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Analysis of an existing gantry crane track on assembly base
Kina Kutzarowa-Dimitrova1,* , Stoyo Todorov1
University of architecture, civil engineering and geodesy Sofia, Bulgaria 1
kina_kutzarowa@abv.bg, stoyo_fte@uacg.bg
Abstract: The assembly base is a permanent building site, where the elements of the track panel are assembled. It is characterized by large
dimensions and weights of the processed parts and the final product. The report is based on observation and measurements of the existing
assemble base in Kazichane and possibilities of modern computer technologies for modeling and simulation of the operation of the
individual crane track elements. The unique of the studied crane track is that the rails are joined to half-sleepers lying on 1 m distance, not
to a continuous beam, like in crane tracks in industry, and that the using materials are typical for the railway superstructu re.
Keywords: CRANE TRACK, RAILWAY TRACK, ASSEMBLY BASE FOR THE RAILWAY TRACK, GANTRY CRANE

1. Introduction
The railway track assembly bases Mezdra, Odarne and
Razdelna are along the 2nd railway line - Sofia-Varna. Kazichene
base is on the 1st line - Sofia-Svilengrad, and Bezmer base (Yambol
region) is along the 8-th railway line - Plovdiv-Burgas.

The mechanized renewal and construction of new railway lines
in Bulgaria is most often done in a unit way. From the point of view
of the railway, it includes:
 complete renewal of the rail-traverse grill or construction
of a new railway track;
 screening of the ballast prism, delivery and addition of
new crushed stone with the required fraction if necessary;
 repair, restoration or rehabilitation of drainage facilities gutters, bridges, drainages and ditches. Construction of
new drainage facilities;
 reconstruction of existing and construction of new
retaining walls;
 construction of a protective layer to the ground, as it is
possible to use the existing sieved ballast for this purpose;
 repair of weak points on the ground surface or ground
base, etc.

The basic device on such a railway track assembly basis is
given in fig. 2.
In the present study is considered in detail the railway track
assembly base Kazichene, fig. 3.

2. Location and role of railway track assembly
bases
The railway track assembly bases are open construction sites,
where works on installation and dismantling of the rail-traverse
grate of the railway, storage of the new rails, sleepers and fasteners
are carried out. They are part of the process of renewal,
reconstruction and new construction of railways in a unit way,
including the construction of a non-stop railway [1]. During the
construction of a rail track without welds, they are used for
assembling the rail-traverse units with inventory rails, delivery and
storage of the inventory rails and new reinforced concrete sleepers.

Fig. 2 The basic device on railway track assembly basis

The railway track assembly bases are part of the critical
infrastructure serving the railways. In some assembly bases, in
addition to the new units and the materials for their assembly,
reinforced concrete sleepers are also stored. On the territory of
Bulgaria there are 5 railway track assembly bases, shown in fig. 1,
at the state enterprise "Transport Construction and Restorution".
They are at a distance of over 200 km from each other with the idea
to achieve optimal service at any point of the railway network.

The Kazichene railway track assembly center is located next to
the Kazichene station.
It was built in 1975 and since then it has been used for
assembling the rail-traverse grate of the railway and storing the
necessary rails, traverses fig. 4 and fasteners.

Fig. 3 The railway track assembly base Kazichene

Fig. 1 Map of the railway track assembly bases
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Fig. 6 Heavy road in operation at Kazichene assembly base

Currently Kazichene base is served by 2 gantry cranes and a
total of 6 are available in the base.

Another application of the used sleepers is given in fig. 7, as a
loading and unloading site [3].

Fig. 7 Loading and unloading platform of reinforced concrete sleepers

3. Crane road - features
The track on which the gantry cranes move is a guide consisting

Fig. 4 Storage of new ST6 sleepers at Kazichene base

of:

The cranes have an opening (transverse distance between the
legs) 9.15 m. Equipped with electric motors driving the crane itself
and the crane trolley.






rails 49E1 fig. 8 with a length of 25 m,
"K" type fasteners,
wooden half-beams fig. 9, located in 1 m and
ballast prism.

In the base, in addition to the new units and materials for their
assembly, reinforced concrete sleepers are also removed from the
road, Fig. 5 [2].

Fig. 8 Rails 49E1 with a length of 25 m

These are rails elements typical of a conventional railway. The
track gauge is 9.15 m. Along its entire working length, the road is
located in a straight section.
No lateral wear of the rails is observed fig. 9, rotation of the
fasteners and different wear of the flanges Fig. 10 of the crane
wheels. It can be said that horizontal forces transverse to the axis of
the road do not lead to visible deformations and additional wear.

Fig. 5 Storage of used reinforced concrete sleepers in Kazichene base

An interesting application of some of the reinforced concrete
sleepers removed from the road was found in fig. 6. The sleepers
are used as pavement on the road on which the trucks supplying the
base move. Despite the passage of heavy machinery, the road is in
good condition.

Due to the large track gauge, the road under each of the crane
legs can be considered as a separate structure.

Fig. 9 Condition of rails and half-beams
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of wooden and reinforced concrete half-beams. The load
corresponds to a crane with a lifting capacity of 12.5 t [4].

Fig. 10 Wheel condition: flanges and rim

The wooden half-beams and the ballast prism in which they are
located give the necessary stability to the road. The general
condition of the road is good. Significant contamination of the
ballast prism can be noted.
The crane wheels have double flanges fig. 11 and electric motor
drive. The motors are powered by a separate cable route attached to
a metal structure.

Fig. 11 Wheels with double flanges, electric motor and gearbox

Fig. 13 3D road model and moment diagram

Most of the processes are mechanized, but there are also a large
number of manual operations and processes. Hard physical labor is
currently being replaced by mechanization, but it is not at the level
of industrial production. There is a possibility for automation and
robotics of production. Most of the operations are monotonous and
repetitive. They can be automated and robotic in a modern
industrial line. Moreover, such already exist in the world. For
example, all-in-one train replacement trains.

The power supply is done with a suspended cable network
fig.12.

5. Conclusions
The review of the condition of the assembly bases available to
the state enterprise "Transport Construction and Reconstruction" in
our country leads to the following conclusions:
 the bases are functional, but in poor condition due to lack of
funding and targeted investments;
 The bases have huge reserves for the implementation of
automation and industrial robotics.

6. References
Fig. 12 Wheels with double flanges, electric motor and reducer
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It can be said that the construction used for crane construction is
suitable and with a guaranteed long service life. This construction
may serve as a basis for the development of other types of crane
tracks.

4. Prospects for development
The tendency is to increase the weight of the processed loads
due to the need to put in the railway heavier type rails, traverses
with higher weight and density. This means increasing the required
load capacity of the cranes and more working hours. The
construction of the crane track is related to these parameters.
To increase the stability and strength of the road, wooden halfbeams can be replaced with reinforced concrete ones. In this
situation, the stiffness of the road increases and it should be
monitored how the bending moment in the rail changes. In fig. 13 is
shown the digital model of the road, and a study of the current use
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Development of innovative commercial dishwasher using gas-heated water for energy
efficiency
Zafer Kahraman1, Murat Hacı1, Soner Gürcü1, Hakan Serhad Soyhan2,3
Öztiryakiler Madeni Eşya San. Ve Tic. A.Ş, R&D Technology Center
34500 Büyükçekmece, İstanbul, Turkey
2
Sakarya University, Fire and Combustion Research Centre, Esentepe Campus, Sakarya, Turkey
3
Team-San Ltd. Sti., Esentepe Campus, Sakarya University, 54050, Sakarya, Turkey
zkahraman@oztiryakiler.com.tr
1

Abstract: Commercial dishwashers are among the most important products for commercial kitchen personnel as they clean dirty products
(plates, glasses, cutlery, etc.) in a short time (between 1 and 4 minutes according to the program). In recent years, customers' demands for
energy-saving products have been increasing. Therefore, instead of using the electrical energy to be obtained after the combustion of natural
gas in power plants, the use of direct natural gas in a commercial dishwasher contributes to reducing the carbon footprint. In this study, the
original design studies of the combustion system of the innovative commercial dishwasher prototype using water heated with gas were
carried out. For the first time in our country, the system that enables the heating of water with gas was designed as a module other than the
existing commercial dishwasher. An independent combustion system has been developed to provide easy use to other commercial
dishwashers on the market. Simulation studies have been used effectively in the design verification phase in order to provide the most
efficient combustion conditions for different gases (natural gas and LPG) in the original designed combustion system. Combustion analyses
were carried out by parametric study for different operating conditions. In the innovative commercial dishwasher prototype that uses water
heated with gas, optimum temperature values have been obtained for effective washing at the water inlet and water outlet points of the
uniquely designed combustion system. As a result of the tests and evaluations, the most effective working range of the innovative prototype
was determined.
Keywords: COMMERCIAL DISHWASHER, COMBUSTION TECHNOLOGY, WATER HEATED SYSTEM DESIGN

obtained by contributing to the reduction of CO2 emission rates with
the mineral additive drying system [3].

1. Introduction
Various models of commercial dishwashers (undercounter,
hood type, conveyor, etc.) have wide areas of use depending on the
size of the commercial kitchens. Our company produces all models
of these commercial dishwashers for commercial kitchens. In our
country and in Europe, commercial dishwashers are used with
electrical energy. However, gas-heated water commercial
dishwashers have usage shares in the North American market.
There are various studies to improve energy efficiency on
dishwashers.

In 2021, 32.7% of our electricity production in Turkey was
obtained from natural gas. [8].
The distribution of natural gas use in electricity generation in
our country by years (2000-2019) is shown in Fig. 1 [9].

Studies carried out in the research of scientific publications
related to energy efficiency in the field of dishwashers have been
determined to be related to household dishwashers [1-7]. Various
studies in this field are summarized below;
Santori and his team investigated the operating performance of
an adsorption household dishwasher using different desiccants such
as 13X zeolite, microporous silica gel and SAPO-34 zeolite.
Thermodynamic comparison of the indicated adsorbents was carried
out on the basis of experimental measurement of the main
thermophysical parameters such as specific heat, adsorption
equilibrium curves and sorption enthalpy. They stated that they
achieved 0.636 kWh of consumed electrical energy savings, 41%
lower than the standard cycle performed by a standard household
dishwasher with a class A energy label [1].

Fig. 1 Share of natural gas in the Turkish energy system, 2000-2019 [9].

The gross electricity generation distribution by primary source
in the first ten months of 2021 in Turkey is shown in Fig. 2 [10].

Mohedano and his research team evaluated household
dishwashers with camera data processing (PEPT - Positron
Emission Particle Tracking) system and simulation analysis (CFD Computational Fluid Dynamics) under different operating
conditions (with/without detergent, at various pump and wash arm
speeds). Empty/full basket etc. during the washing process analyzed
the water movements according to the variables. They stated that
the detergent effect can be neglected in water movements and the
effects of design data (washing arm, distribution of dishes, etc.)
according to different dish areas [2].
Hauer and Fischer reported that energy consumption was
reduced by up to 24% by reducing the energy consumption values
from 1.05 kWh to 0.8 kWh in household dishwashers with zeolite
mineral added drying system compared to the standard product. In
addition, they reported that an environmentally friendly product was

Fig. 2 Gross Electricity Generation by Primary Source During the First Ten
Months of 2021 (GWh). [10].

192

"MACHINES. TECHNOLOGIES. MATERIALS" Issue 6/2022

In the coming years, in terms of energy efficiency, the use of
natural gas in various applications instead of electrical energy will
provide significant advantages in terms of the environment.

2. Methodology
With the data obtained from the concept development studies,
the design activities of the commercial dishwasher prototype that
heats gas and water were carried out. At the last stage of the design
activities, the original designs were obtained before the prototype
production by utilizing the simulation studies.
Within the scope of this study, the hood (guillotine) type
commercial dishwasher was preferred among the existing
commercial dishwashers in terms of the application of the original
designed combustion system.

Fig. 4 Originally designed combustion system of the innovative commercial
dishwasher prototype.

The main body of the hood type commercial dishwasher and
separate combustion system is made of stainless steel (AISI 304)
material.

The view of the mesh distribution in the original design
combustion (water heating) system design is shown in Fig. 5.

The draft drawing of the commercial dishwasher prototype
using gas and water is shown in Fig. 3.

Fig. 5 The view of the mesh distribution in the original design combustion
system design.

The simulation study of temperature change in the working process
of the original designed combustion system of the innovative
commercial dishwasher prototype is shown in Fig. 6.

Fig. 3 The draft drawing of the commercial dishwasher prototype using gasheated water.

With the combustion provided in the burner of the combustion
system with simulation studies, temperatures close to the adiabatic
flame temperature have been reached.
The uniquely designed combustion system consists of three
separate parts. The first part consists of the burner where the
combustion takes place, the second part consists of the heat
exchanger water flow area and the third part consists of the copper
heat exchanger.
In the heat exchanger area, after this temperature is transferred
to the water, it has been observed that the temperature towards the
chimney section decreases, but there is still a usable heat energy in
the flue gas.
In the original designed combustion system of the innovative
commercial dishwasher prototype, which uses water heated with
gas, a boundary layer is placed on the wall areas. Studies were
carried out by applying a sweep mesh to a certain region of the
flow.

Fig. 6 Simulation of temperature change in the working process of the
original designed combustion system of the innovative commercial
dishwasher prototype.

For this reason, it has been seen that a lower capacity heat load
can be sufficient by using this energy. Examples of simulation
studies on temperature, combustion products, heat exchanger zone
heat exchange in a uniquely designed combustion system are shown
in Figure 4-7.

Simulation analysis of combustion products in a uniquely designed
combustion system.

Originally designed combustion system of the innovative
commercial dishwasher prototype is shown in Fig. 4.
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4. Conclusions
The most important innovative aspect was the efficient use of
gas-heated water for the first time in our country, in the studies
carried out with R&D systematics in the original designed
commercial dishwashing machine prototype. The gains obtained
through various R&D activities are shown below;
By comparing the data in the combustion simulation studies
with the data obtained during the test phase, the efficient operation
of the innovative prototype using different gases (natural gas and
LPG) was ensured.
Different injector diameters (Ø0.90 mm for natural gas and
Ø0.65 mm for LPG) and different gas pressures (20 mbar for
natural gas and 30 mbar for LPG) have yielded positive results in
terms of efficient combustion, depending on the gas usage in the
uniquely designed water heating system.

