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Abstract A typical machining method utilized in the modern area to shape and 

complete work pieces made out of various materials, including steel compounds, is 

turning. This study explores the impact of cutting pace and feed rate on material 

evacuation rates (MRR) for a few steel combinations ordinarily utilized in designing 

applications. For machining tasks to be streamlined to build efficiency and lower 

creation costs, it is fundamental to comprehend what these qualities means for MRR. 

Utilizing a machine and carbide cutting devices, a progression of turning tests were 

performed on a few steel combinations, and the cutting velocity and feed rate were 

methodically changed inside a foreordained reach. To decide the impact of cutting 

velocity and feed rate on MRR, the trial information were genuinely assessed, utilizing 

Analysis of Variance (ANOVA). As indicated by the examination, the figured metal 

rate increased out with the feed rate and cutting pace. The most noteworthy rejected 

metal rate was 180 mm/min at 168.13 m/min cutting pace and 1.12 mm/fire up feed 

rate. With the feed rate and cutting velocity expanding, so did how much metal that 

was squandered. 56 mm3 of metal was disposed of at its most elevated volume at a 

cutting velocity of 168.13 m/min and 1.12 mm/fire up. How much metal that is 

dismissed increases with feed rate and carbon content, with 56 mm3 at 168.13 m/min 

and ST3 metal being the most elevated esteem. With feed rate and carbon content, the 

required energy similarly ascends, with the most elevated esteem being 190 J at 168.13 

m/min and ST3 metal. 
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1. Introduction 

The cutting apparatus' hub or digressive 

development per turn of the work piece is 

addressed by feed rate, interestingly. It 

straightforwardly influences how much material 

the device eliminates during each pass. As it 

impacts both MRR and the type of the machined 

surface, the feed rate is a muddled boundary. 

Unseemly feed rates might create issues 

including rattle, an inferior surface quality, and 

speed up instrument wear. Thusly, achieving the 

best machining brings about turning tasks 

requires an information on the connections 

between cutting pace, feed rate, and MRR. This 

examination sees what cutting velocity and feed 

rate mean for MRR for various steel composites 

that are much of the time utilized in modern 

cycles. The picked steel amalgams range from 

low alloy steels to treated steel and device steel 

in structure and attributes. This study plans to 

give helpful experiences into the machining of 

steel compounds and direct makers in picking 

the best slicing conditions to further develop 

efficiency and cost-productivity by purposefully 

changing cutting boundaries and concentrating 

on their effect on MRR. The consequences of 

this exploration will propel the area of 

machining innovation and modern creation 

https://rjes.iq/index.php/rjes
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strategies by cultivating more noteworthy 

information on metal slicing processes and their 

flexibility to a great many materials. 

 

2. Literature review 

Titanium amalgams, made by joining titanium 

with different components, are profoundly 

pursued in the aviation and clinical enterprises. 

This study utilized titanium compound (Ti-6Al-

4V) to make grooves on carbide devices utilizing 

a laser prior to covering them with TiN utilizing 

PVD covering. The apparatus is contrasted with 

uncoated carbide devices under different cutting 

circumstances. Results show worked on surface 

getting done and decreased temperature 

arrangement with PVD covered carbide 

apparatuses, advancing harmless to the 

ecosystem machining rehearses [1]. Mechanical 

machining is a pivotal part of the modern area, 

especially in the development of auto parts like 

cog wheels, camshafts, and pinions. The energy 

effectiveness (EE) of these activities is pivotal 

for lessening power expenses and fossil fuel 

byproducts. A review utilizing the Taguchi 

strategy and reaction surface system (RSM) was 

directed on the get done with turning of EN 353 

composite steel. The outcomes showed a 78.92% 

improvement in EE at ideal getting done with 

turning factors contrasted with industry settings. 

The profundity of cut, cutting rate, and nose 

sweep were found to fundamentally affect EE. 

The relapse model's coefficient of assurance was 

93.02%, showing the viability of the model in 

giving exact forecasts [2]. This examination 

utilized multi-objective streamlining to enhance 

AISI 52100 steel for surface quality, machining 

power, and work piece surface temperature. 

