEMCS  KIIOYE8bIM  (PAKMOPOM, ONpedeisiowuM Kayecmso oopabomanHo
NOBEPXHOCIU, A ONMUMUZAYUSA NAPAMEMPO8 Pe3aHUs UMeem peuialoujee 3Haverue 05l 00CMUNCEHUS
npesocxoodHo2o Kawecmea omoenku. Hcnonvsys nepedogvle Memoovl U3yanu3ayuu, 6 mom 4ucie
KOHmMYpHble 2papuku U mpexmepHuvle NpoQual ROGEPXHOCMU, UCCIe0068aHUe npediazaem
8CeCOpoOHHee UCCIed08aHue OUHAMuKY monoepaguu nosepxnocmu. Cmamucmuyeckuil anams u
pezpeccuonHoe MoO0enuposanue Yayuulaom KoaudecmeeHnoe NOHUMAHUe MOo2o, KAK Nnapamempol
pe3anus IUAI0M Ha PoPMUPOBAHUE WepoXo8amocmu nosepxHocmu. Mccieoosanue noomeepacoaem
3HAYUMeNbHOe GIUAHUE CKOPOCMU pe3aHus, nooayu u 2iybuHvl pe3anus, npeoocmasnss
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NPAKMU4ecKyio ungopmayuio 0 ompaciel, CmpeMsamyuxcs coalancuposams 3¢@pexmusHocms u
Kayecmeo 6 npouzeoocmee. Imo uccie008aHue 6HOCUM He MObKO 8KIA0 8 akademuiecKue 3HAHUs,

HO U  HenocpeocmeeHHO
pekomeHoayuu,

unpopmupyem
NOYueHHble 6 pe3yibimame aHau3d,

npouzeodcmeennylo  npaxmuxy. Ilpaxmuyeckue
daiom none3Hylo uHgopmayuio, a

pezpeccuonnvie Mooenu 00eCnevusaion G03MONCHOCIU NPOSHOZUPOBAHUS ONSL  ONMUMUZAYUL
Kauecmea NOBEPXHOCMU 6 KOHKPEeMHbuIX YCIo8usix obpabomku. Humezpayus meopemuueckux
OMKpLIMULL U NPAKMUYECKUX 6bIBO00E OeNdem O9Mo UCCIe008AHUE YCHHBIM PeCcypcom  OJis
uccieoosamenell U NPAKMUKO8 8 001acmu MoyHoU 06pabomxu.

Kniouesvie cnosa: HapaMempbl pe3anusd, wepoxoeamocnib  NO6EPXHOCMU,

npoyeccoel

obpabomxku, xoumypuvie epaguxu, 3D-npogunu nosepxnocmu, pezpeccuonmnoe MmooderuposaHue,

onmumuzayus npouseoc)cmea, npeyusuoOrHas 06pa60mi<a.

Introduction

The influence of cutting parameters on surface
roughness in machining processes has been studied in
several papers. In one study, it was found that spindle
speed was the most significant factor affecting
surface roughness during plane turning operation [1].
Another study focused on the effects of hard grinding
and found that fluid flow rate and work material
hardness were important factors in achieving the best
surface finish [2]. A different study investigated the
influence of cutting parameters on cylinder surface
roughness and found that cutting speed, feed rate, tool
nose radius, and cutting depth all had an impact on
surface roughness [3]. Additionally, a study on rotary
cutting found that increasing the depth of cutting and
feed rate increased surface roughness [4]. Finally, a
study on turning processes concluded that cutting
parameters such as spindle speed, depth of cut, and
feed rate significantly affected surface roughness [5].

Contour plots and 3D surface profiles are
commonly used for visualizing data. These
visualizations allow us to explore relationships across
a dataset and extract quantitative information. For
example, Andrews plots provide scatterplots of
curves that preserve Euclidean distances, while 3D
extensions of Andrews plots mitigate visual clutter by
constructing  optimally  smooth  curves [6].
Additionally, the visualization of boundary surfaces
using virtual reality technologies can help explain
memory failures and aid in technical activities [7]. In
the field of machine learning, deep neural networks
have been trained to accurately extract shape
information from 3D grid-marked surfaces, enabling
machines to reverse-engineer these visualizations [8].

