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Surface finish and cutting efficiency in gingelly oil
during machining: regression analysis
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Abstract: This study evaluates the use of gingelly oil as an eco-friendly cutting fluid for the turning operation. Experi-
ments were conducted to determine the effect of nose radius, and rake angle on tool wear, surface formation, and cutting
force. In addition, different lubrication techniques, such as cutting fluids and bio-oils, were investigated to determine their
potential for minimising friction, heat generation, and tool wear during machining. In comparison to dry cutting, and con-
ventional petroleum-based lubricants, the results demonstrate that gingelly oil consistently produces smoother surface fi-
nishes, and reduces cutting forces. The relationships between cutting parameters, and surface finish were analysed using
statistical modelling, with R-square and p-values used to quantify correlations and predictor significance. The findings
highlight the viability of gingelly oil as a cutting fluid and the significance of optimising process parameters for increased

machining efficiency.
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INTRODUCTION

The choice of cutting fluid is critical in machining ope-
rations, since it directly affects surface quality and cutting
efficacy. Generally, the cutting fluid creates a protective
barrier between the cutting tool and the workpiece, reduc-
ing tool wear and friction. The use of bio-oils in the ma-
chining process has recently shown an improvement in the
cutting efficiency and surface quality. Here the lubricating
characteristics improve the overall surface quality, by al-
lowing for a more seamless interaction between the tool and
the workpiece.

In conventional machining processes, the dynamic in-
terplay between the cutting tool, and the workpiece is criti-
cal to achieving the desired surface polish and form. This
contact, defined by a ploughing motion, results in the re-
moval of metals, shaping the workpiece with the accuracy
of sharp tools, and sparking an investigation into cutting
mechanisms [1]. The cutting processes have a wide range
of performance implications, including surface quality, pre-
cision, tool wear, chip formation, burr development, mate-
rial selection, and more [2]. These characteristics, taken
together, define the research focus, with the goal of gaining
a full understanding of industrial machining. A key difficul-
ty in this arena is energy efficiency in manufacturing. Inap-
propriate process parameters can lead to increased energy
consumption and production costs [3]. As a result, a tho-
rough examination into the optimal process parameter se-
lection becomes necessary.

In the field of improved machining process, the degra-
dation of the nose radius, and other tool surfaces is a cause
for worry. Defining workpiece process parameters is criti-
cal to achieving the specified machine surface and other
desirable characteristics. The standard turning parameters,
if not carefully chosen, might result in suboptimal machine

surfaces and unnecessary tool wear. To address this,
the vibration and instability of turning tools have been tho-
roughly investigated [4]. The consequences of tool vibra-
tion are poor surface polish, detectable noise, and edge
blunting, emphasising the complex interaction of elements
in achieving machining precision.

The authors [5] investigated tool wear and longevity
in the turning of aluminium alloys. The study incorpo-
rates systematic variations in the rake angle and other
relevant process variables to determine their impact on
tool longevity. The positive rake angle improved the tool
life during the machining process. Establishing an appro-
priate tool configuration improves turning conditions,
with machinability gains gained by precisely aligning the
tool point, angle, height, and deflection [6]. The nose
radius is a critical parameter to consider when evaluating
turning processes, as it has a significant impact on the out-
come of machining operations. There are detailed studies
on heat generation, surface development to the rake angle
utility, and tool life for machining hard materials [7].
Further, the cutting forces are determined using a lathe
tool dynamometer for the various negative and positive
rake angles. Notably, positive rake angles helped in re-
ducing the cutting force [8].

