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Abstract—The study of temperature and wear of tool were 

analyzed in this work for machining C45 increasing amounts of 

trace metals like phosphorus and sulphur in steel. Medium 

carbon steel is steel having carbon percentage of 0.42 to 0.50% 

and minute amount of sulphur, phosphorus, nickel, and 

molybdenum were present in it, C45 steel is divided as low, 

medium and high carbon steel. Shafts, connecting rods, nuts, 

bolts, and rollers are among the items made from this particular 

steel. In this study, temperature analysis and the observation of 

the wear surface of uncoated carbide tool inserts were done using 

two distinct samples of specific, changing Sulphur and 

Phosphorus%. The C45 bars were used for machining using 

uncoated tungsten carbide tool inserts at various cutting speeds 

(11.0 m/min and 15.58 m/min), varied rates of feed (0.125, 0.175 

and 0.225 mm/min), and DOC (0.5, 1 and 1.5 mm). Outcomes 

revealed that materials with a larger proportion of phosphorous 

and sulphur trace elements had better machining capabilities, 

and as a result, traces within a certain amount produce results in 

better. The behavior and impact on the attributes of a tool 

sample were also observed. 
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I. INTRODUCTION 

According to its carbon content, C45 is a medium carbon steel 

that has an approximate 0.40–0.50% carbon content. In the 

majority of industries, plain carbon steels are utilized 

extensively because they are simple to work with and 

affordable [1]. It strikes a nice balance between ductility, 

strength, and wear resistance. Axles, bolts, torsion bars, light 

gears, guide rods, shafts, axes, and drills for woodworking, 

among other things, are made of C45 steel bars. Numerous 

drill bit varieties, such as twist drills, are constructed of carbon 

steel, and while the shafts are hot-rolled, they were finished by 

turning [2]. The quality of the produced steel can be 

significantly impacted by trace impurities of numerous 

additional elements. The machinability of medium carbon 

steel is enhanced by the presence of traces of sulphur in steel 

[3], and to a lesser extent by phosphorus, which also enhances 

increases yield strength and corrosion resistance in metals. 

Sulphur contributes to the soft, chip-breaking discontinuity 

known as manganese sulphide, and an increase in sulphur 

improves the material's mechanical characteristics [4]. In order 

to prevent a built-up edge on the cutting tool, it also functions 

as a dry lubricant. Turning is a generalized machining 

operation with a number of benefits, including high material 

removal rates [5], the ability to produce parts with tight 

tolerances, and some degree of surface quality [6]. The benefits 

of employing carbon-tipped tools include their low cost, capacity 

for dissipating heat, longevity, ease of replacement, and ability to 

produce cleaner cuts and finishes [6, 7] [edges stay sharper for 

longer]. The development uncoated inserts with sufficient hot 

toughness and strength to withstand greater temperatures 

produced under high-speed circumstances is a result of cutting 

tool technology advancements [8]. Review of Due to the 

enormous amount of heat that will be produced at the point of 

tool contact during machining, cutting tool temperature is crucial 

[5]. Tool performance is dependent on the heat as a factor. 

Number of scientists and researchers are carrying out work to 

develop new materials and characterize them so that the 

appropriate material can be selected for specific end use. 

To further understand how these components contribute to 

increasing machinability by lowering the required cutting 

forces, the present work turns two separate samples of C45 

utilizing uncoated tungsten carbide tools. 

II. METHODOLOGY 

a. Material 

Selection of sample and cutting tool inserts Samples tested at 

NABL accredited metallurgical testing centers as per the test 

method ASTME 415: 2017/IS 8811-1998. Two samples were 

determined based on the testing; table 1 outlines the two 

samples. Table 1 also includes the composition according to 

the standard. 

Table1: C45 Medium carbon steel chemical composition 
Composition Carbon% S% P% 

Standard 0.40 – 0.50 0.045 max 0.045max 

Sample-1 0.45 1 0.006 0.013 

Sample-2 0.45 0.017 0.025 

 

Tool inserts selected - DCMT: D-Diamond shape, 15- Width 

and 04-Thichness 
 

 
Figure 1: DCMT tool insert 

b. Experimentation 

Under dry cutting conditions, In order to process the round 

bars, two different cutting rates (11.0 m/min and 15.58 m/min) 

were used. Utilizing uncoated tungsten carbide tool inserts, 
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different feed rates (0.125, 0.175 and 0.225mm/min) and cut 

depths (0.5, 1 and 1.5mm) were achieved. These parameters' 

effects on surface quality, material removal rate, cutting 

forces, tool flank wear, and tool tip temperature were 

examined. The specimen had a 3 minute machining time, a 32 

mm diameter, and a 150 mm length. 

Process parameters like temperature and tool wear determined 

as follows: 

 The tool maker's microscope is used to measure tool 

wear, specifically flank wear. 

