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Simulation of smart PPP model in MONM for in-15 stations 

Matej Babič 

Faculty of information studies, Novo mesto, Slovenia 

Abstract 

 

Introduction 

In this study, we used a genetic programming (GP) simulation model to predict the bike rental of 15 GoNM stations according to 

weather conditions. The figure below shows the GP simulation model. 

 

Figure 1: GP simulation model for GoNM bike rental 
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Experimental data and data analysis  

The tables below show bike rental for 15 stations. In TABLE 2, column D represents the topological property Rate, column ND 

represents the network density, column BC represents the topological property Centrality of the center and column CC represents the 

topological property Clustering coefficient, column T represents the average temperature [C], column WV represents the average 

wind speed [m / s], column C represents average cloud [%], column RH represents average relative humidity [%], column AP 

represents average air pressure [hPa], column R represents average precipitation [mm], and last column SD represents average sun 

duration [h ]. 

Table 1: Number of 

rented bicycles for 15 stations 
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Table 2: Number of borrowed bicycles for Adria station 
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Table 3: Number of bicycles rented for the Bus station 
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Table 4: Number of rented bicycles for BTC station 
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Table 5: Number of rented bicycles for the Center - Seidlova cesta station 
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Table 6: Number of borrowed bicycles for Drska - Ńegova ulica station 
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Table 7: Number of rented bicycles for the Main Square station 
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Table 8: Number of bicycles borrowed for Kandijski most station 
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Table 9: Number of borrowed bicycles for Ločna-Seidlova cesta station 
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Table 10: Number of borrowed bicycles for the Novi trg station 
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Table 11: Number of borrowed bicycles for the Brńljin Primary School station 
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Table 12: Number of borrowed bicycles for the Ńmihel - Ńmihel primary school station 
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Table 13: Number of borrowed bicycles for Podbreznik station 
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Table 14: Number of rented bicycles for Ragovska ulica station 
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Table 15: Number of borrowed bicycles for Ragovska ulica station 
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Table 16: Number of rented bicycles for Slavka Gruma Street station 

 

Bicycle rental simulation models for 15 stations 

 

 

Model 1: Simulation model for bicycle rental for Adria station 
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Model 2: Simulation model for bicycle rental for the Bus Station 

  

Model 3: Simulation model for bicycle rental for BTC station 
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Model 4: Simulation model for bicycle rental for the station for the Center - Seidlova cesta station  

Model 5: Simulation 

model for bicycle rental for the station for the station Drska - Ńegova ulica 

 

Model 6: Simulation model for bicycle rental for the station for the Main Square station  
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Model 7: Simulation model for bicycle rental for Kandijski most station 

  

Model 8: Simulation model for bicycle rental for the Ločna-Seidlova cesta station  
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Model 9: Simulation 

model for bicycle rental for the Novi trg station  

  

 

Model 10: Simulation model for bicycle rental for the Brńljin Primary School station 
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Model 11: Simulation model for bicycle rental for the station for the Ńmihel - Ńmihel primary school station 

  

Model 12: Simulation model for bicycle rental for Podbreznik station 
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Model 13: Simulation model for bicycle rental for Ragovska ulica station 
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Model 14: Simulation model for renting bicycles for the Ragovska ulica station 
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Model 15: Simulation model for bicycle rental for the Slavka Gruma Street station 

Conclusion 

In this research, I made a simulation model for renting bicycles for in-15 stations in the GoNM system. 
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Abstract 

 

Selected plasters from the tenements from the historical centers of Lublin and Lviv cities, use to perform comparative exercises of the 

centers and pollutions characteristics of these cities. We do fieldwork along with documentation and sampling, microanalysis (SEM-

EDS), and chemical analysis (ICP-OES). The concentrations of such elements as Fe, Cr, Cu, Mn, Ni, Pb, Zn, Cd, Ti. By looking at the 

overall results to the degree of those metals whose content was differentiated from the type of element. The plaster surface as a form 

of pollution testing allows us to determine the cumulative values in a multi-year space, which is a big advantage in the environmental 

study of city centers. This applies especially to elements such as cadmium, lead, titanium, arsenic, nickel, and iron. In Lublin plasters, 

the concentration of chromium, copper, manganese, and zinc is much higher, while in Lviv are more additions of arsenic, cadmium, 

lead, and nickel. That indicates more pollutions of the center of Lviv, which is coal-type of house heating and manufacturing places. 

Lublin is the most agricultural region. 

 

Keywords – Environmental analysis, Lublin, Lviv, plasters, heavy metal contents, ICP-OES, SEM analysis 

 

1. Introduction 

 

Plaster analysis is analyzed in various places around the world [1-4]. They are designed to determine how to make them in various 

historical buildings. In this context, numerous analyzes are performed showing the origin of materials, the use of pigments, and their 

state of preservation. This type of analysis also allows us to determine the secondary processes occurring on their surface associated 

with their corrosion and the appearance of precipitates, stains, fungi, and mold. Isotope analyzes of the precipitates allow the 

determination of the origin of their components in the context of environmental pollution testing. The analyzes of precipitates showed 

in many cases the presence of admixtures indicating the isotope contamination of solutions of these plasters together with elements 

derived from a specific type of impurities [5,6]. Examination of their surface also allows for the qualitative and quantitative 

determination of admixtures related to the exposure of plasters in the urban atmosphere. Various solids have been found on their 

surface, the accumulation of which results from the adsorption of dust suspended in the city air and admixtures resulting from the 

specificity of the environment (e.g. corrosion of metal elements which along with rainwater are moved along the facade of houses). 

