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Abstract— As we know that Drilling is one of the most 

established machining process that have been extensively 

applied in manufacturing process. The most essential aspect 

need to study which simultaneously affects both cutting tool 

and work piece properties means their performances is the 

cutting temperature (Tc) which generates between tool bit 

and chip. The tool tip temperature or cutting tool temperature 

affects sensitivity of hole, surface roughness and tool wear. 

In this study review is placed on different experiments and 

researches encountered before on this topic. And analysis is 

done on based of different studies or previous researches. The 

review will help in estimation of tool life and wear of cutting 

tool. Main focus is on the thermal behavior of multipoint 

cutting tool tip with the varying cutting speed, feed rate, 

radius and cutting time also. But review of temperature 

distribution on angle point tool and oil mist lubrication is also 

done through previous studies. In this review work it is found 

that cutting speed; feed rate and radius of tool increases the 

tool tip temperature but remains constant in cutting time after 

a slight difference in starting time. 
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I. INTRODUCTION 

Different approaches that have been applied in recent past and 

early nineties for formulating the above problem related to 

the thermal behaviour. Most of researches regarding tool tip 

temperature are calculated by experimental as well as 

analytical approaches but before that we should know 

something about drilling process which is basically a cutting 

process that uses a drill bit to cut or used for enlargement of 

holes in solid materials. And the cutting tool used is multi 

point end cutting tool. It cuts by applying pressure and 

rotation to the work piece, which forms chips at the cutting 

edge[1].  

 The materials from which cutting tools are made 

must be hard and strong. There is a wide range of tool 

materials available for machining operations like high carbon 

steel and high speed steel cast alloys and cemented carbides. 

Tungsten carbide is used in formation of cemented carbide 

and the process to make high cemented carbide is to mix 

tungsten mono-carbide grains in a binder matrix of cobalt 

metal by the process of liquid phase sintering. Ceramics also 

used as to make cutting tool hard. Now let’s know about 

something about wear mechanism during drilling and tool 

wear[2]. 

 Tool wear depends on cutting operation, cutting 

parameters, work material and tool material also. Depending 

on the same parameters, the wear either occurs gradually by 

abrasive or adhesive wear, through plastic deformation, by 

more discrete losses of material through discrete fracture 

mechanisms, or by combinations of all these. A basic drilling 

machine setup is shown in Fig.-1. 

 
Fig. 1: Drilling Machine basic setup 

II. LITERATURE REVIEW 

Now let’s discuss about some work to be done by previous 

researchers for above said thermal behaviour on different 

parameters like feed rate, speed, radius and cutting time. 

Matthew Bono examined that high speed machining 

operations became a major and one of the most important 

factor that influenced the performance of tool and work piece 

as well during the measurement of temperature of cutting tool 

and during measurement of heat generation at too-chip 

interface [3]. 

 A. Daymi performed a research work analysis by 

using coated carbide tool in drill for his experiment and 

performed the thermal analysis on Ti-6Al-4V titanium alloys. 

His main focus of study was how cutting speed (Vc) affects 

chip morphology and also the effect of cutting forces in 

orthogonal turning process of the above said alloy. There 

were 3 types of chip motion i.e. continuous chip at 50 m/min, 

flow chips at speed 100 m/min, and last one was shear 

localized chip that starts from transition speed of 125 m/min 

and go to maximum also. The modification of chip formation 

mechanism was associated with the aspect of shearing 

instability. Segmentation of chip formation which is 

produced by shearing localization is an important process or 

procedure within a certain range of cutting speeds. By 

improving chip evacuation, level of cutting forces reduced 

and this above phenomenon is pretty much desirable in this 

procedure of reduction of cutting forces applied [4]. Eyup 

Bagci analyzes the cutting tool temperature distribution in 

tool tip when both drill and workpiece encountered. He 

experimentally investigated by doing step to step and 

continuous dry drilling the effects of drilling feed rate and 

depth of drilling and spindle speed on drill bit temperature. 

