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THE EFFECT OF TOOL WEAR ON CHIP FORMATION
IN HARD TURNING

/. 34b0, A. KVH][PAK

BILJ/IUB EQEKTY 3HOIIIYBAHHA PI3AJIBHOI'O IHCTPYMEHTY HA
CTPY)KKOYTBOPEHHS ITPH TOYIHHI 3ATAPTOBAHHUX CTAJIEH

YV cmammi npeocmaenene nopigusinns ocobnuocmeii npoyecy pi3anHs 3aneACHO 60 CMYNEHs
3HOWYBANHS IHCMPYMeHma No 3a0uiil nosepxui. Jlocriodcents 6yn0 6UKOHAHO 3 BUKOPUCTNAHHIM Memo-
0y KiHyesux enemenmis. [Jocaioncyseascs npoyec mokapcokoi 00po6Kku demanetl UCOKoi meepoocmi,
Ko euxkopucmanacs smiynena cmans 16MnCrS5, 62+2 HRC i3 eknioueHHsmu KyoiuHo2o wimpudy bopa
(CBN). Jocnioscysanucs 20108Ha CULA Pi3aKHs, MeMnepamypa pizanis i MOP@OL02Isk CMPYHCKOYMBEO-
penns.
Kniouosi crosa: mouinns 3aeapmoeanux 0emaneil, 3HOULy8anHs IHCMpPYyMeHma, CIpyickoymeopenHs

B cmamuve npedcmasneno cpaghenue ocobennocmeii npoyecca pe3anus 8 3a6UCUMOCINU On cme-
nenu u3HOCa UHCmpymenma no 3aounei nosepxnocmu. Mcciedosanue 6vL10 oINOIHEHO € UCNOTb306AHU-
em Memoda Koneunvix nemenmos. Hcciedosancs npoyecc moxaphoil obpabomku demaneil 6bICOKOU
meepdocmu, K020a UCHOIb3068a1ACh ynpouHenHas cmaib 16MnCr5, 622 HRC ¢ exniouenusimu Kyouue-
ckoeo Humpuda 6opa (CBN). Hccaedosanucs enasnas cuna pe3amus, memMnepamypa pe3anus u Mopgpo-
JI02USL CMPYIACKOOOPA306aHUSL.

Kniouesvle crosa: mouenue 3aKaieHHbix 0emanetl, U3HOC UHCMPYMEHMa, CIMPYICKO06pa3osanue

This paper compares the cutting process characteristics depending on the extent of the tool flank
wear. The research was executed with Finite Element Method analysis. The researched cutting process
was hard turning, when case hardened steel 16MnCr5, 62+2 HRC was cut by a cubic boron nitride tool
insert (CBN). The examined data were the main cutting force, the passive force, the cutting temperature
and the chip segmentation morphology.

Keywords: hard turning, tool wear, chip formation

1. INTRODUCTION

When creating machines and equipment, one of, if not the most important as-
pect is that they should operate the longest possible time according to the expected
requirements.

Therefore the accuracy and the life of the parts from which these pieces of
equipment are assembled are extremely important. An essential condition for
providing a long lifetime of the machine parts is their high wear resistance. One
fulfilment method of this requirement is to increase the number of hardened sur-
faces (>45 HRC) and to machine them with high surface quality and accuracy.
Among the finish metal cutting processes which have high productivity and pro-
vide the required geometrical accuracy is hard turning. In case of cutting hard-
ened steels with geometrically defined cutting edges is superhard or superhard
coated tool inserts (ceramics, PCBN) are applied with special tool geometry. In
chip removal with geometrically defined cutting tool in case of hardened materi-
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als, the removed chip has a special morphology. The mechanism of the chip re-
moval mechanism develops under the influence of the following conditions: the
mechanical. thermal, thermomechanical properties of the material; the cutting
conditions; the divergence of shearing in the primary zone; the tribological rela-
tionship between the tool face and the rear of the chip; the possible interactions
between primary and secondary zones; the dynamic response of the machine-tool
structure and its interaction with the cutting process [1].

From our investigations the effect of the tool flank wear changes is pre-
sented in this paper. The fact that the tool flank wear directly or indirectly may
affect the change of the cutting process characteristics as well as the accuracy
of the machined parts underlines the importance of its research [1, 2].

