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Abstract
The tool material may be coated or uncoated, and cutting inserts are typically situated along the
covered contact region. Work piece remains fixed while tool revolves for cutting and machining.
Objective: A NABL-accredited metallurgical evaluation laboratory (machining) assessed two
specimens. Machining profile and materials determine insert selection. Analytical results show material
composition. The surface qualities of samples 1 and 2 were examined. As DOC, cutting speed and tool
tip temperature were monitored. The EDXA picture demonstrates C45 steel material transfer to tool
inserts during machining. Methods: Microscopic study reveals wear and fissures on the outside of an
uncoated tool insert used to grind C45, which contains more phosphorus and sulfur. SEM image of an
uncoated tool insert for machining low-phosphorus and sulfur C45 steel. As shown in the EDX study,
the C45 steel material tool inserts lubrication and heat-producing materials throughout the machining
process. Finding: C45 steel (0.40-0.50% carbon) is studied. C45 steel has tiny amounts of Mo, Si, SiO2,
Mn, and P. The research compared coated and uncoated tool inserts for C45 steel samples with varied
sulphur and phosphorus levels. We milled samples to the appropriate diameter and tested them at 0.120,
0.170, and 0.220 mm/min feed rates, decreasing times (10.0, 14.48, and 18.46 m/min), and cut depths
(0.75, 1.25, and 2.0 mm). Tool tip temperature vs. wear. Machining tool inserts with coatings perform
better. These traces at low quantities provide excellent results. Novelty: Edx Analysis was utilized to
mill C45 steel with different phosphorus and sulfur
percentages using uncoated and titanium-covered
carbide tool inserts under dehydration. Compare
the performance of coated and uncoated tool
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inserts for milling C45 steel. SEM and DEX
spectroscopy analyzed the tool, work sample, and
material behavior.
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and Wear surface.

INTRODUCTION

In addition to cutting inserts, which are usually
located along the contact region that is coated, the
tool material might be uncoated or coated. While
the tool spins during the machining operations, the
work piece stays stationary during the cutting
process. The scope of carbon content between 0.30
and 0.60, per cent is commonly used to define steel
with a mild carbon content. It is resistant to wear
and has a good balance of elasticity and strength

[1]. Rail, ropes, wear-out string, chilly heading, forge steels, chilly over steel bars, workable metals,
and so on are typical applications [2]. Investigating fatigue behaviour and estimating fatigue life are
particularly useful in ensuring machinery's safe and reliable operation. It takes a manufacturing process
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to transform raw steel into a finished product that can be used as intended. The manufacturing process's
effect on the part's surface roughness is crucial in establishing the part's fatigue behaviour [3].

Studies [4, 5] found that smaller droplets (MQL method) are better at penetrating the cutting zone
and that larger droplets (MQCL method) allow for quicker heat indulgence from the cutting region.Tool
wear is most visible during machining as abrasion in the side profile and crater wear at the rake's chin
[6, 7]. Because of the potential for catastrophic failure, it is essential to estimate tool wear in order to
maintain optimal machining efficiency [8].