He experimentally investigated above effects by using two 

workpiece Al 7075-T651 and AISI 1040 steel and used TiN 

coated carbide drills for this experiment [5]. 
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 G. Sutter, by using gas gun for performing the 

experiment and used a standard coated carbide tool TiCN for 

42 CrMo 4 steel. Also performed temperature distribution and 

heat generation on chip tool interface when high speed 

machining operations done and also find out how they 

influenced workpiece and cutting tool geometry. He 

determined temperature distribution in the field cutting zone 

during this orthogonal machining operation with the 

workpiece. Took speed at 50m/s. He used CCD camera which 

was intensified and having a short exposure time and up to 

0.8 μm interference. Pyrometer in the visible spectral range 

used for all this process. Chip thickness and cutting speed and 

their effects on chip temperature profile were determined. 825 

degree celcius was found out to be the maximum chip 

temperature when cutting speed taken close to 20 m/sec. and 

tool tip distance taken was 300 μm from workpiece. So this 

was all the experiment that was quite good and efficient and 

provides a best fundamental data on temperature distribution 

in orthogonal high speed machining [6]. 

 Jarred C. Heigel presented a system in which he 

determined the chip temperatures during orthogonal cutting 

AISI 1045 steel with a carbide tool which is coated and AISI 

stands for American Iron and steel institute. Speeds that he 

used is 200 m/min to 500 m/min and cutting feed rate of 0.15 

mm/revolution to 0.30 mm/rev that represents condition 

which is relevant to industries. He obtained temperature 

measurement of the chip at precise points by using images of 

visible light to navigate the infrared images that is proved to 

be advantageous [7]. Marcio Bacci da Silva measured the 

different methods for metal cutting which is largely converted 

into heat. He used simple analytical models to show the 

effects of parameters of cutting like cutting speed and feed 

rate. There was no experimental method can be used to check 

analytical results it was just a review of analytical and 

experimental methods used to measure cutting temp [8]. 

 Meenakshi S. Nagraj,  A. J. presin kumar performed 

a analysis on multi-point cutting tool using finite element 

machining and used  DEFORM 3D software and the Altair 

AcuSolve software for measuring the temperature 

distribution of tool in dry condition. And these conditions 

simulated in these above said software. Nimonic C-263 alloy 

was used in this experiment which especially used for high 

temperature and high strength applications. This nickel–

chromium–cobalt–molybdenum (NiCrCoMo) alloy produces 

high thermal and mechanical on machine tool when the above 

said is machined. Excessive heat is generated when this alloy 

during dry drilling encountered with the tungsten carbide tool 

which is coated with Alcorna. During CFD analysis under 

cooling condition, mass flow rate was constant for the 

temperature distribution. They found that the silver nano 

coolant produce high reduction when compared to different 

other coolants and they also found this coolant generate less 

percent heat when compared with dry condition and the value 

they found is 34%. The alloy they used was British alloy [9]. 

 Wu baohai, Z. dinghua and T. kai presented a 

method of prediction for cutting tool temperature they used 

analytical model which was performed on End milling 

machine. They divided cutting tool cycle temperature phase 

into the two form of cycle i.e decreased and increased basis. 

They took cutting speed for the experiment varying from 

60 m/min to 100 m/min. and took feed per tooth from 

0.12 mm/z to 0.20 mm/z. one more thing they took for the 

said experiment for milling machine the radial and axial depth 

of cut 4mm and 0.5mm respectively. This results of 

comparison show a high accord between physical cutting 

experiment and the proposed cutting tool temperature 

prediction method of using the above two form of cycle. And 

they found a temp. prediction model which consider a real 

friction between chip and tool that happened in increased 

temperature phase. They also calculate Heat flux and the 

length of tool-chip obtained by FEM which stands for finite 

element method [10]. 