2. EXPERIMENTAL WORK

The experiment was executed with the application of Finite Element
Method (FEM). For investigation of effect of the tool flank wear on the cutting
force, the passive force and the cutting temperature was carried out by means
of the 2D version of Third Wave Advant EdgeTM 5.5 program package the
modelling of optimised for cutting processes, therefore several researchers [4,

5, 6, 7] use this software to simulate metal cutting.
oo . - ————
[ ] oe] S e | [onao | [ | | [ ] [oe] SN s [onaen| e |

¥ 8 % % B

Edit x  {mm} -0204 y {mm} 0932 CLOSE Edit x  {mm) -0074| y {mm) 0932 CLOSE
VB

v

a b
Figure 1 — The cutting tool applied by us in the Custom Tool model editor,
in case VB=0mm and b) in case VB=0.3mm

In this program a special material flow stress model used to describe the
workpiece material quality used by us (16MnCr5), on the basis of the special
literature [3, 5, 6, 7, 8, 9, 10,11, 12]. The process parameters of the experiment
are listed in Table 1.

In the FEM simulation 6 different values of flank wear (VB) were examined.
The modelling of the orthogonal cutting tool in the Third Wave Advant EdgeTM
5.5 system is created with the Custom Tool Editor [12]. An instance of tool con-
figuration in displayed in Figure 2. The cursor appears as a ”+” on the editor sur-
faces.
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Table 1 — Software input parameters

Workpiece Process
Workpiece length 5 mm Depth of cut 0.2 mm
Workpiece height 3 mm Length of cut 3 mm
Workpiece material 16MnCr5 Feed 0.15 mm/rev
Tool Cutting speed 180 m/min
Rake angle -26° Friction coefficient 0.35
Rake face length 1.2 mm Coolant Not used
Relief angle 6° Simulation
Relief face length 2 mm Max. nodes 24000
Cut. edge radius 0,01 mm Max. element size 0.1 mm
Material CBN Min. element size 0.01 mm
Flank wear 0-0.5mm Mode Standard
FN] Temperature (°C)
Fc[N]
600 £ IN] é 880
500 il 800
< 700
400 600
> 500
300 ) \ 400
300
200 200
WA AL 100
- 0.0005 0.001 t [sec]
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6001 F, NI a0
s00 VB=0.1 [mm] oo
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400/ 700
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e 0.0005 0.001 t[sec]
FIN] Temperature (°C)
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Figure 2 — Connection between the cutting temperatures and cutting force components de-
pending on the tool wear extent in the case of ve=180 m/min, ap=0.2 mm, =0.15 mm/rev,

VB=0-0.2 mm
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3. EXPERIMENTAL RESULTS

The results of the experiments are listed in Figure 3 and Figure 4. The
showed data are the results of the main cutting force, the passive force, the seg-
mentation and the cutting temperature of the removed chip.

Temperature (C)
FIN] emperature (°C)
F¢[N]
600+
Fp [N]
VB=0.3 [mm]
500+
400
300
2001 e N
o VAN e
100 t t
0.0005 0.001 t [sec]
FIN] Temperature (°C)
F.[N] 1400
600 F, IN]
VB=0.4 [mm]
500 +
400 |
300
200 NN i e
100 + +
0.0005 0.001 t [sec]
FN]
F.[N]
600 F, IN]
VB=0.5 [mm]
500
400
300
200,‘ . Ml,,wi,w{uw‘wd/\“ At ST
1 ; ;
o 0.0005 0.001 t [sec]

Figure 3 — Connection between the cutting temperatures and cutting force components de-
pending on the tool wear extent in the case of ve=180 m/min, ap=0.2 mm, f=0.15 mm/rev,
VB=0.3-0.5 mm

If the extent of flank wear increases, the passive force and the cutting tem-
perature will be higher and higher too. The highest cutting temperature VB=0.5
mm (=1400 °C) approaches the melting point of the workpiece material, and the
passive force approaches 600 N. This is approximately a five time increase of the
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value of VB=0. This increase can be extremely harmful to the geometrical accuracy
of the manufactured parts, because the in radial flexible splay out will be too high.

The formation of the main cutting force and passive force depending on
flank wear is presented in Figure 5. The maximal values of plastic strain and cut-
ting temperature are shown in Figure 6.

