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Abstract. The paper is dedicated to the experimental and numerical studies
of the free surface flows around immersed bodies (a cylinder and a broad —
crested weir) with smooth and patterned surface. The study analyses the
qualitative differences between the smooth and patterned surfaces of the
immersed bodies, as function of the immersed depths for weakly turbulent flows
(Re < 10%) in subcritical regimes (Fr < 1). The results indicate that presence of a
grooved geometry with small aspect ratio on the surface of the bodies changes
the flow spectrum in the vicinity and downstream the separation of the shear
layers.

Keywords: immersed cylinders; broad — crested weir; visualizations flow;
numerical simulations; grooved geometry.

1. Introduction

The dynamics of the flow around immersed bodies in a channel with
free surface is an important topic of study in hydrology, hydraulics, in the
design of water turbines plant, marine platforms and inflatable dams. The
characterization of the flow over the immersed bodies becomes recently a

“Corresponding author; e-mail: octavia.tanase@upb.ro



10 Nicoleta Octavia Tanase and Diana Broboana

subject of interest also for some other domains of fluid mechanics as
microfluidics and complex flows in presence of microstructures (Sheridan et al.,
1995; Lee and Daichin, 2004; Rahimzadeh et al., 2012; Chamorro et al., 2013).

The flow is characterized by the non-dimensional Reynolds,
respectively Froude numbers:

PV o Vo

" JoL )

where p=1000 kg/m® is mass density, 7 =1 mPas is the viscosity, V, is the
average velocity upstream the broad - crested weir, g is the gravitational

acceleration and L is the space scale (L=D, D is the cylinder diameter,
respectively L is the length of broad-crested weir).

The flow takes place in subcritical weakly turbulent regime,
characterized by the Froude number less than one and Reynolds number less
than 10*. Numerical simulations are performed with the turbulent solvers
implemented in FLUENT, using the VOF code for the calculation of the free
surface geometry. The numerical results and the visualizations are corroborated
to determine the influence of micro - geometries, especially in the region
between the free surface and the separation point. The evolution of the wake
downstream the bodies and the onset of Kelvin-Helmholtz instabilities are also
investigated for the smooth and grooved geometries.

The experimental investigations were focused to the region between the
free surface and the domain downstream the bodies. The positions of the upper
and lower separation points of the boundary layer from the cylinder and the
wake trace were the main experimental characteristics compared with the
numerical results.

Re

2. Experimental Set-up

The experiments are performed in a free surface transparent water
channel, which is connected to a constant level water supply tank. The flow rate
and the fluid height upstream the body are controlled by a weir. The average
velocity V, is computed (from the measured flow rate) for the upstream area
for the height H, which is maintained constant. The bodies are located at the
distance 303 mm from the entrance section, for details see (Tanase, 2013;
Tanase et al., 2014a; Tanase et al., 2014b; Tanase et al., 2015).

The dimensions of the broad — crested weir are: L =70 mm, height
35 mm and the cylinder diameter is D =50 mm. Visualizations of free
surface flow and the measurements are performed at different constant entrance
water levels H, and the constant height of the weir h,,, Fig. 1.
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Free surface

-

Broad-crested
weir

Fig. 1 — The geometry of the experimental channel of 15 mm width, cylinder
diameter D = 50 mm and length broad-crested weir of L = 70 mm.

Hy; mm] smooth grooved
¥z Free surface line
a2
105
113

Fig. 2 — Flow visualizations around immersed smooth and grooved cylinders
at different immersed depths Hy .
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Hy [mm] smooth grooved
40
43
30

Fig. 3 — Flow visualization of the smooth and grooved surfaces of the
broad - crested weir at different immersed depths H, .

A color dye was introduced upstream the immersed obstacle and the
direct visualization of the streak lines is obtained using a performed SONY
digital camera at a rate of 12 images/s, see Figs. 2 and 3. Macro lens and high
resolution up to 25 MP are used to take picture of the flow in vicinity of the
bodies with grooved surfaces (which were fabricated by the 3D printing
technology).