Therefore, examinations of plaster surfaces allow determining the ingredients from which they were made, to examine secondary 

processes occurring on their surface as a result of corrosion and accumulation of impurities [7-19]. To this end, systematic analyzes of 

plasters were carried out in the centers of the cities of Lublin and Lviv in order to be able to demonstrate their state of preservation, 

determine their secondary processes and examine secondary admixtures.  

 

2. Methods 

 

Samples taken within the old town (Table 1) were subjected to corrosion observations [20,21]. To this end, field tests were carried 

out, consisting of observing architectural details that allowed us to distinguish several types of corrosion and efflorescence related to 

human activity. In the selection of samples, attempts were made to collect counterparts with different conservation status and 

secondary processes. Plaster samples were taken from the facades of houses, which indicated advanced secondary processes and were 

not renovated for a long time. Due to the pilot nature of the work, the number of attempts was limited to around 20 from each city. 

The collected wall samples were observed using a Leica DM2500P optical microscope in reflected light. Subsequently, tests were 

performed in the micro area using a scanning electron microscope Hitachi SU6600 with an EDS attachment, 15kV beam energy, and 

180s exposure of measuring in points in low vacuum conditions [20, 22-28]. The analyzed samples were also examined for the 
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presence of metals associated with emissions using ICP-MS and ASA methods  [21,22]. These analyses were performed at the 

Geology, Soil Science and Geoinformacy Department at the Maria Curie – Skłodowska University in Lublin (Poland).  

 

Sample* Localization  Sample* Localization 

Lu01 Wall of Tysiąclecia Rd. Lu17 3 Maja 22 St. 

Lu02 Kowalska St. Lu18 Litewski Sq./ 3 Maja St. 

Lu03 Grodzka podwórze St. Lu19 Złota 9 St. 

Lu04 Plac po Farze St. Lu20 Zamkowy Sq. 

Lu05 Złota 6 St. Lv01 Rynek 2 Sq. 

Lu06 Brama Krakowska St. Lv02 Iwana Franki 3 St. 

Lu07 Lubartowska 39 St. Lv03 Magazynowa 5 St. 

Lu08 Lubartowska 24 St. Lv04 Politechniczna 1 St. 

Lu09 Ruska St. Lv05 Szewczenki 8 St. 

Lu10 Krakowskie Przedmieście 43 St. Lv06 Pidzamcze 10 St. 

Lu11 Plac Wolności 5 St. Lv07 Odeska 14 St. 

Lu12 Żmigród St. Lv08 Oleny Stepanovny 7 St. 

Lu13 Kardynała Wyszyńskiego 3 St. Lv09 Metropolity Andreja 10 St. 

Lu14 Lubartowska St./Świętoduska St. Lv10 Bazarna 2 St. 

Lu15 St. Staszica/ Potockich St. Lv11 Prospekt Svobody 11 St. 

Lu16 Niecała 10 St. Lv12 Furmanska 4 St. 

Table 1: List and localization of samples *Lu-Lublin, Lv-Lviv 

 

3. Results 

 

Lublin is a voivodship city since the middle ages. The first houses in this place were built in the early Middle Ages [29-34]. 

During the Renaissance, the city flourishes, which is visible in numerous monuments, including secular tenements. In later centuries, 

especially during the partitions, Lublin becomes a provincial city, and in the 20th century, it regains the rank of a provincial city again 

and undergoes a number of changes [33,34]. This significantly affects the use of stone in its architectural details. During the PRL, 

various production plants were located in Lublin, which for the most part did not withstand political changes. In Lublin, there are 

numerous examples of the use of various stone in architectural details and these rocks react in different ways to destructive factors 

associated with human activities [29-34]. 

Lviv already in the fourteenth became a powerful center of economic and political life in Galicia, and in the fifteenth century 

- the center of the principality of Rus. In the 16th century, the city received the right to "store" eastern goods, which allowed it to 

become one of the largest shopping centers in the region of Central and Eastern Europe [35-38]. The city was actively developing as a 

craft center; the number of craft guilds at that time reached about twenty. It was inhabited by representatives of many nationalities. 

Until the beginning of the 16th century, there were many stone buildings in Lviv, primarily sacral centers, and the lower floors of 

buildings at the market square and adjacent streets [39]. In 1527, the city was almost completely destroyed by a great fire, so in Lviv, 

it can rarely see buildings in the Gothic style, there are at most certain elements of Gothic in the architecture of the oldest buildings. 

After a fire in the 16th-17th centuries, the center of Lviv was rebuilt in the Baroque and Renaissance style, the most famous buildings 

were designed by architects from northern Italy. It is from this period that most of the buildings of the historic city center of Lviv with 

an area of 120 ha come from, which were included in the UNESCO World Heritage List in 1998. The decision to include this part of 

the city on the UNESCO list was caused by two factors: an outstanding example of combining architectural traditions and the 

tradition of art Eastern Europe with the traditions of Italy and Germany as well as the urban architectural landscape, as an example of 

the interrelationships of the city's communities with various cultural and religious traditions [40]. In 1772 Lviv, as part of Austria, 

became the capital of the crown country. From this period until 1917, several dozen magnificent buildings of administrative, 

economic and cultural significance were built in the city center, mainly in classicist and eclectic styles, and from the 20th century in 

the modernist style (in particular the building of the Galician Sejm, theaters, banks, courts, universities). At that time, most of the 
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city's industrial buildings were also created. In 1919–1939, Lviv became a provincial center in the composition of interwar Poland, 

but its economic and political significance slightly weakened compared to the pre-partition period. In the Soviet period and after 

Ukraine gained independence, only a few new buildings were built in the city center, mostly located in vacant areas or in places of 

former buildings, damaged for various reasons. 