 S. pervaiz, Ibrahim, and A. Rashid for the analysis 

of temperature distribution of cutting tool they coupled 

conventional FEM simulations with the CFD model. The 

FEM conventional simulations were carried out by DEFORM 

2D to find out the Heat generation and tool tip temperature 

when cutting and drilling is performed. They used Ti6Al4V 

as a workpiece material over which cutting action is 

performed and uncoated carbide as a tool material. This 

coupled numerical modelling they used as a method predicts 

temperature distribution precisely. This approach they used 

can be further approached under flood cooling and minimum 

quantity lubrication (MQL). CFD (computational fluid 

dynamics) model used air as a coolant for dry drilling 

purpose. And they found by this the temperature distribution 

on that tool surface or you can say tool tip [11]. 

 I. lazoglu, M. kerbs, Christopher presented a study 

based on analysis thermal behaviour of tool tip of carbide tool 

performed when on Ti6Al4V as a workpiece. They used 

Ti6Al4V workpiece which is very hard to cut but due to its 

poor thermal properties, when process is continued the heat 

generated during encounter of work piece and tool this heat 

traps in material deformation zone. They performed both 

analytical and finite element model technique to find 

temperature evolution of carbide tools in the above said 

element or workpiece drilling. And analysis i.e. temperature 

measured by the thermocouple based setup [12]. T. Ueda 

examined and also measured the cutting tool temperature on 

drill cutting edge with the help of 2 color pyrometer as well 

as he used optical fibre for this temperature measurement. He 

used in his study a 10 mm drill whose tip was taken of 

cemented carbide. He took carbon steel and aluminium based 

die cast alloys are used as work materials. He examined in his 

study that how spindles speed and feed rate influenced the 

tool tip temperature. When operation performed on drilling of 

carbon steel it showed maximum cutting tool tip temperature. 

They examined one more thing related to oil mist that when 

supplied from oil holes in the drill and established a 

comparision while performing two processes i.e. on turning 

and milling [13]. The result i.e. “the temperature reduction” 

can be seen in the following table1. 

Sl No. 
Processes 

(oil mist) 

Temperature reduction 

(approx.) in %age 

1 Turning 5 

2 Milling 10-15 

3 Drilling 20-25 

Table 1: Temperature reduction in turning and milling as 

well as in drilling when use oil mist when supplied from 

drill oil holes [13] 
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 Above table shows high temperature reduction in 

case of drilling, this is 20 to 25 percent while oil mist is used. 

 Takashi Ueda now he experimentally investigated 

the same oil mist when used in turning and milling as well the 

different temperature of tool tip is calculated by using two 

color based pyrometer (for high temp checking near about 

1000 degree celcius). He observed when oil mist is used then 

temperature of tool tip decreased. He performed experiment 

with cutting speed of 300 m/min. And the temperature that 

came out during experiment when measured from pyrometer 

is 1060°C and when he used oil mist it decreases and found 

out to be 1000 degree celcius. When he done this process of 

adding oil mist in end milling the result out is 580 degree 

celcius when he used cutting speed (Vc) of 400 m/min which 

was 660 degree celcius when used only in dry condition i.e. 

when no oil mist used [14]. 

 Sung Chong Chung observed that the tool tip 

temperature greatly affects the metallurgical state of surface 

on which the tool is performed the cutting action i.e. 

machined surfaces and affects tool life off course. He 

described the thermal behavior modeling and provide a 

estimation on cutting tool temperature distribution which was 

based on the remote temperature measurement. Finite 

element method (FEM) used to verify the drilling 

temperatures which are estimated before. He used one 

dimensional and 2-D estimated problem which was proposed 

to find out the drilling temperatures. With respect to drilling 

location a moving heat source was situated as per the feed 

rate. This happened in two dimensional case. Simulation 

results that came from finite element method verification 

confirm the application of these proposed methods [15]. 

 Amjad M.kadhim, A. F. Hassan, Q. A. Rishack 

presented the research work on how cutting parameters 

influenced the temperature distribution. They took stainless 

steel AISI 304 for this purpose and took DEFORM 3D V.11 

software and using finite element method for verification. 

