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a b s t r a c t 

The turning process remains one of the most widely used 

manufacturing methods in the industry due to its high flexi- 

bility and production rates. Despite being an extensively used 

technique, the impact of this machining process on the sur- 

face integrity of the components has not yet been resolved 

in the literature, although it is well known that it can have 

a major influence on their final life. With the aim of pro- 

viding new insights in the field, an extensive experimental 

campaign was designed on a 42CrMo4 quenched and tem- 

pered steel (in the following 42CrMo4 + QT) using the re- 

sponse surface method. As inputs of this experimental de- 

sign, the principal machining parameters were selected: feed 

rate (mm/rev), cutting speed (m/min), depth of cut (mm) and 

insert radius (mm). Meanwhile the main outputs measured 

where the surface roughness (μm) and the longitudinal resid- 

ual stresses (MPa). In parallel, the turning operation of each 
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specimen was monitored and the forces (X, Y and Z), current 

consumption of the main lathe motor, sound pressure and 

tool holder accelerations were recorded. 

© 2024 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND 

license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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pecifications Table 

Subject Manufacturing Engineering; Mechanical Engineering. 

Specific subject area Assess the impact of the turning process on the surface integrity of a 

42CrMo4 + QT steel and develop phenomenological models to predict surface 

roughness and residual stress. 

Type of data Table, Graph and Figure. 

Raw, Filtered and Processed. 

Data collection Superficial residual stress was evaluated using an X-ray diffractometer 

Stresstech 30 0 0-G3R while surface roughness was measured by means of a 

confocal microscope Leica DCM3D. 

Regarding the turning process monitoring task, the forces in the 3-axis, the 

principal motor current consumption, the sound pressure and tool holder 

accelerations, were recorded employing a National Instruments data 

acquisition card and an ad-hoc LabView software. 

Data source location • Institution: University of Oviedo 

• City/Town/region: Gijón, Asturias 

• Country: Spain 

• Latitude and longitude for collected data: 43.52322 o N, −5.6266 ° E 

Data accessibility Repository name: MaRoReS (Machining, Roughness and Residual Stresses 

generated in turning of 42CrMo4 + QT steel) [ 1 ] 

Data identification number: 10.17632/z9w23xvhbt.1 

Direct URL to data: https://data.mendeley.com/datasets/z9w23xvhbt/1 

. Value of the Data 

• The data here will allow a better understanding of the influence of the manufacturing process

on the surface integrity of 42CrMo4 + QT, allowing the recognition of the key factors among

those studied in this work (feed rate, cutting speed, depth of cut and insert radius). 

• The data collected during the extensive experimental campaign carried out by the authors

will allow the development of phenomenological predictive models to assess the residual

stresses and roughness generated in a 42CrMo4 + QT steel based on the turning conditions,

hence improving the existing knowledge in the field and laying the foundations for the man-

ufacture of this steel to maximize the life of the components in service. 

• By monitoring the turning process of each of the specimens, additional information on the

forces, accelerations or sound measured during machining is included, allowing complex

models to be established relating these parameters to residual stresses and the generation

of surface roughness. 

. Background 

The influence of turning parameters on surface integrity has been recognized in the liter-

ture, although the relationship between the manufacturing process and the surface finish is

ot direct, existing some discussion about the importance of each of the cutting parameters

n it. 

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17632/z9w23xvhbt.1
https://data.mendeley.com/datasets/z9w23xvhbt/1
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On the one hand, the influence of cutting parameters on roughness has been studied in sev-

eral comprehensive reviews, agreeing that among all the parameters, feed rate, cutting speed,

depth of cut and tool radius are the most influential ones [ 2–4 ]. On the other hand, residual

stress generated during manufacturing due to thermomechanical load is related to feed rate and

insert tip radius, while the impact of depth of cut and cutting speed is questionable [ 5 , 6 ]. Fur-

thermore, although some analytical equations have been proposed in the literature to assess the

impact of turning in the surface integrity, they need to be revised for those complex machining

scenarios where the tool does not work in the best conditions. 

With the aim of developing predictive phenomenological models to appraise the impact of

machining in the surface integrity, an extensive experimental campaign has been designed in

this work, extending the existing knowledge in the field. 

3. Data Description 

The data presented in this manuscript belong to the extensive experimental campaign devel-

oped by the authors on the influence of the main turning parameters on the surface integrity

of a 42CrMo4 + QT steel. This experimental campaign was designed using the response surface

methodology, a technique widely used in the design of experiments in many areas of knowl-

edge due to its potential for the subsequent analysis of the results and the establishment of

relationships between different parameters under study [ 7 , 8 ]. 

The presented dataset has the following format. Firstly, in the web repository a folder named

“Raw Data” can be found. Within this folder, three more sub-folders are placed: “Residual Stress

Measurements”; “Roughness Measurements”; and “Turning Process Monitoring” in which the 

raw results obtained from the evaluation of the residual stress, the surface roughness, and the

monitoring of the turning process can be found. A more detailed classification based on the in-

sert tip radius is used, leading to two more folders for each of the above mentioned folders with

the information corresponding to the specimens machined with each of the tool insert radii used

in the experimental campaign (0.4 mm and 0.8 mm respectively). Fig. 6 shows a general scheme

of the experimental campaign developed, highlighting both the input variables (here insert ra-

dius, feed rate, depth of cut and cutting speed) used for the design of experiments that give

rise to each of the machining scenarios, and the variables measured in the post-manufacturing

stage. 

