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A COMPARATIVE THERMAL ANALYSIS OF TWO WORKPIECE MATERIALS 

OF DIFFERENT MACHINABILITY WHEN TURNING BASED ON IR 

THERMOGRAPHY 

The comparative thermography analysis of temperature during machining by turning was presented. For the tests 

cast iron EN-GJL 250 and stainless steel 1.4301 were used. The machining by turning was performed with  

the TNMG 220408HS PC9030 and TNMA 220208 NC6210 cutting inserts design for machining that kind  

of materials. The temperature was measured on the machined material and on the surface of the cutting insert.  

The temperature distribution was performed during 3 subsequent turning passes; therefore, the coolant was not 

used during machining. The emissivity of TNMG 220408HS PC9030 and TNMA 220208 NC6210 cutting inserts 

was performed. In the case of EN-GJL-250 cast iron, the tests have shown that due to safety reasons (the lack  

of the safety cover in the working area of the lathe) it was impossible to perform the measurements at the highest 

assumed machining speed of 339.1 m/min. The higher average temperatures in the material were recorded for 

1.4301 steel, even though the machining process was performed at a much lower machining speed than in the case 

of EN-GJL-250 cast iron. The average cutting insert temperature when turning EN-GJL-250 cast iron was 

approximately 100°C higher than for 1.4301 steel. 

1. INTRODUCTION 

The thermal imaging process was discovered in the 19th century [1], but it came into 

common use in the 21st century, thanks to widely available thermal imaging cameras [2].  

The current use of the thermal imaging process is not limited only to obvious applications, 

such as building insulation measurements [3, 4], or brake pad temperature [5], but it is 
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increasingly being used in less obvious scientific research, such as ice migration [6], or fine-

grained materials transport monitoring [7]. Recent literature reports also indicate that thermal 

imaging can also be used to measure humidity [8] or in the process of detecting breast cancer 

[9]. Using thermography may apply not only to static conditions but also to optimization [10], 

diagnostics [11–13], as well as monitoring [14] of the technological process.  

The proper selection of machining parameters is crucial for the dimensional accuracy  

of the workpiece [15–17], the quality of the machined surface [18–20], production time [21] 

and manufacturing costs [22, 23]. One of the main problems in the machining by turning, 

from the technological point of view is the fact some part of the energy consumed on the 

turning process is converted to heat [24–26] and it must be properly transmitted out of the 

processing zone [27]. Usually, a high temperature in the cutting zone depends on many factors 

e.g. material, toll, tool cover [28] and what is not desirable can change the microstructure  

of the steel [29, 30] and the surface layer hardness [31]. This effect can be reduced, e.g. by 

using coolants [32, 33].  

Temperature changes in the turning zone influence on the process e.g. increasing the 

machining resistance and power consumption [34, 35] and can cause a negative impact on 

machinability difficulties in chip breaking and tool wear. Modern measuring techniques still 

provide many problems in the monitoring of machining parameters in real-time [36]. 

Therefore, thermal imaging is increasingly used for these type of measurements. In the 

literature, thermographic studies can be found, among others: machining of specific materials 

such as stainless steel [37], temperature measurement taking into account material 

consumption [38] and radial turning in specific conditions [27, 39]. However, there is a lack 

of comparative studies analyzing the temperature distribution of the cutting insert and the 

machining material while turning steel and cast iron.  

This article presents the research on the temperature distribution in the turning zone  

of two different materials: cast iron EN-GJL250 and stainless steel 1.4301. The temperature 

distribution was measure during three subsequent machining passes; therefore the coolant was 

not used during machining, not to influence on accuracy of the research. Before the tests, the 

emissivity of carbide cutting inserts for turning both materials was performed. 

2. MATERIAL AND METHODS 

2.1. MATERIALS 

To perform the thermography test of machining by turning of two different materials 

EN-GJL-250 cast iron and 1.4301 stainless steel were used. The chemical compositions  

of both materials with selected mechanical properties are presented in Table 1. EN-GJL-250 

is a grey cast iron with flake graphite. It is characterized by good thermal conductivity, good 

machinability and vibration damping. Its structure does not change in the temperatures up to 

600°C so it can be used in an environment with quite high temperature [37, 39].  

