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THE EFFECT OF BENTONITE ON THE PROPERTIES OF 

 LIGHTWEIGHT EXPANDED CLAY AGGREGATES 
 

ABDELFATTAH Mohamed, KOCSERHA István PhD, GÉBER Róbert PhD 
Institute of Ceramic and Polymer Engineering, University of Miskolc 
E-mail: madatow@yahoo.com, istvan.kocserha@uni-miskolc.hu, robert.geber@uni-miskolc.hu 
 
Keywords: bentonite, expanded clay, aggregates 
 
Lightweight aggregates (LWA) are one of the most vital materials which, it can be used in the construction and building 
materials. Lightweight aggregates are produced from natural and synthesized materials. Production of lightweight 
aggregates in industry is needed to rotary kilns, where the raw materials are fired at temperatures reached up to 1300 oC 
[1]. The expansion is the essential factor control on the validity of these aggregates. Chemical analysis was the vital key 
for defining the expansion of the aggregates. Silica, alumina oxide and total flux are the important oxides that effect on 
the expansion [2]. 
This work is focused on studying the effect of firing and bentonite on the physical, and expansion properties and the 
phases which be formed in the expanded clay minerals. Bentonite was formed by weathering effect on volcanic 
materials mainly consists of montmorillonite with different compositions of other minerals like quartz, sodium, and 
calcium feldspar [3]. Bentonite is divided into two types such as, Na-bentonite, which is as high swelling clay while 
CA-bentonite has less swelling capacity upon hydration with water [4]. From this property the bentonite material can be 
swelled or expanded. The mineral phase changing is an abundant effect on the physical and mechanical properties of the 
lightweight aggregates, like, mullite phase can be enhanced the compressive strength of the aggregates after firing [5]. 
The Expansion properties of the clay samples were measured by heating microscope. The samples were analyzed by 
XRF and XRD. The bulk density of the clay aggregates was measured according to relating standards. From XRF 
measured, the three oxides of the different three clay samples existed in the zone of the bloating, so these three samples 
can be expanded according to Riley [2]. 
The mineral phases of raw materials were studied by XRD. The mineral phases of the three clay sample were quartz, 
illite, vermiculite and illite-Montmorillonite group. At 1225 oC, the mineral phases were studied by XRD. The mineral 
phases of blue clay sample were quartz, hematite, and anorthite whilst the mineral phases of yellow clay sample were 
quartz, hematite, anorthite and mullite mineral 
The height expansion of the blue clay sample with 0% of bentonite was enhanced to 138% (Fig. 1a), in addition, the 
height expansion of the yellow clay sample was 122% (Fig. 1a). Besides, the height expansion of the grey sample was 
123% (Fig. 1a). Whilst, the height expansion of the blue clay sample with 10% of bentonite was enhanced to 164% 
(Fig. 1b), in addition, the height expansion of the yellow clay sample was 13% (Fig. 1b). Besides, the height expansion 
of the grey sample was enhanced to 135% (Fig. 1b). 
 

Table 1 Chemical analysis of the clay samples 
Sample SiO2, wt% Al2O3, wt%  TF, wt% 

B 62.2 17.7 19.3 
Y 64.9 17.3 17.4 
G 62.9 17.9 18.3 

TF: total flux (Fe2O3 + MgO + CaO + Na2O + K2O); B: blue clay; Y: yellow clay and G: grey clay 

The results were showed the changing in the properties and mineral phases of the clay aggreagres after adding the 
bentonite to the expanded clay aggregates. So, adding 10% of bentonite had great effect on the compressive strength, 
bulk density and expansion properties of the expanded clay samples. The bulk density of the clay samples without 
bentonite was lower than 1.2 g/cm3. Which was started from 0.57 g/cm3 for blue sample to 1.2 g/cm3 for yellow sample 
at 1225°C. Whilst, after adding 10% of bentonite, The bulk density of the clay samples with 10% of  bentonite was 
started from 0.55 g/cm3 for the blue sample of 0.95 g/cm3 for yellow sample at 1225°C. So, 10% of bentonite with 
LWA is crucial values can be decreased the bulk density of the LWA in addition can be increased the height expansion 
of the aggregates by 5% to20% compared with the values without bentonite. 
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Figure 1. a) The relation between height expansion of clay samples with the temperature before adding bentonite. b) 

The relation between height expansion of clay samples with the temperature after adding 10% of bentonite 
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FUNDAMENTAL CONSIDERATIONS FOR FINITE ELEMENT MODELING OF  

A POLYURETHANE FOAM JOUNCE 
 
1AL Jweijati Mustafa,  1,2HURI Dávid 
1University of Debrecen, Faculty of Engineering, Department of Mechanical Engineering 
2University of Debrecen, Doctoral School of Informatics 
E-mail: mus.jw1991@mailbox.unideb.hu, huri.david@eng.unideb.hu 
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Keywords: polyurethane foam, jounce bumper, hyperelastic foam model, finite element analysis 
 
The aim of this research is to find the best material model to predict the behaviour of Jounce bumper under the work 
conditions. The Jounce bumper made by polyurethane elastomer [2], the behaviour of this material is non-linear elastic, 
and it will be under big compression loads during the work, so the deformation will be large. The best model for this 
material is the hyperelastic model, which is made for incompressible and compressible material too. Our material is 
compressible, so we will focus on the compressible hyperelastic models. Our part Jounce bumper or bump stops, it is a 
part used to absorb the noise, vibration and harshness in the suspension system under the full compression 
circumstances. Jounce bumpers act as an assistant compression spring when the maximum load is approached figure 
(1). Thus, jounce bumpers can provide a smoother ride and can improve handling over a wide range of driving and load 
conditions. Jounce bumper is commonly made from polyurethane. 

 

 
Figure 1 Three stages for Jounce bumper compression [3] 

 
When we want to predict the mechanical behaviour of the rubber material, we have two main classes, Linear elasticity, 
and hyperelasticity models. The main difference between the elastic and hyperplastic model is that an elastic model is 
valid for small strain values. In the other side hyperelasticity suitable for large strain values and the materials that has 
non-elastic behaviour. When we want to study the foam, which is considered compressible material, we face some 
problems with the Hyperelastic material model. Since the foam goes under high volume change during processes, as we 
see in this figure (2) the predicted Poisson’s ratio becomes odd in compressive loading when the bulk modulus is 
similar in magnitude to the shear modulus. This problem happened when modelling foams since foams often have a 
small bulk modulus and a small positive Poisson’s ratio. On the other hand, in figure (3) we see the alternative model 
which take the volumetric response into consideration, we will use slightly different models of Helmholtz free energy 
and a different set of experimental data. We have two models, the first one is Blatz-Ko Foam model and Hyperfoam 
model, in the next I will represent both. 

  
Figure 2 Predicted Poisson’s ratio for 

the standard NH model [1] 
Figure 3 Predicted Poisson’s ratio for 

the alternative NH model [1] 
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Blatz-Ko Foam model was developed for porous materials with a known shear modulus, Poisson’s ratio, and volume 
fraction of voids. We usually set the void volume fraction parameter f=0, and by sitting Poisson’s ratio ν= 0.25, we will 
gate the Blatz-Ko model, the 𝜓 strain energy density will be [1] 𝜓 =  2 (𝐼1𝐼3 + 2𝐼30.5 − 5) 

As shown, this model only has one material parameter, the shear modulus . The Cauchy stress for this model given by 

 = 𝐽3 [𝐼1𝑏 − 𝑏2 − (𝐼2 − 𝐽3)𝐼]     
The second model is Hyperfoam model, in this model we will not use the total deformation gradient in combination 
with the volumetric response. In this model the Helmholtz free energy is given the following expression [1] 𝛹 = ∑ 2𝑘

𝑘2
𝑁

𝑘=1 [(1)𝑘 + (2)𝑘 + (3)𝑘 − 3 + 1
𝑘 (𝐽−𝑘𝑘 − 1)] 

Where [𝑘 ,𝑘 , 𝑘 ], 𝑘 = 1 . . .  𝑁 are material parameters, 𝐽 =  𝑑𝑒𝑡[𝐹], i   are the principal stretches. We can notice in 
this equation that hyperfoam model is very similar to the Ogden model. But the difference is the energy function for a 
volumetric response. We need the volumetric response to get a constant Poisson’s ratio in uniaxial loading. The Cauchy 
stress can be derived from Equation giving [1] 

 = ∑ 2𝑘𝐽𝑘
𝑁

𝑘=1 [∑(i)𝑘3
𝑖=1 − 𝐽−𝑘𝑘] ñ × ñ    

The 𝐺 small strain shear modulus and 𝜅 small strain bulk modulus can be written as [4] 𝐺 = 12 ∑ 𝑘𝑘𝑁
𝑘=1  𝜅 = ∑(𝑘 + 13)𝑘𝑘𝑁

𝑘=1  

If all the 𝑘 are equal, then the 𝜈 Poisson’s ratio is related to 𝛽 using [4] 

 = 𝜈1 − 2𝜈 

We will use the uniaxial compression to determine the material parameter, for this process the relevant standard is ISO 
3386-1:1986 (Polymeric materials, cellular flexible - Determination of stress-strain characteristics in compression Part 
1: Low-density materials). In this test we will use a compression platen, the limitation in this test is that we have an 
interface friction between the test specimen and the loading platens this will cause a nonhomogeneous deformation 
state. The friction also affects the stress response during unloading. It is changing the response during the initial 
unloading part of the experiment. After taking the curves from our test, we will use the stress-strain curve to make a 
curve fitting in FE software, by making the curve fitting we will be capable to calibrate the material model for the 
investigated polyurethane. In ANSYS, we can find a Blatz-Ko Foam Model and Ogden Compressible Foam 
Hyperelasticity supporting foam model, in FEMAP we see the Hyperfoam Model, I will try the two models that I 
mentioned in the literature to find the most appropriate prediction. 
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This study used finite element techniques (FEM) to residual stresses in dissimilar welded pipes. Based on this study, a 
three dimensional (3D) and two dimensional (2D) modelling procedures with reasonable accuracy were developed. As 
compared to the 3D analysis, the 2D model significantly reduced the time and cost of the FE computation. A 2D 
thermo-mechanical FEM model finite element model using MSC Marc software to calculate the temperature 
distribution, hardness, and the distribution of residual stress during multipass welding of dissimilar material and 
different thickness pipes as shown in figure 1(a) and (b). The results of the numerical simulation were compared with 
hardness measured data to evaluate the accuracy of the finite element modelling. The result show good agreement 
between simulated and experimental hardness in the weld. The axial and hoop residual stresses in dissimilar pipe joints 
of different thickness for V-groove shape were simulated in outer and inner surfaces. It is shown that the welding 
material has a significant effect on the magnitude and distribution of residual stresses in the pipe side of the joints. The 
welding parameters for weld joints and weld shape pool are given in Table 1. Goldak’s double ellipsoidal heat source 
model shown in figure 2.[1] 
 

   
Figure 1 (a) Temperature profile in dissimilar welds joints with hardness measurement location (b) 3D model and 2D 

model dimensions and welding direction 
 

Dissimilar metal joints between pipes of E355K2 and P460NH_1 steels are widely used in engineering structures, for 
instance, steam generators of power plants, pipeline, etc. Residual stresses distributions in and around the the heat-
affected zone (HAZ) and (in the fusion zone, FZ) might lead to brittle fracture, cracking, and produced residual stress. 
Residual stresses present in the pipe weld are shown to be the reason for the failures.Moreover, the residual stresses in 
dissimilar joints are complex and difficult to predict, because of differences between mechanical and physical properties 
of the materials involved. Numerical simulation methods are also used to calculate residual stresses, due to the 
complexity of the problem or shape of the structure. Nowadays, it is possible to use numerical simulation techniques, 
such as finite element methods, to satisfactorily predict the residual stresses in welded structures [2-5]. 
This work aims to develop a validation model for the simulation model in multi-pass welds using a hardness test and 
compare the results with numerical simulation.the development of residual stresses in a dissimilar pipe weld joint made 
of E355K2 and P460NH_1 is studied by using 2D finite element method (FEM).The variation of stresses fields in the 
dissimilar joints is delineated in comparison to joints. In this work, the development of residual stresses in a dissimilar 
pipe weld joint made of E355K2 and P460NH_1 is studied by using 2D finite element method (FEM). The variation of 
stresses fields in the dissimilar joints is delineated in comparison to joints.  
 

Table 1 Welding parameters 
Pass No. Current (A) Voltage (V) Speed mm/s Efficiency Welding pool parameters 

a (mm) b (mm) c1 (mm) c2(mm) 
1 80 23.2 2 0.8 4 3 5 8 
2 90 23.6 2 0.8 4 3 5 8 
3 100 24 2 0.8 4 3 5 8 

(a) (b) 
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Figure 2 Goldak’s double ellipsoidal heat source model 

 

The axial and hoop residual stress distribution of the dissimilar welded joint on outer and inner surfaces shows in figure 
3. It can see that the residual stress distribution in the dissimilar pipe weld joint is different due to the two different 
materials presented. The maximum tensile axial residual stress is located at the interface between welded metal and 
base metal P460NH_1 on inner surface. The maximum tensile hoop residual stress is located at the interface in (FZ) 
between the base metals E355K2 and P460NH_1. The hoop residual stresses are decreased away from the weld metal 
and HAZ. 

        

        

        
Figure 3 Axial residual stress distribution and hoop residual stress disribution on outer and inner surface 

 
In this paper, it shows the methodology of the simulation of welding. The work presents the mock-up and the material 
properties and welding technologies that are needed to create a finite element simulation also to build a correct finite 
element model to copmare the result with hardness test mesurement. The result shows close agreement between 
simulated and experimental hardness in the weld.After that, perdicte residual stresses with differnt diracrtion on outer 
and inner surface of dissmiler weld pipe. 
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Every year, hundreds of scientific studies are published and highlighting a complex environmental problem which is 
pollution by plastics waste, because the quantities of these wastes are increasing annually. This environmental problem 
has made many scientific institutions around the world demands the adoption of laws to preserve the environment and 
human health and identify safe ways to dispose of these wastes. Therefore, we must look for applications that enable us 
to use this waste after recycling and one of these important applications is the road bumps [1-4] (see Fig.1). This artical 
addresses two major industrial problems, the first is an environmental problem considering these substances polluting 
the environment, and the second problem is an economic problem considering that road bumps are imported from 
abroad at high prices. Where we mentioned that any consumption of an industrial product is generated from solid 
residues such as with plastic bottles, which are thrown after consuming their beverages, which negatively affects the 
environment as a result of their accumulation and without benefiting from them, and most of them have a long life and 
also decompose when exposed to the sun, resulting in bitter Landfills cause environmental and health problems. In 
order to produce bumps locally and at low cost and with high mechanical properties and no less quality than imported 
bumps where these bumps were made of rubber added waste bottles, which can be recycled again when damaged unlike 
the imported, which cannot be recycled because they are made from materials used for once only (thermosetting 
plastic). 
 

 
 

Figure 1 A standard plastic road bump [5] 
 
In current artical, a strips of polyethylene terephthalate bottles (PET) waste with (0-100pphr) volume fraction was 
added to styrene-butadiene rubber for manufacture road bumps. Wear resistance, shear resistance, and adhesive tests 
were done after adding PET strips waste, and compare them with the results before adding this waste. The results 
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indicated the efficiency and high value of the mechanical properties of the manufactured rubber bumps, and better than 
the standard bumps properties currently available. The best results were obtained with the 80pphr PET waste addition. 
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(HSLA) steel 

Temperature dependence crack initiation is a very critical point of the mathematical modelization of a part of a 
mechanical design. Therefore it is extremely important to know the temperature dependence of a material during the 
process of mathematical modelization when forming the design. Additionally, the forming limit at a certain temperature 
is a key parameter to know for the design. Two parallel ways appear to determine the formability limit of a material at a 
certain temperature. The first way is a physical simulation which is fully precise. It aims to simulate all the physical 
circumstances and execute the forming. It also records all the important parameters such as the force, the strain also the 
temperature as a function of the time. The second way is to find a mathematical model of the forming starting with all 
the boundary conditions of the tests and all the needed physical parameters of the material. The best way is to apply 
both methods parallel to have the real formability of the material to make the deliberated design. The welding processes 
have developed a lot thanks to the physical simulation. The paper introduces the connection between weldability and 
physical simulation, hot-cracking sensibility, the Gleeble 3500 thermo-mechanical physical simulator, respectively, and 
early experiments on the S960QL high-strength low-alloy (HSLA) steel. Identification of the Nil-Strength Temperature 
(NST), furthermore the results of the hot tensile tests (on heating and on cooling parts of the welding simulation curve 
are also investigated) will be introduced. As well as, the future plans and ideas for upcoming research will be revealed 
too. 
The strain induced crack initiation of steel has a standardized testing method; the so called SICO test. The first step is to 
produce the standardized samples and to perform the experiments using the GLEEBE system. Our method to perform 
SICO test is fully fulfills the standard and just added to the standard four thermocouple records the temperature during 
the experiments and it gives opportunities to draw the temperature distribution during the whole experiment along the 
sample. All the experiments are made at different temperature isotherms and different strain rates. Cross section and 
metallographic (including grinding, polishing and etching) preparation will be applied to all the samples. All the 
experiments are repeated with mathematical modellisation, so under DEFORM with the same circumstances too. For 
this step, all the boundary conditions have to be established and all the physical parameters of the material have to be 
optimized based on the results of the physical simulation. 
NIL-Strenghth temperature will be used to reach the maximum temperature that SICO test specimen can reach without 
melting and shattering out of the jaws as it happened with K100 the first tool steel grade that we used. 
 

 
Figure 1 Gleeble 3500 thermo-mechanic physical simulator installing at the Department of Mechanical Technology at 

the University of Miskolc 
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Figure 2 Specimens after the NST tests have been performed 
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Shrinkage of food materials has a negative consequence on the quality of the dehydrated product. When shrinkage is not 
uniform during the drying process leading to the formation of unbalanced stresses and failure of the material. Changes 
in shape, loss of volume and increased hardness cause in most cases a negative impression in the consumer [1].  
Dewatering of foods during drying results in dimensional changes [3]. The change in size is greatly influenced by the 
moisture content and the method of heat-transfer. Measuring dimensional change and shrinkage in industry practice is a 
very important task due to material quality and sales. Measuring of shrinkage is a real challenge today.  
The purpose of this study is to determine the degree of deformation of fruits preserved by various drying methods using 
a special digital microscope. This is a new way of approaching the problem. 
 
MATERIALS AND METHODS 
The pear material (Pyrus communis L.) was dried by various drying methods, i.e., lyophilization (FD), vacuum drying 
(VD), mid-infrared drying (MIR) and hot-air drying (HAD). The following parameters were used for drying: FD (T=-30 
- 20°C, p=50-90 Pa, dt=22 h), VD (T=80°C, p=7 kPa, dt=7 h), MIR (T=80°C, p= 1 bar, dt=20 min) and HAD (T=80°C, 
p= 1 bar, dt=7 h), respectively. The moisture content of the samples at the end of the drying process: FD – 1,45% 
(w.b.), VD – 1,59% (w.b.), MIR – 1,06% (w.b.) and HAD – 2,11% (w.b.), respectively. The drying was carried out to a 
constant weight of the material. Moisture content of the dried pear dices was determined by the gravimetric method 
(LP306, LaborMIM, Hungary). 50-50 g of sample was used for each drying methods. Weighing was performed on a 
digital balance (JKH-500, Jadever Co., Taiwan). The raw samples used in the experiment are cube-shaped – smooth 
surface – with an average of 10 mm each. 
A digital image was taken of the dried material from a particular direction using a digital microscope (Keyence VHX-
6000, Keyence Co., Osaka, Japan). The two- and three-dimensional image was sufficient to determine the degree of 
deformation (400×magnification). Digital imaging was performed on ten to ten samples with duplicate replication. In 
each case, the microscope detected the greatest difference between the upper edge of the product and the recess.  
 
RESULTS 
Figures 1 and 2 show two- and three-dimensional views of hot air-, mid-infrared-, vacuum-, and freeze-dried pears, 
respectively. The upper parts contains the three-dimensional image with the base points and the connecting lines, and 
the bottom part of picture the two-dimensional image with the distances (in µm) indicating the degree of deformation.  
 

 
Figure 1 The 2 and 3D imaging of HAD and MIR dried material 



INTERNATIONAL SCIENTIFIC CONFERENCE ON 

ADVANCES IN MECHANICAL ENGINEERING 

7-9 November 2019, Debrecen, Hungary 
______________________________________________________________________________________________ 

 

_______________________________________________________________________________________ 

12 

 
Figure 2 The 2 and 3D imaging of FD and VD dried material 

 
The two-dimensional views of Figures 1 and 2 clearly show that the lyophilized product is the least damaged and the 
greatest deformation is observed by the hot-air drying method. 
The Table 1 shows the degree of deformation caused by various drying methods. 
 

Table 1 Deformation due to dehydration 
Drying methods Distance between the base point and the recess, H [mm]*× Ranking 

HAD: Hot-air drying 1,912-2,134 4 
MIR: Mid-infrared drying 1,762-1,986 3 
VD: Vacuum drying 1,714-1,966 2 
FD: Freeze drying 0,923-1,104 1 

*Average values from 10-10 samples.  
×Marked with red in Figures 1 and 2. 
 
According to Table 1, the lyophilized samples have the smallest size change (Based on two-dimensional images.). Ratti 
found that the shrinkage during freeze-drying is minimal (from 5% to 15%) while during hot-air drying is excessive 
(around 80%) [2]. 
 
CONCLUSIONS 
Shrinkage of foods during drying has an impact on quality of the dehydrated material. Deformation of pear during hot-
air drying was greater than vacuum-, mid-infrared- and freeze drying. The high material deformation during hot-air 
drying is due to the high temperature of the drying air (80°C) and uneven heat distribution. The rapid drying rate 
conditions are used at mid-infrared drying which contribute to relatively high shrinkage. There was minimal difference 
between the mid-infrared and vacuum dried samples, although the vacuum dried samples were favored by the low 
pressure. Less material deformation was observed at freeze drying. The effect of vacuum (p=50-90 Pa) and low drying 
temperature (T=-30 - 20°C) at freeze-drying, leads in general to much less deformation.  
Further research is needed, that the digital imaging method is adequate to determine the deformation of dried products 
(for example, the possibility to measure volume loss). 
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Mechanical and tribological behaviour of ceramic materials depends strongly on the quality of the surface layer. Surface 
engineering methods, like ion-implantation, represent advanced techniques for improving these properties. Our former 
studies revealed, that during ion implantation of Si3N4 based ceramics in the vicinity of the surface layer a new 
amorphous region is developing, the microstructural characteristics of which is influenced by the energy of the 
implantation. 
This paper deals with the investigation of the tribological property changes, which occur during the C+ ion-implantation 
of a high-tech Si3N4 based ceramics material. The composition of the investigated material was Si3N4: 90 %, Y2O3: 6 % 
and Al2O3: 4 %, in mass percentage and the ceramics were produced by hot isostatic pressing. The ion-implantation was 
executed with C+ ions at a fluence of 1017 ion/cm2 and an energy of 500 keV, 1 MeV and 2 MeV. 
The implantation resulted in an amorphous layer, near the surface. The depth and thickness of the expected amorphous 
layer was assessed by the so-called TRIM program.  
 

      
 

a    b    c 
Figure 1 TRIM simulation for C+ ion-implantation on to SiAlON ceramic with a) 500 keV, b) 1 MeV and c) 2MeV 

 
The estimated amorphous layer of the implantation with 0.5 MeV, 1 MeV and 2 MeV implantation with C+ ion in the 
case of Si3N4 substance were 0.73 µm, 1.15 µm and 1.77 µm respectively. 
The surface layer, above the amorphous layer remained crystalline after the C+ implantation, although the passed ions 
were partly built into the microstructure. Due to the revealed microstructural changes and the accompanying residual 
stresses the tribological behaviour of the investigated ceramics can be improved. An oscillating tribometer was used to 
accomplish the wear tests. The tribosystems consisted of a Si3N4 based prismatic bar (the testpiece) and a Si3N4 ball (the 
frictional counterpart, 10 mm diameter, commercial quality). The ball was fixed at the top of a lever with an integrated 
load cell for the measurement of friction force. The ball was not rotating, it was mounted on a vibrating table, loaded by 
a normal force. During the measurement the friction coefficient (COF) and the linear wear (Wl) was determined. The 
planimetric wear (Wq) was specified by a diamond stylus instrument crossing transversely the wear scar on the sample. 
The wear coefficient (k) was calculated to characterize the tribological behavior of the ion-implanted silicon nitride 
samples. 
 𝑘 = 𝑊𝑣∆𝑥 ∙ 𝑁 ∙ 𝐹𝑛 

 
 
where Wv : the combined volumetric wear of the ball and the sample; Δx: stroke; N: number of cycles; Fn: normal load. 
 
Table1 shows the test conditions during the wear test.  
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Table 1 Test conditions for the oscillating sliding wear test 

Ball Si3N4 
Sample SiAlON 
Stroke  Δx = 0.2 mm 

Frequency  = 20 Hz 
Normal force Fn = 5 N  

Number of cycles n = 5×104 
Temperature 24 °C 

Rel. humidity 50% 
 
Figure 2 shows the results of the tribological measurements regarding to the untreated and the ion-implanted samples.  

 
Figure 2 Wear coefficient of C+ implanted silicon-nitride ceramics 

 
The wear behaviour of tribosystems with the 0.5 and 1 MeV C+ ion-implanted Si3N4 was improved in comparison with 
that of with the unimplanted reference material, and the related friction coefficients were also lower.  
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The sustainable development of modern society requires new technological innovations in energy storage. Since the 
conversion of energy into kinetic energy is most effectively done by electric motors, it is obvious that the energy 
intended for motion is also stored in electrical form. By using alternative (non-fossil) energy sources, for example, sun, 
wind, nuclear, etc. the energy produced is also generated in the form of electrical energy. As a result, the emphasis on 
electrical energy storage is growing and batteries are playing an increasingly important role as the most efficient way of 
storing electricity. Society researchers estimate the proportion of electric cars in global car sales to 70% by 2050 [1]. To 
achieve these goals, humanity will need a fleet of about 50 TWh batteries [2]. Unfortunately, current battery solutions 
are inadequate for both the balancing of renewable energy production and the long-term storage of electrical energy 
needed for mobility (car batteries and charging or “fuel” station buffers). Reasons include lack of available raw material 
resources, inadequate battery parameters, and cost-effectiveness constraints. However, for aluminium-based batteries, it 
can be shown that aluminium-based electrical energy storage can be a solution for producing high specific energy 
batteries (2.5x higher capacity than Li batteries). Another advantage of aluminium is that it is the 3rd most common 
element in the earth's crust and is almost infinitely available and easy to integrate into the circular economy due to its 
simple recyclability. 
 
One of the most advance aluminium battery innovation is pioneered by the Israeli company Phinergy [3] which is 
working on a new primary nonrechargeable aluminum battery pack (the aluminium battery is removed from the car and 
replaced with a new one) together with Alcoa (Arconic) but the production line will be established finally in China. 
Moreover, the current rechargeable aluminum-ion batteries can reach more than 2.5 times (1 kWh/kg) the lithium-ion 
battery theoretical maximum (300 Wh/kg) which can drastically change the future battery industry [4]. The recent Al-
ion batteries are already capable to store 400 Wh/kg [5] energy. The Al-air battery theoretical energy density is 8.1 
kWh/kg [6] (the value is similar than the density of the coil, the energy density of the natural gas or the gasoline, but 
three times as much per volume [7]). Unfortunately, primary aluminium production requires still 2 times the energy 
content of the theoretical Al-air battery. However, the best current Li-ion batteries have an energy density of only 0.25 
kWh/kg [8]. The increased energy content of the batteries will revolutionize first the electric car industry and later at 
400 Wh/kg density the manned electric aircraft industry [9]. At the moment, the Tesla Model S [10] is capable of 
running 539 km with a 100 kWh rechargeable battery pack (0.207 kWh/kg energy density, 0.19 kWh/km, 0.90 kg/km, 
483 kg Li-ion battery). The new Alcoa-Phinergy electric car was able to drive 1750 km with the current 0.3 kWh/kg Al-
air battery, which can easily be upgraded to 1 kWh/kg. Tesla Model S fueled with the improved Phinergy air battery 
technology would use only 100 kg of Al-air battery, which means that it will be enough to refuel with 100 kg Al for 
such distance. If the theoretical energy capacity of 8.1 kWh/kg Al can be utilized with the current electric power train, 
only 23 kg of aluminium should be refueled, which is only 8.5 liters of aluminium. To compare, this amounts at least 32 
kg and 40 liters of petrol. 
 
Aluminium is one of the most important contributors and playing the role of the main accelerator of the transition from 
a linear to a circular economy. The current approach to the circular economy oversimplifies the classification of 
materials and products as renewable or non-renewable, re-usable or non-reusable or even biodegradable or non-
biodegradable. Aluminium is a permanent material which is more than a re-usable material, one for which the inherent 
properties do not change during use and following repeated recycling into new products. Aluminium is used in its 
permanent material form as a structural or functional material. As a structural material, aluminium is used in the 
building industry and mobility. As a functional material, it is used in the cable and the packaging industry. The 
properties of the aluminium is mostly set by alloying and traditional aluminium transformation technologies as 
solidification, casting, rolling, extrusion, wire drawing etc. The raw aluminium enters into the material cycle through a 
high temperature metallurgical process which transform the oxide of aluminium into aluminium metal. The aluminium 
material cycle contains four main steps. Aluminum is also expected to be a major part of the vehicle's materials. Very 
light car body structures can be constructed from hybrid aluminum which can be made from dirty (dross and or iron 
containing) aluminium melt. Depending on the complexity of the structure, we are talking about single (composite), 
double (foam) and triple hybrid (sandwich) aluminium (figure 1.). 
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Figure 1 Hybrid aluminium classes 
 
The production of aluminum from the ore (oxide) requires a significant amount of energy, and therefore aluminium 
smelting process is currently associated with low-energy price countries. New aluminium metallurgical technology has 
emerged, which will significantly improve the environmental friendliness and cost-effectiveness of primary aluminum 
production, as O2 is a by-product instead of CO2 [11]. In addition, technological advances in the field of secondary raw 
material manufacturers have produced environmentally-friendly salt-free waste recycling technology [12]. Due to the 
novel innovations (hybrid aluminium and battery) applications the two materials and the energy circles can be 
combined into one infinite loop. Summarizing, structuring and coupling the information listed previously an infinite 
aluminium circular economy diagram can be drawn (figure 2.). 

 

 

Figure 2 Aluminium Infinite Circular Economy 
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Pattern recognition method using feature extraction is widely used to classify engineering data sets [1,2,3]. A computer 
program was developed for the measurement of the frequency changes of sensors and engineering data processing. This 
pattern recognition method using feature extraction was applied for classification of volatile substances, detected by 
different sensors. Four sensors were placed in an array and different compounds including organic solvents were 
classified. 

 

 
Figure 1 Experimental setup 

 
The responses of four piezo sensors were investigated as an organic vapor sensor. Nitrogen (1) was filtered (2) and 
mass flow has been regulated (3). Temperature of the sensor array was regulated (11) and kept constant (5). A 
characteristic response was given by each sensor placed in the array. The reversibility, selectivity and sensitivity of the 
sensors to vapors rely on the coating materials covering the sensor surface. Sensor output was frequency change. The 
recorded frequency (7) was extracted from standard reference frequency (8). The flow rate was kept constant (20 L/h) 
for the reproducible responses.  
The coating materials show different sensitivity to organic vapors. From the results four compounds were chosen for the 
characterization of the group of the organic materials. The benzene was applied as a representative compound of the 
aromatic hydrocarbons, acetone for ketones, n-pentane for the hydrocarbon groups, and chloroform for the chlorinated 
hydrocarbons. The frequencies characteristic to the compounds have been recorded. These values were used for the 
preparation of the data matrices. The frequency was converted to pattern with feature extraction. The feature extraction 
method consists of signal processing. The sensor signal can be processed by extraction of the most distinctive feature 
parts of the signal. The lowest and highest frequencies of four crystals were converted into the feature space. Not only 
the highest frequency change but does the lowest one contains valuable information concerning the reaction between 
the coating materials and analytes.  