3. Numerical Simulations

The free surface flow around cylinders and weirs (smooth and grooved
surfaces) were investigated also numerically at constant height H,

(Hy =105 mm for cylinders and H, =50 mm for weirs, which corresponding
to the velocity V, =0.15 m/s, respectively V, =0.05 m/s). Simulations are

performed in a 2D and 3D geometry of the channel using structured mesh, see
Table 1 and Fig. 4. All dimensions from the experiments are identical to both
2D and 3D numerical simulations (D =50 mm, L=70 mm). The turbulence
model used for the numerical simulations of free surface flow around an
immersed smooth cylinder was k - ¢ RNG (options Differential Viscosity
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Model) with the VOF method to compute the free surface (Launder and
Spalding, 1972; Broboanai et al., 2007; Fluent Inc., 2008).
The entrance boundary condition is linear pressure distribution

p=pgy, 0<y<H,, with the exit constant atmospheric pressure imposed,
p = p, and the adherence conditions on the cylinder/weir and the lower wall:

v = 0 (Tanase et al., 2014b). The flows are considered steady; no influence of
surface tension was analyzed in these cases.

The numerical simulation are performed on a 64-bit server Dual
2.33 GHz with 16 GB RAM memory, the computation time for each 2D case
being around 2 days and for 3D case around 4 days, for a precision of 10~

Free surface line

Fig. 4 — a) Numerical working domain, initial phases configurations, b) structured
mesh in vicinity of the cylinder. Similar qualitatively meshes
are used of the simulations around the weirs.

Table 1
The Mesh Characteristics of the 3D in Comparison with the 2D
Case Cells Faces Nodes
3D cylinder 2.298.888 7.118.685 2.522.435
2D cylinder 638.436 1.270.606 632.170

The obtained 3D solutions are stable but the comparison with
experiments doesn’t emphasis a better fitting and representation of experiments
than the 2D case, see Figs. 5 and 6. This result is consistent with the
experimental conditions and observations: the width of the flow channel is
relatively small in comparison to the other dimensions, so the parallel lateral
walls induce a pseudo-planar motion in the region where the body is located. On
the other hand, the performed 3D simulations are limited by the available
computations machines on the number of nodes, so it we expect a lower
precision of the computations.
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0.11+

0.10+ LT
E
IO
0.09
—o— experimental
v 3D numerical
cylinder —eo— 2D numerical
0.08 T T T T T T T 1
0.25 0.30 0.35 0.40 0.45

x-coordinate [m]

Fig. 5 — Comparison of the average measured experimental free surface with
the 2D and 3D steady solutions.

Fig. 6 — Flow spectrum in the 3D and 2D computations. It is observed that separation
point D1 is located for the 3D solution at larger angle than for 2D case (which gives

almost the same value as in experiments), &, =106°, fp =110°, 6,,, =107°.
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The analysis of the numerical results (free surface profile, location of
separation points, wake structure) in relation to the experiments visualization
concludes that 2D geometry is more indicated to simulate the flow under
investigation.

The numerical spectrum is computed (for the same geometry and flow
conditions) and the results are compared and calibrated with the experimental
flow patterns, for both smooth and grooved geometries.

The computed free surface lines are compared with the experimental
free surface line in Fig. 7. One can be noticed that experimental free surface line
upstream of the cylinder is perfectly reproduced numerically, for details see
(Tanase et al., 2014b).

0.110 4

0.090

0,085 : : *— grooved cylinder
- | —=—smooth cylinder
cylinder | )
' : ' — o« — experimental
0.080 : T : T T 1
025 0.30 045

035 0.40
x-coordinate [m]

a)
0.055 -
0,050 EEETT T e grooved weir
—=—smooth weir
o experimental
o044
E
-
T 0040
0.0354
0.030
broad-crested weir
0.0254
T T T T T
0.24 0.26 0.28 032 0.34

030
X - coordinate [m]
b)

Fig. 7 — Comparison of the experimental free surface line with the numerical solutions
for the both surfaces of the bodies: (a) cylinders and (b) weirs.
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The free surface lines in the vicinity of the immersed bodies are
almost identical for both types of surfaces, but qualitative differences in
formation of Kelvin-Helmholtz instabilities are observed between smooth and
grooved surfaces, Fig. 8. The patterned surface influences also the separation
point position and consequently the drag force acting on the immersed bodies,
(El-Makdah and Oweis, 2013).