Fig. 7 Simulation analysis of combustion products in a uniquely designed
combustion system.

A temperature increase of approximately 65°C was observed
between the water inlet temperature and the outlet temperature of
the uniquely designed water heating system. It has been determined
that a lower capacity heat load may also be sufficient.

The fact that almost all of the oxygen is consumed during the
combustion process and the N2 formation reaches its highest levels
in the exhausted gas is an indication that the combustion is
complete, and the simulation data shows that the project will be
successful.

As a result of the test and evaluation studies, the prototype of
the commercial dishwasher using gas-heated water was successfully
obtained. Thus, for the first time in our country, the innovative
commercial dishwasher prototype that uses direct gas (natural gas
and LPG) instead of electrical energy has been achieved with
scientific data.

3. Experimental procedure
The photograph of the innovative commercial dishwashing
machine prototype using gas-heated water used in the testing and
evaluation phase is shown in Fig. 8.
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Fig. 8 Front view of the innovative commercial dishwasher prototype.

A photograph of the original designed module providing gasheated water is shown in Fig. 9.

Fig. 9 A photograph of the original designed module providing gas-heated
water.

Tests and evaluations of the innovative commercial
dishwashing machine prototype using water heated with gas were
made according to different gases (natural gas and LPG) and
various operating conditions (gas pressures, gas application time,
etc.).
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The change of microgeometry of metal surface after application of chemical pretreatments
Róbert Moro 1,*, Dagmar Draganovská2
Technical University of Košice, Slovak Republic 1,2
robert.moro@tuke.sk1, dagmar.draganovska@tuke.sk2
Abstract: Currently, one of the most important and monitored surface properties is the ability to achieve the highest possible level of
adhesion after applying a layer of paint or glue. To guarantee this property, it is extremely important to choose the right surface
pretreatment. The paper is focused on chemical surface pretreatment and subsequent evaluation of morphological surface changes after
application of various selected types of chemical pretreatment based on roughness parameters.
Keywords: chemical pretreatment, surface, microgeometry, roughness
Table 1: HX340LAD + Z material properties

1. Introduction
The condition of the surface is determined by the resulting
properties of the metal components. Surface imperfections are
constantly affected by the properties of the material. In practice, the
actual metal surface is characterized by conditions and therefore it
is necessary to study the properties and subsequent changes of the
material already on the surface layer. The resulting surfaces of the
components reflect the applied production processes, which
significantly affect the achieved surface roughness and therefore it
is necessary to continuously monitor these surface changes in terms
of roughness. Among other essential surface properties, we also
specify the ability of the material to achieve the highest possible
degree of adhesion.

Material
HX340LAD+Z

Re Min
(MPa)
340

Re Max
(MPa)
420

Rm Min
(MPa)
410

Rm Max
(MPa)
510

A80 Max
(%)
21

Table 2: DC04 material properties

Material
DC04

Subsequently, the adhesion of the applied coating or the best
possible bond between the substrate and the adhesive in the
technology of gluing materials is observed. The technology of
joining materials is known in practice and is constantly one of the
widely used technologies due to its advantages, which it provides in
comparison with other technologies using an additional adhesive
element. Therefore, it is necessary to consider the application of the
correct surface pretreatment, which will significantly contribute to
achieving high adhesion of bonded surfaces. Pretreatment can be
performed by chemical surface pretreatment, so-called conversion
coatings.

Re Max
(MPa)
210

Rm Min
(MPa)
270

Rm Max
(MPa)
350

A80 Max
(%)
38

2.2 Examined chemically pretreated surfaces
a) Without surface treatment - The manufacturer states that
the sheet is preserved by electrostatic oiling with an oil weight of
0.5 - 2.5 g.m-2
b) Surface treated with chip-free zirconate passivation - the
chromate-free passivation process usually follows the phosphating
of steel by all types of phosphating baths. It does not contain
chromium ions or other substances harmful to the environment. The
product also passivates active surfaces made of unphosphated steel,
aluminum and magnesium alloys, zinc coatings after degreasing or
otherwise activated metal surfaces. It can also be used as a
conversion layer before coating or gluing. The procedure for
passivation with chromium-free zirconate was as follows:
degreasing, washing, passivation of zirconate (RT, 3 min.), Rinsing,
rinsing in demineralized water, drying.

The formation of conversion coatings consists in the reaction of
the metal surface with the surrounding environment in which the
metal is present during surface pretreatment. Conversion coatings
are characterized by their high electrical resistance, which affects
the corrosion protection of metal surfaces. Conversion coatings
have a high level of adhesion to the base material and insolubility in
water and solvents. [1-3]

c) Surface with a layer of zinc phosphate - is predestined for
phosphating steel, galvanized and hot-dip galvanized objects. The
phosphate layer is formed by small crystals that provide protection
to the surface against corrosion or as a base layer under the coatings
to improve their adhesion. The phosphating process was as follows:
degreasing, rinsing, activation at RT - 3 min. - bath stirring,
phosphating at 60 ° C - 5 min., Rinsing, rinsing in demineralized
water, drying. The activating rinse serves to form phosphate crystal
nuclei, resulting in a particularly fine and thin layer of phosphate.[4]

Coatings or adhesives, which are then applied to conversion
coatings, show excellent anchorage to the pre-treated surface. The
paper is focused on the evaluation of surface changes after the
application of different types of chemical pretreatments with the
subsequent comparison roughness parameters. [5,7]

2. Materials and methods of surface evaluation
2.1 Used basic materials and their properties

2.3 Methodology of surface microgeometry evaluation and
used device

The basic materials used in this research were DC04 and
HX340LAD + Z steel sheets with a thickness of 0.8 mm and
dimensions of 100 x 25 mm. An overview of the materials used and
their chemical and mechanical properties are visible in Tab le 1 and
Table 2.
DC04 (W.Nr.1.0338) - it is a surface-treated steel, which is
primarily intended for deep drawing of demanding external and
internal parts of car bodies and other moldings.

A profilometer with the production designation Surftest - SJ
301, Mitutoyo, Japan was used to measure the individual selected
roughness parameters. The profilometer is characterized as a tactile
device, the principle of which consists in sensing the examined
surface of the sample with a probe with a diamond tip with a radius
of curvature 5ym.

HX340LAD + Z (W. Nr. 1,0933) - it is a hot-dip galvanized
microalloyed steel, which is characterized by a fine structure and at
the same time increased cold formability. Used with ana
dynamically stressed car parts.

The evaluation of the surface roughness measurement was
carried out in accordance with the international standard STN EN
ISO 4287, by means of which the individual normalized / nonnormalized roughness parameters were assessed. [6,7]
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The parameters of the device were as follows:
-

Measured profile: R,
Filter: GAUSS,
A sampling length λc = 0,8 mm,
A number of sampling lengths N = 5,
An evaluation length ln = 4 mm.

3. Achieved results and evaluation

Fig. 6: Profilogram + Firest-Abbot curve for Zn - PHZn sample

3.1 Profilograms and Firest - Abbot curves of assessed
chemically pretreated materials
In the attached profilograms of individual surfaces of materials
Fig. 1 – Fig. 6 we recorded a change in the surface roughness of
both tested materials and on the basis of this fact we can state that
the chemical surface pretreatment has an effect on the individual
roughness parameters of the monitored samples.

3.2 Analysis of the parameter Ra
The assessed statistical characteristics for the
parameter Ra are given in Table 3 From the measured values
we can state that the highest average value of Ra was
recorded in the sample with the designation: DC - PHZn,
which showed a value of 1.14 μm.
While the lowest average value of the parameter Ra
was recorded for the sample with the designation: Zn - BP
with a value of 0.85 μm. The highest measured value of
Minima and Maxima was represented by a sample with the
designation: DC - BP, which showed values (MAX - 1.44
μm, MIN - 0.9 μm).
While the lowest maximum and minimum values were
recorded for the Zn - BP sample with values (MAX - 0.96
μm, MIN - 0.72 μm). Variability characteristics: The Zn BP sample has the lowest standard deviation value, which
was 0.06 μm. The highest standard deviation value was
recorded for the sample with the designation: DC - BP,
which was defined by a value of 0.15 μm.

Fig. 1: Profilogram + Firest-Abbot curve for DC sample

Variability characteristics: The Zn - BP sample has the
lowest value of the standard deviation, which was 0,06 μm.
The highest value of the standard deviation was recorded for
the sample with the designation: DC - BP, to which the
value of 0,15 μm belongs.

Fig. 2: Profilogram + Firest-Abbot curve for DC - BP sample

Table 3: Ra parameter values and characteristics

Sample
DC
DC - BP
DC - PHZn
Zn
Zn - BP
Zn - PHZn

Fig. 3: Profilogram + Firest-Abbot curve for DC - PHZn sampl

Ra (μm)
Average
1,05 +- 0,11
1,13 +- 0,15
1,14 +- 0,11
1,07 +- 0,1
0,85 +- 0,06
0,87 +- 0,09

Min.
0,89
0,90
0,89
0,87
0,72
0,73

Max.
1,30
1,44
1,34
1,28
0,96
1,01

3.3 Analysis of the parameter Rz
The measured values of the parameter Rz are shown in Tab le 4.
From the following values that were measured, it can be stated that
the highest average value of Rz was recorded in the sample with the
designation: DC - BP. This sample had a value of 5.96 μm.

Fig. 4: Profilogram + Firest-Abbot curve for Zn sample

The lowest recorded average value of the parameter Rz
belonged to the sample with the designation: Zn - BP with a value
of 4.96 μm. The maximum and minimum values of the samples
were compared. The highest measured value of Maxima was
represented by the sample with the designation: Zn, which showed
values (MAX - 6.93 μm) and, conversely, the lowest value of the
maximum was recorded in the sample Zn - BP, for which we
recorded the value (MAX - 5.90 μm).
Fig. 5: Profilogram + Firest-Abbot curve for Zn - BP sample
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The highest value of the minimum was shown by the sample
marked DC - BP (Min. 4.95 μm), while the lowest measured value
of the minimum was represented by the sample Zn - BP (Min. 4.21
μm).
Variability characteristics: Sample Zn - BP has the lowest value
of the standard deviation, which was 0,35 μm. The highest value of
the standard deviation was recorded for the sample with the
designation: Zn, to which the value of 0,51 μm belongs.

Table 4: Rz parameter values and characteristics

Sample
DC
DC - BP

Rz (μm)
Average
5,42 +- 0,5
5,96 +- 0,47

Min.
4,79
4,95

Max.
6,54
6,91

DC - PHZn
Zn
Zn - BP
Zn - PHZn

5,72 +- 0,37
5,44 +- 0,51
4,96 +- 0,35
5,07 +- 0,47

4,85
4,43
4,21
4,32

6,5
6,93
5,9
6,05

Fig. 7:
DC original surface

3.4 Analysis of the parameter RSm
All measured values and characteristics for the RSm parameter
are given in Table 5. From the values that were measured, it can be
stated that the highest average value of RSm was recorded in the
sample with the designation: DC, which had a value of 236.03 μm.
While the lowest average value of the RSm parameter was
recorded for the sample with the designation: Zn - BP, whose value
was 99.37 μm. The highest measured value of Maxima was
represented by the sample with the designation: DC, which showed
values (MAX - 401 μm), while the lowest value of the maximum
was recorded in the sample Zn - BP, at which we recorded the value
(MAX - 119 μm). The highest minimum value was recorded for the
sample marked DC - BP (Min. 175 μm). The lowest value of the
minimum belonged to the sample Zn - PHZn (Min. 80 μm).

Fig. 8: DC – BP surface

Variability characteristics: The Zn - BP sample has the lowest
value of the standard deviation, which was 9.87 μm. The highest
value of the standard deviation was recorded for the sample with the
designation: DC, to which the value of 50.90 μm belongs.

Table 5: RSm parameter values and characteristics

Sample
DC
DC - BP
DC - PHZn
Zn
Zn - BP
Zn - PHZn

RSm (μm)
Average
236,03 +- 50,9
231,53 +- 39,22
171,03 +- 34,35
137,8 +- 16,87
99,37 +- 9,89
107,83 +- 17,47

Min.
158
175
122
107
81
80

Max.
401
349
257
175
119
173

Fig. 9: DC – PHZn surface

4. SEM analysis of chemically pretreated surfaces
SEM analysis was performed on all samples with applied
surface treatment. The appearance of individual surfaces is visible
in the Fig. 7 – 9.
From the SEM analysis of the investigated surfaces, it can
be stated that the applied chemical surface pretreatments have an
effect on the resulting surface roughness and adhesion of the
material itself.
Fig. 10: Zn original surface
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Fig. 12: Zn + PHZn surface

Conclusion
Two types of steels were used as sample material, namely
uncoated steel DC 04 and hot-dip galvanized steel HX340LAD + Z.
2 types of surface pretreatment were applied to these materials chromate-free zirconate passivation, application of zinc phosphate.
The samples were subjected to the measurement of the selected
surface roughness parameters with a touch profilometer marked
Mitutoyo Surftest SJ - 301 in accordance with the standard STN EN
ISO 4287 to capture surface differences. The measured results were
then subjected to a detailed statistical analysis.
Based on the experimental results, it can be stated that all
applied types of chemical pretreatments have an effect on the
achieved values of the investigated surface roughness parameters
for both investigated materials, which can be demonstrated by
measured parameter values and documented Firest-Abbot roughness
curves.