Input boundaries incorporate cutting pace, feed, 

profundity of cut, and nose span. Tests were led 

utilizing the Taguchi L9 symmetrical exhibit and 

MINITAB14 programming program. Dark 

Social Examination and Guideline Part 

Investigation were utilized for multi-objective 

enhancement. The ideal slicing boundaries were 

viewed as 900 rpm, 0.04 mm/fire up feed rate, 

0.6 mm profundity of cut, and 0.8 mm nose 

range [3]. This study looked at the effect of 

machining boundaries on a superficial level 

completion of Al6061 composite utilized in gas 

turbines, planes, and aviation. Tests were 

directed on 27 different Al6061 work piece 

materials, taking into account five harshness 

factors. Examination of difference affirmed the 

significance of these elements. The review 

tracked down amazing understanding among 

expected and estimated surface unpleasantness, 

taking into consideration precise forecast of 

surface harshness inside 95% certainty stretches 

utilizing the laid out model [4]. The review 

investigated the connection among 

unpleasantness and its worth in gentle steel 

work. It utilizes an investigation to compute 

cutting pace, feed rate, and surface clean, and 

afterward advances machining settings to boost 

device life [5]. The article analyzed the effect of 

machining boundaries on Material Unwavering 

quality (MRR) in High Chromium and High 

Carbon Steel utilizing artistic supplements. The 

trial utilized eleven tests to decide whether 

earthenware devices could be a better option 

than CBN instruments. Results showed that 

MRR was all the more much of the time 

recognized when instrument life was at its 

greatest [6]. This study utilized the Taguchi 

strategy and Examination of Fluctuation 

(ANOVA) to streamline cutting boundaries for 

aluminum compound 6061 T6 tube shaped 

poles. The ideal cycle factors incorporate cutting 

velocity of 429 m/min, feed pace of 0.05 

mm/min, and profundity of cut of 1 mm, 

bringing about a better surface completion. This 

enhancement is pivotal for expanding yield 

while decreasing expenses [7]. The review 

researched the effect of machining boundaries on 

a superficial level unpleasantness of aluminum 

composite 6082 utilizing a HSS end factory 

shaper. The investigation utilized a L16 

symmetrical cluster plan and Motion toward 

Clamor proportion and Examination of 

Fluctuation techniques to recognize the surface 

completing component with the most impact. 

Results showed that cutting rate had a reverse 

relationship with surface unpleasantness, 

featuring the significance of surface harshness in 

item quality [8]. This study plans to improve 

CNC turning activities utilizing OHNS material. 

The machine was decided because of its 

adaptability and cost-adequacy, making it 

appropriate for different undertakings. The 
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OHNS apparatus was decided because of its 

hardness, making it reasonable for modern use. 

