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THE EFFECT OF TOOL-WEAR ON CUTTING TEMPERATURE

B. MOJIHAP

BIIVINB 3HOLIIYBAHHA IHCTPYMEHTA HA TEMIIEPATYPY PI3AHHA

Tounicmb 6upoOHUYMEA 6I0i2PAE 8ANCIUBY POTb Y CYHACHIT npomucioeocmi. He minbku npogioni
eanysi ceimosoi npomucnogocmi, ane Ul iHwi i0N0GI0amMsb BUMO2AM, SIKI 003801AMb KOMNAHIT 6ulimu Ha
HOBULL pigeHb NPUOYMKY, 6UPOGHUYUX NPOYeCi il AKICHUX NOKA3HUKIE supobHuymea eupobis. Cmamms
npeocmasisie OesiKi pe3yibmamu eKCnepuUMeHmatbHoi 00pooKu, ki nodams iHpopmayio npo memne-
pamypy il 3HOUWLYSAHHSL IHCMPYMEHMI8, 0OMIPIO6aHI 8 npoyeci 0OPOOKU ayCMeHImHOI KOPO3IUHOCMIUKOL
cmani. Pesyrbmamu nopigHio8anucs 3 pe3yibmamamu MOOeMOBANHs MemMoOOM KIHYesux eneMenmis
(FEM). Mooicna crazamu, wjo 8uMip MaxcuMaibHOTi meMnepamypu cmpyicko8iodinenHs 0036014€ npo-
2HO3Yy6amu 3HOWY6AHHS THCMpyMenma, 3a donomozoio FEM mooicna odepacamu adexeamue KepigHuy-
meo 0151 00poOKU, Y BUNAOKY MOYHO20 NIAAHYEAHHSL MOOE.

Kniouoegi cnosa: 3snowysanns incmpymenma, memnepamypa pizanns, FEM

Tounocmuv npou3600cmea uspaem 8adCHyI0 poib 6 cOBPeMeHHOU npomviuinennocmu. He moavko
6eoyyue Ompacau Mupogoll NPOMbIUACHHOCIU, HO U Opyaue Omeeyaion mpedo8anusm, Komopvie no-
360J1AM KOMNAHUY BbILIMU HA HOBBIL YPOBEHb NPUOLLIU, NPOU3EOOCHIBEHHBIX NPOYECCOB U KAYECHBEHHBIX
nokazamenei npouzgoocmea uzdeauil. Cmamus npedcmaesnsiem HeKomopbvie pe3yibmamyl IKCnepUMeHt-
manvHou 06pabomku, KOmopbwie 0am UHGOPMaAyuio 0 memMnepamype u usHoce UHCMPYMEeHmos, uzme-
pennvle 8 npoyecce 06pabomKu ayCmeHumHou Koppo3uoHHocmotikou cmanu. Pesynomamol cpasnusa-
JUCH C Pe3yIbMamam. MOOeIUpo8anus MemoooM Koneunwix snemenmos (FEM). Mooicno ckazamo, umo
usMepenue MakCuManbHOl MeMnepamypbl CmMpyjiCKOOMOeeHUs. NO3605Aem NPoSHOUPOBANMb U3HOC
uHcmpymenma, ¢ nomowpio FEM moocHo noayuums adeksamuoe pykogoocmeo 0Jsi 06pabomxu, 6
cyyae moyHo2o NAAHUPOBAHUs MOOEU.

Kniouesvie crosa: usnoc uncmpymenma, memnepamypa pezanusi, FEM

Precision manufacturing plays an important role in modern manufacturing. Not only leading in-
dustry branches of the world but any other meet the profit requirements that encourage companies to
think over their manufacturing processes and quality indicators of the produced components. The paper
introduces some results of a machining experiment which gave information about temperature and tool-
wear measured during turning of austenitic corrosion resistant steel. The results were compared with
the results of a finite element modeling (FEM). It can be stated that measuring maximum temperature of
the leaving chip is able to predict tool-wear and FEM can give a usable guide to cutting phenomena in
case of exact model planning.
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INTRODUCTION

The increasing customer needs for higher quality enlarge the significance of
precision machining. It is a relatively new area of machine industry and requires
intensive experimental and practical investigation activity referring to technological
parameters and circumstances, e.g. [1]. One part of the research activity of our de-
partment is the scope of precision machining and the applicability of our results in
the industry. The monitoring of cutting processes predestinates the investigation on
the major technological variables determining the shape and dimensional accuracy
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of the machined parts. Among several influences cutting temperature and tool-wear
plays an important role in metal cutting.

To investigate these technological parameters, we turned austenitic steel with
tungsten carbide insert and measured the temperature of leaving chip, tool-wear,
roughness and cutting force. The results gave us a reliable base to continue the ex-
periments in case of the special conditions of precision machining.