Regarding the raw residual stress data, three measurements were taken on each specimen,

each equispaced 45 °. As for the files generated in the evaluation, and following the criteria

explained above, the experimental results are divided into two .txt files, one for each tool ra-

dius used in the experimental campaign (0.4 and 0.8 mm). Table 1 shows the results stored

in the “0.4 mm Insert radius Residual stress Raw.txt” file, corresponding to the raw data ob-

tained after measuring the residual stresses in the specimens machined with the 0.4 mm in-

sert by means of a X-ray diffractometer, while Table 2 presents the analogous results for the

specimens machined with the 0.8 mm tool. The principal stresses are there referred to the 0 °
orientation. 

The scheme followed for the classification of the roughness data is analogous to the previous

one, although, due to the measurement method used, two types of file have been stored for each

of the measurements taken. The first of these files (.plu), allows a three-dimensional reconstruc-

tion of the measured surface, which greatly facilitates the results evaluation task. As an example,

Fig. 1 shows the results obtained when evaluating files 45_01.plu (a) and 46_01 (b), both ma-

chined with the 0.8 mm radius tool. The second type of data in the aforementioned folder, with

.dat extension, contains all information related to the performed roughness measurements in

terms of roughness parameters (Ra, Rq, Rz, etc.) and the configuration of the measuring device.

The existence of three files per specimen (i.e. 01_01.dat, 01_02.dat and 01_03.dat) is justified by

having made three roughness measurements per sample. 

In the third sub-folder found in this repository (“Turning Process Monitoring”) the raw data

recollected during the machining process of each sample can be found. In order to establish
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Table 1 

Experimental results of residual stress measurements carried out according to the scheme shown in Fig. 7 (a) for 0.4 mm 

insert radius machined specimens. 

Run Factor Ir: 

Insert radius 

(mm) 

Factor Dc: 

Depth of cut 

(mm) 

Factor Cs: 

Cutting speed 

(m/min) 

Factor Fr: 

Feed rate 

(mm/rev) 

Principal stresses 

σ max (MPa) σ min (MPa) ϕ (angle) 

1 0.4 0.05 138 0.15 599.7 363.9 46.6 

2 0.4 0.05 138 0.15 714.8 435.0 46.1 

3 0.4 0.10 107 0.10 406.2 79.9 41.5 

4 0.4 0.10 107 0.10 398.6 62.4 41.2 

5 0.4 0.10 107 0.20 763.8 414.2 59.8 

6 0.4 0.10 107 0.20 722.6 406.7 58.3 

7 0.4 0.10 169 0.20 756.4 432.5 43.9 

8 0.4 0.10 169 0.20 788.0 457.9 45.1 

9 0.4 0.10 169 0.10 567.2 170.6 40.4 

10 0.4 0.10 169 0.10 324.7 20.8 35.3 

11 0.4 0.15 76 0.15 677.8 332.5 52.4 

12 0.4 0.15 76 0.15 285.8 56.1 26.7 

13 0.4 0.15 138 0.05 −275.2 −478.6 4.7 

14 0.4 0.15 138 0.05 −246.2 −513.7 2.1 

15 0.4 0.15 138 0.15 272.3 90.5 31.9 

16 0.4 0.15 138 0.15 697.0 353.5 51.3 

17 0.4 0.15 138 0.15 732.3 353.9 46.5 

18 0.4 0.15 138 0.15 598.9 272.5 42.5 

19 0.4 0.15 138 0.15 630.9 320.3 42.3 

20 0.4 0.15 138 0.15 751.9 386.4 51.6 

21 0.4 0.15 138 0.25 801.6 466.5 58.5 

22 0.4 0.15 138 0.25 799.7 476.4 56.8 

23 0.4 0.15 200 0.15 661.9 255.9 42.6 

24 0.4 0.15 200 0.15 606.4 207.0 38.7 

25 0.4 0.20 107 0.10 500.1 125.9 44.9 

26 0.4 0.20 107 0.10 491.1 122.7 46.1 

27 0.4 0.20 107 0.20 647.7 291.0 53.2 

28 0.4 0.20 107 0.20 786.6 388.2 59.7 

29 0.4 0.20 169 0.20 679.6 219.0 52.5 

30 0.4 0.20 169 0.20 695.3 274.0 52.7 

31 0.4 0.20 169 0.10 606.5 187.7 39.5 

32 0.4 0.20 169 0.10 603.4 186.6 41.3 

33 0.4 0.25 138 0.15 752.6 357.7 51.2 

34 0.4 0.25 138 0.15 748.6 343.6 49.1 

Fig. 1. Three-dimensional representation of the surfaces of 2 different test specimens obtained from .plu files: (a) 

45_01.plu (0.8 mm); and (b) 46_01.plu (0.8 mm). 
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Table 2 

Experimental results of residual stress measurements carried out according to the scheme shown in Fig. 7 (a) for 0.8 mm 

insert radius machined specimens. 

Run Factor Ir: 

Insert radius 

(mm) 

Factor Dc: 

Depth of cut 

(mm) 

Factor Cs: 

Cutting speed 

(m/min) 

Factor Fr: 

Feed rate 

(mm/rev) 

Principal stresses 

σ max (MPa) σ min (MPa) ϕ (angle) 