Kelvin-Helmholtz
instabilities

Fig. 8 — Comparison between smooth and grooved bodies: experimental
and computed flow spectrum.

At the end, the numerical solutions are used to obtain value information
about the flow in the vicinity of the bodies, including the influence of the wall
micro-geometry on the location of the boundary layer detachment and the
downstream wake formation, Fig. 9.
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Fig. 9 — The visualisation (a) and computations (b) of the boundary layer
detachment from the patterned immersed cylinder.

4. Conclusions

1. The results of the study are very promising and open the possibility
to investigate in more details the influences of various forms of micro -
geometries on the drag force of the immersed bodies.

2. The control of boundary layer by patterned surface is an old direction
of study in fluid mechanics, but the applications of the topic in the free surface
hydrodynamics are very actual.

3. Further numerical and experimental studies will be focused on two
main directions: (i) optimize the numerical flow computation in the
neighborhood of the patterned walls, (ii) perform experiments on immersed
bodies with different micro-geometries.
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INFLUENTA SUPRAFETELOR STRUCTURATE ASUPRA SPECTRULUI
CURGERII DIN VECINATATEA CORPURILOR IMERSATE

(Rezumat)

Lucrarea prezinta studiul experimental si numeric al curgerii cu suprafata
libera in jurul corpurilor imersate (cilindru si deversor cu prag lat). Scopul principal al
lucrarii este studiul influentei microgeometriei suprafetei corpurilor imersate, in
functic de adancimea la care sunt imersate acestea pentru curgerea tranzitorie —
turbulentd (Re < 10%) in regim subcritic (Fr < 1) asupra spectrului curgerii si pozitiei
punctului de desprindere a stratului limita.
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Abstract.  Electrochemical machining belongs to unconventional
technologies category. This method is used for machining hard and extremely
hard materials, employed, for example, in construction of tools for cutting and
deformation. The machining process by electrochemical erosion is characterized
by a very great number of working parameters, by electrical, mechanical or
chemical nature. The mathematical modelling of the relationship between the
machining parameters is a difficult problem. This paper presents experimental
researches results accomplished by the authors for determining the dependence
equations of some parameters that characterized the electrochemical grinding
machining.

Keywords: unconventional technologies; electrochemical machining;
mathematical modelling.

*Corresponding author; e-mail: cungurea@yahoo.com



20 Catalin Ungureanu and Radu Ibanescu

1. Introduction

The process of electrochemical erosion-abrasive machining is based on the
simultaneous pursuit of electrochemical dissolution processes combined with
abrasive processes and electro discharge phenomena. In other words, the process
occurs under the simultaneous action of the continuous electrical current, which
leads to electrochemical decomposition of the metal under the action of the
abrasive grains and which let off both the anodic dissolution products thus creating
a mechanical deactivation and soluble components. Electro discharge phenomena,
which generally have a negative impact on process performance, however
contributes to improved productivity by pulling particulate matter by lightning.
The literature indicates different values for the share of the two main factors
(electrochemical and abrasive) in overall productivity by 98% material removed
electrochemical and 2% removed about abrasive to equal shares of 50% for each
factor (Kozak et al., 2001). This can be explained by the share of different
electrical parameters and mechanical processing technology in the process.

2. The Structure of Electrochemical Abrasive Machining System

According to the general theory of systems, electrochemical erosion-
abrasive is a system in which the input quantities are represented by all the
conditions of work, and the outputs are represented, in the most general case, by
the criteria for performance process evaluation. Detailed analysis of
electrochemical grinding allowed separating and highlighting working
conditions and criteria for performance process evaluation.

