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RESEARCH OF PLASTIC STRAIN
AND CHIP MORPHOLOGY IN HARD TURNING

A. KVHJIPAK, /. 3450

JOCIIIDKEHHA IIJIACTUYHOI JED®OPMALIL I MOP®OJIOLII ITPYM OFPOBL]I IETAJIEH
IIIBULIJEHOI JKOPCTKOCTI

V eunaoxy oexinvrkox nogepxonv/uacmun, winigpyeanns 3a2apmosanux cmaiei 6yio 3amMiHeHo Ha
MexXauiuHy 06poOKy, BUKOPUCMOBY6AHY paHiuie. 3HAHHA MeXAHI3MI6 Hanpyau Modce NpOCYHymu
301IbUEHHST eheKMUBHOCMI 3HIMAHHS MaAMepIany, Wo SUHAYAEMbCS Oilblie HOBUMU OONACMAMU 3a-
cmocysanns. 'Y yiil pobomi posensoaemvcs Mopgonoeis i niacmuuna deopmayis 3pizye CmpysicKu,
wo, y eunadxy opmoouamwhozo (2D) pizanns. Byna 0ocniddcena 3anedCHICHb MIdC NAACMUYHONO
deghopmayiero i SMIHOI PEACUMIB PI3AHHSL.

B cryuae necrkonvkux nosepxnocmeii/uacmeil, waugosarie 3aKaneHHbX cmaneii 0bli0 3aMeHeHO
Ha MexXanu4eckyro obpabomky, ucnonb3yemyro pavee. SHaHue MEXAHUIMOB HANPAJICEHU MOJICem Npo-
O08UHYMb Yy6enuueHue PHekmusHocmu cvema mamepuana, Komopas onpeoeisemcs Oojee HOBbIMU
obracmamu npumenenus. B smoil pabome paccmampusaemes mopghonozus u niacmudeckas oegpopma-
yusi cpe3aeMoll CmpysicKu 8 ciyyae opmo2onansho2o (2D) pesanus. Beina uccredosana 3agucumocms
MedcOy naacmuyeckoll Oepopmayueti u UsMeHeHUEeM PeHCUMOS Pe3AHU.

In the case of several surfaces/parts, the turning of hardened materials replaced the machining
applied before. The knowledge of strain mechanisms may advance the increase of material removal
efficiency this appoint newer fields of application. This paper introduces the morphology and the plastic
strain of the removed chip in the case of orthogonal (2D) cutting. The relationship between plastic
strain and the change of cutting data has been investigated.

INTRODUCTION

Nowadays the development of the finish machining of hardened parts with
high productivity is very important in the engineering industry. There is great need
for this because of today’s ever increasing loads of components, higher and higher
demand for accuracy, quality (eg. wear resistance, etc.) is required. One fulfilment
method of this requirement can be solved by the increase of the number of hard,
hardened surfaces (>45 HRC) on the components. Hard turning with geometrically
defined edges is the most effective procedure, among different types of finishing
hard machining. The appearance and spread of super hard tool materials (e.g.
PCBN) however opened way to finish machining (eq. hard turning) of hardened
steels by cutting tools having single point cutting edges.

Because of the physical and mechanical characteristic, of hardened steels and
the PCBN tool material as well as the needed edge formation and the applied cut-
ting conditions, the process of chip removal differs from the traditional turning.
The most frequently hard turned workpiece- material qualities can be found in Fig-
ure 1 [11].
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Figure 1 — The most frequent hard materials in engineering [11]

1. CHIP REMOVAL IN CASE HARD TURNING

In the case of chip removal in hard turning, special plastic deformation me-
chanisms take place in the chip root. This mechanism- similarly to other types of
material removal- can be examined well in free cutting. The characteristic shape of
the removed chip morphology can be seen in Figure 2 [2].
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Figure 2 — Characteristic “sawtooth” shaped chip removed by hard turning [2]

The chip formation mechanisms in hard turning were first investigated by
Ackerschott [31], who postulated high compressive stresses in the surface layer
causing cracks in front of the cutting tool under an angle of 45°to the surface. At
the same time the material is plastically deformed by the rounded cutting edge [24].
The removed chip is ,,sawtooth” shaped, the creation mechanism of which is ex-
plained in technical literature as follows [2]. The negative tool rake angle creates
high compressive stresses both on the cutting edge and in the material. As a result,
the material is parted by cracking and plasticisation and chips are formed. It re-
moves from the chip root as a chip segment (Figure 2). Owing to the brittleness of
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the material, the high compressive stress initially leads not to a material flow but to
formation of a crack. In high speed cutting of steels segmented chips have also
been observed [32]. This crack releases the stored energy and thus acts as a sliding
surface for the material segment, allowing the segment to be forced out between the
parting surface. The sliding of a chip segment along the crack reduces the compres-
sive stresses until a further crack is induced due to the continuous movement of the
tool [24]. Simultaneously, plastic deformation and heating of the material occur at
the leading edge of the cutting tool. The individual chip segments are linked by the
small proportion of the material, which is plastically deformed and heated to a high
temperature. A continuous chip is formed [1].