Field observations made it possible to determine that at present in Lublin, especially in the center, there is quite a heavy 

traffic and many houses are still heated with stoves. Many house walls are heavily cracked, shabby, dusty with numerous stains and 

efflorescence [29-34,41]. This promotes fungus and even the settlement of lichen and higher plants [42]. Research carried out inside 

the old town clearly shows that many of the historic houses have neglected facades to varying degrees. The walls of these tenement 

houses are also damaged, which improperly discharge rainwater straight to the street without the use of drain pipes connecting 

rainwater flow to the sewers. Such cases in Lublin are commonplace even in contemporary homes, contributing to the corrosion of 

buildings, not to mention the danger of pedestrians on the sidewalks. In addition, sprinkling salt on sidewalks in winter promotes the 

absorption of brines and their efflorescence in those parts of the walls that adhere directly to the sidewalk (Figure 1A-C). 

 

Fig. 1: Examples of buildings in Lublin and Lviv cities. Lublin: Lubartowska St.(A), corner of Kowalska and Grodzka Streets (B), 

Krakowska Gate (C). Lviv: old historic building in Rynek square (D), building of interwar period (E), buildings of soviet period (F). 
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In many places, visible molds extend through all stories of the houses. In the worst cases, along with the loosening of the 

walls and the accumulation of dust, higher plants appear, which effectively destroy the walls with the root system. In the periphery of 

Lubartowska, Krakowskie Przedmieście streets, and 1000-year Rd there are clearly visible signs of increased pollution associated 

with road traffic. The houses are very dusty, the walls are gray and dirty. The condition of these walls is evident in the image of a 

binocular magnifier which shows the occurrence of infiltrates and secondary efflorescence, dirt, and lichen activity. 

Field studies carried out in Lviv have shown that there is also a lot of urban traffic there, especially within important 

thoroughfares and around the Railway Station [36, 42,43]. Many buildings in the center of Lviv are restored, but today tenements are 

also found, whose condition indicates an urgent need for renovation also in the very center of the city. In Lviv, there are numerous 

examples of tenement houses from very many periods of the city's existence, representing various architectural styles. There are 

historical buildings from many centuries ago, many examples of which can be found even in the market square, there are houses 

during the Austro-Hungarian rule as well as from the inter-war and Soviet times (Figure 1D-F).  
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Fig. 2: 
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Microphotographs of selected parts of the buildings’ plasters from Lublin city (sample Lu03, Lu05, Lu07) and Lviv city (samples 

Lv01, Lv03, Lv05) with visible fragments of paint, soot, mushrooms and precypitates made by the optical microscope (in left), 

polarizing microscope (center) and electron microscope (in right). 

Many houses have facades whose condition indicates that they have not been renovated a long time ago, and they are often 

damp and molded. Reflected polarizing microscope analysis shows many traces of human activity on the plaster surface. These are 

various paints and their crumbs, small impurities adsorbed on the plaster surface as well as molds and lichen. The latter is quite 

common especially on the surfaces of low walls, fences, which usually do not have their own drainage system (Figure 2). Studies in 

the micro area particularly well show the presence of precipitates on the surface of plasters and the activity of living organisms. 

Plaster samples were collected mainly in the very center of Lublin. Field studies and macroscopic observations have shown 

that at the moment in the city, especially in the center, there is quite a heavy traffic and many houses are still heated with stoves. In 

Lviv, around 66% of homes are heated with central heating, 27% with stoves, and 7% have individual heating (Galinfo). 

Characteristically, furnace heating dominates in the city center. Many houses exhibit different technical conditions, sometimes 

differing in appearance and advanced corrosion processes from accepted standards. The walls of these houses are heavily cracked, 

shabby, dusty with numerous stains and efflorescence. This promotes fungus and even the settlement of lichen and higher plants. 

Houses within the Market Square and Prospekt Svobody are relatively well-maintained, which was favored by the Euro 2012 

championships in Lviv. The train station building has also been renovated relatively recently. The remaining places are in a different 

condition, many houses have facades from the pre-war period. In some homes, various stains, moisture, and solid pollutants are 

readable. 

According to the data of the Department of Ecology and Landscape Planning of the City of Lviv, the total value of pollutants 

from stationary and non-stationary sources of pollution in the city was over 61 kg per capita, with 96% of all pollution coming from 

non-stationary sources of pollution (road, rail, and air transport). For comparison, in 2000 this rate was 92% [44]. Thermal power 

generation poses the biggest problem among stationary sources of pollution. According to the data of I. Strilec and M. Petrovska [37], 

the streets of the city center of Lviv are the most polluted, as well as its northern and southern parts, which is favored by the most 

intense car transport traffic in these parts of the city. According to the data of the Lviv Regional Hydrometeorological Center, the 

following heavy metal concentrations in the air were recorded in Lviv in 2014: Cd - 0.000, Fe - 0.519, Mn - 0.016, Cu - 0.016, Ni - 

0.019, Pb - 0.022, Cr - 0.027 and Zn - 0.021 [μ/cm
3
]. Compared to previous years, there was a tendency to increase the concentration 

of such metals as Mn, Ni, Pb and Cr in the air. The content of heavy metals in soils is tested by the State Ecological Inspection in the 

Lviv Oblast and in the Lviv Regional Laboratory Center of the State Sanitary Service of Ukraine, mainly in waste concentration areas. 

In 2014, LKP "Zbyranka" waste treatment territory was heavy metal content, with the exception of copper. The concentration of this 

element was 1.7 times the norm and was 5.2 [μg/kg]. The content of other heavy metals fluctuated within the norm: Zn - 11.1, Pb - 

14.7, Cr - 0.045, Ni -1.1, Со - 0.24 and Mn - 17.6 [μg/kg]. In 2015, increased content of petroleum products was found in soils at the 

Zbyranka garbage disposal point [33-34,45-57]. 