The review examined info and result factors like 

feed, cutting circumstances, speed, surface 

unpleasantness, surface completion, and material 

evacuation rate utilizing past examination on 

CNC turning. The information boundaries were 

feed, profundity of cut, and cutting rate, while 

the result boundaries were MRR and temperature 

[9]. This exploration researches the development 

of aluminum-based MMC made of alumina and 

its dry turning utilizing covered tungsten carbide 

instruments. Turning tests were directed at 

different velocities, feed rates, and cuts 

profundities. Taguchi and ANOVA procedures 

were utilized to work on surface harshness and 

metal expulsion rate. The ideal cycle boundaries 

for MRR and surface harshness were viewed as 

0.4 mm nose range, 1250 RPM speed, 0.2 

mm/fire up feed, 0.9 mm profundity of cut, and 

0.8 mm nose span, 1250 RPM speed, 0.1 

mm/fire up feed, and 0.3 mm cut profundity 

[10]. Makers plan to convey excellent products 

inside restricted spending plans and courses of 

events, involving processing machines for 

machining different materials. To accomplish 

this, they should accelerate material evacuation, 

increment efficiency, and limit surface 

unpleasantness. Studies have shown that axle 

speed, feed rate, and cut profundity are key 

cutting boundaries that influence material 

expulsion rate. This paper shows the effect of 

different cutting boundaries and settings on 

material evacuation rate and surface harshness, 

featuring the significance of productive 

apparatus in the present cutthroat modern areas 

[11]. This study looked at the effect of 

processing SAE52100 apparatus steel on surface 

unpleasantness and metal expulsion rate. It 

thinks about cutting rate, feed, and profundity of 

cut as info factors. Numerical models utilizing 

the reaction surface methodology are utilized to 

estimate surface completion and metal 

evacuation rate. Surface harshness is chiefly 

impacted by feed rate and profundity of cut, 

while metal expulsion rate is basically impacted 

by feed rate. Contrasting numerical model 

discoveries and test information, a decent 

understanding was gotten. To guarantee wanted 

quality and expanded efficiency, process 

boundaries can be picked in view of the expected 

model's discoveries [12]. Metal network 

composites (MMCs) with high unambiguous 

strength, damping limit, explicit modulus, and 

wear opposition are acquiring prevalence 

because of their low thickness and economical 

fortifications. SiC, a synthetically viable support 

with aluminum, is utilized in the creation of 

MMCs. The mix projecting methodology is the 

most well known because of its exceptional 

blending trademark. A review means to decide 

what explicit cutting variables mean for surface 

unpleasantness and material evacuation rate 

during end processing of composites made of 

aluminum combination (Al 6061) and SiC metal 

network. The review utilizes the Taguchi 

configuration approach, MINITAB-14 

programming system, and ANOVA to assess the 

nature of fit. The S/N proportion diagrams show 

that the most minimal SiC rate, least speed, 

medium feed rate, and medium profundity of 

sliced are connected with the best surface 

quality. The ideal boundaries for a mix of high 

surface completion and high material expulsion 

rate are medium SiC, low speed, high profundity 

of cut, and medium feed rate [13]. This study 

investigated the effect of cutting boundaries on 

cutting power and feed force during the turning 

system. Tests were led on an accuracy 

community machine, and the ideal level for 

surface unpleasantness and cutting power was 

resolved utilizing ANOVA. The association 

among feed and profundity of cut fundamentally 

affected difference. The investigation discovered 

that feed and the interaction of speed and feed 

are the vitally contributing variables to surface 

unpleasantness. This data could support 

streamlining cutting boundaries for turning 

gentle steel with HSS [14]. The Reaction 

Surface Strategy method is utilized to upgrade 

material evacuation rate in cutting D2 (Bite the 

dust Steel) on an upward processing community. 

The MITSUBISHI M70 V series CNC vertical 

machining focus was utilized for the trial. The 

boundaries considered incorporate axle speed, 

feed rate, and profundity of cut. Minitab 

Programming was utilized to survey the effect of 

these boundaries on material evacuation rate 

[15]. The review explored the connection 

between cutting power and surface harshness 
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utilizing a fired instrument and AISI 1050 steel. 

Tests were directed utilizing a Johnford TC35 

Modern CNC machine, utilizing the Taguchi 

method. Results showed that feed rate essentially 

influences cutting power and surface 

unpleasantness, while profundity of cut 

altogether impacts cutting power. The 

association of feed, profundity of cut, and each 

of the three boundaries essentially influences 

cutting power, yet none altogether influences 

surface unpleasantness. The review proposes that 

distinguishing the ideal feed rate and profundity 

of cut is significant for advancing surface quality 

[16]. This paper lays out the association between 

Surface Unpleasantness (Ra) and Material 

Expulsion Rate (MRR) utilizing the Taguchi-

based Box-Behnken RSM strategy. It upgrades 

the high velocity CNC processing process 

utilizing higher axle speed, feed rate, and 

profundity of cut for better surface completion 

and material expulsion rate utilizing the Multi 

Objective Hereditary Calculation (MOGA). 

Factors, for example, axle speed, feed rate, 

profundity of cut, material hardness, machining 

type, dynamic powers, device wear rate, and 

shaper shape add to Ra and MRR. The procedure 

limits human mediation in the high velocity 

CNC processing process [17]. The device work 

thermocouple approach is utilized to screen the 

apparatus chip interface temperature during 

turning an EN-31 steel composite with tungsten 

carbide embeds. First and second-request 

numerical models are made to dissect the 

machining boundaries, including cut profundity, 

feed rate, device nose sweep, and cutting pace. 