The cutting elements that cause the cutting tool's temperature to rise and how they relate to surface
roughness throughout the turning process. Raising the feed rate has less of an impact on the cutting tool
temperature than does raising the depth of cut and rotational speed in combination [9]. Carbide-tipped
tools provide several advantages over conventional ones, including their lower price, excellent heat
resistance, longer functional life, and simplicity of maintenance and replacement [10, 11]. As a result
of developments in bladed implement technology, covered and uncoated tools made of PCD, ceramic,
and carbide are now widely used. Due to their excellent burning rigidity and stiffness, they can endure
the upper temperatures generated by quick operations [12]. The primary factor influencing tool
performance is the quantity of heat generated during machining. That's why it's so important to check
the temperature of the cutting tool before turning [13]. In the present investigation, two different
samples of C45 steel were turned with coated tungsten carbide tools to learn more about how these
factors distress the mach inability of the steel. One of the biggest challenges in designing cutting
operations is figuring out how to anticipate and control wear [13]. A helpful definition of the phrase is
"when the cost of replacement is less than the cost of maintaining the tool, it is considered worn out".
The machining properties of C45 medium carbon steel are affected by increases in trace elements like
phosphorus and sulfur. The MRR increases gradually at lower cutting depths but rapidly at higher
cutting depths [14]. Using heat-treated C45 steel and coated and ordinary tools, this study examined
how to optimize end milling parameters using a solitary goal function standard derived from the Taguchi
design and Taguchi orthogonal array. The heat-treated C-45 steel fine grinding process, both coated and
uncoated, has been completed. A coated tool is used to obtain Ra. Both tools have nearly equal kerf
widths. It didn't reveal any notable variations [15]. This study looked into how cutting tool performance
was affected by cryogenic treatment when EN24 steel was being machined (CNC milled) [16]. In order
to reduce surface roughness, 100 m/min is the ideal cutting speed. The improved chemical makeup of
C45e Sheet comprises chromium and nickel, which are absent from C45. C45 steel has a Brinell
hardness range of 170 to 210. The section may be less than HRC48, however the hardness of quenched
C45 steel parts should be between HRC56 and HRC59. Using the deep cryogenically treated inserts,
the best flank wear and surface roughness performance were achieved. In order to mill C45, an uncoated
tool insert was employed. which has a larger proportion of phosphorous and sulfur, shows wear and
cracks on the exterior according to microscopic analysis. SEM micrograph of a C45 steel tool insert
without coating, which is low in sulfur and phosphorus. The EDX analysis illustrates the steel
machining process, and the C45 steel material tool inserts lubricant and heat-producing materials. In
order to compare and contrast the performance of the tool inserts, both coated and uncoated, C45 steel
is milled in this paper.

METHODOLOGY
Experimental Data
C45 Steel

After being tested at a NABL (machining)-accredited metallurgical evaluation laboratory, two
specimens were selected for study. The exact chemical makeups within the sample and the standard are
detailed in Table 1.

Inserts Tool

Generally speaking, the tool holders are fastened to the cutting tips. A typical tool holder and insert
are shown in Figure 1, which also includes: a) an insert tool holder; b) carbide inserts without a coating
and an insert with a Ti-coated carbide.
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Table 1. Theconstituent chemicals of C45 steel, with a representative model and usual.

Part S% Mn% Si% Carbon P%
Model 1 0.007 0.77 0.26 0.450 0.014
Model 2 0.018 0.77 0.26 0.450 0.026
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Figure 1. (a) A holder for an insert tool b)Carbide inserts without a coating and Insert with a Ti-coated
carbide.

The machining profile and the materials to be machined are taken into consideration when choosing
inserts. These carbide tool inserts can be indexed to change the cutting edges during the machining
process.

Settings for Machines

A range of feed rates and cutting speeds were evaluated for C45, including 0.126, 0.176, and 0.226
mm/min; cut depths were tested at 0.75, 1.25, and 2.0 mm; and tool inserts, both covered and uncoated,
were used. Researchers looked into how heat and use affected the instrument. The samples were set up
for a machining duration of 1.5 minutes, 28 millimeters in diameter and 150 millimeters in length. It is
the result of mechanical processes, as seen in Figure 2.

The following factors are considered:
e  Wear on the tool’s sides was examined microscopic.
e A thermocouple for gauging the heat of the tool’s tip.

Figure 2. Products of mechanical processes.
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RESULT AND DISCUSSION
Microscopic Analysis of Tool Wear

The micrograph of tool inserts is shown in Figure 3. The titanium-covered tool prior to mill C45 steel
with an upper amount of P and Su (sample-2) showed relatively less wear than its equal sample-1.