35 0.8 0.05 138 0.15 495.5 227.7 −50.8 

36 0.8 0.05 138 0.15 669.8 356.8 −48.1 

37 0.8 0.10 107 0.10 175.8 −95.3 −47.4 

38 0.8 0.10 107 0.10 −19.3 −279.6 −71.4 

39 0.8 0.10 107 0.20 759.7 398.7 −32.1 

40 0.8 0.10 107 0.20 533.4 277.4 −37.3 

41 0.8 0.10 169 0.20 650.1 334.3 −41.0 

42 0.8 0.10 169 0.20 746.9 415.2 −39.3 

43 0.8 0.10 169 0.10 416.5 34.3 −41.4 

44 0.8 0.10 169 0.10 413.1 77.9 −43.6 

45 0.8 0.15 76 0.15 249.3 −8.5 −42.2 

46 0.8 0.15 76 0.15 450.0 98.6 −39.2 

47 0.8 0.15 138 0.05 −290.5 −613.1 −49.9 

48 0.8 0.15 138 0.05 −439.5 −664.2 −49.8 

49 0.8 0.15 138 0.15 370.9 136.7 −56.2 

50 0.8 0.15 138 0.15 502.0 204.2 −43.7 

51 0.8 0.15 138 0.15 330.0 112.7 −59.2 

52 0.8 0.15 138 0.15 689.1 324.3 −38.8 

53 0.8 0.15 138 0.15 681.7 314.2 −38.6 

54 0.8 0.15 138 0.15 523.3 237.7 −50.3 

55 0.8 0.15 138 0.25 782.9 439.1 −33.5 

56 0.8 0.15 138 0.25 824.3 506.9 −32.7 

57 0.8 0.15 200 0.15 509.6 171.0 −45.1 

58 0.8 0.15 200 0.15 662.3 287.4 −42.0 

59 0.8 0.20 107 0.10 188.4 −65.4 −51.6 

60 0.8 0.20 107 0.10 253.8 −17.9 −62.0 

61 0.8 0.20 107 0.20 770.2 413.8 −32.1 

62 0.8 0.20 107 0.20 690.7 343.6 −34.4 

63 0.8 0.20 169 0.20 697.4 355.5 −43.4 

64 0.8 0.20 169 0.20 649.6 290.0 −36.2 

65 0.8 0.20 169 0.10 182.6 −65.4 −52.9 

66 0.8 0.20 169 0.10 573.2 187.3 −45.8 

67 0.8 0.25 138 0.15 89.0 −91.9 20.3 

68 0.8 0.25 138 0.15 593.9 255.4 51.0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a bi-univocal relationship between each of the files and the machining conditions, a specific

coding has been implemented. Thus, for instance, the first file found in the subfolder “0.4 mm

Insert radius Turning monitoring Raw.zip” is named “1_r04_d005_s138_f015.txt,” which states 

that the data stored in this file corresponds to the specimen machined with an insert radius

of 0.4 mm, with a depth of cut of 0.05 mm, a cutting speed of 138 m/min and a feed rate of

0.15 mm/rev. 

Within each of these text files, the monitored data is structured in columns, where the first

column shows the time history in seconds, the second column shows the current consump-

tion of the lathe in millivolts, the third and fourth columns show the accelerations measured in

the tool holder in g, the fifth column shows the sound in Pa, and finally, the remaining three

columns show the forces in X, Y and X, respectively, in volts. At this point, is important to note

that the former values, were not registered in their real units (e.g. forces in Newtons) and need,

therefore, to be transformed to their real scale. 

Fig. 2 displays the results of plotting the lathe Force X against the time for the specimen

11 machined with the 0.4 mm insert tip radius. A more exhaustive analysis of the above graph

shows four regions whose associated force values are higher (60N-100 N) than those of the other

regions, each of these high regions corresponding to the different machining passes. It is im-

portant to note that, although the first wave may seem anomalous, it is within the expected
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Fig. 2. X-axis force measured during machining. 
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ange, as it is the first finishing pass after roughing. As explained later, in order to analyse the

onitored data, a filtering of the measured signals, which guarantees the elimination of both

he first wave and the low areas of the signal, is required. 

Lastly, the web repository contains the “Filtered Data” folder, whose structure is analogous to

he one originally proposed to store the raw results. Within the folder, again, three sub-folders

an be found: “Residual Stress Measurements”; “Roughness Measurements”; and “Turning Pro-

ess Monitoring”, containing the results obtained after the filtering process of the residual stress,

he surface roughness, and the monitoring of the turning process, respectively. In turn, each of

hese sub-folders is divided into two more folders with the information corresponding to the

pecimens machined with each of the tool radii used in the experimental campaign (0.4 mm

nd 0.8 mm). 

Based on the data presented in Table 1 , Table 3 shows both the longitudinal residual stresses

 σ L ) and the radial residual stress ( σ C ), calculated employing the MATLAB code developed by

he authors (“Residual Stress Transformation Code.mlx”) which is placed within the sub-folder

Residual Stress Measurements”. 

Fig. 3 shows graphically the influence of each of the cutting parameters studied here on the

easured residual surface tension, showing that the feed rate is the most influential one, which

s in accordance with most of the authors, as reported in some of the most cited reviews in

he field [ 2 , 9 ]. Regarding the rest of the parameters, there is still some discussion in the liter-

ture depending on the material studied and the machining conditions themselves. For exam-

le, while most investigations in the literature report significant effects of cutting speeds [ 10 ],

ome researchers claim that this parameter has no impact on the generated residual stresses

 11 ] ( Table 4 ). 

In this way, a similar situation seems to occur with the depth of cut [ 10 , 12 ]. Among all cut-

ing parameters, cutting depth has a minor effect on residual stresses in machining processes

nd may be neglected compared to the effects of cutting speed and feed rate. However, some

esearchers have reported contrary results [ 13 ]. 

Table 5 shows the experimental roughness results, evaluated in terms of the average rough-

ess parameter, Ra, as it is one of the most widely used at industrial level. Note that here, the

uthors have selected Ra as the parameter of interest, but given the simplicity of the proposed

nalysis, an identical evaluation can be made for any other roughness parameter available in the

dat files (Rq, Rp, Rv, Rt, Rpm, RzISO, RmaxISO, etc.) by simply calculating the average value of
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Table 3 

Circumferential and longitudinal residual stresses according to Fig. 7 (b) for the measured specimens machined with the 

0.4 mm radius tool. 

