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ABSTRACT: Tool wear of machine tools and large usage of cutting fluids is one of the major problems in manufacturing. Cutting 

fluids are used to cool down the tool and have been shown to cause environmental problems in machine shops. Tool life and 

temperature have an inverse relationship, namely that the higher the temperature at the tool-chip interface is, the lower the tool life 

will be, and vice-versa. This paper investigates the performance of a cutting tool embedded with a heat pipe on reducing cutting 

temperature and wear in machining. The temperature of a tool plays an important role in thermal distortion and the machined part‟s 

dimensional accuracy, as well as the tool life in machining. A new embedded heat pipe technology has been developed to effectively 

remove the heat generated at the tool–chip interface in machining, thereby, reducing tool wear and prolonging tool life. In particular, 

the technique can effectively minimize pollution and contamination of the environment caused by cutting fluids, and the health 

problems of skin exposure and particulate inhalation in manufacturing. Experiments should be carried out in both with and without 

heat pipe in machining and the temperature will be measured. The ANSYS finite element analysis should be carried out to determine 

the temperature near the cutting edge.  
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I. INTRODUCTION 

Machining is an important manufacturing operation in industry. The purpose of a machining process is to 

generate a surface having a specified shape and acceptable surface finish, and to prevent tool wear and thermal damage 

that leads to geometric inaccuracy of the finished part. The objective of this work is to contribute to the fundamental 

understanding of the embedded heat pipe technology in metal cutting that can effectively carry away the heat generated 

at the tool-chip interface in machining, and thus reduce tool wear and prolong tool life. Because the use of the heat pipe 

cooling system may reduce or eliminate the need for cutting fluid, the pollution and contamination of the environment 

by cutting fluids, and the health problems of skin exposure and particulate inhalation in manufacturing can be 

effectively minimized. Research has shown that at least 99% of the input energy is converted into heat by deformation 

of the chip and by friction of the chip and work piece on the tool. The interface at which the chip slides over the tool is 

normally the hottest region during cutting. The actual temperature is strongly affected by work piece material, cutting 

speed, feed, depth of cut, tool geometry, coolant, and many other variables. Due to the interaction of the chip and tool, 

which takes place at high pressures and high temperatures, the tool will always wear. Among the functions of a cutting 

fluid, cooling and lubrication are generally regarded as the most important, since they directly relate to heat generation 

and tool wear. However, significant negative consequences for environmental health and safety are associated with the 

use of cutting fluids.A heat pipe is a passive heat transfer device with a very high thermal conductance. It is used to 

transport heat from one location to another by means of evaporation and subsequent condensation of an appropriate 

fluid, in which circulation of the fluid is maintained by capillary forces. Heat pipes are used for cooling purposes in a 

wide range of applications, including electronics, die-casting and injection molding, heat recovery, aircraft de-icing, the 

cooling of batteries, and the control of manufacturing temperatures. The objective of this research is to contribute to the 

fundamental understanding of the new embedded heat pipe technology in metal cutting that can effectively carry away 

the heat generated at the tool–chip interface in machining, and, thus, reduce tool wear and prolong tool life. Because the 

use of the heat pipe cooling system may reduce or eliminate the need for cutting fluid use, the pollution and 
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contamination of the environment by cutting fluids and the health problems of skin exposure and particulate inhalation 

in manufacturing can be effectively minimized. 

 

II. HEAT GENERATION IN MACHINING 

 

In machining operations, mechanical work is converted to heat through the plastic deformation involved in 

chip formation and through friction between the tool and the work piece. Figure 2bshows the subsequent dissipation of 

that heat in the chip, tool, and the work piece. The heat generated during the metal cutting process where the work 

being done on the tool insert transforms itself in the form of heat. Consequently, the heat generation rate, Q (W), can be 

calculated based on the following formula 

 
where d is the depth of cut (mm), f is the feed rate (mm/ rev), and V is the cutting speed (m/min).Heat is generated at 

the tool–chip interface in the quarter-circular area (heat source area) of the tool insert rake surface, and a portion of it 

flows into the tool, as shown in Fig. 2a. 

 
Fig. 1 Heating of a tool carbide insert where a is the width of insert, b is the length of insert, c is the thickness of insert. 

 

III. EMBEDDED HEAT PIPE IN A CUTTING TOOL IN MACHINING 

 

 The main regions of the standard heat pipe are shown in Fig. 3a. The heat pipe is made up of an evaporator 

section and a condenser section. Should external geometrical requirements make this necessary, a further, adiabatic, 

section can be included to separate the evaporator and condenser. The heat pipe consists of the container wall, the wick 

structure and the vapour space.  

