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ABSTRACT: Hot machining is considered one of the new techniques in the machining of hardened steels 

to improve their machinability and surface finish. These materials are difficult to be machined whether using 

conventional or unconventional methods and also facing constraints (like high cutting tool wear, low 

material removal rate, low surface quality etc.) which lead to high costs and decrease productivity. Hot 

machining is a suitable process for machining hardened steels which is characterized by having high thermal 

capabilities. Therefore, one of the variable and available heating techniques which can be used to preheat 

the cutting zone of the work piece is by increasing the operating temperature, which helps to soften such 

zones and making the machining operation easier due to decrease its hardness and strength. This increases 

the tool life, material removal rate and surface finishing quality. This work includes hot machining of a 

crankshaft of internal combustion engine on conventional Lathe Machine heated by Torch flame fixed on a 

fixture which was designed and fabricated for this purpose. The main objective of the present work is to 

study experimentally the influence of surface temperature and machining parameters on the surface quality 

of the crankshaft after hot machining. 
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INTRODUCTION 

The conventional machining of hardened materials is characterized by high cutting forces and high cutting 

temperature, less tool life (rapid tool wear), and poor surface quality, as the heat generated on the work piece 

damages the cutting tool and mainly affects the surface roughness, which is important in the design of the 

machined parts as it affects wear resistance and fatigue strength and contribute to its failure. These affect 

the performance and economy of the machining process involving poorer machinability, higher cost of 

machining and lower productivity such that manufacturers have been working to optimize productivity by 

reducing the machining cost [1-4]. 

Hardened steels are one of the most types of high hardened materials which are used widely in 

manufacturing automotive, aircraft and machine tool components due to their preferable properties 

including strength, wear resistance and high thermal stability and unique metallurgical properties. On the 

other hand, the machining of such materials is very difficult and costly to produce machined parts with high 

accuracy and surface quality due to their high hardness, abrasiveness, toughness and work hardening 

behavior. 

High tool wear and low surface finishing are considered the most important constraints in conventional 

machining methods. Besides; the rate of material removal is lower in unconventional type. This leads to 

high costs and decrease the productivity. Researches and studies are ongoing to avoid machining constraints 

and improve the machinability of these materials and explore a new approach in machining (like hot 

machining) to reduce costs with ensuring its preferable properties and quality requirements of the machined 

parts [5-8]. 

The heat generated during the conventional machining process causes an increase in the temperature in 

three cutting zones for the work piece and cutting tool jointly (deformation zones: shear zone, chip-cutting 
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tool interface and work piece-cutting tool interface). In addition, it creates difficulties and negative impacts 

on machining. This means that the work piece and cutting tool cause difficulty in machining and the work 

piece material can bypass the problems of the heat generation and facilitate machining parameters by 

applying hot machining process [9]. The hot machining process has the ability to overcome many problems 

resulting from the high cutting forces and high cutting temperature when using conventional machining 

methods by processing the cutting force system between machined part and cutting tool and produce good 

results, including good finishing of the surfaces that be machined [10]. 

Hot machining process is considered one of the most important and effective solutions to facilitate or ease 

the machining of hardened steel materials with bulk material removal rate and less cutting tool wear. The 

continuous developments of the hot machining process assist to increase the rate of material removal and 

reduce the cost of machining without impacting the machined parts quality taking into consideration that 

the advances and improvements of machine and cutting tools are not important. This process includes 

operating high temperature externally using one of the heating methods (such as; flame torch, induction, 

laser, plasma, electrical, etc.) to preheat and soften the machined parts which can reduce its hardness by 

noticeable difference with the cutting tool and consequently, the shear strength in the cutting zone (shear 

zone) locally reduces, as its material becomes more ductile [7, 8, 11-14]. The external heating temperature 

of the work piece plays an important role in facilitating the machining process by reducing the cutting forces, 

tool temperature and its rapid wear, and raising the performance of the process by enhancing tool life, the 

rate of material removal and surface finish. This confirms the importance of appropriate selection of the 

heating source [3, 4]. The quality of the surface finish which is required for the machined parts and 

components to reduce friction and wear, and also important for tool life, aesthetic appearance and 

tribological properties depends on their proper uses and functions in different mechanical systems and 

applications (such as, shaft, gear, bearing, seal, speed, etc.) [15]. 

The importance of finishing surfaces of the machined parts in the industry and manufacturing sector is 

identified because of some reasons as follows. Firstly, through its positive effect on the quality and the cost 

of mechanical products and seeking for accepting percentage between them during the production stages. 

Secondly, it makes an immediate correction of any deviation between them to avoid its negative extenuation 

impact on the total productivity, control and optimize the cutting parameters and conditions result in a larger 

material removal rate. Finally, having better quality of surface finish where there is no specific or definite 

formula to predict surface finish which links to the cutting parameters set and the rate of material removal. 