Run Factor Ir: 

Insert radius 

(mm) 

Factor Dc: 

Depth of cut 

(mm) 

Factor Cs: 

Cutting speed 

(m/min) 

Factor Fr: 

Feed rate 

(mm/rev) 

Residual stress (RS) 

measurements 

Longitudinal RS 

σ L (MPa) 

Radial RS 

σ R (MPa) 

1 0.4 0.05 138 0.15 488.4 475.2 

2 0.4 0.05 138 0.15 580.3 569.5 

3 0.4 0.10 107 0.10 223.2 262.9 

4 0.4 0.10 107 0.10 208.3 252.7 

5 0.4 0.10 107 0.20 675.3 502.7 

6 0.4 0.10 107 0.20 635.4 493.9 

7 0.4 0.10 169 0.20 588.2 600.7 

8 0.4 0.10 169 0.20 623.5 622.4 

9 0.4 0.10 169 0.10 337.2 400.6 

10 0.4 0.10 169 0.10 122.3 223.2 

11 0.4 0.15 76 0.15 549.3 461.0 

12 0.4 0.15 76 0.15 102.5 239.4 

13 0.4 0.15 138 0.05 −477.2 −276.6 

14 0.4 0.15 138 0.05 −513.3 −246.6 

15 0.4 0.15 138 0.15 141.3 221.5 

16 0.4 0.15 138 0.15 562.7 487.8 

17 0.4 0.15 138 0.15 553.0 533.2 

18 0.4 0.15 138 0.15 421.5 449.9 

19 0.4 0.15 138 0.15 461.0 490.2 

20 0.4 0.15 138 0.15 610.9 527.4 

21 0.4 0.15 138 0.25 710.1 558.0 

22 0.4 0.15 138 0.25 702.8 573.3 

23 0.4 0.15 200 0.15 441.9 475.9 

24 0.4 0.15 200 0.15 363.1 450.3 

25 0.4 0.20 107 0.10 312.3 313.7 

26 0.4 0.20 107 0.10 314.0 299.8 

27 0.4 0.20 107 0.20 519.7 419.0 

28 0.4 0.20 107 0.20 685.2 489.6 

29 0.4 0.20 169 0.20 508.9 389.7 

30 0.4 0.20 169 0.20 540.6 428.7 

31 0.4 0.20 169 0.10 357.1 437.1 

32 0.4 0.20 169 0.10 368.2 421.8 

33 0.4 0.25 138 0.15 597.5 512.8 

34 0.4 0.25 138 0.15 575.0 517.2 

 

 

 

 

 

 

 

 

 

 

 

 

 

the parameter of interest measured on each of the specimens. Within the sub-folder “Roughness

Measurements” found in the folder “Filtered Data”, the results of the Ra evaluation can be found

both for 0.4 and 0.8 mm insert radius tool, named “0.4 mm Insert radius Roughness Filtered.txt”

and “0.8 mm Insert radius Roughness Filtered.txt”, respectively ( Tables 6–8 ). 

As previously done for the longitudinal residual stress, the relationships between the main

turning parameters and the average Ra surface roughness measured on the specimens have

been plotted (see Fig. 4 ). The obtained results are in clear agreement with the literature,

showing how the feed rate is the determining parameter in the generation of surface rough-

ness [ 2 ]. In general lines, most authors agree that feed rate and residual stress had signif-

icant effects in reducing the surface roughness, while the depth of cut had the least effect

[ 14 ]. 

As mentioned before, the signals monitored during machining (current, accelerations, sound,

and forces) require a filtering process before analysis, whereby the data recorded correspond-

ing to the time between cutting passes are eliminated. For this purpose, an ad-hoc MATLAB

code has been developed based on the state-level function, specifically programmed to iden-

tify signal high and low levels, allowing the subsequent evaluation of the results by eliminating
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Fig. 3. Influence of the four cutting parameters studied on the longitudinal residual stress: (a) Influence of insert raidus, 

(b) Influence of Depth of cut, (c) Influence of Cutting speed (m/min), and (d) Influence of feed rate (mm/rev). 
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he influence of the low part of the signal and thus, favoring the subsequent calculation of a

epresentative value for each signal. The results of this filtering can be found in the last sub-

older called “Monitoring of the turning process,” following the same coding as in the case

f the “Raw data,” while the MATLAB codes are found in the first one (see “MATLAB analysis

odes”). 

The following paragraphs are devoted to a more detailed explanation of the aforementioned

ATLAB codes. Initially, the “Filter 1.m” code is used to read the raw data measured on the lathe,

hose shape, in the case of the X forces, is shown in Fig. 5 . Once the data is loaded, the code

s able to identify the start and end of each of the high parts of the waves which correspond, as

entioned above, to the start and end of each machining pass and, therefore, to the region of

nterest. In addition, the initial section of the wave is also removed, leaving the final finishing

asses as the region of interest (see Fig. 5 (a)). 

Once the filtering is done, the reference value for each of the recorded variables can be ob-

ained using the “Filter 2.m” code. Fig. 5 (b) shows the results for the case of the X-axis forces,

here the mean value of the X-force is represented by a black line. The noise observed in both

ig. 5 (a) and (b) is related to the entry and exit of the tool from the workpiece and the high

ata acquisition frequency during the process. An analogous calculation is performed for the

est of the variables (Y-force, Z-force, accelerations, sound, and current), although each of these

ariables, due to their different waveforms, requires a unique analysis. For example, RMS (root

ean square value) seems to be a good analysis method to obtain a representative value for the

urrent consumed during machining, while frequency domain analysis methods may be neces-

ary to select a representative value for the sound. 
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Table 4 

Circumferential and longitudinal residual stresses according to Fig. 7 (b) for the measured specimens machined with the 

0.8 mm radius tool. 