 
 

Fig 2a Main regions of heat pipe 

 

Heat pipe will be embedded on to the cutting tool with the help of thermal grease. The main function of heat 

pipe is when machining is started the temperature at the tool will be increased. When the temperature reached the 
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evaporation temperature of working fluid, the working fluid will be evaporated. That causes the pressure difference 

between evaporator section and condensation section, which allows the vapour to flow to the condensation section. In 

condensation section the heat will be taken out, because of that the vapour becomes fluid. This process will continue 

until the machining is stopped. Schematic illustration of an embedded heat pipe in a cutting tool in machining was 

shown in the fig 2b. 

 
 

Fig 2b. Schematic illustration of an embedded heat pipe in a cutting tool in machining. 

 
 

IV. EXPERIMENTS IN A CUTTING TOOL 

 

 An experimental study was undertaken on a conventional lathe using a commercially available brazed carbide 

tool. The work piece material was taken for the experiment is AISI 1020 carbon steel. The work piece was in the form 

of a 35 cm long cylindrical rod with a diameter of 70 mm. The standard tool manufactured by sandvik coromant with 

specification IS06 R2525 P30 was used for cutting experiments. The DARWIN data acquisition software 32 (DAQ 32) 

was used to measure the temperature in the tool continuously of 5 second interval for the machining distance of 22 cm 

length. Experiments were conducted for twocases such as with and without heat pipe. Two T-type thermocouples were 

affixed on the side of the carbide insert in order to measure the temperature in the carbide insert. The geometry and 

material properties of the tool and the heat pipe are given below 

Heat pipe length    150 mm 

Heat pipe inner diameter  5.5mm 

Heat pipe outer diameter   6.5 mm 

Condenser length of heat pipe  50 mm 

Tool holder size   25x25 mm 

Carbide insert thickness  8 mm 

Carbide insert length  20 mm 

Carbide insert width  12 mm 

The turning operation is controlled by varying the parameters like depth of cut, feed rate and cutting speed. 

For this present work we have taken two set of values for control the turning operation.  

They are listed below, 
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The above figures clearly show the temperature in the tool without heat pipe and with heat pipe for various machining 

parameters. From the graph it is clearly identified that the temperature in the tool was reduced. 
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The experimental setup for with and without heat pipe was given in the following figure.   

 

 
 

 

Fig 7. Experimental setup for without heat pipe 

 

 
 

Fig 8. Experimental setup for with heat pipe 

 

 

 
 

Fig 9. Full experimental setup 
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V. FINITE ELEMENT SIMULATION OF TURNING OPERATION 

 

A finite element model (FEM) 3-D model in ANSYS was developed for the simulation of temperature based 

on the estimated machining heat flux over the tool–chip contact area on a tool insert of a cutting tool. The hear 

generation is calculated by the equation (Eqn 1) The temperature distribution is obtained from the balance of the heat 

generated and transient thermal analysis for two cases: without and with heat pipe cooling. The real geometry of the 

cutting tool is chosen as the computational domain. Figures 5shows the schematic meshed model of the finite element 

analysis (FEA) models of the cutting tool for the two cases of without and with heat pipe cooling. To achieve more 

realistic and accurate simulation results, the model takes into account the real geometry of the cutting tool and the 

thermal resistance.  By using constant thermophysical properties, the 3-D transient heat conduction equation 

becomes: 

 

 
where αT is the tool thermal diffusivity 

 

 
Fig 5. Meshed model of tool 

 

The heat converted from the work of plastic deformation and friction is assumed to be the same for the two 

cases in the simulations. A typical simulation is based on a constant time step of 40 s and a substep of 1 s for a cutting 

time of 400 s. To simulate the thermal resistance of the thermal grease, a layer of 0.1 mm in height is placed between 

the heat pipe and the tool insert. The effective thermal conductivity of the heat pipe is obtained from experiments. To 

simulate the heat pipe‟s thermal behavior, the convective heat transfer coefficients for the heat pipe‟s adiabatic section 

and condense section are set to 5 W/m2°C and 1,200 W/m2°C, respectively. The convective heat transfer coefficients 

for most surfaces on the tool holder are set to 10 W/m2°C, except the one for the back surface, which is set to 5 

W/m2°C. Other convective heat transfer coefficients for the cutting tool top surface and the side surface are set to 20 

W/m2°C and 15 W/m2°C, respectively, with the one for the shim seat set at 5 W/m2°C. 

The geometry and material properties of the tool and the heat pipe are given below 

Heat pipe length    150 mm 

Heat pipe inner diameter  5.5mm 

Heat pipe outer diameter   6.5 mm 

Condenser length of heat pipe  50 mm 

Tool holder size   25x25 mm 
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VI. CONCLUSION 

 

 The heat transfer behaviour from an experimental model in the present study demonstrated that the heat 

generated in machining can be effectively removed by the use of a heat pipe installed on a cutting tool. The result based 

on the comparison between with heat pipe and without heat pipe in dry machining shows that the feasibility of the 

concept of using a heat pipe for reducing heat and cutting fluids in  machining. 
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