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Abstract. Research of machining dynamics have long histompanufacturing processes with
consideration of cutting interruption, intermitterend coupled interaction between the tool and
workpiece. It gives better understanding of theaulyihg physics of material removal. The
complex motions in cutting dynamics are mainly emuby discontinuities, including chip and
tool-workpiece seizure as well as complex sticlg-stotion. Through the application of
discontinuous system theory, a comprehensive utadelisig of the grazing phenomena is
induced by the boundary of frictional-velocity atfte loss of contact between the tool and
workpiece are discussed. Significant insights arecantrol machine-tool vibration and to
develop tool wear free machine-tool concept. Theeerment on the stainless steel machining is
presented in the paper and generation of machiolevibrations and the associated cutting
dynamics is considered.

Keywords. metal cutting, vibrations, cutting tool.
Introduction

The final shapes of most mechanical parts are médaiby machining operations.
Deformation processes such as forging and rollireg raostly followed by metal removing
operations in order to achieve parts with desiteapss, dimensions and surface finish quality.
The machining operations can be classified intdirggitand grinding processes. The cutting
operations are used to remove material from thakbl@he subsequent grinding operations
provide a good surface finish and precise part dsimas. The most common cutting operations
are turning, milling, and drilling followed by spat operations such as boring, broaching,
honing and shaping. However, all cutting operatishare the same principles of mechanics,
but their geometry and kinematics may be differ@hie mechanics of cutting and the specific
analysis for a variety of machining operations &l geometries are not widely covered in
this text [1].

M echanics of orthogonal cutting and vibrationsin metal cutting

Although the most common cutting operations ared¢hdimensional and geometrically
complex, the simple case of two-dimensional ortmag@utting is used to explain the general
mechanics of metal removal. In orthogonal cuttithg material is removed by a cutting edge
which is perpendicular to the direction of relativ®l-workpiece motion. The mechanics of
more complex three-dimensional oblique cutting apens are usually evaluated by
geometrical and kinematic transformation models @pylied to the orthogonal cutting process.
The orthogonal cutting resembles a shaping proeéhsa straight tool, whose cutting edge is
perpendicular to the cutting velocity)( A metal chip with a width of cubj and depth of cut
(h) is sheared away from the workpiece. In orthogandting, the cutting is assumed to be
uniform along the cutting edge; therefore it isweodimensional plane strain deformation
process without side spreading of the material.ddethe cutting forces are exerted only in the
directions of velocity and uncut chip thickness,chhare called tangentialF{) and feed forces
(Fp). However, in oblique cutting, the cutting edgeigéented with an inclination anglé) @nd
the additional third force acts in the radial diiea (F,). There are three deformation zones in
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the cutting process as shown in the cross-sectioeal of the orthogonal cutting (see Fig. 1. a).
As the edge of the tool penetrates into the wodei¢he material ahead of the tool is sheared
over the primary shear zone to form a chip. Theasdtk material, the chip, partially deforms
and moves along the rake face of the tool, whiatalked the secondary deformation zone. The
friction area (Fig. 1. b), where the flank of tlomltrubs the newly machined surface, is called
the tertiary zone. The chip initially sticks to tteke face of the tool, which is called the stigkin
region. The friction stress is approximately ecoalhe yield shear stress of the material at the
sticking zone where the chip moves over a matstiaik on the rake face of the tool. The chip
stops sticking and starts sliding over the rake faith a constant sliding friction coefficient.
The chip leaves the tool, losing contact with thkerface of the tool. The length of the contact
zone depends on the cutting speed, tool geometdymaaterial properties. There are basically
two types of assumptions in the analysis of thenpry shear zone [2, 3].

Workpiece

_~Primary zone

Friction

Tertiary - g
zone

a) b)
Fig. 1. a) Deformation zones and distribution of load &e take face. b) The tool experiences
compression stress under the chip contact zonan@}ensile stresses (+) after the chip leavesotile

The prediction of temperature distribution at theltchip interface is very important in
determining the maximum speed that gives the mpsimal material removal rate without
excessive tool wear. The binding materials withie tcutting tools may be weakened or
diffused to the moving chip material at their @i diffusion or melting temperature limits. The
fundamental machinability study requires the id@ation of a maximum cutting speed value
that corresponds to the critical temperature limiitere the tool wears rapidly. By using the
approximate solutions summarized above, one cattselcutting speed that would correspond
to a tool—chip interface temperatufig, that lies just below the diffusion and meltinmiis of
materials present in a specific cutting tool.

Machine tool vibrations play an important role oraahining performance. Excessive
vibrations increase tool wear, are cause of podase finish, and may damage the spindle
bearings. The workpiece, cutting tool and machinemf are sophisticated system with
complicated dynamic characteristics. The reactiveds from the workpiece are transmitted to
the machine. The cutting tool receives its cuttiogces from the machine. Under certain
operating conditions, the structural system mays pwough heightened vibrations. The
presence of vibrations results in poor surfacesfincutting-edge damage and irritating noise. It
is, therefore, very important to study the causasd control all types of free and forced
vibrations due to interaction between the cuttimypss and the machine tool structure.