The outcomes show that cutting velocity, feed 

rate, and profundity of cut have the best impact 

on the chip-instrument interface temperature, 

trailed by apparatus nose range. The second-

request impact of cutting rate is especially 

significant. The models function admirably for 

different cutting circumsta. 

3. Methodology 

The precision-engineered industrial tool, the 

TOS Trencin SN 400x1000 metal lathe turning 

machine, is essential for shaping, machining, and 

perfecting metal work pieces. It belongs to the 

esteemed lineage of TOS Trencin lathes, known 

for their robust construction, outstanding 

performance, and versatility in metalworking 

applications. The SN 400×1000 lathe is 

renowned for its ability to complete a variety of 

turning jobs with accuracy and efficiency, 

making it a valuable tool in diverse production 

settings. The bed length of the TOS Trencin SN 

400×1000 is 1000 millimeters, or about 39 

inches, while the swing diameter is 400 

millimeters, or roughly 15.75 inches. With these 

features, a medium-sized lathe perfectly balances 

capacity and adaptability. This machine is 

appropriate for both small-scale and moderately 

sized machining activities since it can 

accommodate work pieces of various sizes and 

designs.  

       The tool used in the present project Sandvik 

Coromant T-Max® P shank tool for turning 

(PDJNL 3232P 15). Negative basic shape inserts 

for high performance turning stretching from 

small components to heavy machining. The 

inserts fit into all Sandvik Coromant high 

performance holding systems and can be used in 

a variety of applications in all materials. 

Geometries specifically designed for high-

pressure coolant. Double sided inserts with 

strong edges. Lever clamping for wet machining, 

RC clamping for dry machining and short chip 

materials, wedge clamp for improved 

accessibility. Precision nozzles and optimized 

geometries for high pressure coolant machining. 

Country of Origin  ‎ Sweden Square Shank, Steel, 

External, Lever Lock, Left Hand, 32 mm Width 

× 32 mm Height Shank, 170mm Length × 40mm 

Width, DNMG 442 Insert Size, -7 Degree 

Inclination Angle. 
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Table 1: Geometry and properties of cutting tools. 

Shank width(B) 

 

32 

 

mm 

Functional 

length(LF) 

 

170 

 

mm 

Functional 

width(WF) 

 

40 

 

mm 

Tool cutting edge 

angle(KAPR1) 

 

93 

 

deg 

Maximum 

overhang(OHX) 

41.6 mm 

  

body material 

code(BMC) 

 

Steel 

 

 

Shank height(H) 

 

32 mm 

Coolant entry thread 

size(CNT) 

G 1/8-

28 

 

 

 In the present project three types of ferrous 

metals have been used wich are: 
1. Low alloy steels. St 03, Germany DIN 1.0333 Steel. 

2. Medium alloy steels St 45, Germany DIN 1.0408.  

A cylindrical work pieces were prepared to eat with the 

dimensions that is shown in Table (2) for the 

selected work pieces materiel. 

 

Table 2: the dimensions of martial bars 

length 30 cm 

diameter 40 mm 

Depth of cut 0.5 mm 

 

 
Figure 2: Samples 

 

1. St 45 (Steel Grade): 

St 45, or St 45.8, is a designation often used to 

specify a low alloy steels grade in various 

international standards, such as DIN 17175 and 

DIN 17100. It typically represents a low to 

medium low alloy steels with specific 

mechanical and chemical properties. The exact 

composition and properties of St 45 steel can 

vary depending on the standard and application 

it is used for. 

 

 

 

 

 

 

2. St 3 (Steel Grade): 

St 3 is not a commonly recognized steel grade 

designation in international standards. It's 

possible that "St 3" may refer to a specific 

grade of steel used in a particular context or 

region. Without more specific information, it's 

challenging to provide detailed information 

about St 3. 

 

3. Y8 (Reinforcing Steel Bar): 

Y8 is a common designation for a type of 

reinforcing steel bar used in construction, 

particularly in concrete structures. The "Y" 

typically stands for "yield strength," and "8" 

represents the nominal diameter of the bar (in 

millimeters). So, Y8 would typically refer to a 

reinforcing steel bar with a yield strength and a 

diameter of 8 millimeters. These bars are used 

to strengthen and reinforce concrete structures 

like buildings, bridges, and highways. 