Changes to machining process parameters, such as spindle
speed and feed rate, cause the tool profile and nose radius
to become blunted. This tendency is most pronounced when
the parameters are changed, resulting in higher tool wear
and degradation, particularly with deeper cuts [9; 10].
The incorrect parameter selection has significant conse-
quences beyond tool wear, including increased tempera-
tures and a degraded surface finish. The rake angle is
an important aspect in determining tool performance, and
when maximised, it adds to longer tool life. However, it
introduces the trade-off of dulling and creating tool clatter,
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emphasising the delicate balance required for parameter
selection [11-13]. The interplay between the tool’s nose
radius and rake angle has a substantial impact on the tool
profile during machining, altering the smoothness of the
machined surface. Hence, maintaining a specified nose ra-
dius range, such as 0.4—0.5 mm, has been shown in improv-
ing surface quality, especially when cutting high-strength
AISI 1040 stainless steel [14]. The deeper incisions, as well
as the presence of a nose radius, contribute to crater deve-
lopment and tool flank wear. The inappropriate turning
process settings can result in discontinuous chips [15; 16].
An alternate method, magnetic cutting, has shown promise
in improving turning machinability, surface characteristics,
and tool life [10]. These advanced methods highlight
the complex link between machining parameters and their
significant influence on tool performance and surface pro-
perties in metalworking operations.

The chip-tool interface contact area is determined by
the rake angle of a cutting tool. It is difficult to select
the rake angle, since any deviation from the optimal value
impacts the tool profile and machined surface. An in-
crease in rake angle results in an increase in chip-tool fric-
tion. The cutting force, and contact area are both reduced
by the rake angle. Many studies are being conducted to
determine how process parameters influence rake angle,
and machining processes. It is difficult to comprehend its
impact on machining parameters. An investigation, of
the ways in which rake angle affects machining parame-
ters in ductile and brittle materials, was carried out by the
researchers. During the procedure, a comprehensive study
was done to identify the machining settings [14]. The rake
angle and feed rate both contribute to a reduction in cut-
ting force, when machining steel alloys. Here an in-depth
investigation was conducted into the connection that ex-
ists between vibration and rake angle. The amplitude of
vibration decreased as the rake angle increased [17].
An investigation was conducted on the modifications to
the tool life rake angle. By reducing the rake angle,
the nose radius was blunted. It was determined that a rake
angle of 20° produced the greatest results in terms of tool
life and surface finish [18].

Cutting fluids are critical for reducing heat generated
at the chip-tool interface because of cutting forces. These
fluids have the dual function of cooling and lubricating
the cutting operation, resulting in longer tool life. Cut-
ting fluids passing over the chip-tool interface, contri-
bute to lower cutting temperatures [19]. The current re-
search is focused on alternate cooling and lubrication
technologies such as bio-oils, cryogenics, and chilled air,
to address environmental problems and optimise milling
operations [20; 21].

In the continued pursuit of sustainable machining me-
thods, current research efforts are mostly focused on
the usage of bio-oils. The researchers are currently inves-
tigating the viability of replacing petroleum-based lubri-
cants with bio-oils, which are known for their non-
hazardous properties. Some studies on the usefulness of
vegetable oils, such as palm and shear butter oils during
turning operations are carried out to determine their im-
pact on surface quality and tool performance. They found
an improvement in the surface quality and improvement
in the tool life during the machining process [22].

The comparative investigation of palm and shear butter
oils demonstrated significant improvements in chip
thickness, and tool lifespan, with the added benefit of
reducing the disagreeable aromas associated with tradi-
tional petroleum-based lubricants [23]. Similarly, the ex-
traction of jatropha seed oil during machining resulted in
lower surface temperatures, and better surface finishes,
demonstrating the potential of bio-oils in improving ma-
chined surfaces [24]. Notably, as compared to mineral-
based cutting solutions, coconut oil produced better sur-
face quality and related to less tool wear [25].

The comparative examination of diverse bio-oils, as
mentioned by researchers [26; 27] has become a focus point
in comprehending their individual properties and perfor-
mance characteristics. Using statistical techniques such as
Anova, researchers are improving process parameters in
experimental designs, to improve the use of bio-oils in ma-
chining operations [28; 29].