Figure 3c demonstrates the cracks and wear on the outside of an uncoated tool insert (sample 2) that
was utilized in the milling of C45 that had a higher than average amount of phosphorus and sulfur. C45
has a lower P and Su concentration, and Figure 3d depicts the damaged tilt and cracked outside created
during machining.

Wear Surface

o
ractured surface{Tool tip damage)

/mm?a.:i

Figure 3. Surface wear of a tool, as seen under a microscope: (a) surface wear on a covered tool insert
used to process phosphorus- and sulfur-rich C45 steel. (b) tool inserts with a worn coating from cutting
low-phosphorus and sulfur-content steel (C45). (c) surface wear of an uncoated tool insert used to mill
phosphorus- and sulfur-rich C45 steel and (d):tool insert surface wear when machining low-sulphur and
phosphorus C45 steel with an uncoated insert.

Equipment, SEM

SEM micrograph (Figure 4a) of an uncoated tool insert for machining low-phosphorus and sulphur
content (C45) steel. There are more craters and built-up edges in the abstract of the device. Tool inserts
used for cutting upper sulphur and phosphorous percentages are depicted with cavities and starches in
Figure 4b. The titanium coating on the tool surface (shown in Figure 4c) shows very little wear and no
damage. The surface of the tool is shown in Figure 4d.

Thermometer in the Tool tip

Figure 5a demonstrates that even with more significant feed rates and shallower cut depths,
temperatures will be manageable. C45 steel gets hotter as the deepness of the cut increases. As shown
in Figure 5b, increasing the sulphur content of C45 steel improves the oily nature of the substance
qualities. Making it easier to Figure 5 Micrograph illustrating the surface of a worn tool (a): Cutting at
11.10 meters per minute with a DOC of 0.5 mm and an uncoated tool insert. (b):Uncoated tool insert,
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cutting at 19.47 meters per minute (m/min), DOC 1 mm. (c):Tool insert coating at DOCO0.5 and 11.10
meters per minute (d):Part of a tool coating at DOC1mm, cutting at 19.47m/min reducing the chipping
temperature during turning. Figures 5¢ and 5d show that the lubricating properties of C45 steel are
improved by adding additional sulphur to the steel.

Figures 6a and 6b show how temperature changes as DOC does. The rise in temperature as a function
of feed rate is depicted in Figures.6c and 7d. Uncoated tool inserts get hotter than their coated
counterparts, but only slightly.

Figure 4. (a) SEM micrograph, (b) cutting upper sulphur and phosphorous percentages are depicted
with cavities and starches, (c) titanium coating on the tool surface, (d) surface of the tool.
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Figure 5. Temperature of titanium-coated-tool-tip: (a) Changing DOC at a speed of 10.1 m/min (b)
When travelling at 10.10 m/min at a DOC of P 0.025 and S0.017%, the temperature varies. (c) For a
velocity of 19.47m/min, the temperature changes by P 0.013 and S 0.006% for different values of DOC,
(d) For a velocity of 19.47m/min and a DOC of P0.025 and S0.017%, the temperature varies.
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Figure 6. Tool tilt temperature with no coating: (a) Temperature difference with DOC at 10.10 m/s with
P0.013 and S0.006%, (b) Temperature variation with DOC at 10.10 m/s with P 0.020 and S 0.0170%,
(c) Difference in temperature with DOC at 19.47 m/s, P = 0.012, S = 0.007% (d) Temperature variation
at 19.47 m/min, P0.020, and S0.0170% with DOC.

© STM Journals 2024. All Rights Reserved

5249



Journal of Polymer & Composites
Volume 12, Special Issue 5
ISSN: 2321-2810 (Online), ISSN: 2321-8525 (Print)

Tool Insert Analysis Using Edx

Iron from the w/p has been converted to tool insert material in Figure 7. The composition of the
material is clearly visible from the analysis results. Figure 8 shows an uncoated sample subjected to

silicon, carbon, and other w/p material.
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Figure 7. Titanium-covered carbide tool inserts in an EDXA picture.