Electrochemical erosion-abrasive is characterized by a large number of
operating parameters, which are system input quantities and describes and
dictates the machining performances (Mc Geough, 1988). Compared to
conventional grinding processes, this machining method involved besides
electrical and chemical parameters. Working parameters representing system
input quantities are represented by:

» electric regime: voltage, current, current density, flare mode;

» mechanical regime: abrasive wheel speed, longitudinal feed rate,
oscillation stroke length, transverse advance;

» force: contact pressure, working electrodes gap width;

» abrasive disc electrode: the abrasive nature, grain size, concentration,
nature of binder;

* electrolyte solution: chemical composition, concentration, specific
gravity, specific heat, electrical conductivity, temperature, flow rate;

» the workpiece: composition, structure, physical and mechanical properties;

* machine-tool;

» fixtures.
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Literature (Qu et al., 2015) presents a great number of criteria for
evaluating performance for electrochemical abrasive machining processes. Process
analysis concluded that the criteria for evaluation process performance can be:

» the total amount of material removed,;

» total working time;

» amount of abrasive used;

* temperature of the electrolyte solution;

» forces developed in processing;

* power consumption to drive the grinding wheel,

» the power consumed by the electrochemical process;

» surface roughness processed,

* maximum form deviation;

» the total power consumed;

» cost spent for grinding wheel wearing;

» the total cost of processing.

3. Experimentals

For determining the depending equations of the criteria for assessing the
performance of the electrochemical grinding process to the working parameters,
the authors conducted an experimental program in the Department of Machine
Tools and Tools to “Gheorghe Asachi” Technical University of Iasi.

The research focused on determining the influence of voltage on
productivity (Q) and the machining surface roughness (Ra), two of the most
important criteria for process system evaluation.

The working parameters were: 0-14 V supply voltage, direct current,
alternating double recovery, average processing speed 26 m/sec, contact
pressure between abrasive disc electrode — workpiece 5 daN/cm?, longitudinal
advance 12 cd/min, height of the contact surface abrasive disc electrode -
workpiece 6 mm.

The experimental results are shown in the diagrams of Figs. 1 and 2.

Q [cm3/min]
.
.

0,04 T . o

UVl U

Fig. 1 — Voltage influence on Fig. 2 — Voltage influence on surface
productivity. roughness.
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As shown in Fig. 1, increasing the voltage has a favorable effect on
process productivity. But Fig. 2 shows that the same voltage increasing has an
unfavorable effect on surface roughness.

These phenomenon, confirmed by the literature (Kozak, 2014), can be
explained by the fact that voltage increase leads to enhanced electrochemical
anodic dissolution, with positive influence on process productivity. At the
same time, electric factor increasing leading out the development electro
discharge phenomena, electric sparks appearance induces adverse effects on
surface roughness.

4. Regression Functions Determination

Regression function means a mathematical expression, derived from
processing experimental data, which approximates (estimated) dependencies
between two or more variables of a system or process. Determining a regression
function is required when the dependencies of those variables cannot be
determined precisely enough about theoretical (Todinca and Geanta, 1999).

The method often used in such situations is to achieve an initial
exploratory study, measuring the dependent variables for different values of
process variables.

If we consider that the exact relationship (theoretical) dependency of a
variable depending on other n variables in the process could be represented
graphically by a surface in a space with n + 1 dimensions, the values derived
experimentally can be represented by points in the space near this area. The
points will not belong experimental area due to imprecision theoretical
knowledge of process variables (e.g. due to measurement errors).

Thus, in situations where the relationship depends on one variable
studied process and is expected to form the regression function to be determined
fall within one category, it can use the method of least squares. If the
relationship is dependent on many variables, it can get a polynomial regression
function form using the response surfaces. In the cases where the two previous
methods cannot be used, one of the methods derived from the iterative
algorithms to solve the differential equation system can be applied.

Some of the above methods are sufficiently evolved so as not to be
limited to determining expression of the regression function but also allows
drawing conclusions concerning the correctness with which they were selected
process variables and adequacy of accuracy with which they were performed
measurements during experimental tests.

Thus, as an indicator of the adequacy of the model can be used model
R? accuracy indicator expressed by the Eq. (1) (Todinca and Geanta, 1999):
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In Eq. (1) Vicac represents the values calculated using regression
function, Yiex, - €Xperimental values - average values of the objective function.

For experimental values shown in Figs. 1 and 2, several types of
regression functions, shown in Figs. 3-10 were determined by using the
Excel program.