The feature space means a data files in the computer's memory. In the present case it consists of eight 
frequency values (two for each sensor). For classification of vapors the signals of the sensor array were transformed into 
a concentration independent plane. Linear transformation was applied for normalization of the signal. The process is 
shown by Equation 1. and 2.  
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             Equation 2 

 
 
where  
  
X+    the position of the cluster at the highest value in rows (1....32) 
Y+    the position of the cluster at the highest value in columns  (1...4), 
     (OV1=1, ASI50=2, OV275=3 and PPh-ether=4) 

 ,   the highest and lowest value of the measured frequency on OV1 sensor 

,   the highest and lowest value of the measured frequency on ASI 50 sensor 

,   the highest and lowest value of the measured frequency on OV275 sensor 

,  the highest and lowest value of the measured frequency PPh-ether sensor 
 
R    the resolution of the feature extraction,(R=32) 

 
It can be seen that each transformed response is calculated as the ratio of the summary of the four sensor 

replies. This method could eliminate the effects of absolute amounts of vapors on pattern recognition. The patterns were 
stored as binary data set. The data set gives a value of 1 when a cluster has been found in the column of a sensor. In any 
other case the values are 0. The size of the saved pattern file was about ten per cent of the file of frequencies recorded. 
The number of columns of the data set was equal to the number of the sensors (Fig. 4). The number of rows of the data 
set was proportional to the resolution of the feature extraction. With an increasing resolution the calculation time of 
pattern recognition should considerably be increased. However, large differences in the frequency changes are not 
necessary for the distinction of the patterns. The repeatability of the patterns has been found to be the most important 
criteria of the appropriate recognition.  

At first, the computer program was learned. Sample of organic vapors was injected and the changes in the 
frequencies of the crystals were measured, converted to patterns and saved in the memory. After the teaching process, 
the unknown organic vapor was measured. The pattern of unknown compound was compared with the learned patterns. 
The two binary data sets were processed by K-nearest neighbor method. The unknown sample set has been grouped to 
its nearest neighbor learning point. During the learning process the data base of organic compounds can be formed by 
the given sample set. The maximum score was saved to the matched pattern and the unknown organic compound was 
identified. 
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In recent years manipulator robots have play an important role in the revolution of production philosophy in factories 
and especially in the Industry 4.0 concept [1], due to their flexibility to execute tasks and cooperate with their 
environments. In this article we present an optimization approach regarding a pick and place application of an RV-2AJ 
Mitsubishi robot arm in order to execute a special task. This approach aims to build a card house using one manipulator 
arm and a support element. The optimization approach will create a solution for singularity problem of RV-2AJ arm 
which has five degrees of freedom that limit its workspace. 

 
PROBLEM DESCRIPTION 
The essential goal of our research is building a card house. This task to be achieved usually needs two hands. In our 
laboratory we try to execute this task using only one manipulator arm (RV-2AJ robot) and a simple support element. 
The  task is executed in the real environment (Figure 1.a) and modeled in the virtual environment (Figure 1.b) using 
Solidworks software [2]. 
 

 
Figure 1 Card house building by RV-2AJ robot arm in the real environment (1.a) and  

in a virtual environment of Solidworks software (1.b) 
 
We started at first by manufacturing all the elements needed for this operation presented in Figure (2).  
The components of the card house are the following:  

- 12 cards (slanted cards) having a special form (Figure 2.b) to create A shape and guarantee the stability of the 
structure,  

- 3 cards in horizontal position having rectangular shape (Figure 2.c) located between the levels of the card house, 
- one card which is a support element (Figure 2.d) to help fixing the single slanted cards.  

The cards were manufactured from wood material using CNC machine. 
 

 
Figure 2 Elements needed for card house building 
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OPERATION IN THE REAL ENVIRONMENT 
 
The robot arm is in vertical placement  
The task is divided into subtasks starting by realizing the first small A shape composed by two cards where RV-2AJ 
executed the program clearly but the precision in the parallelism of two cards was not correct as presented in Figure (3). 
The problem was due to the normal vertical placement and the singularity of RV-2AJ arm which has 5 degree of 
freedom that limits its workspace to achieve some positions and cause the angle problem resulting instability (red 
rectangle in Figure 3).  
 

 
Figure 3 Executing the subtask by RV-2AJ arm 

(arm in vertical position) 

 
Figure 4 Optimal solution for singularity problem  

(arm in horizontal position) 
 

The robot arm is in horizontal placement  
 
The solution for this problem was based on the optimal formation of the workspace which means finding a new 
placement for RV-2AJ arm presented in Figure (4). Where the arm in the horizontal position can move and rotate the 
end effector more precisely to reduce the positioning errors providing stability of the card house. 
 
Operation in the virtual environment (simulation) 
 
The modeling of the card house in the virtual environment aimed to create at first the CAD model of RV-2AJ arm in 
Solidworks (Figure 1.b). In the future research we would like to optimize the motion of the robot arm by the application 
of our own program written in Python using the Tree search algorithm [3] which defines all the steps of the motion. 
Using V-rep software [4] we can synchronize the CAD model and our optimization program. The result of the 
optimization will be the reduction of total cycle time of the construction. 
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The GearTeq software is a unique designing program for many types of gear pairs (spur gears, helical gears, bevel 
gears, worm gears, elliptical gears, epicyclic gear trains, etc.). Knowing of the recommendation of the references an 
engineer can set the input parameters of several pinion and driven gears and after that this program can calculate the 
other necessary parameters. During the designing process the designing gear geometry could be followed by schematic 
figures.  

 
Figure 1 Designing of a helical gear pair by GearTeq and Solidworks softwares  

(max=15 mm, z1=20, z2=25, β0=30°, right hand, α0=20°) 

 
Figure 2 Designing of a bevel gear pair having straight tooth by GearTeq and Solidworks softwares  

(max=5 mm, z1=20, z2=30, α0=20°, Σ=90°) 

 
Figure 3 Designing of a helical bevel gear pair by GearTeq and Solidworks softwares  

(max=5 mm, z1=20, z2=30, α0=20°, Σ=90°, right hand, β0=20°) 
 
If we know the geometry of the pinion or the cutting tool this software can determine the connecting element by the 
kinematic track of the tool or double wrapping. Unique gear geometries could be designed by overwriting of the 
references. All of the determined parameters could be saved into Excel and the geometric shapes could be saved into 
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SolidWorks designer software for further utilization (motion simulations, CAM, CNC designing, TCA, etc.). In this 
topic some our-designed special gear pairs are shown. 

 
a) max=5 mm, z1=1, z2=30, α0=20°, Σ=90°, right hand 

                       
b) max=5 mm, z1=4, z2=30, α0=20°, Σ=90°, right hand c) max=5 mm, z1=6, z2=30, α0=20°, Σ=90°, right hand 

Figure 4 Designing of cylindrical worm gear drive by GearTeq and Solidworks softwares  

 
Figure 5 Designing of epicyclic gear train by GearTeq and Solidworks softwares  

(max=5 mm, zinternalg=67, zsungear=37, zplanetp=15, α0=20°) 

 
Figure 6 Designing of internal gearing by GearTeq and Solidworks softwares  

(max=5 mm, z1=20, z2=10, α0=20°) 
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The Gurson–Tvergaard–Needleman (GTN) model, is widely used to predict the failure of materials based on lab 
specimens, The direct identification of the GTN parameters is not easy and its time and money consuming. 
The Gurson model based on micro-mechanical behavior of ductile fracture, containing void nucleation, growth and 
coalescence. 
The most used method to determine the GTN parameters is the combination between the experimental and FEM results 
but its time consuming as we have to repeat the simulations for many times until the simulation data fits the 
experimental data in the specimen level (axisymmetric tensile bar and CT specimens), but there are also other methods 
used to determine the GTN parameters, the aim of these methods is to determine the parameters in short time as 
Artificial Neural Network, Hybrid Particle Swarm Optimization,. Metallographic Method. 
In this paper, we determine the GTN parameters for the SENT specimen based on the fracture toughness test of CT 
specimen.  
The reason behind choosing the SENT specimen is because it can be an excellent representative of the pipe for both 
uniaxial and biaxial loading conditions. [1] 
The Results show that the GTN parameters concluded from CT simulations, predict very well the crack initiation and 
propagation of SENT specimen (Figure 1) which confirm the validity of this model, as already proved in the literature. 
 

 
Figure 1 Force-COD curves of the predicted simulation and Experimental data 

 
The main goal behind using the GTN model is to predict the crack initiation and crack propagation, and as we can see in 
figure 2 and figure 3 the GTN model was a powerful tool to predict the failure of the SENT specimen. 
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Figure 2 the contour plot of the void volume fraction of the deformed specimen 

 
Figure 3 The crack propagation in the sent specimen 
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Metallic foams combine numerous unique properties which makes them ideal for different engineering applications, 
such as lightweight structural sandwich panels, energy absorption devices, and heat sinks [1]. Interest in the porous 
metal field has increased in the last few decades, however, the most researched material is still aluminium, due to its 
capacity to produce a highly porous material (over 90% porosity), in large quantities, at low cost prices [2]. 
The aim of this research is to develop and characterize aluminium- expanded perlite syntactic foams with high porosity 
via spark plasma sintering (SPS). The main concern when processing metallic foams from solid state is the oxide layer 
formed on the surface of the aluminium particles. The SPS method has been chosen with the purpose of diminishing the 
effects of the oxide layer, providing a better control over the sintering process.  
The materials used to carry out this research were fine aluminium particles, obtained by mechanical milling, with a 
flaky shape and a particle size range between 20 and 40 μm . The expended perlite, a natural, inorganic, granular 
material, had a size range of <500 μm and a density of 0.25 g/cm3. Both materials have been characterized by Scanning 
Electron Microscopy (SEM), which showed that there are two types of perlite particles: fully expended particles and 
perlite particles in the beginning stages of expansion.  
In the first step of the process, three batches of samples were prepared. One batch with aluminium powder in a ratio of 
60% volume percentage of perlite, one sample with 70% volume percentage of perlite, and one with 80% volume 
percentage of perlite, respectively. The resulting mixtures were homogenized for 15 minutes, by shaking, during this 
step the aluminium powder covers the perlite particles. The second step consisted of sintering the mixtures by SPS in an 
argon atmosphere, at a temperature of 550 °C. 

 

 
a). 

 
b). 

Figure 1 SEM image of the starting powders: a). flaky aluminium and b). rounded expanded perlite 
 
For this research, the sample’s topography was characterized by Scanning Electron Microscopy and their 

mechanical properties by compression tests. The SEM images indicate a low sintering rate for the metallic foams 
obtained from the particles that were not fully expanded and better consolidation between particles in the samples 
obtained from fully expanded perlite. The compression tests showed that the foams with 60% volume percentage of 
perlite exhibit a similar behaviour as aluminium, while the 70% and 80% volume percentage of fully expended perlite 
samples present a more metallic foam-like behaviour.  
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a). 

 
b). 

 
c). 

 

Figure 2 SEM image of the sintered samples a). 60% perlite; b). 70% perlite and c). 80% perlite 
 
The samples densities vary from 1.73 g/cm3 to 1.16 g/cm3.This values correspond to a weight reduction from 

36% up to 57%. The compression strength for the samples containing 70 % perlite particles is around 18 MPa and 
decreases to around 13MPa for the samples containing 80% perlite. Energy absorption (W) and its efficiency (EW) 
calculations have been carried out using the Origin software. For the 70% volume percentage of perlite samples W= 
3.22 MJ/m³ the efficiency was EW= 90%, and for the 80% volume percentage we obtain W= 4.79 MJ/m³ and EW= 
70%. 
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Nowadays foundry technologies are the main users of quartz sand, which is used as the base material of moulding and 
core making. Traditional sand technologies are still dominating all other foundry processes so much, that about 80% of 
the castings made worldwide are performed by this method [1] In recent years, foundry technologies have strongly 
developed, but they are still applying quartz sand as the main material for core production. Therefore, the application 
and reusability of sand plays an important role in the foundry world. The other major factor is the ever stricter 
environmental and health laws. These changes negatively affect the cost of depositing the used sand and the reclaimed 
sand as the procedures are becoming more and more expensive. Foundries are trying to recycle the used sand in the 
sand circuit system in order to save costs, thus in most cases, the used sand will be reclaimed. Reclamation of used 
sands can be defined as a conversion process of foundry sands into a moulding material which properties similar to new 
sand, by removing the residual binder. [2], [3] Generally applied reclamation processes are used practically for all 
foundry sands, but the reclamation is not always successful, especially when the binder materials are inorganic. The use 
of inorganic binders has been increased significantly in recent decades, because it is less harmful to the environment 
and health, due to zero emission and there is no unpleasant odour occurring during core production and casting. 
Hydrated sodium silicate is one of the most popular and commonly applied inorganic binder. [4] However, continuous 
research and development in the field of inorganic binder systems are required in order to ensure their problem-free 
application. 
 
The aim of presented research was to determine the mechanical and granulometric properties of inorganic used sand. 
The inorganic used sand was recycled in multiple rounds using the same sand mixture recipe. As research materials, a 
Slovakian 3-components quartz sand and a modified inorganic binder were used. The applied amount of binder for each 
recycled round was 2,2m/m%. The used sand was thermal loaded at 150°C and 600°C for one hour. After lump 
crushing, the used sand was recycled for making the new mixture from which the new test piece was created. The 
bending samples were produced using Multiserw Universal Core Shooter laboratory machine. Table 1 shows the 
production parameters for bending samples. 
 

Table 1 Default test parameters for samples 

Core box temperature 180°C 

Gassing temperature 100°C 

Shoot pressure 3bar 

Gassing time 30s 

 
During the research, the granulometric properties of the recycled used sand were investigated after every cycle. Due to 
this process, it has been occurred, that the grain composition of used sands shifted towards the coarse grain fraction. 
The mechanical properties were tested with the Multiserw Universal Strength Testing Machine. The results of the used 
sand, after being thermal loaded at 150°C for an hour, are shown in Figure 1. 
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Figure 1 Bending strength of used sand after 150°C thermal stress 

 
Figure 1 shows that in this case, there is a decrease in the immediate binding strength. In the second recycled round, a 
10% strength value increase can be observed after one-hour preservation, however after the third recycled round this 
strength value is steadily decreasing. The residual strength value increased by 30% for second recycled round, but after 
that, even these residual strength values were started to decline. 
Summarizing the results, all the data we collected were organised according to their process parameters, then 
measurements were made towards the connection between the ever coarsening sand particles during each cycle and the 
decline in strength properties. 
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Experiments are connected to the analysis of internal combustion engines with wavelet-based feature extraction. It has 
been investigated how the needle shape and position influence the vibration level of the engine with a defined main jet 
and pilot jet combination in the carburettor. With lean petrol-gas ratio the combustion develops detonation that produces 
a special knocking sound and vibration form that is harmful to the piston, rod and bearings of the engines but it is not 
easy to detect in the early cases especially in higher rpm’s. In this experiment Keihin PWK 36S carburetor was used 
with constant setting of 165 main jet, 35 pilot jet, N2ZW needle #3 position, AS 1.75 turn out. Different fuels were used 
and the compression ratio was adjusted by the cylinder base gasket thickness from 0.2 mm up to 1.2 mm. Thicker 
gasket means higher compression. 
To create more torque and power from the engine the pre-ignition angle could be increased and the compression in the 
cylinder head if it is changed to a high-compression head or milled to produce lower X dimension and squish. In both 
cases the risk of detonation is high even if high octane petrol is used. The knocking detonation was measured by 
wavelet methods using not only petrol but race fuel and methanol. As the part of technical maintenance and diagnostics 
it is important to reveal this phenomena and avoid it. Both methanol and ethanol burn at lower temperatures than 
gasoline, and both are less volatile, making engine starting in cold weather more difficult. Using methanol as a fuel in 
spark-ignition engines can offer an increased thermal efficiency and increased power output (as compared to gasoline) 
due to its high octane rating (114) and high heat of vaporization. However, its low energy content of 19.7 MJ/kg and 
stoichiometric air-to-fuel ratio of 6.42:1 mean that fuel consumption (on volume or mass bases) will be higher than 
hydrocarbon fuels. Besides the detonation phenomena the water pump bearing was checked by wavelet analysis with 12 
different wavelets. 
 
For effective fault detection it is critical to find a proper wavelet that matches well with the shape of the signal at a 
specific scale and location. Low transform value is obtained if the signal and the wavelet do not correlate well. Visual 
observation of contour plots is not appropriate for adequate wavelet selection. Thus, a more sophisticated method for 
wavelet selection is used in this experiment. Real valued wavelet is compared to complex Morlet wavelet according to 
the Energy-to-Shannon-Entropy ratio criteria to determine which is the most efficient for detecting the manufacturing 
fault. Complex Morlet wavelet is a kind of band-pass filter which has a good capacity for noise reduction and bearing 
fault frequency detection. The center frequency and bandwidth of complex Morlet wavelet is adjustable, thus, it has 
more flexibility for feature extraction. To determine the efficiency of the designed wavelet and compare to the other 
wavelets, a test-rig was constructed equipped with high-precision sensors and devices. The designed wavelet is found to 
be the most effective to detect the knocking phenomena of the internal combustion engines. 

    𝐷𝑊𝑇(𝑗, 𝑘) = 1√2𝑗 ∫ 𝑠(𝑡) ∙ Ψ∗∞−∞ (𝑡−2𝑗𝑘2𝑗 )𝑑𝑡       𝜓(𝑥) = 1√𝜋𝛽 𝑒2𝑖𝜋𝑓0𝑥𝑒−𝑥2𝛽      𝐸(𝑛) = ∑ |𝐶𝑛,𝑖|2𝑚𝑖  𝑆(𝑛) = − ∑ 𝑝𝑖log2𝑝𝑖𝑚𝑖=1  
 
NI 9234 DAQ is used in the experiment that delivers 102 dB of dynamic range with sampling rates up to 51.2 kHz per 
channel with built-in anti-aliasing filters. 32 bit AMD Athlon II X2 M300 2.0 GHz processor is used for data 
processing. PCB IMI 603C01 vibration transducer is applied with low noise level, high sensitivity of 100 mV/g, 
frequency range up to 10 kHz with top exit 2-pin connector. The accelerometer is placed on the surface of the cylinder 
by heat resistant Loctite glue after degreasing. KTM EXC 300 2-stroke dirt bike engine was analyzed in the experiment. 
Compression ratio was modified from 10:1 to 13:1 by adding thin base cylinder gaskets and milled cylinder head in 
case of the 13:1 highest compression. Water pump bearing was KTM grooved ball bearing 6901v c3. Measurements 
were executed at idle of 1350 1/min. 
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Figure 1 Knocking measurement  with PCBIMI603C01 transducer (left), cylinder base gasket changing procedure 

(middle) and the water pump bearing (right)  
 

Table 1 Energy-to-Shannon Entropy values with 95 octane fuel with 14:1 compression with knocking combustion 
Compression knocking phenomena results Water pump bearing fault detection  

Wavelet  E/S Wavelet E/S Wavelet  E/S Wavelet E/S 
 Symlet-02 78.59 Mexican hat 68.74  Symlet-02 63.15 Mexican hat 79.42 
Symlet-05 94.53 Coiflet-04 102.44 Symlet-05 74.56 Coiflet-04 88.46 
Symlet-08 111.37 Meyer 98.65 Symlet-08 107.68 Meyer 53.47 
Daub-02 81.45 Haar 57.34 Daub-02 64.67 Haar 51.98 
 Daub-05 97.56 Morlet 123.78  Daub-05 81.54 Morlet 103.45 
Daub-08 109.43 Cmor (452,1785) 161.36 Daub-08 120.42 Cmor (218,2856) 121.78 

  
Table 2 Vibration acceleration values [mm/s2] and wavelet parameters of the engine analysis,  

Fuel Type 
Compression ratios Wavelet type with 

parameters 11:1 12:1 13:1 14:1 
95 octane 22.46 23.12 124.87 157.79 Cmor (452, 1785) 
98 octane 20.47 22.74 22.54 143.41 Cmor (452, 1785) 

100 octane 19.33 21.79 21.85 63.69 Cmor (452, 1785) 
Race Fuel (106 

octane) 
18.77 20.12 

20.78 21.47 Daubechies_14 
and Cmor (452, 1785) 

Methanol (114) 19.12 20.76 20.89 23.78 Cmor (452, 1785) 
 
Knocking detonation was occurred with 95 octane and 98 octane petrols under 14:1 and 13:1 compressions. In case of 
100 octane petrol we perceived partly detonation with increased value of 63.69 mm/s2 vibration acceleration. They are  
highlighted in the Table 2. In the experiments Cmor (452, 1785) which was produced the best E/S ratio that means the 
highest efficiency to the knocking detection. For the waterpump fault detection Daub-08 and the  designed Cmor 
(218,2856) wavelet appeared to be the most efficient. Faults on the bearing derived from operation wear processess. Four 
bearings were examined with different wear conditions counted in operational hours (21, 57, 111 and 218 hours). All 
bearing came from motorcycle repair workshops for the experiment and they were repaired in the motorbike in the 
experiment. 
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INTRODUCTION 
Impossible figures are combinations of geometric elements positioned in specific compilations that create the illusion of 
completed objects, but at the same time have an extremely impossible vision. This is especially the case when certain 
details are interwoven in a particular order or position. Creating them requires a rich imagination and understanding of 
three-dimensional space. Impossible figures are a good tool for developing logical thinking, creating creativity in 
adolescents, and are often used in the educational process. Impossible figures are present in the visual arts, architecture 
and spatial form shaping. These types of figures are challenging for both the users and the authors of the compositions 
themselves. In the development of conceptual designs, various techniques are used, based on the knowledge related to 
conventional geometry, spatial vision and exact isometric coordinates. Some of the popular models of impossible 
figures were created as sculptures by Australian artist Brian Mackay and architect Ahmad Abbas [1 - 3]. 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 1 Popular sculptures of impossible figures [1-3] 
 
The impossible figures are the inspiration of the Dutch graphic artist M.C. Escher, who has sketched the popular 
artworks “Waterfall”, “Belvedere”,  “Ascending and descending”,  and more [4-9]. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2 Popular works by the Dutch graphic artist M.C. Escher. From left to right: “Waterfall”, “Belvedere”, 

“Ascending and descending” [4-9] 
 
Over time, impossible figures have become increasingly popular and interesting to a wide range of professionals, 
ordinary people, adolescents, and people with multiple interests. Impossible figures begin to be interpreted in 
architecture, in interior and exterior design, in computer and mathematical modeling. In certain cases elements are 
borrowed or involved in diverse compositions [10–19]. This is possible when conventional design, modeling and other 
design techniques are applied [20-25]. Based on these, hybrid models have been successfully implemented. In recent 
years, there has been a steady increase in video and animation and other types of interpretations of impossible figures in 
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combination with physical processes, where the emphasis is on the influential effect of perceptions in order to develop 
logical thinking and improve spatial-analytical memory [26-30].  
 
MATERIALS AND METHODS 
Creating three-dimensional geometry of impossible figures is a challenge not only logically but also technically and 
constructively. It is necessary to make the right selection of applicable software, knowing the technical capabilities of 
the program, in accordance with the approach applied by three-dimensional designers. A good solution is the 3D 
Blender program [31-37]. It has all the resources available to fulfill the set goals, and through it it solves the tasks 
related to the development of three-dimensional geometry. The following are relevant: 

- The individual logical approach of the designer; 
- Conventional Blender 3D Design Technique; 
- Application of specialized modifiers in the work process. 

 
Figure 3 shows the digitally realized 3D models of impossible Penrose triangle, Penrose Stairs, and Necker cub figure. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Computer made 3D models of impossible figures using open source Blender software 3D. From left to right: 
Penrose triangle; Penrose Stairs; Necker cub 

 
In this study, the technique for visualizing a selected developed model (Penrose Triangle) is presented in a 
sequence that fully reveals the way in which it is possible to design an impossible model that actually has 
real correct geometric characteristics.  
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EVOLUTION OF ROTARY PISTON ENGINES 
The evolution of rotary piston engines began at a distance and took place on two branches: from the screw compressor 
ancestors and from the progressive cavity pumps. The screw compressor branch is not analysed here because of the 
largely different build-up.  
The progressive cavity pumps direction began in 1932 with the invention of the American inventor Moineau [1]. His 
design consisted of a rotor with two superimposed rotary motions, i.e. planetary motions, and a stationary chamber 
having an inner screw surface surrounding the rotor. Moineau's compact design induced the creation of several variants. 
The patented Dudás motor [2], unlike the previous designs, comprises continuously variable pitch screw surfaces, see 
Figure 1b. The goal of this analysis is to reveal its potential. 
The famous construction (1951, see Figure 1a) of Felix Wankel [3], is a planar realization of the two rotary motion and 
the helical shape is missing. Under the name Wankel engine which in fact has so far represented the rotary piston 
engines alone, instead of the rotary piston and rotary chamber version the planetary piston version having stationary 
chamber suggested by Hanns Dieter Paschke [4] is known. All major car manufacturers have been experimenting with 
this design, but Mazda has got the furthest. 
 

                                                         
Figure 1 (a) Wankel-built DKM 54 clean rotary motor [3] and (b) the Dudás motor [2]. 

 
COMPARISON OF ADVANTAGES AND DISADVANTAGES OF PLANAR AND SPATIAL ROTARY 
PISTON INTERNAL COMBUSTION ENGINES 
The advantage of rotary piston engines over alternative piston engines is their incredible smooth, quiet running and 
compact design. Due to their high rpm and very good power/weight ratio they are more suitable for racing cars. The 
main advantage of Dudas engine relatively to the Wankel engine is the 3 dimensional (3D) spatial construction where 
the construction freedom in axial direction appears and allows parallel strokes and phases not only on different sides of 
the rotary piston but along the axis also. Additionally it makes possible optimizations through the thread pitch function.  

Main Disadvantages The Wankel engine that has an extruded planar (2D) construction is similar to conventional 
two-stroke engines for flow control, where the openings are closed by the piston. The problem is similar, that is, the 
expanding gas is not completely burned when the spill gap opens. This causes fuel loss, power loss and environmental 
pollution. The very rapid cyclic temperature change at the rotor gaskets because of the constant temperature difference 
between the inlet and expansion sides of the housing imposes high demands on the material of the gasket. All these 
operational problems do not appear at first glance evaluating the brilliant geometric design. The lubrication with oil 
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injected into the suction cavity to lubricate the sliding edge and side seals results in high levels of pollutant and odor 
emissions.  
Bearings Due to the eccentric shaft, Wankel motors usually have plain bearings, which are disadvantageous in 
operation due to mixed friction at start and stop. At the same time, dynamic loads are better tolerated. The Dudás motor 
without rotor friction is clearly fitted with ball bearings, which can be made of ceramic, do not restrict accessing very 
high speeds of up to 40,000 rpm at very high temperature. 
Efficiency In terms of efficiency, the Wankel engine can be said to have a crank drive loss of about 1% and a 10% loss 
due to the fact that the compression ratio cannot be set to the required level. All these problems do not exist with the 
Dudás engine because it contains only rotating moving parts, the compression and expansion ratios are independently 
adjustable over a wide range, the sucked compressed mixture and the expanding working gas are completely separated. 
Even after-ignition can be used at any location in the expansion chamber. This great degree of freedom results from the 
fact that the construction is not planar (2D) but spatial (3D) in relation to the Wankel engine. However, the drawback of 
the Dudás engine is that it is longer in size, which requires dimensioning of the rotor deflection, and the manufacture of 
the shaped rotor and especially of the split chamber is demanding and complex, i.e. expensive. This justifies, among 
other things, the production of these parts from ceramics, which eliminates the need for cooling and heat loss.  
Compactness, power/volume ratio The Wankel engine is more compact. The Dudás engine is less compact due to the 
larger length. With the better power/weight ratio, this engine boasts four longitudinal phases that are doubled on both 
sides of the rotor, when three strokes works at one time on the three sides of the rotor in the Wankel engine.  
Engine Parts Since the gaskets appear as separate elements, the amount of parts of the Wankel engine may be larger. 
Engine Assembling and Mantainability Assembling is partly related to the number of parts and affects the 
mantainability. To piece together the Wankel engine is easier. The Dudás engine requires more precision in assembly. 
Engine Failure Probability The failure probability of a Dudás engine is clearly smaller, since the piston and rotary 
chamber are only rotating, there is not even contact, the main problem occurs with gears and bearings. The final version 
of the engine should be made of ceramic. Zirconium-based industrial gears and bearings can already be purchased. On 
the other side the Wankel engine needs frequent replacement of the edge seals. 

CONCLUSION 
The article analyzed the advantages and disadvantages of 2D Wankel and 3D Dudás rotary piston internal combustion 
engines. Opposite to advantageous compactness of Wankel engine, the exhaust imperfections, exhaust gas mixing with 
the intake mixture, and the high oil consumption due to the lubrication requirements can be mentioned. The full ceramic 
design would increase the chances of a Dudás engine, taking advantage of the friction-free operation, but it would 
require the development of a fuel component that does not generate harmful combustion products against to the gap 
sealing operation. In addition, one of the perspectives of converting hydrocarbons into motion energy, due to the 
extremely high operating temperatures and the extremely high speeds resulting from the design, is the motor that only 
rotates. 
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In this study we consider the problem of single circular elastic inhomogeneity embedded within a circular 
cylinder whose curved boundary surface is subjected to surface traction acting on axial direction. We investigate 
the displacement neutrality of the coupled system of host body and inclusion. Neutral inhomogeneity (inclusion) 
does not disturb the displacement, strain and stress fields in the host body. The deformation of the considered 
inhomogenneous cylinder is antiplane shear deformation.  
The antiplane shear deformation is a special case of the state of deformation in a solid body. This state is achived when 
the displacements in the body are zero in the plane of interest but nonzero in the direction perpendicular to the plane. If 
the plane of antiplane shear deformation is the plane Oxy of the rectangular Cartesian frame Oxyz and the displacement 
vector is represented as 
 
 𝐮 = 𝑢𝐞𝑥 + 𝑣𝐞𝑦 + 𝑤𝐞𝑧 ,  
 
where 𝐞𝑥 ,  𝐞𝑦 ,  𝐞𝑧 are unit vectors in x, y and z directions, then the antiplane shear deformation is defined by the next 
equations [1,2,3] 
 
 𝑢 = 0,     𝑣 = 0,     𝑤 = 𝑤(𝑥, 𝑦). 
  