2. RESEARCH OF THE PLASTIC STRAIN WITH FEM- SIMULATION

According to technical literature [1, 2, 3, 4, 7, 9, 11, 12] on effective method
for the research and modelling of chip removal mechanisms is the Finite Element
Method (FEM). For investigation of plastic strain at the root of the chip we have
the 2D version of the Third Wave AdvantEdge™ 5.3 program package, which is
optimised for cutting processes. By this program package we can examine the
process characteristics in orthogonal cutting. That is why the input data such as the
geometrical data of the cutting tool need to be defined in the tool-orthogonal plane.
The program starts from the Johnson-Cook equation for numerical calculation of
the plastic strain and strain rate [1, 3, 5, 7]:

m
: T-T
O =(A+B-en)~ 1+Cln[iJ : 1—{wj
0 T ~Troom

Where o, is the reduced stress, £ is the plastic strain, £ is the plastic strain
rate, 8'0 is the reference plastic strain rate, T is the temperature of workpiece, T, is

the melting temperature of workpiece material, T,qom iS the room temperature, coef-
ficient A is the yield strength, B is the hardening modulus, and C is the strain rate
sensitivity coefficient, n is the hardening coefficient, and m is the thermal softening
coefficient. The Johnson-Cook coefficients regarding the workpiece can be found
in the Table 1.

Table 1 — Johnson-Cook parameters of 20MnCr5 [6]
Ored [MPa] A [Mpa] B [Mpa] C n m

400 588 680 0.057 0.4 0.7

The theoretical diagram of the operation Third Wave AdvantEdge™ 5.3 2D
program can be seen in Figure 3 [4, 25].
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Figure 3 — The utilized iterative numerical procedure scheme

of Third Wave AdvantEdge™ 5.3 [4, 25]

3. EXPERIMENTAL CONDITIONS
The input parameters (for the simulation) of the machining

found in Table 2.

Table 2 — Software input parameters

operation can be

Workpiece Process
Workp. length 5mm Depth of cut 0.1+0.2 mm
Workp. height 3mm Length of cut 3mm
Workp. material 20MnCr5 Feed 0.05+0.2 mm/rev

Tool Cutting speed 90+240 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 2mm Max. nodes 24000
Cut. edge radius 0.01 mm Max. element size 0.1 mm
Material CBN Min. element size 0.01 mm
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4. RESULTS OF THE FEM- SIMULATION

The FEM simulations gained by calculation are divided into three groups. The
three groups are the combinations of the feed (f) and depth of cut (a,) in the three
revolutions. In the case of these combinations of cutting data, the characteristics of
chip segment creation depending on the cutting speed (v.) is investigated.

The chip segmentation is characterized by the spacing occurring between the
chip segments, which is on accepted method for this research in technical literature
as well [1, 2, 3, 4, 13]. The results of the investigation can be found in Figures 4, 5,
6.
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Figure 4 — Frequency of chip segment creation f=0.1 [mm/rev],

in the case of a,=0.2 [mm] depending on the cutting speed
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Figure 5 — Frequency of chip segment creation f=0.1 [mm/rev],
in the case of a,=0.1 [mm] depending on the cutting speed
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Figure 6 — Frequency of chip segment creation f=0.1 [mm/rev],
in the case of a,=0.2 [mm] depending on the cutting speed

Analyzing FEM runs it was experienced that increasing the cutting speed the
size of extrusions decreases and the spacing between the ,,sawtooth” shaped chip
segments becomes smaller. It can be explained by the following: the strain and
segment creation mechanism that is dealt with in point 2 takes place with higher
and higher intensity if increasing the cutting speed, while at 240 [m/min] speed rate
these extrusions even disappear. In the case of high cutting speed practically in the
whole cross section, the removed chip strains. This high strain may involve high
heat generation, which can even modify the state of the workpiece’s surface layer
[21, 22].

CONCLUSION

As a consequence of FEM simulation it can be stated that the ,,sawtooth”
structure appearing in chip removal depends on the cutting parameters. This mor-
phology may relate to the heat generation characteristic of the removal process and
themes it may effect the state of the workpiece’s surface layer. The research of
these relationships requires more experiments.
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