In spite of the fact that applying optimum cutting parameters (cutting speed, feed rate, and cut depth) and 

temperature reduce the cutting forces and the roughness of the surface, they increase the material removal 

rate. This behavior is important in giving a remarkable effect to hot machining in producing good surface 

quality and for the evaluation of finishing surfaces of the machined parts. Within this understanding, it can 

be expressed that the surface finish and chip formation with optimum machining parameters are the hallmark 

of machinability evaluation and product performance [14-18]. 

This field was studied by some authors who have investigated the effect of heat and machining parameters 

on the hot machining of highly hard materials that have high mechanical properties and their positive 

reflection on tool wear, tool life, rate of the material removal, surface integrity and chip formation. This 

gives certain indications of an increasing in the machinability of these materials, reducing costs and raising 

the productivity. Maity and Swain, 2008 examined experimentally the hot machining of high manganese 

steel using carbide cutting tool and heating technique of burning a mixture consisting of liquid petroleum 

gas and oxygen. They investigated the effects of cutting conditions on tool life which was developed using 

regression analysis and defined as the function of cutting speed, feed, depth of cutting, and temperature. The 

adequacy of the model was tested using X2-test. The authors also observed that the effect of the work-piece 

temperature is the most important factors on tool life. However, the recrystallization temperature of the 

work-piece limits was recorded as the maximum one. These authors concluded that the coefficient of the 

chip-reduction decreases with increasing the temperature [11]. 

Davami and Zadshakoyan, 2008 studied the influence of hot machining with a gas flam heating for work 

piece of AISI 1060 steel (45HRC) and uncoated carbide in two cases. They showed that the first case was 
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surface roughness quality with constant cutting parameter under (300°C). The second case was the tool 

temperature variation of (78.5 and 51 m/min) cutting speeds. They concluded that the preheating 

temperature at (300°C) causes reduction of (15%) in yield stress, which may increase the tool life, and 

improve the surface roughness (Ra≈0.6μm with Vc = 35 m/min). They also concluded that hot machining 

may be used for finishing operation and the produced discontinuous form chips may be changed to 

continuous form in low cutting speeds [19]. 

A studied the effect of induction heating temperature and cutting parameters (cutting speed and feed rate) 

on surface integrity (micro hardness and work-hardening) created by hard milling of AISI D2 hardened steel 

when the hot machining process was applied using coated carbide cutting tool. In their work, the authors 

used scanning electron microscope (SEM) and Vickers micro hardness tester to investigate the surface 

integrity and the behavior of micro hardness which was induced in the subsurface region. They showed that 

the measurement of the micro hardness proved that the work-hardening which was caused by room 

temperature machining is adequately reduced by applying preheating during the process of the hot 

machining which leads to eliminate the work hardening effects during the cutting. They successfully 

identified three main zones (heat-affected zone (HAZ), work-hardening zone (WH), and safe and normal 

zone (SN)) below the top surface in order to cut this alloy [7]. 

Trivedi et al., 2014 investigated the hot machining of AISI 4340 steel. They used a tungsten carbide cutting 

tool with heating by burning a mixture of oxygen and acetylene gas. They studied the individual and 

combined effects of the cutting parameters (cutting speed, feed rate and cut depth) on surface roughness at 

different temperature (200°C, 400°C and 600°C). In this work, the relationship between the parameters and 

the performance measurement was determined using multiple linear regression equations. They presented 

that the surface roughness decreases from maximum value (1.52 μm) at (200oC) temperature, (13.84 m/sec) 

cutting speed and (0.065 mm/rev) feed to a minimum value (0.678 μm) at (600 oC) temperature, (32.21 

m/sec) cutting speed and (0.152 mm/rev) feed such that, yield strength of work material decreases and 

becomes ductile causing an increasing in the cutting parameters due to the high preheating temperature of 

hot machining. The authors found that any increase in feed rate benefits of increasing the productivity [20]. 

Luiz E. A. Sanchez et al., 2014 applied the hot machining to heat-resistant austenitic alloy steel which used 

in special applications, such as in combustion engine exhaustion valves. Heating technique was used by the 

authors to preheat the work piece during the turning.  The work piece consists of quartz electrical resistances 

which were set around it. The results achieved by the authors includes increasing the tool life by 340% with 

a maximum cutting speed due to the decrease in tool wear and achieving a greater material removal rate. 

The surface roughness decreased by 205%. Microscopic examination showed an increase in the micro 

hardness values at subsurface layer due to the decrease in yield strength. Reduced hardness and cutting force 

were reflected in the increased rate of material removal and enabled the chip to form continuously [21]. 