This means that if we consider a cylindrical body (Fig. 1) whose generators are parallel to axis z, all cross sections of 
this body have same deformations according to Eq. (2). The strain field of infinitesimal antiplane shear deformation is 
expressed as 
 

 𝛾𝑥𝑧 = 𝜕𝑤𝜕𝑥 ,     𝛾𝑦𝑧 = 𝜕𝑤𝜕𝑦 , 
  
where 𝛾𝑥𝑧 = 𝛾𝑥𝑧(𝑥, 𝑦) and 𝛾𝑦𝑧 = 𝛾𝑦𝑧(𝑥, 𝑦) are the shearing strains, other strains are zero. The cross section of the 
cylindrical body is a simply connected bounded plane domain, it is denoted by A. The boundary curve of A is indicated 
by 𝜕𝐴 (Fig. 1). In our example A is a solid circular domain (Fig. 2). It is assumed that the material of the considered 
host body is homogeneous cylindrical orthotropic linearly elastic. The material of the cylindrical inclusion is isotropic, 
homogeneous and linearly elastic. The coupled system of host body and inclusion is shown in Fig. 2. The radius of 
cylindrical boundary surface of circular inclusion is a, and the radius of circular boundary of host body is R (Fig. 2). 
The connection between the host body and inclusion is perfect. The coupled system of host body and inclusion is called 
z-homogeneous cylindrical bar since the material parameters depend only on the cross sectional coordinates x, y. In this 
study we consider the problem of a single circular elastic inclusion embedded within a circular cylinder whose 
boundary surface is loaded by axial traction. We investigate the displacement neutrality of the coupled host body and 
inclusion. The netural inhomogeneity does not disturb the displacement, strain and stress fields in the host body. 
During our investigation we derive the governing equations of the host cylinder and provide solution for the axial 
displacement and shear stress. Then the equations and solution are formulated for the host cylinder with inclusion. 
Some numerical examples illustrate the developed method. The study formulates the condition of existence of neutral 
inhomogeneity. 
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Figure 1 Cylindrical body with equilibrium surface traction 
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Figure 2 Circular cylinder with inclusion 
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Cement bonded particle boards are produced since 1928 [1] and are widely spread in building construction even until 
today. For cement bonded particleboard production not all, the wood species are suitable. Contrary to other materials 
wood is anisotropic, inhomogeneous and capillary diverse porous, and several studies emphasized that the measurable 
characteristics are wood species dependent [2]. Furthermore, within one species, the properties may differ according to 
the plantation characteristics and eventual clone variations of the same wood species [3-4-5]. Choosing the right wood 
species depends on the chemical structure of wood and on the type of wood cement composite produced, because the 
sugar and tannin content of the wood species is different [6]. It is important to choose the right wood species, the ratio 
of wood cement and ratio of cement water because the amount of extractives effects the cement hydration process [7].  
In addition, the age, place of growth and season of harvesting are with influence also. The Scots pine is usually used in 
production of cement bonded particleboards because contains few extractives. Alpár and Rácz [8] proved that the poplar 
hybrid I214 is suitable for cement bonded particleboard production and more economic than Scots pine. Over time, 
many studies were made to find more alternatives for producing the cement bonded wood composites the date palm tree 
(Phoenix Dactylifera L.) was one of the interesting wood species especially on the Middle Eastern countries and north 
of Africa. For the wood-based industries in Algeria, more than 150 million tons of solid wood were used [9]. All part of 
date palm can be used in production like trunk rachis or leaflet. Haba et al [10] made new insulation material from date 
palm concrete. Ramadan et al [11] produced cement-bonded particleboard from date palm with positive results. This is 
why in our next study we want to produce CBPB from date palm tree leaflet. Before experimental board production we 
desired to enhance it’s fire resistance. Fire retardation has many aspects, it could be related to many factors not just the 
type of fire retardants, but also concentration of fire retardants could make difference since wood is orthotropic 
material. In this study a date palm tree leaflet were used (Phoenix Dactylifera L.). It was broth from the oasis of oued 
souf, Algeria. The reason of using the date palm tree leaflet not the solid wood is that in parallel a CBPB were made 
from it. Two types of fire retardants have been used as test liquid: the boron compound Disodium-tetra borate 
(Na2B4O7) known as Borax, and phosphorous compounds DSHP (Na2HPO4) in two concentrations: 25 g/l and 77g/l and 
DAHP ((NH2)4HPO4) in two concentrations: 25 g/l and 300 g/l. For testing the fire retardancy of the fire retardants, a 
calorimeter test was made. Before the test, date palm leaflet kept at room climate of  65% RH and temperature of 20°C 
until reaching constant weight of 6% MC. 8g of date palm leaflet has been soaked into each fire retardant for 1 min, 
then drained and let to dry for 24 h, after that put to room climate till reached 6% of MC. The test has been made by 
Parr™ 6200 Compensated Calorimeter. The test has been repeated 5 times for each fire retardant. After measuring, the 
heat of combustion results showed (figure1) that Borax had no effect on fire resistance of the date palm leaflet and the 
same results for the other test liquids with low concentration. While PEG400 made the fire resistance worst. In other 
hand the fire resistance of the date palm tree leaflet increased with 5,37% for DAHP with concentration of 77g/l. and it 
increased with 19,80% for DAHP with concentration of 300g/l. According to previous studies, phosphorus compounds 
are well known as fire retardants of wood because it reduce the thermal degradation of wood. In general, phosphorus 
compounds forms acids that decrease the wood temperature and as result increase, its dehydration and char formation in 
this study two of the phosphorus compounds were used the DAHP and DSHP. In fire test, DAHP and DSHP barely 
improved the fire resistance of the date palm leaflet but when the concentration was increased, they were very effective 
as fire retardants. DAHP and DSHP with the high concentration form a thin white layer on the treated samples surface. 
That layer worked as protective layer from the fire. The DAHP and DSHP proved that are suitable fire retardants for 
wood but only if the concentration is high. The aim of next study is producing CBPB with particles of date palm leaflet 
treated with these fire retardants. Moreover, test the fire resistance of boards and testing the effect of fire retardant on 
the density and mechanical properties of boards. 
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Figure 1 Heat of combustion (MJ/Kg) of date palm leaflet 
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INTRODUCTION 
The principal disadvantage of distillation, which is the most commonly used method for the separation of liquid 
mixtures, is its very high energy demand. Continuous distillation (CD) is used where large quantities of liquids have to 
be distilled, in which the feed is continuously fed into the column at a specific location that may have a great influence 
on the energy demand. On the other hand, batch distillation (BD) is frequently used for the separation of mixtures of 
varying composition or amount. By BD, the whole amount of charge is filled into the reboiler. BD usually requires 
more energy compared to CD. By combining CD and BD, different policies of semi-batch distillation (SBD) can be 
performed. By SBD1, one part of the feed is continuously fed into the reboiler of the batch column [1] and by SBD2, 
the continuous part is fed into one plate of the batch column. For different binary mixtures, using SBD2 led to a 
decrease of the specific energy demand (SED) compared to the BD [2-3]. 
In the present work, semi-batch distillation policies for a ternary mixture are investigated for the first time by computer 
simulation using the flowsheet simulator ChemCad. Our aim is to compare the specific energy demands (SED) of the 
different policies defined as the reboiler duty divided by the amount of charge or the distillate (MJ/kmol). The 
composition of the mixture to be separated is 33.3 mol% n-hexane, 33.3 mol% n-heptane and 33.3 mol% n-octane. The 
prescribed purity for each component is 95 mol%. Soave-Redlick-Kwong (SRK) thermodynamic model was chosen for 
describing the phase equilibrium conditions. In this work, we compare the specific energy needed for the production of 
n-hexane (A) only. 
 
PROCESS DESCRIPTION  
For all processes, the purity (95 mol%) and the recovery (98%) of n-hexane are the same. 
For continuous distillation, the separation of the ternary mixture is performed in two continuous columns in direct 
sequence. The majority of n-hexane is obtained in the distillate of the first column. The minimum energy requirement 
can be found by changing the feeding location or the purity criterion and the recovery of A specified. The n-hexane 
recovery was specified by fixing the amount of n-hexane lost in the bottom product of the first column. 
By BD, the maximum liquid volume is filled into the still pot. After the heating-up of the column, a first cut is taken to 
obtain A as distillate in a product tank and B and C remains as still residue. This step is stopped when the purity of A in 
the tank decreases to its specified value. For this policy, the reflux ratio (R) is adjusted in order to reach the same 
recovery of A as by the CD. 
By the SBD policies, the continuous feeding begins immediately after the heating-up. Similarly to BD, A is produced in 
the first cut, which is stopped when the purity of A decreases to its specified value. After this step, the continuous 
feeding must be stopped. For SBD1 (feeding into the reboiler) and SBD2 (feeding into the column at a fixed location), 
the value of R must be determined to ensure the prescribed recovery of A. For SBD2, the optimal feeding location, 
where SED is minimal, must also be determined. 
The data of the column (operating at atmospheric pressure) are the same for all the policies studied. The number of 
theoretical plates (in the ChemCad model): N=32 (including the total condenser and reboiler). The feed is always liquid 
at its boiling point. For the BD and SBD policies, the following additional specifications are given. The volume of the 
reboiler: 10 m3, the maximal liquid volume in it: 8 m3. The hold-ups: condenser: 0.08 m3, column (total): 0.08 m3. The 
volumetric flow rate of distillate is 1 m3/h. At the start, the reboiler is filled up always until its maximal volume. For the 
SBD policies the reboiler volumetric hold-up is kept constant (close to the maximum) so the flow rate of the continuous 
feeding equals to that of the distillate (1 m3/h). 
 
PROCESS MODELS 
The separation of the ternary mixture is studied using rigorous simulation calculations with the ChemCad 6.4 
professional flow-sheet simulator (‘CC-BATCH’, ‘CC-STEADY STATE’ modules [4]). For continuous distillation 
(Fig. 1a), the separation is performed with two SCDS distillation columns, n-hexane is obtained as distillate in stream 
number 3. For the BD (Fig. 1b), SBD1 and SBD2 (Fig. 1c), n-hexane is collected as distillate of the first step in tank 
number 2. The other tanks are used to collect the first off-cut (tank 3), the n-heptane cut (tank 4), and the second off-cut 
(tank 5). N-octane will be collected into the reboiler.  
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Figure 4 ChemCad flowsheets of the different policies: a. CD, b. BD and c. SBD 1 and 2 

 
RESULTS 
Continuous distillation 
The flow rate of the saturated liquid feed is 1 kmol/h. The optimal feed plate of the first column (fopt), where the reboiler 
duty (and the reflux ratio) is minimal, is determined: fopt=14, R=1.42. The specific energy demand: SED=91.788 
MJ/kmol distillate that is equivalent to 31.557 MJ/kmol feed. 
Batch distillation 
By this policy, the prescribed purity requires a much higher reflux ratio (13.2) compared to CD, which leads to an 
increase of the SED to 423.58 MJ/kmol distillate that is equivalent to 145.81 MJ/kmol charge. The duration of the first 
step is Δt=2.43h. 
Semi-batch distillation with fixed feeding location into the reboiler (SBD1) 
Due to the continuous feeding into the reboiler, a considerably higher reflux ratio is needed in order to reach the 
required n-hexane recovery: R=29.5. SED is very high compared even to BD, SED= 908.72 MJ/kmol distillate that is 
equivalent to 312.58 MJ/kmol charge. The duration of the first step is Δt=3.57h. 
Semi-batch distillation with fixed feeding location into the column (SBD2) 
The optimal feeding location is the 21th plate (counted from the top, including the condenser) with R=11.0. The specific 
energy demand is 363.76 MJ/kmol distillate, which is considerably lower than that of BD. The duration of the first step 
is Δt=3.57h which is equal to the duration of SBD1. 
 

Table 1 SED for different policies 
 CD BD SBD1 SBD2 

fopt 14 - 32 21 

R 1.42 13.2 29.5 11.0 

SED (MJ/kmol distillate) 91.788 423.58 908.72 363.76 
 
CONCLUSION 
From the equimolar ternary mixture n-hexane, n-heptane and n-octane, it was possible to obtain n-hexane in the 
specified purity (95 mol%) and with the recovery prescribed (98%) by all separation policies studied (CD, BD, SBD1 
and SDB2), however, with different values of specific energy demand. SBD2 with the optimal feed plate and minimum 
reflux ratio, gave much lower SED values than BD, but these were still considerably higher than those of CD. The 
application of SBD1 is not recommended, since its SED was even higher than that of BD. 
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The implementation of aluminium alloy foam has more and more attention. Application of closed cell aluminium foam 
has made an impact in automobile and aerospace applications where crash energy absorption, vibration and weight 
reduction is obligatory [1,2,3]. Figure 1 represents a possible application of closed cell aluminium foam as 
reinforcement element in a lightweight structure.  
 

 
Figure 1 closed cell aluminium foam filled closed profiles 

Source: www.technologystudent.com 
 

The aluminium alloy foam is an advanced lightweight material providing high strength and stiffness at relatively low 
density. The technological use of aluminium alloy foam is difficult with the currently available technologies. In the case 
of open cell aluminium foams, the most common research areas for application are heat exchanger components, filters 
and sound damping elements [3]. Figure 2 represents open cell aluminium foams produced for filter elements. 
 

 
Figure 2 open cell aluminium foams 

Source: www.insertec-store.com 
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The manuscript focuses on the manufacturing techniques of the aluminium alloy foams according to the application 
areas. First step is the investigation of the requirements for the application: what are the loads and the circumstances 
and why can we use aluminium foams. Second step is the knowledge of the producing methods of the foam or the 
component. And the last step is the investigation of the possible testing methods. 
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The shortage of oil and related minerals and also their extreme environmental drawback are the main reason for the 
quick growing interest in biodegradable polymer composites production. Biodegradable polymer composites are mainly 
produced from renewable resources which are biologically degradable. In this research, corn starch was plasticized with 
glycerol. The plasticized thermoplastic corn starch was reinforced with calcium carbonate powder as a filler and pine 
wood fiber. Free thermoplastic plasticized corn starch (FTPS), thermoplastic corn starch reinforced with calcium 
carbonate (CTPS), thermoplastic corn starch reinforced with pine wood (WTPS), thermoplastic corn starch reinforced 
with pine wood and calcium carbonate, hybrid composite (HTPS) were produced and compared for their mechanical 
properties like tensile strength and hardness. DSC, DMA analysis was also done for the samples produced. Water 
absorption test was also undertaken to understand their resistance to moisture.   
 
PREPARATION OF TPS 
Corn starch produced from Haas Naturals was weighed and mixed with glycerin produced from (company name and 
specification). 40 gram of glycerin was added to 60 gram of corn starch (2:3 weight percent) in a glass beaker. Then, it 
was mixed manually until it is plasticized. Next, for further homogenization, the mixture in the beaker was put in 
furnace at 120 oC for three minutes.  Immediately after the solution is released from the furnace it was mixed by a 
mixer (name ) for 5 minute at 600 rpm. The mixed solution was compressed by a compression machines in to thin 
sheets of 1 mm thickness under a compression of 20 Mpa and 160 oC for 5 minutes.  
 
PREPARATION OF TPS COMPOSITES 
Four samples are prepared, the table shows the ratio and composition of the samples prepared.  
 

Table 1 Samples produced 
S.No. Sample Name  Description  Composition in weight percent ratio 
 FTPS ( free) Thermoplastic  corn starch  60 % corn starch + 40% glycerin  6:4 
 WTPS (wood) Thermoplastic corn starch + 

wood fiber 
55 % corn starch + 5% wood fiber 
+40% glycerin 

5.5:0.5:4 

 CTPS (clay) Thermoplastic corn starch + 
calcium carbonate (micro, not 
fully nano) 

55% corn starch + 5% CC + 40% 
glycerin  

5.5:0.5:4 

 HTPS (Hybrid) Thermoplastic corn starch + 
wood fiber +calcium carbonate 

50% corn starch + 5% CC  5% 
wood fiber + 40% glycerin 

5:0.5:0.5:4 
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Figure1 Composite sample tensile test results 
 

As can be shown in figures 1. WTPS has a greater strength due to the better homogeneity and compatibility (both are 
hydrophilic), CC composite is less strong as it is hydrophobic and due to agglomeration effect.  
 

 
Figure 2 Hardness test result of composite samples 

 
The graph in Figure 2 Shows that the hybrid composite has greater hardness followed by wood reinforced TPS. 
 
The samples SEM, DMA, DSC, Water absorption and Hardness Testing also show that pine wood fibre reinforced TPS 
has got better properties than precipitated calcium carbonate reinforced composites and the hybrid composites, this is 
due to the compatibility nature of wood fibre with TPS and hydrophobicity of calcium carbonate which leads to 
coagulation.  
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In order to ensure adequate mechanical properties (tensile strength, elongation, fatigue life, etc.) of cast parts, the 
number of structural defects like porosity and inclusions must be minimized. Porosity is one of the most common 
defects, which can lead to inadequate mechanical properties and premature failure of cast parts. In the case of aluminum 
alloys, pore formation is mainly attributed to inadequate feeding of solidification shrinkage and the rejection of 
dissolved hydrogen during the solidification of the alloy. However, it was proposed in the literature, that double oxide 
films (bifilms) take a central role in pore formation as they can easily open up and inflate into pores due to hydrogen 
diffusion into their inner atmosphere and pressure drop in the mushy zone caused by the volumetric shrinkage during 
solidification (Fig. 1). This hypothesis is supported by experimental results and comprehensive theoretical calculations. 
Bifilm formation during the melt handling and processing techniques of aluminum alloys is mostly an unavoidable 
process as any disturbance of the melt surface leads to the entrainment of the surface oxide layer. In this way, numerous 
bifilms are introduced to the melts during common foundry activities like melting, alloying, fluxing and pouring.  
 

 
Figure 1 Schematic illustration of bifilm initiated pore formation processing  

 
In order to produce high-quality castings, it is essential to assess and control the melt cleanliness. It was highlighted in 
the authors' previous research work, that the double oxide film content of liquid aluminum alloys, and thus the melt 
quality, can be characterized by computed tomography (CT) aided porosity analysis of reduced pressure test (RPT) 
specimens. In this work, this melt quality assessment technique is used for the characterization of the effects of different 
Sr concentrations on the bifilm content and the susceptibility to pore formation of Al-Si-Mg-Cu alloy melts. 
 
Sr is generally used in the foundry industry to improve the mechanical properties of hypoeutectic Al-Si casting alloys, 
as small amounts of Sr (100-300 ppm, depending on the chemical composition of the alloy, cooling rate during 
solidification and melt cleanliness) causes the modification of the eutectic Si particles from a coarse flake-like 
morphology into a fine fibrous one. On the other hand, the modification-related research in the past decades 
demonstrated that Sr additions can lead to increased pore formation tendency. The increased volume fraction of porosity 
and higher pore number density in the cast parts is generally associated with Sr microalloying, especially at higher Sr 
concentrations (above 200 ppm). Despite the tremendous amount of research work aiming at the causes of this 
phenomenon, the mechanism underlying the effect of Sr on porosity formation is not fully understood. As bifilms are 
preferred sites for pore formation, it should be expected that Sr additions have a significant effect on the number and/or 
the structure of double oxide films present in the melt. Therefore, the aim of this research work is to study the effect of 
different Sr concentrations on the double oxide film content and the susceptibility of the alloy to pore formation. 
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Melt treatments consisting of rotary degassing with N2 gas and flux addition were executed on AlSi7MgCu alloy melts. 
In order to raise the Sr concentration of the melts, in three treatment cycles, Al-10Sr master alloy rods were added to the 
melts. In the case of three additional experiments, no additional alloying was made. The elemental composition of the 
alloy was determined with optical emission spectrometry of samples cast at each stage of melt preparation. For the 
determination of eutectic modification level and, thus the quantity of Sr present in the melt in “active” form (in which it 
can take part in eutectic modification), thermal analysis was conducted before and following the melt treatments. The 
bifilm content of the melts was investigated by the evaluation of K-mold specimens and X-ray computed tomography 
(CT) of reduced pressure test (RPT) samples.  During each melt preparation, specimens were cast two times. Samples 
were prepared from the melt in the holding furnace before and after the melt treatment. At each sampling step, 5 K-
mold and 1 RPT specimens were cast. Based on the results of the CT analysis, the volume fraction and total surface area 
of pores, as well as the volumetric pore number density have been determined for each sample. Based on the optical 
emission spectrometry results, in the cases where higher Sr content was targeted, the average Sr concentration was 225 
ppm. During the other three treatment cycles, an average Sr concentration of 183 ppm was achieved.  Despite the 
relatively low difference in Sr content, the results of melt quality evaluation were significantly different from each 
other. The average volumetric pore number density values determined with the CT-aided porosity analysis of RPT 
samples are presented in Fig. 2. 
 

 
Figure 2 Pore number density results with representative reconstructed CT images 

 
As can be seen in Fig. 2, significantly lower average pore number density results were attainable at lower Sr content, 
which is consistent with the experimental findings in the corresponding literature. The higher number of pores found in 
the RPT samples in the case of higher Sr concentration can be explained by the presence of a larger number of bifilm 
defects, which is confirmed by the results of the evaluation of K-mold specimens. The higher bifilm content is 
presumably the result of the effect of Sr additions on the oxidation rate of the alloy and its effect on the structure of 
oxides present in the liquid metal. 
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Nowadays, 3D printing is an extremely emerging and developing industry, one of the tools of Rapid Prototyping 
Technologies. Until the '80s, there were basically only two processes known as "RPT", and by the end of the decade a 
new revolutionary additive prototype manufacturing technology had emerged. 
AM has more than 50 times the size of the market in the last decade than before and has exceeded the growth rate of 
18% in the last 4 years (Wohler Report 2016). At the same time, AM's scope of application has expanded significantly, 
not only for prototypes, but also for tools and many other functional components, providing them high added value. It 
starts to outgrow itself and is slowly emerging as a production technology. Over the last 5 years, there has been a 
significant increase in applications for direct part production, especially in the space industry, medical technology and 
general engineering [3]. 
In many of these functional applications, AM's most sought capabilities are Design for Functionality (DFF), which 
focuses on maximizing the functions and performance of structures with minimal resource use (eg, materials, 
production time, failure, etc.). This, in turn, requires the users of AM technology to be fully aware of AM's design 
capabilities and limitations. 
In this research, we investigate the feasibility of producing precision casting samples by 3D printing, and then the final 
products are certified on the basis of comparative analysis. Three manufacturing technologies and 3 different materials 
for each are compared. 
 

 
Figure 1 Assignment of the specimen within the slicer program 

 
After studying the literature, the applicability of 3D printing in precision casting raises many questions. In my research I 
compared various 3D printing technologies from the field of rapid prototype production. As the applicability of the 
geometry allows, these were printing test specimens in the field of precision casting. Also experiments with the effect of 
printing orientation on the surface were conducted. In practical experiments, comparison were made between test 
specimens printed from different materials. Additionally, surface roughness were also tested, on the finished geometries 
and cast test specimens. 
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Figure 2 Surface roughness tests 

 
The results of the surface roughness tests confirmed previous microscopic studies that the surface smoothness of PLA 
can be improved by ethyl acetate treatment. Figure 2 clearly shows the difference between "PLA" value and "PLA 
treated" value due to surface treatment. 
The performed tests proved the possible usage of 3D printing in casting technologies. This dissertation only details the 
solutions used in precision casting, but many other areas of casting technologies can also benefit from 3D printing 
(design, sample making, sand forming, simulation testing, etc.). Constantly evolving industrial technologies allow for a 
bolder design and fabrication of structures that were previously unavailable. Rapid prototype manufacturing is a 
growing industry that can assist, facilitate and accelerate processes in all areas. 
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Our research is focusing to one of the most complex and important production step that is the simulation of hot rolling. 
During hot roling two phenomena as work hardening and the process of regeneration of cristals has strong influence for 
physical properties of microstructure of aluminium alloy. This has to be taking into account in case of rolling 
technology steps and developement. For example steel and aluminium is different and these work differently during hot 
rolling. When we talk about aluminium the dynamic softening in fact it is dynamic recovery that is followed by 
dynamic recrystallization. It goes in the same order of magnitude rate. But in steels the recovery has only a minor effect. 
Hot rolled and newly modified grain structure is influenced by these dynamic phenomena. Hot rolled grain structure 
goes througth significal changes under further production steps like cold rolling and heat treatments. But aside from 
these intermediate production steps the microstucture that we get after hot rolling has significat effect for mechanical 
and grains structure of the final flat rolled product. Proper technology planning is essential that for cellular automata 
simulation method can ensure useable and good solution. How did this idea come? In world wide millions of tons flat 
rolled aluminium sheets are produced per year for customers. For a technology engineer it is not easy task to build up a 
proper technology that fulfill product requirements. These requirements or we can call material properies like material 
thickness, grain size, mechanical properties, deep drawing capability etc.. These points are in focus for endusers and the 
rolled material has to achieve these specified customer requests. We are working on to find a simulation that could 
support industrial engineers in their daily practice to find the best optional production route. Our idea in first hand the 
simulation of material behavior and not the technology itself. For the rolling technology simulation from material 
workability, rolling passes etc. FEM simulations are more common solutions. It use continuous and deterministic 
functions. The space and time resolution are built in irregual units. The shape of units are changing during simulation. 
Cellular automata is different. It is better solution for recrystallization simulation. Space and time has steady resolution 
and the unit shape doesn’t change during calcuation. is Both method has advantage and also disadvantage. Cellular 
automata working is easier and calculation time is shorter. For industrial application where time factor is important and 
material properties are in focus the cellular automata was the choosen tool. The simulation of Graingrowth and 
recrystallizaton by cellular automata method has been researched area for more than 20 years until today in Institute of 
Physical Metallurgy, Metalforming and Nanotechnology at University of Miskolc. At the beginning they focused on 
static recrystallization. Later researchers has introduced that their improved method can simulate hot rolling and 
dynamic recrystallization, but they focused on physical processes under annealing even so. Improved cellular automata 
has been simplified to 1D and they solved also the scale. In our lecture we report about further results of improvements 
of hot rolling 1D cellular automata simulation. We introduce the results of capability calculations. It is the main factor 
of this study. 1D cellular automata has the easiest structure, see in Figure 1. 

 

Figure 1 Chain of 1D cellular  
 
Cells take place in neighborhoods to each other in chain. Every cell has two neighbours one at right and one at left side. 
Every cell has own state. According to the given mathematical algorithm these cells can calculate and based on the 
calculated result these can keep their state or they change it. We can define these cellular states as rolled, recovered, 
recrystallized etc.. Stored energy is the mutual point of workability, recovery and recrystallization. Our automata 
calculate with stored energy changing and finally it identifly the actual material state as a simulation of microstructure. 
In our research we could connect recovery and recrystallization calculation in one autamata. As a capability study we 
simulated a material that had height stored energy in the beginning than it is changed under annealing. These were not 
real physical measurement. We applied different state and alternate temperature for simulating annealing. Every applied 
temperature occured changing in stored energy in function of cellular autamat calculation steps Figure 2. 
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Figure 2 Stored energy changing in function of 1D cellular automata calculation steps  
 

Results were extended and calculated into Avrami phase transformation. Character of curves are typical of real 
transformations and our automata can differentiate material states which is almost fully recrystallized or where we get 
only recovery at the end of calculation Figure 3. 
  

 
 

Figure 3 Avrami phase transformation with 1D cellular automata   
 

Our automata can be used for hot rolling simulation. It is possible to determine calculational steps until metal forming 
phase and the time when the material is cooling on hot mill Figure 4.   
 

 
 

Figure 4 Stored energy changing in function of 1D cellular automata calculation steps (hot rolling) 
 
1D cellular automata is proper solution for material structure simulation. It can calculate also with recovery not just 
recrystallization that is common in case of aluminium softening. This automata can handle static and dynamic process 
changing in the same time.   
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In many areas of industry, granular materials are moved and processed. These processes need to be investigated because 
of efficiency gains. To estimate the operation of the analysed particulate bulk, it is essential to determine certain 
material properties of the particulate materials. These include, for example, the average particle size and shape, the 
particle and bulk density, the porosity and the internal friction angle of the bulk. The results can be useful for engineers 
and machine operators to select the right equipment, design and set operating parameters. The discrete element method 
(DEM) is a computer-aided modelling of particulate matter operations, which mathematical basis was created by 
Cundall and Strack [1]. DEM builds a set of particles from discrete elements with micromechanical material and 
interconnection properties. Many so-called contact models are available in the scientific literature to describe the 
collisions of the particles and their various relationships (cohesive, electrostatic, etc.). One of the most common is the 
soft-sphere linear spring – dashpot contact model consists of linear springs, viscous damping and friction slider [2]. 
With the advancement of the DEM method, researchers have developed rolling and twisting resistance coefficients, by 
means of which the rolling and twisting of contacting particles can be controlled by torques. They can be used to 
simulate – to a certain extent [3] – the movement of irregular particle shapes with regular spherical particles, and in the 
presence of cohesive bonds to change the direction and nature of their failure [4]. 
The aim of the research was to develop the mathematical background of a DEM contact model taking into account the 
models in the literature and to implement it in Yade open source DEM software [5], and finally to validate the model. 
For this, direct shear box test was used, the laboratory results of which have already been described in our previous 
studies [6], [7]. In the current research, a parameter sensitivity study was performed using the schematic contact model 
illustrated in Fig. 1/a, in which the effect of increased shear velocity (𝑣) on the shear force was investigated to reduce 
DEM simulation time. 
 

 
Figure 1  a: mechanical representation of the DEM contact model; b: the section of the direct shear box’s DEM model 

in case of  𝑣 = 150 𝑚𝑚𝑠   shear velocity and 19.61 kPa normal stress (preload) 

Fig. 1/b illustrates a section view of the 1:1 DEM model of a rectangular 60x60x30 mm direct shear box at shear 
velocity of 𝑣 = 150 𝑚𝑚𝑠 , where the particles are colored according to the magnitude of the forces acting on them. Table 

1 summarizes the micromechanical parameters of the spherical particles of 1.8 ± 0.1 mm diameter used in the 
simulations and the parameters of the structure walls. 

Table 1 Micromechanical DEM parameters of the particles and material parameters of the structure walls 

Name 𝜌  
[kg/m3] 

𝜑′ 
[°] 

𝐸 
[MPa] 

ν 
[1] 

𝑐𝑛 
[kg/s] 

𝑐𝑠 
[kg/s] 

𝛽𝑘𝑟  
[1] 

𝛽𝑘𝑡 
[1] 

𝛽𝑐𝑟  
[1] 

𝛽𝑐𝑡 
[1] 

𝜇𝑟𝑜𝑙𝑙  
[1] 

𝜇𝑡𝑤𝑖𝑠𝑡  
[1] 
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Particles 2000 20 3 0.2 0.2 0.2 0.25 0.5 0.25 0.5 0.05 0.05 
Structure wall 7750 5.7 200000 0.3 0 0 0.25 0.5 0.25 0.5 0 0 

In Table 1, 𝜌 denotes the density, 𝜑′the friction angle, 𝐸 the elastic modulus, 𝜈 the ratio between the normal and the 
tangential contact stiffness, 𝑐𝑛 the normal and 𝑐𝑠 the tangential viscous damping coefficient, 𝛽𝑘𝑟  the rolling and 𝛽𝑘𝑡 the 
torsional spring stiffness ratio, 𝛽𝑐𝑟  the rolling and 𝛽𝑐𝑡 the torsional viscous damping coefficient ratio, 𝜇𝑟𝑜𝑙𝑙  the rolling 
and 𝜇𝑡𝑤𝑖𝑠𝑡  the twisting resistance coefficients. In the direct shear box simulations, the shear velocity was varied between 𝑣 = 0.02– 200 mm/s and a preload of 19.61 kPa was utilized. The resulted shear force – shear displacement results are 
shown in Fig. 2. 

 
Figure 2 On the left, the shear force and on the right side, the force acting on the load plate by the particles as a function 

of shear displacement at different shear velocities 

Based on the results it can be stated that the shear force did not change significantly, if shear velocity is 𝑣 ≤ 50 𝑚𝑚/𝑠, 
however, by using higher values different results were obtained. If the shear velocity is 𝑣 > 50 𝑚𝑚/𝑠, the force exerted 
on the load plate was no longer so consistent. This is because, due to the effect of the high velocity difference between 
the two half of the shear box, the particles lift the load plate. Similar results were obtained by Saadat and Taheri [8], 
who also determined a shear velocity limit under the conditions they examined, but did not investigate the force acting 
on the load plate and its displacement. According to the results achieved, the shear force change resulting from the 
increase of shear velocity is related to the consistency of the force acting on the load plate in the used contact model. 
Thus, by examining the force acting on the load plate, it is possible to determine how much the shear velocity can be 
increased in the simulations – and thus decreasing the simulation time – so that the error in the numerical results of the 
direct shear box test is still acceptable. 
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Huge quantity of synthetic polymers are used as packaging materials in different fields of food industries. A significant 
part of these polymers applied as a primary, direct food contact materials. The scoped application area is the sweet 
industry. In this field Polystyrol (PS), Polypropylene (PP) and Polyethylene-terephthalate (PET) have used but during 
the last fifteen years the usage of PET has been grown. In one hand the price of this material is efficient, form other 
hand the PET is the one of the most safe (for food industrial applications) petrol chemical plastic that can be used as 
primary or secondary food contact packaging material. 
To maximize the customer safety and minimize the environmental impact of traditional PET, a new, bio-sourced and 
bio-degradable alternative polymer aimed to be used in this special food industrial segment. 
One of the potential alternatives the Polylactic acid (PLA) would be a possible substitute which is compostable and 
made from renewable sources.  
 