 

Samples Fe Cr Cu Mn Ni Pb Zn Cd Ti As Summa 

Lu01 4802 14,40 4,84 201,0 5,89 < 29,2 < 747 0,95 5805,28 

Lu02 3834 14,20 12,20 76,6 6,71 < 34,3 < 738 < 4716,01 

Lu03 1442 10,40 2,68 179,0 3,97 < 39,8 < 954 0,85 2632,70 

Lu04 6869 14,30 2,39 531,0 4,60 < 28,2 < 704 1,05 8154,54 

Lu05 2995 6,91 485,00 114,0 4,21 < 56,0 < 634 0,85 4295,97 

Lu06 3398 14,70 66,90 126,0 8,01 < 571,0 < 507 0,64 4692,25 

Lu07 4083 57,30 15,10 212,0 8,69 < 185,0 < 711 0,85 5272,94 

Lu09 1349 15,30 < 37,2 4,22 < 31,2 < 908 < 2344,92 

Lu11 3163 10,10 76,10 289,0 4,54 < 158,0 < 1011 0,78 4712,52 
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Lu12 2712 4,26 5,15 65,9 2,75 < 74,5 < 832 0,94 3697,50 

Lu13 5178 11,10 10,10 142,0 6,22 < 77,1 < 945 < 6369,52 

Lu14 2768 5,57 7,29 106,0 5,37 < 40,4 < 1025 < 3957,63 

Lu15 2270 10,80 6,56 165,0 5,01 < 548,0 < 545 < 3550,37 

Lu16 2996 7,99 < 52,7 6,92 < 196,0 < 931 0,64 4191,25 

Lu17 3208 3,74 7,78 71,9 6,05 < 396,0 < 693 0,95 4387,42 

Lu18 3525 33,00 < 115,0 18,60 < 136,0 < 705 < 4532,60 

Table 2: Content of heavy metals in samples from Lublin city [ppm]. 

Studies in the micro area of plaster samples taken in the old town of Lublin have shown their large diversity. Various plaster 

textures, pigments, beauty agents (e.g. sand grains) are visible. Analyzes in the micro area have shown that these samples contain 

substances such as titanium compounds, barite, quartz grains, and feldspar (Figure 2). Many of these samples show traces of 

secondary processes on their surface, and these are efflorescence. The samples tested using the ICP-OES technique showed a 

relatively large variation in metal content (Table 2, Figure 3,4). Examined plaster samples in Lublin show a great variety. In the case 

of copper content, most of it was in the sample Lu05, and Lu06 and Lu11 (Figure 04). 

 

Fig. 3: Content of heavy metals in samples from buildings’ plasters in Lublin city. 

 

The lowest content of this element was found in samples Lu09 and Lu18, where the amount of Cu was below the detection 

limit. In the case of Manganese, Lu11 and Lu Lu07 contained most of this metal. The least copper had sample Lu09. The highest  

nickel content was found in the Lu18 sample, roughly twice as high as in the other samples. The last nickel was in sample Lu12. In 

the case of iron, the highest content of this metal was found in the sample Lu04 and the lowest in the samples Lu03 and Lu09. The 

share of Chromium varied from less than 4ppm for the Lu17 sample to over 75ppm for the Lu07 sample. Zinc proportions were also 

variable, being less than 30ppm for Lu04 and Lu01 samples and over 570ppm for Lu06 sample. Most titanium was found in samples 

Lu14 and Lu11 (1011 and 1025ppm, respectively), while the lowest values were found in samples Lu06 and Lu15 (507 and 545ppm, 

respectively). Arsenic values reached 1ppm only in sample No. Lu04, in the others they were much lower. Lead and cadmium content 

was not found in any of the tested samples. 
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Fig. 4: Summarized content of heavy metals in samples from buildings’ plasters in Lublin city. 

 

 

 

Sample Fe Cr Cu Mn Ni Pb Zn Cd Ti As Summa 

LV01 3084 10,70 11,10 91,6 0,03 6,50 91,4 < 765,0 0,76 4061,09 

LV02 3616 8,19 12,20 101,0 0,03 15,90 757,0 < 1011,0 1,45 5522,77 

LV03 2901 6,97 14,50 75,1 0,03 11,70 214,0 7,7 934,0 0,85 4165,84 

LV04 2929 10,90 9,27 73,2 0,03 7,46 80,9 5,2 687,0 1,01 3804,01 

Lv05 2833 6,23 5,22 53,8 0,03 3,08 37,5 4,5 905,0 2,51 3850,84 

LV06 3427 13,20 17,10 365,0 13,20 15,70 750,0 8,1 887,0 2,84 5499,15 

Lv07 3041 9,31 10,70 104,0 40,90 < 36,5 < 10,4 1,42 3254,23 

LV08 2550 12,50 11,70 107,0 29,90 48,00 34,8 1,1 765,3 0,98 3561,28 

LV09 13587 53,50 40,50 180,0 67,70 212,00 170,0 < 992,1 1,24 15304,04 

LV10 4074 4,12 8,96 66,7 24,30 9,33 28,4 < 581,3 1,03 4798,14 

LV11 2886 1,54 6,52 46,8 23,60 < 21,0 < 634,5 0,72 3620,68 

LV12 3028 18,50 7,98 62,5 40,10 46,70 17,7  < 981,7 1,36 4204,54 

Table 3: Content of heavy metals in samples from buildings’ plasters in Lviv city. 

Results of the content of metals in Lublin showed that in the case of their total content, most of this type of impurities are 

found in the sample Lu04 and Lu13 and the lowest content of these impurities was found in two samples: Lu09 and Lu03 (Figure 5, 

Table 3). Samples with the highest metal content were taken from around Fara Square and from 3 Cardinal Wyszyński Street. 

