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Abstract 
 

This research paper determines the relationship between cutting edge temperature, depth of cut, cutting speed, cutting forces and flank 

wear. The cutting edge temperature is determined by using a pyrometer consists of Indium Arsenide (InAs) and Indium Antimonide 

(InSb) photocells to detect infrared radiation that are released from cutting tool’s edge and cutting forces is measured by using a dyna-

mometer. The machining process experiment is done by end milling the outer surface of AISI 1095 carbon steel. The output signal from 

the photocell and dynamometer is processed and recorded in the digital oscilloscope. Based on the results, the cutting edge temperature 

and cutting force increases as the depth of cut increases. Meanwhile, increasing cutting speed resulting in cutting edge temperature in-

creases but decreasing in cutting force due to thermal deformation. Also, existence of progressive flank wear at cutting tool causes an 

increment in cutting edge temperature and cutting force proportionally. 
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1. Introduction 

Material removal operation is important in the machining industry. 

It can give desired shape to the product based on the user’s needs. 

Temperature measurement of cutting tool during machining pro-

cess is an important approach to assess the tool wear, cutting per-

formances, cutting operation, and surface integrity of a final prod-

uct. Currently, most industries and researcher used thermocouple 

technique and thermographic technique in milling, turning, drill-

ing and grinding to assess the cutting temperature in the machin-

ing operation [1]. 

It is important to identify the cutting temperature of cutting tool. 

Cutting temperature of Inconel 718, TI6–4 and carbon epoxy fibre 

composites are studied by [2]. They found that machinability of 

these materials is closely related to cutting temperature. Cutting 

temperature variations between up milling and down milling were 

also investigated by [3]. They found that the temperature for up 

cutting is increasing gradually during cutting period and stagnant 

at peak value just after cutting followed by decreases steadily 

during noncutting period. A different trend is observed in down 

milling where the cutting temperature reaches maximum tempera-

ture instantly after cutting starts then decreases over sequence 

period. They postulated that the rate of temperature increase in 

down milling is higher than up milling.  

Several researchers have done a study on a rare workpiece such as 

carbon fibre-reinforced plastics (CFRP) with a cemented carbide 

end mill tool instead of abrasive water jet (AWJ) as cutting tool. 

[4] relates transitions of cutting temperature with the surface in-

tegrity of machined CFRP and thermal electromotive force at a 

cutting speed range of 25 m/min to 300 m/min. They observed 

that the matrix of machined CFRP’s surface is not affected even if 

the cutting speed is as high as 300 m/min and therefore it is suita-

ble to use cemented carbide end mill tool to machine CFRP.  

Another study on end milling using carbide tool with a difficult-

to-machine material, TiAl6V4 is performed by [5]. They compare 

between mathematical models and thermocouple technique at low 

cutting speed. The output of their research is increasing cutting 

speed and feed per tooth will increase temperatures at tool-chip 

interface. 

Experimental study of laser-sintered material’s machinability by 

ball end milling is carried out by [6]. Ball end milling tends to 

have a major fracture when cutting a laser-sintered material. They 

studied on the effects of machining a laser-sintered material when 

surrounded by unsintered powder and the condition of cutting 

tool. The outcomes of their research is life of cutting tool when 

cutting a molten sintered powder’s workpiece is better than a la-

ser-sintered material surrounded by unsintered powder. They 

found that cutting temperature of cutting molten sintered powder’s 

workpiece is much lower than the latter. 

Recently, an experiment to investigate relations between tool wear 

of TiCN (Titanium Carbo-Nitride) coated cemented carbide with 

inclination angle of milling process, oblique angle of cutting edge, 

cutting force, surface roughness and cutting temperature was car-

ried out by [7]. A workpiece is made of 13 Cr Steel and the cutting 

temperature is measured using thermocouple method. The result 

of their investigation shows minimum wear of TiCN coated ce-

mented carbide takes place at cutting velocity of 400 m/min when 

cutting speed is changed from 100 m/min to 800 m/min. They  

conclude that the optimal cutting speed exists between low wear 

mechanism of tool and at high velocity conditions. 

Based on these literature reviews, an optimum cutting conditions 

are possible to be found if tool wear, cutting edge temperature, 
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and cutting force are known. The findings of the research are use-

ful for the manufacturing industries to enable optimum manufac-

turing cost for machining process. 

2. Material and Methods 

A vertical machining center is used as a milling machine for the 

experiment. The workpiece is made of carbon steel AISI 1095. A 

20mm tool holder with insert carbide is used as a cutting tool. The 

cutting edge temperature of the cutting tool is measured using a 

developed pyrometer with an optical fibre. The cutting force is 

measured using a dynamometer. The experiments are divided 

into:   

i. influences of axial, Ad and radial, Rd depth of cut on cut-

ting edge temperature and cutting force  

ii. influences of cutting speed on cutting edge temperature 

and cutting force  

iii. influences of extensive cutting length on cutting edge 

temperature, wear and cutting force  

Cutting conditions for each experiment are listed as shown in Ta-

ble 1.  