Table 1 Physical and chemical parameters of the PLA and PET foils [1] 

Properties PDLA PLLA PDLLA PET 

Crystalline structure Crystalline Semi crystalline Amorphous Amorphous and semi-
crystalline 

Melting temperature (Tm) 180 °C 180 °C variable 260 °C 

Glass transition temperature (Tg) 50-60 °C 50-60 °C variable 67-81 °C 

Half-life in 37°C normal saline 4-6 month 4-6 month 2-3 month 700 year 

Elongation at break (%) 20-30 % 20-30 % variable 230 % 

Breaking strength (g/d) 4-5 5-6 variable 5,3 
 
 
The mechanical and optical property of PLA is very similar to the PET, but the PLA and its alternatives like PLLA, 
PDLA and PDLLA is more fragile in case of rapid stress, and less heat-resistant compared to the PET. The appropriate 
mechanical properties of substitute material is quite important because the further usage of recently applied forming 
methods and costly tools are basic musts/requirements of the relevant industrial segment. In this work two commercial 
PLA foils (PLLA and PDLLA) have been compared to the commercial PET foil. During the laboratory tests the 
mechanical, thermal and barrier properties and the structures of materials were analyzed by tensile testing, differential 
scanning calorimetry and thermally simulated discharge analysis. 
 

Table 2 Average molar mass of PET [2], PDLLA [3] and PLLA [4] foils 

Properties PET PDLLA PLLA 

Average molar mass (Mw) 30 000 – 80 000 g/mol 100 000 – 180 000 g/mol 100 000 - 300 000 g/mol 
 
The mechanical properties were determined with tensile test with application of INSTRON 5566 testing machine 
according to the ASTM D389 standard. 150%, 200% and 250% stretching levels were determined and adjusted, the test 
speed was 100 mm/min at room temperature (23±1°C). For purpose of further characterization of materials DSC131 
evo machine was used with 10°C as heating/cooling rate. 
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Figure 1 Results of tensile test of PET, PDLLA and PLLA foils at deformation of 250% 

 
The comparison have been carried out and the final conclusion - as the application of PLA alternatives are 
recommended as primary and secondary packaging material for sweet industry - was taken based on the results of the 
analysis. 
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According to the relevant literature polylactic acid (PLA) with 104-105 g·mol-1 molar mass can be synthetized by 
polycondensation. Over the normal thermal initiated polycondensation, microwave initiated method can be applied as 
an alternative approach of polymerization. The thermally initiated polycondensation is a quite time-consuming process 
to reach the above indicated molar mass of PLA. The microwave initiated alternative is a new, faster polycondensation 
method that can be used successfully as well [1]. 
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Figure 1 Direct polycondensation of Polylactic acid [2] 
 
During the experiments polylactic acid alternatives (PLLA, PDLA, PDLLA) have been synthesized by both 
polycondensation methods. The applied two methods were compared based on time need of processes and the molar 
masses of synthetized polylactic acid alternatives. The L and D lactic acid raw materials have been ordered from 
Musashino Chemical Laboratory Ltd. The additive catalysator material was chosen as Stannous-Octoate that was 
ensured by University Of Miskolc. For the standard polycondensation experiments HEIDOLPH Laborota 400 efficient 
with joined Vacuubrand ME 1C type vacuum pump were used with various temperatures. In case of microwave 
initiated polymerization LG MB-3822G equipment with 700W nominal performance was applied.  
 

 
Figure 2 HEIDOLPH Laborota 400 efficient with joined Vacuubrand ME 1C type vacuum pump 

 
All synthetized polymers have been analyzed by Fourier-transform infrared spectroscopy (FTIR) and Differential 
scanning calorimetry (DSC). During the FTIR analysis BRUKER Tensor 27, in case of DSC measures DSC131 Evo 
equipment was used with dT/dt = 10°C min-1 heating/cooling rate.  
The molar mass of polymer is a basic property that defines the appropriate processing method and the field of 
application of polymer. In light of this fact, the measurement of molar mass is a crucial point of polymer synthesis. By 
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evaluation of molar masses, the entire polymerization could be monitored and controlled, therefore PLA samples were 
periodically taken and measured during the process. 
The proper measurement and definition of molar mass is an important and sensitive task. In absence of expensive 
analytical equipment an indirect rheology-based method can be used with reliable result. The polylactic acid samples 
(which were taken during the polycondensations) have been solved in chloroform in the first step, then prepared 
samples with different concentrations for further analysis. To measure the flow-times Ubbelohde capillary viscometer 
was applied. Based on the measured flow-time of polymer samples the relative viscosity (ηrel), the specific viscosity 
(ηsp) and the reduced specific viscosity (ηred) could be computed [3]. The intrinsic viscosities were graphically defined 
then with following the correlation of Mark – Houwink relation the molar masses of polylactic acid polymers have been 
calculated [4]. 

Table 1. Molar masses of synthetized PLA samples 

Sample Average molar mass (Mv) 

PLLA72 hours 6,97 x 104 g·mol-1 

PDLA48 hours 1,88 x 104 g·mol-1 

PLLAMicro wave initiated 6,84 x 104 g·mol-1 
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Foundry technology use a lot of several natural materials. Sands use for preparing mixtures whereby making moulds or 
cores. Sand is defined as granular, refractory major portion of mixture (90 – 98% in dependence on used binder). Sand 
properties depend on it has chemical and mineralogical composition; mainly particle-size distribution and shape of 
grains and it size and sand surface texture. Quartz sand is the most frequently applied type of foundry sands not only 
because of its widespread use but also due to its low price. Based on the source materials, the sand core test specimens 
made of different surface quartz sands show even a double difference in their bending stress values [1-4]. 
Sands of almost the same granulometric but different micro surface properties can show variable behaviour in respect of 
the foundry use. The micro surface of the sands plays a very important role in the requirement for binders. Saving in the 
binder can be reached – achieving, however, the same strength, when choosing smooth surface sand [5]. 
A comparative measurement of two quartz sands with different surface quality was carried out. Green sand mixtures 
were prepared to measure their permeability, compression strength and wet tensile strength. The strength of green sand 
mixtures has two main components. One of them is the cohesion of the binder; the other one is the adhesion between 
the binder and the foundry sand. The aim of this research is to determine the ratio of cohesion and adhesion within the 
strength values. 
 

 
Figure 1 The method used for determining the cohesion and adhesion. 

 
Quartz sand of two different surfaces was used for our tests (GBM 45 and SH 33). Figure 2 shows the grain 
morphology of different sands. 
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a) 

  
b) 

Figure 2 Scanning electron microscopy (SEM) image of quartz sands. 
GBM 45 (N=50x) and (N=1000x). 

SH 33 (N=50x) and (N=250x). 
 
Different bentonite binding sand mixtures were made from different type of sands. Sand were added to mixtures with 
and without fractionation and grain sizes were fine, medium and coarse. Bentonite quantity and quality were the same 
to ensure an equal number of the bond bridges which are the connection points of the sand grains. 
Specimens for the investigation were prepared with stamping machine.  
The ratio of cohesion and adhesion can be determined from the strength value results. In case of different surface 
qualities of samples with identical size distribution and binder quantity, equal bond strength developed. This means that 
the cohesion between sand grains was nearly the same. The difference between strength values may arise from the 
difference in the adhesion, which depends on the surface quality of the sand grains. 
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A controlled body crushing zones are of considerable interest to automotive industry [1]. The Charpy V-notch test has 
been used for a century now as an indirect, cheap method of assessing fracture toughness properties. This dynamic test 
of a blunt notched specimen has been widely used to correlate material toughness behavior for quality control and 
material acceptance criteria for many industries [2]. This paper the authors would like to introduce the dynamic testing 
of clinched joints. 
In this study a previous assumption [3] is proved through new tests. For the tests the used clamping device is originally 
developed for spot welds and presented in [3]. The specimens have a special form to be able to fix them in the device 
and prevent the impact hammer or pendulum to not get stuck in the testing machine (Figure 1 and 2.). For the tests six 
pieces of specimens were made by a TOX clinching machine controls by an MTS electro-hydraulic testing machine at 
the laboratory of University of Miskolc. 

 

   
Figure 1 Preparation of a joint Figure 2 Impact specimens 

  
The presumption is that the dynamical resistance of clinch joints is depends on the direction of the impact. Two types of 
tests were performed, “normal” and “reversed” (Figure 3 and 4).  
 

Figure 3 “normal” direction Figure 4 “reversed” direction 
 
The results of the joining – tB and Fmax –  and the modified Charpy tests for clinch joints can be seen in Table 1.  
 

Table 1 Measured data 

Orientation Specimen ID tB [mm] Fmax [kN] 
Impact 

energy [J] 

Normal 
#1 0.52 41.5 29.5 
#2 0.52 41.51 30 
#3 0.52 41.28 31 

Reversed 
#4 0.52 41.91 34 
#5 0.53 41.88 35.5 
#6 0.53 42.29 35 

 
The comparison of the values for the two directions can be seen in Figure 5. The bar diagram shows that the “normal” 
direction is always less than the measured values of the “reversed” direction. When the impact (in this case an impact 
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hammer) comes from the protrusion side of the joint the measured impact energy is higher with ~15% for DP 600 
steels. Which energy is quite high to be occasional. The cause of this phenomenon is that the impact hammer when hit 
the specimen in the holding equipment a very fast forming process sequence is done. From the total energy value, the 
~1/3 is expended for bending of the jointed sheets. The rest of energy expended for the opening of the joint. In case of 
“normal” directional impacts this is the tearing of the neck, but in case of “reversed” directional impact the additional 
forming process (i.e. the hammer tries to push out the one sheet from the other during until the unbuttoning).  
 

 
Figure 5 Comparison of the results of the impact tests 

 
The results of the tests can be useful in automotive industry as a design proposal. 
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Resistance to friction is one of the main factors limiting the sheet metal forming process. Friction between the sheet and 
tool during the forming process is influenced not only by the surface topography, but also by several parameters such as 
lubricant, surface chemistry, contact pressure, and sliding speed [1]. Due to the strong dependence of formability on the 
friction conditions between tools and blank as well as the resistance of material against deformation, reducing such 
friction and resistance becomes an important research topic to improve the processing [2].Two frictional laws are 
generally used in the metal forming field. One is Coulomb’s law in which the frictional shear stress is proportional to 
the normal stress and the friction coefficient is used. Another one is frictional shear stress law in which the frictional 
shear stress is dependent on the flow stress of the bulk material and the friction shear factor is used [3]. 
Clinching is a joining method in which sheet metal parts are deformed locally, with a punch and a die by forming an 
interlock between them, without the use of any additional element and any thermal effects [4]. The neck thickness (tN), 
the bottom thickness (tB) and the undercut (C) are the most important geometrical parameters of the joints (Figure 1). 
 

 
Figure 1 Main geometric parameters of clinch joints 

 
As it described that the frictional condition is a highly affecting parameter of forming processes, so it has an effect also 
on the clinch joining process. To analyze the effect of the investigated DP600 joints in the point of view of friction 
experiments and FE simulations were performed. For the experiments the condition of the friction was modified. For 
small friction coefficient PTFA spray (signed with “C” on Figure 2) was used and for a higher frictional condition was 
reached with the modification of the surface roughness prepared with sandpaper (signed with “S” on Figure 2). Four 
joints were done for both the conditions. The results can be seen in Figure 3. The values are the average of the measured 
parameters. The highest impact of the frictional condition is on the undercut (so called C value as depicted on Figure 1). 
From the results it can be seen that the value of the undercut is lower in case of the rough surface condition. From 
which parameter the cross-tensile strength of the joint is depends.  
 

  
Figure 2 Specimens (S – rough surface, C – 

PTFE coated) Figure 3 Averaged size parameter results 

The FE calculations were performed with the calibrated model presented in [5]. Coulomb’s friction law was used 
between the parts. Two simulations were carried out the modelling of the experimental case which were the friction 
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coefficient changed between the sheets, µ=0.03 for “C” and µ=0.2 for “S” respectively. In order to determine the 
possible behavior of the process all of the contacts were considered with the given values (dashed line on Figure 4.). 
The results were compared to the originally simulated F-d curve. It can be seen that the friction coefficient has a high 
impact on the forming force need of the process. 
 

  
Figure 4 F-d curves with different frictional coefficients Figure 5 Comparison of the undercuts 

 
From the FEA results it can be seen the same phenomena as measured. As a result, a well lubricated joining setup leads 
to better joints in the point of view of cross-tension type of loading with the lower forming force need which is 
favorable in serial production, but at the same time the higher frictional coefficient leads to a ~7% higher resistance 
against simple tension loading condition because of the small increase in the neck thickness [6]. 
As a result of the tests and the simulations is the condition of the surfaces is affects the strength of the joints. 
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Clinching is a joining method in which sheet metal parts are deformed locally, with a punch and a die by forming an 
interlock between them, without the use of any additional element and any thermal effects [3]. The neck thickness (tN), 
the bottom thickness (tB) and the undercut (C) are the most important geometrical parameters of the joints (Figure 1). 
 

 
 

Figure 1 Geometrical parameters of a clinch joint 
Figure 2 Punching tool geometry (original 

- #1. – developed for DP 600 steel) 
 
The clinching process can be monitored via the registered force-displacement (F-d) curves. Every F-d curve can be 
divided three main phases (set up, elastic bending and die filling and plastic bending). For every pairs of sheets 
(material and/or thickness) has a specific F-d curve. The forming force of the technology is highly depending on the 
geometry of the tool, the friction between the sheets and the parts of the tool, the sheet thicknesses. The used TOX type 
clinching tool’s maximum allowable load is around 50kN with the original tools. The process should be taken under the 
allowed maximum load because of the possibility of tool failure. In this study the F-d curves of 5 different tool 
geometry is presented. The aim of the study is to analyze the effect of the punching tool geometry on clinch joints. The 
used material is AA6082 solution heat treated type of aluminum alloy sheets with thickness of 1 mm. The desired 
bottom thickness is 0.75 mm instead of the previously presented papers [5]-[6] because of the possibility of 
compression of the tool. Several papers dealing with the effects of the tool on clinch joint via numerical analyses [5][6] 
and experiments [7]. 
The geometry of the punching tool can be seen in Figure 2. As it can be seen the analyzed geometrical parameters are 
the radius and the angle of the tool due to the results of the previous FE sensitivity analyses. The experiments were done 
with the following punching tool geometries (Table 1). The material of the newly produced punching tool is M1 type of 
steel with a heat treatment of quenching and tempering. The punching tool #1. is different in the material as the other 
four tools. 
 

Table 1 Geometrical parametres of the punching tool variants 
Number of tool 

geometry 
Geometry 

R [mm] α [°] 
#1. (original) 0.3 5 

#2. 0.3 8 
#3. 0.3 2 
#4. 0.5 5 
#5. 0.1 5 

 
As it can be seen in Figure 3 the curves are similar, but the force need of the modified geometries is higher during the 
process. The maximal force is the lowest in case of the tool #2. (R=0.3 and α=8°) and the highest in case of tool #5. 
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(R=0.1 and α=5°). From the results it can be stated the increased angle of the tool can minimize the force need of the 
process, and the decreased radius increase the force. After all it can cause the failure of the sheets because the 
decreasing radius and the decreasing angle getting closer to a cutting process.  
 

  
Figure 3 Measured F-d curves with different tools (maximal force - Fm is detailed) 

 
The range of difference in maximal loads is ~1500 N which is not a high value, but measurable. For a deeper 
understand of the effects the cross sections of the joints will be investigated by microscopy as a next step of the research 
and compare with the FEA results. 
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Suspended cable problems arise in engineering applications including power transmission lines and cable-stayed 
bridges. These structures are exposed to such natural phenomena as wind, icing, and ice shedding, which may induce 
cable vibration. The characteristics of the resulting vibration depends on the inducing mechanism. The interest of this 
paper is the high-frequency, low-amplitude vibration that develops due to vortex shedding in the wake, as is the case in 
aeolian vibration [1]. The frequency range may vary from 3 to 150 Hz, and the amplitude is in the range of the cable 
diameter [2]. Frequent occurrences of such vibration leads to reduced reliability and lifespan due to fatigue of the cable 
and other accessories of the structure. Damping devices have been applied for decades. They attenuate the vibration to a 
non-damaging level, but their application have limitations. An active vibration control, the electrical vibration absorber, 
was proposed in a recent research [3], which can be installed at any location of the cable and which is effective in a 
relatively wide frequency range. However, when active control is applied, the sampling delay must also be taken into 
account. The aim of the present study is to build a simplified model for active vibration control of a suspended cable 
exposed to periodic excitation, and examine the effect of time delay in the digital control. The time delay has a critical 
value above which the control becomes unsuccessful, and the excitation frequency significantly influences this critical 
delay. 

The simplified model of the cable with the vibration absorber is a 2 degree-of-freedom 
(DOF) model as shown in Fig. 1. The parameters m, k and c denote mass, spring 
stiffness and damping, and the indices 1 and 2 refer to the cable and vibration absorber, 
respectively. Reduced-DOF models of conductor bundles with spacer at mid-span were 
proposed in [4]. However, the vibration absorber is usually placed at a position, which 
is close to one of the suspensions. Therefore, the calculation of the parameters of the 
cable model should be different from that presented in [4]. The spring stiffness k1 of the 
cable is determined from the relationship of the force applied at the position of the 
vibration absorber and the displacement at the same position, see [4, 5] for more details. 
Although this relationship is nonlinear, a linear spring was assumed in the present 
model since small-amplitude vibration was considered. The cable damping c1 is 
calculated from the geometrical and material properties of the cable [4] considering the 
vibration absorber in the mass per unit length of the cable. The mass m2 of the vibration 
absorber was fixed, practically it is based on the design. The damping c2 of the 
vibration absorber was neglected. The mass m1 of the cable and the spring stiffness k2 of 
the vibration absorber are determined together from the condition that the natural 
frequencies of the 2DOF system are equal to the first two natural frequencies, in 
vertical vibration modes, of the cable with the vibration absorber. The excitation 
considers wind effect in the form: 

   0 cos F t F t  

where F0 is the amplitude, and  is the angular frequency of excitation. The control force u(t) is considered in the 
simple form of a PD controller: 

     1 1 u t Px t Dx t  

The control parameters are determined from the excitation frequency. When the excitation frequency is equal to the 
natural frequency of the 1DOF system modelling the cable, then the addition of the absorber reduces the vibration 
amplitude of the mass m1, and no further control is necessary. For other values of the excitation frequency, the 
proportional gain P is chosen so that together with the spring stiffness k2, they provide the same effect. The vibration 
control works without differential gain D for small absolute values of the proportional gain P. However, when the 
excitation frequency is great enough, the attenuation of vibration requires great absolute value of the proportional gain 
P, and the differential gain D will become necessary for reducing vibration amplitude. The absolute value of the 
differential gain D increases with that of the proportional gain P, but it should be relatively small. The governing 
equations of motion of the 2DOF model can be organized in the following form:  

Figure 1 Simplified model of 
cable and vibration absorber 
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         t t u t tx Ax b f  

The vector x includes the coordinates x1 and x2 together with their derivatives, the matrix A and the vector b are 
determined by the system parameters m1, k1, c1, m2, k2 and c2, and the vector f includes the excitation force F(t). 

The digital control takes samples of the controlled parameters at short time intervals, and the corresponding control 
force acts after a short time delay. Assume that the time interval between taking samples and the delay of application of 
the control force are the same, and that the control force is kept constant in each of these short time intervals. Let  
denote the time delay, then the discrete-time model may be written as follows: 

1   n n n nud d dx A x b c f  

The matrix Ad and the vectors bd, cd are determined from the matrix A, vectors b, f and time delay . 
Vibration control of a laboratory model of a suspended cable is simulated as an example. The excitation frequency is 10 
Hz, and the value of sampling delay is set to be 10 ms. The comparison of the cable vibration for three cases is 
presented in Fig. 2. These cases include the vibration (i) without control; (i) with control, time delay neglected; (iii) 
with control, time delay considered. The application of control reduces the vibration amplitude to almost one third of its 
value without control, although the reduced amplitude is 20-30% greater with the sampling delay considered. Note that 
the critical value of delay in this case is 18 ms, i.e. the motion becomes unstable for greater values of the delay. Fig. 3 
presents how the critical sampling delay decreases with excitation frequency. This result reveals a limitation of the 
control applied, which concerns the case of high excitation frequency. 

           

              
Development of the vibration control involves further challenges, including the application of control for high-
amplitude vibration when the elastic behavior of the cable is nonlinear, or for the case of varying excitation frequency. 
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High Pressure Die Casting (HPDC) is the most productive metal-casting method of our time. It can produce precise 
geometries with high cycle numbers, particularly good for making products with fixed or occasionally changed 
geometries. To achive this great number of cycles, the process requires special tools, which will not react with the 
casting alloy and can withstand the high temperature during the cycles. These materials must have good heat-resistence 
and toughness. 
Generally, when a HPDC tool is created, the inner cavities (such as cooling channels, ejectors etc) are made by using 
CNC machning technology. [1] This however, with today’s more and more demanding industry can not meet every 
expectations, because their usage is somewhat limied when it comes to difficult cavity geometries, as shown in Fig 1. 

 
Figure 1 Linear (left) and conformal (right) cooling channels [1] 

 
Conformal cooling channels can cover more of the casting’s surface, thus can manage the process’ thermophysical 
properties much better, allowing the HPDC tool an increased lifespan, and causing less downtimes due to repair 
operations. [2] But these thermal parameters are not only influenced by the cooling channels only [3]. Choosing the 
right tool material can, with higher heat conductivity, can also improve the quality of the process, and these two points 
are the main objectives of our work. 
With everything said, combining a good heat-conductor steel with a conformal cooling channel sounds a 
straightforward answer to our question: „How can we improve our HPDC process the most?”. So to dive deeper into 
this question we created a model-simulation with extreme properties to clearly show the difference between the 
different versions of the simulated version. The four different simulation is shown in Table 1. 
 

Table 1 Simulation methods 

 Tool steel Cooling channel 

A Dievar Linear / Conventional 

B HTCS Linear / Conventional 

C Dievar Conformal 

D HTCS Conformal 

 
 
The objective of this comparison was to determine which type of usage is the most favorable for a HPDC production, 
because there are times when not the most straightforward answer is the best one. We also compared this result with a 
simulation based on practical use, with the same ideology, but with only the tool material as variable. 
Afterwards we conducted the laboratory analysis of the target material. Usually, when one wants to achieve a greater 
quality towards a specific factor, usually have to sacrifice something else. Here however, the manufacturer promising a 
great heat-conductivity steel with the same physical properites as a conventional tool steel. Combining this with 3D 
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printing technology lies the true challenge and our question: „Can the 3D printed tool steel maintain the same physical 
quality as the one made by conventional methods?”. 
To answer this question we conducted measurements in tensile strenght, hardness, Charpy-testing, texture analysis, and 
also made meauserements towards the fuel of the 3D printing process, the powder itself and the structure of the powder 
is shown in Fig 2. 

 

Figure 2 Powder structure under SEM analysis 
 
Every measurement we made in this area was made by using conventional test specimens, but made by 3D printing 
technology. This kind of analysis was unique, because we were the first ones who printed these test-specimens using 
this alloy powder.  
The results then were collected, then compared with the data sheet made from the same material’s specimens but from 
conventional manufacturing methods. 
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ASSUMPTIONS 
During the analysis we assume that the particles are absolutely rigid, strictly convex, there is no friction or adhesion 
between the particles. We further assume that there is a three-point, in some cases symmetrical, supporting hypothesis, 
that is, we choose the arrangement of the particles so that the hypotheses are fulfilled. The grains are assumed to be 
absolutely rigid. For sets placed on the surface, we assume that all the particles in contact with the surface have a 
(Karman–Bio-type) periodic boundary condition [2,3]. 
We assume that the size of each particle is nearly the same, that their shape is full, that is, there are no significant 
differences between their sizes. (This means that they are close to spherical, i.e. they cannot be flat or oblong.) [2] 
To set up the equations, we assume that the surface of each particle has an equation and the contact network of the 
particles is given. It is further assumed that, in the initial situation, the network and the arrangement of the particles are 
such that the set of particles is in equilibrium under self-weight. 
We consider the loads and their nature to be known - conservative or follower. 
Boundary conditions, whether the container or support or the free surface, are known. 
 
THE EQUATIONS THAT DETERMINE THE BALANCE OF THE GRAINS 
The system of equations to be written is nonlinear; unknown quantities cannot be explicitly highlighted in the first 
approach. The equations can only be written in a specific order so that the system of equations can be solved. 
Determining the coordinates of the contact points of the particles: 
 

.,...,2,1,),()( szjjjiii njiFF  RxORxO  
 
The geometry is used to determine the coordinates of all contact points. The location vector of the intersection point of 
the i-th and j-th particles in global coordinates is denoted by Rij. 
Determination of the coordinates of the points of contact of the granules and the boundary (“pot”) surfaces: 
 

.,...,2,1,,...,2,1),()( pszpppiii npniFF  RxORxO  
 
The geometric arrangement determines the coordinates of all points of contact between the particles and the boundary 
(“pot”) surfaces. The location vector of the point of intersection of the i-th grain and the p-th edge in global coordinates 
is denoted by Rip. 
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t
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The geometric arrangement determines the coordinates of the points of attack of the loads. The location vector of the t-
point of the i-th particle in global coordinates is Rit. 
Direction of forces acting on the system: 
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X(i) = Qix + Ri, i = 1,2,…,nsz. 
The direction vector of the contact forces, reaction forces and load are determined at the points of contact of the 
particles (s = j), the points of contact of the particles and the boundary (“pot”) surfaces (s = p) and the points of contact 
of the loads (s = t). The outward directions of the grains are considered positive. 
Equilibrium equations. The balance equations of moment are written at the centre of gravity of the grain. 
Equilibrium of the contacting particles: 
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Equilibrium of the particles in contact with the boundary („pot”): 
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Balance of free surface loaded (and non-contacting with the boundary („pot”)) particles: 
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ASSUMPTIONS 
During the analysis, we assume that the balls are all the same diameter and the columns are congruent, all bodies are 
absolutely rigid, there is no friction or adhesion between the balls or the columns. We also assume that there is a three-
point, in some cases symmetrical supporting hypothesis, that is, we choose the arrangement of the balls and columns so 
that the hypotheses are fulfilled [1,2]. 
In this abstract, we only look at results for sets of balls. 
 
FORCE DISTRIBUTION IN THE SET OF BALL ARRANGED IN REGULAR PYRAMID 
From balls of equal size, assuming a periodic boundary condition, three regular pyramids can be formed: rectangular, 
triangular, and hexagonal. A rectangular pyramid has four “edges” and a triangular pyramid has three. The hexagon-
based pyramid does not have an “edge”. Note that the layout of the triangle-based pyramid is the same, while that of the 
hexagon-based pyramid varies from layer to layer. (See Figures 1.2 and 1.3.) 
 

   
Figure 1.1 

Pyramid with rectangular base 
Figure 1.2 

Pyramid with triangle base 
Figure 3.3  

Pyramid with hexagon base 
Figure 1 Force distribution in the set of ball arranged in regular pyramid 

 
SIDE PRESSURE IN THE SET OF BALLS ARRANGED REGULARLY IN A POT 
The arrangement according to the relative position of the layers may be as follows. 
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Figure 2.1. 

Vertical arrangement 
Figure 2.2. 

Slanted hanging arrangement 
Figure 2.3. 

Plane mesh arrangement 
Figure 2.4. 

Spatial mesh arrangement 
Figure 2 The arrangement according to the relative position of the layers  

 
In a planar section, we review the geometric condition for the existence of side pressure and the dependence of side 
pressure on the line angle defined by the centres of the superimposed balls. (Angles refer to a plane problem.) 
 
No side pressure and 
no horizontal reaction 

force 

No side pressure, 
but horizontal 
reaction force 

Side pressure occurs The interval of the 
existence of the side 

pressure 

The side pressure and 
the horizontal 

reaction force are also 
eliminated 

 
α = 90º 90º > α > 60º α = 60º 60º > α > 30º α = 30º 

Figure 3 The geometric condition for the existence of side pressure (in a plane) 
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There are many types of mechanisms nowadays. A mechanism is a device to transfer or transform motion, force or 
energy. Traditional rigid body mechanisms consist of rigid links connected at movable joints. Whatever machines you 
see in your day to day life has some underlying mechanisms that govern its motion to produce the desired output. The 
energy is transfered from the input to the output. Compliant mechanisms have been used for decades in different fields 
and industries. In particular, robotics, medical or aerospace have been using such mechanisms for some 50 years now, 
even more. These mechanisms depend on some parameters, like elastic deformations, to provide precise and smooth 
motions. It is essential to develop an accurate model to quatify the deformation for kinetic analysis and parameter 
optimization. 

                     
Figure 1 Compliant tweezers        Figure 2 Displacement inverter mechanism        Figure 3 Common compliant devices     

                 
  Figure 4 Compliant torsional spring 

Compliant mechanisms are monolithic structures where the movement is given by the flexibility of the structure rather 
than the presence of joints and pins. The absence of joints allows the construction of compliant mechanisms in 
microscale. 
This kind of mechanism transfer motion, force or energy. Unlike rigid-link mechanisms, compliant mechanism gain at 
least some of their mobility from the deflection of flexible members rather than from movable joints only. Basically not 
all the links of the mechanism need to be flexible for it to be named as a compliant system but some important links 
must be flexible. Fully compliant mechanisms are very unstable and unreliable. 
Also, these mechanisms rely upon elastic deformation to perform their function of transmitting and transforming motion 
and force. From an overall perspectve that consider performance, economy of material, scalability to micro and nano 
sizes, etc., compliant mechanisms are preferable over rigid body mechanisms. 
 
INTERNATIONAL PAPERS 
A large number of papers exists, regarding the compliant mechanisms. It is not the concept that can be treated as 
something new, but it is the role that can be assigned to it. And the shape may looks always simple, but there is invested 
a large amount of time to investigate how this should look like for doing the proper desired functionality. Optimizations 
are welcome anytime.  
For a continuum topology design problem, the optimal solution is a structure that is composed of only one material and 
voids, which means that a 0-1 decision is used to determine whether the material should be placed at a point within the 
design domain. 
Other papers can bring a short overview of some mechanical structures and their performance characteristics. One of 
them presents three concepts of force amplifiers and results from simulations are discussed. The specific design of the 
linear motion force amplifier/motion reduction for a high accuracy positioning device with large payload capacity is 
studied. 

mailto:lates.upm@gmail.com
mailto:daniel.lates@irum.ro
mailto:marius.casvean@yahoo.com


INTERNATIONAL SCIENTIFIC CONFERENCE ON 

ADVANCES IN MECHANICAL ENGINEERING 

7-9 November 2019, Debrecen, Hungary 
______________________________________________________________________________________________ 

 

_______________________________________________________________________________________ 

74 

 
REPRESENTATIVE PAPERS WITH IMPACT IN MODERN INDUSTRY 
Compliant mechanisms have made an enormous contribution in various fields. Several methods have being conceived 
to analyze and design these compliant mechanisms that gain part of their motion from deflection of flexible members 
rather than movable joints, as conventional mechanisms. Recently, many familiar example of compliant mechanisms 
have been designed and widely used in various field as automotive industry, aerospace industry, MEMS, Medical 
devices, Robotic arm with minimal impedance and assistive mechanisms. For adaptive structures, components in 
transportation, etc., the largest challenge is to analyze and design these mechanisms. 
Consider the compliant over-running clutch and its rigid body counterpart. Considerably fewer components are required 
for the compliant mechanism than the rigid mechanism. The reduction in part count may reduce manufacturing and 
assembly time and cost. Compliant over-running clutch is an example for application of compliant systems in 
automotive industry, apart from that the car wiper, steering parts, gears, breaks are other examples. The compliant 
mechanisms and systems are also used in (new age) industry like aerospace, mechanism amplification for sensors and 
actuators or for microsurgery suturing device, etc. 
Morphing aircraft structures can significantly enhance air vehicle performance. The aerodynamic benefits are exploit. 
Computational tools are being developed to design structures that deform into specified shapes given simple actuators 
inputs. These synthesis methods seeks to optimize the stiffness of the structure to minimize actuator effort and 
maximize the stiffness with respect to the environment. 

