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Abstract 

In the present contribution, experimental and numerical methods concerning orthogonal 

cutting are proposed in order to study the thermal phenomena accompanying the turning 

process of 42MoCr4 alloyed steel with respect to cutting parameters (depth of cut, feed 

rate, and cutting speed),  such as cooling lubrication method. Two environment friendly 

cooling techniques (near dry cutting and dry cutting) and for comparison reasons 

conventional flood cooling have been considered. For experimental validation, series of 

tests are carried out concerning cutting temperature measurement close to the cutting 

zone. The influence of cutting conditions on the cutting temperature has been analyzed 

using Design Expert software. Additionally, for the dry cutting tests, numerical 

simulation of thermal phenomenon have been performed using DEFORM 2D Software. 

Comparison of numerical results concerning cutting temperature to experimental ones 

shows a very good coincidence. 

 

KEYWORDS: cutting, turning, dry, lubrication, cooling, cryogenic, environment, 

temperature, simulation, tool 

 

INTRODUCTION 
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Heat emergence is a phenomenon accompanying inevitably cutting process. It comes 

from the almost entirely conversion of mechanical work consumed to process the cutting. 

The heat development, intensity and distribution of heat flows determine the operating 

temperature of the process. This temperature influences decisively the nature and 

dynamics of process characteristic phenomena [1]. The heat developed by the cutting 

process is due to the plastic deformation of the material in the chip formation and friction 

between the tool and chip in question between tool and work piece. 

 

It is well known that the mechanical work done by friction can be considered fully 

converted into heat. Regarding the mechanical work of deformation, the problem is more 

complex. All deformations imply changes in the physical state of the material (hardening) 

and correspond to a change in internal energy. Theoretically, this stored energy could be 

recovered to return material to the not deformed state. The experiments demonstrated that 

the energy returned corresponds to only part of the energy consumed in the deformation 

process, the rest being dissipated by heat generated during deformation. The cutting 

mechanical energy consumed remains stored as internal energy (hardening), as surface 

tension and as potential energy stored in the chip, and it represents a rate of 0.5-1% of the 

total energy [2]. 

 

As is known the heat developed in the cutting process is distributed from the sources to 

the cold zones (chip, tool, work piece and environment). Each source transmits to the 

surrounding areas two caloric streams in opposite directions and in different proportions. 

In the percentage distribution of heat in the chip, tool, work piece and the environment 
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are also important cutting parameters, the cutting fluids, the process type and thermo-

mechanical characteristics of work piece material and tool material. High cutting speeds 

increase the fraction of heat amount that is passing through the chip and decrease that 

resting into the tool and work piece. This is explained by the change in the ratio between 

the heat propagation speed in the cutting area and the cutting speed [1]. 

 

In the metalworking industry, cutting fluids are still used widely. The high influence of 

cooling and lubricating fluids on productivity, economy and safety of manufacturing 

processes is known from long practical experience and experimental research outcomes. 

Thus, the cutting fluids are part of the factors that influence the intimate phenomenon of 

metals cutting [3]. 

 

On the other hand, the use of auxiliary process materials is a risk factor for the 

environment. Many problems arise from the use of cutting fluids (environmental 

pollution, damage of workers health, problems of their elimination and  treatment), as 

well as the more restrictive legislation in this area make that the auxiliary materials used 

in the cutting process to stay increasingly in the spotlight [4]. 

 

Despite the attempts to remove completely the cutting fluids from cutting processes, to 

obtain the desired surface quality and accuracy and maintaining the cutting tools life, the 

use of cutting fluid is often essential. In this respect several ecological cutting techniques 

have been implemented such as: minimal lubrication and cooling, cryogenic machining, 

high pressure jet assisted machining [5,6,7].  
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Introducing these environment-friendly techniques has the following advantages [3,4,5]:  

• Avoid high costs for purchasing and disposal of cutting fluids;  

• Avoid equipment necessary for the supply, storage, filtering, and cutting fluid 

transport;  

• Reduce the increased costs for treatment and repreparing of cutting fluids;  

• Minimization of costs for treating chips (chips are directly obtained dry/almost dry). 