Run Factor Ir: 

Insert radius 

(mm) 

Factor Dc: 

Depth of cut 

(mm) 

Factor Cs: 

Cutting speed 

(m/min) 

Factor Fr: 

Feed rate 

(mm/rev) 

Residual stress (RS) 

measurements 

Longitudinal RS 

σ L (MPa) 

Radial RS 

σ R (MPa) 

35 0.8 0.05 138 0.15 334.7 388.5 

36 0.8 0.05 138 0.15 496.4 530.2 

37 0.8 0.10 107 0.10 28.9 51.6 

38 0.8 0.10 107 0.10 −253.1 −45.8 

39 0.8 0.10 107 0.20 657.8 500.6 

40 0.8 0.10 107 0.20 439.4 371.4 

41 0.8 0.10 169 0.20 514.2 470.2 

42 0.8 0.10 169 0.20 613.8 548.3 

43 0.8 0.10 169 0.10 249.4 201.4 

44 0.8 0.10 169 0.10 253.7 237.3 

45 0.8 0.15 76 0.15 133.0 107.8 

46 0.8 0.15 76 0.15 309.6 239.0 

47 0.8 0.15 138 0.05 −479.3 −424.3 

48 0.8 0.15 138 0.05 −570.6 −533.1 

49 0.8 0.15 138 0.15 209.2 298.4 

50 0.8 0.15 138 0.15 359.9 346.3 

51 0.8 0.15 138 0.15 169.7 273.0 

52 0.8 0.15 138 0.15 545.9 467.5 

53 0.8 0.15 138 0.15 538.7 457.2 

54 0.8 0.15 138 0.15 354.2 406.8 

55 0.8 0.15 138 0.25 678.2 543.8 

56 0.8 0.15 138 0.25 731.7 599.5 

57 0.8 0.15 200 0.15 339.7 340.9 

58 0.8 0.15 200 0.15 494.4 455.3 

59 0.8 0.20 107 0.10 32.5 90.5 

60 0.8 0.20 107 0.10 42.0 193.9 

61 0.8 0.20 107 0.20 669.6 514.4 

62 0.8 0.20 107 0.20 579.9 454.4 

63 0.8 0.20 169 0.20 536.0 516.9 

64 0.8 0.20 169 0.20 524.2 415.4 

65 0.8 0.20 169 0.10 24.8 92.4 

66 0.8 0.20 169 0.10 374.9 385.6 

67 0.8 0.25 138 0.15 67.2 −70.1 

68 0.8 0.25 138 0.15 389.5 459.8 
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Table 5 

Evaluation of Ra (μm) roughness parameter for 0.4 mm insert tool radius. 

Run Factor Ir: 

Insert 

radius 

(mm) 

Factor Dc: 

Depth of 

cut 

(mm) 

Factor Cs: 

Cutting 

speed 

(m/min) 

Factor Fr: 

Feed rate 

(mm/rev) 

Ra roughness measurements 

01 

(μm) 

02 

(μm) 

03 

(μm) 

Mean 

(μm) 

1 0.4 0.05 138 0.15 0.856 0.854 0.863 0.858 

2 0.4 0.05 138 0.15 1.070 1.060 1.105 1.078 

3 0.4 0.10 107 0.10 0.420 0.413 0.393 0.409 

4 0.4 0.10 107 0.10 0.563 0.562 0.549 0.558 

5 0.4 0.10 107 0.20 1.142 1.095 1.163 1.133 

6 0.4 0.10 107 0.20 1.180 1.177 1.198 1.185 

7 0.4 0.10 169 0.20 1.159 1.168 1.140 1.156 

8 0.4 0.10 169 0.20 1.154 1.122 1.144 1.140 

9 0.4 0.10 169 0.10 0.655 0.673 0.593 0.640 

10 0.4 0.10 169 0.10 0.562 0.550 0.570 0.561 

11 0.4 0.15 76 0.15 0.753 0.760 0.763 0.759 

12 0.4 0.15 76 0.15 0.843 0.798 0.777 0.806 

13 0.4 0.15 138 0.05 0.291 0.313 0.314 0.306 

14 0.4 0.15 138 0.05 0.664 0.611 0.696 0.657 

15 0.4 0.15 138 0.15 0.801 0.793 0.793 0.796 

16 0.4 0.15 138 0.15 0.856 0.853 0.839 0.849 

17 0.4 0.15 138 0.15 0.660 0.685 0.679 0.675 

18 0.4 0.15 138 0.15 0.692 0.689 0.689 0.690 

19 0.4 0.15 138 0.15 0.910 0.878 0.875 0.888 

20 0.4 0.15 138 0.15 0.869 0.869 0.872 0.870 

21 0.4 0.15 138 0.25 1.671 1.601 1.596 1.623 

22 0.4 0.15 138 0.25 1.685 1.668 1.693 1.682 

23 0.4 0.15 200 0.15 0.578 0.590 0.594 0.587 

24 0.4 0.15 200 0.15 0.612 0.601 0.576 0.596 

25 0.4 0.20 107 0.10 0.477 0.483 0.474 0.478 

26 0.4 0.20 107 0.10 0.574 0.576 0.571 0.574 

27 0.4 0.20 107 0.20 0.971 1.018 1.017 1.002 

28 0.4 0.20 107 0.20 1.062 1.059 1.100 1.074 

29 0.4 0.20 169 0.20 1.101 1.114 1.117 1.111 

30 0.4 0.20 169 0.20 1.087 1.102 1.085 1.091 

31 0.4 0.20 169 0.10 0.419 0.434 0.442 0.432 

32 0.4 0.20 169 0.10 0.469 0.443 0.467 0.460 

33 0.4 0.25 138 0.15 0.751 0.732 0.723 0.735 

34 0.4 0.25 138 0.15 0.793 0.768 0.789 0.783 
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Table 6 

Evaluation of Ra (μm) roughness parameter for 0.8 mm insert tool radius. 