Samples with the lowest amounts of metals come from Ruska and Grodzka Streets (yard), respectively. In turn, the tested pollution of 

Lviv is illustrated in Table 3, and the graphs in Figures 5 and 6. These results showed that Lv09 sample has the most iron, on average 

over 5 times more than in other samples where the values range from 2-3th. ppm. The Lv08 sample has the least iron (Figure 6, Table 

3). In the case of chromium, the highest content was found in the Lv09 sample, being more than five times higher than in the other 

samples LV04, LV06 and Lv08, where these values were still high. The lowest chromium content was found in the Lv091 sample at 

1.5ppm. In the case of copper, its quantity also fluctuates in the samples tested. Lv09 sample and Lv06, Lv03, and Lv02 samples have 
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the most copper. In turn, the lowest values of this metal were found in the Lv05 sample. The manganese content in the samples tested 

also undergoes some variation. Most of this element was found in the sample Lv06 and Lv09, Lv08, and Lv07 respectively.  

 
Fig. 5: Changeability of heavy metal pollution in samples from Lviv city. 

 

Relatively the lowest manganese content was found in the Lv11 sample. The highest nickel content was tested in Lv09 and 

Lv 07 samples, while the lowest nickel content was found in the first five plaster samples. The most lead was found in the sample 

Lv09 as well as Lv08 and Lv12. In the samples like Lv07 and Lv11 this element was not found. The highest amount of zinc was 

found in the samples Lv06 and Lv02, the least of the wheels of this element was found in the samples Lv 12, Lv11 and Lv10. 

Cadmium was tested in a few samples mainly in Lv06 (highest quantity) and Lv03, Lv04, Lv05, and Lv08. In the remaining samples, 

cadmium was not shown. The highest amount of titanium was measured in the sample Lv02 and in the samples Lv09, Lv12, and 

Lv03, the lowest content of titanium was found in the sample Lv07, more than 100 times lower than the highest content of this metal. 

In the case of arsenic, the highest content is in the samples Lv06 and Lv 06 and the lowest in the samples Lv01 and Lv11. Considering 

the total amount of impurities, most of these metals were found in the Lv09 sample. And in the sample Lv 02 and Lv06 respectively 

(Figure 6). Relatively the lowest content of these impurities was found in the samples Lv07 and Lv08. 
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Figure 6. Average number of pollution in samples from Lviv city. 

 

Samples containing the highest metal content come from Metropolity Andrieja, Pidzamcze, and Iwana Franko St. These streets are 

very busy places in the city. In addition, Pidzamcze Street is an industrial zone of the city, located near the railway station. Ivan 

Franko St., according to various sources, is the city's most polluted street (in the case of gas pollution). It is also one of the most 

congested streets in the city, especially the section near Zelena St., Fr. Roman and Lewicki St. In the case of Metropolitan Andrieja 

Street, the most likely source of pollution is road transport, as well as the immediate vicinity (within a 50 m radius) of a confectionery 

factory. Samples located in the area of Odeska and Olena Stepanivna Streets show relatively the lowest pollution, they are located 

slightly away from the closest city center and are located within the residential zone. 

 

4. Discussion 

 

Field and microscopic studies showed a relatively large diversity of samples. While macroscopic analyzes showed a different 

state of houses and these trends are visible in both Lublin and Lviv, studies in the micro area and chemical analyzes using ICP-OES 

showed relatively large fluctuations in heavy metals among the plasters tested [45-57,58,59]. Examined samples of plaster in both 

cities showed the presence of various types of admixtures associated with the process of their beautification, such as the use of grains 

of sand or muscovite for decorative purposes. Studies of their surface also showed numerous infiltrates and secondary processes 

resulting from the condition of the building facades. Pollution related to the appearance of lichen, algae, or moss was also visible. 

Studies in the micro area and chemical analyzes of plaster samples also showed the presence of numerous solid impurities on their 

surface. These pollutants are generally more abundant in more polluted areas (e.g. on busy streets). Similar tendencies are shown by 

chemical analyzes of selected metals in samples that can be correlated with secondary processes (e.g. streaks) as well as with the 

settlement of certain pollutants that may be related to the state of the environment in the city [45]. To this end, the contents of metals 

collected in plasters were compared with known data on air and soil pollution. The content of metals in samples of plaster from Lublin 

seems to be more uniform (Table 4). For this purpose, the average content of impurities and their amplitude (determining the 

difference between their maximum and minimum content) were measured. While the individual metal contents collected in the main 

street samples are high, the total metal content is characteristic for samples located in the city center, where traffic is not disturbed as 

much as air suspensions caused by heating houses using a furnace method (burning waste, etc.). Samples from Ruska Street, where 

bus traffic is now significantly reduced, are also due to the fact that this wall was recently renovated (washed). Comparison of Lublin 

and Lviv samples shows that much higher pollution amplitudes are characteristic of Lviv for most of the metals tested (iron, nickel, 

and zinc, lead, cadmium, arsenic), while for Lublin larger amplitudes are characteristic for copper, manganese, and titanium. For 

chromium, these differences are very similar. 
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 Amplitude 

 Fe Cr Cu Mn Ni Pb Zn Cd Ti As 

amplitude Lu 5520 53,04 485,00 493,8 15,85  539,8  518,0 1,05 

average Lu 3412 14,62 43,88 155,27 6,36  162,54  786,0 0,53 

amplitudeLv 10701 51,96 35,28 318,2 67,67 212 736 8,2 1006 1006 

average Lv 3996 12,97 12,97 110,56 19,99 31,36 31,36 2,2 762,9 1,34 

Table 4: Comparative amplitude and average content of heavy metals in samples from buildings’ plasters in Lublin and Lviv cities 

 

Research on average metal pollution in these samples shows that compared to each other Lviv shows higher pollution in the 

case of iron, nickel, and lead, cadmium, titanium, and arsenic [45-57]. Lublin in the case of chromium, copper, manganese, and zinc. 