A exponential regression type for the objective function Q is presented
in Fig. 3. The determined relationship is shown in Eqg. (2), the accuracy of the
model and the indicator has the value (3).
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Fig. 3 — Exponential regression function. Fig. 4 — Power regression function.
.107
y = 0.0281e1%™ (2)
2
R? = 0.9662 ®3)

A power type regression function for the objective function Q is
presented in Fig. 4. The determined relationship is shown in Eq. (4), and the R
indicator has the value (5).

y = 0.0235x%>*° (4)
R? = 0.8599 ()
A linear regression function is presented in Fig. 5, and a polynomial one

in Fig. 6. The determined relationships are shown in Eq. (6) and (8), and the R?
indicator has the values (7) and (9).
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Fig. 5 — Linear regression function. Fig. 6 — Polynomial regression function.
y = 0.0072x+0.015 (6)
R? = 0.9068 (")
y = 0.000x*+0.001x+0.0318 (8)
R* = 0.9451 9)

A exponential regression type for the objective function Ra is presented
in Fig. 7. The determined relationship is shown in Eg. (10) and the model’s
accuracy indicator has the value (11).
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Fig. 7 — Exponential regression function. Fig. 8 — Power regression function.
y = 0.1106¢>169 (10)
R* = 0.9285 (11)

A power type regression function for the objective function Ra is
presented in Fig. 8. The determined relationship is shown in Eq. (12), and the R®
indicator has the value (13).
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y = 0.0904x%8" (12)
R*=0.741 (13)
A linear regression function for Ra criteria is presented in Fig. 9, and a

polynomial one in Fig. 10. The determined relationships are shown in Eq. (14)
and (16), and the R? indicator has the values (15) and (17).
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Fig. 9 — Linear regression function. Fig. 10 — Polynomial regression function.
y = 0.0785x-0.0888 (14)
R*=0.8792 (15)
y = 0.0071x°-0.0284x+0.1962 (16)
R*=0.9719 (17)

5. Conclusions

Based on calculate adequacy coefficients is possible to determine the
precise regression function for the studied criteria.

Thus, the most precise regression function for Q objective is
exponential function (R? = 0.9662) and for objective Ra polynomial function
(R*=0.9719).

Because in Ra case the regression function is a second degree
polynomial, it is interesting to find out if a polynomial of degree higher than
two provide a more accurate model. So, Eq. (18) show a third degree
polynomial function for Ra criteria and (20) a four-degree polynomial function.
The R? coefficients are shown in (19) and (21).

y = —0.00001x°+0.0074x%~0.0299x+0.1985 (18)
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R*=0.9719 (19)
y = 0.00003x*-0.001x*+0.0167x*~0.0635x+0.2314 (20)
R>=0.9721 (21)

As can be seen, the coefficient R? does not have a significant increase so
that it is considered as a second degree polynomial function provide a
sufficiently accurate mathematical model.
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CONSIDERATII PRIVIND MODELAREA MATEMATICA A PROCESELOR DE
PRELUCRARE ELECTROCHIMICA ABRAZIVA

(Rezumat)

Procedeul de prelucrare prin eroziune electrochimicd-abraziva se bazeaza pe
desfagurarea simultana a unor procese de dizolvare electrochimica combinate cu procese
de abrazare si cu fenomene electroerozive. In vederea determindrii ecuatiilor de
dependenta ale criteriilor de evaluare a performantelor procesului de prelucrare fata de
parametrii de lucru, autorii au efectuat un program experimental. Astfel s-a urmarit
influenta tensiunii de alimentare asupra productivitatii prelucrarii si asupra calitatii
suprafetelor prelucrate. Datele astfel obtinute au fost prelucrate cu ajutorul programului
Excel si s-au gasit mai multe tipuri de functii de regresie. Cu ajutorul criteriului R? s-a
determinat cel mai adecvat model matematic.
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Abstract. This paper presents a brief review on the latest researches in dry
high-speed machining consisting in studies regarding the materials of the parts
being cut, tools, methods and techniques used in order to investigate all the
phenomena occurring during this type of processing. The results have shown that
this field of research is continuously developing, emphasizing the possibilities of
reaching an environmental-friendly manufacturing.

Keywords: Clean machining; dry cutting; high-speed cutting; cutting
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1. Introduction

Metalworking industry is one of the leading industries in the world as it
plays an essential role in the entire economy, which it supports through its
products - machinery, industrial and technical equipment, machine tools, cutting
tools, part’s material - boosting the development of other industries and
economic sectors. It has the highest value in the total of industrial production
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(35-45% in developed countries) and covers worldwide, over 30% of the
workforce employed in industry.