 Tool tip temperature using thermocouple. 

 

III. RESULTS AND DISCUSSIONS 

a. Tool wear 

Figures 2 and 3 illustrate how tool wear changes as cutting 

depth increases when turning C45 steel with an uncoated 

tungsten carbide tool insert under various feed rate scenarios 

and a speed of 11.10 m/min. The temperature rises as the 

depth of the cut does, which causes an increase in tool wear. 

Figures 2 and 3 shows that for C45 steel with lower sulphur 

percentages, at lower depths of cut tool wear are less on the 

surface of the tool. When the feed rate is increased, tool wear 

rises up to a certain cut depth before progressively declining. 

Temperature and cut depth are the key determinants of tool 

wear. The graph shows that tool wear is influenced by feed 

rate as well. 

 
 

Figure-2: Tool wear with DOC for cutting speed 11.10m/min having lower 

percentage of S and P. 
 

 

Figure-3: Tool wear with DOC for cutting speed 11.10m/min having higher 
percentage of S and P. 

 

 

Figure-4: Tool wear with DOC for cutting speed 15.58m/min having lower 

percentage of S and P. 

 
 

 
Figure-5: Tool wear with DOC for cutting speed 15.58m/min having higher 

percentage of S and P. 

 

Figures 4 and 5 shows the results obtained for higher cutting 

speed conditions. At moderate feed rate, lower sulphur content 

will show decreasing tool wear characteristics. At moderate 

feed rate increase in sulphur and phosphorous percentage has 

decreased the tool wear. 

 
b. Temperature 

 
At cutting speed of 11.10m/min: During machining, the tool 

tip's temperature increased linearly as the depth of cut and 

feed rate increased. But the temperature of the tool was found 

be comparatively higher while machining sample 1 than 

sample 2 as evident in figure 6 & 7. 
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Figure-6: Temperature with DOC for cutting speed 11.10m/min having lower 

percentage of S and P. 
 

 
Figure-7: Temperature with DOC for cutting speed 11.10m/min having higher 

percentage of S and P. 

 

From figure 8 and 9 as the feed rate increases the 

cutting forces required gradually increases for both sample 1 

and sample 2. But the Temperature of sample 2 as shown in 

figure 9 is comparatively low at feed rate of 0.175mm/min and 

0.225mm/min. But at initial feed rate of 0.125mm/min and 

0.5mm depth of cut Temperature are more for sample1. 
 

 

Figure-8: Temperature with DOC for cutting speed 15.58m/min having lower 

percentage of S and P. 

Figure-9: Temperature with DOC for cutting speed 15.58m/min having higher 

percentage of S and P. 

 

c. Scanning Electron Microscopy 

SEM image of the worn-out flank surface of an uncoated 

tungsten carbide tool insert used to convert C45 steel work 

material with sulphur 0.006% and phosphorous 0.013% 

 

Figure 10 shows the tungsten carbide tool inserts worn-out 

flank surface, which was used to machine C45 Steel. The 

insert sample utilised for speed used for turning 11.10m/min 

and feed rate 0.225mm/min for depth of cut 0.5 mm showed 

wider and deeper craters on the surface of the tool. Figure 11 

demonstrates that the tool sample used to calculate the speed 

of 15.58 m/min contains a greater concentration of sulphur 

and phosphorous trace elements and feed rate 0.175 mm/min 

resulted in reduced surface degradation because of the 

lubricating properties of the C45 material. The tool's degraded 

flank surface is shown in figure 11 depicts the formation of 

white layer. It is observed that ferrous material has been 

transported and bonded on to the surface of the tool insert. 

 

Figure 10: SEM image of worn out flank of uncoated carbide tool used to 

machine C45 Steel material having sulphur 0.006% & phosphorous 0.013% 
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Figure 11: SEM image of worn out flank of uncoated carbide tool used to 
machine C45 Steel material havingsulphur 0.017% & phosphorous 0.025% 

 

IV. CONCLUSIONS 

Analyzing the results of the experiment, this resulted in the 

following findings. 

 Increase in doc increases the wear in the flank of 

uncoated carbide tipped tool, at greater feed rates and 

cutting speeds, tool wear will be minimal and flank 

wear will be reduced. 
 

Temperature plays the major role in turning operation; 

  When cutting at a speed of 11.10 m/s: The 

temperatures of tool tip were increasing linearly 

when the feed rate and doc increase. But the 

temperature of the tool was found be comparatively 

higher while machining sample 1 than sample 2. 

  At cutting speed of 15.58m/min: It is observed that 

sample 2 has very good results in terms of tool tip 

temperature. The tool tip temperature was 

comparatively higher for sample 1 than sample 2 

while machining at feed rate of 0.225mm/min. 
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