F. Abdullah Sultan and Dr. R. Panneer, 2015 worked on developing a more economical method of 

machining of titanium because of the importance of its mechanical properties. The machining of titanium 

alloys by conventional methods is accompanied by a high temperature of the cutting tool and its rapid wear 

in addition to the high costs of machining them with advanced technologies such as Laser assisted machining 

and Plasma assisted machining .They applied the hot machining method to raise the machinability of Ti – 

6AI – 4V by preheating the work piece at high temperature by the oxy – acetylene flame during conventional 

turning with coated and uncoated tools. This work was performed by the application of Taguchi’s robust 

design methodology. The achieved results showed a reduction of the values of the tool wear under different 

cutting conditions, which means prolong the tool life and a good surface finish. The results confirmed the 

improvement of the machinability of these alloys by the hot machining process and considered this process 

more economical [22]. 

S. Gajanana et al., 2016 worked to optimize the machining parameters in hot machining 15-5 PH stainless 

steel with coated carbide tool and heating technique by oxy-acetylene gas. Taguchi Method was applied to 

achieve the analysis. Heating of the work piece material surface at optimum temperature facilitates the 

cutting process and improves the tool life and surface finish, and explain that the machining parameters are 
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the main factors in determining the quality of machining. They concluded that the cutting speed is more 

contributing to reduce tool wear, and feed factor and ha more effect in reducing surface roughness [14]. 

Asit Kumar Parida, 2017 carried out hot machining (heating with gas flame the work piece during its 

conventional turning) for nickel base alloys (Inconel 718, Inconel 625, and Monel 400) to study and enhance 

their machinability and surface integrity. The results showed the effect of heating the work piece at 600°C 

in enhancing the machining performance for the three types of alloys by increasing the surface quality (more 

than 40%), tool life (more than 100%), material removal rate and reduction in cutting forces and tool wear 

compared with conventional turning process. The experimental work included also a comparison between 

the machinability of the three alloys. These authors used Finite element method analysis to compare the 

experiment and numerical simulation results as it showed the convergence of their values [23]. 

Mehmet Alper Sofuoglu et al., 2018 employed an axiom which states that the heating temperature affects 

the cutting forces between work piece and cutting tool and produces a good surface finish. They used Hot 

ultrasonic assisted turning (HUAT) for machining Aviation alloys (titanium and Hastelloy-X alloys) which 

behave with distinct properties, but their machinability is weak by using conventional machining methods. 

2D finite element (FE) was used for the analysis and evaluation. Numerical results were validated with 

experimental results. The results showed the effectiveness of using HUAT in reducing cutting forces and 

effective stress and improving the machinability [10]. 

The methodology of this work used scientific and experimental facts related to the application of the hot 

machining process mentioned above for a case study of a high hardness product and analysis the results. 

EXPERIMENTAL WORK 

Hot machining process was carried out on the high strength work piece made from hardened steel by using 

a conventional lathe machine with a cutting tool of high-speed steel and employing a heating technique 

combined with a torch flame. Figure 1 shows the experimental setup of the work. 

 

Figure 1. Experimental setup. 

Completion of the experimental work includes the following steps: 

1- The selected parts which were machined and cut up as shown in Figure 2 were a crankshaft of an internal 

combustion engine. 

 

Figure 2. A crankshaft of I.C. Engine and the collection of its parts after cutting up. 
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2- A fixture was designed, fabricated and then installed on the lathe machine to fix the torch flame. It was 

considered that the fixture is safe, reliable and easy to be installed and removed from the cross slide of 

the lathe machine. Nuts and bolts were used to assemble the parts and control the movement of torch 

flame as shown in Figure 3. 

 3- Using a torch flame as a heating technique is a simple and inexpensive method knowing that it does not 

cause undesirable changes in structure (less metallurgical damage) in the parts being machined later with 

maintaining cost and quality of the machining  [1, 24, 25]. Because of its advantage, this technique was 

employed in this work to preheat the selected parts locally before cutting tool (at the deformation zone) 

as shown in Figures 1 and 4. The torch has an extension connected with LPG cylinder and Oxygen 

cylinder and provided with valve to adjust flame pack and move with the cutting tool sequentially. 

Digital infrared thermometer was used to measure the temperature of the hot work piece, knowing that 

there was no contact between them. As shown in Figure 4, the thermometer can measure the work piece 

temperature which was heated even during its rotation. 