 



Diana Abd Alkareem Noori Kattab/ Al-Rafidain Journal of Engineering Sciences Vol. 2, Issue 1, 2024: 72-81 

77 

 

 

 

 

 

 

Table 4: Concentrations of substances in the samples used. 

Fe% Cu% V% Al% Ni% Mo% Cr% S% P% Mn% Si% C% Sample 

Bal. 0.174 0.0011 0.063 0.0657 0.0119 0.130 0.0238 0.0132 0.640 0.331 0.555 St 45 

Bal. 0.0857 0.355 0.0259 0.0862 1.24 5.25 0.0083 0.0085 0.256 1.09 0.313 St 3 

Bal. 0.0842 0.353 0.0158 0.0884 1.24 5.23 0.0099 0.0089 0.254 0.108 0.313 Y8 

 

Several parameters were used to see the 

difference in the extracted results. More than 

one feed was used with a fixed depth of cut of 

0.5 mm and a variable cutting speed ranging 

from 500 to 1400 RPM. As Table 5. 

 
Table 5: Parameters of tests. 

No. 
Depth of cut 

(mm) 

Cutting 

speed(m/min) 

Feed rate 

(mm/rev) 

1 0.5 67.98 

0.72 

0.88 

0.96 

1.12 

2 0.5 89.22 

0.72 

0.88 

0.96 

1.12 

 

3 

 

0.5 122.5 

0.72 

0.88 

0.96 

1.12 

4 0.5 167.13 

0.72 

0.88 

0.96 

1.12 

 

4. Results and discussion 

The Material Removal Rate (MRR) in 

machining operations is directly influenced by 

cutting speed, with an inverse relationship 

between the two. Increased cutting speed leads 

to higher MRR, which in turn increases 

productivity. However, it's important to 

consider factors like tool life, material 

characteristics, material influence, surface 

finish, and power requirements when 

determining the best cutting speed for a 

specific process. High cutting speeds may be 

tolerated by soft metals but should be used at 

lower rates for hardened steel. Additionally, the 

surface finish can be affected by the speed, 

with higher speeds providing smoother 

surfaces. 

Figure 3 shows that as the feed rate increased, 

the value of the scraped metal rate increased, 

and as the value of the cutting speed increased, 

the amount of the scraped metal rate also 

increased, as the largest value was 180 mm/min 

at the cutting speed of 168.13 m/min and at the 

feed rate of 1.12 mm/rev. 
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Figure 3: Material Removal Rate (MRR) gradient with feed rate at different cutting speed for St 45 

Cutting speed significantly impacts the volume 

of material removed (VMR) during machining 

operations. Increased cutting speed leads to 

more material removal in the same time, 

boosting productivity. However, the ideal 

cutting speed is nonlinear and can result in 

excessive tool wear, higher heat output, and 

shortened tool life. High cutting rates may also 

increase tool-workpiece contact heat, leading to 

tool replacements and increased downtime. The 

best cutting speed depends on the tool 

substance, material characteristics, surface 

finish, and power requirements. Harder 

materials may require lower cutting speeds, 

while softer materials can handle higher rates. 

Increasing cutting speed may also require more 

power from the machining machinery, 

impacting energy use and running costs. 

Figure 4 shows that the greater the feed rate, 

the greater the value of the volume of the 

discarded metal, and the greater the value of 

the cutting speed, the greater the amount of the 

volume of the discarded metal. The largest 

value was 56 mm
3
 at the cutting speed of 

168.13 m/min and at the feed rate of 1.12 

mm/rev. 

 

 
Figure 4: Volume of material Removal gradient with feed rate at different cutting speed for St 3 

      Cutting speed during machining operations 

directly impacts energy usage. Higher cutting 

rates require more power from the machining 

tool, leading to increased energy use. Heat 

production from higher friction and cutting 

forces can result in less effective removal 

procedures. Faster cutting rates may also lead 

to tool wear and increased tool maintenance 

costs. However, higher cutting speeds can 

increase material removal efficiency while 

using more energy. Material characteristics, 

cooling and lubricating systems, and surface 

finish quality also impact energy consumption. 