It follows that generally, Lviv is a city more polluted than Lublin primarily in such metals as arsenic, cadmium, lead, nickel, and iron. 

The conclusions of this comparison are unequivocal, indicating the urgent need to take care of the natural environment in both cities, 

but with a greater emphasis on Lviv. 

The plasters tested include a comparative example and reference point of reference for other methods of analyzing results due 

to city comparison and dependence. The properties of the plaster allowing for long exposure time and the microporosity of 

transferring to the retention of fine us on the surface and advertising along with the results of precision search The plaster surface tests 

include the accumulated content of heavy metals (as shown above) indicating the state of use of the cities in question. An important 

advantage of plasters is the fact that they are not changed as often as soils in urban greens (fertilization), they are also active in winter 

when the degree of air pollution is high (no vegetation of plants). The downside is the difficulty of determining the accumulation of 

pollutants in a year-to-year period, but this can be determined by other research methods. The accumulated state of pollution affects 

vegetation (e.g. trees) and other organisms, including the human who lives in cities, breathes city air, and has direct contact with 

pollution. Therefore, the research method postulated by the authors has great potential. 

 

5. Conclusions 

 

Both Lviv and Lublin are cities with centuries-old history, in which there are many very interesting architectural styles. 

Tenements in both cities in the very center are generally well preserved, although in Lviv more of them are in worse condition. 

Studies of plasters have shown that those elements come from Lviv have a much higher total content of the studied metals than 

plasters from Lublin. This applies especially to elements such as cadmium, lead, titanium, arsenic, nickel, and iron. In Lublin plasters, 

the concentration of chromium, copper, manganese, and zinc is much higher. The plaster surface as a form of pollution testing allows 

determining the cumulative values in a multi-year space, which is a big advantage in the environmental study of city centers. 
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Abstract 

Laser hardening is a metal surface treatment process complementary to conventional flame and induction hardening processes. A 

high-power laser beam is used to heat a metal surface rapidly and selectively to produce hardened case depths of up to 1,5mm with 

hardness value of up to 65 HRc. The high hardness of the martensitic micro-structure provides improved properties such as wear 

resistance and increase strength.  

Introduction 

Different tool steels are widely used in industrial applications based on good performance, a wide range of mechanical properties, 

machinability, wear resistance, and cheapness. By laser remelting the surface of the materials, we can significantly improve their wear 

properties. Robot laser surface remelting is one of the most promising techniques for surface modification of the microstructure of a 

material to improve wear and corrosion resistance. Laser hardening is a metal surface treatment process complementary to 

conventional flame and induction hardening processes. A high-power laser beam is used to rapidly and selectively heat a metal 

surface to produce hardened case depths of up to 1.5 mm with a hardness value of up to 65 HRc. The high hardness of the martensitic 

microstructure provides improved properties such as wear resistance and strengthAdvantages of laser hardening  

• Laser is source of energy with outstanding characteristics (contactless method, controlled imput of energy, high capacity, 

constant process, precise positioning) 

• Lower costs for additional machining  

• No use of cooling agents or chemicals  

• High flexibility  

• The process can be automated and integrated in the production process  

• Local hardening  

• Minimal deformation  

• High accuracy  

• No 3D CAD data necessary  

• Hardness up to 65 HRc  

• Laser width 5 – 28 mm 

• Hardness depth to 1,5 mm 
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Fig. 1: Robot laser cell for hardening  

Experimental work 

We are interested in how we can achieve a hardness of hardening material, as if changing the laser beam on the substrate material. We 

have two options like we see on Fig 2. 

First, we change {15°, 30°, 45°, 60°, 75°, 90°} and hardening like we can see on Fig 2 (red arrow). 

 

Fig 2: Robot laser hardening on different angels  

We change {15°, 30°, 45°, 60°, 75°, 90°} and hardening like we can see on Fig 3 (red arrow). 
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Fig 3: Robot laser hardening on different angels  

Second, we change {15°, 30°, 45°, 60°, 75°, 90°} and hardening like we can see on Fig 4 (red arrow). But we hardening like we 

can see on Fig 3 on right.  

 

Fig 4: Robot laser hardening on different angels  

We can calculated width of hadening on bellow formul (1) 

sin = d/x ,  

 d{5, 8, 13, 16, 23, 28}, (0°, 180°) .   (1) 

Different width of hardening we can see on Fig 5. 

 

Slika 5: hardness measurements  
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Results 

 

Graph 1: Graph of power for Fig 2 

 

Graph 2: Graph of power for Fig 3 
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Graph 3: Graph of power for Fig 4 

 

Table 1: hardness for Fig 2 

 

Table 2: hardness for Fig 3 
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Table 3: hardness for Fig 4 

Conclusion 

Robot laser hardening is very useful in the car (eg machine parts for transmission shafts, axles, running surface, torsion springs, 

gears), military and aerospace industries.  

Naturally, the robot laser hardening several advantages over conventional induction hardening.  

However, even in the robot laser hardening have we many problems as described in this paper.  

Thus, in the future that we still have enough unsolved problems in the robot laser hardening.  
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Abstract 

 

The successful economic project must meet certain technical characteristics and must be economically justified. This means, that 

during the creation of a project there are two key issues: whether the project is in all its stages technically correct and whether it is 

cost-effective. The answer to the second question provides engineering economics, and it deals with the economic viability of the 

project. The paper specifically deals with the importance of the time value of money, interest, and profit. It explains the basic 

principles used in comparing alternative engineering design solutions. Methods used in the evaluation of the economic feasibility of 

alternatives are discussed, as well as the manner of their application to specific examples. The consistent application of alternatives is 

emphasized and the most common application errors are pointed out. 