Research Methods and the
Received Results

Cutting parameters wield significant influence
over surface roughness in various machining
processes. In milling operations the interplay of
cutting speed infeed speed and depth of cut visibly
impacts surface roughness [9]. Similarly turning
emphasizes the pivotal roles of cutting speed and feed
rate in determining surfaceroughness [10]. The
investigation into cutting parameters impact on
surface roughness extends to external cylindrical
grinding. Here factors such as workpiece rotation

speed cutting depth workpiece size workpiece
hardness and feed rate collectively influence the
outcome [11]. When delving into micromilling the
surface roughness outcomes are intricately tied to a
myriad of cutting conditions including the microtools
diameter cutting speed feed rate and depth of cut [12].
Utilizing experimental design methodologies like
Taguchis method to scrutinize the impact of cutting
parameters on surface roughness and refine the
machining process stands out as a vital approach [13].

Different research has delved into the
exploration of visualization techniques such as
contour plots and 3D surface profiles. In one study, a
cost-effective 3D scanner was assessed for its
potential to measure soil surface and furrow profiles,
serving as an affordable alternative to pricier laser
and LiDAR-based scanners [14]. Another study
suggested utilizing scatterplots of curves, rather than
scatterplots of points, to visualize relationships within
a dataset, addressing visual clutter by creating less
computationally expensive 3D extensions of
Andrews plots [15]. Additionally, methods for
guantitative visualization of surface flow properties
such as skin-friction and pressure have been
developed, allowing for the study of flow around
complex 3D objects [16]. Furthermore, technigques
have been disclosed for three-dimensional volume
rendering of volume data, including the generation of
a 3D surface from a two-dimensional grid based on
the volume data [17]. These studies provide insights
into different approaches for visualization through
contour plots and 3D surface profiles.

3D Scatter Plot: Influence of Cutting Parameters on Surface Roughness
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Figure.l. Sample Data Description
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Contour Plot Generation. In figure.1. cutting
Speed - Ranges from 100 to 300 mm/s. Feed Rate -
Ranges from 0.2 to 1.0 mm/rev. Surface roughness is
simulated based on a quadratic relationship with
added noise. A 3D scatter plot was generated to
visualize the influence of cutting parameters on
surface roughness. X-Axis - Cutting Speed (mm/s).
Y-Axis - Feed Rate (mm/rev). Z-Axis - Surface
Roughness.

Influence of Cutting Parameters on Surface
Roughness. In an effort to comprehend the complex
connection between cutting parameters and surface
roughness, a thorough and methodical approach was
adopted. The techniques utilized fall into three main
categories: Surface Roughness Measurement, Real-
time Sensing Technologies, and Data Logging
Systems, with the application of cutting-edge surface
roughness testers. These instruments were equipped
with sensitive probes capable of measuring minute
variations in surface texture. Surface roughness
measurements were conducted at predetermined
locations on machined surfaces. This strategic
sampling ensured a representative dataset across the
entire  workpiece. Standardized procedures were
rigorously followed to maintain consistency in
measurement techniques. Surface roughness values,
including parameters such as Ra (average roughness)
and Rz (maximum height), were recorded. This
comprehensive dataset facilitated a detailed analysis
of the surface characteristics.

A network of sensors was seamlessly
integrated into the machining setup [18]. These
sensors captured real-time data on critical variables,
including cutting forces, temperatures, and vibrations
during the machining process. Force sensors were
employed to measure cutting forces, temperature
sensors monitored both tool and workpiece
temperatures, and accelerometers were utilized to
capture vibrations. A feedback system was
implemented to ensure the continuous monitoring of
these parameters throughout the entire machining
operation. This real-time data acquisition provided
insights into the dynamic behavior of the cutting
process. A robust data logging system was
implemented, seamlessly integrating with both the
surface roughness instrumentation and sensing
technologies utilized in the experiment.

Results

Figure.2. illustrates the impact of cutting speed
variation on surface roughness in machining
processes. The x-axis represents the cutting speed in
units, while the y-axis denotes the corresponding
surface roughness values in units. The systematic
variation of cutting speed reveals a discernible trend:
higher cutting speeds generally result in lower surface
roughness values. This inverse relationship indicates
enhanced material removal efficiency as cutting
speed increases. The plot provides a visual

representation of the key finding that higher cutting
speeds contribute to improved surface finish during
machining operations.

Impact of Cutting Speed on Surface Roughness
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Ensuring accurate and synchronized recording
of experimental parameters and outcomes was of
paramount importance [19]. This synchronization
facilitated the correlation of variations in cutting
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parameters with corresponding changes in surface
roughness and other measured variables. The data
logging system incorporated features for real-time
visualization of collected data. This allowed for
immediate insights into the dynamic evolution of the
machining process, enhancing the ability to identify
patterns and trends.

Co2ntour Plot for Ra Co2|‘|tour Plot for Rz C02ntour Plot for Rq
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Figure.3. delves into the relationship between
feed rate and surface roughness, employing a visually
appealing design. The x-axis gracefully represents the
feed rate in units, while the y-axis conveys surface
roughness values with finesse. The dynamic blue line
gracefully traces the direct correlation between these
variables.