198

"MACHINES. TECHNOLOGIES. MATERIALS" Issue 6/2022

Effect of Overlay Paper Properties on the Surface Quality of Laminate Flooring
Mehmet Erdal Kara1, Nadir Ayrilmis 2, Arman Uncu1

Kastamonu Entegre Ağaç Sanayi ve Ticaret A.Ş., Kastamonu Organize Sanayi Bölgesi 7. Cad. No:2/8 37200 Halife
Köyü/Kastamonu/Türkiye

1

2

Department of Wood Mechanics and Technology, Forestry Faculty, Istanbul University-Cerrahpasa, Bahcekoy, Sariyer, 34473, Istanbul,
Turkey
erdal.kara@keas.com.tr

Abstract: In this study, the effect of overlay paper properties on the surface quality of laminate flooring was investigated. For this aim, only
the upper surface of 22 gr/m² raw overlay papers impregnated with 53% melamine formaldehyde resin in the glue pool was sprinkled by
corundum (Al2O3) in two different ratios (23 and 28 gr/m²) from different companies at 140-160 ºC. In the drying ovens, the impregnated
overlay papers with a final weight of 135 and 140 gr/m² and a humidity of 7.5% were produced. The panels obtained at the end of these
processes were tested according to TS-EN 14323 and related standards, which are surface quality features such as surface abrasion, surface
scratch and ash test. According to the test results, it has been observed that under the same pressing conditions, different corundum type and
amount as well as laminate floorings covered with overlay papers with different final weights have an effect on the surface quali ty
properties. It was observed that although the increase in the amount of corundum did not have a significant effect on surface scratching, it
had a significant effect on surface wear values. According to the results of the ash test, it was observed that the amount of corundum
increased and its distribution on the overlay paper surface was homogeneous.
KEYWORDS: OVERLAY, SURFACE QUALİTY, LAMINATE FLOORING, FIBERBOARD, CORUNDUM
different companies in different weights (25-30 gr/m²) in the
corundum pouring system only on the upper surface after the
overlay papers were glued. It is aimed to obtain products that
comply with AC3-AC4-AC5 criteria according to the surface
quality class by comparing the test results made on laminate
flooring test boards obtained by pressing decor paper under the
same pressing conditions.

1. Introduction
The laminate flooring is an engineered wood composite
consisting of three layers. The base layer is an impermeable
layer, which improves the structural stability. The thick and core
layer is a composite wood base [1,2[. The highest layer is the
wear surface (overlay layer) and the decorative layer (Fig. 1).

2. Materials and methods
2.1.
Materials
In the production of HDFs, 50% pine (Pinus nigra) and 50%
eastern beech (Fagus orientalis) woods used as raw materials in
the production of high density fiberboards (HDFs). The HDF
panels were produced from wood fibers dried to 5% and 9 wt%
melamine urea formaldehyde (MUF, solids content 60 wt%)
resin.
The HDF panels with dimensions of 8 mm x 2060 mm x
2650 mm and a density of 870 kg/m³ were produced at a press
temperature of 200±20 °C, and a pressure of 3.5-4 N/mm². After
conditioning for about 4-7 days depending on the season in the
semi-finished warehouse, it was sanded to a net thickness of 7.3
mm ±0.1 raw thickness.
Two different ratios (80-85 gr/m²) of 100% melamine
formaldehyde resin were impregnated on the lower and upper
surfaces of these papers. Then, impregnated overlay papers with
a final weight of 135 and 140 gr/m² in drying ovens at 100-160
°C by sprinkling corundum material Al2O3 in two different ratios
(23-28 gr/m²) only on the upper surface, which improves the
upper surface properties of laminate flooring. Produced.
Corundum (Al2O3): There are two types of alumina: α-type
and γ-type. Naturally occurring α-alumina crystals are called
corundum and are often found in different colors (usually blue
or yellow to gray).

Figure 1. Layers of laminate flooring.
Decor paper is a special high-quality paper that is bonded to
suitable substrates such as wood based panels using special
synthetic resins. Papers impregnated with a resin have gained
wide acceptance as facing materials for industrial
gradeparticleboard. The base papers for the decorative films are
alpha-cellulose papers, which are used exclusively.
Forimpregnating, papers must have a high moisture resistance
and the right porosity to accept the proper amount of resin. The
surface print quality of the decor paper is essential for creating
decorative designs by use of gravure printing process. Moreover,
the paper shall be suitable for impregnation with applicable
synthetic
resins
such
as
urea
formaldehyde,
melamineformaldehyde, acrylic and phenolic resins. The type of
resin used for impregnation of decor paper influences the quality
ofsubstrate after the lamination. It is laminated under high
pressure and heat with particleboard or other substrates. Quality
ofcauls, cleanliness, and temperature are key factors that
influence coating or laminating quality [3].

2.2.

Methods

The test methods used in the investigation of surface
properties of the overlay paper are givne in Table 1.

In this study, the effect of overlay paper properties on the surface
quality of laminate flooring was investigated. For this purpose,
overlay papers were produced by using corundum types from
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Table 1. Test methods used in the experiments.
Tests
Surface
abrasion
Scratch
resistance
Ash
quantatity

Specimen size
(mm)
100x100
100x100
100x100

Standard no
TS EN
13329
TS EN
14323

In general, the wear resistance of overlays produced with
brand B corundum was found to be better at the same corundum
usage rates, while the opposite was the case with brand A
corundum. According to these results, it was determined that in
the overlay papers to be produced for AC3 and AC4 classes, it
was possible to produce more economical overlay paper,
especially with brand B corundum at lower rates (20gr/m²).
The average values of the test results in which the effect of
overlay paper properties on surface scratching from the surface
quality properties of laminate flooring are determined are
dispalyed in Figure 4. This situation can be explained as the
structure, shape, size, powder ratio and the rate of containing
other elements of brand B corundum according to brand A
corundum, having the desired properties and values. In this way,
it has been understood that the bonding and distribution with the
surface is more homogeneous during the sprinkling of brand B
corundum on the overlay paper surface.

Specimen
number
8
8
6

The equipments used in the determination of the surface
properties are presented in Figure 2.

A.
B.
Figure 2. A. Surface abrasion test. B. Surface scratch test.

3. Results and discussion
The average values of the test results, in which the effect of
overlay paper properties on the abrasion resistance of the surface
quality properties of laminate flooring are given in Figure 1. The
highest abrasion resistance values were seen in overlay papers
produced with 28 gr/m² brand B corundum and 140 gr/m² final
weight at 5000 rpm. The lowest abrasion resistance values were
found in the overlay papers produced with 23 gr/m² brand A
corundum and 140 g/m² weight at 4000 rpm. (Fig. 3).

Figure 4. Scratch resistance of the overlay

In general, as the usage rate-amount increased in both
corundum species, an irregular increase was observed in the
amount of corundum material remaining after the ash test
(burning test), albeit irregularly. It has been observed that this
situation reflects the working set values of the corundum pouring
system to the overlay paper surface (Fig. 5).

Figure 3. Abrasion resistance of the overlay paper
The highest scratch resistance values were seen in overlay papers
produced with brand B corundum with a final weight of 140
gr/m² with 4 N. was determined that the test panels produced
with brand B corundum at similar rates had higher scratch values
than the test samples produced with brand A corundum.
From the test results, it was understood that the color of the decor
paper was different, the amount of glue, the final weight of the
finished paper and the increase of the corundum ratio did not
have an obvious effect on the surface scratch values.
According to these results, it is recommended that lower rates
of corundum material can be used for the surface scratch values
of overlay papers to be produced for AC3 and AC4 classes. The
average values of the test results, in which the effect of overlay
paper properties on the ash-burning test. As a result of the
combustion test of overlay paper samples produced at the same
corundum ratios, it was seen that brand B corundum was higher
in % compared to brand A corundum, according to the remaining
solid matter/ash amount.

Figure 5. Ash content of the overlay paper.
The test result showed the highest amount of ash with
22.52%, 28 gr/m² brand B corundum and overlay papers
produced with 140 gr/m² final weight. The lowest ash percentage
was found with 14,34% in the overlay papers produced with 23
gr/m² brand A corundum and 140 gr/m² final weight.

200

"MACHINES. TECHNOLOGIES. MATERIALS" Issue 6/2022

4. Conclusions
Depending on the different pressing conditions, it has been
determined from the test results of the produced coated boards
that the surface wear and scratch values increase as the amount
of the corundum and therefore the final weight of the overlay
paper increases in the same pressing time.
In addition, from the ash test results, it was observed that the
amount of ash as a result of combustion increased as the amount
of B brand corundum increased. This can be explained by the
more homogeneous and strong bonding of the corundum on the
overlay surface. The surface quality of laminate flooring is a
feature that can vary depending on the type, amount and weight
of corundum as well as the surface quality of the board. For this.
According to the surface wear, surface scratch and ash test
results of the surface quality properties of the laminate flooring;
It was determined that the best values were obtained as a result
of using brand B corundum. In addition to its effect on overlay
paper quality, it should be known that brand B corundum is
13.33% cheaper than brand A corundum in terms of cost.
As a result of the results of this study carried out for the
laminate flooring surface quality, it was observed that all the
values determined were within the desired standards. In order to
be sure of this work, it should work at these values for a certain
time and according to the test results to be done, it should be
started to work at optimum values. It is possible to determine
more economical productions by following the panel and overlay
paper production conditions very well.
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Opportunities to improve product quality with the support of industrial robots
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Abstract: In the industry, the concept of "production quality" means a very important and inseparable role, which has a large share in the
final quality of the product. Various factors affect product quality. Above all, state-of-the-art technologies are used in every industry, which
helps to adapt quickly and efficiently to changes in market conditions, which has a significant impact on the competitiveness of
manufacturers to become market leaders. The manufacturers 'efforts are made to produce a flawless product that will excessively meet
customers' requirements for the perfect product. An integral part of the production process is the quality control of products at certain stages
of production. Measurement requirements are defined by satisfactory accuracy, variability, total cost and speed. An important factor in
product inspection is currently the creation of a three-dimensional virtual model of a real product, where you can easily compare the created
3D model with the original CAD model and display dimensional deviations.
Keywords: QUALITY OF THE PRODUCT, PRODUCTION PROCESS, VIRTUAL MODEL, 3D MODEL, DIMENSIONAL DEVIATIONS.

1. Introduction
The role of materials management is to extend technologies so that
they can respond flexibly to new economic conditions, the
determining factor of which is no longer the supply side but the
demand side. If the company does not ensure efficient and effective
control of the material flow of input materials, the production
process will not be able to produce products at the required price, at
a time when these products are required for distribution to
customers. In a production environment, a lack of the right
materials and low-quality semi-finished products at the time they
are needed can lead to a slowdown or even cessation of production,
which can then lead to depletion of stocks (finished products). For
these reasons, due attention must be paid to material flow
management in the manufacturing plant. The goal of material
movement management is to solve material problems from a
company-wide point of view, by coordinating the performance of
various material functions, providing a communication network and
managing material flow.
Four basic activities in the field of material flow management:
 anticipation of material requirements,
 identifying the resources and obtaining materials,
 transport and introduction of material into the working
space of the machine,
 material condition monitoring. [1]

Fig. 2 Bearing as a product of analyse [3]

They are found in common industrial production facilities. The
assembly process is fully automated and human personnel are
needed at the exit of line Fig.3, when checking the inner diameter of
bearings (HK) on the measuring mandrel, when packing the
finished bearings into a box and then placing the full boxes on a
pallet.

Fig. 1 Pull system a Push system of controlling in the manufacturing process
[2]

Fig.3 Workplace of assembly line

With a focus on the goals of Industry 4.0, it is possible to create an
automatic and flexible adaptation of the production process
designed to track the position of materials and products. The output
is to simplify and streamline communication between the material,
the machines and the product itself.

3. Product assembly with usage of industrial robot
Automatic control of the inner diameter of bearings can be
performed manually or using a robotic workplace. A robotic
workplace using a conventional robot or a collaborative robot must
take into account:

2. Description of product and its assembly workplace



Bearings as mechanical components are among the most
extensive products in the automotive and industrial sectors.




placing the robot in a confined space of an existing
workplace,
reach of the industrial robot to all parts of the workplace,
robot load more than 0.5 kg.

The KUKA LBR isyy collaborative robot was used to design the
robotic workplace to compare the measurement of the inner
diameter of bearings, human vs. collaborative robot. Fig.4
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Collaborative robot
Number of controlled axies
Reliability of robot positioning
Weight controlling
Max. carrying capacity
Max. distance from rotary axies
Max. operation speed
Max. operation noisy
Safety level
Operation range of temperature
Assembly
Controlling
Process of programming and
simulation
Manual controlling panel
Manual programming

KUKA LBR isyy
6
±0,015mm
18,8kg
3kg
600mm
1000mm/s
Not up 67dB
IP40
+5°C - +45°C
Floor
KR robot cotroller
KUKA Sim Pro 3.1

3. Methods of measuring the inner diameter of the
bearing
The possibilities of measuring the inner diameter of the bearing
must be analyzed based on the choice of method and the possibility
of using the end effector. When choosing the method of measuring
the average, the following methods were analyzed these
possibilities:

KUKA SmartPAD
Manual directing

Fig. 4 Parameters of robota [4]

Industrial robot programming is possible in several ways.
In the classic way in offline mode, with manual KUKA smartPAd
control or manual programming, so-called learning. When
programming manually, the robot is manually guided to the desired
position, which is saved. Quick and easy programming of the
collaborative robot allows quick changes in the program and
reduces the time needed to change the program and its
implementation in the workplace.

a)

The inner diameter is measured from the image
obtained using the 2D optical projection method.

b)

Hole diameters are measured by bending the optical
axes of two sensor heads 90° using a prism.

c)

During insertion, the pressure force of the roller
bearing on the measuring mandrel is automatically
measured. After reaching the pressing force of 50N,
the control system of the collaboration robot reads the
position of the roller bearing on the measuring
mandrel according to the coordinate system of the
collaboration robot. [6]

All movements of the KUKA LBR isyy collaborative robot
should be sensed by speed sensors as well as torque sensors directly
in the joints of the collaborative robot. The aim is to measure the
required values in real time and the possibility of using these values
in the automated process of measuring the inner diameter HK on the
roller bearing NK.
Sensor representation of the environment is an important part of
an intelligent robotic perception system. The display here covers the
metric model and its semantic interpretation, which allows to
represent the environment. Machine learning is used at various
levels in process. Choosing a method of work of robots often comes
down to getting the latest prepared information from an online
repository and fine-tuning it to the current problem. Usage
collaborative robots has greatly improved performance in a variety
of tasks such as follows: object detection, recognition, semantic
segmentation, etc. development is possible this direction for
availability of experiments on publicly available data sets, as well
as their comparison with other methods using standard criteria.
Perception is a very important part of a complex, embodied, active,
and goal-driven intelligent robotic system. fig.5

Fig.5 Diameter measurement options [6]

When designing the automation of the inner diameter control, it
is necessary to determine the trajectory of the robot's work cycles.
Compared to the activity of measuring the inner diameter of a
bearing by a human, the trajectory of the robot is given by the
algorithm fig.6, but the trajectory of human labor is irregular.
Different trajectories and man-made times arise due to
imperfections in determining the pressing force of the roller bearing
on the gauging mandrel.