 

Keywords – Worth Method, Internal Rate, Return Method, Money-Time 

 

6. Introduction 

 

Success in the global market implies that companies must make effective and rapid business decisions, and constantly invest in new 

projects. Engineers are the ones who are looking for solutions to specific problems, but it is necessary to examine the economic value 

of each solution of the specific problem together with the technical aspects. The engineering economy is the basis for the assessment 

of investment projects and feasibility studies. This is the monetary side of the decision that engineers make or propose. 

In global conditions, the companies are in a continual race with the competition. Because of that, the firms have to enroll in 

economically cost-effective projects where there is a positive relation between long-range benefits and long-range costs. To bring 

correct decisions application methods of money-time relationships for economic analysis of engineering projects are needed [1-4].  

 

7. APPLICATIONS OF MONEY-TIME RELATIONSHIPS 

 

Because patterns of capital investment, revenue (or saving) cash flows, and disbursement cash flows can be quite different in various 

projects, there is no single method for performing engineering economic analyses that is ideal for all cases. Consequently, several 

methods are commonly used: Present Worth (PW), Annual Worth (AW), Future Worth (FW), and Internal Rate of Return (IRR). The 

first three methods convert cash flows resulting from a proposed solution into their equivalent worth at some point in time by using an 

interest rate known as the Minimum Attractive Rate of Return (MARR). The IRR method produces annual rates of profit, or returns, 

resulting from an investment, and are then compared against the MARR [4-8]. 

 

 

 

The Present Worth Method 

To find the PW as a function of i% (per interest period) of a series of cash inflows and outflows, it is necessary to discount future 

amounts to the present by using the interest rate over the appropriate study period (years, for example) in the following manner: 

 

𝑃𝑊 𝑖% =  𝐹𝑘 1 + 𝑖 −𝑘𝑁
𝑘=0       (1) 
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Where i = effective interest rate, or MARR, per compounding period 

 k = index for each compounding period (0≤k≤N) 

 Fk = future cash flow at the end of period k  

 N = number of compounding periods in the planning horizon (i.e., study period) 

The relationship given in Equation 1 is based on the assumption of a constant interest rate throughout the life of a particular project. If 

the interest rate is assumed to change, the PW must be computed in two or more steps. 

 

The Future Worth Method 

The future worth method is based on the equivalent worth of all cash inflows and outflows at the end of the planning horizon (study 

period) at an interest rate that is generally the MARR. Also, the FW of a project is equivalent to its PW; that is, FW=PW(F/P,i%,N). If 

FW≥0 for the project, it would be economically justified. Equation 2 summarizes the general calculations necessary to determine a 

project’s future worth: 

 

𝐹𝑊 𝑖% =  𝐹𝑘 1 + 𝑖 𝑁−𝑘𝑁
𝑘=0       (2) 

 

The Annual Worth Method 

The Annual Worth (AW) of a project is an equal annual series of money amounts, for a stated study period, that is equivalent to the 

cash inflows and outflows at an interest rate that is generally the MARR. Hence, the AW of a project is annual equivalent revenues or 

savings (R) minus annual equivalent expenses (E), less its annual equivalent Capital Recovery (CR) amount. The annual equivalent 

value of R, E, and CR is computed for the study period, N, which is usually in years. In equation form the AW, which is a function of 

i%, is 

 

𝐴𝑊 𝑖% = 𝑅 − 𝐸 − 𝐶𝑅 𝑖%       (3) 

 

Also, we need to notice that the AW of a project is equivalent to its PW and FW. That is, AW=PW(A/P,i%,N), and 

AW=FW(A/F,i%,N). Hence, it can be easily computed for a project from these equivalent values. 

As long as the AW is greater than or equal to zero, the project is economically attractive. An AW of zero means that an annual return 

exactly equal to the MARR. 

There are several convenient formulas by which the CR amount (cost) may be calculated. Thus 

 

𝐶𝑅 𝑖% = 𝐼 𝐴/𝑃, 𝑖%,𝑁 − 𝑆 𝐴/𝐹, 𝑖%,𝑁       (4) 

 

Where I = initial investment or the project 

          S = salvage  (market) value at the end of the study period 

          N = project study period 

Another way to calculate the CR amount is to add an annual fund amount (or deposit) to the interest on the original investment. Thus 

 

𝐶𝑅 𝑖% =  𝐼 − 𝑆  𝐴/𝐹, 𝑖%,𝑁 + 𝐼 𝑖%       (5) 

 

Yet another way to calculate the CR amount is to add the equivalent annual cost of the uniform loss in value of the investment to the 

interest on the salvage value. 

 

𝐶𝑅 𝑖% =  𝐼 − 𝑆  𝐴/𝑃, 𝑖%,𝑁 + 𝑆 𝑖%       (6) 

 

 

 

The Internal Rate of Return Method 

IRR method is the most widely used rate of return method for performing engineering analyses, it sometimes calls by several other 

names, such as the investor’s method, discounted cash flow method, and profitability index. 

By using a PW formulation, the IRR is the i’% at which 

 

 𝑅𝑘  
𝑃

𝐹
, 𝑖 ′%, 𝑘 =  𝐸𝑘  

𝑃

𝐹
, 𝑖 ′%, 𝑘 𝑁

𝑘=0
𝑁
𝑘=0       (7) 
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Where Rk = net revenues or savings for the k-th year 

 Ek = net expenditures including any investment costs for the k-th year 

 N = project life (or study period) 

Once i’ has been calculated, it is compared with the MARR to assess whether the alternative in question is acceptable. If i’≥MARR, 

the alternative is acceptable; otherwise, it is not. 