 
Figure 5 Over-running clutch Figure 6 Micro mechanisms Figure 7 The cutter non-explosive release mechanism Figure 
8 The pointer device 
 

Mechanisms that possess distributed compliance, as opposed to lumped compliance, are much more fatigue resistant 
and easier to manufacture. Several computational approaches have been developed to design compliant mechanism for 
desired force-displacement characteristics and more recently for generalized shape change. 
Compliant mechanisms offer undisputable advantages, in term of reliability and performance and as such can be a great 
ally in the search for enhanced quality. The potential for dramatic reduction in the total number of parts required to 
accomplish a specific task. 
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Composite materials have been gaining ground in engineering uses over the years, especially about their structural 
applications. Thus, the following definition can be followed: “A composite material can be defined as a combination of 
two or more materials that results in better properties than those of individual components when used separately” [1]. 
Applications of such materials are due to their versatility and modellable properties according to the utility of the final 
piece to be produced, since the choice of constituent materials will dictate the properties of the resulting composite. 
Therefore, knowing the properties of the constituent materials and how they interact with each other is fundamental for 
the realization of a cohesive, safe and well-dimensioned project. The physical and mechanical properties of the 
reinforcements mentioned are different, resulting in composites with different properties even when the same polymeric 
matrix is used. However, such constituents can be applied in similar structural uses and are extensively used in today's 
transportation industry, mainly the aerospace and electrical vehicle ones. Such use is mainly due to the properties such 
as low density and high mechanical strength, essential for aerospace and electrical vehicles uses.  
Glass fiber is known to be the most commonly used reinforcement in most commercial composites because it has low 
cost and reasonable mechanical properties when compared to high-performance fibers such as carbon fiber or Aramid. 
Thus, the use of high-performance reinforcements, such as carbon fiber, for example, offers a high relationship between 
mechanical strength and density, which favors the use in high-performance applications. 
From this point, economic considerations become essential, as the cost difference between fibers is considerable and 
becomes a crucial factor in the cost-effectiveness of the entire project. Therefore, a study was made of the cost ratio for 
each reinforcement mentioned with the mechanical properties of the components produced, always paying attention to 
the resulting density, considering that the study is focused on the optimization of such material by Excel data analysis. 
That is why the purpose of the research program was the investigation of the relation of mechanical properties and 
specific price for hybrid composite materials using statistic methods utilizing Excel data analysis techniques. This 
research provided a clear relationship between these properties and using such information, it would be possible to 
Project Engineers or Structural Engineers consider the use of composites, aiming the improvement of some properties 
or the decreasing in the price for some components.  
The research started with the collection of data related to these materials, this data is informed by the provider or by the 
manufacturer of such materials. After that, this information was used to the construction of models, using Excel, 
analyzing the materials from the theoretical method for composite materials [2][3]. Using the technique, it is possible to 
analyze composites with a wide range of configurations, and after that plot the relation between different configurations 
and the properties, mechanical and economical ones. 
For the hybrid composite strength, that the hybrid has a resistance dependent on the number of layers of each fibrous 
phase (n), the resistance of each separate phase (σ) and the thickness of each layer (t) [4]. Equation 8 demonstrates such 
a relationship, with h, c, and g being the subscripts referring to hybrid, carbon fiber layers, and fiberglass layers, 
respectively. 
 𝜎ℎ = 𝑛𝑐∙𝜎𝑐∙𝑡𝑐+𝑛𝑔∙𝜎𝑔∙𝑡𝑔𝑛𝑐∙𝑡𝑐+𝑛𝑔∙𝑡𝑔     (8) 

 
Such properties refer to a single layer of the composite. To predict the properties of the laminate, specifically the stress-
strain relationship, some other hypotheses are required. A matrix relation measures the properties of the orthotropic 
laminate, that is, that at least one of the 3 conditions can be fulfilled: 1-Composed only by layers θ = 0 ° or θ = 90 °; 2-
For each layer + θ there is a layer –θ; 3- a combination of the two conditions above, theta being the orientation of the 
fibers according to a reference [3]. Equation 9 below presents such a relationship. 
 [ 𝜎1𝜎2𝜏12] = [𝑄11 𝑄12 0𝑄12 𝑄22 00 0 𝑄66] ∙ [ 𝜀1𝜀2𝛾12]     (9) 
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Since the first matrix refers to normal and shear stresses, the third to normal and shear deformations, and the second to 
relations dependent on the properties of each layer and which effectively dictate the stress-strain relationship, shown 
below. 
 𝑄11 = 𝐸11−𝑣12∙𝑣21                 𝑄22 = 𝐸21−𝑣12∙𝑣21                    𝑄12 = 𝑣21∙𝐸11−𝑣12∙𝑣21                 𝑄66 = 𝐺12 

  
 
With the terms of matrix Q, relating stress and strain, it is possible to find the properties for the laminate according to 
the following relations. 
 𝐸𝑥 = 𝐴11 − (𝐴12)²𝐴22         𝐸𝑦 = 𝐴22 − (𝐴12)²𝐴11            𝑣𝑥𝑦 = 𝐴12𝐴22         𝑣𝑦𝑥 = 𝐴12𝐴11          𝐺𝑥𝑦 = 𝐴66 

 
Being 𝐴𝑖𝑗 = 1𝑡 ∑ 𝑄𝑖𝑗(𝜃)(ℎ𝑘 − ℎ𝑘−1). The terms interior to the sum represent the values of 𝑄𝑖𝑗  for layers with varying 

fiber orientation angles and the thickness of each layer within the laminate. The term t represents the final thickness of 
the entire laminate. 
This data collection was made following standards which are stated by specific bibliography related to Excel data 
analysis. The first step is to choose the type of data to be collected, which in this case is ratio data [5]. It came from 
different sources, like for example academic bibliographies, material suppliers, MatWeb, and others. The most 
important point during this process is to keep the consistency about the type of data, what requires a refined knowledge 
about these materials. The second step is the creation of a model, in this case a symbolic model characterized by a 
symbolic representation.   
Thus, it is noted that the hybrids have values for the modulus of elasticity 32% lower than the values of carbon 
components, but are 91% larger than the components made of fiberglass, the which may mean greater tolerance to 
deformation and consequently greater structural stability. 
For resistance, hybrids are only 10% less resistant than pure carbon components, and 14% stronger than entirely 
fiberglass components. These values may differ from the actual values, as the ultimate stress values used for the glass 
fibre refer to data from the MatWeb platform and other sources, and it is not possible to know exactly the value 
provided by the manufacturer. 
It is also noted that the different types of epoxy systems basically do not change the properties decisively, presenting 
similar values when used with the same types of fibers. Therefore, the choice of epoxy systems should be based mainly 
on their costs, in addition to other constructive properties, such as mixing time, cure time and viscosity. 
Regarding weight, hybrids are 17% heavier than carbon fiber laminates and 13% lighter than glass fibre components. 
However, the most notable difference is cost, as the hybrid is 53% cheaper than a laminate of the same weight made of 
carbon fiber alone 
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Expendable sand molds and cores can be used to produce the desired quality of castings. Most of the sand molds and 
cores are produced using organic binders for bonded sand grains. In the casting manufacturing process several casting 
defects can be attributed to poor quality of molds and cores and inadequate control of process variables. During 
pouring, molten metal interacts with the sand mold/core. Because of the heat exposure of metal, a variety of complex 
degradation reactions may occur in the sand mold/cores. Several gaseous products are evolved from the decomposition 
of binder that may cause different kinds of gas defects. Gases evolved from the mold/core must be allowed to escape 
from the mold cavity through core print, artificial vent etc. In some cases high gas pressure may be generated at the 
mold/metal interface. If the casting skin is not solidified before the gas could pass through the semi-solidified metal skin 
could be blown away from the mold/metal interface. This kind of gas defect is called blowholes, which can be described 
as an individual or groups of cavities with smooth walls at the surface of the casting. Blowholes may be occurred by the 
low gas permeability of core sand, the high amount of binder, insufficient core venting, etc. To prevent the formation of 
gas defects it is important to control and minimize both the gas evolution rate as well as the amount of the produced 
gases. Since the usage of organic resin binder in the mold -, and core making process, a lot of research was conducted to 
determine factors that influence the volume and pressure of gases released from mold and core. 
The aim of this article is to investigate the impact of the grain size of base sand, the amount of resin binder and the 
amount of acid hardener on the gas pressure of released gases from no-bake furan resin sand cores. Cores were made 
out of commercially available refractory silica sands (SH32 and SH34) having different grain size distribution. The 
amount of furan resin binder was 1.0%, 1.4% and 1.8% based on sand weight. For curing the binder, acid hardener 
(benzol sulphuric acid) was prepared in 40% and 80% based on the weight of the binder. Total of 12 different 
compositions of core mixtures were made using a laboratory mixer. First, the acid hardener was added to the base sand 
then the furan binder. The stirring time was 1 minute after each component was added to the silica sand.  
Cores were prepared in steel core – box with constant compacting energy and approximately the same bulk density (1.5 
– 1.6 g/cm3). The setting time of the core mixtures was 4 hours. The geometry of the cylindrical test bars was 
Ø28x134.3 mm. In order to collect the released gases from the sand core, steel pipe with geometry of Ø6x300mm was 
placed 5 mm away from the top of the test bars during core making. The completed test bar can be seen in Figure 1. 
 

 
Figure 1 The cylinder test bar in the cores - box 

 
The mold was prepared using green sand mixture with 8 % bentonite and 4 % water based on the silica sand. Molds 
were produced with a Multiserw Morek sand muller mixer. Approximately 50 kg of the green sand mixture was 
necessary for each forms.  The size of the drag box was Ø330x200 mm and the size of the cope box was Ø330x140 
mm. Casting was carried out simultaneously using a tangential gating channel in a three-cavity form that was made with 
cone-shaped wooden patterns (Ø70x150mm, draft: 4°). For the experiments 720°C foundry aluminium alloy was 
poured into the mould cavity. The released gases passed through a silicone tube to a pressure transducer. Three Baumer 
type pressure transducers were used for measuring the gas pressure. The device was designed for low-pressure 
measurement (0-0.1 bar with ±0,5% accuracy). The data acquisition was carried out using HBM QuantumX-MX840B 
universal 8 channel amplifier module, which is connected to a computer with an HBM Catman software. The sampling 
rate was 20 Hz.  
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The gas pressure curves of the released products obtained at 5 mm from the core/metal interface can be seen in Figure 
2a – 2d. In every case, two maximum were observed on the gas pressure curves.  The first main pressure increase was at 
5-10 seconds because of the fast heating up and the expansion of the air, trapped in the pores. Thereafter, the amount of 
gas produced due to the high-temperature gradient of the mould wall, fills the pores and the gas evolve is started. 
During the heat exposure of core sand mixture, the velocity of gas production is getting faster until the gas pressure 
reaches its maximum.  
Based on Fig 2a and Fig 2b it can be observed that cores containing SH34 silica sand show a peak pressure ranging 
from 20 – 28 mbar depending on the resin content. The amount of resin also affects the time at which the gas pressure 
reaches up its maximum value. The amount of the acid hardener determines the size of the area under the gas pressure 
curve.  
Cores based on SH34 silica sand have higher gas pressure due to the low gas permeability, which leads to low gas 
discharge. The probability of casting defects (like blowholes) caused by gas penetration is also increased. The gas 
pressure of cores made out of SH32 silica sand can reach up to 8 - 10 mbar (see Fig 2c and Fig 2d).  In this case, 
evolved gases can be discharged through larger pores between sand grains. The coarser the sand grains the higher the 
gas permeability. The effect of resin content and acid hardener on the gas pressure of cores were smaller comparing 
cores with SH34 silica sand. 

 

 
Figure 2 Variation of gas pressure in furan no-bake resin sand cores 

 
From the results it can be established that the grain size is the main factor influencing the core gas pressure. The finer 
sand grains improve the surface quality of the cores, but also decrease the gas permeability. Because of that released 
gases can’t be discharged through the pores thus increasing the probability of casting defects. During the experiment, 
every aluminium alloys made with cores based on SH34 silica sand have gas blowholes at the core/metal interface. The 
extent of the defect was determined by the amount of resin and acid hardener of the core.  
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The examination of the gas and its pressure generated from sand cores is a matter of priority. The intense gas release 
from the core can result in blowholes. If the gas pressure exceeded the metal head pressure, the gas would bubble 
through the molten aluminum. The composition of the produced gases is an important environmental issue, as the 
regulations are getting stricter. The intense gas release from the core can result in blowholes, while the metal can also 
penetrate the sand. The relation of the speed of the produced and released gas determined the gas pressure in the core.  
The pressure of the gases released is influenced by various factors. Higher pressure area also for cores with long 
distance to core prints, and for cores that decompose to produce higher viscosity gases. The gas evolution rate and 
viscosity increase with immersion temperature. Sands with higher thermal conductivity would allow heat to penetrate 
more quickly into the core and develop a higher gas pressure. The pressure in the core decreases with an increase in the 
core print area and core permeability. The pressure increases linearly with distance and unless the metal is poured 
rapidly to produce higher head pressures or unless the permeability coefficients of the sand are increased, gas can be 
expected to bubble through the castings. Increasing core permeability significantly decreases the pressure in the core. 
There is an asymptotic decrease in internal gas pressure for the geometry being considered with an increase in 
permeability. [1] 
The aim of this article is to investigate the impact of the quantity and quality of resin binder and the temperature of the 
core and the casting on the gas pressure of released gases from sand cores. The test bars were prepared with various 
resin qualities (no-bake phenol, HB-phenol, and HB-furan). The amount of resin used is usually 0.9-1.2%, based on 
sand weight. Catalyst levels generally are from 30 to 50 %, based on the weight of the binder. The binder content 
recommended by the manufacturer and cores containing 30% less and 30% more binder is also examined. The 
geometries of the test bars were as follows one core had a diameter of 28.85 mm and a length of 126.16 mm and another 
diameter of 26.2 mm and a length of 117 mm. The cores were prepared with constant compacting energy and 
approximately the same bulk density (1.3 g/cm3).  
The measurement is similar to the actual production conditions. Stainless steel tube (Ø6x300mm) were used as pressure 
probes; they were placed in the axial center of the core and so that their ends were 5 mm from the mold-metal interface, 
the closest distance at which the molten metal would not plug the tube. In the literature, the pressure of the gases was 
measured at a distance of 0.635 cm (0.25 in.) from the mold-metal interface. [2] The form was prepared using a 
bentonite mixture containing 8% bentonite and 4% water. The fire-resistant matrix of the form was silica sand. The drag 
box was Ø330x200 mm and the cope box was Ø330x140 mm. The casting was carried out simultaneously using a 
tangential access channel in a three-cavity form. Approximately 50 kg bentonite mixture was necessary for each form 
which was produced with a Multiserw Morek low-speed mixers. The mould cavities were made with a cone-shaped 
wood pattern (Ø70x150mm, draft: 4°). 720 °C foundry aluminium alloy was used for casting. The cores with the steel 
tubes and the thermocouples in the drag box were placed and poured around with liquid metal. The gating system was 
formed in the cope box. preparation steps of the waste mould can be observed in Figure 1. The produced gases passed 
through a silicone tube to a pressure transducer. Three Baumer-type pressure transducers were used for the experiments. 

 
Figure 1 The experimental moulding box, a) lower part with the cone-shaped wood pattern, b) tangential access channel 

without cores and c) with core, d) drag and cope box with weight on 
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During core making and casting, the composition of the sand cores may not be uniform, so it is also necessary to test the 
cores with different resin contents. In the case of HB-furan resin cores, the effect of different amounts of resin on the 
pressure of the gases evolved from the cores is shown in Figure 2. 

 
Figure 2 The effect of resin quantity on the pressure of the released gases 

As the resin content increases, core gas pressure increases significantly and gas pressure peaks appear earlier in time.  
Temperature measurements are also required to investigate the causes of the above phenomena and to connect pressure 
values to thermophysical processes. The melt temperature was measured 10 mm from the parting line and 10 mm from 
the mold wall, the core temperature was measured 5 mm from the core surface and 8 mm from the core edges using a 
K-type chromium-aluminum thermocouple. The temperature measurement results are shown in Figure 3. 

 
Figure 3 Relationship between melt cooling curve, core temperature, and core gas pressure 

When metal initially contacts the mold, there is a huge increase in temperature, and the condensed water near the 
interface vaporizes, expanding in volume over 1000 times. [3] This rapid expansion displaces the air originally in the 
mold. The maximum gas pressure is observed at the time the core is heated to 100 ° C, which is explained by the release 
of vapor/gas (water vapor, ethanol, propanol, solvent) from polycondensation processes. 
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The clamping system is essential in the milling and drilling operation, since the CM (Clamping Device) (fixture) is 
responsible for holding the workpiece into the table of the milling machine. Clamping device should be installed with 
the machine table, to assure maximum accuracy and quality of the work done. Direct clamping with the table of the 
machine should be avoided. 
The main considerations when designing a clamping device are: the fixture should be stronger than the frame of the 
machine, the ability to be fastened solidly to the table of the milling machine, capability of holding the workpiece 
against the forces developed during operating and the possibility to hold different shapes of workpieces. 
The aim of this study is to design and manufacture  clamping devices. These devices should be able to hold various 
shapes and dimensions of a workpiece, and should be portable, capable to joint with different types of milling and 
drilling machines, and easy to assemble and disassemble. In this project we have designed four different clamping 
devices in order to compare them regarding the advantages, disadvantages, and the different shapes of clamping 
possibilities. 
 
First Clamping Device: Four Jaw clamping device. 

Figure 1 Four Jaw clamping device.         Figure 2 Clamping device installed to machine table. 
 
Second Clamping Device: Fixed Base rotary arm clamping device. 

Figure 3 Fixed Base rotary arm clamping device with demonstration. 
 
Usage / Advantages: Suitable for drilling operation and simple working principle. 
Disadvantages: limitations regarding the (Height, Length, width and the working area) of the workpiece.  
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Third Clamping Device: Sliding Base rotary arm clamping device. 

Figure 4 Sliding Base clamping device with demonstration. 
 
Usage / Advantages: Suitable for drilling and milling operations. 
Disadvantages: limitations regarding the Height of the workpiece. 
 
Fourth Clamping Device: four jaw chuck self-centering clamping device. 

Figure 5 self-centering clamping device with demonstration. 
 
Usage / Advantages: Suitable for drilling and milling operations, all the clamping jaws moves together due to gear 
connections and this device is applicable for various heights.  
Disadvantages: this device is only capable to clamp cylindrical and equilateral shapes. 
 
In this section, we will explain the clamping possibilities, 
components, advantages and disadvantages for the first clamping 
device (Four Jaw clamping device). 

Components: 
Table 1 Components names for the clamping device. 
 
Usage / Advantages: Suitable for drilling and milling operations, 
Portable and can be installed to various types of milling machines. 
 
Disadvantages: each clamping jaw should be moved separately. 

 
Clamping possibilities: this device is capable to clamp different shapes and heights such as:  
 

Figure 7 Different Clamping possibilities.               Figure 6 Components for the clamping device. 

1 Device Frame 5 Slider Jaw 9 L-Joint
2 Edge Cover 6 Clamping Jaw 10 Sliding Nut
3 Driving Screw 7 Holding Screw 11 Sliding Screw
4 Holding Pin 8 Device Base
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INTRODUCTION 
Ni-based coatings are mainly used to form surface layers exposed to corrosion and abrasion at elevated temperatures 
[1]. The B and Si contents of the Ni-based alloys facilitate the scattering and melting process. The presence of Si and B 
increases the thinness of the Ni-based alloy and the melting and crystallization heat intervals. The presence of B (about 
3.6% by weight) promotes the formation of a hard phase [2]. Increasing the Si content to improve the fluidity of the 
dispersed layer did not yield any results. Cr plays an important role in the application of NiCrBSi alloys by increasing 
the hardness and mechanical properties of the deposited and melted coat and also increases its wear resistance [3]. 
Various NiCrBSi alloys have been developed to produce coatings to improve mechanical properties and to determine 
the coating's abrasion behavior with sufficient precision [4]. Due to the discontinuities in the coating (porosity, 
unmelted particles, oxide inclusions), the spray coating is not perfect. [5]. Laser beam melting applied to form a 
flawless, compact layer helps to completely eliminate porosity and thus completely coat the coating [6]. Due to the fine 
structure of the layer, the mechanical properties of the coating will be improved and the abrasion resistance will be 
significantly improved. Laser beam curing, coupled with concentrated heat input, can cause cracks in the solidifying 
metallic coating, which can be avoided by preheating and controlled cooling of the specimen or workpiece. 
 
RE-MELTING OF THE THERMAL SPRAY APPLIED LAYER WITH LMD HEAT SOURCE 
For the first experiments in mixed laser re-melting technology, we have selected a basicbody that allows operation in a 
wide melting band. The flat specimen is more suitable for the melting conditions.  
Considering that there was no practical experience with the chosen method for re-melting the coated NiCrBSi layer, the 
design of the re-melt and setting of the technological characteristics given in. The upper temperature of the melting gap 
of the given NiCrBSi alloy. The re-thawing of the NiCrBSi layer applied by thermal spraying was performed using a 
laser head mounted on a Fanuc robot (as shown in Figure 1), which was connected to the laser diode unit apparatus by 
an optical cable.  
SEM - EDXMA analysis was performed with a ZEISS MA 10 SEM electron microscope in the Laboratory of Complex 
Image Analysis and Structure Analysis (LISA) of the Institute of Metallurgy, Image Processing and Nanotechnology, 
University of Miskolc.  

  

 
Figure 1 Re-melting of the sprayed layer with a mixed diode laser heat source mounted on a Fanuc robot 
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The average thickness of the re-melted layer was measured during SEM and was 436 μm. In the transitional zone, 
approx. A 10 µm thick iron enriched zone is present. The Cr and Si fluctuations in the line analysis suggest a uniform 
distribution of the hard phases. The clear portion is a dendritic Ni solid solution; the darker, evenly distributed, high Cr-
containing eutectic hard phase. 
In the EDS analysis, the high Cr content of the layers is striking, indicating the presence of hard phases - chromium 
carbides and borides (mainly Cr7C3 and CrB Thermal input plays an important role in the re-melting of the layer, 
which can be achieved by properly adjusting and fine-tuning the LMD heat source parameters. 
If the heat input is too low, the layer will not or partially melt and will not properly bond with the parent metal. 
Excessive heat input results in dilution of the layer with the parent metal - limiting the usefulness of the component 
(e.g., not achieving the desired abrasion resistance.  
 
CONCLUSIONS 
In this work, a NiCrBSi coating thermally dispersed and remelted by laser beam (using LMD heat source) was 
introduced in this work. 
• In the re-melted coating, a fine, evenly distributed hard phase is observed. 
• The coating tested is characterized by a dendritic matrix Ni solid solution. 
• Studies show that re-melting using the LMD heat source promotes dendritic microstructure and significantly reduces 
the porosity of the coating. 
• Re-melting the coating using an LMD heat source allows for a more compact, finer texture and crack-free coating. 
• In addition to the many benefits of re-melting a layer using an LMD heat source, keeping heat input to a minimum - 
and slowly cooling the workpiece - is very important. 
• In the re-melted coating, various hard phases are observed which are in the Ni matrix (Cr, Fe)7C3, CrB, and Ni3B (Cr, 
Fe)7C3, CrB, and Ni3B. 
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The heat source of the mixed laser beam process is a beam obtained by collecting the light energy of a coherent light 
emitting diode bundle in a range of wavelengths of different wavelengths, passing through various filters and prisms 
through an optical cable to the medium to be heated. There are eight pieces of laser beams of four different wavelengths 
(940, 980, 1030 and 1060 nm). Mixed laser heat source created by superimposing the energy of the laser diode unit can 
be used for heat treatment, welding, re-melting and surface alloying and not for the rebuilding of 3D parts - of course, 
with various additional accessories. In this paper, the authors would like to report on our experience with this heat 
source. 
 
THEORETICAL STRUCTURE OF THE LMD HEAT SOURCE 
The LMD process means the initials of the English term, which in Hungarian translates as a mixed diode laser 
designation, which indicates that the laser beam heat source itself utilizes the energy of several laser diode units of 
different wavelengths. The abbreviation LMD was first used by the Fraunhoffer Institute in Dresden and by Laserline, 
referring to the equipment they developed [1-3]. 

 
Figure 1 Generation of Mixed Laser Beam by Switching N Number of Diode Stacks of Different Wavelengths 
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By concentrating the LMD heat source on the heating of the thermally sprayable powder, it is possible to create a more 
compact and reliable layer (Figure 1) [4]. 

  
Figure 2 Comparison of different LMD laser beam methods (Convencional vs. Ultra High-speed LMD 

 
The difference between the two procedures is described in Figure 2. The material needed to coat the hydraulic piston 
with a conventional laser beam process is 0.843 kg NiCrBSi powder and can be made in 1.75 h at a cost of 270 Euro. 
The ultra-high speed process consumes just 0.373 kg and 0.3 h at a much lower cost of 70 Euro. Figure 9 illustrates the 
difference between the two processes (particularly important in economic terms) [5]. 
 
SUMMARY, RESULTS 
The use of laser beam technologies to create surface layers is a new, state-of-the-art technology that will gain more and 
more space in the future. - When using laser beam heat sources, the heat input is well controlled, the workpiece is 
hardly deformed and the heat treatment state of the workpiece does not change. On the other hand, a laser beam of CO2 
or Nd: YAG, a very small diameter, high-jet jet, allows excessive heat input. When using these heat sources, very 
narrow melting bands (3 to 5 mm) and dilution with higher raw material (above 10%) were observed. The use of 
blended laser beam heat sources opens up new perspectives in the field of coating as the heat input is highly 
controllable and, as a result, the dilution of the layer with the substrate is better controlled. 
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To improve the performance of the Agricultural machinery, several composite materials were suggested as 
replacements of critical fast-wearing steel parts. These materials were examined by a pin-on-plate system with sliding 
abrasive cloths. 
Five types of composite materials were suggested to replace these steel parts. We chose (ESD PA6 G, HD1000, PA6E, 
PA6G and PA66GF30) as test materials. 
The test was done by Pin-on-plate system test device, which can be found in our institute’s workshop in Szent István 
University, Gödöllő, with the temperature of the room as 23℃, and this system is apparent in the following figure. 
 

 

 

Figure 1 Pin-on-plate wear device 
 

Simple apparatus assembled and sensors were fixed on the device and connected to a computer data collecting interface. 
The interface was converting the sensor signals into digital values and provided the data to a computer that was 
recording the values. 
During the entire tests, the computer registered the wear, friction forces, and the temperature of the specimens from a 
close point of the contact area between the samples and the abrasive wear. 
This device can give us a nonstop wear interface and furthermore a possibility to control several parameters: 

1. Opportunity to control the speed of the interface wear. 
2. Possibility to use several wear interfaces 
3. Opportunity to add a load over the specimens. 
4. Opportunity to observe the evolution of the temperature in the contact area. 

 Two types of wear interfaces were used (P60 and P150). 
 Two speeds are used which are (20%=0.032 m/s and 40%=0.056 m/s) 
 And we used Three loads (9.81 N, 29.43 N and 49.05 N) 

As a result of these variables that we can control, we have 12 tests. In figures 2 and 3, we show the extreme cases that 
we have. During test 1, the load was 9.81 N, and the speed was 0.032 m/s. While in test 6, the load was 49.05 N and the 
speed was 0.056 m/s. 
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Figure 2 The temperature of test 1 Figure 3 The temperature of test 6 

 
These results were compared to the thermal properties of the tested materials which are shown in Table 1. 
 

Table 1 Thermal properties of the tested materials 
 PA6E PA6G ESD PA6G HD1000 PA66GF30 
Thermal conductivity [W/ (K.m)] 0.37 0.29 0.38 0.41 0.39 
Melting temperature [ºC] 220 216 216 135 260 
Glass transition temperature [ºC]  45  40  48 
Specific heat [J/(g.K)] 1.7  1.7 1,9 1.2 
Max. allowable service temperature in air, short term [ºC] 160 170 170 130 170 
Max. allowable service temperature in air, long term [ºC] 100 110 100 80 110 
Min. allowable service temperature in air, long term [ºC] - 40 - 40 - 40 - 250 - 20 
Heat deflection temperature [ºC] 75 100 95 80 150 

 
As we can see in the diagrams that PA6E had the highest temperature and that what can be explained by the value in the 
table, where PA6E has: 

 The lowest heat deflection temperature 
 High specific heat 

While PA66GF30 had the lowest temperature that what can be explained by the value in the table, where PA66GF30 
has: 

 The highest heat deflection temperature 
 Low specific heat 
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All over the world there is a competition among car manufacturers to reduce the weight of cars. Sheet metal forming is 
one of the most important key technologies in automotive industry concerning material and energy consumption, as 
well as the overall cost efficiency. To keep this role in manufacturing industry a continuous development is necessary 
concerning materials, the development of new innovative forming process and the tooling and manufacturing 
equipment. The increasing requirements stated by the automotive industry is the main driving forces behind sheet metal 
forming innovations. 
 
Recently, the big challenge is to balance mass, costs and CO2 emissions, depending on the vehicle segment under 
consideration. The competition in car manufacturing is extremely strong leading to larger model variety and shorter 
model cycles. The increased competition also leads to a very intense development activity to increase productivity. 
Some of these requirements are arising from the customers’ side and from legal requirements, e.g. increased safety and 
increased environment protection. 
 
The new design concepts are required, which require new materials, new innovative forming process and new tooling 
concepts. The increased competition also requires shortening the lead times from the concept to final realization and to 
reduce the lead times the application of various methods of computer Aided Engineering CAD, CAM, CAE and FEM 
techniques are inevitable. 
 
Some decades ago, design engineers focused more on structural and dimensional stability, but in recent years the focus 
is on the reduction of fuel consumption with increasing comfort requirements what lead to development of new 
materials. Enhanced stiffness together with weight reduction resulted in the development and wide application of 
various grades of high strength steels. Nowadays, several micro-alloyed and phosphorous-alloyed steels with and 
without bake hardening are frequently used. An increasing use of interstitial-free (IF) steels, dual-phase and TRIP-
steels, as well as the ultra-low and super ultra-low carbon steels can also be observed in Figure 1 concerning the last 30 
years.  
 

 
Figure 1 Time horizon of steel development in the automotive industry in the last 30 years 
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It can be observed that from the elaboration of various micro-alloyed steels in the mid-seventieth of the last century, 
there is a continuous pressure on material development leading to the appearance of new advanced steel materials 
practically in each five years. 
 
In this paper, we will analyse these car-making concepts both from the side of new, innovative materials and from the 
side of manufacturing processes. 
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We carried out the measurement of the three components of the cutting force as a function of the modification of the 
depth of cut during the longitudinal turning process. The results show that if we increase the depth of cut, all three 
components of the cutting force shows increasing tendency, regardless of how much the cutting speed and feed speed 
were performed during the measurements. 
 