Fig.6 The manipulator’s movement to the pose [7]

If the operator exceeds the specified value of the pressing force,
the bearing will jam on the mandrel and it is necessary to use more
force to pull the bearing out of the measuring mandrel. When using
the robot to measure the inner diameter of the bearing, the speed
and force of sliding the bearing onto the measuring mandrel must be
clearly defined. When planning the trajectory of the robot, it is
necessary to ensure the boundaries of safety zones. According to the
ISO / TS 15066 specification, it is necessary to define three zones in
which specific safety conditions apply. Fig.6

Fig. 5 Parameters of robot [5]
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With the automated measurement process, there are no common
aspects enter into that to extend the measurement time. Fig.8

Fig. 6 Safety zones of robot [4]

The simulation model can be used to verify the
availability of a collaborative robot and a possible collision with
other objects. Subsequently, it is possible to compare the
measurement time of the inner diameter HK at the NK bearing by a
human factor, i.e. this operation is performed manually, with the
time of the same measurement and in an automated simulated
process. Fig.7

Fig. 8 Robot workplace and simulation of measuring process

Unforeseen aspects that enter into the automated process, such
as slowing down or stopping the collaborative robot when the
workspace is disturbed, or the failure, cannot be taken into account
when comparing time in the manual and automated measurement
process. In this process, the human factor is removed, thus
eliminating the error rate during the measurement process. In
conclusion we can state that mismatched roller bearing pieces do
not continue into the package, but end up in a box for mismatched
roller bearings.

3. Conclusion
The constant effort to streamline and improve the
production system leads to efforts to reduce time, eliminate
downtime, unnecessary costs for maintenance, operation and the
technological, handling, transport and other functions. For all these
areas, the solution is automation itself, which, if set correctly on the
basis of detailed professional analyzes, provides a full-fledged
substitute for the human factor.
As a substitute for the human factor, the use of a
collaborative robot, which with its properties comes closest to the
characteristics and movements of man.
The aim of the research was to simulate the automatic
measurement of the pitch circle (HK) on roller bearings using a
collaborative technique in comparison with manual measurement. A
description of the method of measuring the inner diameter of roller
bearings on the measuring mandrel on both sides, which is
performed in cooperation with the human factor on the basis of the
ISO 1132-2 standard, was characterized. The analysis took into
account the following criteria: increased measurement quality,
reduced line service, overall safety, increased degree of automation,
complexity of equipment used and use of the latest technologies.

Fig. 7 Comparison of times of manual and automatic measurement of the
inner diameter of the bearing

The time difference of manual measurement compared to
automated measurement is 0,51s. The time difference of the
measurement was compared on the number of 4500 pieces of
measured roller bearings in one working day and the time saving in
ideal conditions is 17 minutes.
When looking at time savings, only a small time
difference can be seen. Therefore, there is a need to compare
manual and automated measurements based on several criteria such
as:
 Accuracy of the pressing force of the roller
bearing on the measuring mandrel.


Quality of evaluation of good and bad inner
diameter HK.



The real time measured during the working day.



Human factor error.
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form of online access for selected subjects of computer aided study
programs.
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Optical tool condition monitoring techniques in milling process
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Abstract: Recent most important improvements in metal cutting industry are utilization of cutting tool and tool condition monitoring systems.
These systems help to prevent damage to both machine tools and workpieces. New technologies in optical measurements allow construction
of tool condition monitoring systems which does not affect manufacturing processes and are relatively cheap to build because of low prices
of optical sensors compared to standard sensors and measurement techniques, built on cutting machines. Our paper summaries various
monitoring methods for tool condition monitoring in the milling processes that use optical sensors and optical methods combined with
machine vision and image processing, that have been practiced and described in literature.
Keywords: MACHINING, MILLING, TOOL CONDITION MONITORING, MACHINE VISION, VISUAL SENSOR MONITORING
about the degree of tool wear using in-process methods. These
TCM systems are typically based on comparing a reference signal
from an optimized cutting process to the actual process signal
acquired from previously mentioned sensors [4]. These techniques
have been implemented mainly by using various technologies such
as acoustic emissions, cutting force, spindle current and vibration
sensors [5]. However, there are also some very serious limitations
when using these methods. To overcome these limitations, much
research is currently being conducted to determine the degree of
tool wear by analyzing different images acquired using different
optical sensors such as lasers, CCD and CMOS cameras, and
thermal IR cameras. There are a wide range of applications that
combine optical sensors with digital image processing and machine
vision which are used for quality control, tool wear measurement,
workpiece surface measurement, etc. in machining processes such
as milling.

1. Introduction
High quality of the final product is the main goal in any
machining process. The best way to approach and achieve this high
product quality is automatization of machining processes.
Automatization is a process improvement that can be possible by
monitoring and control of machining process. One of the most
innovative monitoring applications is Tool condition monitoring
(TCM), which is inevitable for reducing machine downtime. With
the reduction of machine tool downtime improvements in
production rate can be achieved. One of the main causes of
downtime is excessive wear and breakage of cutting tools. Damaged
tool can therefore decrease quality of machined surface, due to
unevenly distributed forces during cutting process. With appropriate
TCM techniques [1] cutting speeds can be increased by 10-50 %.
The acquisition of machining process data in TCM system is
affected by the geometry and machining process conditions of the
cutting tool, including cutting force, sound energy, power, current,
surface finish, vibration, and temperature. To measure these
conditions several high-level intelligent sensors can be used, such as
dynamometers, acoustic emission sensors, power and current
sensors, surface profilers or vision-based systems, accelerometers
and pyrometers [2]. Using signal processing techniques, sensory
information is filtered and processed, and relevant features are
extracted. Design of experiments (DoE) and artificial intelligence
(AI) techniques can then be used to predict process data and
optimize processes based on the extracted and selected features. To
determine the precision of the technique, it is also necessary to
compare actual and predicted values of selected features. Optimized
data then goes to the machine controller and servo mechanism,
which can control the machining process.

This paper is composed of the following components: The first
component presents the advantages and disadvantages of using
optical sensors for tool condition monitoring. The second
component presents direct TCM techniques using optical sensors.
The third component presents indirect TCM techniques using
optical sensors. The final component presents conclusions and
suggests future directions for TCM research through the usage of
optical sensors combined with digital image processing and
machine vision.

2. Advantages and disadvantages of using optical
sensors in TCM
Monitoring any manufacturing process with digital image
processing and machine vision techniques has some advantages
over other methods. For example:

Product quality depends primarily on the machined surface. The
surface quality depends primarily on the wear of the cutting tool,
the wear of cutting tool depends on the conditions, the workpiece,
tool material and the tool geometry. There are four types of cutting
tool wear: adhesive wear due to deformation of the shear plane,
abrasive wear due to cutting of hard particles, diffusive wear due to
high temperatures, and fracture wear due to fatigue. There are four
main types of wear that can occur in cutting tools: nose wear, flank
wear, crated wear, and notch wear. Cutting tools are also subject to
three phases of wear [3], namely initial wear (occurs in the first few
minutes of machining), uniform wear (the quality of the cutting tool
deteriorates slowly during machining) and severe wear (rapid
deterioration when the tool reaches the end of its life).









Basically, TCM systems can be divided into two groups: direct
techniques and indirect techniques. In the direct techniques
conditions such as flank wear width, crater depth and crater area are
measured directly in off-line method (machining process must be
stopped during measurement) using 3D surface profiler, electron
microscope or optical microscope. Previously mentioned conditions
can also be measured using in-process methods (it does not require
stoppage of the machining process) with CCD camera. In indirect
TCM techniques the following signals of cutting process are
measured: force, current, power, surface finish, acoustic emission,
etc. Measurement of those signals allow conclusions to be drawn





206

It does not apply any force or load to the surface structure
under investigation.
It is a non-contact, in-process application [6].
Monitoring systems based on digital image processing are
more flexible and cost-effective compared to other systems.
These systems can be operated and remotely controlled, which
is very useful for unmanned production systems.
These systems do not depend on the frequency of the chatter,
such as acoustic emission (AE) sensors; moreover, AE sensors
mainly detect tool breakage during machining [7]. Therefore,
monitoring the progressive wear of cutting tools with AE
sensors is very difficult.
Vibration sensors such as accelerometers can monitor tool
breakage, machine collisions and parts that are out of
tolerances [8], however monitoring the progressive wear was
not possible with vibration sensors.
For proper monitor and control of machining process, the
fusion of multiple sensors (such as AE sensor, dynamometer,
vibration sensors, etc.) is required, which is not very costeffective [8].
The image of the machined surface contains information about
the imprint of the toll as well as the change in tool geometry
[9], therefore information about roughness, waviness and
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shape can be obtained by analyzing an image of the machined
surface [10].
2D information can be obtained from an image of the
machined surface, which is not possible with a 1D surface
measuring devices [11].
The information of machining parameters can also be obtained
from images of the machined surface [12].
Machine vision is more and more accepted in industry due to
the development of CCD cameras, because CCD cameras are
less sensitive to the adverse industrial conditions.
Optical imaging has provided the ability to add, subtract,
multiply, store and even perform various image
transformations on images using optical devices.

system for flank measurement using new edge detection method
from colour image. Using cross correlation between successive
image pairs, Wang et al. [20] developed an automated system of
capturing and processing successive images of moving inserts in
milling to measure flank wear. Using technique that was based on
moment invariance to select the exact bottom portion of flank wear
they were able to determine flank wear with maximum 15 µm error
and minimum 3 µm error compared to microscope measurements
[21,22]. However, the computation time of their methods was 2 s,
which was not practical for real time measurements. Fadare and Oni
[23] in their work evaluated notch and flak wear of machining tool
using the insert images. They used length, width, area, centroid,
equivalent diameter, minor and major axis length, eccentricity,
orientation and solidity as descriptors of wear. Their vision system
had 3.13 % absolute difference of measurements compared to
microscope measurements. Kerr et al. [24] analyzed textures of
worn regions of turning and milling inserts using utilization of
different texture analysis techniques: histogram processing, gray
level co-occurrence, frequency domain-based technique and fractal
method. In research [25] a system for accurate tool edge and tool
wear detection was created, that was based on neural network
technique. However, developed system was not implemented for
any online monitoring using CMOS or CCD cameras. Using ring
illuminators and CCD cameras, Schmidt et al. [26] developed an
automated flank wear measurement system that combines side
illuminated and full illuminated images of flank wear portions of
cutting inserts. While their system is highly accurate, they did not
emphasize the computation time in their work. Alegre et al. [27]
used contour signature of the binary image of flank wear profile to
determine the average and maximum flank wear width. They used
multi layer perceptron neural network for classification of tool wear
with 5.1 % minimum error. Using an environmental scanning
electron microscopic (ESEM) image of the tool, Jackson et al. [25]
developed a method for accurately detecting very small wear
developed in very small diameter milling cutters using neural image
processing method. Gonzalez-Arias et al. [28] captured images of
worn surfaces of cast iron specimens that were subjected to abrasion
wear tests using Scanning Electron Microscopy (SEM). Surface
features of worn surfaces were used to obtain a learning model of
wear severity using Histogram of Oriented Gradient (HOG). Bodini
et al. [29] worked with micrographs of sample sections to determine
damage progression in twin-disk tests. Above mentioned works
used two dimensional techniques to determine tool wear.

There are also some limitations in using machine vision systems
for monitoring tool condition [13]:




A suitable illumination system, a roboust image processing
algorithm and protection from machining noises (such as
chips, dirt, coolant fluid, etc.) are very important for the
successful implementation of this technique [9].
In some applications the placement of vision sensors must be
studied very well due to inaccessibility.

3. Direct optical TCM techniques
Two most important types or tool wear mechanisms in
machining processes are flank wear and crater wear. Flank wear is
mostly caused by abrasion because of friction between the tool and
the machined surface and can be seen on Figure 1(1a) [14]. Notch
wear shown on Figure 1(1b) and (1c) is type of flank wear that is
caused by severe abrasion at the depth of cut mark on machining
tool. Crater wear usually occur on the rake face of the machining
tool. Crater wear shown on Figure 1(2). Flank wear can be directly
determined by capturing images of cutting tool. However, more
complex techniques are required when determining the crater depth
[15]. Both cutting tool wears have been measured using two and
three-dimensional techniques.

There were also some studies where three-dimensional
techniques for measuring crater depth were used. In researches
[30,31] a microscope equipped with a CCD sensor was used to
capture noisy images of rake face of worn out milling tool to
measure the depth of crater during different levels of wear.
Automatic focusing technique was also used in those works.
According to Devillez et al. [32], crater wear depth was measured
using white light interferometry and the optimal cutting conditions
(cutting speed and feed rate) were determined to achieve the best
surface finish during orthogonal dry turning of 42CrMo4 steel with
an uncoated carbide insert.

Figure 1: Flank wear (1a) with notches (b) and (c), Crater wear (2) [14]

Flank wear can be determined with two-dimensional
techniques. The first pioneering work in direct TCM was done by
Kurada and Bradley [16]. In their work they created a system that
consisted of a fibre-optics light source to illuminate the tool and a
CCD camera. The picture of illuminated tool flank region was
processed using texture-based image segmentation technique which
consisted of image enhancement for noise reduction, image
segmentation for flank wear region extraction from background,
feature extraction and calculation of flank wear. The whole system
is based on offline mode using video zoom microscope.