 

Figure 3. Fabricated fixture with guide bolt 

 

Figure 4. Torch flame device and digital infrared thermometer 

4- Machining the parts collection of crankshaft includes the following steps: The first step was applying the 

first run at room temperature (which gave negative results). Then the hot machining was performed by 

preheating the parts with the torch flame to (100°C). This process was repeated at (125°C and 150°C) with 

applying different and appropriate cutting parameters (feed rate cutting, speed, and depth of cut). The 

work also included execution hardness and surface roughness tests. In addition, the chip forms which were 

produced from the machining processes for the three collections and the sets of experimental parts were 

monitored. 

RESULTS AND DISCUSSION 

1- The negative and intangible results of conventional machining for the parts collections of the crankshaft 

at room temperature were because of their high wear resistance which caused poor machinability due to 

the high hardness (mean value is 115 HRC) in spite of the strength of the cutting tool. 

2- The high strength material of the crankshafts is hardened steel, (in general, it is medium-carbon steel 

alloys which are formed of iron with some alloying elements and carbon content of 0.25% to 0.45%. It 

has been designed to produce a range of specific properties like; surface and core hardness, hardenability, 

ultimate tensile strength with concerning the carbon content to determine the hardness and strength of 

the materials) [26]. The chemical analysis for the crankshaft model was achieved under room 
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temperature of 22oC and humidity of 32%. Table 1 shows the chemical composition of the crankshaft. 

It is noted that the percentage of the carbon reflects the height value of the hardness and the strength of 

the material. 

Table 1. Chemical composition. 

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

Part of 

Crankshaft 

0.395 0.243 0.731 0.0076 0.014 1.00 0.159 0.073 0.019 0.77 Bal. 

 

3- Hardness was measured before and after hot machining, Figure 5 shows the hardness profile across the 

diameters of the crankshaft. The heating temperature was applying at a depth of 10 mm beneath the outer 

layers (Subsurface) of the crankshaft surfaces where the reduction was 12%. This facilitates the removal 

of the material and increases in its rate at these layers where the hardness decreases (Heating effects 

assist to eliminate the strain-hardened layer that generated at subsurface during conventional machining) 

[27]. 

 

Figure 5. The hardness before and after applying the hot machining. 

4- Having finished the hot machining, the final quality of the surface was improved due to the reduction in 

surface roughness (38% for the first set of experiments), (41% for the second set of experiments) and 

(51% for the third set of experiments) under machining parameters (0.1 mm and 0.2 mm ) feed rate, (125 

rpm and 180 rpm) cutting speed, (0.1 mm and 0.2 mm) cutting depth and the heating temperature were 

(100°C, 125°C, and 150°C for the three sets respectively). The test results listed in Table 2 indicate that 

the reduction of the surface roughness increases with increasing the heating temperature for the three 

sets of experiments as shown in Figure 6. It is noteworthy that there is a possibility to apply higher values 

of machining parameters with increasing the heating temperature. This leads to giving higher material 

removal rate and an increasing in the percentage of the surface roughness reduction similarly as for the 

third set run. This means that the effectiveness of the temperature with optimum machining parameters 

causes an improving of the surface quality. 

Table 2. Reduction of the surface roughness with different heating temperature and machining parameters. 

Set 

No. 

Temp.(

oC) 

Feed rate 

(mm) 

Cutting speed 

(rpm) 

Depth of cut 

(mm) 

Roughness change 

rate (μm) 

Roughness 

reduction 

1 100 0.1 125 0.1 0.37 to 0.23 38% 
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2 125 0.1 125 0.1 1.21 to 0.71 41% 

3 150 0.2 180 0.2 1.94 to 0.96 51% 

 

 

Figure 6. The reduction of the surface roughness with increasing the heating temperature. 

 

5- Figures 7 and 8 show the chip forms which were produced before and during the hot machining on turning 

machine, where the formation of chip is affected by thermo-mechanical conditions and the heating 

temperature has an influential role in this [28]. It is noted that their shapes and the continuous heating of 

the work piece refer to the easy machining, increasing in removal material rate and improvement in 

surface roughness due to reducing of the hardness, shear strength and wear resistance in the hot 

machining area caused by the applied temperature. 

 

Figure7. Discontinuous chip form at room temperature 
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Figure 8. Continuous chip form during hot machining 

CONCLUSIONS 

The results show an obvious and positive effect of the heating temperature in the hot machining process by 

facilitating the cutting and the possibility of applying productive machining parameters. This reflects 

positively on material removal rate and the surface finish of the hardened steel to be machined for its effect 

in reducing hardness, shear strength and wear resistance. This also reflects positively on tool life and power 

consumption of the machine which studies have been looking for. Increasing material removal rates 

indicates that the hot machining can be used for finishing the operations for its capability to cause better 

variations in the surface. Therefore, hot machining is a useful and influential process in the sector of 

industries dealing with a variety of materials which are difficult to be machined like hardened steel. 
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