The investigation and prediction of the performance of
various bio-oils as cutting fluids, in machining operations,
can be accomplished by implementing advanced data ana-
lytics approaches [30]. Here a comprehensive predictive
model can be created to systematically evaluate the feasi-
bility and effectiveness of various bio-oils. The researcher
created a model that contains complicated factors, such as
bio-oil classification, machining parameters (e. g., cutting
speed, input rate), material properties, and specific target-
ed machining outcomes [31]. The prediction model uses
advanced statistical approaches, and machine learning
algorithms to identify complicated patterns, and relation-
ships in the dataset. This permits the estimate of the im-
pact of using specific bio-oils as cutting fluids based on
available data [32]. The model expands its predictive ca-
pabilities to measure critical performance indicators, such
as surface finish quality, tool wear rate, and chip for-
mation, for each bio-oil under changing machining set-
tings [33]. The use of predictive modelling in the study of
bio-oils, as cutting fluids, provides researchers with pro-
found insights into the nuanced benefits and drawbacks of
certain bio-oils [34]. This analytical method supports in-
formed decision-making processes, machining operation
optimisation, and environmental impact mitigation, by
encouraging the use of non-hazardous and sustainable
cutting fluids.

According to the available literature, a thorough
evaluation of the feasibility, and performance of various
bio-oils as cutting fluids in machining processes, in-
volves rigorous experimental investigations as well, as
the use of predictive modelling methodologies. The im-
pact of bio-oils on essential metrics such as surface fi-
nish, tool wear, chip formation, and environmental con-
sequences should be thoroughly investigated in this re-
search. The bio-oils shows potential as practical and en-
vironmentally benign replacements, to petroleum-based
lubricants in machining operations, according to the ex-
isting literature. However, in-depth experimental re-
search combined with advanced predictive modelling
techniques, are required to gain a deeper knowledge of
their performance characteristics.

This study is required to perform extensive trials, and
build accurate predictive models capable of comprehensive-
ly assessing the efficacy of bio-oils as cutting fluids. Fur-
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thermore, these initiatives not only encourage sustainable
practices and minimise reliance on petroleum-based lubri-
cants, but they also help to expand bio-oil knowledge and
its use in the manufacturing sector.

METHODS

This study identified gingelly oil, an edible vegetable
oil derived from gingelly grains, as a viable substitute
for mineral oils in the machining process. Table 1 com-
pares the characteristics of gingelly oil and petroleum-
based oil. In the investigation, a BALAJI Model 215
Super Series medium-duty lathe was utilised. 20 mm in
diameter and 100 mm in length AISI 1014 mild steel
workpieces were securely held in a three-jaw chuck, and
spun at 328 and 750 rpm. The feed rates were held con-
stant at 0.23 mm/rev for both experiments. For the ma-
chining process, an INDIAN TOOL manufacturer pro-
duced an HSS tool with 10 % cobalt, a 12.7 mm square
section, and a 50 mm length. The experimental work was
carried out with a variety of tool rake angles (5, 8, and
11°), and tool tip radii (1, 1.5, and 2 mm). The gingelly
oil was delivered at a constant rate of 50 ml/min, while
the petroleum-based oil (SAE 20W-40) served as a cut-
ting fluid, and lubricant at a rate of 72 ml/min. The ex-
periments were conducted in three distinct ways: without
any cutting fluid (dry running), with a cutting fluid de-
rived from petroleum (SAE 20W-40), and with gingelly oil as
the cutting fluid. The surface roughness (Ra) of the workpieces
was determined using a portable MITUTOYO SJ-210 surface
roughness measuring device. This experimental setup
enabled a thorough evaluation of gingelly oil’s effec-
tiveness as a cutting fluid, comparing its impacts on sur-
face roughness to those of dry running, and standard pe-
troleum-based cutting fluids. The cutting forces were
measured using a lathe tool dynamometer. The cutting
tool was inserted into the Contact-type Lathe Tool Dy-
namometer, and secured to the lathe’s cross slide. Before
starting the lathe machine, both the speed and feed were
set to zero, and the feed was automatically applied to
the tool. The surface roughness measurements were tak-
en using a talysurf (MITUTOYO brand) under varied
cutting conditions.

RESULTS

Fig. 1 demonstrates a notable disparity in surface
smoothness, depending on the size of the workpiece, and
the type of cutting operations used, especially when utilis-
ing a 5°rake angle, and 1 mm nose radius. The employment
of the dry cutting technique resulted in a lower level of sur-
face roughness, in comparison to the utilisation of cutting
fluids, regardless of whether the cutting fluids were derived
from petroleum or gingelly oil. Despite this, the surface
roughness values increased with the increase in specimen
diameter. Here the amount of sharpness over the cutting
tool tip did not have any impact on the quality of the sur-
face finish. Although some of the examples revealed sur-
face qualities that were remarkable, others displayed levels
of roughness that were far higher. Considering this, it ap-
pears that the surface finish is determined by a greater
number of elements than the sharpness of the cutting tool in
these conditions.