Latest research of tool wear detection methods based on image
processing and machine vision mainly include the following types
of methods: edge-based methods, texture analysis combined with
contour-based methods, and neural network-based methods. By
finding the pixels with sharp changes in brightness, the edge-based
tool wear detection method can segment tool wear regions. Zhang
et. Al. [33] optimized the wear detection region using pictures of
the tool top. They used sub-pixel precision detection method to
improve accuracy. Zho et al. [34,35] created a system using an area
growth algorithm based on morphological component analysis to
determine tool wear edge. Their method overcome problems of tool
wear detection in different orientations that existed in traditional
edge detection methods. By using texture analysis and contour
analysis, a wear detection method based on high levels of visual
processing can be used to monitor tool wear. The study by GarcíaOrdás et al. [36] used texture descriptors to characterize the wear of

In offline TCM techniques the machining process must be
stopped and cutting tool or inserts must be removed from the
machine. This procedure is time consuming and can also be
dangerous for the alignment of the cutting tool. Weis [17] pioneered
the detection of the tool wear area of milling tools without
removing the tool from the machine. Infra-red band filter was used
for background fading. Tool wear region was captured whit the
combination of diode flashlight and CCD camera. Tauno and
Lembit [18] created a system that provided automatic measurement
of surface area, average wear length and perimeters of flank wear
profile using non-linear median filter for noise removal and Roberts
filter operation to detect edges. Sortino [19] in his work developed a
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statistical and signal processing-based texture analysis. Dhanasekar
et al. [51] used autocorrelation technique to inspect speckle pattern
of milled surfaces. However, his system for speckle pattern creation
is less useful for on-machine inspection and is costly. On-machine
surface roughness evaluation was carried out in [9], where authors
used statistical texture analysis of first order based on histogram.
Nevertheless, Elango and Karunamoorthy [52] report that the
change in illumination adversely affects the robustness of first-order
statistical texture analysis. To overcome problems in previously
mentioned work second order statistical texture analysis that is
based on gray level co-occurrence matrix (GLCM) was used. Here
co-occurrence of gray levels of pixel pairs is evaluated. Many
researchers successfully implemented GLCM into TCM of milling
operations. Gadelmawla et al. [53] in his work found that texture
features from GLCM are in correlation with machining time.
However, in their study they did consider tool wear prediction.
Based on images of turned surfaces, Dutta et al. [12] found a
correlation between GLCM features and tool flank wear. They have
not, however, predicted tool flank wear. To detect progressive tool
flank wear, Dutta et al. [54] used length statistical texture features
extracted from GLCM, where high correlation of GLCM features
with flank wear of machining tool was found. Research [55] used
Voronoi tessellation (VT)-based texture analysis for inspection of
the minute details of change in feed marks of machined surfaces.
VT is a technique based on geometrical texture analysis. This
technique reduces the effect of intensity variation this is caused by
inhomogeneous illumination. With the help of features extracted
from GLCM and discrete wavelet transform (DWT), Dutta et al.
[56] developed a progressive tool flank wear prediction method for
end milling. A study by Lei et al. [57] showed that chatter detection
of high-speed milling could be achieved by extracting Fourier
spectral analysis (FSA) features from machined surfaces. Over the
decades, many types of methods for optical indirect TCM were
studied. It is, however, challenging to find an excellent method that
can be applied universally due to the differences in systems, data
availability, and other application constraints. Therefore, some
researchers examined strategies for integrating multiple methods
[58]. Using spectral texture analysis and statistical model estimation
to predict tool life in milling, Kumar et al. [59] developed a
prognostic model in 2015.

different regions and determined if the tool changed under the
conditions of different regions of inspection. In the research [37]
new system based on combinations of a shape descriptor and a
contour descriptor has been created for classification of inserts in
milling processes according to their wear level. Although texture
analysis and contour-based methods are typically used to classify
the condition of tool wear, they cannot accurately measure tool
wear. With low sensitivity to noise and high damage resistance, the
tool wear detection method based on neural networks is a promising
technique for analyzing tool wear. Addona et al. [38] determined
the degree of tool wear using two different heuristic learning
methods: ANN and DBC, and compared their effectiveness. Wang
et al. [39] created a system that utilized hybrid machine learning
that integrated heterogenous data for tool condition prediction. In
research [40] new system was created based on two-step method for
prediction of tool life. Two-step method combined flank wear
image recognition and Artificial Neural Networks. You et al. [41]
proposed a new method of high-precision tool wear monitoring
under wide field of view camera. The performed tool wear
monitoring through location, segmentation and measurement pf tool
wear area. Dai et al. [42] proposed a novel configuration for online
TCM in micro milling based on machine vision, that improved the
part quality and extended the micro tool life. Fernández-Robles et
al. [43] proposed a novel method for detecting broken inserts in
milling heads using machine vision. Their approach did not require
comparison to reference images. Created system was highly
efficient and worked without delaying any machining operations.
Wei et al. [44] created a system based on image acquisition and
image processing methods that was able to detect internal spiral of
end milling cutter using three light sources and two cameras
mounted on a moving frame. In recent years researchers are
focusing more on creating online TCM systems based on machine
vision [45,46,47], which can detect tool wear faster and without
stopping the machining process.
In the direct technique, condition monitoring is preformed by
analyzing changes in the geometry of the cutting tool. During tool
observation signals such as chatter, vibration, cutting force change
etc. are not considered. However, the surface finish can highlight
those changes and it can also show changes in cutting tool
geometry. Thus, new research will focus on measuring surface
finish with indirect TCM techniques combined with image
processing and machine vision.

In recent years, new techniques for on indirect TCM in milling
have emerged. Zuperl et al. [60] proposed a cloud-based system for
the optical monitoring of tool condition based on measuring chip
surface size and identification of cutting force trends.

4. Indirect optical TCM techniques
Image processing can be used, in indirect tool condition
monitoring, to extract surface finish descriptors from machined
surface textures. Obtained texture information of machined surface
can be directly used to evaluate the quality the of machined surface
while, at the same time, being indirectly used to detect abnormal
condition of machine tools such as chatter vibration and tool wear
[6].

5. Conclusion
In this paper, different applications of tool condition monitoring
systems based on optical sensors combined with image processing
are discussed. Non-contact TCM techniques can be used for
enhancing automation in machining centers. We collected and
compared optical TCM systems based on indirect and direct
methods.

Most important early works in indirect TCM using texture
information of machined surfaces have been done by Gupta and
Raman [48]. They measured surface roughness of pre-turned
cylindrical bar utilizing with laser scatter pattern developed on the
turned surface image. Liu et al. [49] reviewed different data
acquisition setups for TCM of machine tool using information from
machined surface texture. They also reviewed the development and
statistics of descriptors for feature extraction. They found out, that
infrared cameras can be used for temperature measurements to
detect details such as pores and other irregularities caused by
insufficient heat dissipation. On the other hand, CCD and CMOS
cameras are more suitable for general detection tasks like
discontinuities of powder supply processes. However, laser-based
measurements are the most accurate in detecting roughness
anomalies on machined surfaces [50].

In direct optical TCM systems, optical sensors are measuring
tool condition directly from images of the tool or its parts. Usually
CCD or CMOS cameras are used. Those techniques can be very
useful for detecting various types of tool wear, such as crater wear,
fractures and chips, that are difficult to detect using other
techniques.
In indirect optical TCM systems, optical sensors combined with
image processing and machine vision measure the quality of
machined surfaces texture through images of machined surfaces.
From those images tool wear can be determined. In those
techniques analysis techniques such as texture analysis play an
important role in monitoring tool condition. New techniques in
recent year appeared, that measure tool wear indirectly through
cutting chip size measurement, temperature measurement, etc.

Dutta et al. [6] reviewed different analysis techniques in indirect
TCM by evaluating machined surface images. They discovered, that
most often used analysis methods for surface finish evaluation were

In recent years, there has been a growing need for sensor
systems that would allow rapid measurement of tool wear without
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interfering with the operation of the machine tool. With the great
development of optical sensors and machine vision, optical TCM
systems that are already capable of online operation have begun to
appear in recent years. Developments in the coming years will focus
on building robust systems based on optical sensors that will be able
to determine the state of the tool in an industrial environment with
sufficient accuracy and speed.
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Abstract: There has been growing interest in the use of the sol-gel approach to form high-quality dielectric materials. Their tailored
properties allow for developing functional electronic devices in a scalable and rapid manner. According to physicochemical principles, the
displacement and response behavior of charges under an applied external field can manifest in unique dielectric properties, providing useful
information to improve the process, design, and quality of electronic devices. Therefore, a systematic and in-depth investigation of the
fundamentals of sol-gel dielectrics is necessary. In this Research Update, we present recent advances in various sol-gel-processed dielectric
materials and their applications to functional electronic devices. A brief introduction to sol-gel chemistry to form oxide dielectric films and
the basis of physical mechanisms under electrical fields are discussed. Along with the dielectric properties, recent achievements of proofof-concept experiments and their various applications to functional electronic devices are introduced. It is expected that further innovations
in solution-processed metal oxide dielectrics will achieve cost-effective high-performance functional electronics in the near future.
Keywords: CERAMIC, BATIO3, THIN FILMS, HIGH PERMITIVITTY
significantly lower synthesis temperature, the preparation of a
homogeneous product with higher reactivity, avoidance of
undesirable processes
( that can occur at higher temperatures) such as obtaining unwanted
intermediate phases, etc.Lower operating temperatures lead to the
synthesis of compounds with fewer structural and surface defects,
which is especially important for the production of good
supercapacitors and microelectronic elements.
Sol-gel technology proves to be very suitable for preparation
ofgood dielectrics. Dielectrics are electrical insulators composed of
non-conductive materials and sensitive to applied external electric
fields. They have a wide range of useful physicochemical properties
for obtaining functional electronic devices such as: thin-film
transistors, energy storage devices, including supercapacitors;
various types of memory, etc
In recent years, the sol-gel approach in the production of
supercapacitors has been particularly important. It proved to be very
suitable for the synthesis of compounds with high dielectric
permittivity, which is important for a good supercapacitor.
Characteristic of this dielectric permittivity is both its high value at
room temperatures, or close to them, as well as the presence of a
specific diffusive curve. Specific for the supercapacitor is its
ferroelectric behavior as well as the Curie temperature (Tc) with
which the phase transition from ferroelectric to paraelectric state is
related.
For application of thin films 2 techniques are realized - dip coating
and spin coating. Definitely better is dip coating, which allows
deposition on larger samples, as well as obtaining industrial
quantities of them. This method is used in the present work.
In recent years, barium titanate (BaTiO3) has been distinguished as
a ferroelectric with high dielectric constant. It is also a ceramic
material with a perovskite structure. Of specialinterest is its
preparationby sol-gel technology.Especially important for the
synthesis of BaTiO3 with high dielectric constant is correctly and
very precisely selected mode of heat treatment. It must include such
drying and annealing temperatures as to ensure the complete
removal of organic residues.Very high temperatures, which can lead
to excessive particle aggregation, must be avoided.Insufficient heat
treatment can cause the appearance of defective undecomposed and
unnecessary non-stoichiometric compounds. Very good information
about the mentionprocesses can be obtained by appropriate

1. Introduction
The present paper considers a method for applying thin layers,
which is based on the use of sol-gel technology. It involves the
production and application of a very wide range of oxide materials,
which is determined by their diverse application. This technology
has been successfully applied to obtain materials such as:
supercapacitors, microelectronic elements, catalysts, catalyst
carriers, photocatalysts, anti-corrosion materials, luminescent
materials, etc. [1-8]. The conventional sol-gel method is based on
the processes of condensation, hydrolysis and gelation
(polimerization), combine with suitable thermal treatment. At
present, it is considered that sol-gel technology is the most suitable
and relatively inexpensive low temperature approach for
synthesizing high quality oxide materials for microelectronics.The
methoddoes not require the use of complex and expensive
equipment as well as offers the possibilities for large-scale
industrial applications,while maintaining very good uniformity,
homogeneityaccompanied by the preparation the desired structure.A
characteristic advantage of this method is the effective control of
physicochemical and technological parameters by influencing the
mechanism ofabove mentioned reactions, as well as a significant
reduction of environmentally harmful compounds. [9,10]
The following physicochemical approach is usually applied in the
production of thin films by sol-gel technology: synthesis of stable
sol, deposition of the film by an appropriate method; heat treatment
including repeated drying andannealing and finally obtaining the
respective device according to its possible application.The correct
and intelligent application of sol-gel technologyin order to obtain a
material with desired physicochemical properties and structures
requires careful control: the selection of a suitable precursor inorganic, organic and organic –inorganic - solvent and complexing
agent, skill fully selected time for homogenization and aging,
appropriate pH, subsequent temperature treatment (including
drying and annealing) to remove organic residues and achieve the
desired phase composition).The heat treatment is necessary in order
to realize the necessary crystallization and compaction of the
obtained material. Sol-gel technology is applied under strict control
of the physicochemical and technological characteristics presented
above. As advantages of the sol-gel technology in comparison with
the classical solid-phase preparationdefinitely stand out:
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combination of thermal analysis with infrared spectroscopy.
Various doped compounds of BaTiO3 and systems such as BaTiO 3
- BaSnO3 with high values of dielectric constant at room
temperature and close to it with characteristic diffusion form were
obtained by sol-gel technology.Special attention is paid to the
synthesis and physicochemical study of samarium titanate - in this
case Ba0.95 Sm0.05TiO3. This compound is characterized by a high
value of dielectric permittivity at room as well as athigher
temperatures.
The tricritical phenomenon was also successfully used as an
effective approachin order to synthesize a powder sample with the
composition BaTi0.89Sn0.11O3 [11].
Of particular interest is the preparation of materials with very high
and colossal dielectric.permittivityby the sol-gel method as Nd
doped BaTiO3; [12] La doped BaTiO3 [13, 14] etc.
A combination of methods has been also used to prepare compound
with high dielectric permittivity [12-15].

Figure 2 presents a CEM of BaTiO3 on Nb at higher magnification.
The observed cracks in the layers are a result of more in tense
temperaturers and cooling.