Table 1: Cutting parameters for cutting edge temperature experiment 

Cutting parameter Value 

Tool diameter, Ǿ (mm) 20 

Number of tooth 1 
Feed per tooth (mm) 0.1 

Tool revolution (RPM) 540, 1460, 2270, 2920, 4540 

Cutting speed (m/min) for (a), (b) and 

(c) only 

33.772, 91.308, 141.966, 

182.617, 283.932 

(a) Ad of 
cut experi-

ment 

Rd (mm) 1.0 

Ad (mm) 1.0 

(b) Rd of 
cut experi-

ment 

Rd (mm) 0.2, 0.4, 0.6, 0.8, 1.0 

Ad (mm) 2.0, 4.0, 6.0, 8.0, 10.0 

(c) Cutting 

speed  
experiment 

Rd (mm) 8 

Ad (mm) 0.5 

(d) Wear 
mechanism 

experiment 

Rd (mm) 1.0 

Ad (mm) 1.0 

Cutting length (mm) 6000 

Cutting speed (m/min) 283.932 

2.1. Cutting Edge Temperature and Cutting Force 

Measurement 

Referring to Fig. 1, an infrared radiation is emitted at the cutting 

edge of cutting tools. As infrared waves behave like a light, it can 

travel through the optical fibre. Then it passes through a condenser 

to condense the infrared radiation before entering photocell. Infra-

red detectors (InAs & InSb) in the photocell captures the infrared 

waves and convert it to voltage output using an amplifier. Where-

as cutting force from the cutting process is obtained from the dy-

namometer. The experimental setup is shown in Fig. 1. The exper-

iment is conducted by comparing cutting speeds and cutting 

depths with respect to its cutting edge temperature and cutting 

force respectively.   

 

Fig. 1: Experimental setup of cutting edge temperature and cutting force measurement

3. Results and Discussion 

3.1. Cutting Profile 

Cutting edge temperature and cutting force profile are shown in 

Fig. 2. Each impulse resembles consecutive cuts in the milling 

process. At cutting speed of 283.93 m/min, cutting edge tempera-

ture is 333.6 °C while cutting force is 2 kN. The input of photo-

cell sensor is delayed by 6.3 ms as the position of optical fibre is 

180° from the contact point of initial feed between cutting tool and 

workpiece (Fig. 6(a)).  
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Fig. 2: Cutting edge temperature and cutting force profile at cutting speed 

of 283.93 m/min 

3.2. Impact of Axial and Radial Depth of Cut on Cutting 

Edge Temperature and Cutting Force 

Depth of cut in milling process has a significant impact on the cut-

ting edge temperature and cutting force. As the material removal 

rate (MRR) increased, cutting edge temperature and cutting force 

in-creased (Fig. 3 and Fig.4). This is due to effective work done, 

which increased when the depth of cut increases. 
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Fig. 3: Axial depth of cut (Ad), cutting edge temperature, and cutting force 
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Fig. 4: Radial depth of cut (Rd), cutting edge temperature, and cutting 

force 

3.3. Impact of Cutting Speed on Cutting Edge Tempera-

ture and Cutting Force 

Relations of cutting speed of the cutting tool with cutting edge 

temperature and cutting force are shown in Fig. 5. The cutting 

edge temperature increases proportionally with cutting speed 

meanwhile, cutting force decrease with cutting speed. Thermal 

effects have the significant cause in decreasing trend of cutting 

force. The friction in the cutting tool-workpiece and cutting tool-

chip interfaces are resisting overtime and dissipates as thermal 

energy as discussed by [8]. The increasing cutting edge tempera-

ture has softened the mechanical strength of the workpiece’s feed. 

As a result, work done required to cut a single pass in high cutting 

speed is less than in low cutting speed. 
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Fig. 5: Cutting speed affects cutting edge temperature and cutting force 

 

 
Fig. 6(a): Top view of cutting process 

 

 
Fig. 6(b): Side view of cutting process 

3.4. Impacts of Wear on Cutting Edge Temperature and 

Cutting Force 

The prolonged use of cutting tool has increased the width of flank 

wear at the contact point of flank face and the workpiece’s ma-

chined surface as shown in Fig. 6(b). Fig. 7(a), Fig. 7(b) and Fig. 

7(c) shows the development of flank wear after consecutive cut-

ting length. The influence of flank wear on cutting edge tempera-

ture is shown in Fig. 8(a) which indicates significant effects.  

Flank wear contributes to the development of cutting forces and 

increase the total area of abrasion. Increment of abrasive forces 

incites more thermal energy to be developed. Thus, these thermal 

energy escapes to surrounding in the form of infrared radiation. It 

is supported by a trend shown in Fig. 8(b) where cutting force 

increases together with a growth of flank wear’s width.  

The ununiformed chipping (Fig. 7(b) and Fig. 7(c)) at the flank 

face of insert carbide was caused by abrasive friction between 

insert’s flank face and workpiece’s machined surface. As a con-

clusion, increment of flank wear has increased abrasive force in 

total cutting force and cutting edge temperature.  
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Fig. 7(a): Flank wear’s width at initial cutting length 

 
Fig. 7(b): Flank wear’s width at cutting length of 2800 mm 

 
Fig. 7(c): Flank wear’s width at cutting length of 6000 mm 
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Fig. 8(a): Influence of flank wear on cutting edge temperature 
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Fig. 8(b): Influence of flank wear on cutting force 

4. Conclusion  

In this paper, a study of cutting conditions on cutting edge temper-

ature and cutting forces was carried out experimentally. The effect 

of cutting speed, depth of cut, and flank wear on cutting edge tem-

perature were examined. The main results were analysed as fol-

lows:  

a) Increasing depth of cut gives an increasing cutting edge tem-

perature. It is due to work done required to remove additional 

MRR is increasing.  

b) Higher cutting speed gives a decreasing cutting force and 

increasing cutting edge temperature. This condition is caused 

by the workpiece’s mechanical strength is softened by heat 

interaction between cutting tool, chip and workpiece’s ma-

chined surface while cutting edge temperature increase due to 

total friction increase at cutting tool-chip’s interface and cut-

ting tool-workpiece’s interface.  

c) Existence of progressing flank wear affects both cutting edge 

temperature and cutting force proportionally. The ununi-

formed chipping had cause increase in the friction total area 

and increasing thermal energy. It also affects the cutting pres-

sure to be reduced significantly resulting in cutting force in-

crease. 
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