Nowadays, the requirement for an environmental-friendly
manufacturing is increasing around the world and also the demands for
improved metals/materials. This creates new challenges for machining
operations and place high demands for high performance cutting tools. Either is
called environmental-friendly (Bhokse et al., 2015), green (Helu et al., 2012) or
clean production (Krolczyk et al., 2016; Wang et al., 2014), it refers to a
sustainable production, representing no threat to future generations and not
being at the expense of future generations. Clean production does not have to
mean increased financial investments. The goal is to reduce the
environmental pollution in the process of manufacturing involving reduction
of pollution generated by cooling/lubricating with coolants and emulsions
(Krolczyk et al., 2016).

In his article (Landgraf, 2004), Greg Landgraf is presenting some of the
advantages of dry cutting, as follows: the absence of water and atmosphere
pollution; the resulted solid waste in form of debris can be recycled easier,
without additional costs for cleaning the metalworking fluid, and also it can be
sold with higher price; there is no danger for operator’s health; dry cutting is
economical considering that the costs attributed to the use of coolant are
estimated to 16% of machining total cost ((Sharma et al., 2016) estimated this
cost to 16 - 20%)), which is about 3-4 times the cutting tools cost; for high
speed machining the using of dry cutting requires less cutting force; in
interrupted cutting, such as milling, dry machining is suitable as it could
improve the tool’s life.

On the other hand, Neil Canter is presenting in his article (Canter,
2009), some of the advantages of dry cutting, similar to those presented above,
but also some limitations of this type of machining, as follows: some companies
have shown that the costs of maintaining and disposing the metalworking fluids
are a lot less than 16% of company’s total manufacturing costs; without using
coolant, surface finish and tool life are severely affected as a tremendous
amount of heat and friction is generated during the cutting process and this fact
could significantly increase manufacturing costs and reduce productivity; not all
machining operations are suitable for dry cutting; some alloys of metal being
cut are more amenable to dry machining than others.

Other references (Graham et al., 2003; www.cnccookbook.com;
www.theengineer.co.uk) highlight the advantages of dry cutting in high speed
machining conditions and show the overcome of dry cutting limitations as the
research in this field is evolving. Thus, in general, the increasing demand for
hard machining and high-speed machining especially under dry cutting
conditions has made many researchers to work in this field of development of
manufacturing processes in order to obtain good surface finish and part
accuracy, low energy consumption and maintaining long tool-life while
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reducing the impact of industrial activity on environment and health. These
researches consist of analytical and experimental studies of cutting forces, chips
formation, thermo elastic workpiece deformation, tool wear evolution, cutting
temperature, cutting parameters optimization, surface roughness, cutting energy
etc. when improved or hardened metals/materials are being cut in dry high-
speed conditions (Wang et al., 2016; Zhang et al., 2016; de Agustina et al.,
2013; Salguero et al., 2013; Liu et al., 2009; Wang and Liu, 2015; Fang and
Wu, 2009; Ma et al., 2015; Soler et al., 2015; Singh et al., 2015; Xie et al.,
2013; van Hoof, 2014; Wang et al., 2014; Shashidhara and Jayaram, 2010), etc.

2. Workpiece Materials, Cutting Tools, Methods and Technologies for
Studying Phenomena in Dry High-Speed Machining

Various studies regarding high-speed machining (HSM) in dry cutting
conditions of the improved or hardened metals/materials were developed (Wang
et al., 2016; Sugihara et al., 2015; de Agustina et al., 2013; Hanief et al., 2016;
Salguero et al., 2013; Wang and Liu, 2015; Krishnakumar et al., 2015; Fang
and Wu, 2009; Calatoru et al., 2008), etc. Some of these materials are suitable
to this type of machining, some of them are submitted to research for
optimizing the cutting process. Dry cutting has long been used with materials
such as magnesium, which reacts with water, so common coolants are
incompatible with it; most alloys of cast iron; carbon and alloyed steel that are
relatively easy to machine and conduct heat well, allowing the chips to carry
away most of the heat generated; some aluminum alloys.