 

Environmental and financial problems arising from the use of cutting fluids can be 

completely solved by using dry processing procedure. Dry machining means no cutting 

fluids application in the machining process. Thus, the problems of cutting fluid such as 

contamination (of air, soil or water resources), treatment, and disposal are avoided. The 

tasks of the missed cutting fluid (cooling, lubricating, chips’ washing) should be 

compensated. In this respect certain grades of carbides and coated carbide cutting tools 

are developed for the use in dry machining [8]. 

 

Dry machining leads to an overheating process of the tool by high friction between the 

tool and work piece in dry cutting condition significantly increases the temperature 

resulting in higher tool wear, tools durability decrease and difficulties in chips formation. 

The work piece also experiences a large amount of heat and consequently leads to 

difficulties in achievement of tolerances and metallurgical damages of material 

superficial layer. These aspects make impossible the dry cutting in some machining 

process [9,10].  
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Dry cutting was originally used to process ceramic materials. High hardness and low 

thermal conductivity of these materials made possible the use of high cutting speeds. 

Introducing dry cutting measures in manufacturing systems includes optimization of tool 

behavior and process parameters or correction of processing errors.  

 

An advantage of the dry cutting to the discontinue processes such as milling consists of a 

longer tool life comparing with continuous processes. Although during the processing, 

temperature rises sharply, it remains almost constant throughout the process and can take 

measures to optimize the thermal behavior of the tool and the structural elements of the 

production system or compensation measures of thermal deformation by numerical 

control equipment [11]. 

 

Problems arising from the dry cutting process are specific to each process and each 

combination of tool-work piece materials. To implement dry cutting, the most significant 

changes in the design of manufacturing systems are linked to the cooling, additional 

equipment necessary, and adaptation of cutting processes to the new restrictions [12]. 

Within complete disclaiming lubrication and cooling, the problems that occur are related 

to thermal shock in the cutting area and to the inappropriate evacuation of chips from 

work space. Chip evacuation is important because they affect both the process run and 

the quality of the machined surface. 
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Dry machining is applicable for following machining processes: turning, milling, and 

gear cutting on steels, steel alloys and cast irons [1].  Some researchers had attempted in 

improving the cutting tool materials, coating and tool geometries in order to make the 

application of dry machining more practicable [13]. Diniz and Micaroni carried out 

several finish turning experiments with variable cutting parameters and several cooling 

lubrication techniques, having the objective to figure out the best condition for the dry 

cutting use [9]. The dry cutting process has been investigated by Huang in [14] in order 

to compare the machinability of the two types of tools in milling aeronautical material 

Ti6Al4V. Devillez investigated the effect of dry machining on surface integrity and 

cutting forces, when turning Inconel 718 [15]. Other research has been done by other 

researches [16,17,18,19] for analyzing the influence of different coolant strategies such as 

dry, wet, minimum quantity lubrication and minimum quantity lubrication with cooling 

air on performance in machining of several materials with coated or uncoated cemented 

carbide inserts.  

 

An alternative to flood lubrication or dry cutting, minimum quantity lubrication (MQL) is 

introduced as an environmentally friendly and economically beneficial method [20,21]. 

This cooling lubricating technique is also referred as near dry lubrication or micro-

lubrication, being recognized as one of the practical ways to the cleaner manufacturing in 

the context of the sustainable production. The main advantages of MQL are reduction of 

cutting fluid consumption, reduction of impact to the environment, cost saving, 

improvement of overall performances in cutting accuracy and the surface quality [18]. 