Diameter of both cutting tools by them was 10 mm but these 

were of different point angles. One was 110o and other was 

118o in degrees. They investigated the best cutting 

performance when point angles changed. Here were the 

cutting parameters took by them are cutting speeds are 100, 

200, and 300 revolution per minute (r.p.m). and feed rate was 

0.15, 0.25, and 0.35 mm per revolution. The depth of hole is 

fixed as they took it as 3 mm which is fixed for all simulation 

whatever the experiment is done. The result which was 

provided by them was that a significantly amount of effect of 

cutting speed and the said point angles produced on 

temperature distribution but feed speed produce a low amount 

of influence on working temperature [16]. 

S. no. Speed (in rpm) 
Feed rate 

{in mm/rev} 

Max. w/p temperature (in Degree Celsius) (% incre-ase) 

110o point angle tool 118o In temperature 

1 100 0.15 322 651 102.18 

2 100 0.25 456 630 38.14 

3 100 0.35 405 452 11.65 

4 200 0.15 602 693 15.11 

5 200 0.25 503 745 48.17 

6 200 0.35 596 729 22.4 

7 300 0.15 546 797 45.96 

8 300 0.25 654 766 17.16 

9 300 0.35 631 773 22.43 

Table 2: %age variation of temperature and maximum workpiece temperature when different speed and different feed rate use 

[16] 

 So conclusion made out from A. M. kadhim and his 

colleague study, there are some point to be noted that drilling 

performance was outstanding if large point cutting tool i. e. 

118 degree was used instead of smaller point angle if used. It 

was because when we machine hard materials like AISI 304 

it actually required the large point angle of cutting tool to 

stand with aggressive conditions. Cutting forces, high 

temperatures and hardness of machined models include in it. 

Here we get from the above observed table result that when 

using high point angle maximum temperature 797 degree 

celcius obtained and on the other side and a little temperature 

rise 322o C when using speed 100 rpm and feed rate 0.15 

mm/rev here tool point angle used here is 110o. The below 

figure 2 shows a gaph of work piece temperature vs point 

angle and its variation with different cutting parameters. 

 
Fig 2:- workpiece temperature variation with two different 

point angles with different cutting parameters [16]. 

 They also observed that larger point angle caused 

large damage to work piece and smaller point angle caused 

smaller damage. Because a larger point angle tool provides a 

conical shape deformation than other. 
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III. CONCLUSION 

After analysing several papers and journals related to the 

thermal behaviour of tool bit with the different parameters 

like cutting speed, feed rate and tool point angle, with respect 

to its radius and cutting time. After reviewing the parameters 

which influenced the temperature distribution and analysing 

it, the following conclusions are obtained:- 

1) When increase cutting speed both observed temperature 

and experiment temperature increased with respect to 

cutting speed 

2) As from all above studies described in literature review, 

as we increase the cutting speed the temperature 

distribution curve show fluctuation and high temperature 

observed 

3) With increment of radius of tool tip temperature 

increased with as we increase the radius of tool tip and 

calculated temperature increases slightly first some 

second then it became constant throughout the time 

means temperature time curve remains constant. 

4) In comparison of turning, milling and drilling when use 

oil mist though lubrications, temperature decreases with 

oil mist increases with a slight percent specially in 

drilling it shows low value of temperature. 

5) If using a higher point angle on tool tip it provide large 

temperature rise as compared when using the other small 

angle of tool tip. 

IV. FUTURE SCOPE 

Review analysis can help and can be explored for same 

multipoint cutting tool like milling also. It can help in study 

and calculation of tool life and in cutting tool wear better 

understanding. It provides help in further extension of 

understanding in cutting tool and chip contact 3D analysis. 

Study can also be performed on non-homogeneous material 

and non-linear material. It can be further extended to very 

complex processes like metal forming, crack propagation in 

workpiece materials; used for tool life & tool wear in 

different processes. 
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