The ideal cutting speed depends on factors like 

material qualities, tools, cooling techniques, 

and surface polish. Balancing energy usage and 

material removal rates is crucial for optimizing 

machining operations. 

Figure 5 shows that the greater the feed rate, 

the greater the required energy value, and the 
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greater the cutting speed value, the required 

amount of energy also increased, as the largest 

value was 190 J at the cutting speed of 168.13 

m/min and at the feed rate of 1.12 mm/rev. 

 

 
Figure 5: Energy required gradient with feed rate at different cutting speed 

The volume of material removed (VMR) 

during machining operations is significantly 

influenced by a material's carbon content. 

Higher 

carbon content results in harder materials, 

which can lead to lower VMR. Cutting tool 

wear is also increased, affecting tool lifespan 

and material removal capacity. Higher carbon 

content also leads to greater cutting forces, 

which can decrease machining effectiveness. 

Heat production is increased due to higher 

cutting pressures and friction, affecting the 

machining process. High-carbon materials have 

higher specific cutting energy, which may 

lower VMR. Machinability may also be 

affected by high-carbon materials, making 

them harder to manufacture. Tool geometry 

and selection also impact VMR. Effective 

cooling and lubrication systems are often 

required to regulate heat production and 

maintain machining efficiency. Surface finish 

quality also affects VMR. Thusly, enhancing 

these boundaries is essential for machining 

materials with various carbon focuses. 

Figure 6 shows that the more noteworthy the 

feed rate, the more prominent the worth of the 

volume of the disposed of metal, and the more 

noteworthy the worth of the carbon focus in the 

material, the more noteworthy the volume of 

the disposed of metal, as the biggest worth was 

56 mm^3 at the cutting pace of 168.13 m/min 

and at the ST3 metal. Because according to the 

equations used to calculate the amount of 

volume taken, it depends on the size of the tool 

used and the amount of speed, and does not 

depend on the two types of material on which 

the volume was taken, due to the difference in 

density. 

 
Figure 6: Volume of Material Eliminated angle with feed rate at various material 
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 The carbon content of a material fundamentally 

impacts the energy required for machining tasks. 

Materials with higher carbon content are 

regularly harder and more solid, requiring more 

energy to eliminate the material. This is because 

of their abrasiveness, which can cause device 

wear and expanded instrument use. Additionally, 

materials with higher carbon content may 

produce more heat, affecting tool life and energy 

efficiency. Specific cutting energy, which is the 

energy needed to remove a unit volume of 

material, is often higher in materials with higher 

carbon concentrations. Cutting speed can also 

impact energy consumption, with higher cutting 

speeds potentially reducing energy use per unit 

of material removed. The choice of cutting tool 

materials and geometry can also reduce energy 

consumption. Therefore, careful selection of 

cutting parameters, equipment, cooling 

techniques, and lubrication is crucial for 

effective machining of high-carbon materials. 

Figure 7 shows that the greater the feed rate, the 

greater the value of the required energy, and the 

greater the value of the carbon concentration in 

the material, the amount of energy required also 

increased, as the largest value was 190 J at the 

cutting speed of 168.13 m/min and at the metal 

ST3. 

 

 

 
Figure 7: Energy required gradient with feed rate at different material Cutting speed 167.13 (m/min) 

 

5. Conclusions 

     The results will be summarized as follows: 

1. The study found that as the feed rate and 

cutting speed increased (ST 45), the scraped 

metal rate also increased. The largest scraped 

metal rate was 180 mm/min at a cutting speed 

of 168.13 m/min and a feed rate of 1.12 

mm/rev (ST 3). The volume of disposed of 

metal likewise expanded with the feed rate 

and cutting velocity. The biggest disposed of 

metal volume was 56 mm
3
 at a cutting pace of 

168.13 m/min and 1.12 mm/fire up (Y8). 

2. The volume of disposed of metal decreased 

with feed rate and carbon fixation, with the 

biggest worth being 56 mm
3
 at 168.13 m/min 

and ST3 metal. The necessary energy 

likewise increments with feed rate and carbon 

fixation, with the biggest worth being 190 J at 

168.13 m/min and ST3 metal. 
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