The principle of MQL is the application to the cutting zone of small quantity of cutting 
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fluid in a form of fine mist of compressed air-fluid mixture. Dedicated devices are used 

for this purpose. The pressure of compressed air is about 5 bar and the cutting fluid flow 

rate flow rate ranges between 15-200 ml/h which is one ten-thousandth of that used in 

flood cooling [1,7]. The cutting fluids preferred in MQL are biodegradable and remain 

stable for a longer period since their consumption very low [4,10,22,23,24]. 

Mohsen studied the performance of several types of lubricants namely mineral, synthetic, 

and vegetable oils with regard to the reduction in surface roughness and cutting force 

during MQL grinding of Al2O3 [25]. Other experiments [26], comparing the effectiveness 

of MQL in turning of AISI 1040 steel with uncoated carbide insert, showed that the 

performance of MQL machining is better than that of wet machining. MQL enabled a 

substantial reduction in cutting temperature improving the dimensional accuracy [27,28].  

 

The tool life and cutting force in end milling INCONEL 718 under dry and minimum 

quantity cooling lubrication cutting conditions have been examined by Zhang [18]. The 

application of MQL in pulsed-jet form in the high-speed milling of hardened steel using 

coated carbide ball end mill has also been explored [29]. Application of MQL in grinding 

of hardened steels can be efficiently done with better cutting performance compared with 

conventional cooling method [30].  

 

One recent development in the area of environment friendly cooling techniques is the 

Cryogenic machining (CM). That uses cryogenic gas such as nitrogen and helium as the 

coolant injected into the cutting zone with small diameter nozzles. Application of liquid 

nitrogen is very important in terms of flow rate and pressure. By its applying through 
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well-controlled jet, tool life can be prolonged. During turning with carbide tools under 

cryogenic cooling, various wear types are retarded and exhibits a significant 

improvement in tool life [7]. 

 

CM is an environmentally safe alternative to the conventional emulsion cooling because 

the nitrogen evaporates harmlessly without producing any cutting fluids waste [1]. The 

chips produced by this technique have no residual of oil attached and therefore can be 

recycled as scrap metal. By turning the cutting forces required are less than dry turning 

due to the ability of cryogenic fluid in reducing the coefficient of friction at the interface 

of the tool and chip over the rake face. The disadvantage of cryogenic cooling is that the 

dimensional accuracy of the operation is poor when the temperature difference becomes 

too large [31]. The effect of liquid nitrogen with modified cutting tool inserts to the 

cutting temperature, cutting forces, surface roughness and tool wear during turning of 

Ti6Al4V alloy has been also investigated [32]. Chiffre et al. investigated the performance 

of cryogenic CO2 as cutting fluid in parting/grooving and threading austenitic stainless 

steel [33]. Another aspect studied was the effect of cooling air temperature on cryogenic 

machining of Ti6Al4V alloy [34]. 

 

MATERIALS AND METHODS 

Heat phenomena that occur in the area of the cutting zone are directly related to tool wear 

rate, to the tool stability and to the work piece material machinability rate. As 

experimental researches show, almost all work of cutting forces is turned into the thermal 

energy. Generated heat goes from the cutting zone into the chips, tool, work piece, and 
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into the environment, during which, the decrease of the hardness of tool's cutting 

elements, cutting edge deformations, and the loss of the tool cutting ability. Generated 

heat distribution in work piece, tool and chips influence the temperature level at tool 

working elements, at processed surface and at chips [35,36,37,38]. This temperature 

depends on following relevant parameters: work piece material (its mechanical and 

chemical characteristics), tool geometry, cutting process parameters (cutting speed, feed 

rate, depth of cut), lubricants type, and cooling method [39,40]. Beside the influence on 

tool wear, heat generated in the cutting process has influence on other output parameters 

of the machining process such as: the machining process productiveness, processed 

surface quality, and accuracy of machining [41,42,43,44,45]. 

 

For this reason the investigations presented in this paper are focused on experimental 

measurements of temperature to turning of 42MoCr4 under several cooling lubrication 

conditions. The tests under DC conditions are simulated by DEFORM 2D software and 

the results are compared with the experimental ones.  