Plastic Strain and Cutting Temperature
1600 1460 1466 1468 1498 9
1397 s % i—,::i
_ laoo ~ 8
o / 79 81
= 1200
g L i
2 1000 - 6,3 £
b5 5,78 -58
2 800 Fgy a
£ / 4,71 Fag
’ =
= 600 g
5 / —+—Max. Temperature ok =
£ 400 _ —
3 -m-Max. Plastic Strain
200 ¥ 1,42 L1
} : : : : 0
0 0,1 0,2 0,3 0,4 0,5
VB [mm]

Figure 4 — The cutting temperature and plastic strain depending on flank wear

Cutting Forces and Passive Forces
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Figure 5 — The values of the main cutting force and passive force depending on flank wear

CONCLUSION
In this paper the main cutting force, the passive force, the plastic strain, the
cutting temperature and the chip segmentation were researched depending on the
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tool flank wear. The experimental results showed that, when the flank wear of cut-
ting tool is on the increase, the values of the passive force and the cutting tempera-
ture are significantly higher. The main cutting force did not change significantly.
The chip segmentation disappeared from flank wear VB=0.2 mm. The highest dif-
ference of values measured between VB=0 and VB=0.5 mm values of flank wear is
181.8 % in the case of cutting temperature, 492.3 % in the case of passive force is,
135.5 % in the case of the main cutting force, 570.4 % in plastic strain. It was
found that, if the flank wear is higher than VB= 0.3 mm, it is express by harmful to
the geometrical accuracy and the surface quality of the machined parts.
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SURFACE INTEGRITY OF HONING

0. 3460

LIOPCTKICTH TIOBEPXHI I[IPU XOHIHI'YBAHHI

CKIa008l N0GEpXHEGOi SKOCMI 3HAYHO BNAUBAIOMb HA eKcnayamayiuui eracmugocmi. Tun
MeXauiuHol 06poOKU, BUKOPUCTNOBYBAHUX THCIMPYMEHMIE [ MEeXHOI02IUHI 0COONUBOCMI BNIUBAIOMb HA
wopcmkicms [ Mikpomono2gpagito noeepxi niciis mexawiunoi 06pobku U Ha il mpubonoiuni
eracmueocmi. 'Y cmammi 3anponoHo6aHi 6adciui mpuOonociuni il NOGEPXHesl XapaKmepucmuxu
moyHocmi 06poOIeHUX NOBEPXOHb NPU XOHIHZYBANNT, A MAKOHC MeMOOU ONisl IXHbO2O 6UBHAUEHHSL.

Cocmasnsiowue noeepxHOCmMHO20 Ka4ecmea 3HAYUMeIbHO 6IUAIOM HA IKCRIYAMAYUOHHbIE CE0li-
cmea. Tun mexanuueckot 06paboOmKu, UCNOIL3YEMBIX UHCIMPYMEHMOE U MEXHON02UYECKUe 0COOEeHHO-
CMu 0KA36I6AIOM GIUAHUE WEPOXOBAMOCHb U MUKPOMONO2PAPUIO NOBEPXHOCMU NOCIE MEXAHUYECKOU
obpabomxku u na ee mpubonozuueckue ceolicmea. B cmamuve npeonocenvl ajichvle mpuboio2uuecKue
U NOBEPXHOCMHbIE XAPAKMEPUCTIUKU MOYHOCIY 00PAGOMAHHBIX NOGEPXHOCMEN NPU XOHUH206AHUU, 4
makice Memoowl OJisl UX OnpeoeneHus.

Component surface quality greatly influences the working properties. Type of machining, the ap-
plied tools and technological characteristics have an effect on the roughness and microtopography of
the machined surface and on their tribological properties. The article introduces important tribological
and surface roughness characteristics of honed or microfinished surfaces and suggests methods for their
determination respectively.

1. SURFACE QUALITY OR INTEGRITY

Deterioration of machine elements in most cases is the consequence of vari-
ous abrasion, fatigue and corrosion stresses, which have a very close relationship
with the surface quality of the components.

Surface quality of the components is determined by surface microgeometry
(2D and 3D) and properties of the layers close to the surface (texture, remaining
stress and microhardness) [1, 4]. Surface quality improvement microfinishing pro-
cedures (grinding, honing, superfinishing, lapping, microfinishing) are mainly de-
signed and applied for cylindrical, and polygon, plane surfaces [2].

Surface quality improvement and decreasing the roughness of the surface
generally have a positive influence on the tribological characteristics of the compo-
nents. Attention will be paid to the relationship between surface microtopography
and tribology.

2. TRAJECTORIES AND SURFACE MICROTOPOGRAPHY

Arithmetical mean deviation R, from the mean line of the profile or maxi-

mum height of irregularities Ry 4 or height of irregularities R, given on the draw-

ings of the components give insufficient requirements for the microgeometrical
picture of the component.

The values Ry, Rpax,

acterize the surface microgeometry of the component in one direction - in the direc-

R, and similar surface roughness index-numbers char-
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