Run Factor Ir: 

Insert 

radius 

(mm) 

Factor Dc: 

Depth of 

cut 

(mm) 

Factor Cs: 

Cutting 

speed 

(m/min) 

Factor Fr: 

Feed rate 

(mm/rev) 

Ra roughness measurements 

01 

(μm) 

02 

(μm) 

03 

(μm) 

Mean 

(μm) 

35 0.8 0.05 138 0.15 0.791 0.812 0.797 0.800 

36 0.8 0.05 138 0.15 1.060 1.054 1.092 1.069 

37 0.8 0.10 107 0.10 0.494 0.460 0.476 0.477 

38 0.8 0.10 107 0.10 0.550 0.549 0.555 0.551 

39 0.8 0.10 107 0.20 0.743 0.735 0.728 0.735 

40 0.8 0.10 107 0.20 0.778 0.783 0.771 0.777 

41 0.8 0.10 169 0.20 0.722 0.737 0.730 0.730 

42 0.8 0.10 169 0.20 0.723 0.743 0.715 0.727 

43 0.8 0.10 169 0.10 0.575 0.522 0.536 0.544 

44 0.8 0.10 169 0.10 0.462 0.474 0.469 0.468 

45 0.8 0.15 76 0.15 3.326 3.202 3.176 3.235 

46 0.8 0.15 76 0.15 0.634 0.623 0.616 0.624 

47 0.8 0.15 138 0.05 0.303 0.313 0.306 0.307 

48 0.8 0.15 138 0.05 0.326 0.250 0.250 0.275 

49 0.8 0.15 138 0.15 0.470 0.501 0.494 0.488 

50 0.8 0.15 138 0.15 0.550 0.540 0.576 0.555 

51 0.8 0.15 138 0.15 0.414 0.401 0.404 0.406 

52 0.8 0.15 138 0.15 0.420 0.405 0.404 0.410 

53 0.8 0.15 138 0.15 0.479 0.470 0.476 0.475 

54 0.8 0.15 138 0.15 0.560 0.571 0.563 0.565 

55 0.8 0.15 138 0.25 0.865 0.822 0.874 0.854 

56 0.8 0.15 138 0.25 0.898 0.911 0.896 0.902 

57 0.8 0.15 200 0.15 0.696 0.722 0.715 0.711 

58 0.8 0.15 200 0.15 0.590 0.607 0.604 0.600 

59 0.8 0.20 107 0.10 0.402 0.387 0.366 0.385 

60 0.8 0.20 107 0.10 0.453 0.439 0.491 0.461 

61 0.8 0.20 107 0.20 1.252 1.264 1.262 1.259 

62 0.8 0.20 107 0.20 0.671 0.717 0.691 0.693 

63 0.8 0.20 169 0.20 0.443 0.449 0.4 4 4 0.445 

64 0.8 0.20 169 0.20 0.468 0.469 0.460 0.466 

65 0.8 0.20 169 0.10 0.547 0.538 0.534 0.540 

66 0.8 0.20 169 0.10 0.375 0.382 0.358 0.372 

67 0.8 0.25 138 0.15 0.375 0.358 0.368 0.367 

68 0.8 0.25 138 0.15 0.531 0.549 0.525 0.535 
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Table 7 

Average value of the forces in the three axes and of the current consumed by the lathe for the specimens machined 

with the 0.4 mm insert tip radius. 

Run Factor Ir: 

Insert 

radius 

(mm) 

Factor Dc: 

Depth of 

cut 

(mm) 

Factor Cs: 

Cutting 

speed 

(m/min) 

Factor Fr: 

Feed rate 

(mm/rev) 

Turning process monitoring 

Force X 

(N) 

Force Y 

(N) 

Force Z 

(N) 

Current 

(A) 