 

Aiming the better understanding of the environment friendly techniques, measurement of 

temperature in the tools, in the work piece and/or in the cutting area is used, allowing also 

the monitoring of temperature during cutting operations [35,46,47].  

 

Due to its influence on the machining results, the investigation and measurement of the 

cutting temperature within the tool and work piece are of the most importance from 



 

 
10 

aspects of practice. Based on this investigations the optimum working conditions, quality, 

tool stability, productiveness and economy of process and can be further determined. 

 

As new improvements in instrumentation have been developed, in the experimental work 

many techniques are used to determine the temperature distribution in the cutting domain. 

The machining conditions, new cutting tools materials and new kinds of products, high 

speeds and large temperature gradients have been challenging the experimental works to 

develop certain instrumentation for accurate temperature measurement [48,49,50].  

 

Among the several applied techniques for temperature measurement followings can be 

mentioned: thermo-couple with tool–chip pair or embedded, infrared radiation, thermo-

sensitive painting, metallographic with metal microstructure or micro hardness variation, 

thermal camera, and infrared thermometers. Each technique has its own advantages and 

limitations depending on the applied physical phenomena for measuring [37,48,49]. As 

mentioned, the temperature measurement in metal cutting processes has a long history. 

The number of measurement methods in the field is increasing rapidly as it is 

summarized in Figure 1.  

 

After this briefly review of various techniques employed in measuring cutting 

temperatures, it can be pointed out that the method of IR temperature measurement is 

certainly better than other techniques for the accurate measurement of the temperature in 

the cutting region.  
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With the measured temperature, some theoretical models can evaluate the heat conducted 

to work pieces. Thus, while some heat is flowing into the work piece, a significant part is 

being lost to the environment by convection effect. 

 

To determine the temperature into the cutting area, two methods can be considered. The 

first one concerns the experimental investigations. The second technique uses simulations 

by Finite Element Analysis (FEA), which is based on some equations, but applied on 

simple small and finite elements. 

 

The aim of the experiments performed in the present work is to determine the 

temperature into cutting zone close to the machined surface on turning operation using 

two different fluid application systems: flood lubrication and minimal quantity 

lubrication. The results were compared to the same operation on dry conditions.  

 

Experiments were conducted in laboratory of Department Manufacturing Engineering 

from Technical University of Cluj-Napoca on the universal lathe SPF-1500P of 5,5 kW 

power. Their goals were to investigate the temperatures in the cutting zone by external 

turning of alloyed steel 42MoCr4 material.  

 

The blank used has the following features: length L= 650 mm, diameter d= Ø 79 mm. 

The cutting tool used is composed of a TiC-coated carbide insert (CNMG PM, P35) fixed 

on tool holder (PCLNR 2525M12). In order to reproduce the orthogonal cutting, the 

insert cutting edge is orthogonal with the feed and cutting speed (κr = 95°, rε =0.8 mm and 
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λs =0°). Recommended cutting data for this cutting tool are: v = 210-140 m/min, f = 0.15 

- 0.25 mm/rev, ap = 0.5 - 3 mm. 

 

The tests have been performed under three different cooling-lubrications conditions 

(Figure 2): dry cutting, near dry cutting (cutting fluid: vegetable oil Lubrimax, minimal 

quantity lubrication equipment: Lubrimat L60 Steidle, cutting fluid volume: 0.024 l/h, 

compressed air pressure: 5 bar) and conventional flood lubrication (cutting fluid: 

emulsion SAROL 474EP, cutting fluid volume: 90l/h). 

 

RESULTS AND DISCUSSIONS  

The measuring equipment consists of an infrared thermometer XTempLS that has been 

used in order to investigate the cutting temperatures in the cutting zone. It allows the 

temperature measurements in the range of -35° C to 900° C having a resolution of 0,1° C 

and a accuracy of ± 0,75° C. The recording interval was set to 20 msec. Measurement of 

the cutting temperature is solved according to the measuring setup shown in Figure 2. For 

the experimental tests of the turning cutting temperature the following levels of cutting 

parameters and conditions were used (Table 2). 