    
Figure 1 The lathe (E-400) and the instruments 

 
We used the following measuring instruments: 

 Kistler Type 9257B 
 Kistler Data Acquisition System Type 5697A 22003583 
 Kistler Multichannel Charge Amplifier Type 5070 

 

 
Figure 2 Schematic illustration 
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Then we use the Ansys software, and made five simulations. 
The formula for calculating: 
 𝑭𝒄 = 𝑪𝟏 ∙ 𝒇𝒙 ∙ 𝒆𝒚 ∙ 𝝈𝒏 ∙ 𝑹𝒑 ∙ 𝜿𝒔 ∙ 𝒗𝒄𝒃 ∙ 𝑲𝜸 ∙ 𝑲𝒌 ∙ 𝑲𝒉 ∙ 𝑲𝒂 ∙ 𝑲𝝀 
 𝐹𝑐: main cutting force 𝐶1: chipping factor 𝑓: depth of cut 
x: exponent of depth of cut 
e: feed 
y: exponent of feed 𝜎: tensile strength 
n: exponent of tensile strength 
R: corner radius 
p: exponent of corner radius 
 

𝜅: major tool cutting edge angle 
s: exponent of major tool cutting edge angle 𝑣𝑐: cutting speed 
b: exponent of cutting speed 𝐾𝛾: tool rake dependent factor 𝐾𝑘: tool wear dependent factor 𝐾ℎ: tool cooling dependent factor 𝐾𝑎: tool clearance dependent factor 𝐾𝜆: tool inclination angle dependent factor 

The formula for simulation (Johnson-Cook): 
 σ=(𝐴 + 𝐵 ∙ 𝜀𝑝𝑛) [1 + 𝐶 ∙ ln ( 𝜀̇𝜀0̇)] [1 − ( 𝑇 − 𝑇𝑟𝑇𝑚 − 𝑇𝑟)𝑚] 

 
The results (Measured cutting force, calculated cutting force (with hand, traditional formulas), and FEM simulation): 
 

 

 

1. piece: 𝑎𝑝 = 0,5 𝑚𝑚 
2. piece: 𝑎𝑝 = 0,75 𝑚𝑚 
3. piece: 𝑎𝑝 = 1 𝑚𝑚 
4. piece: 𝑎𝑝 = 1,25 𝑚𝑚 
5. piece: 𝑎𝑝 = 1,5 𝑚𝑚 

 
Figure 3 Results 
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Gear reducers are mechanisms designed to reduce the number of revolutions using gear elements and nowadays they 
present one of the most commonly used types of mechanical transmissions in mechanical engineering. Due to the different 
shapes of gear elements, there are different types of gear transmissions: helical, bevel, worm, special and combined 
transmissions.  This paper analyses only helical gear transmissions, since there is a great extent of whole this matter. 
Helical transmissions are analysed only with external helical gearing, since internal gear pairs represent a special and very 
large group of gears. Within the external helical gear transmissions, only torque transmissions are analysed, while the 
transmissions of motion are not analysed and they represent another large group of transmissions. Only universal gear 
reducers with axial, or almost-axial, parallel shafts are considered (two-stage and three-stage transmissions). Although, 
single-stage gear reducer produced with parallel shafts are not considered by the paper in order to reduce the area of 
researching. Gear reducers are most commonly delivered to customer with electric motor, known as motor gear reducer, 
and they are studied here extensively. Gear reducer can be also delivered without motor, only with input shaft. The basic 
aim of this paper is to present all characteristics and specificities of motor gear reducer in one place. 
Nowadays, universal motor gear reducers with helical gears have an extremely large application in mechanical 
engineering. It is only because of their simple construction, high adaptability, high reliability, high power rationality and 
relatively low production and maintenance costs. Universal gear reducers can be also delivered without electric motor. 
However, it is a rarely required and only in the case when the customers want to install standard IEC electric motor (Fig.1) 
or when they want to base the motor separately (if the space is limited and/or the motors are large and heavy). 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1 Schematic review of characteristic construction ways of universal gear reducer: 1 – input shaft reducer (R), 2 - 
input shaft reducer connected by coupling (C) with standard IEC electric motor (EM), 3 – motor gear reducer, 4 - motor 

gear reducer with adapter (A) which connect IEC motor and reducer and 5 - motor gear reducer where IEC motor is 
connected by belt transmission with the reducer [1] 

 
Universal gear reducers are produced as single-stage, two-stage, three-stage and multistage units. Based on the 
conducted research of realised solutions of almost all leading producers of universal motor gear reducers with helical 
gears, it can be concluded that their production program contains universal units of very different conceptual solutions.  
Most of manufacturers of gear reducers produce single-stage units, although there are some manufacturers which do not 
produce them since they cover these small gear ratio by belt transmission and there is no need for producing single-stage 
units (for example companies ROSSI [2], BEGE [3] etc.). If small gear ratio is required, these manufacturers use two-stage 
reducers and with their lowest gear ratio cover the gear ratio area of single-stage units. With this approach, they simplify 
and make cheaper their production. However, they certainly lose a part of the market, despite the selling of low-speed two-
stage gear reducers at a slightly lower price in order to be competition with manufacturers of single-stage reducers. 
Great number of smaller manufacturers produces two-stage gear reducers in special case for two-stage gear unit, while 
three-stage reducers are built by connecting two-stage and single-stage gear units. Therefore, their three-stage gear units 
are slightly more expensive then gear reducers built in the universal case for two-stage and three-stage gear reducer. By 
this approach, they achieve emphasis on two-stage gear reducers and achieve slightly lower production costs then 
manufacturers who produce two-stage gear units in universal housings for two-stage and three-stage gear reducers. At 
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the same time, manufacturers with high gear ratios of two-stage gear reducer try to capture as much of the customers 
who are interested for three-stage gear units.  
Most manufacturers of three-stage gear reducers produce three-stage gear units in universal housing for two-stage and 
three-stage units. In that case, the emphasis is on three-stage units, which gives them a major advantage in the area of 
three-stage gear units over the manufacturers who build their three-stage gear units by connecting two-stage and single 
stage gear reducer. Any weakness of their two-stage gear reducers is compensate by this operation. 
 
 
 
 
 
 
 
 
 
 
 

1 2 3 
Figure 2 Characteristic solutions of a two-stage universal gear reducers: Nord (1), Lenze (2) and Winsmith (3) 

 
Based on the given analysis, it is evident that modern solutions of gear units are made in different variants in order to 
ensure providing as simple and low cost as possible manufacturing and assembling. Gear reducers with special housing 
for two-stages gear units and gear reducers with universal housing for two-stage and three-stage gear unit are almost 
equally exploited. Today, one-piece housings are required almost in all cases in order that manufacturing become easy, 
no matter the assembly will be more complex. One-piece housing makes possible ideal axial consistecy of bearings and 
so far the providing of regular and proper gearing. This is very important for long-lasting and reliable operation of gear 
reducers. Additionaly, one-piece housings provide greater rigidity of the unit, which also has beneficial effect for the 
gear reducer lifetime. One-piece housings are also better hermetically closed, which is also important for gear units. Of 
course, radial mounting allows the mounting of large gears, with a slightly more complex assembling, i.e. certain 
subassemblies are not possible to assemble outside of the reducer and to be then mounted into the housing. 
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Structural investigations of granular composites were carried out using modern test methods. Composite sheets of 
different compositions   and with different injection molding speeds were prepared and used. Polypropylene (PP) matrix 
was mixed with glass beads of three different  size ranges (0-75 m, 75-125 m, 125-250 m) and in three weight 
percentages (10 , 25, 40 wt %). During our investigations, scanning electron microscopy (SEM) and industrial computer 
tomography (CT) were used as modern diagnostic tools. 
A scanning electron microscope is an electron-optic device that scans a defined area of the subjects surface with a 
directional thin electron beam. Signals from the interaction between an electron beam and an object are sensed by 
suitable detectors and after proper processing and synchronization with the movement of the electron beam, they are 
visualized [1]. In our case, the amount and size of glass beads were examined at predetermined locations of the obtained 
sample plates (80x80x2 mm). 
The computer tomographic device generates a 2D X-ray image sequence of the object under examination, in which the 
sample rotates in series with a defined small angle value [2]. This is repeated until the specimen is completely rotated, 
and an X-ray image is produced at each angle. Based on 2D images 3D reconstructions can be made with appropriate 
software [3]. 
Figure 1 shows SEM images from the fracture surface of a granular composite (at 40 wt% glass beads content). The 
images can be used to determine the size and volume fraction of glass beads. The images show that the surface adhesion 
is good between the matrix and the glass beads, the PP matrix adheres to the glass beads and the fracture occurred in the 
matrix. The SEM images also show that the distribution of glass beads is not considered to be uniform. When analyzing 
a large number of SEM images, it is only possible to draw conclusions about the glass bead content and size distribution 
of the glass beads in a given composite. 
 

      
        a) 4007520-08-01b sample                   b) 4012520-12-01a sample                   c) 4025020-08-03b sample 

Figure 1 SEM images of PP composites containing different bead sizes (40 wt% glass bead content) 
 

Figure 2 shows 2D CT images of complete composite sheets (at 10 wt%, 25 wt% and 40 wt% glass beads content). The 
injection rate resulted in different bead distributions ranging from homogeneous distribution through ”tunnel” shape to 
”volcanic” shape. The darker regions on the images indicate the density increase of the glass beads.  The distribution of 
glass beads at a test region on a sample plate after 3D reconstruction shows Figure 3. The distribution of glass beads is 
inhomogeneous, with two narrow bands of glass beads clearly visible. It can be seen that by 3D reconstruction the 
internal structure of the investigated composite can be well mapped. 
  

mailto:rathy.istvanne@bgk.uni-obuda.hu


INTERNATIONAL SCIENTIFIC CONFERENCE ON 

ADVANCES IN MECHANICAL ENGINEERING 

7-9 November 2019, Debrecen, Hungary 
______________________________________________________________________________________________ 

 

_______________________________________________________________________________________ 

96 

 

 
a) 1007505 sample                             b) 2507505 sample                              c) 4007505 sample 

Figure 2 2D CT images of PP composite samples containing different glass bead content (10, 25, 40 wt%) 
produced at the same injection molding speeds 

 
3D CT measurements can be used to determine the location of areas rich and poor in glass beads. This gives an accurate 
overview of the distribution of the glass beads along the injection molding path. The CT investigation method can be an 
effective tool for designing filler material (size, volume) and injection molding parameters of particulate composites     
to ensure uniform filler distribution. 
 

 
Figure 3 PP composite samples 4007520_07 / 9E after performing the inclusion analysis (the bottom right corner shows 

the 3D distribution of the glass beads, the top left and the right and the bottom left the 2D sectional views of the  
3D pattern in the xy, yz, and xz planes respectively) 
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The intensive use of non-renewable resources which has triggered a growing environmental concerns and social 
responsibility have served to boost the recycling activity especially in the construction sector to achieve efficiency as 
regards to energy and also, to reduce the associated emissions. Improving the mechanical and thermal properties of 
construction materials and using sustainable sources, based on waste material can improve the building energy 
consumption and decrease heat transfer coefficient. This will be implemented by employing eco-friendly materials such 
as glass foam which is a porous material having appropriate strength and low thermal conductivity. This study deals 
with the investigation of glass foam based on recycled material to reach the optimal characteristics by varying raw 
material composition and material formulation (proportion of the components, foaming agent details, particle size). The 
materials used are recycled bottle glass, cathode-ray tubes (CRT) glass and aluminium dross. Silicon carbide was added 
as a foaming agent. 
Cathode-ray tubes, found in computer monitors and TV sets, are considered as electronic waste. Over the century, this 
kind of waste has increased exponentially. CRT glasses are complicated to recycle, as they contain hazardous 
components (e.g. Ba, Sr, Pb) requiring special treatment for safety [1]. However, there is a few CRT recycling facility 
in Europe and the rest of the world but its low value and the limitations of market make it difficult to recycle into new 
products. Managing this problem is critical from the viewpoint of creating functional WEEE treatment systems [2].   
The other material being investigated is aluminium dross resulting from the hot (thermo-mechanical) processing based 
on the application of a relatively large amount of salt flux. This material is officially categorized as hazardous according 
to the European Catalogue for Hazardous Wastes [3]. Therefore, it may entail a severe financial burden for the 
mandatory handling. Its disposal is prohibited in many countries of the EU. A major problem is reactivity with water 
and even with the humidity in ambient air, leading to the formation of some toxic and even potentially explosive gases, 
such as NH3, CH4, PH3, H2 and H2S [4].  
In this study, the effect of dross and CRT glass on the mechanical strength, thermal conductivity and microstructure of 
the glass foams was determined. CRT glass with particles sizes of D90=63 μm were added in quantities of 5 to 10 wt%. 
Aluminium dross was washed with water 3 times and added in quantities of 10 wt%, 20 wt%, and 30 wt%. The foaming 
agent (SiC) was added in quantities of 2 wt%. Weighted mixtures were homogenized in a laboratory mixer for 10 
minutes at 200 rpm and poured in a cylindrical mold and pressed under 11 MPa. Composition of the samples is listed in 
Table 1.  
 

Table 1 Composition and foaming temperature of the mixtures 

Sample 
Code 

Composition (wt%) Foaming 
temperature 

(°C) 
Dross SiC CRT63 Bottle glass 

BG  2  98 960 
CRT10D 10 2  88 897 
CRT20D 20 2  78 862 
CRT30D 30 2  68 896 
5CRT10D 10 2 5 83 965 
5CRT20D 20 2 5 73 897 
5CRT30D 30 2 5 63 890 
10CRT10D 10 2 10 78 915 
10CRT20D 20 2 10 68 894 
10CRT30D 30 2 10 58 880 
5CRT  2 5 93 970 
10CRT  2 10 88 947 
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The first digit in sample coding means the quantity of CRT added in wt%, BG refers to Bottle Glass and the last number 
indicate the amount of dross added in wt%. 

To characterize the thermal behaviour, heating microscopy was used for the mixtures. Foaming temperature was 
determined by analysing HSM curves. The density and thermal conductivity of the samples was conducted in order to 
obtain light weight product with high thermal insulation. Microstructure and pore size distribution were analysed using 
optical microscopy. To determine the mechanical behaviour of the samples, compressive strength was measured. 
Finally, chemical stability was determined using leaching test. 
 

 
Figure 1 Foamed samples  

 
The heating microscopy results of mixtures containing 0, 10, 20 and 30 wt% dross, shows that as we increase the dross 
content the foaming temperature decreases. This behaviour is explained by the presence of salts (CaF2, NaCl, KCl) used 
as a flux to reduce the melting point, and in our case used to decrease the foaming temperature.  
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An integral part of every modern manufacturing company is the implementation of highly sophisticated production 
processes and technologies into the production process. Their main task is, first of all, to increase production efficiency. 
These advanced progressive technologies include EDM. This progressive technology is characterized by high product 
quality that can only be achieved with the full support of computing. The aim of the paper is therefore to demonstrate 
the process of manufacturing a die-casting mould using EDM technology using computer simulation. Since the 
production of die-casting moulds is predominantly prototypes, the task of computer simulation is to assist, in particular, 
in identifying possible tool collisions with the workpiece, thus avoiding insufficient quality of the functional parts of the 
mould or more precisely preventing damage to the machine or tool.  
 
INTRODUCTION 
The scope of application of conventional machining technologies is limited, on the one hand, by the mechanical 
properties of the material being machined, and on the other hand, by the complexity of the final shape of the machined 
surface of the product. For this reason, it is preferable to apply progressive machining technologies to machining 
materials with specific mechanical properties, such as treated high-alloy steels, carbides and the like. As a rule, they use 
some of the physical or physico-chemical principles of material removal in machining [1]. At the same time, when 
machining complicated product contours, locally limited edge breaking or more precisely material removal in a certain 
sequence or in precisely defined layers is often required. As a rule, these specific requirements require the application of 
multiple tools and equipment, resulting in an increase in machining time.  
 
DESIGN OF MOULD FOR DIE CASTING OF METALS 
Nowadays, we can hardly imagine the design of a die-casting mould without modern computer technology [2]. Before 
its actual production, it is appropriate to have made model in digital form, which significantly reduce the risk of errors 
of individual pressure mould. There are several CAD programs for its digitization. These allow, in addition to the 
design of the functional part of the mould cavity, also the design of the other parts of the mould which serve for its 
attachment, closing / opening, cooling and the like.    
 

 

 

Figure 1 CAD design of individual functional parts of die casting mould 
 

DESIGN OF ELECTRODES FOR PRODUCTION OF MOULD CAVITY BY EDM 
Another important step in designing the manufacturing process of the functional part of the mould cavity is the 
specification of the tool electrodes. These must be designed not only for their functionality, but also for the practicality 
and economic efficiency of their application. In this case too, modern procedures require the application of computer 
support. When designing, it is possible to use several programs, for example Creo 3.0. 
 
 

 

 

 

Figure 2 Design of tool electrode for EDM cavity moulds in Creo 3.0. software 
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An essential part of every production process is also the creation of drawing documentation. Therefore, both the design 
of the individual parts of the mould and the design of the tool electrodes require drawing documentation. Again, there 
are several software for its creation. For example, Creo 3.0. software allows you to create 2D drawings using a standard 
Drawing module from pre-created 3D models. This module also enables the creation of drawings for individual mould 
parts and tool electrodes as well as for their assemblies.  
 
 

 

 

 

 
Figure 3 Creation of drawing documentation of individual parts of die casting mould 

 
SIMULATION OF THE MANUFACTURING PROCESS FOR DIE-CASTING MOULD USING 
TECHNOLOGY EDM 
The last step before the actual production of the tool electrodes and the individual parts of the die casting is the 
simulation of their production. The task of the simulation is first of all to propose suitable technological parameters, 
which gives us information about the total production time of the mould. Simulation is also possible to detect possible 
hidden shortcomings, but also to assess the efficiency of the production process of the mould as a whole. Again, there 
are several software applications to simulate the production process. In the above Creo 3.0. software this feature is 
enabled by the Manufacturing module. 
 

 

 

 

 

Figure 4 Simulation of production of a certain part of the die cavity by means of a cylindrical tool electrode 
 

By simulating the production of the electrodes as well as the individual parts of the die casting mould, several 
alternatives can be made. Consequently, based on the chosen optimization criterion [3], which may be e.g. minimizing 
production time, maximizing production accuracy, etc., we can opt for the most suitable production method.  
 
CONCLUSION 
The task of computer simulation and the use of CAD / CAM software in technical practice is primarily to save the work 
of engineers and to prevent the occurrence of spoilage. Since die casting is almost always a prototype, its production 
cannot be tuned to test specimens. At the same time, due to complicated repair procedures or, in some cases, even 
impossible correction of defects in any of its parts, the simulation of the die casting process has an important position.   
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The aim of the paper is to describe the results of experimental research focused on the assessment of the impact of the 
main technological parameters for WEDM on the quality of machined surface. The samples were made of tool steel 
ENX155CrVMo12-1 using an electroerosion equipment SODICK AQ535. As wire tool electrode was used brass 
cutting wire  0.25mm diameter with the designation ELECUT BRASS CuZn37 and a tensile strength Rm=980N/mm2. 
 
INTRODUCTION 
Unlike conventional technologies, progressive technologies normally use energy sources other than purely mechanical 
energy. These technologies include WEDM, which uses the physical principle of material removal. The removal of 
material particles occurs by cyclically repeating electrical discharges between the tool and the workpiece which is 
immersed in the dielectric. The final quality of the machined surface depends on the intensity of the electric discharges. 
In general, the lower intensity of electrical discharges during WEDM has a positive impact on the quality of the 
workpiece [1. However, too low a value of the intensity of the electric discharges leads to a substantial loss of the 
electroerosion process, making this process economically inefficient [2. Therefore, it is necessary to find a compromise 
between the achieved quality of the machined surface and the productivity of the electroerosion process itself [3.  
 
MATERIAL AND METHODS OF WORK 
SODICK AQ535 (Fig.1) electroerosion equipment was used for production of samples in the experiment. It is a multi-
axis CNC machine used in practice for cutting materials It is mainly used for the production of moulds, shearing tools, 
electrodes, etc. made of very hard materials, respectively products with complicated shapes.  
 
 
 
 
 
 
 
 
 

Figure 1 Electroerosion cutter SODICK AQ535 

Laboratory measuring devices were used to measure the qualitative indicators of the prepared samples in terms of 
roughness and geometric accuracy. A Mitutoyo Surftest SJ 400 contact profilometer (Fig. 2a) was used to measure the 
roughness of the eroded surface. The CNC contact coordinate machine ThomePräzision with software Metrolog XG 
(Fig. 2b) was used to measure the deviations of the geometric accuracy of the eroded surface. 
 
 
 
      a)                       b) 
                                             
 
 
 

Figure 2 Measuring equipment used to identify qualitative indicators of eroded surface of experimental samples 
 
In the experiment, brass wire 0.25mm diameter manufactured by ELERO s. r. o. with the designation ELECUT BRASS 
CuZn37 was used for the production of samples. It is a standard type of compact wire electrode having a relatively high 
tensile strength Rm=980N/mm2 with a 63% Cu content and a 37% Zn content. This type of wire electrode is able to 
ensure the required quality of the machined surface with high productivity and at the same time favorable economic 
efficiency of the electroerosion process. The samples were made of Böhler tool steel with the designation 
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ENX155CrVMo12-1. It is highly alloyed ledeburitic chromium - molybdenum - vanadium steel, which is characterized 
by high abrasion resistance, wear resistance and good toughness. At the same time, it has also excellent hardenability 
and dimensional stability. Its basic chemical composition is shown in Tab. 1. 
 

Table 1 Basic chemical composition of tool steel marked EN 155CrVMo12-1 

Steel marking 
Percentage of elements (%) 

C Si Mn Cr Mo V P S 
EN ISO X155CrVMo12-1 1.55 0.25 0.35 11.80 0.80 0.95 max 0.030 max 0.030 

 
The sample material it was be heat treated before to erosion. The heat treatment of the sample material consisted of a 
two-stage heating to an austenitization temperature of about 1040°C and a hardening to oil followed by tempering at a 
temperature of about 520°C to a secondary hardness of 56HRC. In the following Fig. 3 are shown made experimental 
samples.  
 
               a)            b)  
 
 
 

Figure 3 Experimental samples made 
 

In the first case (Fig. 1a) it was a cylinder 8.0mm diameter with a length of 40.0 mm, in the second case (Fig. 1b) a 
prism with dimensions 8.08.040.0 mm.   
 
RESULTS OF EXPERIMENTAL MEASUREMENTS 
Based on the results of experimental measurements, graphical dependencies were subsequently constructed describing 
the influence of MTP on the machined surface quality in terms of roughness parameters Ra, Rz (Fig. 4a) and geometric 
deviations of the machined surface (Fig. 4b) for WEDM tool steel ENX155CrVMo12-1 wire electrode 0.25mm 
diameter with the designation ELECUT BRASS CuZn37. 
  

 a)                    b)   

 
 

 

Figure 4 Dependence of roughness parameters Ra, Rz and maximum geometric deviations of machined surface on MTP 
for WEDM tool steel EN ISO X155CrVMo12-1 

CONCLUSION 
The aim of the paper was to identify the influence of MTP on machined surface quality from the point of view of 
roughness parameters Ra, Rz and geometrical deviations machined for WEDM tool steel. Based on the results of 
experimental measurements, it was found that with the decreasing intensity of the discharge energy, which is 
represented by a lower value of peak discharge current and duration of discharge, while higher value of the duration of 
pauses between discharges occur to a significant improvement in both quality indicators machined surface.   
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The basic condition for an effective operation of the manufacturing plant in the new industrial revolution is the 
reliability of the information provided by the sensors and devices. This is related not only to the pure measurement data, 
but to the processed data used in rules for decisions in expert software. This is the case e.g. in the case of evaluation of 
vibration spectra recorded on rotating machinery.  The various mechanical faults have different typical spectral features. 
These faults can be identified using these spectra, as they are like fingerprints. In this paper we had the goal to test some 
typical, artificially generated problems (static and dynamic balancing, misalignment of shaft/coupling) and check 
whether the spectral fingerprints they follow the pattern determined in the literature.   
 

 
Figure 1 Typical vibration spectra of rotors with different faults 

 
Two series of experiments had been carried out. The one was a test with the goal to identify the response function a 
vibrating rotor having static unbalance on one hand and dynamic unbalance on the other hand. This test has been 
repeated several times with different trial weights, and different rotational speeds. The other series of test had the goal 
to identify/check the response of the stationary part of the machine, excited by a shaft misalignment.  
 

 
Figure 2 Test rig in the laboratory  
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For the tests the following intruments were used: 

• FAG SmartCheck vibration measuring instrument, SmartWeb and SmartUtility software applications. 
• SKF TKRS 10 strobe light (for mesuring the rotational speed), 
• Vibrotester test rig (internal development),  
• Fixtur Laser shaft alignment system, 
• Personal computer 
• Scale (weight) 

 
 

 
Figure 3 Typical vibration spectrum   

 
During the tests it has been found, that - despite of the expectations – the amplitudes of the 1X and 2X components have 
risen, but not as much, as expected. Consequently a linear function could not be determined between the extent of 
misalignment and the severity of the vibration. Results, got during the tests of unbalance are somewhat disappointing, 
too. In case of static unbalance the amplitude of the 1X component is increasing linearly with the weight. However, in 
case of dynamic unbalance this is not the case. Measurement results are spreading strongly.  
 
On the other hand the change of the speed – probably due to the natural frequencies – has no unambigous rule, at all and 
is not proportional to the square of the rotational speed. This is very important, because we had nearly ideal conditions 
(unlike in industrial plants), and despite of this we had no clear results. To be honest, we expected a quadratic function 
and this could not be found.  
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Heat and mass transfer models using the volumetric heat transfer coefficient were developed for fluidized bed dryers. 
These models are suitable to determine the change in the moisture content and temperature of the particles, in the 
temperature and the absolute humidity of the drying gas versus drying time, and the change in the temperature and 
absolute humidity of the drying gas along the dryer. In the case of the model describing the heat and mass transfer as a 
function of the drying time, the differential temperature change of the particles [1]: 
 𝑑𝑇𝑃 = (𝛼𝑎) 𝐴𝑑𝐿𝑚𝑃𝑐𝑃 𝛥𝑇𝐺−𝑃𝑑𝑡 + 𝑚𝑑𝑃𝑟𝐹𝑚𝑃𝑐𝑃 𝑑𝑋𝑑𝑡 𝑑𝑡 , 
 
where 𝛥𝑇𝐺−𝑃 is the mean temperature difference between the drying gas and the particles. The aim of our research is to 
investigate the effect of the mean temperature difference value on the results of the heat and mass transfer model. In 
drying processes the logarithmic mean temperature difference is generally used [2]. The general equation of the 
logarithmic mean temperature difference (∆𝑇𝑙𝑚) is shown in Table 1. 
The logarithmic mean temperature difference has caused inconveniences in several applications [3]. In the literature, 
there are many replacements for 𝛥𝑇𝑙𝑚, mostly in heat exchanger applications. The summary of the equations of the 
mean temperature differences is shown in Table 1. 𝛥𝑇𝐴 indicates the difference of the temperature between the drying 
gas at the inlet of the dryer and the temperature of the particles, and 𝛥𝑇𝐵 means the difference of the temperature 
between the drying gas at the outlet of the dryer and the temperature of the particles. During fluidized bed drying 
generally 𝛥𝑇𝐵 ≪ 1°𝐶 at steady state condition. The purpose of this study is to propose a valid equation to determine the 
mean temperature difference in fluidized bed dryers, when the temperature of the drying gas at the inlet and at the outlet 
of the dryer, and the temperature of the particles are known 
 

Table 1 Expressions to calculate the mean temperature difference 

Name Equation Reference 

𝛥𝑇𝑙𝑚  

𝛥𝑇𝐴 − 𝛥𝑇𝐵𝑙𝑛 𝛥𝑇𝐴𝛥𝑇𝐵  [3] 

𝛥𝑇𝑈𝑛𝑑𝑒𝑟𝑤𝑜𝑜𝑑  (𝛥𝑇𝐴1/3 + 𝛥𝑇𝐵1/32 )3
 [4] 

𝛥𝑇𝑃𝑎𝑡𝑒𝑟𝑠𝑜𝑛 
𝛥𝑇𝐴 + 𝛥𝑇𝐵2 + 2√𝛥𝑇𝐴𝛥𝑇𝐵3  [5] 

𝛥𝑇𝐶ℎ𝑒𝑛 √𝛥𝑇𝐴 + 𝛥𝑇𝐵23 √𝛥𝑇𝐴𝛥𝑇𝐵3  [6] 

 
The difference between the expressions can be illustrated graphically. Figure 1 shows the variation of the ratio of the 
mean temperature differences (𝛥𝑇𝐺−𝑃) and the greater temperature differences (𝛥𝑇𝐴) in the function of the smaller 
temperature differences (𝛥𝑇𝐵) for the four equations presented. The value of 𝛥𝑇𝐴 was set to 100 °C in this example. 
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Figure 1 Variation of the ratio of the mean temperature differences and the greater temperature differences in the 

function of the smaller temperature differences 
 

According to Figure 1, there is a divergence between the functions calculated with the mean temperature difference 
equations below 𝛥𝑇𝐵 < 10 °𝐶. This uncertainty results inaccuracies in the heat and mass transfer models. The limits of 
the mean temperature differences calculated with the referred equations are summarized in Table 2, when 𝛥𝑇𝐵 → 0. 
 

Table 2 Limits of the referred mean temperature differences  lim𝛥𝑇𝐵→0 𝛥𝑇𝑙𝑚 = 0 lim𝛥𝑇𝐵→0 𝛥𝑇𝑈𝑛𝑑𝑒𝑟𝑤𝑜𝑜𝑑 = 18 𝛥𝑇𝐴 lim𝛥𝑇𝐵→0 𝛥𝑇𝑃𝑎𝑡𝑒𝑟𝑠𝑜𝑛 = 16 𝛥𝑇𝐴 lim𝛥𝑇𝐵→0 𝛥𝑇𝐶ℎ𝑒𝑛 = 0 

 
The heat and mass transfer model is sensitive to the calculation method of the mean temperature difference. Since the 
outlet temperature of the drying gas and the product are nearly the same, the limits of each mean temperature 
differences cause a significant error in the description of the drying process. Measuring the actual value of the mean 
temperature difference should help to decide, which equation is appropriate to calculate the mean temperature 
difference of the fluidized bed dryer system. 
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ABSTRACT 
The importance of incorporating Computer Aided Optimization (CAO) into the design process lies in providing the 
fastest possible solution to a technical problem, within the given structure. 
Therefore, we have created a design process with topological optimization as an integral part to save time and resources 
in practice. 
 
INTRODUCTION 
With the advancement of computers, the solutions for complicated engineering computing problems have accelerated. 
Such engineering calculations are algorithmic optimization and finite element analysis based on numerical methods [1].  
Optimization is used in engineering practice when it is necessary to create a more favorable design for a particular task. 
In the design process of optimizing a new product it appears in the preparation phase of the design variants, in the case 
of an existing product, it means the modification of the finished part according to the purpose. 
The starting point in both cases is a geometry (consisting of design and nondesign space), and knowledge of loads, 
boundary conditions and constraints of the component. 
In the case of traditional intuitive optimization, based on the information described above, the designer begins to 
remove material from the design space based on his/her experience. After a finite element analysis of this first-
generation design additional material is taken or reconstructed by the designer, which is followed by another check.  All 
this iteration process takes place until the shape of the part has met the expectations. 
In case of (Computer Aided) optimization, after the import of design and nondesign space, adjustment of constraints 
and loads, and addition of finite element mesh, the software creates a geometry according to the purpose of optimization 
(mass minimization, compliance minimization, etc.). Several optimization algorithms have been developed, the most 
commonly used by software is the SIMP method. 
 
METHODOLOGICAL RESEARCH 
We believe that incorporating computer aided topology optimization into the design process will speed up component 
design time, which saves time and energy and, last but not least, provides a better solution to the problem than we 
would have received through intuitive optimization. 
Experimentally, during the optimization of an example part, we collected the information needed to assemble the design 
process. We first optimized the component intuitively and then used Inspire 2018.3 and Ansys WB 19.2 (this allowed us 
to compare the speed and efficiency of the traditional and CAO) we used Creo 4.0 for modeling, and ANSYS WB 19.2 
for finite element analysis of the models. 
The practical experience gained in this way has provided a wealth of useful information about the capabilities and 
limitations of each software, from which we have already developed the design process. 
 