Whereas 1.4301 stainless steel is one of the most popular acid-resistant steels. It is 

characterized by high susceptibility to plastic processing and welding. It has a wide range  
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of applications from food to the chemical industry [41]. Two shafts with a diameter of 40 mm 

of 1.4301 steel and 60 mm of EN-GJL-250 cast iron were used for the tests. The difference 

in diameters results from the facts of limited rotation speed of the lathe spindle and applying 

the corrected machining speeds suggested by manufacturer of the cutting insert. 

Table 1. Chemical composition and selected mechanical properties of materials used in tests [40, 41] 

Chemical 

element 

EN-GJL-250 1.4301 
Mechanical parameters 

EN-GJL-250 1.4301 

Content, % Value 

C 3.38 ≤0.07 

Maximum tensile stress Rm, MPa 250-350 500-700 
Si 2.26 ≤0.80 

Mn 0.52 ≤2.0 

P 0.08 0.045 

S 0.06 0.03 
Brinell hardness, HB 180-220 215 

Cr - 17.0-19.0 

Ni - 9.00-11.00 Fracture toughness kc, MPa 1000 2000 

 

 
2.2. THE TURNING PROCESS 

Cutting inserts manufactured by Korloy (Korloy, Seoul, Republic of Korea) selected for 

turning steel and cast iron were used for machining tests. The cutting inserts were brand new, 

and the purpose of this article was not to take into account the change in machining by turning 

as they wore. The parameters of inserts are presented in Table 2. Turning tests were carried 

out on the universal lathe TUD 50 (WAFUM, Wroclaw, Poland). The turned shafts were 

mounted in a three-jaw chuck. 

Table 2. Machining parameters of cutting inserts. 

Cutting inserts type / Material 
Type of turning 

material 

Machining speed 

[m/min.] 

Machining 

depth 

[mm] 

Feed rate 

[mm/rev.] 
Coating 

TNMG 220408HS PC9030 Stainless steel 50–80 1.0-4.0 0.1–0.4 TiAlN 

TNMA 220208 NC6210 Cast iron 250–450 1.0–6.0 0.15–0.6 

AL2O3 

MT–TiCN 

 

 

 

The machining parameters were selected depending on the type of machined material 

and they were different within the range specified by the manufacturer of the cutting inserts 

and literature recommendation [42, 43]. The machining speed was ultimately determined by 

the lathe's gear ratio. Detailed informations of the machining parameters are provided in Table 

3. The machining depth for all tests was 1 mm. The machining parameters were calculated 

based on [43]. Three series of tests were carried out for each roller. For the nominal diameter 

of the shaft, for the diameter after the first turning 2 mm smaller than the nominal diameter 

and for the diameter after the second turning 4 mm smaller than the nominal diameter.  
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Table 3. The machining parameters of the test. 

Material Tool 
Dm 

[mm] 

vc 

[m/min] 

ap 

[mm] 

fn 

[mm/rev.] 

Pc (calculated) 

[kW] 

n 

[rpm] 

1.4301 TNMG 220408HS PC9030 

40 113.0 1 0.20 7.54 900 

38 84.7 1 0.20 5.65 710 

36 50.9 1 0.20 3.39 450 

EN-GJL 250 TNMA 220208 NC6210 

60 339.1 1 0.37 20.91 1800 

58 220.4 1 0.37 13.59 1210 

56 196.9 1 0.37 12.14 1120 

 

 

 
2.3. CUTTING INSERTS EMISSIVITY PARAMETER EXAMINE. 

To determine the emissivity of the cutting inserts a special equipment presented in 

Figure 1 was used. 

 

a)                                                      b) 

Fig. 1. Emissivity measurement scheme: a) the laboratory stand for determining the object's emissivity, b)  

the thermography images. 1 – cutting inserts, 2 – area with known emissivity value, 3 – heat source generator. 