 

Figure 3 shows a typical experimental temperature graph when turning 42MoCr4 steel in 

dry conditions. The temperature was registered on the rake tool surface. Other graphs for 

the MQL systems and dry turning had a similar behavior, only with differences on the 

maximum temperature. The data acquisition began approximately 3 seconds before the 
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tool reached the work piece surface, at ambient temperature of 24º C. The temperature 

was recorded for few seconds during the operation allowing a complete stabilization. 

 

The combination of cutting parameters levels used to the 20 tests done are given in Table 

3.  The results of the experimental determination of temperature in the cutting zone 

(maximal values) are presented in right column of the same table. 

 

Table 3 shows a general result for temperature in all cooling conditions. The maximal 

temperatures are different for each cutting condition tested, depending not only of cutting 

fluid flow rate but also of cutting parameters. MQL system registered values of 

temperature next to the values to the dry tests. This demonstrates that MQL systems do 

not present good conditions of cooling for tapping process in function of not reaching the 

cutting zone and effectively not decreasing the temperature.  

 

The cutting conditions influence on the temperatures is further analyzed within Design 

Expert software. Experimental data are analyzed using ANOVA and F test. These 

methods help to determine the main effects of process parameters on output process 

variable. In this case, the dependent variable considered is the temperature in the cutting 

zone.  Involvement in the analysis of more than one influence factor requires a complex 

tool that can differentiate the influence of the each factor and their combined influence 

(interaction of those two factors) on the response. 

 

http://www.scielo.br/scielo.php?pid=S1678-58782010000200008&script=sci_arttext#tab02
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Figure 4 shows that minimum levels of the feed rate and of cut depth may determine low 

cutting temperatures, temperature being influenced in the same manner of both 

parameters mentioned. 

 

As is shown in Figure 5, high values of cutting fluid flow rate and cutting speed lead to 

low cutting temperature. In respect with these two cutting parameters, the temperature is 

mostly influenced by the cutting fluid flow rate. 

 

Even the investigations are strongly influenced by chemical composition and the main 

mechanical characteristics of work piece material, the cutting conditions, the tool inserts 

materials and coating, the results of present work are well validated by other researches 

as presented below. 

 

Experimental results concern two materials a low carbon steel (C15) and a low alloyed 

medium carbon steel (42CrMo4) are presented by Sutter et al in [51]. These materials 

were tested for a range of cutting speeds, exceeding the industrial speeds. For a cutting 

speed around 20 m/s, the temperature measured near the tool–chip interface presented a 

maximal value of 470  C for 42CrMo4 and 330 C for C15. The research shows also the 

effects of cutting velocity on the maximum temperature value. The increase of the cutting 

speed from 10 to 65 m/s raises continuously the chips’ temperature and seems to 

influence the location of the maximal temperature.  
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Various research works are summarized in [52,53,54] while machining of hardened steel. 

The present work and most of the studies as well concluded that the optimal combination 

of low feed rate and low depth of cut with higher cutting speed is beneficial for reducing 

cutting temperatures, machining force and surface roughness. Experimental 

investigations indicate that the cutting force components were influenced principally by 

depth of cut and work piece hardness; however, both feed rate and work piece hardness 

had statistical significance on surface roughness.  

 

Other studies presented in [26] deal with experimental investigations in the role of MQL 

on cutting temperature, chip formation and product quality in turning AISI- 1040 steel at 

different industrial speed-feed combinations by uncoated carbide insert. The results have 

been compared with dry machining and machining with soluble oil as coolant. The 

experimental results indicated that MQL enables substantial reduction in the cutting 

temperature, dimensional inaccuracy depending on the levels of the cutting velocity and 

feed rate. 