Fig. 2 depicts the effect of a higher cutting speed
(750 rpm) on surface irregularity for various diameters of
workpieces based on experimental data. When the cutting
speed was increased to 750 rpm with a 5° rake angle, a re-
markable increase in surface irregularity from 5.4 to 8.7 um
was observed. The increased rake angle and a 2 mm nose
radius resulted in smoother surface finishes, and decreased
cutting forces, as surface roughness improved. Notably,
lower nose radii exhibited insufficient tool-to-workpiece
adhesion, resulting in dispersed cutting force values for dry
and petroleum-based cutting fluids. With its triglyceride
content, gingelly oil displayed superior lubrication proper-
ties, generating a robust lubricant film that reduced friction
and tool wear during machining. Consequently, this con-
tributed to the finer formation of the machined workpiece’s
surfaces.

DISCUSSION

Effect of surface finish on different lubrication
conditions

Further investigation indicated that raising the cutting
tool’s nose radius, resulted in increased adhesiveness be-
tween the tool and the workpiece, resulting in better and

Table 1. Characteristics of petroleum based oil and gingelly oil

Taonuya 1. Xapaxmepucmuxu cMa30uHO-0XAaAAHCOAIOWEU HCUOKOCU HA HEQMAHOU OCHOBE U KYHICYMHO20 MACIA

Petroleum based oil

Characteristics (SAE 20W-40) Gingelly oil
Flash point 210°C 255°C
Fire point 215°C 280 °C

Density at 50 °C 774 kg/m’® 780 kg/m®

Kinematic viscosity at 50 °C

2.39x107° m?/s

3.72x107° m%/s

Dynamic viscosity at 50 °C

1.86x107° N-s/m?

2.67x107> N-s/m’

Colour

Red

Clear yellow
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more consistent surface finish values. The smoother surface
finishes of 4.9 to 6 um were attained with a tool nose radius
of 1.5 mm, when gingelly oil was utilised as the cutting
fluid. Furthermore, using a larger tool nose radius of 2 mm
resulted in a 20 % reduction in surface roughness measure-
ments, demonstrating the beneficial effect of increased nose
radius on surface quality. Moving to an 8° rake angle,
a limited variation range of cutting forces resulted in a signi-
ficant difference in surface finish between the dry cutting
procedure and the usage of petroleum-based cutting fluid.
This is due to probable flaws in the machining process dur-
ing turning operations. When gingelly oil was used as
the cutting fluid, however, there was a considerable improve-
ment in contact between the cutting tool and the workpiece,
resulting in smoother surface finish values. Notably, in-
creasing the tool nose radius improved the surface polish

even more, due to increased ploughing area, and longer
contact time between the tool and workpiece.

Further, the increase in the rake angle effectively re-
duced burr formation at the tool-workpiece interface, allow-
ing the tool to glide through the material with greater ease.
However, dynamic forces must be considered in a balanced
manner, as exceedingly steep rake angles may not guaran-
tee smoother operation. An optimal rake angle of 8°, ap-
peared to accomplish favorable dynamic force balancing,
reducing tangential force, while increasing thrust force at
the interface of the tool tip. During this procedure, slight
increases in surface roughness were observed. As a cutting
fluid, gingelly oil demonstrated superior lubrication and
cooling properties compared to cryogenic fluids, allowing
for improved tool-to-workpiece slippage and thereby en-
hancing machinability. In addition, the use of higher cutting

Fig. 1. Effect of the surface finish over nose radius
for the varying rake angles 5° (), 8° (b), 11° (¢), and cutting speed 328 rpm
Puc. 1. Bausnue na kauecmeo noO8epXHOCMU PAOUYCa 3aKPy2IeHUs BePUUIHDL
npu nepednux yenax uncmpymernma 5° (a), 8° (b), 11° (¢) u ckopocmu pezanus 328 06/mun
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