The measurements were done with the use of the FLIR T335 Thermal Imaging Camera 

(Wilsonville, Oregon, USA). To determine the emissivity of the cutting inserts, they were 

sequentially mounted on a measuring device. During the experiments, the air humidity was 

40% and the ambient temperature was 24°C. The images were taken from 0.8 m. In the next 

step, boundary conditions related to air humidity, the distance between the camera lens and 

the object, and ambient and air temperatures were set up. Then, the temperature of the 

reference object with known emissivity was measured and the measuring point was moved to 

the cutting inserts. The emissivity was selected so that the temperature of the reference object 

and the cutting insert were the same. The final emissivity value was determined as the 

arithmetic mean of three independent measurements for each sample. The analysis of obtained 

thermograph images was done with FLIR QuickReport 1.2 SP1. 
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2.4. TEMPERATURE MEASUREMENT DURING MACHINING TURNING. 

The measurements during machining turning were done with the use of the FLIR T335 

Thermal Imaging Camera (Wilsonville, Oregon, USA). The camera was properly prepared 

for testing, the following calibration parameters were introduced: ambient temperature, 

reflection temperature, relative humidity, distance from the tested object and emissivity of the 

material. Unnecessary sources of radiation were also eliminated and convection in the room 

was limited. Thermal images were taken from the distance of approximately 0.5 m from the 

cutting zone. For each pass, five images were taken at different places where the shafts were 

machined. The analysis of obtained thermograph images was done with FLIR QuickReport 

1.2 SP1. By analyzing the thermographic images, the temperature in the cutting zone and the 

tool (cutting insert) temperature were determined. A view of the lathe with a mounted shaft 

and a sample of the thermographic image at the ambient temperature are shown in Fig. 2. 

  

a)                                                                         b) 

Fig. 2. Thermal imaging laboratory stand: a) the cast iron shaft mounted in the TUD50 lathe, b) thermography image 

taken with FLIR 335 camera in room conditions temperature. 

The temperature of the cutting inserts during machining was determined on the bisector 

of the angle running from the cutting tip, approximately 5 mm from the machining zone  

(Fig. 3). 

 

Fig. 3. The place of measuring the cutting insert temperatures during turning (turning of 1.4301 steel at machining 

speed 84.7 m/min. the 5th measurement) 
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3. RESULTS AND DISCUSSION 

The results of the emissivity of the cutting inserts are presented in Table 4. The test 

results indicate that there is not much difference between the emissivity values of the cutting 

inserts. This is because both tested materials are black and matte, and the differences in the 

features affecting the emissivity value are small. The obtained emissivity results correspond 

to the emissivity values of steel and cast iron used for testing [44]. 

Table 4. The results of the emissivity of cutting inserts used in the experiment 

Cutting inserts type / Material 

Measurement 
Estimated 

emissivity 1 2 3 

TNMG 220408HS/PC9030 0.39 0.47 0.39 0.417±0.05 

TNMA 220208/NC6120 0.38 0.37 0.36 0.372±0.01 

 

The results of temperature measurements of the cutting inserts and the material are 

presented in Table 5 and Fig. 4. In the case of EN-GJL-250 cast iron, laboratory tests have 

shown that due to safety reasons, because of the lack of a cover in the working area of the 

lathe, it was impossible to carry out measurements at the highest assumed machining speed 

of 339.1 m/min. During the turning process at that speed, small chips were created, spreading 

at very high speed in all directions (Fig. 5). As it turned out during the research, the possible 

time of taking good quality thermoimages with the FLIR T335 Thermal Imaging Camera was 

equal to 5 seconds at a feed of 0.37 mm/rev. It only allowed for taking a limited number  

of images for the installed shaft length. 

 

Table 5. The temperature measuring during the turning process 

Material Measuring point 
Vc 

[m/min] 

Temperature, °C 

1 2 2 4 5 

1.4301 

 

 

 

cutting zone 

113.0 360.1 338.2 331.5 359.8 360.3 

84.7 319.2 322.8 343.5 355.0 333.1 

50.9 348.2 310.0 358.2 318.2 330.6 

tool (cutting insert) 

113.0 109.7 166.7 190.4 188.4 202.4 

84.7 129.7 113.8 143.0 155.9 160.5 

50.9 115.3 178.2 159.8 170.4 175.5 

 

 

 

EN-GJL-250 

cutting zone 

339.1 - - - - - 

220.4 273.5 311.0 316.5 - - 

196.9 288.7 329.0 324.7 329.3 320.3 

tool (cutting insert) 