 

Cutting induced temperatures of cutting tools and work piece were also measured the 

multichannel thermocouple acquisition system dividedly when machining 1045 steel 

using uncoated insert as presented in [55,56]. Cutting speed was the only design factor 

affecting temperature, and it is varied from 500 m/min (conventional speed machining) to 

3000 m/min. Investigations show that during the cutting process the highest temperatures 

of the work piece and tool insert increases to a peak point as the cutting speed grows to 

1500 m/min, and it starts to decrease as the cutting speed continues growing.  
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The drop of the temperature at high cutting speed is mainly caused by the increasing feed 

rate velocity and the dropped heat flux into the tool inserts and work piece, which means 

that more heat converted by the energy consumed in the cutting process is passed to the 

chip. This is because that there is not enough time for the heat to transfer to the work 

piece before the heat is taken away by the chip. 

 

Thus, the relationship of cutting induced temperature and cutting parameters found in the 

series of experiments verifies the results of investigations done in present work. 

 

The common method to avoid running series of test cuts is the use of empirical models 

and simulation software are useful to replace these tests as it provides methods to predict 

the cutting conditions without the need to use precious machine time. Machine simulation 

soft wares have become of great interest in today’s industry [57,58].  

 

With the ability of performing these calculations on computers nowadays by utilizing 

simulation software, it is possible to predict process conditions that are not available 

directly. These values can be known and optimized before the cutting process is 

developed. Some such values include tool wear, cutting temperatures, effective stresses 

induced in the part, effective strain, and strain rate [59]. 

 

The investigation done in present research uses commercially available software 

DEFORM 2D, to determine the temperatures induced during machining [60,61,62,63,64]. 
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Because of software limitation the simulation are performed only for dry cutting tests 

considered in the experimental investigations (experiments’ numbers 1, 5, 8, 12, 16, 17, 

18). These values solutions will run after the essential assumptions have been clarified 

and further validated with experimental results obtained from experimental research. The 

software utilizes a Machine Cutting template to ease the setup for simulations. The output 

obtained from the simulation for these values can be found in Figure 6. 

 

The temperature is of note since many of the material properties are based on 

temperature. Thus having the ability to visualize the temperature over the part is also of 

benefit. In addition to being able to track the maximum temperature, it is possible to see 

the depth high temperatures can reach. For comparing and validating reasons, 

additionally to the experiments presented in chapter 4, a Finite Element Analysis for dry 

turning of 42MoCr4 was developed and used to evaluate the cutting temperature. The 

simulation has been repeated for all dry cutting tests considered (Table 5). 

 

Figure 7 shows the comparison between experimental and simulated data. It can be 

observed that the columns present values of temperature in similar ways as the 

experimental tests. Thus, the experimental investigations are validated by numerical 

simulations. 

 

CONCLUSIONS 

 The heat is generated during machining any ductile materials at the primary 

deformation zone, secondary deformation zone and the tool clearance surfaces. The 

http://www.scielo.br/scielo.php?pid=S1678-58782010000200008&script=sci_arttext#fig09
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maximal cutting temperatures are recorded at the chip–tool interface. 

 

The temperature analysis is critical in the investigation of metal cutting. In this work the 

experimental study of the temperature was conducted in turning of 42MoCr4 alloy and 

the results were compared with other investigations. 

 

The temperature was detected by using an infrared thermometer. The influence of cutting 

conditions on the cutting temperature has been interpreted using the Design Expert 

software. From the study, it is concluded that the depth of cut and feed rate have the 

biggest influence on the cutting temperature. 

 

MQL jet could significantly reduce the cutting temperature in different levels for 

different cutting velocity and feed combinations. The cutting fluids applied 

conventionally cannot effectively reduce the temperature of chip–tool interface because 

the fluid can hardly penetrate into working interface where the chip–tool contact is 

mostly plastic at hard cutting conditions (higher cutting velocity and feed). 