    
Design space and software-generated raster model 

 
Finished optimized design 

Figure 1 Optimization result example (Inspire)  
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DEVELOPED OPTIMIZATION PROCESS 

 
Figure 2 Optimization process 

 
The flowchart contains iteration loops that, at each decision, can feed back to an earlier event (which means repeating 
the previous process knowing some new information) or omitting some unnecessary steps in decision places. 
Output elements appear in the flowchart after some steps to indicate the documentation of a particular subprocess or its 
recordable form. They are basically designed to streamline communication between the two groups (Design Department 
and Technical Analysis), to exchange data and information in such a way that it remains trace and retrievable in the 
future. 
 
PRACTICAL APPLICATION 

   
Figure 3 Optimization result based on the developed process 

 
All in all, the optimization process can be significantly accelerated with the help of software, and we can remove 
remarkable more unnecessary material from each structure. At the same time, it should not be overlooked that it is 
essential to study the operation of individual software. The time it takes to acquire this knowledge is significantly less 
than collecting the engineering experience needed to achieve the same amount of weight reduction through intuitive 
optimization. 
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Parameter estimation [1] is a key method in model-based design (MBD) [2]. In MBD, we need validated mathematical 
models of the parts of a system (and the assembly of the system also needs to be validated). The mathematical models 
are usually lumped-element models [3] instead of distributed-parameter models [4]. Parameter estimation is needed 
when the constant parameters of the lumped-elements cannot be computed directly from the measurement data. This 
happens when the accessibility of measurement devices is limited. In this case, parameter estimation is applied which is 
an optimization process: a cost function is calculated based on the difference of the measurement data and the same data 
in the mathematical model, and the variables of the optimization are the appropriate constant parameters of the elements 
in the model. The estimation is successful if the fit of the curves is acceptable. Then, the estimated parameters need to 
be validated with different measurements. The main environments for lumped-element modelling and parameter 
estimation (and a lot of other things and methods) are MATLAB, Simulink and Simscape, all of them developed by 
MathWorks. 
 
In this paper, the above-mentioned parameter estimation process is applied to estimate the drag and rolling resistance 
coefficients of a vehicle (which is currently a bicycle). In fact, a constant-force parameter (c_const) and a velocity-
square-force parameter (c_square) are in the model, and these result in the sum force (fz_Model) applied along the 
translational DOF that models the vehicle (this vehicle model has only 1 DOF). It is only an assumption that the 
constant force is the rolling resistance and the force proportional to the square of the velocity is the drag force of the air. 
 

 
Figure 1 Forces applied to the vehicle model 

 
The names of the loss forces are not sure to be important. A simple experiment is shown in the following two figures. 
Two parameter estimations are done with and without the rolling resistance force (c_const parameter) in the model, and 
the best fits are in the figures. This experiment can prove the existence of a constant force (most likely the rolling 
resistance). The iterations of different models to estimate the parameters can be applied without knowing the name of 
the forces: then the model with the best fit needs to be applied for modelling the part. Of course, in the case of vehicles, 
all forces are well-studied and have their own names. Not only the rolling resistance loss but other wheel forces and 
torques are modelled by the Pacejka wheel models [5]. The authors previously researched lumped-element vehicle 
models in Simscape based on the Pacejka semi-empirical model, and its application for modelling a theoretical ABS 
algorithm [6]. 
 
In the paper, the method of applying the parameter estimation and the results are described in details. The conclusion is 
that parameter estimation is a valid alternative when expensive measurement devices are not accessible: a wind tunnel 
in the case of this research. 
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Figure 2 Estimation of 2 variables (c_const and c_square). The measured and modelled velocity curves fit well with a 

cost function value of 0.0035. 
 

 
Figure 3 Estimation of 1 variable (c_square), other parameters are set to zero. The measured and modelled velocity 

curves fit mediocre with a cost function value of 0.097 (28 times larger than that of the pervious model). 
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Nowadays the improvement of energy efficiency and the reduction of the energy demands is getting more and more 
crucial. The reduction of the energy demand is needed at every field of engineering. Air cooling can be used for 
electronics cooling or for personal ventilation systems which power demand is usually low. Air cooling under 1 kW 
power demand can be solved with heat buffering if robust thermodynamic machines are used. However, thermoelectric 
devices also known as “TEC” can provide small amount of cooling power and smaller volume is required. To describe 
the working method of the TEC devices works by both Lineykin and Ben-Yaakov and Al-Rubaye et.al. were used, 
where they described every essential parameter of the cooling devices with only details provided by manufacturers. [1, 
2]  
The goal was to find an optimal heatsink geometry that could cool down a 32 °C warm 4 m s-1 airflow to 26 °C with the 
most effective way and to showcase how was it obtained. The examined cooling device consisted of two type TEC1-
12710 Peltier device that was a placed in a 40 mm x 40 mm x 140 mm large tunnel. Between the two TEC1-12710 a 
copper heatsink was placed. It was assumed that the cooling devices most crucial point was the geometry of the 
heatsink. Finned construction of heatsink was examined and it was expected that if it had densely placed fins, it could 
cause large pressure change while it produces significant cooling; also if it had less fins in the tunnel it could produce 
less cooling.  
To find out which geometry was the best for the task 33 independent geometries were examined. The geometry was 
created with parametric algorithm where the width of the fin and the number of the fins were varied. The width (v) of 
the fins changed between 0.5 mm and 6 mm, the number of fins was limited by how many of the fins could be 
physically placed between the two TEC devices. 

 
Figure 1 scheme of the heatsink 

 
The examination was done with commercially available CFD software (ANSYS 2019 R2), to showcase, that with CFD 
software it is possible to optimize before the manufacturing process and find the optimal solutions. This method also 
reduces the waste and helps us solve complex thermodynamics and fluid mechanics problems such as the heatsink 
temperature distribution, the thermal transmittance and the pressure increase by the heatsink. Since the heatsink and the 
airflow of the tunnel was modelled, the fluid simulation was coupled with a thermal finite element simulation. For the 
fluid modelling k-ε turbulence model was used with scalable wall function. This turbulence model was used in the work 
of Seo et. al. with an accurate result [3]. 
In the evaluation Pareto diagram was utilized which is a known method for multi objective optimizations [4]. 
Pareto diagram is a Cartesian coordinate diagram where the y and x axis represent optimization parameters. If it is 
assumed that the minimum of the parameters are preferred, then the ideal case can be found at the origin of the diagram. 
If the maximum of the parameter is preferred, then to apply the same methodology the inverse of the parameter is 
needed. Every calculated case was a point on the Pareto diagram and the one with the shortest vector length from the 
origin point was chosen to be the favoured optimal case. The optimization parameters can be normalized measurement 
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values or dimensionless numbers. With normalized measurement values the maximum optimum length is 20.5 and the 
ideal is 0. This method makes the two parameter change equal and with multiplier coefficient one of the parameter 
importance can be increased, however the change of normalized values is dependent on the measurement range, that is 
why the measurement range has to be chosen carefully. The normalized values were created from the results of the 
simulations. The values were put in a box plot and the values that were not in the quartiles was disregarded. Without the 
peak values the change in the optimized parameters was more important. 
With normalized values the vector length for a case can be calculated with the following equation, if the pressure 
difference (p) [Pa] and the cooled air temperature (T) [K] is known optimizing parameters. 
 𝐿𝑜𝑖 = (((𝑝𝑖 − 𝑝𝑚𝑖𝑛) ∙ (𝑝𝑚𝑎𝑥 − 𝑝𝑚𝑖𝑛)−1)2 + ((𝑇𝑖 − 𝑇𝑚𝑖𝑛) ∙ (𝑇𝑚𝑎𝑥 − 𝑇𝑚𝑖𝑛)−1)2)0,5

 

 
For dimensionless number evaluation the valve loss factor and the inverse of the Bosnjakovic factor was used. With the 
two method similar results occurred. In further research where there is no known dimensionless number the vector 
length method can be used. 
In our research, it was concluded that in the thermoelectrically cooled heatsink optimization crucial factors are the 
cooled air temperature, the static pressure increase and also the lowest temperature of the heatsink. The lowest 
temperature of the heatsink was sometimes lower than the TEC device was capable of. 
In the thermodynamic model this result could be considered to be correct, though knowing the performance limit of the 
TEC device, those cases had to be disregarded. Since at that level of heat flux the device cannot cool down to the 
desired temperature. 
The optimal geometry was when 5 pieces of 5 mm thick fins were used in the tunnel. The simulation was verified with 
theoretical power demand calculation and the error was less than 10%. This error also included the fin efficiency. 
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As a result of stricter environmental and safety standards, vehicle manufacturers have to reduce the weight of the 
vehicles, because 10% weight loss cause 8-10% reduction of fuel consumption. To reduce car’s weight and increase 
safety, vehicle manufacturers use high-strength steels. Further weight reduction can be achieved by using corresponding 
adhesive technologies and optimizing these technologies can increase the strength of the joints. According to literature 
research, the improvement of interface properties has a large effect on adhesive technologies. In order to improve 
interface properties, we can use multiple surface treatments. In our research we investigate the effects of femtosecond 
laser surface treatment on high strength steels. In order to detect the effect of surface treatment, we investigate the 
wettability of the treated and untreated steels. In our research we measure the surface tension of treated and untreated 
steels. Our main goal is to improve wettability properties thus the adhesive technology. 
 
In our research we used DP 600 high strength steel sheet with the thickness of 1 mm. We cut the steel sheet to 25mm 
wide and 55mm long workpieces. Before the surface treatment, the workpieces had to be cleaned and degreased using 
methanol. We searched for parameters that do not cause any visible changes on the surfaces. Among the parameters of 
the treatment we were able to change the output power of the laser. We used contact angle measurement to examine the 
wettability. We used distilled water to the contact angle measurement. On the untreated workpiece we measured 
89°contact angle on distilled water and we found that the contact angles decreased with the increase in laser output 
power as seen on Figure 1. 
 

 
Figure 1 Distilled water contact angles on laser treated surface 
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We also investigated how long the surface treatment effect lasts as seen on Figure 2. 
 

 
Figure 2 Contact angle changing after surface treatment  

We found that femtosecond laser surface treatment can improve the wettability of high strength steels thus joints 
strength should improve. 
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We studied the effect of one type of zeolite (NaAlO2) in biodegradable poly(lactic acid)(PLA), with a particular interest 
in the improvement of mechanical-surface properties [1, 2]. Using the zeolite filler of a two different size fraction: 
under 160 μm and above 160 μm sizes, in 3 different contents: 5; 10 and 20 phr. Samples are prepared the meltmixing 
process by means of a Brabender mixer. We started by characterizing the mechanical properties (Shore D hardness test 
and tensile strain by INSTRON), surface and morphology test were determined by a stereoregular microscope and a FT-
IR spectroscope (Bruker Tensor 27). Then a comparative study on the mechanical and surface properties of these two 
type of composites has been conducted. It was shown that these two families present almost similar properties. The 
strongpoint of the nanocomposites was their good mechanical properties (high tensile strength), in front of the surface-
homogenity properties. 

 

 
Figure 1 Mechanical properties of Samples 

 

 
Figure 2 SEM images of PLA and PLA/zeolite composites.  

A: PLA magnification: 1000x, scale bar 20 mm;  
B: PLA/type 4A magnification:1000x, scale bar:20 mm;  

C: PLA/chabazite magnification:1000x scale bar: 20 mm. Arrows indicate the zeolite particles [1] 
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Paraffin is the most commonly used commercially available organic, low temperature phase change materials (PCM) 
for latent heat storage. Its main advantage is its low cost good thermal energy storage density, thermal behaviour and 
varied phase change temperature. Paraffin waxes are a group of saturated hydrocarbons with general formula CnH2n+2. 
By varying the chain length, the melting temperature the specific heat of fusion, densities and specific heat capacities 
differs also. The main drawback of the paraffin waxes is their reduced thermal conductivity, its conductivities reported 
in literature are between 0.15 and 0.36 W/mK [1].  These low values reduce the paraffin waxes reaction times during 
their phase change [2, 3]. The heat can be delivered or extracted from a phase change material without a significant 
change in temperature. Thus, phase change materials (PCMs) can be used to stabilize the interior temperature in a 
building. 
The thermal conductivity can be enhanced by adding high conductivity materials or particles into the PCM material The 
present study goes this way and adds a new feat by using metallic recycled aluminum alloy particles to enhance the 
conductovity and test the PCM composites functionality inside a real clay brick. 
Thus, in this respect, the behaviour of two bricks one filled with PCM composite material and an identical, empty brick 
was compared. The PCM paraffin composite with a melting temperature of 52 °C containing ~ 30% volume aluminium 
particles to increase the thermal conductivity. The addition of 30% aluminium particles was chosen in order to get 
between the metallic particles a mechanical contact and to limit their sinking in the liquid PCM.  The two bricks were 
insulated from each other and from the outside environment with 100 mm thick expanded polystyrene. They had only 
the front and back side open to the environment to assure a well-controlled heat flux. The assembly was heated on the 
front surface with a heat flux of about 0.7 W / m2. The schematics of the experimental setup used is presented in the 
figure 1. 

 
 

 a) 

               b) 

               c) 
 

Figure 1 Experimental setup a) and sample IR images: b) front side and c) back side  
  

mailto:Gyorgy.Thalmaier@sim.utcluj.ro
mailto:Nicoleta.Cobarzan@ccm.utcluj.ro


INTERNATIONAL SCIENTIFIC CONFERENCE ON 

ADVANCES IN MECHANICAL ENGINEERING 

7-9 November 2019, Debrecen, Hungary 
______________________________________________________________________________________________ 

 

_______________________________________________________________________________________ 

118 

 
The temperature variation was monitored by non-contact IR thermal imaging. Images were taken every 15 minutes on 
the front and back side of the bricks. The obtained images were analysed and the temperature variation with time was 
evidenced. 

 
Figure 2 The temperature variation with time on the bricks back side 

 
During the experiment a slower temperature increase of the bricks containing the PCM composite was observed on both 
the heated face and the unheated side. When the bricks temperature exceeded 25 °C the heating rate was lowered 
initially by the PCM’s higher heat capacity and later by its phase change. A maximum of 3 °C temperature difference 
was measured after 6 h of heating. This temperature difference can lead to important savings in cooling costs in 
summer. 
Further optimisation is envisaged in order to improve the PCM composites effect.  
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Generally, the most frequently used structural materials are metals which have high strength and stiffness. However, 
there are many cases when other important properties come to the front, as well as high deformation capacity with 
elastic behavior, high viscosity namely good damping effect. Due to its above-mentioned properties, rubber is widely 
used in vehicle and automotive industry. Vehicle components made of rubber usually exhibit large deformations. Cyclic 
finite deformations generate temperature in hyperelastic materials. Furthermore it is necessary to take into consideration 
the effects of ambient temperature. The mechanical properties of rubber depend on temperature and temperature 
changes can accelerate chemical alteration processes which lead to the material deterioration and fatigue processes. 
Research on fatigue behavior and fatigue properties of rubber has a great significance for predicting fatigue life and 
improving durability of rubber products. There are several studies on the fatigue behavior of rubber-based materials, but 
there is less research in the fatigue life prediction considering the influence of temperature and temperature changes. 
The first purpose of this paper is summarizing the influence of temperature and temperature changes on the fatigue 
behavior of rubber. The second purpose of this study is to provide an overview of the state of the art on the fatigue life 
prediction of rubber with primary focus on the different methods (prediction models using finite element method and 
experimental results) available for prediction of fatigue life under the influence of temperature and temperature 
changes. This study is the basis of the following research which will include the modeling of the temperature-changing 
induced fatigue behavior and fatigue life prediction of rubberlike materials by using self-developed finite element code. 
The fatigue life decreases when temperature increases due to the effects of working temperature and heat in rubber 
material. Two main approaches can be distinguished for analyzing fatigue life in rubber components. These are the 
crack nucleation approach and crack growth approach. Elevated temperature has a deleterious effect on rubber, both on 
crack nucleation life, and on fatigue crack growth rate. For rubber during displacement controlled test, fatigue life drops 
significantly as the temperature increases 100 °C [1,2]. These temperature effects occur independently of any chemical 
processes that may occur due to aging. The effect of temperature on the mechanical and fatigue behavior of rubber will 
be discussed in Table 1 [3,4].  
 

Table 1 Effect of temperature on the mechanical and fatigue behavior/properties of rubber 
Framework Investigated property Consequence 

Lu et al, Lake and Lindley  Fatigue resistance decreases when temperature increases. 
Zhang et al. Thermal-oxidative ageing (sulfur 

bond failure and recombination) 
accelerates when temperature increases and 
it leads to decay its antifatigue property.  

Ruellan et al. Material stiffness increases  when temperature increases 

Zhang et al. Elastic response of rubber  decreases SIC (strain induced crystallization) 

Mars and Fatemi Rate-independent hysteresis depends on temperature. 

Le Chenadec Lifetime reinforcement  decreases as temperature increases 

 
Fatigue life prediction due to temperature changes has a substantial significance for rubber components to ensure their 
reliability and safety. There are several studies on the fatigue life of rubber materials, but there is less research into 
fatigue life prediction considering temperature factors. Table 2 contains and summarizes the fatigue life prediction 
methods for rubber materials and fatigue life prediction methods in consideration of the effects of temperature [5,6]. 
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Table 2 Fatigue life prediction methods of rubber 
Framework Prediction method 

Mars and Fatemi Investigated that the fatigue life of rubber material changes with temperature. 
Neuhaus et al. Carried out fatigue tests to study the influence of chemical an thermal ageing. 
Shangguan et al. Established three kinds of fatigue life prediction models at different temperatures 

using the engineering strain as damage parameter. 
Fatemi et al. Applying damage criterion: maximum principal strain and Miner’s linear 

cumulative damage rule and using FEA. 
Woo et al. FEA and life prediction of rubber composites by using Green-Lagrange strain as 

fatigue damage parameter 
Suryatal et al. Predicted the fatigue life of a railway elastomeric pad by combining the 

experiment of material properties and using the Mooney-Rivlin model for FEA. 
Maximum first principal elastic strain was selected as fatigue damage parameter. 

Seichter et al. Summarized the advantages of fatigue crack growth theory. 
Wang et al. Computed three fatigue damage parameters by finite element method, namely: 

logarithmic principal strain, Cauchy principal stress and starin energy density for 
fatigue life. Their prediction model is based on the least-square method. 

Shangguan et al. Predicted the fatigue life of rubber isolator by choosing and analysing different 
fatigue damage parameters. 

Zhang et al. Proposed a prediction model with temperature as the dependent variable and 
predicted the fatigue life of rubber materials at different temperatures. 

Le Saux et al.  Heat build-up protocol and micro-tomography measurements, by relationship 
between temperature rise and maximum principal strain to explain fatigue 
behavior.  

Guo et al.  Developed a new thermo-viscoelastic-damage approach, in accordance with 
thermodynamic principles and the proposed model was implemented into a finite 
element program.  

 
There are some questions in which future progress can be made: Guo et al. developed a new approach which is able to 
predict the fatigue thermomechanical response in rubbers, and in which the authors used the Arruda-Boyce model to 
determine free energy functions. The first question is raised what are the results of this approach using other models to 
predict the fatigue thermomechanical response. This paper presented the properties which are affected by temperature. 
One of these properties is SIC. Another question is what are the conditions of fatigue-induced SIC? 
This study summarized the influence of temperature and temperature changes on the fatigue behavior of rubber and 
made an overview of the state of the art on the fatigue life prediction of rubber with primary focus on the different 
methods available for prediction of fatigue life under the influence of temperature. 
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Shelf life of packaged foods is mainly influenced by the presence of microorganisms, fungi and bacteria. The most 
serious disease is caused by Listeria genera among the bacteria that cause deterioration which can reproduce under 
chilled conditions, and modified atmosphere packaging (MAP) does not inhibit its reproduction either. So, even frozen 
vegetables can be a source of human listeriosis. In 2018, several frozen vegetables were recalled by the European Food 
Safety Authority (EFSA) and the European Center for Disease Prevention and Control (ECDC) to curb an epidemic 
caused by an aggressive bacterial variant of Listeria monocytogenes (EFSA 2018). 
Humic acid can be extracted from mineral coal (Dogan et al., 2015; Erdogan et al., 2007; Kumar et al., 2013). Alkali 
humates, the water-soluble salts of humic acids are prepared by alkaline extraction from lignite of high humic acid 
content. The most commonly used bases for extraction are potassium hydroxide and sodium hydroxide. The alkaline 
humates thus prepared are potassium humate and sodium humate. These alkali humates bind well to metals through 
their carboxyl and hydroxyl, and can also bind well to cellulose fibers. 
The aim of our research was to develop an active, cellulose-based packaging that is both antimicrobial and economical 
to produce. Using humate and adding copper sulfate, linter cellulose based test plates were prepared. There was also a 
differentiated control sheet, a sheet made with copper sulphate only, a sheet with potassium humate only, and a sheet 
made with humate and copper sulphate. The prepared paper sheets were examined for the shelf life, elemental 
composition and surface morphology of raspberry grains, as well as the amount of Cu ion released from the sheets. 

 
RESULTS 
Raspberry placed on non-CuSO4 test sheets deteriorated most rapidly. Raspberry deterioration was slowed down by 
sheets made with the addition of copper sulphate (Figure 1). Sample containing Cu-cellulose and humate was the most 
effective in slowing down the rashberry deterioration. Compared to the control sample, the test sheets slowed the mold 
growth and fermentation of raspberries. 

 
Figure 1 Photographs of deteriorating raspberries 
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CONCLUSIONS 
During the examination, there were obvious differences between the fermented raspberry grains. Based on the results it 
can be concluded that the sheet made with the addition of copper sulfate and humate has antimicrobial effect and 
increases the shelf life of the fruit. In the future, it would be worth examining the effects of sheets on other vegetables 
and fruits, as well as examining the gas-binding capacity of the test sheets, especially for deterioration stimulating gases 
(ethylene, oxygen, etc.). 
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The developed hp-version finite element method (FEM) is based on a three-field, dual-mixed (DM) variational 
formulation, using weakly imposed symmetry conditions for the stress tensor components along the thickness. This 
complex approach yields an indefinite linear algebraic system of equation [1, 2]. These structural FEMs provide 
locking-free numerical results, the solution of the resulting equation system can become a computationally expensive 
procedure [1, 2]. To circumvent this drawback, a new vector is introduced as hybrid, interface variable living only on 
the mesh skeleton. In this case the effective system matrix can be effectively inverted elementwise, decreasing the 
computational cost. This means that the original three-field variational form is transformed into a discretized, hybrid-
DM one with a bit larger number of degrees of freedom (DOF) [3]. 
 

 
Figure 1 Relative error convergence as the function of DOF for thin/very thin silicone hyperboloid shell with free ends 

 
Based on this latter detailed hybrid-mixed variational formulation, a new, hp-version, dimensionally reduced, general 
axisymmetric shell FEM will be presented for the boundary value problems of thin, linearly elastic shells of revolution. 
The computational performance of the constructed hybrid-mixed hp-shell-FE is tested through some representative 
bending-shearing problems (including extension-compression) for different shell geometries: singly- and doubly curved 
shells with positive and negative Gaussian curvature. Through these numerical computations it has been verified that 
the presented hp-shell-FEM is shear- and membrane locking-free, i.e., gives realiable and robust (uniformly convergent) 
results not only for the displacements but also for the stresses in the case of both membrane- and bending-dominated 
situations [3], see, for example, the convergence histories of the relative error measured in energy norm for h-extension 
(classical mesh refinement strategy) and p-approximation in Figure 1. Of course, the p-convergence is much faster than 
the h-convergence. 
 
A nice feature of the suggested hp-FEM is that it can be applied to modeling not only thin but also moderately thick 
shell structures with considering transverse shear deformations. Besides, both the through-the-thickness variation and 
the membrane stress normal to the shell mid-surface have been retained as independent variables, making it much easier 
to build up shell models for contact problems of shells, later. This latter ascertainment has arisen from the particular 
feature of the presented dimensional reduction process dictated/guided by the hybrid DM variational formulation [3], 
i.e., these results can not be considered as any modification or improvement of the existing theoretical models appearing 
in the scientific literature. In Figure 2, the von Mises effective stress is plotted on the deformed shell mid-surface for a 
moderately thick silicone hyperboloid shell, using a very small number of element (two-element mesh) and a very high 
polynomial degree (p=10), thereby illustrating the efficiency of the p-version approximation technique.  
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Figure 2 Von Mises effective stress for moderately thick silicone hyperboloid shell with free ends  
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Bearings can be found widely in industrial and domestic applications. They are vital components of most mechanism 
and their working conditions influence the operation of the entire machinery directly. Even if bearings are being used 
under optimal conditions, sooner or later material fatigue will occur. Among other things poor operating environment, 
contaminated or peculiarly moist areas and improper handling practices induce untimely bearing failures. Bearing faults 
may cause machine breakdown and might even lead to catastrophic failure. In order to prevent unexpected events, 
bearing defects should be detected as early as possible.  
 

 
Figure 1 Bearing faults and causes [1] 

 
Each failure creates its own typical mark. Defects can be divided into primary or secondary ones in several cases. 
Primary failures are for example the corrosion, wear, indentations, smearing, surface distress and the passage of electric 
current. Even these defects may lead to scrapping the bearings in consequence of noise, low efficiency, vibration and so 
forth. Secondary defects such as flaking and cracks are rooted in primary ones. A defective bearing often indicates a 
combination of secondary and primary failure. 
Condition monitoring is one possibility of a preventive maintenance program. The information collected can be used to 
specify machinery problems and corrective actions can then be implemented. Several methods are used for the detection 
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and diagnosis of bearing failures. These methods are acoustic measurements, lubricant analysis, temperature 
monitoring, lubricant analysis, vibration analysis etc. 
 

Table 1 Fault groups and condition monitoring methods [3] 
 Hard-particle 

contamination 
Lubrication 

faults 
Water-

contamination 
Electric 
faults 

Surface 
faults 

Subsurface 
faults 

Acoustic emissions  X X - X X X 
Lubricant analysis X X X - - - 
Thermal imaging X X - X X X 

Vibration analysis X X - X X X 
 
An investigation via lubricants is capable of revealing any kind of defects originated from the abrasion process. If this 
procedure is performed frequently, valuable pieces of information can be obtained on the remanent lifetime of the 
bearings. The extent of the defect rooting in the corrosion can be estimated numerically by the investigation of the 
physical and chemical properties of the lubricants. Since, as the result of the investigation, there are several interfering 
output parameters to be analyzed, even the companies specialized on such an assessment has to apply computerized 
expert systems. Since the noise emitted by bearings is composed of all the types of defects developed during the 
manufacturing process and the working time of the bearings, the effective values of certain noise quantities enable 
quick lifetime estimation. However, in the lack of sound-proofing, the noise from the background decreases the 
effective noise detection significantly, so this method needs to be performed in a dead room. The AE transducer is 
sensitive about high natural frequencies. The transducer signal is processed by a band-filter built in the preamplifier. 
The AE process is capable of detecting defects forming deep inside the material, even before it would propagate out to 
the surface [2]. When the assessment of a bearing is performed by vibration analysis, several signal processing 
techniques can be considered. Among these processes the spectral analysis is perhaps the most widely spread one. A 
bearing is supposed to be a flexible part with the capability of producing vibrations at certain natural frequencies and 
along certain directions. Once the spectrum diagram of such vibrations has been detected and analyzed, then the natural 
frequencies can be „visualized”, and finally, the defected bearing parts can be identified. As the intensity of the defects 
develop in time, the spectral diagram keeps on being modified. Vibration based methods are well established for the 
condition monitoring of bearings, although they are not so effectual in detecting early defects in the bearing. Acoustic 
emission is receiving increasing attention as a complementary method for condition monitoring of bearings as acoustic 
emission is enough sensitive to initial defects.  
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Machine tool guideways are one of the most important components of machine tools, because they support moving 
components (carriages, rams etc.) so that they can achieve high accuracy and high speed during positioning or 
machining. In addition to the well-known types of guideways (sliding, rolling and hydrostatic), theoretical research of 
combined guideway types has recently begun. Partially floating sliding guideways are one of sub-type of these 
combined guide systems. If the hydrodynamic slides provide high stiffness and rapid damping, they have high frictional 
resistance. On the other hand, although the frictional resistance of hydrostatic guideways is low, there are difficulties, 
especially in the feed direction. In order to improve both stiffness and damping capability, a new design can be used 
that allows for an adequate amount of contact between the sliding surfaces, while retaining some of the benefits of non-
contact operation typical of hydrostatic guides. The slideways with hydraulic relief is a construction in which a 
pressurized lubricant such as lubricant oil is placed between the sliding surfaces to reduce the load on the sliding 
surface, thereby allowing a heavy body to move smoothly with minimal friction loss. The term "partially floating guide" 
derives from this characteristic of mixed lubrication, where part of the sliding surface slides non-contact while the other 
surfaces contact each other [1]. 
 

 
Figure 1 The assembled measuring device of the slideway with hydraulic relief 

 
The maximum value of unloading is not yet determined, and according to an empirical equation, up to 70% unloading 
can be achieved [2]. A measuring device was assembled for functional testing of the guideway. The trial pads are 
located on the ground side surfaces of a central rectangular beam so that each guide surface has 2 to 2 pads. The 4-4 
trial pads are mounted on each board in a "V" shape (negative prism shape). One of the baseplates is fixed to the stand 
and the other to the beams on the lower base. The boards are surrounded by load rings. The trial pads are supplied with 
oil from a common hydraulic line, so each pressurized recess will have the same pressure, and each support pads have 
the same hydraulic force. The leakage flow collecting channels are separately discharged per pads, so it is easy to 
observe when leakage starts at any of the pads. The force applied to each pair of opposing pads can be generated by 
tensioning a steel ring supported in the pocket at the hydraulic pads’ center of loading. The amount of load applied to 
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the support pads can be adjusted by the tightening torque of the support bolts, the force generated by the elastic 
deformation of the ring. The deformation of the ring can be measured by strain gauge filament on its circumference. 
During the measurement, it has been investigated that if the pressure of the pressure recess specimens is gradually 
increased, then what is the significant pressure reduction in the feed force at the recess pressure. The feed force is 
calculated from the measured chamber pressure of the hydraulic cylinder actuator. During the test, the tightening torque 
of the support bolts was adjusted with a torque wrench. The cylinder pressure of the feed cylinder is measured by 
pressure transmitters connected to the hydraulic connections of the cylinder. 
 

Table 1 3000 kN preloaded cylinder’s chamber pressures at given recess pressures  
and recorded statements during observations 

Recess pressure 
[bar] 

Cylinder pressures 
[bar] 

Leakage intensity Statement  + direction 
(push) 

 - direction 
(pull) 

p1 p2 p1 p2 

0 12,7 2,7 3,2 12,2 No Starting pressure: 20 bar 

5 

12,7 2,7 3,2 12,2 
It starts dripping 
weakly on some 

tubes 
Standing, then starts slowly 

10,5 3 4,2 10,8 
Dripping on each 

tube 

 Strongly slips in the + direction, 

  Slips weaker - in the direction 

10 4,2 7,5 2,7 2,7 
Flow on the lower 

pads 
Smooth moving 

 
Measurements have shown that by installing hydraulic recesses, the load on the friction guideway can be reduced by the 
amount of hydraulic force applied to the effective surface of the support pads. The trial slideway system is very 
sensitive to system defects in parallel conductor surfaces, with a few µm errors leading to the appearance of leakage oil. 
The amount of leakage oil increases with increasing recess pressure. This is partly due to the greater pressure that drives 
the flow through the existing gap, and partly to the greater deformation of the loading rings due to the higher loading 
force induced by higher pressure, which increases the gap size. Furthermore, much more force is needed to start the 
carriage than to keep it moving.  
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The creation of each product which is characterized by shape, dimensions, surface parameters and that would be 
accepted by potential customer – it is the aim of every production process.   
It means, that all parameters of product are defined by technical drawings and must be realized acceptable setting of 
production process parameters (factors); for machining it is for example cutting speed, feed speed, revolutions, depth of 
cut, tool geometry etc. The detail information of production process, i.e. the analyze of individual factors and its 
influence to process are the basic of controlling and the acceptable goal. The statistical methods must not be used for 
controlling only at the last stage of production, but may by efficient tool for setting or modification these factors before, 
or during process, bur relevant values must be obtain earlier, usually from experiments. 
Design of Experiment (DOE) is an experimental or analytical method that is commonly used to statistically signify the 
relationship between input parameters to output responses, where by a systematic way of planning of experiments, 
collection and analysis of data is executed. DOE has wide applications especially in the field of science and engineering 
for the purpose of process optimization and development, process management and validation tests. A mathematical 
model has been developed by using analysis techniques such as ANOVA and regression analysis whereby the 
mathematical model shows the relationship between the input parameters and the output responses. 
 