However, the fast development of automotive, aerospace, shipbuilding,
chemical or surgical industries requires improved and hardened
metals/materials. Some of the HSM under dry conditions researches refer to
these materials, as follows: Aluminium alloys (7050-T7451 (Wang et al., 2016;
Wang et al., 2015), UNS A97075 (de Agustina et al., 2013), UNS A92024-T3
(Al-Cu) (Salguero et al., 2013), Al6061-T6 and AI7075-T6 (Zaghbani and
Songmene, 2009), AIMgSi (Al 6061 T6) (Kalyan and Samuel, 2015), Al2016-
T6 (Mithilesh Kumar Dikshit et al., 2014)), Titanium alloys (Ti-6Al-4V).
(Fang and Wu, 2009), TC21 (Wu and To, 2015; Xie et al., 2013), Magnesium-—
calcium (MgCa) alloys (Salahshoor and Guo, 2011), hardened steels (Qing et al.,
2010; Pawade et al., 2007), stainless steel (Krolczyk et al., 2016), gray cast iron
(Tu et al., 2016), superalloys (nickel-based Inconel 718), (Li et al., 2006) and
Carbon Fiber Reinforced Polymers (Slamani et al., 2015; Uhlmann et al., 2016).

Also the open literature (Sugihara et al., 2015; Fang and Wu, 2009; Ma
et al., 2015; Xie et al., 2013; Kalyan and Samuel, 2015; Martinho et al., 2008;
Qing et al., 2010; Tu et al., 2016; Kagnaya et al., 2014; Xing et al., 2014; Tian
et al., 2013) covers an entire range of cutting tools used in HSM in dry
conditions, such as high-performance carbide - multi-layer TiAIN coating,
multi-layer hard coating consisting of distinct, alternating ultra-thin layers of
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TiN (titanium nitride), TiAIN (titanium aluminum nitride), TiCN (titanium
carbonitride) and lubrication coat -, PCBN, ceramics, diamond tools, PVD -
applied nanolaminated TiSiN-TiAIN coated carbide tool.

Furthermore, in order to optimize the cutting conditions in dry HSM,
the latest literature in this field presents studies conducted in most of the
manufacturing processes: turning (De Agustina et al., 2013; Hanief et al.,
2016; Bhokse et al., 2015; Pawade et al., 2007; Xie et al., 2013; Krolczyk et al.,
2016; Kalyan and Samuel, 2015; Tu et al., 2016), milling (Salguero et al., 2013;
Zaghbani and Songmene, 2009; Mithilesh Kumar Dikshit et al., 2014; Singh et
al., 2015; Kious et al., 2010; Li et al., 2006; Marinescu and Axinte, 2008; Lu et
al, 2014; Tian et al., 2013; Smith et al., 2013), drilling (Harris et al., 2003), and
gear hobbing (Claudin and Rech, 2009). In this papers, the phenomena
occurring during HSM are studied, analyzed and compared using advanced
methods and technologies, such as the analysis of variance (ANOVA), (Wang
et al., 2016; De Agustina et al., 2013; Slamani et al., 2015; Pawade et al.,
2007), finite element method (FEM) (Zhang et al., 2016; Wang and Liu, 2015;
Bhokse et al., 2015; Ma et al., 2015; Puls et al., 2016; Wu and To, 2015;
Kalyan and Samuel, 2015), finite element analysis (FEA) (Salahshoor and Guo,
2011; Calatoru et al., 2008), artificial neural network ANN, (Hanief et al.,
2016; Krishnakumar et al., 2015), Taguchi method (Hanief et al., 2016),
regression analysis (Hanief et al., 2016; Salguero et al., 2013; Fang and Wau,
2009), MATLAB (Hanief et al., 2016; Fang and Wu, 2009; Mithilesh Kumar
Dikshit et al., 2014; Pawade et al., 2007), SFTC DEFORM software (Puls et
al., 2016), MountainsMap 7.0 software (Krolczyk et al., 2016), Lab-VIEW
(Krolczyk et al., 2016), field-programmable gate array (FPGA) (Sevilla-
Camacho et al., 2015), PC208AX Sony data recorder (Li et al., 2006), LEICA
MZ12 microscopy system (Li et al., 2006), optical microscope OLYMPUS
SZ61TR (Tu et al., 2016), scanning electron microscope (SEM), (Sugihara et
al., 2015; Calatoru et al., 2008; Singh et al., 2015; Xie et al., 2013; Krolczyk et
al., 2016; Kalyan and Samuel, 2015; Martinho et al., 2008; Qing et al., 2010;
Pawade et al., 2007; Tu et al., 2016; Uhlmann et al., 2016; Uhlmann et al.,
2016; Kagnaya et al., 2014), Infrared radiation (IR) technology (Soler et al.,
2015), ThermaVision A20V, ThermaCAM Researcher (Qing et al., 2010),
Infinite Focus Measurement Machine (IFM) (Krolczyk et al., 2016), portable
surface roughness-measuring instrument Mahr Perthometer Model M2 (Pawade
et al., 2007), Kistler dynamometers and CNC machinery. Some of the results
are presented as follows.