1 0.4 0.05 138 0.15 41.673 60.573 21.434 9.083 

2 0.4 0.05 138 0.15 41.422 55.547 19.800 9.053 

3 0.4 0.10 107 0.10 38.978 43.202 26.637 11.639 

4 0.4 0.10 107 0.10 44.870 63.900 25.919 11.627 

5 0.4 0.10 107 0.20 63.336 91.264 32.111 11.713 

6 0.4 0.10 107 0.20 62.732 91.650 31.799 11.640 

7 0.4 0.10 169 0.20 66.996 87.049 34.330 8.075 

8 0.4 0.10 169 0.20 66.046 90.405 33.676 8.101 

9 0.4 0.10 169 0.10 49.385 59.757 29.059 7.844 

10 0.4 0.10 169 0.10 49.209 63.941 23.212 7.817 

11 0.4 0.15 76 0.15 62.582 100.795 37.915 13.971 

12 0.4 0.15 76 0.15 63.647 111.934 37.835 13.972 

13 0.4 0.15 138 0.05 37.376 39.940 24.900 9.127 

14 0.4 0.15 138 0.05 48.876 59.784 27.847 9.082 

15 0.4 0.15 138 0.15 61.138 97.351 34.069 9.113 

16 0.4 0.15 138 0.15 53.180 75.430 32.158 9.109 

17 0.4 0.15 138 0.15 65.491 93.390 37.436 9.078 

18 0.4 0.15 138 0.15 64.813 95.427 35.927 9.084 

19 0.4 0.15 138 0.15 65.286 98.675 36.125 9.081 

20 0.4 0.15 138 0.15 57.077 73.649 38.234 9.036 

21 0.4 0.15 138 0.25 82.196 126.715 46.128 9.177 

22 0.4 0.15 138 0.25 79.582 125.298 45.395 9.159 

23 0.4 0.15 200 0.15 72.325 91.753 39.286 7.682 

24 0.4 0.15 200 0.15 71.485 92.786 40.267 7.646 

25 0.4 0.20 107 0.10 54.141 90.364 35.991 11.642 

26 0.4 0.20 107 0.10 53.593 89.682 34.269 11.623 

27 0.4 0.20 107 0.20 84.661 140.501 44.124 11.606 

28 0.4 0.20 107 0.20 76.734 115.173 49.474 11.631 

29 0.4 0.20 169 0.20 89.799 117.947 52.733 8.323 

30 0.4 0.20 169 0.20 86.109 112.166 53.093 8.284 

31 0.4 0.20 169 0.10 58.787 89.179 36.876 7.929 

32 0.4 0.20 169 0.10 58.653 87.638 36.189 7.905 

33 0.4 0.25 138 0.15 71.237 112.791 4 9.34 9 9.160 

34 0.4 0.25 138 0.15 76.304 132.177 4 8.4 96 9.155 
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Table 8 

Average value of the forces in the three axes and of the current consumed by the lathe for the specimens machined 

with the 0.8 mm insert tip radius. 

Run Factor Ir: 

Insert 

radius 

(mm) 

Factor Dc: 

Depth of 

cut 

(mm) 

Factor Cs: 

Cutting 

speed 

(m/min) 

Factor Fr: 

Feed rate 

(mm/rev) 

Turning process monitoring 

Force X 

(N) 

Force Y 

(N) 

Force Z 

(N) 

Current 

(A) 

35 0.8 0.05 138 0.15 32.412 57.719 22.452 9.130 

36 0.8 0.05 138 0.15 32.632 54.193 22.361 9.115 

37 0.8 0.10 107 0.10 29.555 47.126 28.383 11.757 

38 0.8 0.10 107 0.10 34.888 65.673 30.999 11.753 

39 0.8 0.10 107 0.20 50.282 70.953 30.892 11.793 

40 0.8 0.10 107 0.20 57.406 91.437 30.645 11.793 

41 0.8 0.10 169 0.20 64.704 94.675 36.307 8.187 

42 0.8 0.10 169 0.20 61.216 84.054 32.949 8.183 

43 0.8 0.10 169 0.10 40.707 62.509 26.523 7.895 

44 0.8 0.10 169 0.10 43.039 63.950 26.336 7.882 

45 0.8 0.15 76 0.15 53.278 77.666 40.333 13.978 

46 0.8 0.15 76 0.15 61.090 105.365 33.760 13.980 

47 0.8 0.15 138 0.05 38.925 64.243 29.238 9.048 

48 0.8 0.15 138 0.05 45.374 71.574 29.269 9.030 

49 0.8 0.15 138 0.15 64.127 98.812 35.613 9.244 

50 0.8 0.15 138 0.15 68.375 100.659 44.035 9.211 

51 0.8 0.15 138 0.15 62.255 96.224 32.824 9.161 

52 0.8 0.15 138 0.15 61.272 94.665 32.811 9.151 

53 0.8 0.15 138 0.15 60.291 92.190 33.937 9.155 

54 0.8 0.15 138 0.15 63.634 112.106 42.878 9.201 

55 0.8 0.15 138 0.25 79.882 127.650 41.905 9.239 

56 0.8 0.15 138 0.25 78.907 125.357 38.860 9.231 

57 0.8 0.15 200 0.15 65.029 94.976 36.874 7.913 

58 0.8 0.15 200 0.15 62.986 89.963 37.478 7.849 

59 0.8 0.20 107 0.10 67.596 123.165 74.399 11.800 

60 0.8 0.20 107 0.10 57.704 97.486 29.742 11.711 

61 0.8 0.20 107 0.20 82.291 135.903 36.908 11.652 

62 0.8 0.20 107 0.20 77.933 134.579 45.562 11.769 

63 0.8 0.20 169 0.20 86.114 137.287 50.642 8.308 

64 0.8 0.20 169 0.20 85.320 140.201 62.409 8.259 

65 0.8 0.20 169 0.10 67.167 99.101 53.134 8.093 

66 0.8 0.20 169 0.10 67.511 89.080 38.583 8.002 

67 0.8 0.25 138 0.15 86.671 158.813 63.192 9.273 

68 0.8 0.25 138 0.15 68.177 110.583 49.337 9.193 
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Fig. 4. Influence of the four cutting parameters studied on the Ra roughness parameter: (a) Influence of insert radius, 

(b) Influence of Depth of cut, (c) Influence of Cutting speed (m/min), and (d) Influence of feed rate (mm/rev). 

Fig. 5. Result of the forces on the X-axis after filtering the data: (a) After removal of the first wave after roughing, and 

(b) After removing the lower regions of the waveforms corresponding to the time between passes. 
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Fig. 6. General scheme of the input variables and the variables collected in the experimental campaign designed. 

 

 

 

 

 

 

 

 

4. Experimental Design, Materials and Methods 

In this section, a more detailed explanation of the design of experiments is given, as well as

the equipment used for batch fabrication and data collection, hence facilitating the reproducibil-

ity of the work presented here. 

After a thorough review of the state of the art in the field, feed rate, cutting speed, depth

of cut and tool radius were identified as the main machining parameters [ 2 , 9 , 15 , 16 ]. Due to the

technical characteristics of the lathe available for this work (see Table 9 ), the ranges of each of

the parameters shown in the Table 10 were selected while the selected cutting inserts are those

shown in Table 11 . Furthermore, these parameters have been chosen in order to force the tool

to work in conditions outside its correct machining range, forcing complex machining scenarios.
Table 9 

JATOR TAJ-42 CNC lathe technical specifications. 