DESIGN OF EXPERIMENT 
The design of experiments and procedures are as follows: 

a. Definition of the problem and identification of noise factors. 
b. Selection of response variables and selection of control parameters and their levels. 
c. Identification of control factor interactions. 
d. Selection of the orthogonal array and conducting the matrix experiments. 
e. Analysis of the data and prediction of optimum level. 

 
APPLICATION OF DOE IN ROUTING 
DOE method was used in routing of aluminium alloy used in automotive and aerospace industry and the aim of 
experiment was estimate the influence of variables to final force and its components. DOE was applied as a part of 
process considering monitoring of process and to mark way for minimize of routed part deflection. Purpose was to 
determine key input factors and their optimal level for a machining process. We realized an experiment with 3 - factor 
and 2-level, where n factors are studied, each of them with 2 levels. Lower level is marked as -1 and upper level +1. In 
this case the design of experiment involves all possible combinations of factors and their levels. The number of 
experiments k with n factors is 2n. Design matrix represents all combination of possible experiments by using both 
levels of determined factors. 
 

 

Figure 1 The scheme of machining 
 
As input factors with influence on output characteristics were determined the following factors and their levels: 

 revolution speed: the lower limit 4000 rpm and the upper limit 6000 rpm; 
 working engagement of a cutting edge ae:  the lower limit – 1 mm; and the upper – 3 mm;  
 back engagement of a cutting edge ap:  the lower limit – 5 mm; and the upper – 15 mm. 
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Design matrix was presented for process of machining (Table 1), individual experiments were realized in random order 
and each experiment was repeated 3 times. 

Table 1 The marking of input factors 
 Factor Units  Symbols Limits of factors 
   Original Coded Lower -1 Upper +1 
1 Revolutions 1/min. n A 4000 6000 
2 Working engagement of a cutting edge ae (mm) mm ae B 1 3 
3 Back engagement of a cutting edge ap (mm) mm ap C 5 15 
 
RESULTS AND DISCUSION 
This paper has discussed the influence of cutting parameters like the cutting speed, working engagement of a cutting 
edge ae (axial dept of cut) and back engagement of a cutting edge ap (radial depth of cut), respectivelly using design of 
experiment method for estabilish the influence of variables to the cutting force components in routing.  
Regarding the results were found the most important parameter (respectively sequence of parameters) for the 
predictions of the final cutting force; in our case it is axial depth of cut, very closely followed by radial depth of cut. 
The influence of revolutions is not so expressive, but it is by reason of smaller differce between the lowest and the 
highest value – 50%; in case of axial and radial depth of cut it is 200%.   

 
Figure 2 Paret's diagram and Lorentz's line for final force F 
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INTRODUCTION 
A drastic increase can be perceived in the operation of the production tools, so the automation of machining processes 
requires that the auxiliary processes should be performed automatically by structural units and equipment without direct 
human intervention [1][2]. Screw handling unit is one of the most used machines with continuous operation with some 
theoretical questions from János Benkő and Sándor Verdes [3][4]. The University of Miskolc, Faculty of Mechanical 
Engineering and Information Technology boasts a wealth of knowledge in the design methodology of various machines 
and equipment that was utilized in this topic [5][6][7][8][9]. 
 
METHODOLOGY 
Before the design process the amount of material separated by the machine was determined. By the multiplication of the 
amount of separated material by the volumetric factor of the chip, the volumetric flow rate of the actual chip volume to 
be discharged in one minute could be obtained [10]. The bulk density of the material being transported was determined 
as it is required to be known to be able to calculate the transport capacity in terms of [tonne per hour].  
In case of screw conveyors, the geometric scaling of the screw element could be determined based on formulas used for 
the definition of the expected transport capacity and maximum speed [11]. The obtained result was rounded up to a 
standard value. Being aware of the diameter of the screw conveyor, the minimum speed was calculated as a function of 
the expected capacity. To determine the proper operating parameters of the material handling unit, the maximum 
carrying capacity at maximum speed should be calculated. 
In case of the design of the body elements, where it was important to seek the proper shaping of the bearing and fixing 
points, the mechanical connections to the bed were designed at the first stage. It was investigated and identified where 
the material should be counted, as suitable collecting elements should be placed at appropriate points. If the purpose is 
the transportation and separation of materials with different consistency, the appropriate design solutions should be 
provided to ensure that these functions can be performed during machine operation. A well-designed chamber at the 
material transfer points was created to ensure a smooth flow of the process. Suitable structural elements were provided 
for connection to geared motors and ancillary components. The appropriate filtration and collection of the separated 
liquids was ensured by means of a container. Being aware of the structural elements formed, the resulting geometrical 
and different connection dimensions could be determined. Based on the previous correlation, it is possible to determine 
the required length of the auger rows.  
In the following phase, standard parts, such as bearings for geared motors and clutches can be selected. In terms of 
bearing, it is advisable to select from the range of pre-assembled bearing units, however, where the bearings are 
surrounded by flowing material, it is preferable to choose a plain bearing to utilize the advantageous installation 
dimensions. To achieve proper operation, in the case of the motors with worm geared motors, it is advisable to select 
the low speed and high torque. It is advisable to connect the driving and driven shafts with a flexible coupling. 
The control of the parts is necessary because it shows whether the parts have been selected correctly. The motors are 
checked based on the power required to drive each auger line, which depends on static and dynamic loads. Based on the 
differential equation of the mass point moving on the helical axis [3], the components of forces acting in each direction 
could be determined. By applying the parameters defined so far, the power required to move the material, the power 
requirement due to friction, and the power needed to overcome the material's acceleration resistance can be determined.  
The motors are suitable if their rated power is greater than the power requirement of the screw. The selected clutches 
were checked at the maximum permissible torque [12]. For plain bearings, the check was based on permissible surface 
pressure [13]. 
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Figure 1 Applied designing method 

The applied designing method can be successfully used to define the geometric scaling and designing of screw 
conveyors. Based on the developed dimensions, the method can be used to accurately determine the static and dynamic 
loads of the auger lines, which can be used to select and check commercially available standard parts. 
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Why to join? 

We are more than 12,000 people in 41 countries. A mix of 
different nationalities and cultures working together in 
many languages. But we are also much more. At Coloplast 
we want you to be you.  

Only through a diverse workforce can we innovate and 
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crowd.  
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SHAPE LIVING FOR THE BETTER 
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Westinghouse and Zanussi, we sell more than 60 million household and professional products in more than 150 markets 
every year. 
 
WHO WE ARE 
 
Electrolux Lehel Ltd. is one of the subsidiaries of the Swedish Electrolux, the world's leading producer of 
domestic appliances.  Our factory in Nyíregyháza is one of the Group's leading European manufacturing bases, and its 
main profile is the manufacturing of high-end refrigerators. Electrolux is sustainable and innovative.  Continuously 
developing its operation, our factory also aims at operating optimally taking into account the entire life cycle of the 
product from production to manufacturing, use, recycling and re-production, using its resources as optimally as 
possible, as well as minimizing the environmental impact. As an innovative company, we are already working on the 
introduction of Industry 4.0 digital, industrial automation and robot technologies around the world, and our 
Nyíregyháza plant will be renovated in the coming years. 
 
Electrolux Nyíregyháza Refrigerator Factory started operations in 2005, and in October this year, we have reached a 
new milestone: our 10,000,000th product rolled off the production line. 
 
WE BELIEVE 
 
We believe that outstanding taste experiences should be easy for everyone. That there is always a better way to care for 
our clothes to make them look and feel new longer. That the home should be a place for wellbeing, a place to care for 
ourselves and our loved ones.  To succeed, we continuously rethink and improve our ways of working - internally, and 
together with our customers and partners. By creating desirable solutions and great experiences that enrich peoples’ 
daily lives and the health of our planet, we want to be a driving force in defining enjoyable and sustainable living. 
 
This is us - at Electrolux we shape living for the better.  
 
Electrolux Nyíregyháza  
Nyíregyháza, Nyíregyháza Ipari park, 4400 

www.electrolux.hu   
www.electroluxgroup.com   

http://www.electrolux.hu/
http://www.electrolux.hu/
http://www.electroluxgroup.com/
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EMERSON AUTOMATION SOLUTIONS 

 

Address: 3300 Eger, Bánki Donát u. 3. 
Phone: +36-36-531-600 
Webpage: www.aventics.hu  
 
Emerson (NYSE: EMR), headquartered in St. 
Louis, Missouri (USA), is a global technology 
and engineering company providing innovative 
solutions for customers in industrial, 
commercial, and residential markets. Our 
Emerson Automation Solutions business helps 
process, hybrid, and discrete manufacturers 
maximize production, protect personnel and the 
environment while optimizing their energy and 
operating costs. 
 
As part of Emerson Automation Solutions, 
AVENTICSTM is one of the world’s leading 
product brands for pneumatic components and 
systems. The pneumatic engineering brand 
provides products and services for industrial 
automation, as well as the food, packaging, medical, and energy technology industries. For our pneumatics brand, we 
also develop solutions for the commercial vehicles, marine, and railway technology sectors. 
 
The Emerson pneumatics manufacturing base in Eger produces high quality products. Compressed air cylinders and 
valves are used, inter alia, in production lines and industrial applications, including large multinational companies 
operating mainly in the mechanical, shipping, printing, packaging, food, textile and metallurgical industries. 
 
The Emerson plant in Eger is not a mass production company in the classic sense, but rather a specialist in the 
pneumatic industry specializing in custom solutions. No matter how complex or out of the ordinary, customers' ideas 
ensure that they are realized - even in very small series. They are particularly well-suited for their unique complexity of 
handling 1300-1500 customer orders per day, 60% of which cover 1-5 pieces, ready to be delivered on the 7th day after 
ordering. In addition, the factory offers 25,000 products to its partners, using over 32,000 parts from over 800 suppliers. 
 
The factory is constantly modernizing its machinery fleet, operating a comprehensive quality management system, 
developing its suppliers and paying great attention to improving delivery accuracy. It also manages occupational safety 
and the environment through certified systems. By integrating electronics, using high-tech materials and focusing on 
machine safety and the Internet of Things (IIoT), it is a pioneer in applied and environmentally friendly solutions. 
 
The Emerson pneumatics plant in Eger is aware of the importance of supplying professionals and the growing 
importance of alternative energy sources. The company combined these two aspects when it announced the first 
Pneumobil competition in 2008. Student teams of Hungarian and foreign higher education institutions undertake the 
construction of air-powered vehicles year after year. Preparations for the 13th race in 2020 are under way. 
 
Emerson is actively involved with the University of Debrecen, the University of Miskolc, and the Eszterházy Károly 
University of Eger in order to provide quality professionals, participate in dual training, provide internships for students. 
 
The Eger plant has become one of the most prestigious and attractive workplaces in the city for many years. Its 
professional performance is marked by the growing volume of production and the expanding product range. Several 
Hungarian colleagues of the factory are commissioned to carry out central purchasing, quality and financial activities 
for the Group. The International Financial Services Center now accounts internationally for its Emerson Group 
subsidiary in 11 European countries, based in Eger. 
  

http://www.aventics.hu/
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ENTERPRISE COMMUNICATIONS MAGYARORSZÁG LTD. 

 

Address: H-1138 Budapest, Váci str. 117-119. 
Phone: +36-1-471-2380/ext.2 
Webpage:www.enterprisegroup.hu/plm  
 

 
 
 

Enterprise Group PLM Business Unit – Engineering Solutions 
 

CAD/CAM solutions and product lifecycle management (PLM) from design to implementation 
 
Our PLM division provides complex engineering solutions and IT services for companies that operate in the field of 
industry. The market-leading solutions of Siemens PLM and Vero Software cover the entire lifecycle of products - from 
the original concept, through the design process, all the way to manufacturing - and support product development and 
recycling. Our team of experts, with decades of experience in engineering, IT and industry related projects, coupled 
with the stable corporate background of the Enterprise Group, ensures that our clients will always receive reliable 
solutions that are customised to meet their own particular requirements. 
 
PLM is a complex process which facilitates the management of a product’s entire lifecycle. It includes computer-aided 
design (CAD) and manufacturing (CAM) solutions, but it is more complex than that, as it encompasses the full lifecycle 
of products. PLM offers advantages such as time-to-market acceleration, product quality improvements, prototype 
production cost reductions, rapid identification of potential sales opportunities and overall cost savings by recycling 
previously obtained data and by fully integrating engineering work processes. 
 
Our PLM division supplies the well-known products developed by Siemens PLM Software, as well as their connected 
services. The division is ready to serve existing and future clients as a distributor of Solid Edge, NX, Tecnomatix-
RobotExpert-Process Simulate, Teamcenter, Femap and Preactor.. 
 
With solutions from Vero Software, the world’s largest CAM-oriented CAD/CAM developer, the division is capable of 
comprehensively satisfying all the requirements of manufacturing companies. Among these solutions, Edgecam is 
recommended for production machining, Radan for sheet metal manufacturing tasks, and Alphacam for the wood and 
stone industries. For the Mould and Die industries, we offer Visi, as an integrated CAD/CAM solution and WorkNC, as 
the market leading automatic CAM software solution for 2 to 5-axis milling of complex 3D models. 
 
Besides supplying the market’s well-known Siemens PLM and Vero Software products and solutions, Enterprise 
Group’s PLM division also helps partners with the introduction of new software, as well as support and updates, 
training programs and constant availability. Our staff can also call on the knowledge of Enterprise Group’s other 
divisions and rely on the smooth operational background of the company when implementing their own projects. 
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EUROSOLID LTD. 

 

Address: Budapest, 1117 Szerémi út 7/B 
Phone: +36-20-222-0454  
Webpage: www.eurosolid.hu  
 
 
EuroSolid Ltd. has been dealing with the introduction and installation of CAD/CAM/PLM/MDC systems, process 
optimization, education and support of technical, engineering and manufacturing softwares for 20 years in Hungary. 
Since its foundation, our company was driven by one goal which is to help companies in product development and 
manufacturing fields in the most efficient way and at the highest professional standards to tackle their technical 
challenges.  
 
Today EuroSolid Ltd is one of the market leaders and has more than 800 partners with references such as Michelin, 
Aloca, Coloplast, GE or Linamar. 
 
Our company is the sole and exclusive distributor of SOLIDWORKS softwares in Hungary plus the only qualified 
education and support centre in the country. As the representative of SOLIDWORKS, our activities include professional 
client support, data management system installation, delivering and solving engineering tasks and performing different 
simulation tests with our softwares. 
 
SOLIDWORKS is the market leading and the most integrated software system available. In the past 25 years the CAD 
software has grown out to become the foundation of a wide ranged product portfolio which not only includes 
engineering design and simulation but also electrical design, data management, quality management for inter- and post 
production processes, sheet-less sketch creation, rendering, technical documentation modules and so much more. 
 
Our goal is to deliver solutions with the excellent tools, quickly-to-adapt and easy-to-learn systems of SOLIDWORKS 
and with the new technologies supporting design and manufacturing that ensure profitable investment and increasing 
productivity with optimized workflow for our clients. 
 
 

 
  

http://www.eurosolid.hu/


INTERNATIONAL SCIENTIFIC CONFERENCE ON 

ADVANCES IN MECHANICAL ENGINEERING 

7-9 November 2019, Debrecen, Hungary 
______________________________________________________________________________________________ 

 

_______________________________________________________________________________________ 

139 

 
GYULAI IRÁNYÍTÁSTECHNIKAI KFT. 

 
Address: 4030 Debrecen, Álmos utca 5-7. 
Phone: +36-52-470-500 
Webpage: www.gyulaikft.hu  
 

 
 
  

http://www.gyulaikft.hu/
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HOYA LENS MANUFACTURING HUNGARY PRIVATE CO. 

 

Address: H – 4700 Mátészalka, Ipari út 18. 
Phone: +36-44-502-831 
Webpage: www.hoyavision.com  
 
HOYA Corporation is a diversified, multinational company and leading supplier of innovative and indispensable high-
tech and healthcare products. HOYA is active in two main business segments: The Life Care segment encompasses 
health care areas such as eyeglass lenses and the operation of contact lens retail stores, as well as medical related areas 
such as intraocular lenses for cataract surgery, medical endoscopes, surgical equipment and artificial bones and 
implants. HOYA´s Information Technology segment focuses on electronics products for the semiconductor industry 
and LCD panels, glass disks for HDDs and optical lenses for digital cameras and smartphones. The HOYA Group 
comprises over 100 subsidiaries and affiliates and over 34,000 people worldwide. 
 
Life Care 
 
HOYA has diversified its business portfolio with its optical technologies providing indispensable products to people´s 
lives. We strongly believe that by providing enduring solutions that meet needs in areas closely connected to people's 
lives, such as endoscopes, eyeglass lenses and intraocular lenses, it will be able to bring about changes in the quality of 
those lives. 
 
Life Care Segment, Health Care 
 
HOYA provides products and services to care for that most important sensory organ- the eye. HOYA started 
manufacturing eyeglass lenses in 1962 and contact lenses in 1972. Based on the optical and material technologies 
acquired since 1941, HOYA continues to contribute quality high value-added vision products to people around the 
world. 
 
Eyeglass lenses 

 
As a global manufacturer of eyeglass lenses, HOYA has passionately driven 
optical technology innovation with the aim of finding only the best vision 
solutions. 
 
HOYA´s unparalleled technology creates a profoundly clear vision experience 
for the progressive lens wearer. 
Integrated Double Surface Design (iD), HOYA´s patented, award-winning 
design technology, separates the surface geometry of progressive lenses into 
two components: vertical and horizontal, positioned individually on each of the 
two lens surfaces. Thanks to this technology, HOYA´s premium progressive 
lenses can be individually designed; each patient´s unique visual and lifestyle 
requirements can be integrated in the lens design to provide them with the most 
comfortable and accurate vision, tailored to their individual needs. 
 
HOYA Vision Care Company is a global organization covering 52 countries 
with a network of over 12,000 employees and over 64,000 active accounts 
globally. 
 

 
 
HOYA Lens Manufacturing Hungary private Co., Mátészalka 
 
HOYA Lens Manufacturing Hungary private Co. is the largest unit of Hoya group in Europe based on the headcount 
and production volume as well. The past of the company and the nearness of the European market give a geopolitical 
advantage and stabile future for the company. A Belgian investor bought 50% of Optikai Művek factory’s unit in 1991. 
In 1994 with total ownership the enterprise with mass production has been called Buchmann Optical Művek for 8 years. 
Hoya has bought the Buchmann-group in 1994, so the plant in Mátészalka also became a member of the japan lens 
production company. By now the company do partial serving of all affiliated companies in Europe. 
 
 

http://www.hoyavision.com/
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TRUMPF HUNGARY KFT. 

 

Address: 2220 Vecsés Lincoln u. 1. 
Phone: +36-29-999-100 
Webpage: www.trumpf.com  
 
Our mission is to further develop and digitally connect production technology, to make it even more efficient, precise 
and future-proof. In doing so, we want to make manufacturing and its upstream and downstream processes more 
efficient. This is how we build the industrial world of tomorrow. We are market and technology leaders in machine 
tools and lasers for industrial manufacturing, and work with our innovations in almost every sector. Our software 
solutions pave the way to the Smart Factory, allowing us to implement high-tech processes in industrial electronics. 
 

 
 

Our principles 

We are a family-owned company. A readiness to fully commit oneself to the company in good times as well as bad is 
something that applies in equal measure to everyone who works for the company. We want to remain independent, and 
growth by our own efforts is decisive in this regard. Geographical proximity to our customers is also essential. 
Nevertheless, a powerful headquarters is necessary. All our dealings are characterised by fairness, moderation and trust. 

Our objectives 

We want to satisfy our customers, employees, owners and society in equal measure. In each of our sectors of activity 
and in all of our products and services, we are leaders on a world scale in terms of both technology and organisation. 
We strive to achieve continuous growth that is far above average for the sectors in which we are active. We aim for a 
return on sales that enables us to afford our high expenditure on research and development as well as investments made 
by our own efforts. 

 

  

http://www.trumpf.com/
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The Department of Mechanical Engineering is responsible for the mechanical engineering education on bachelor (BSc) 
and master (MSc) levels. The research activity of the department covers the mechanical engineering scientific area 
starting from the materials science to the specific fields (diagnostics, material handling, etc.). From 2015 we have 
introduced the dual training. At the moment we cooperate with 19 industrial partners. 
 

DEPARTMENT STAFF 
Tamás MANKOVITS PhD 
associate professor  
head of department  
 
mechanics 
finite element method 

 

Sándor BODZÁS PhD 
associate professor 
vice head of department 
 
manufacturing, 
machine elements 

 

Sándor HAJDU PhD 
associate professor 
vice head of department 
 
material handling, 
mechanics 

 

Lajos FAZEKAS PhD 
college professor 
 
 
logistics,  
machine repairing 

 

Zsolt TIBA PhD 
college professor 
 
 
 
machine elements 

 

†Ágnes BATTÁNÉ 
GINDERT-KELE PhD 
associate professor 

 
manufacturing, 
machine elements 

 

Levente CZÉGÉ PhD 
associate professor 
 
 
process analysis, 
machine elements,  

 

György JUHÁSZ PhD 
associate professor 
 
 
machine elements, 
hydraulics and pneumatics 

 

László MOLNÁR 
associate professor 
 
 
 
finite element method 

Sándor PÁLINKÁS PhD 
associate professor 
 
 
materials science, 
manufacturing 

 

József MENYHÁRT 
PhD 
assistant professor 
 
process analysis, 
computer aided design 

 

Gábor BALOGH 
assistant lecturer 
PhD student 
 
materials science, 
manufacturing 

Zsolt BÉKÉSI 
assistant lecturer 
PhD student 
 
 
machine elements 

 

Krisztián DEÁK 
assistant lecturer 
PhD student 
 
diagnostics, 
mechanics 

 

Dávid HURI 
assistant lecturer 
PhD student 
 
mechanics, 
finite element method 

 

András GÁBORA 
department engineer 
PhD student 
 
materials science, 
technology  

Márton LÉVAI 
department teacher 
 
 
materials science, 
technology 

 

Sándor ANDRÁSKÓ 
department teacher 
 
 
materials science, 
technology 

 
Tibor PÁLFI 
department teacher 
 
 
machine elements, 
computer aided design 

 

Dániel NEMES 
department engineer 
 
 
 
computer aided design 

Zoltán Gergő GÉRESI 
CNC technologist 
 
 
 
manufacturing 

Lilla CSONKÁNÉ DÓRÓ 
administrative assistant 

 

Szandra SITKU 
administrative assistant  

 

Department of Mechanical 
Engineering 

Faculty of Engineering, 
University of Debrecen 

4028 Hungary, Debrecen, 2-4 Ótemető  
Tel.: +36-52-512-900 
E-mail: gepeszmernok@eng.unideb.hu  
Website: www.mecheng.unideb.hu  

mailto:gepeszmernok@eng.unideb.hu
http://www.mecheng.unideb.hu/
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Mechanical Engineering BSc Program 

Automotive Production Process Control Specialization 

The aim of the teaching program includes preparing engineers to improve quality and use 
lean tools in the vehicle industry, enabling them to gain an understanding of the complete 
product development (from the supplier to the customer) and lead project teams. In 
cooperation with local vehicle suppliers students learn about completing cost estimation, 
utilizing computer software to solve manufacturing problems. 

Our graduates will develop competence or acquire knowledge in the following areas:

 

 

- introducing and applying modern technologies, 
computational engineering methods and systems 
(manufacturing technologies, CAE) 
- operating and developing mechatronical systems 

(electrotechnics and electronics, measuring and 
automatics, hydraulics and pneumatics) 

- designing and redesigning plant layouts, checking 
KPI systems robot technology, automation, etc. 

- planning material handling and manufacturing 
processes 

- analyzing, controlling and optimizing production 
processes 

- applying modern manufacturing management 
philosophies (Lean management) in the vehicle 
industry 

 

 

The curriculum contains the following subject modules:  
 

Basic science subjects:             48 credits 
 Mathematics, Technical Mechanics, Engineering Physics, Operation and Theory of Machines, 

Thermodynamics and Fluid Mechanics, Technical Chemistry 
Economics and humanities subjects:                  20 credits 
 Economics for Engineers, Microeconomics, Basics of Quality Management, Management for Engineers, State 

Administration and Law, Introduction to Ethics 
Professional subjects:                     117 credits 
 Informatics, Machine Elements, CAD and CAE, 3D Computer-Aided Design, Materials Science, Technology of 

Structural Materials, Electrotechnics and Electronics, Thermal and Fluid Machines, Manufacturing Processes, 
Logistics, Industrial Safety, Computational Engineering Methods and Systems, Measuring and Automatics, 
Hydraulics and Pneumatics, Mechanical System Engineering, Quality Management, Safety Engineering, 
Material Handling and Robotics, CAM, Manufacturing Planning, Maintenance Engineering, PLC. 

Optional subjects:           10 credits 
 Thesis:                     15 credits 

Duration of studies: 7 semesters, Contact hours: 2.352  
 ECTS credits: 210, Internship: 6 weeks 

 
Final exam:  
 
 Defending the thesis (oral presentation and discussion) 

 
 Exam in two subject areas chosen by the student  

 Production Process and Control, Production 
Optimization, Logistics  

 Assembling Technology, CAM, Quality Management 
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Mechanical Engineering BSc Program 

Operation and Maintenance Specialization 
 
The aim of the teaching program is to train mechanical engineers who are able to operate and maintain machines and 
mechanical devices, introduce engineering technologies and apply them, organize and control work phases, mechanical 
developments, solve the general problems of research and planning as expected by the labor market. Those having 
completed the specialization have in-depth theoretical knowledge to continue their studies in the second cycle.  
 
Our graduates will develop competence or acquire knowledge in the following areas: 

- introducing and applying modern technologies and computational engineering 
methods and systems (manufacturing technologies, CAE) 
- operating and developing mechatronical systems (electrotechnics and 
electronics, measuring and automatics, hydraulics and pneumatics) 
- operating and maintaining machines and mechanical devices (mechanical 
system engineering, heat and fluid machines)  
- organizing and controlling operational processes, mechanical 
developments  
- planning the construction and designing of the machine parts, devices 

and apparatus (machine element, CAD, finite element method) 
- solving the general problems of research and planning as expected by the labor market (studies of 

administration and law, basics of quality assurance, management for engineers, safety engineering) 
- carrying out diagnostic testing, assessing the  reliability of machines and devices (fracture mechanics, 

non-destructive testing and diagnostics) 
 
The curriculum contains the following subject modules:  

Basic science subjects:             48 credits 
 Mathematics, Technical Mechanics, Engineering Physics, Operation and Theory of Machines, 

Thermodynamics and Fluid Mechanics, Technical Chemistry 
Economics and humanities subjects:                  20 credits 
 Economics for Engineers, Microeconomics, Basics of Quality Management, Management for Engineers, State 

Administration and Law, Introduction to Ethics 
Professional subjects:                     117 credits 
 Informatics, Descriptive Geometry, Technical Drawing, Machine Elements, CAD and CAE, 3D Computer-

Aided Design, Materials Science, Technology of Structural Materials, Electrotechnics and Electronics, 
Measurements and Automatics, Thermal and Fluid Machines, Manufacturing Processes, Logistics, Industrial 
Safety, Steel Constructions, Hydraulics and Pneumatic Machines, Fracture Mechanics, Manufacturing 
Planning, Diagnostics, FEM, PLC, Material Handling and Robotics, Drivetrain Optimization, Machine 
Repairing, Maintenance Engineering. 

Optional subjects:           10 credits 
 Thesis:                     15 credits 

Duration of studies: 7 semesters, Contact hours: 2.352  
 ECTS credits: 210, Internship: 6 weeks  

Final exam:  
 Defending the thesis (oral presentation and discussion) 
 Exam in two subjects chosen by the student  

 Machine Repairing,       
 and one subject chosen by the student:  

 Material Handling and Robotics  
 or Maintenance Engineering  
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Mechanical Engineering MSc Program 

Production Engineering Specialization 

The aim of the teaching program is to train engineers who are able to design and elaborate production processes and 
the conceptions of manufacturing technologies as well as can be responsible for modelling, designing, operating, 
maintaining, supervising and organizing production tasks. They are capable of providing the conditions of precise and 
up-to-date production and its processes (optimizing and developing production processes; designing and implementing 
devices and systems serving the production). The specialization considers the needs of the partner industrial companies.  

Our graduates will develop competence or acquire knowledge in the following areas: 

 

- applying modern computational engineering methods (CAD, 
CAM, CAE) 

- supporting, optimizing and developing production systems and 
processes; 

- designing of manufacturing and material handling systems, 
- applying management methods and systems, 
- supervising and organizing in production environment, 
- applying expert systems (diagnostics and condition monitoring).  

 

The curriculum contains the following subject modules:  

Basic science subjects:          22 credits 
 Mathematics, Applied Statistics, Modern Physics, Dynamics of Mechanical Systems, Thermodynamics and 

Fluid Mechanics, Advanced Material Science 
Economics and humanities subjects:         16 credits 
 Basics of Management, Quality Management, Financial and Advanced Economic Knowledge, Research 

Methodology 
Professional subjects:          46 credits 
 Measurement, Signal Processing and Electronics, Design of Engineering Structures, Engineering Modelling 

and Simulation, Manufacturing Equipments, Design and Quality Assurance of Manufacturing Processes, 
Assembly Automation, Design of Material Handling Systems, Production Logistics, Maintenance and Machine 
Repairing Technologies, Diagnostics and Condition Monitoring, Lean Production 

Optional subjects:           6 credits 
Thesis:           30 credits 
Duration of studies: 4 semesters, Contact hours: 1.428  
ECTS credits: 120, Internship: 4 weeks  

Admission requirements for the Mechanical Engineering MSc program 

Unconditional admission: Mechanical Engineering BSc:  
Conditional admission by prescribing pre-master courses:  
Materials Engineering BSc, Safety Engineering BSc, Energy Management BSc, Civil Engineering BSc, Industrial 
Design Engineering BSc, Vehicle Engineering BSc, Light Industrial Engineering BSc, Environmental Engineering BSc, 
Transportation Engineering BSc, Mechatronics Engineering BSc, Earth Science Engineering BSc, Technical 
Management BSc, Chemical Engineering BSc, Electrical Engineering BSc, Mechanical Engineering in Agriculture and 
Fodd Industry BSc 
Final exam: 
 Defending the thesis (oral presentation and discussion) 
 Exam in two topics chosen by the student : 
 Production systems and processes (Design of 

Material Handling Systems, Production Logistics, 
Lean Production)  

 Manufacturing systems and processes 
(Manufacturing Equipments, Design and Quality 
Assurance of Manufacturing Processes) 

 Maintenance and operation (Maintenance and 
Machine Repairing Technologies, Diagnostics and 
Condition Monitoring) 
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Welcome in Debrecen for the 
 
 𝟖𝒕𝒉 International Scientific Conference on Advances in 

Mechanical Engineering (ISCAME 2020) 
 

and 
 𝟖𝒕𝒉

 Mechanical Engineering Exhibition 
 
 

The Department of Mechanical Engineering 
Faculty of Engineering, University of Debrecen 
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