 The investigation additionally included numerical analyses that have been 

performed using DEFORM 2D software. Because of software limitation the simulation 

are performed only for dry cutting tests considered in the experimental investigations. 

The comparison shows the concordance of the results obtained by the two methods used 

for determining the cutting temperature. 
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Table 1. Chemical composition of material 42MoCr4 

Material C Si Mn Cr  Mo S other 

42MoCr4 0.42 0.25 0.75 1.10 0.22 <0.035 (Pb) 
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Table 2. Cutting parameters and their levels 

Parameter Level 

1 2 3 

Depth of cut, ap [mm] 0.5 0.75 1 

Feed rate, f [mm/rev] 0.153 0.196 0.239 

Revolution speed, n [rev/min] 92 139 206 

Cutting speed, v [m/min] 92 139 206 

Cutting fluid volume, ql [l/h] 0 0.024 90 
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Table 3. Cutting parameters combination and temperature measurement results 

No of Exp.  ap [mm] f [mm/rev] n [rev/min] ql  [l/h] Tmax exp  [° C] 

1. 0.5 0.153 560 0 352 

2. 0.5 0.196 560 0.024 390 

3. 0.5 0.226 830 90 350 

4. 0.75 0.153 370 90 419 

5. 0.75 0.196 830 0 398 

6. 1 0.153 830 0.024 408 

7. 1 0.196 370 90 457 

8. 1 0.226 370 0 400 

9. 0.5 0.153 370 0 353 

10. 0.5 0.196 370 90 385 

11. 0.5 0.196 830 90 327 

12. 0.75 0.226 370 0 398 

13. 0.75 0.153 830 0.024 409 

14. 1 0.153 360 90 454 

15. 1 0.196 830 0.024 398 

16. 1 0.153 370 0 354 

17. 1 0.196 370 0 381 

18. 1 0.226 830 0 447 

19 0.75 0.226 370 0.024 408 

20. 0.75 0.226 830 90 371 
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Table 4. Influence of cutting conditions on temperature 

Parameter DOF 

(fz) 

Sz Vz F-ratio F0.0

5 

Sz' Percent 

[%] 

Depth of cut 2 16406

,0 

8203,

0 

4614,1

88 

3,55

0 

16402,4

44 

63,423 

Feed rate 2 4122,

0 

2061,

0 

1159,3

13 

3,55

0 

4118,44

4 

15,925 

Cutting speed 2 2198,

0 

1099,

0 

618,18

8 

3,55

0 

2194,44

4 

8,485 

Cutting fluid flow 

volume 

2 3104,

0 

1552,

0 

873,00

0 

3,55

0 

3100,44

4 

12,002 

Error 18 32,0 1,778    0,165 

Total 26      100,000 
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Table 5. Comparison of experimental results and numerical simulation for dry cutting 

tests 

No of Exp.  ap [mm] f [mm/rev] n [rev/min] ql [l/h] Tmax exp [° C] Tsim [° C] 

1. 0.5 0.153 560 0 352 348 

5. 0.75 0.196 830 0 398 392 

8. 1 0.226 370 0 400 392 

9. 0.5 0.153 370 0 353 346 

12. 0.75 0.226 370 0 398 396 

16. 1 0.153 370 0 354 358 

17. 1 0.196 370 0 381 377 

18. 1 0.226 830 0 447 442 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
33 

Figure 1. Evolution of temperature measurements methods in metal cutting processes 

[37] 
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Figure 2. Experimental setup for several cooling-lubrication conditions to turning tests 

(left - dry cutting,, middle - near dry cutting, rights - flood cutting) 
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Figure 3. Example of experimental temperature graph for test 18 
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Figure 4. Influence of feed rate and depth of cut on the cutting temperature  
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Figure 5. Influence of cutting fluid flow rate and cutting speed on the cutting temperature 
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Figure 6. Example of temperature evolution for experiment number 18 
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Figure 7. Comparison of experimental results and simulation 

 