The EDXA image unequivocally demonstrates how the heat and lubrication during machining cause

C45 steel material to be transferred to the tool inserts Figure 8.

kV: 20 Mag: 100 Takeoff: 35 Live Times(s): 50 Amp Time (

us):7.68 Resolution: (eV) 129.8

Full Area 1-Det 1

1301% W Mo
117K l

104K1
091

078K1 SiKa
065K
039K O Kal

026K
013Kl J |

FeK a

Fe K B1
0.0 1.3 2.6 39 5.2 6.5 7.8
Lsec: 50.0 105 Cnts 1380 keV Det. Element C2B

eZaf Smart Quant Results

Figure 8. Uncoated tungsten carbide tool insert EDXA picture.

When compared to their uncoated counterparts, coated tool inserts require less work sample
transportation. The suggested and cutting-edge methods are contrasted in Table 2. Overall outcomes
thus proved that the suggested method was better than the most advanced techniques available today.
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Table 2. Comparison of the proposed and other state of the art techniques.

Author | Material | Insert tool Fundamentals of | Evaluation of Result
studied cutting machining
responses
[17] AlSI TiN/TiCN/Al203 Cutting depth, feed, | Chip morphology, |Regarding flank wear and
4340 multilayer-coated | speed, and MQL surface topology, surface roughness, pulsing
carbide pulsing time surface roughness, | MQL performed better.
and tool failure The feed rate has a
significant impact on the
chip reduction coefficient.
[18] AISI D3 | TiN-, Latuma-, depth of cut, Cutting | Surface integrity, The surface roughness was
AICrN-coated speed, feed, residual stress, tool | affected by both the
carbide wear, and cutting workpiece hardness and the
temperature depth of cut. Inserts with a
latuma coating showed
improved tool life.
[19] AlSI TiCN-AI203-TiN | Feed rate, cutting Power consumption, | The important factor for
1040 multilayer-coated | depth, and w/p noise intensity, and | roughness was feed, while
carbide material hardness surface roughness | the important factors for
sound level and power
usage were depth of cut.
Proposed | C45 steel | Titanium-covered | feed, reducing Surface wear, When cutting speed and
carbide, Uncoated |times, depth of cut, | Temperature DOC both rise, the
tungsten carbide silicon, carbon, w/p temperature at the tool's tip
material also rises. The heat and
lubrication cause the C45
steel material to be
transmitted to the tool
inserts.

CONCLUSIONS

In this work, a variety of C45 steel samples with different sulfur and phosphorus concentrations were
compared between coated and uncoated tool inserts. The results of experiments conducted on C45 steel
using carbide tool inserts with titanium coating and uncoated tool inserts under dehydrated machining
circumstances, varying the ratios of phosphorus and sulfur, led to the following conclusion. Titanium-
coated tool inserts have minimal surface cratering and wear, as seen in micrographs, and exhibit
excellent machining properties. Phosphorus and sulphur are employed at higher concentrations than
their equivalents because of their superior lubricating characteristics in metalworking. When slicing
tentin C45 steel with less sulphur and phosphorus, the uncoated tool inserts left damage on the work
surface, as seen in an SEM image. Titanium-coated tools, however, show significantly reduced wear
and tear on the inserts in samples 1 and 2. When comparing samples 1 and 2, sample 2's surface qualities
triumph. The temperature at the tool's tip increases as DOC and cutting speed increase. Titanium coating
on the device inserts results in a linear decrease in tip temperature relative to an untreated insert. The
EDXA image clearly shows that during machining, C45 steel material is transferred to the tool inserts
as a result of the heat and lubrication. Overall results thus demonstrated that the proposed method
outperformed the state-of-the-art techniques currently in use. Coated tool inserts reduce the amount of
work sample transportation required compared to their uncoated counterparts.
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