3. Research Background of the Phenomena Occurring
in Dry High-Speed Machining

In the latest years, several studies dedicated to dry HSM of improved
and hardened materials have been performed as to understand the cutting
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conditions, such as, cutting forces and temperature, chips formation, tool wear
and surface quality, in order to machining process take place within a clean
environment, obtaining, at the same time, proper results for productivity, tools
and energy consumption and accuracy of the parts.

3.1. Cutting Forces in Dry HSM

Knowing the values of forces as an output data of the cutting process
can provide both information about the input variables and parameters of the
process, such as, cutting speed, feed, depth of cut, tool material and geometry,
and about the machining process evaluation, as force’s influence is usually
reflected in other output variables, such as, surface quality, temperature, tool
life and tool wear. This is the reason why several researches in dry HSM field
are related to cutting forces (de Agustina et al., 2013; Hanief et al., 2016;
Salguero et al., 2013; Fang and Wu, 2009; Zaghbani and Songmene, 2009;
Bhokse et al., 2015; Mithilesh Kumar Dikshit et al., 2014; Pawade et al., 2007;
Xie et al., 2013; Li et al., 2006; Tian X. et al., 2013; Thakur et al., 2012).

Kalyan C. and Samuel G.L. developed a study (Kalyan and Samuel,
2015) regarding the cutting forces when turning an AIMgSi alloy. To
investigate the effect of feed rate and cutting speed on tangential cutting forces,
PCD insert without edge preparation was used to turn the work material of 80
mm diameter at three different cutting speeds (400, 500 and 600 m/min), feed
rates of 0.007, 0.02, 0.03 and 0.05 mm/rev and a depth of cut of 0.5 mm,
without coolant. Also a finite element model to predict the forces during turning
was developed. The size effect caused by the combined effect of material
strengthening due to increase in strain gradient at low feed rates and the cutting
edge geometry was considered in the developed finite element model. Some of
the experimental results have shown that the tangential cutting forces reduce
with increase in cutting speeds; this could be attributed to the thermal softening
of the work material; all the three components of forces increase with the
increase in cutting edge chamfer; as the ratio of feed rate and edge chamfer
width reduces.

In their paper (Fang and Wu, 2009), N. Fang and Q. Wu made a
comparative experimental study of high speed machining of two major
aerospace materials — titanium alloy Ti—-6Al-4V and Inconel 718. Based on
extensive experimental data generated from 40 orthogonal high speed tube-
cutting tests that involved five levels of cutting speeds and four levels of feed
rates for each work material, the similarities and differences in machining the
two materials were summarized as follows: for both materials, as the cutting
speed increases, the cutting force, the thrust force, and the result force all
decrease; however, the force ratio increases; for both materials, as the feed rate
increases, the cutting force, the thrust force, the result force, as well as the force
ratio all increase; under the same cutting conditions, the cutting force and the
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thrust force in machining Inconel 718 are higher than those in machining Ti—
6Al-4V; the variation of the thrust force with the feed rate is smaller in
machining Ti—6Al-4V than that in machining Inconel 718, especially at the
lower cutting speeds. The final analysis revealed that the cutting forces in
machining Ti-6AI-4V and Inco