Machine tools are complex structures consistingmafss points and therefore infinite
degrees of freedom. The cutting forces can be veddhto steady or constant component and
time-dependent dynamic component. The steady coema@f cutting forces along with dead
loads can cause static deflections in the elastitkmiece tool-machine system. These
deflections disturb orientation and motion of teelative to workpiece. Cutting load in the
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point of application have changes with time andckethe deflection. The machine tool must
have static stiffness to resist the constant laddise system.

The dynamic component of forces cause dynamic dédle or vibration in the machine-
tool-workpiece system, which produce dimensiondlape and finish imperfections and
endanger the life of cutting tool and machine biygfee and impact loading. Therefore the
machine tools must be designed to be dynamicalig.rin addition, it should be dynamically
stable and amplitude of vibration should go on dasing and system must return to its
equilibrium position in short time. The machiningrfprmance will suffer if the machine tool
has insufficient static stiffness, dynamic rigidéyd stability [4, 5].

Experimental parameters, cutting tool and experimental results

The aim of the experiment is to study the machiniagameters and machined surface,
directly the surface roughness and tool wear, rogittibol vibrations, chip forming process and
control the cutting forces in machining processttiig temperature in metal cutting is one of
the most crucial problems, especially in dry (with@ooling) machining process. In our
experiment K-type chromel-alumel thermocouple wasgd inside of cutting insert and it gave
us opportunity to control the temperature fieldtie cutting tool. Nowadays the computer
modeling programs which use finite element metheie) analysis, such as ABAQUS, Third
Wave AdvantEdge can solve this problem. What i ¥e&s done in cooperation with Helsinki
University of Technology [6]. The FEM of cuttingnterature distribution field in the cutting
tool and material a shown in the Fig. 2. The cagtttemperature in the cutting zone was
between 1100 and 1300 °C. This was received byditert measuring and with the FEM
modeling. For our three factor experiment was chastainless steel 420 (12 % Chromium)
with high chromium content, because high chromiumtent steel have unstable chip forming
process and variation of chip length was from ropti size (a) to continuous (b) (Fig. 3).
Modern coated turning insert TNMG 160412-MF5 (MHFpcbreaker description and geometry
are shown in the Table 1), TP3500 with cutting edgius 0.8 mm, lathe 16K20. Experimental
machine is shown in Fig. 4. Machining parameter lmimations (Table 2) are chosen, to study
the increased cutting speed and the result ofrihiement (cutting speed was increased by 25%
from the recommended one): feed - 0,1 mm/rpm aB8 &ym/rpm; cutting depth is 0,5 mm;
cutting speed 273 m/min., and 341 m/nmiihe chosen chip breaker MF5, for medium/finishing
turning with TP3500 coating, two holders with cogtiedge angle = 90° andp = 60°. The
main advantage of the MF5 chip breaker is thatapened and high positive design reduce
cutting forces and give us the opportunity to usgadr cutting speed. This, in turn gives: low
cutting forces - higher cutting speed; increasededp capability - higher productivity;
traditional medium - finishing inserts perform wall ordinary speeds, but fail early when the
speed is increased. During metal cutting on theeldahree cutting forces take place in this
process. As a result of so high-speed metal cuttibgations are induced as well. They are
successfully measured by the digital viborometer \2BI®. Received values of the cutting tool
displacement are shown in Fig. 5. Received machsnefhceaveragevalues are shown in Fig.
6. Cutting tool wear result is shown in Fig. 7.

Table 1. Chosen chip breaker and its description

o Chip breaker intended for medium finishing of stmed
ME5 stainless steel at high feeds.

Very easy cutting and open geometry.
Machining rangef = 0,1-0,8 mm/revg, = 0,2-2,7 mm.
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Fig. 2. FEM temperature fields distribution (a) modeliegults of the 420 stainless steel cutting
process. Cutting temperature and cutting forcegshgran cutting speed 273 m/min (b) and 341 (c)

b)
Fig. 3. Experimentally received chips
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Table 2. Machining parameter combinations

Mi%%g&%ggrr‘am ?ter Cut:rl]r}g]isnp.)eed, Feeding, mm/rev. Cutting edge angle
1 341 0,1 60
2 341 0,35 60
3 273 0,1 60
4 273 0,35 60
5 341 0,1 90
6 341 0,35 90
7 273 0,1 90
8 273 0,35 90

Fig. 4. Experimental test rig, 1- 420 Stainless Steel maaghpart, 2- cutting tool holder with the cutting
insert, 3 — vibration accelerometer

s Displacement

Displacement, mm
w

Fig. 5. Measured values of the cutting tool displacemetaiobd during testing

Surface roughness R, paramaters

R, value
O=_NWrOON®O

1 2 3 4 5 6 7 8

Metal cutting arameter combination Nr.

Fig. 6. Measured surface roughness values
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Fig. 7. Cutting tool wear

Conclusions

Obtained results of experiments demonstrate variadf surface roughness as a function
of actual cutting parameters as well as variatibalisplacement of the cutting tool during
combination type machining process. By using ofeased cutting speed became known,
that the cutting tool, that we use can give higivear and toughness characteristics, as a
result we checked and it is more than recommendech fmanufacturer. Although, the
experiments revealed high values of tool wear, tlies not leave affected the machining
process, as we can see in the vibration of fixadioe in the surface roughness results.
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