CNC lathe Jator TAJ-42 

Machine software Fagor 8055 T 

Main speed engine power 11/15 kW 

Max. spindle speed 30 0 0 rpm 

Spindle nose DIN 55,026 (A5) 

Bar trough 42 mm 

Automatic tool changer 12 tools 

Working area (Z/X) 50 0/20 0 mm 

Rapid feed (Z/X) 15/12 m/min 
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Table 10 

Machining parameters ranges selected for the turning process. 

Experimental campaign parameters 

Insert radius (mm) 0.4 and 0.8 

Depth of cut (mm) 0.05–0.25 

Cutting speed (m/min) 76–200 

Feed rate (mm/rev) 0.10–0.25 

Table 11 

Insert technical specifications. 

Insert specifications 

Insert manufacturer Sandvik Coromant Sandvik Coromant 

Reference DCMX 11 T3 04-WF 4325 DCMX 11 T3 08-WF 4425 

Tip radius (mm) 0.4 0.8 

Main cutting edge angle ( °) 93 93 

Recommended depth of cut (mm) 0.3–3.0 0.3–3.0 

Recommended cutting speed (m/min) 345–475 305–420 

Recommended feed rate (mm/rev) 0.07–0.30 0.12–0.40 

Table 12 

Model input parameters. 

Input Type Factor Units Min Max Code level 

−1 0 + 1 

Feed rate Numerical Fr mm/rev 0.05 0.25 0.1 0.15 0.2 

Cutting speed Numerical Cs m/min 76 200 107 138 169 

Depth of cut Numerical Dc mm 0.05 0.25 0.1 0.15 0.2 

Insert radius Categorical Ir mm 0.4 0.8 – – –
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Once the parameters under study were selected, a central composite design of experiments

as implemented using DesignExpert V13 software, leading to the machining of 68 specimens,

4 with an insert tip radius of 0.4 mm and 34 with an insert tool radius of 0.8 mm. This type

f design consists of central points (normally between 4 and 6), which enable the correct fit of

he model to be analyzed and the pure experimental error estimation. These central points are

xtended with axial or star points, by means of which the quadratic effects can be analyzed.

hanks to this design, the first and second order terms can be efficiently estimated [ 17 ]. The

oding of the factorial points (code level) and the minimum and maximum values of the four

elected factors (star points of the CCD design), can be found at Table 12 . In the aforementioned

able 12 , it is important to note that the variable ‘Insert radius’, being of categorical type, does

ot have an associated coding level, but simply takes two possible values, in the case studied

ere 0.4 mm (minimum value) and 0.8 mm (maximum value). 

Subsequently, surface residual stresses were measured utilizing an Stresstech 30 0 0-G3R X-ray

iffractomer, which setup can be seen in Table 13 following the recommendations proposed in

TI guide [ 18 ]. As explained above, three measurement were made according with the scheme

hown in Fig. 7 a), each equispaced 45 °. The subsequent analysis leads to the residual stresses in
ig. 7. Residual stresses measurements: (a) Orientation of the residual stress measurements carried out on previously 

achined 42CrMo4 + QT specimens, and (b) Arrangement of the residual stresses on the machined specimens. 
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Table 13 

Experimental parameters for residual stress measurements. 

Stresstech 30 0 0-G3R X-ray diffractomer setup 

Maximum voltaje (kV) 30 

Exposure time (s) 20 

Tilt � ( °) 5 points between −45 °/ + 45 °
Noise reduction Parabolic 

Filter of K α radiation Vanadium 

Maximun intensity (mA) 6.7 

Collimator diameter (mm) 2 (Short type) 

Goniometric rotation (measurement direction) Ø ( °) 0 

Peak adjustment Pseudo-Voigt 

Table 14 

Experimental parameters for roughness measurements. 

Leica DCM3 confocal microscope setup 

Used standard UNE-EN-ISO-21,920–3 [ 19 ] 

Objective magnification 10x 

Measured parameter Ra 

Selected Cutt-off ( λc ) (mm) 0.80 

Evaluation length (mm) 5.60 

Evaluation width (mm) 0.95 

Evaluation area (mm2 ) 5.32 

Table 15 

Adquisition system used during the turning process. 

Data acquisitions system 

Procurement module NI 9269/NI 9234 

Acquisition chassis NI cDAQ-9174 

Table 16 

Conversion scales required for measurements monitored in non-international units. 

Parameter Register Units SI Units Conversion Scale 

Current consumption Volts (V) Ampere (A) 100 mV/A 

Acceleration X Gravity (g) Metres/ second2 (m/s2 ) 9.8 (m/s2 )/g 

Force X Volts (V) Newton (N) 100 N/V 

Force Y Volts (V) Newton (N) 100 N/V 

Force Z Volts (V) Newton (N) 100 N/V 

 

 

 

 

 

 

 

 

 

both longitudinal and radial orientation (see Fig. 7 b)). In parallel, surface roughness was evalu-

ated using a Leica DCM3 confocal microscope, configured in accordance with the UNE-EN-ISO-

21,920–3 standard [ 19 ] (see Table 14 ). Regarding lathe monitoring, a National Instruments data

acquisitions system in combination with a LabView software has been used to collect all the

data measured during the turning process. Table 15 shows the reference of the equipment used.

Finally, Table 16 shows the correction factors needed to convert the measured forces, sound,

acceleration and current consumption to their actual unit scales. 

Limitations 

The dataset shared in this work has been collected on a 42CrMo4 + QT steel, so the extrapola-

tion of these results to other steels whose chemical composition and properties are different is

not straightforward. Furthermore, the predictive models developed from these results may not

be accurate for other cutting conditions not included in the design space used here. 
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