1. CONDITIONS OF MACHINING AND MEASUREMENT

Table 1 includes the data of the machined workpiece, the used tool and the
major technological conditions. The experiment was performed by dry cutting and
minimal quantity lubrication too. The paper introduces only the first one. Tempera-
ture and tool-wear was measured in predetermined cutting times, which required
the interrupted cutting. Thereby cutting was started with cold insert in every period.
The workpiece was held in chuck and leaned with the lathe-centre. In the beginning
of the experiment the edge of the inserts was sharp. In figure 1 the temperature
measuring system can be seen.

Table 1 — Technological data of the experiment

Workpiece Dimension ?168x600 mm
Material X6CrNiTi 18-10 (austenitic steel)
Insert SNMM 120408FN
Cutting tool PSBNR 2525 M12
Material P20 tungsten carbide
Tool - - - -
Coating material titan carbide
Rake angle y=-6°
Relief angle o =+6°
Cutting speed Ve = 147 m/min
Technological | Feed f=0.25 mm/rev
conditions Depth of cut a, =1 mm
Coolant Dry cutting

There are several methods to measure temperature during machining and numer-
ous publications detail the results of experiments performed with using infrared cam-
era [2, 3] and optic fibre method [4, 5]. A more complicated method is measuring with
built-in thin film thermocouple sensors [6] but it works very well if we have to moni-
tor the temperature continuously. We have chosen the infrared (IR) camera because it
provides temperature values in large resolution. But in case of precision manufactur-
ing, resolution of the objective has to be relatively larger. The technique of measuring
temperature by the detection of radiation is sometimes very useful in obtaining the
surface temperature of the workpiece, the chip and the tool [7].

To use a technique which detects infrared radiation we have to consider sev-
eral environmental variables. In case of IR camera the next important parameters
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had to be measured in our experimentsbefore data collection: specific emission,
reflected temperature, temperature of environment, specific humidity and distance
between the chip and measuring device. Table 2 includes some important parame-
ters referring to the used measuring instruments.

Figure 1 — Temperature measuring system

Table 2 — Measuring instruments

Measured variable Instrument Type Accuracy
Temperature Omax, [C°] | Infrared camera ,F_Ié[;i) 0,1°C
Microscope with Mitutoyo X,Y:2 pum
Tool-wear VB CCD-camera QVE 200 Z:4 um

2. RESULTS OF THE EXPERIMENT

The tool-wear diagram is shown on figure 2. The VB,,x was measured only in
every 52" seconds, thereby the first phase of the theoretical diagram (degressive
increasing) is not seen. Besides the regression line fitted to the data shows good
linearity (equation 1). It corresponds to the data introduced by numerous literature.
Wear-criteria was not appointed, that is why the leaving chip was continuous in the
end of cutting.

VB gy = 0.03 + 0.0019¢, (1)
R*=0,95
Maximum temperature diagram of leaving chip corresponds to the typical cut-
ting temperature diagram. We could not measure cutting temperature with this me-
thod because the chip covers the largest temperature point of the edge. In this case
the best regression curve is logarithmical (equation 2), the goodness of fit is almost
100 percent.
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Figure 3 — Maximum temperature of the leaving chip

Opay = 267 + 99Int, 2)
R*=0,97

The major goal of the experiment was the investigation on effect of tempera-

ture on tool-wear. Figure 4 shows the connection between the two variables. The
fitted regression curve is logarithmic.
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Figure 4 — Connection between tool-wear and temperature

By = 511 + 98InVE, . 3)
R?*=0,93

Considering the first derivative functions of investigated maximum tempera-
tures (on the basis of equation 2 and 3), they are almost the same. The reason of it
is the nearly linear VB« function. This experiment was the repeat of a previous
investigation where the temperature measuring was performed be optic fibre me-
thod [5]. The connections between tool-wear and temperature were the same in
both cases.

Finite element modeling of machining could give some information about
several parameters of cutting process. It is used for simulating the machining with
defined cutting edge [8], but applicable for simulation of abrasive machining too
[9]. Figure 5 shows the simulated cutting temperature diagram besides sharp cut-
ting edge and one that has 1,1 mm tool-wear. The results are similar but the dia-
grams show the typical logarithmic increasing (equation 4, 5).

The most important data of the standard-mode simulation:

— Minimum element size: 0.03
Maximum element size: 0.3
— Mesh grade: 0.4
Modeling of tool-wear: construction of special tool geometry
Software: 2D Third Wave AdvantEdge V5.6-014.

8,, = 285 + 58Int, 4)
R?*=0,96

8, , = 279 + 64int, (5)
R?*=0,98
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Figure 5 — Cutting temperature diagram by finite element modeling

3. CONCLUDING REMARKS AND FURTHER INVESTIGATION

On the linear part of tool-wear diagram, the connection between tool-wear and
temperature is unique. Continuous measuring of tool-wear is complicated but tem-
perature measuring is a good indirect way to get information about the extension of
tool-wear. FEM could be a good pretest procedure but it does not substitute the real
investigation. Furthermore exact data input is compulsory. During the experiments,
force measuring was performed too. It did not give good results because the devia-
tion of data was too large. We have to extend the investigation to special precision
cutting circumstances and other, commonly used workpiece materials. It is also
important to perform experiments besides more cutting speed levels.
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