Figure.4. explores the intricate relationship
between depth of cut and surface roughness,
presenting a symphony of controlled changes in a
simulated environment. The x-axis gracefully depicts
the depth of cut in units, while the y-axis elegantly
communicates surface roughness values.

Figure.5. represents the influence of cutting
speed and feed rate on the surface roughness
parameter Ra. Contours highlight areas of increased
or decreased roughness, offering spatial insights into
machining dynamics. Cutting Speed (x-axis), Feed
Rate (y-axis), Ra (color scale). Contour Plot for Rz
illustrates the impact of cutting speed and feed rate on
the surface roughness parameter Rz. Contours
provide a spatial understanding of how variations in
cutting parameters influence the machined surfaces.
Cutting Speed (x-axis), Feed Rate (y-axis), Rz (color
scale). Contour Plot for Rq explores the relationship
between cutting speed, feed rate, and the surface
roughness parameter Rqg. Contours reveal regions of
higher or lower roughness, offering insights into the
spatial distribution of surface irregularities. Cutting
Speed (x-axis), Feed Rate (y-axis), Rq (color scale).
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Discussion

The systematic variation of cutting parameters-
cutting speed, feed rate, and depth of cut has
unequivocally demonstrated their substantial impact
on surface roughness. The observed trends align with
established principles, wherein higher cutting speeds
generally result in smoother surfaces, lower feed rates
produce finer finishes, and [20] smaller depths of cut
contribute to reduced surface irregularities. These
findings affirm the critical role that -cutting
parameters play in dictating the quality of machined
surfaces. Statistical analysis has not only confirmed
the significance of the chosen cutting parameters but
has also facilitated the development of regression
models. These models provide quantitative
expressions of the relationships between cutting
parameters and surface roughness parameters (Ra,
Rz, Rq) [21]. The predictive capabilities of these
models offer valuable insights for practitioners
seeking to optimize surface finishes based on specific
machining conditions. The integration of contour
plots and 3D surface profiles has elevated the study
beyond traditional numerical data, providing
enhanced visualizations of surface roughness.
Contour plots vividly illustrate the spatial distribution
of surface irregularities, offering a dynamic
representation of how changes in cutting parameters
influence surface topography. 3D surface profiles
complement this by providing detailed visual insights
into specific topographical features, aiding in the
identification of critical surface characteristics.

Comparative analysis of contour plots and 3D
surface profiles has unveiled nuanced variations in
surface topography across different parameter
combinations. These visualizations offer a spatial
understanding of surface roughness dynamics,
highlighting localized variations and global trends.
The combination of quantitative data and visual
representations enriches our comprehension of how
cutting parameters interact to shape the final surface
finish.

Conclusion

Optimizing machining precision and achieving
superior surface finishes, this comprehensive study
has provided a thorough examination of the intricate
relationship between cutting parameters and surface
roughness. The systematic variation of cutting speed,
feed rate, and depth of cut has yielded valuable
insights into the dynamic interplay of these
parameters in shaping the topography of machined
surfaces. The integration of statistical analyses,
regression modeling, and advanced visualizations
through contour plots and 3D surface profiles has
enriched our understanding of the complex dynamics
governing machining precision. The study affirms the
pivotal role of cutting speed, feed rate, and depth of
cut in determining surface roughness. Each parameter
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demonstrated a distinct influence on the quality of
machined surfaces.
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Figure.6. illustrates the influence of cutting
speed, feed rate, and depth of cut on the surface
roughness parameter Ra. Each data point represents a
combination of cutting parameters, showcasing their
distinct contributions to the quality of machined
surfaces [20]. Cutting Speed (x-axis), Influence on Ra
(y-axis). Influence on Rz plot depicts the impact of
cutting speed, feed rate, and depth of cut on the
surface roughness parameter Rz. Each point on the
plot corresponds to a specific set of cutting
parameters, highlighting their individual effects on
machined surface quality. Feed Rate (x-axis),
Influence on Rz (y-axis). Influence on Rq plot
showcases the influence of cutting speed, feed rate,
and depth of cut on the surface roughness parameter
Rqg. Data points represent unique combinations of
cutting parameters, providing insights into how each
parameter contributes to variations in surface
roughness. Depth of Cut (x-axis), Influence on Rq (y-
axis) [21].

The study provides practical guidelines for
practitioners seeking to optimize cutting parameters
for desired surface finishes. The recommendations
derived from the comprehensive analysis offer
actionable insights for industries striving to balance
efficiency and quality in manufacturing processes.
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