339.1 - - - - - 

220.4 186.9 212.8 240.5 - - 

196.9 144.6 196.4 233.9 217.5 266.1 
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Fig 4. The average temperature measuring of cutting inserts and machining materials during the turning process 

 

 

Fig. 5. The hot small chips created during turning of the EN-GJL-250 cast iron spreading in all directions (machining 

speed 196.9 m/min. the 2nd measurement) - the original picture without adjusting emissivity in the software 

The range of measured temperatures in all tests was from 115.3°C to 360.3°C. Despite 

several times lower machining speed, the higher average temperatures in the cutting zone 

were recorded for 1.4301 steel. The average cutting insert temperature when turning EN-GJL-

250 cast iron was approximately 100°C higher than for 1.4301 steel. Based on the results in 

Table 5, in the case of steel 1.4301 for machining speeds of 50.9 and 113.0 m/min the lower 

and the higher than the specific speed, respectively, the material temperature was higher  

at the beginning of machining, and then it decreases slightly and increases again. This can be 

explained by a sharp increase in machining resistance when the tool enters the material with 

inappropriate machining parameters [41]. A further increase in temperature can be explained 

by the natural processes of energy accumulation in the material and the greater absorption  

of energy than its release in convection processes to the environment. When machining with 

the recommended parameters, the material temperature in the cutting zone gradually 

increases, which seems to be a natural process. Additionally, the first measurements could 
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have been influenced by a change in surface emissivity. Covering the machined part of the 

shaft with an aerosol paint layer was considered. However, based on research [37], it can be 

assumed that this coverage has a very slight impact on the measurement results. When turning 

steel, temperatures determined at the cutting insert show a steady increase with machining 

progress. The interference occurring during measurements is most likely related to radiation 

from separating chips. 

In the case of EN-GJL-250, it was impossible to carry out experiments at the highest 

machining speed for staff and equipment safety reasons. The ambiguity of the test results may 

be caused by the cloud of flying hot chips interfering with the camera reading. Analyzing the 

test results included in Table 5, one can notice a change in heat distribution depending on the 

machining speed. The temperature measurement in the cutting zone shows higher 

temperatures at lower machining speeds, while the tool temperature is higher at higher 

machining speeds. This may be due to the lower amount of heat dissipated from the material 

by chips when turning at a lower machining speed [41]. 

4. CONCLUSION 

As research has shown, non-contact temperature measurement while machining by 

orthogonal turning without the use of coolant in the cutting zone using a thermal imaging 

camera is possible and seems to be interesting and developmental. The research performed 

does not exhaust the topic of the selected issue. Their purpose was only to check the possibi-

lity of using a thermal imaging camera to determine the temperature in the cutting zone. It 

was possible to precisely determine the emissivity of the used cutting inserts. This enables 

non-contact testing of the tool's operating temperature with high accuracy. The higher average 

temperatures in the cutting zone around 340°C were recorded for 1.4301 steel, even though 

the machining process took place at a much lower machining speed than in the case of EN-

GJL-250 cast iron. The measurements show that increased machining temperature occurs 

both at machining parameters higher and lower than the range recommended by the 

manufacturer. During the machining process by turning, after a rapid increase in the 

temperature of both cutting inserst at the beginning of machining, it was then possible to 

observe a slow increase in the temperature of both tools during their operation. The cutting 

insert when turning cast iron heated more than steel ones, which can be explained by the 

higher machining speed. The imaging frequency turned out to be an important factor for the 

experiment. The FLIR T335 camera were abler to take images every 5 seconds, which 

required the use of a large amount of processed material to obtain statistically significant 

results. The use of a higher frequency of taking images camera in the future would improve 

the research quality. The future tests will be carried out using a lathe with a higher engine 

power and a higher spindle speed range. The future tests need an additional equipment for the 

camera, such as a cover to protect the lens (and preferably the entire camera) against chips 

and a holder to mount the device to the machine tool support with the ability to adjust  

the viewing angle. The approximation of the experimental conditions to the real conditions 

occurring in the industry allows this method to be used in practice: when controlling the 

machining process or tool wear. 
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