Fig. 2 CEM of BaTiO3 on Nb support

2. Experimental part
In previous publications of the team the compositions of the zols of
BaTiO3 modified with Sm are presented. Typically, the barium
acetate is dissolved in distilled water and homogenized
continuously with a magnetic stirrer at room temperature. The
solution was stirred for 30 minutes. Titanium isopropoxides
dissolved in absolute alcohol and diethanolamine (DEA) by
controlling the rate of hydrolysis of titanium isopropoxide.Barium
acetate solution was added dropwise to titanium sol with stirring
over a period of 1 hour and the newly obtained translucent and light
yellow sol was allowed to mature in a hermetically sealed flat
bottom flask and stored in a refrigerator for 24 hours.
Al2O3 and Nb substrates were cleaned with ethyl alcohol and
acetone for 24 hours. In some cases, a previous treatmenis realized.
A hand made dip-coater was used to deposit the thin films. Five
depositions were applied successively on each of the substrates.
The dipping lasts 30 seconds.The withdrawal of the substrate from
the solution was performed at a speed of 42.8 mm / min. After
deposition each filmis temperature treated in dryer at 120°C. The
thermal calcination of the samples is performed in a laboratory oven
at 600°C for 2 hours. The samples were characterized by XRD,
SEM and the relative dielectric permittivity

Fig. 3 CEM of BaTiO3 on Nb at higher magnification.
The figure 3 observed cracks are the result of more intense
temperature rise and cooling.
Figure 4 represent the temperature dependence of the absolute
dielectric permittivity for 1μm thick BaTiO3 layer.
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3. Results and discussion
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X-ray analysis of the samples was performed using a Philips
BruckerX-ray diffractometer with Cu-Kα radiation. For thinner
samples below 200 nm, a special setting is used to allow the
crystallographic phase of the sample to be read. A thinner layer
takes longer to read. The radiograph shows clear peaks of Nb 2O3
and BaTiO3. The obtained radiograph shows that good adhesion is
achieved between the carrier and the applied layer.
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Fig. 4 Temperature dependence of the absolute dielectric
permittivity for ca. 4.9 μm thick BaTiO3layer.
For dielectric permittivity measurements, a ceramic thin layer of
monophase BaTiO3 was deposited on Niobium plate serving as
conductive support. Electrical conducting silver paste was spread
over the free ceramic surface in order toperform electrical capacitor
with thickness ca. 4.9μm. The obtained capacitance was measured
by means of bench type digital multimeter UT801 (UNI-TREND) at
1 kHz. The electrical capacitance was investigated in the
temperature range 25 -160ºC by keeping the samples in a

Fig. 1 XRD of Nb substrate with deposited thin films of Sm modified
BaTiO3.
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temperature controlled hot stage (Mettler FP82) with accuracy ±
0.1 ºC.The absolute dielectric permittivity was calculated according
to the formula:
ε=Cd/A ,
(1)

journal materials science, non- equilibrium phase transition,year
iv.issue“ 1,(2018) p.18-20.
8. Surface and morphological features of ZrO2 sol- gel coatings
obtained by polymer modified solutions, O. Dimitrov, I
.Stambolova, S.Vassilev, K.Lazarova, Ts. Babeva,”Material
proceedings 6 (2020).

where C, d and A are, respectively, the capacitance, layer
thickness, and surface area of the electrodes.

9. Summary of sol – gel synthesis of materials with electronic
application ,M. Aleksandrova, B.Jivov, L.Lakov “International
Scientific Journal Materials Science.Non – Equilibrium Phase
Transformation year VI” (2020) p. 83-85.

4. Conclusion:
A stable sol was obtained using titanium alkoxides, acetic acid,
diethanolamine (DEA) and ordinary barium acetate. The
synthesized sol was suitable for both BaTiO3 thin film and solid
samples.In order to obtain a coating of suitable thickness, several
dippingwere performed.By using XRD, SEM and date for the
relative dielectric permittivity, it was determined that the obtained
samples show very good physical chemistry properties.A very high
value for the relative dielectric permittivity was determined, which
is an indication that the obtained materials are applicable in

10. The Chemistry of the Sol – Gel Process, J.Livage, C.Sanches ,
M.Henry ,S.Doneff ,”Solid State Ionics „‟ 32/33 (1989) p.663- 638.
11. Enhancing dielectric permittivity for energy- storage devices
through tricritical phenomenon, J.Gao, Y.Wang, Y.Liu, X.Hu,
X.Ke ,L.Zhong, Y.He, X.Ren, ”Scientific Reports”/ 7:40916/
doi:10.1038/srep 40916.

electronics and microelectronics.
12. E. P. Kashchieva, V. D. Ivanova, B. T. Jivov and Y. B.
Dimitriev, „Nanostructured borate glass ceramics containing
PbMoO4”, Physics and Chemistry of Glasses, 41 (6), 2000, pp. 355357.
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Determination of the quality of renovation layers in tribological conditions
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Abstract: Molds designed for high-pressure casting of aluminum are exposed to very intense thermal, mechanical but also chemical stress
during their operation. This stress leads to a synergistic effect of a combination of high -temperature corrosion processes in molten metals,
under real conditions associated with mechanical wear. High-temperature corrosion in the environment of liquid metals occurs in the
foundry industry, when casting molten metal most often into steel molds. Repair of worn parts of molds by welding, which can be performed
even after their irreversible surface degradation, is a very efficient, cost-effective and envi-ronmentally acceptable form of their
maintenance, while the chemical and physical properties are welded layers if they exceed the properties of the original material.
KEYWORDS: DIE CASTING, DAMAGE SURFACE, CASTING DIES, MOLTEN ALUMINIUM, CLADDING, HIGH-TEMPERATURE
CORROSION, LASER, MIG PULS

due to the high demands on the construction of the welding
equipment[13].

1. Introduction
High Pressure Die Casting (HDPC) is a technological process
widely used for casting complex aluminum castings, mainly
associated with the automotive industry. In this process, molten
metal with a temperature of 670-710 ° C is forced into the cavities
of the molds at filling speeds of 30-100m/s, under pressures ranging
from 40-80 MPa [1]. This-loading, in combination with the
corrosive properties of liquid aluminum, leads to alu-minization or
oxidation of them old surface, which results in thermal fatigue of
the sur-faces followed by cracking, soldering and erosive wear. The
service life of die matrices-made of steel alloys is approximately
100,000 cycles and can be increased either by heat-treatment, thin
coating or welding [2-4]. At present, the issue of surface treatment
of va-rious materials is becoming more and more important. It
offers savings in strategic ma-terials and at the same time enables
the production of components with specific surface and volume
properties. Because resources are limited by conventional
technologies, it is becoming increasingly difficult to meet more
advanced customer needs [5-6]. There are many methods for
substrate treatment, but coatings developed, for example, by electrostatic, chemical, physical deposition techniques, have lower bond
strengths or verylow reproducibility than surfacing. Refurbishing
worn parts of machines is a very efficient and environmentally
friendly form of their maintenance. This option can reduce the environmental impact over the whole lifecycle of the component by
up to 63.8% [7].

Figure 1. Schematic representation of laser beam welding [13]

TIG (Tungsten Inert Gas)

Laser welding

Non-melting tungsten electrode (TIG) welding technology,
otherwise known as Gas Tungsten Arc Welding (GTAW), is a
welding method in which the gas protecting the welding bath and
the non-melting electrode is usually argon fed to a welding nozzle
at the end. The additional material is fed to the welding bath in the
form of a wire [15].
The TIG method also enables welding without additional
material. The advantage of this technology is the welding of a wide
range of materials such as stainless steel, aluminum and its alloys,
copper or magnesium, while good weldability is guaranteed in all
welding positions. Its main advantage is the welding of thin
materials from 0.3 to 5 mm. The main disadvantage of this
technology is low productivity, which limits it to smaller-scale
work. The welding torches used in the TIG method are divided into
two types. The first type is an air-cooled burner used for smaller
operations, loaded with a current of up to 200 A. At a high current
density of up to about 400 A, burners are used which are cooled
mainly by water [16-98].
The non-melting welding electrode material must have a high
melting point, good electrical, thermal conductivity and low
electrical resistance. Tungsten with a melting point of 3370 ° C
meets these requirements. Pure tungsten electrodes are used in
predominantly alternating current welding of light metals, but more
often, electrodes with an admixture of thorium oxide, cerium or
zirconium are used, which improves the stability of the electric arc

Laser welding is a technology used to create coating layers with
improved properties, or to recoverd efects in worn parts of the
surface and base layers of components. Due to the high energy
density and relatively small heat affected area, this method is
suitable for-processing a wide range of materials. It is mainly used
in th eautomotive, aerospace, me-dical, nuclear and oil industries. In
the aero space industry, the welding of layers to alu-minum alloys
has an increasing potential to improve their surface properties [810]. This technology uses highly concentrated waves of light,
concentrated at a certain point. In the area affected by the laser
beam, atomic bonds disintegrate, causing it to heat up. The three
most common types of lasers used in laser welding equipment are
gas, se-miconductor and fiber. The laser beam is guided into the
welding device by one or more optical fibers concentrated at one
point. With each fiber added, the intensity of the laser beam also
increases [11-14].Before the laser beam leaves the welding device,
a combination of collimator and focusing lenses is often used to
direct this radiation to a very small area. An important part of the
laser welding equipment is also the nozzle supplying the protec-tive
atmosphere gas, most often CO2. this gas prevents contact between
the weld pool and the atmosphere. Another possibility is laser
welding without a protective atmosphere, for example when
welding plastics. Vacuum welding is possible but difficult to use,
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and improves its ignition. Another parameter of the welding
electrode is its shape. When welding with direct current, its tip is
sharpened at an angle of 45 °, but when alternating current they are
not ground, instead they melt slightly with increasing current until
they are rounded [20].

Uddeholm Deivar 1.2344 welding wire, DIN-X40CrMoV51
with a diameter of 1.2 mm and a hardness of 51 HRC was used as
an additional material for the formation of welding layers [36].
Table 3. Parameters of welding
Welding
technology

Disc laser
welding

Welding
equipment

The
TruDisk 4002
solid-state disk
laser with BEO
D70 focusing

MIG Pulse
Welding:
Welding
equipment

Fronius TPS600i
welding power source

Focal

200 mm

Welding
current

196 A

Laser

1.8 kW

Welding
voltage

23.8 V

400 μm

Wire
speed

Welding

10 mm. s-1

Welding speed

8 mm. s-1

Focusing

- +6 mm

Arc
length
correction

3

70 cm. min-1

Pulse/dynamics
correction

0.0

Ar

Shielding
flow rate

Ar 30 l. min -1

length
power
Optical
fiber diameter

feed

6.5 m. min-1

speed

Fig. 2 Schematic representation of the MIG / MAG method
[18]

2. Materials and Methods
Two different technologies were used for the production of the
samples below, while the aim of the work was to determine the
impact of individual technologies not only the quality but also the
chemical composition of the welds and the minimization of the
heat-affected area. Each of the technologies listed below has a
different heat input, which is reflected not only in the quality of
the weld but also in the degree of mixing of the base material with
the weld metal.

Wire
feed speed
Shielding
gas flow rate

Element

Wt. [%]

C

0.397

C

0.35

Mn

0.72

Cr

5.00

Si

0.238

Si

0.20

P

0.004

Mo

2.30

S

0.002

Mn

0.50

Cr

0.969

V

0.60

Fe

95.76

Ni

1.253

Mo

0.438

V

0.089

W

0.12

gas

Distance
burner - sheet
metal surface

base material was
preheated to 300 ° C
before welding

19 mm

3. Results
For structural analysis of the welds, Tescan Vega-3 scanning
electron microscope (SEM) images were selected, capturing the
interface of the base material and the weld as well as the heat
affected area. The chemical analysis of the individual welds was
evaluated for each sample from the base material area, the mixing
zone and the weld pool.
Weld 01 (disk laser)

Table 2. Chemical composition
of the additive material [36]

Wt. [%]

l.

5 mm

The welds were applied to samples of two base materials. On
base material made of nickel - chrome - molybdenum vanadium
steel 1.2714, DIN - 56NiCrMoV7, with hardness 44 HRC Tab. 1.

Element

30

Pre heating of
base material

Two disk laser welding samples (sample 01), MIG Pulse
(sample 03), were applied to the additive material. Sample welds
marked 01, 03 were applied on a substrate of nickel - chromium molybdenum - vanadium steel 1.2714, DIN - 56NiCrMoV7.
Uddeholm Deivar 1.2344, DIN - X40CrMoV51 1.2 mm diameter
welding wire was used as an additional material. Pin on disk tests
and hardness curves were performed on the samples.

Table 1. Chemical composition
of the base material

min-1

Fig. 3 Weldment 01. Electron microscope image, capturing the
interface of a) weld metal, b) heat affected area, c) base material
Based on the chemical analysis of the weld metal 01 formed by
the disk laser, it is possible to evaluate that due to the mixing of the
base material and the weld metal, the original value of chromium in
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the upper weld metal layer was not reached. Another element for
which a visible increase can be observed is vanadium.
Weld 03 (TOPTIG)

Fig. 7 Scheme of the tribo wear track on sample 03 produced by
the Pin-on-Disc test

Fig. 4 Weldment 03. Electron microscope image, capturing the
interface of a) weld metal, b) heat affected area, c) base material
During the chemical analysis of the weld marked 03 made by
the TOPTIG technology, the smallest decrease of the elements,
especially chromium in the weld metal, is visible, in comparison
with the elements contained in the additional material.
Chemical analyzes have shown that in the heat-affected area,
individual materials are mixed, ie. base and additional material in
the weld metal. The value of chromium in the weld metal is crucial,
which in no case reached the limit of 5.00%, soaked in the additive
material. The decrease of this element can be attributed mainly to
the thermal influence of the material in the process of welding. The
value of mixing the base material and the weld metal is minimal,
which is confirmed by the fact that the hardness of all welds
evaluated in the previous analysis was around 500 HV0.5.

Fig. 8 3D picture of the tribo wear track on sample 03
produced
by the Pin-on-Disc test

4. Conclusions
The presented article is focused on the analysis of the quality of
two types of welds in-tended for the renovation of molds in highpressure aluminum casting. Two different welding and disk laser
welding technologies and MIG Pulse welding were used to produce the test specimens. Uddeholm Dievar 1.2344 welding wire
was used as an addi-tional material in all samples due to the fact
that this material is used in the renewal and renovation of functional
parts of molds, for die-casting of aluminum. In the theoretical part,
the problems and mechanisms of wear of die matrices for highpressure aluminum casting are characterized, together with an
overview of welding technologies used in the formation of welding
layers in various industries. The experimental part was focused on
determining the quality of the above welds. The quality of the welds
was assessed on the basis of the heat-affected zone, which was
determined from the course of the graphs, when measuring the
hardness. Tribological parameters of the welds were investigated
using the Pin-on-disc test. From the measurement of the hardness of
individual samples, it is possible to deduce that the narrowest heataffected area had a weld marked 03, created by the TOPTIG
method. The widest heat affected area was recorded on a sample
labeled 01, created by a disk laser. Based on the Pin-on-disc test, it
is possible to use that sample 03 is much smoother and the shift of
the coating material from the center to the wear sides was less
pronounced. Based on the implemented experimental work, it is
possible to recommend these technologies in practice in order to
renovate the molds. Better results were obtained with a sample of
weld 3 marked TOPTIG.

Fig. 5 Scheme of the tribo wear track on sample 01 produced by
the Pin-on-Disc test
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Fig. 6 3D picture of the tribo wear track on sample 01
produced
by the Pin-on-Disc test
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Study of age hardened MS1 material after the abrasive water jet application
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Abstract: This contribution deals with the study of cut surface after the abrasive water jet application on the material Maraging Steel MS-1,
prepared in the form of 3D printing method Direct Metal Laser Sintering. The aim of the study is to point out the morphology of the cut
plane under the use of various technological parameters, like feed rate of machining and abrasive mass flow at the constant cut pressure.
For the track morphology monitoring after the abrasive water jet application, scanning electron microscope SEM MIRA 3, f. Tescan, was
used. For the identification of observed particles stabbed in the cut track, chemical composition EDX analysis was used.
Keywords: ABRASIVE WATER JET, DMLS, DIRECT METAL LASER SINTERING, 3D PRINTING, ADDITIVE MANUFACTURING
Printing itself, run on the EOSINT M280 printer. EOS EOSINT
M280 is industrial 3D printer by German manufacturer EOS. EOS
EOSINT M280 is based on DMLS (Direct Metal Laser Sintering)
3D printing technology, developed by EOS company. Such a 3D
printing technique uses fiber laser for fine metal powder melting.
Industrial EOSINT 3D printer series is compatible with metal
powder selection, like aluminum, high-strength steel, stainless steel,
titanium, nickel, cobalt and chromium alloys. [7,8]

1. Introduction
Powder sintering technologies, like Selective Laser Sintering
(SLS) or Direct Metal Laser Sintering (DMLS), are special
technologies, which use input material in a powder form. During
last years, these technologies develop intensively. A quality of final
parts increases and a technology advances. Nowadays, a technology
is considered as the most perspective for metal powder parts
manufacturing and more often is used commercially, not only for
prototypes production. A principle of technology starts with the 3D
model design in CAD system. 3D model is divided to individual
layers, using the slicer software. Few negative properties of
technology result by this 3D model to individual layers’ division.
Subsequently, data are sent to the 3D printer. Next, a final part is
created by sintering of metal powder layer-by-layer, using the high
power laser. A DMLS principle is depicted in Fig. 1 [2- 6], [ 9-15]

Fig. 2 Sample of the material during printing process

Printed samples´ dimensions were 10x10x50mm.
Printed material was age hardened, according to
manufacturer´s recommendation. Heat treatment run as follows:
heating on age hardening temperature (490 °C) during 1 hour. Heat
treatment at 490 °C run for 6 hours. Cooling down run at approx. 20
°C for roughly 15 hours. A comparison of properties of printed and
heat treated material are in a Table 1.

Fig. 1 Working principle of DMLS technology [1],

Required amount of metal powder, in quantity and height equal
to one layer, is applied on metal building platform, using the
recoated arm. A programming software controls laser beam motion
in a certainly set tracks through the component´s contour. A metal
powder is melted in this place and metal particles are connected
under the heat influence. This metal powder recoating and sintering
process is repeated until the whole final model is made. [2- 6], [ 915]

Table 1: Properties of the printed and hardened materials (EOS) [7,8]
Printed and age
Parameter
Printed
hardened

2. Materials for experiments
A material chosen for samples production was powder material
by EOS company, labeled as EOS Maraging Steel MS1. EOS
Maraging Steel is martensitic steel. A chemical composition of a
material refers to the American standard 18% Ni Maraging 300,
European standard 1.2709 and German standard X3NiCoMoTi 189-5. Parts are highly strength in combination with high toughness,
according to the manufacturer. Manufactured components can be
additionally hardened and machined easily. Material composition:
Ni (17-19%), Co (8,5-9,5%), Mo (4,5-5,2%), Ti (0,6-0,8%), Al
(0,05-0,15%), Cr Cu (0,5%), C (0,03%), Mn Si (0,1%), P S
(0,01%), Fe (rest). [7,8]

Tensile
Strength [MPa]

XY: 1100 ± 100; Z: 1100
± 100

Min. 1930 ; typ:2050 ±
100

Yield Strength
[MPa]
Elongation at
break [%]
Modulus of
elasticity [GPa]

XY: 1050 ± 100; Z: 1000
± 100

Min. 1862; typ: 1990 ±
100

XY: (10 ± 4 ); Z: (10 ± 4 )
XY: 160 ± 25; Z: 150 ±
20

Typ. 180 ± 20

Hardness

33 - 37 HRC

Typ. 50 - 56 HRC

Ductility [J]

45 ± 10

Typ. 11 ± 4

Min. 2; typ: (4 ± 2)

Microstructure comparison of heat treated material is plotted on
Fig. 3. Dark places arise after the etching process. Samples after
heat treatment reacted after a few seconds. Microstructural
observation run on the optical microscope type Nikon MA100 at
100x magnification.
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Fig. 4 Sample of heat treated MS1 material (S1) after AWJ application, 25x
magnification

Fig. 3 Material surfaces after grinding and etching, observed using the
optical microscope at 100x magnification

Characteristic DMLS technology signs are observed on material
microstructures at individual planes (x-y, z-y), where laser layering
direction and sintering (0,1 μm), can be seen. Microstructure, which
was heat treated is composed by fine martensitic needles, what is
typical for heat treatment and is the proof of measured higher
hardness as the consequence of heat treatment. A heat treatment
process caused material properties´ variation, like hardness for
example, which should change from 30 HRC to 55 HRC, according
to the manufacturer data. [7,8]

3. Experimental process
Fig. 5 Sample of heat treated MS1 material (S2) after AWJ application, 25x
magnification

Samples of printed and subsequently age hardened material
were cut using the abrasive water jet technology, available on
TUKE FVT Prešov. Operational pressure was on 413 MPa and as
the abrasive, Australian garnet with MESH 80 was used. A length
of focusing tube was 76,2 mm and a diameter of focusing tube was
1,02 mm. Samples of heat treated EOS MS1 (S1, S2) material were
cut at Q4 quality (fine quality), which refers to the cut process
parameters in Table 2.

In a marked area A, surfaces of cut material S1, S2, were
observed using the electron microscope SEM MIRA 3, f. Tescan,
with magnification 500x and 3500x.

Table 2 Cutting process parameters
Q4
(quality)

Traverse
speed
[mm/min]

Abrasive
mass flow
[g/min.]

Operating
pressure
[MPa]

Stand off
distance
[mm]

Sample
S1

98,5

200

413

4

Sample
S2

115,5

300

413

4

S1, S2 samples surfaces of heat treated material after AWJ
application:

Fig. 6 Surface morphology sample: S1, magnification 500x
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places in the sample. A cut place was intentionally chosen, in order
to pass through this cavity. Material sample S3 was cut at Q4
quality, corresponding to the cut process parameters used for S1
sample.

Fig. 10 Cavity place detail of material sample with 20x (left) and 48x (right)
magnification

Fig. 7 Surface morphology sample: S1, magnification 3500x

In this place, a water jet influence in this interspace, can
be seen. In these cavity places, water jet direction variation and its
weakening also caused by material thickness, can be seen. Material
particles shatter in this place. This place was subjected to EDX
analysis.

Fig. 8 Surface morphology sample: S2, magnification 500x
Fig. 11 EDX analysis sample S3

EDX analysis of this place, confirmed solidly fixed abrasive
particles in the material.

5. Conclusion
Evaluated EOS MS1 material, which is material made by
DMLS technology, changed its properties under the influence of
heat treatment process. In the case of cutting process of material
samples S1 and S2, using the AWJ technology at the same Q4
quality, however at different process parameters (S1: traverse
speed: 98,5mm/min, abrasive flow: 200g/min), (S2: traverse speed:
115,5mm/min, abrasive flow: 300g/min), only small changes are
observed in the surface morphology. In the case of cutting of S3
sample at process parameters equal to the S1 (S1: traverse speed:
98,5mm/min, abrasive flow: 200g/min), water jet direction variation
and its weakening during its pass through the cavity places can be
seen. Also, abrasive particles stab to the material, which is
confirmed by EDX analysis.

Fig. 9 Surface morphology sample: S2, magnification 3500x

Both samples of material were cut at the same Q4 (fine quality)
quality and follow-up process parameters based on default AWJ
machine settings. Measured roughness in the A area was for sample
S1: Ra=6,56 μm, and S2: Ra=5,92 μm. Roughness in defined values
corresponds to the Q4 (fine quality) cut quality Q4: Ra=6,3 μm.
Different process parameters influence surface fragmentation and a
significant water jet delay in the case of S1 sample surface. In both
cases, facet splitting caused by process parameters and mainly by
used abrasive particles influence, is observed.
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Abstract: This work deals with corrosion measurements of galvanized steel HCT600X+Z subjected to progressively increasing plastic strain.
The corrosion resistance measurements were carried out by non-destructive EIS (electrochemical impedance spectroscopy) test and
destructive LP (linear polarization) test. As a result of the work, the measured data were analyzed and the results were proc essed using
Nyquist diagram and Tafel analysis.
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Plastic strain of samples

1. Introduction

The specimens for static tensile testing, of appropriate shape
and dimensions, manufactured in accordance with EN 10002-1,
were deformed by uniaxial tension on a TiraTest 2300 tensile test
machine. The strain rate was 10 mm/min. Before the test, the
complete stress-strain curve was recorded, and then, four strain
rates (5%, 10%, 15% and 20%) were selected on the curve for
observing the corrosion behaviour of the materials, Fig. 1.

Galvanized steel sheets are used in many industries due to their
good corrosion resistance. This is particularly the case in the
automotive industry where the base steel sheet is protected by a Zn
coating. As many parts are processed by forming and plastic strain
occur in various forming processes, it is important for the
automotive industry that the Zn coating exhibits good formability
and adhesion. Zn coating during the forming process can be
disrupted, the base material revealed and exposed to the aggressive
surrounding environment [1]. The Zn coating in the forming process
adapts to compressive stresses without peeling away from the base
material, which is an advantage of such a coating [2].
The corrosion resistance of deformed galvanized steel was
investigated by Sacco et al. [3] who studied the linear polarization
of deformed galvanized steel. They found an increased corrosion
rate at different strain levels [3]. Other studies [4-6] have been
carried out to find out the behaviour of Zn coating on steel sheets in
the forming process, but these investigations were focused on the
limiting plastic strain during forming, changes in coefficient of
friction, lubrication characteristics, etc. and not on the corrosion
resistance after the forming process.

Fig. 1 Stress-strain diagram of the material with four strain levels marked

This work deals with the corrosion behaviour of galvanized
steel sheet that has been deformed by uniaxial tension at four
different strain rates. The aim was to investigate the corrosion
resistance of the Zn coating and to determine the dependence of the
corrosion rate on the level of plastic strain. Accelerated corrosion
laboratory measurements such as electrochemical impedance
spectroscopy (EIS) and linear polarization (LP) were used to obtain
the specified characteristics.

Corrosion studies
The BioLogic SP-150 potentiostat was used for experimental
determination of corrosion resistance. The tested area of the
samples was 0.636 mm2. The ambient temperature during the tests
was 23±1°C. The preparation of the samples consisted of
degreasing with nitrocellulose solvent C 6000 and subsequent
rinsing with demineralised water. The electrolyte chosen was a
3.5% NaCl solution to simulate an aggressive environment. The
samples were placed in this solution for 24h (i.e., the stabilization
period). A three-electrode setup was used for the measurements. As
counter electrode was used platinum, reference electrode was
supersaturated calomel electrode (SCE), as working electrode was
the measured material. The beginning of each test was stabilization
of the working electrode, i.e., stabilization of the open circuit
potential (OCP).

2. Materials and Methods
Materials
High strength low alloy steel HX340LAD+Z with a thickness of
0.8 mm and a Zn layer of 100 g/m 2 was used for the experiment.
The chemical composition and mechanical properties of the
material are shown in Tables 1 and 2.
Table 1: Chemical composition of the material wt. %
C
Mn
Si
P
S
Al min
Nb
0.070 0.600 0.007 0.016 0.007

0.034

Ti

0.025 0.001

For electrochemical impedance spectroscopy, the following
parameters were used: frequency range from 10mHz to 100kHz,
sinusoidal amplitude ±10mV. The number of frequencies per
decade was 10 (51 different frequencies in total).

Fe
Bal.

The settings for linear polarization were ±0.2 V from Ecorr and the
scan rate was 0.5 mV/s.

Table2: Mechanical properties of the material
Rp 0.2 [MPa]

Rm [MPa]

A80 [%]

351±1.3

427±1.7

26±0.1

Each measurement was repeated until a minimum of three stable
results were obtained. Measurements were processed using the ECLab v11.27 software.
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3. Results
EIS
An equivalent circuit, shown in Fig. 2, was used to process the
measured results. In this circuit, R1 represents the resistance of the
electrolyte, R2 represents the resistance of the zinc layer, and R3
represents the resistance of the base material. The variable
capacitance Q1 is located at the interface between the electrolyte
and the zinc layer, the variable capacitance Q2 is located at the
interface between the zinc layer and the base material.

Fig. 4 PEIS measurements at different strain levels
Table 3: Measured values by the PEIS method
Strain level
R1 [Ω]
R2 [Ω]
R3 [Ω]
[%]
Initial state
28±1
492±198 1827±207

Fig. 2 Equivalent circuit for analysis of measured PEIS results
The measured results were processed in the Nyquist coordinate
system. Fig. 3 shows the analysis of the measured data with an
iterative curve (Z-fit).

Q1 [F.s]

Q3 [F.s]

0.221±0.018

2.284±0.253

5

28±1

460±14

1675±95

0.135±0.120

1.494±0.968

10

27±2

437±63

886±142

0.151±0.010

1.270±0.300

15

26±1

415±95

639±182

0.186±0.014

5.059±2.231

20

25±1

423±21

230±85

0.191±0.044

5.416±3.071

Linear polarization
The analysis of the measured LP data is presented in Fig. 5
using Tafel fit. In processing the measured data, emphasis was
placed on ensuring that the tangents βa and βc were superimposed
over the measured data in strongly linear regions.

Fig. 3 Principle of analysis of PEIS results

The course of the PEIS measurement is shown in Figure 4. The
main parameter that indicates the resistance of the deformed
samples in our case is the value of R2 (Tab. 3), which represents the
polarization resistance of the zinc layer. It was found that the R2
value for all the strain levels varied in the minimum range. In
Fig. 3,4 it is this value represented by the first impedance loop, and
it can be concluded that, the zinc layer protects the base material at
strain levels up to 20%.

Fig. 5 Principle of analysis of LP results using Tafel curves

The measured curves are shown in Fig. 6. The decisive
parameters in this case are the potential Ecorr, Icorr and corrosion
rate. As the strain level increases, the Ecorr potential becomes more
and more negative. Also, Icorr increases with increasing strain
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level. So we can say that, with increasing strain rate, the corrosion
process accelerates while a thin layer of Zn corrosion products is
formed on the surface.

4. Conclusion
Analysis of the results of corrosion measurements proved
following facts:
•
EIS measurements showed high durability of the Zn layer
after all strain levels. This can no longer be said for the base
material, where the polarization resistance of the base material
decreased significantly with increasing strain level.
•
A linear dependence between the strain level and the
corrosion rate was found by linear polarization analysis. It was also
found by measurement that Icorr and corrosion rate increased with
increasing strain level.

Acknowledgements: This research was funded by the
Scientific Grant Agency of the Ministry of Education, Science,
Research and Sports of the Slovak Republic under project VEGA
1/0154/19: Research of the combined technologies of joining
dissimilar materials for automotive industry.
Fig. 6 Curves obtained by the linear polarization method after different
strain levels
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Fig. 7 shows the dependence of the corrosion rate on the strain
level. After including the measurement deviations, it can be said
that this is a linear dependence. The conclusion is that an increase in
the strain level leads to the revealing of the steel base material and
its reaction with the electrolyte.

Fig. 7 Dependence of the corrosion rate on the strain level

223

"MACHINES. TECHNOLOGIES. MATERIALS" Issue 6/2022

Hybrid reinforced concrete with controlled volume deformations for
hydrotechnical facilities
Valeriy Naidenov1,, Ivan Rostovsky2, Mirona Mironova 1
Institute of Mechanics, Bulgarian Academy of Sciences, Sofia, Bulgaria1
University of Architecture, Civil Engineering and Geodesy, Sofia, Bulgaria2
Valna53@mail.bg
Abstract: The development of hydration processes in cement concrete is associated with the release of significant amounts of heat, which
leads to a significant exothermic temperature increasing in the concrete body, especially valid for massive structures. This creates a
temperature gradient from the inside of the array to the surface. The latter may be re lated to the development of unacceptable internal
stresses, often leading to cracking, defects and reducing the durability of the facility. The report presents the individual stages of the search
for an optimal technical solution for the construction of a specific hydro-technical facility - a massive hybrid reinforced trapezoidal wall of a
water catchment gorge, in the area of Stara Zagora town. In the context of specified geometric dimensions of the facility, the specific features
of the exothermic increase of the temperature in the concrete body as a function of the hydration processes are discussed. A reasonable
choice of a specific type of cement is proposed in order to limit the amount of heat released - slag cement CEM III-A 42.5 N with a specific
heat of hydration up to 280 J/g. A specific concrete mix design has been proposed, providing a balanced increase in temperature within
acceptable limits, preventing cracking, in two possible scenarios - winter and summer outdoor temperature conditions. An additional
advantage of the mix is the inclusion in the recipe of fiber-reinforcement and high-tech chemical admixtures - deep internal crystallization
and shrinkage-compensating one. Specific calculation data for the kinetics of temperature increasing are presented, and the obtained values
are critically evaluated in terms of guaranteed cracks eliminating in the structure.
Keywords: PORTLAND CEMENT CONCRETE, SLAG CEMENT HYDRATION PROCESSES, KINETICS OF EXOTHERMIC
TEMPERATURE, CRACKING PREVENTION, CALCULATION TEMPERATURE INCREASING
typical for rapid hardening cements - Type III according to ASTM
C 150-11 [2], cement or type "R" and to BDS EN 197-1: 2011 [3].

1. Introduction
The development of hydration processes in cement concrete is
associated with the release of significant amounts of heat, which
leads to an increase in temperature in the concrete body, especially
valid for massive structures. This creates a temperature gradient
from the inside of the array to the surface. The latter may be related
to the development of unacceptable internal stresses, often leading
to cracking, defects and reducing the durability and long-life of the
facility.

Cements with increased content of belite (β-2CaO.SiO2) and
celite (4CaO.Al2O3.Fe2O3) emit less heat during hydration. The
latter is typical for low thermal cements - Type IV according to
ASTM C 150-11 or ordinary low thermal cements according to
BDS EN 197-1: 2011.
In Bulgaria, the production of low-thermal cement CEM II/B-P
32.5 N LH from the plant "Vulkan", Dimitrovgrad, is currently
suspended for the moment.

According to ACI 116R-00, the term "massive concrete" means
"any volume of concrete of sufficient size that requires measures to
be taken with regard to the heat of hydration of the cement and the
volume changes of the concrete, in order to prevent the cracks
formation” [1]. It is known that the physical-chemical interaction
(hydration) between Portland cement and water takes place with the
release of a certain amount of heat, which depends on the mineral
composition of Portland cement clinker, the fineness of cement
grinding, the presence of mineral additive, etc.

Cement exothermic is of great practical importance. At low
outdoor temperatures, the heat released favors the hydration
processes and vice versa, with massive facilities, especially in
summer, can lead to a problematic increase in temperature in the
concrete section to and above 500C. In the event of a subsequent
decrease in the ambient temperature, there is a risk of a significant
difference between the temperature of the concrete inside the
structure and that on its surface. The occurrence of a temperature
gradient generates tensile stresses, especially in the surface layer of
solid concrete. At the same time, the concrete inside the array tends
to expand and is under the action of compressive stresses. Under
certain conditions, this leads to cracking in the surface layer of
concrete, reducing the load-bearing capacity, increasing the
permeability and reducing the durability of the structure at all.

The hydration heat release Q (J/g) of the main clinker minerals
of cement is shown in Table 1:
Table 1 Heat of hydration of the main clinker minerals of cement
Heat release at full hydration Q, J/g
Pure components
Clinker
Cement
Reaction
(measu(calcumeasucalcured)
lated)
red
lated
C3S → C-S-H + CH
380
520
570
490
C2S → C-S-H + CH
170
260
260
225
C3A → C4 AH13 +
1160
C3AH 8
→ C3AH6
900
880
840
→ Еtringite
1670
1670
→ Monosulfo1150
1140
1170
aluminate
→ C4AF→ C 3(A,F)H6
420
420
335
Monosulfoaluminate
380
Etringite
730
-

Fig.1 Time depending differential curve of heat release of concrete

It is seen that the presence in the composition of the cement of
an increased amount of alite (3CaO.SiO2) and, in particular, of
tricalcium aluminate (3CaO.Al2O3), leads to increased heat
releasing, and in the initial periods of hardening. Such behavior is

It is known that the heat release of Portland cement is a staged
process [4]. The first stage covers a time of 30-40 minutes after
mixing the water with the cement and is characterized by intense
heat release (especially in the initial 5-8 minutes), followed by a
period of relative "calm". The second stage, also called induction,
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covers the time of 1-3 hours from the contact of the cement with the
mixing water. Its duration depends mainly on the mineral
composition of the cement, the fineness of grinding and the amount
of gypsum (bonding regulator). The third stage, which is mainly due
to the hydration of the alite, takes a time interval of 3-8 h from the
homogenization of cement and water (initial setting of cement) and
is characterized by increasing heat release within 5-10 h. Usually
the maximum heat coincides with the end of setting time of cement.
Then the intensity of the processes decreases (stage 4) and reaches a
stable state (stage 5) - Figures 1 and 2.

4. Prescribed concrete mix design
From a design point of view, the design compressive strength
class of concrete can vary from relatively low levels.
Relevant in this case are the achievement of the requirements to
it, caused by the operating environment (environmental impact
factors within the meaning of the requirements of BDS EN 206:
2013 +2016 [10], and BDS EN 206: 2017 / NA National Annex
[11] - see NA 5.3 and NA.F.1a Limit values for concrete
composition and properties.

Fig. 2 Typical calorimetry plot of ordinary Portland cement showing
different stages in hydration process [4]

Fig. 3 Facility cross section - geometric dimensions

In this case, the limiting requirement is the resistance of the
concrete to cyclic freeze-thaw without the presence of anti-icing
agent (XF 3) and cyclic wetting and drying (XC 4) – in accordance
of Table 1 Impact classes [11].

It is well known that mineral admixtures, in proportion to the
amount, used in the composition of cement, help to reduce the heat
of hydration. As for chemical admixtures for concrete and mortars,
they generally do not change the amount of heat released, but can
significantly affect the intensity of heat release and its change in the
initial setting time. A clear peak of heat release, respectively
retarders cause the opposite effect - a smoother change in exotherm,
delayed in time.

Simultaneous satisfaction of the above requirements imposes
the following limits on the composition of concrete:
 minimum compressive strength class C30/37;
 cement content - min 320 kg/m3;
 maximum water-cement ratio 0,50.

2. Concrete heat release stresses and deformations

In order to limit the amount of heat released, slag cement CEM
III-A 42.5 N (heat of hydration 280 J/g) was chosen for the
production of concrete, which is produced in our country by the
cement plants in Devnya. The other types of cements available on
our market have a heat of hydration of about 400 and 440 J/g, which
makes them unacceptable in this case.

In no standard document related to the concrete and reinforced
concrete structures static calculation, even in the latest editions of
ACI 318-11 [5], fib Bulletin 55 and 56 [6] and EN 1992 Eurocode
2 [7], does not address the issue of thermal impact derived from the
heat of hydration of cement.

Table 2 Prescribed concrete mix design

An approximate empirical methodology for calculating the
increase in temperature in concrete ground slabs due to the heat
release of cement is included in ACI 207.4R-93 [8].

Components

With such a focus are many scientific studies related to
prediction of the thermal stress of massive concrete structures, as a
result of which specific methods for on-site monitoring have
already been developed [9,10]. The obtained experimental results
for the development of the temperature in the concrete section,
compared with those of the existing empirical dependences, allow
to increase the reliability of the predictions. And this works in the
direction of increasing the security, serviceability and durability of
the facilities.

Cement CEM III-A 42,5 N, LH

360

River sand, fraction 0-4 mm

840

Crashed stone – dolomitized limestone or similar,
two fractions - 4/11,2 mm and 11,2/22,4 mm
Internal crystallization admixture with permanent
action KRYSTALINE Add1
Shrinkage compensating admixture
KEPTONITЕ
High range water reducing admixture (HRWRA)
– Polycarboxylate Ether (РСЕ)
Mixing water

3. Concrete facility data
Two main cases of authoritative fragments of the facility are
considered (Fig. 3), technologically performed separately from each
other on different concreting strokes:
 reinforced concrete step with approximate dimensions length 10
m; width 3,0 m; height 1,0 m;
 trapezoidal reinforced concrete body approximately 9,5 m long;
width 2,0 to 0,50 m; height 4,0 m.

Quantity, kg/m3

990
1,00
15,00
2,0
≈170

In this case, it is appropriate to apply an innovative approach to
the composition of concrete with the inclusion of highly effective
deep-crystallizing
and
shrinkage-compensating
chemical
admixtures of the latest generation. The latter provide a number of
technical advantages - complete permanent impermeability of the
concrete section, high physical and mechanical properties, increased
frost resistance in cyclic freeze-thaw conditions, elimination of
drying shrinkage of concrete and complete crack resistance.
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Trying to ensure the best quality performance of the concrete
mix design an innovation approach is proposed by additionally
inclusion of a deep-crystallizing internal chemical admixture
KRYSTALINE Add1 HD with permanent action in time, capable of
compacting additionally formed concrete structure, ensuring the
impermeability of the built protective section and shrinkage
compensating admixture KEPTONITЕ [12, 13, 14].
It preliminary is assumed that the two parts of the wall will be
casted separately, and the period between concreting will be more
than one week, so as not to coincide with the peaks of heat release.

5. Calculation temperature increase in concrete
ACI 207.4R-05 presents a simplified method for calculating the
maximum temperature ris ing of concrete in ground-based slabs. In
this case, the software "Concrete works" V.2, developed by the
University of Austin, Texas, USA, is used.

Fig. 6 Temperature in the concrete massive at 48 hours after
casting

For the foundation slab respective initial conditions are
specified:
 Air temperatures - during the day 22-250С; at night 14-160C;
 Temperature of the fresh concrete during casting - about 200C;
 Start of application - about 10 hours before noon.
Respective calculating results are presented in Figures 3-7.
It is visible that the maximal temperature difference within the
foundation + 160C and maximal temperature of concrete + 360С.

Fig. 7 Temperature in the concrete massive at 72 hours after
casting

Concerning the wall body of the facility the same respective
initial conditions are specified:



Fig. 3 Change in ambient temperature, minimum element temperature,
maximum temperature and temperature difference

Air temperatures - during the day 22-250С; at night 14-160C;
Temperature of the fresh concrete during casting - about 200C;
Start of application - about 10 hours before noon.

Respective calculating results are presented in Figures 8-12.
It is visible that the maximal temperature difference within the
foundation + 190C and maximal temperature of concrete + 390С.

Fig. 4 Temperature in the concrete massive at casting stage

Fig. 8 Change in ambient temperature, minimum element temperature,
maximum temperature and temperature difference
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Fig. 5 Temperature in the concrete massive at 24 hours after
casting
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6. Conclusion
The analysis of the problem related to rising temperatures in the
cross section of massive concrete and reinforced concrete structures
due to active hydration processes in the cement shows opportunities
for the development of additional stresses, often leading to
unregulated cracking with potential to compromise durability of the
facility under construction.
As a result of the proposed prescribed concrete mix design for
the specific facility, the temperature difference in the concrete body
is expected to be within acceptable limits - up to 20-250C, which
does not pose a risk of compromising the facility during operation.
Fig. 9 Temperature in the concrete massive at casting stage
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