A popular variation of Equation 7 for computing IRR for an alternative is to determine the i’ at which its net PW is zero. 

 

𝑃𝑊 =  𝑅𝑘  
𝑃

𝐹
, 𝑖 ′%, 𝑘 −𝑁

𝑘=0  𝐸𝑘  
𝑃

𝐹
, 𝑖 ′%, 𝑘 = 0𝑁

𝑘=0       (8) 

 

The value of i'% can also be determined as the interest rate at which FW = 0 or AW = 0. For example, by settings net FW equal to 

zero, Equation 9 would result: 

 

𝐹𝑊 =  𝑅𝑘  
𝐹

𝑃
, 𝑖 ′%,𝑁 − 𝑘 −𝑁

𝑘=0  𝐸𝑘  
𝐹

𝑃
, 𝑖 ′%,𝑁 − 𝑘 = 0𝑁

𝑘=0      (9) 

 

8. APPLICATIONS OF MONEY-TIME RELATIONSHIPS 

 

Alternatives in economic engineering analysis are compared when they give similar results, serve the same purpose, or achieve the 

same function. When comparing it is important to reduce alternatives to an equivalent basis, depending on: (1) interest rates, (2) the 

amount of included money, (3) the timing of cash income and/or expense, and (4) how the interest, or profit, for invested capital is 

paid and the initial capital returned. 

A comparison of alternative design solutions is based solely on economic indicators, and also analysis and comparison of possible 

alternatives are primarily done, and then the best alternative is selected. It is necessary to meet the primary purpose of alternative 

investments, that is, to create at least the minimum rate of return (MARR). The problem of how to choose the best alternative is most 

easily solved using rule: the alternative that requires minimal investment is chosen, and thereby generates satisfactory results unless 

additional capital investment in the project does not create additional benefits or greater results. 

By relying on this rule, as a base is taken an acceptable alternative which requires a minimum investment. Investment in additional 

capital, beyond the requirements of a basic alternative, most often gives results which are reflected in an increase in capacity, an 

increase in quality, increasing revenue, reduction of operating costs, or an increase of lifetime. For this reason, before we decide to 

invest additional capital, it must be shown that each of these benefits of investment can be better than any other alternative form of 

investment. This means, according to this rule, we should invest more capital at a rate of return equal to or higher than the minimum 

profit rate (MARR) [9,10,11]. 

Therefore, the economic analysis of possible alternatives for a specific project needs to be done on a comparative basis. Each of the 

alternatives must meet the basic functions required by the project, and yet between them, there are differences in various parameters. 

The economic impact of these differences should be included in the cash flow or in the analysis itself. 

 

8.1. Example of the software selection in a construction firm 

 

The construction firm that specializes in the design and construction of commercial and residential buildings purchase of software for 

the design and business activities is carried out. After completion of the tender in circulation are three alternatives. Each of the 

alternatives requires the support of the same service, but there are differences between the investment and the profit gained from the 

use of new software. The observation period is ten years and the life span of all three alternatives is ten years. It is assumed that the 

market value after the period for all three alternatives will be zero. The minimum profit rate is 10%, and based on the data given in 

Table 1 a choice of alternative should be made. 

 

 Alternative 

A B C 

Investment -312 000 € -736 000 € -528 000 € 

Annual cost savings 55 000 € 134 000 € 107 000 € 

PW 25 951 € 87 372 € 129 469 € 

FW 67 310 € 226 619 € 335 807 € 

AW 4 223 € 14 219 € 21 070 € 
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Table 1: Choice of alternative for software selection 

  

For each alternative, it is possible to find present worth PW (Equation 1), the future worth of FW (Equation 2), and the annual worth 

AW (Equation 3). The calculated values are given in Table 1. The ratio of C>B>A is obtained. 

Thus, taking into account the time value of money and reducing cash flows to the observed moment, provided the defined observation 

period and the minimum profit rates, alternative C shows as the best choice. 

 

8.2. The choice of alternative for investment project of construction firm 

 

Construction firm in order to improve the business, decided to invest in an investment project which should bring certain profit. It was 

found that the project can be implemented over six alternatives. An assessment of investments and expected profit was conducted for 

individual alternatives. The service life of each alternative is ten years and MARR is 10% for the year. The observation period is ten 

years and the value of an alternative at the end of the observation period is zero. Alternatives are ranked by the amount of capital 

invested and given in Table 2. 

 

 Alternatives 

  C D E F 

Investment € € € € € € 

Profit € € € € € € 

Table 2: Alternatives for the investment project 

 

For each alternative, IRR on total cash flow can be obtained by determining the interest rate for which the present worth PW 

(Equation 8), the future worth FW (Equation 9), or the annual value equal to zero. The values of IRR are determined individually for 

all alternatives and given in Table 3. 

 

 A B C D E F 

IRR  of cash flow 10,6% 13,0% 9,6% 19,1% 18,3% 15,6% 

Table 3: IRR values of certain alternative 

 

Table 3 shows that alternative C is a priori unacceptable and can be eliminated from the comparison because its IRR is less than the 

MARR which is 10%. Also, it can be concluded that the alternative A is a basic alternative, from which starts the procedure of 

analyzing the additional invested capital because it is a possible alternative (IRR>MARR) with a minimum investment of capital. 

Preliminary analysis of the feasibility of each alternative using the IRR method, PW, AW, or FW is not necessary. However, it proves 

to be very useful when analyzing a larger number of possible alternatives. In this way, we can immediately eliminate unfeasible 

alternatives, but also can easily identify a basic alternative. 

It is possible that it is wrong to choose an alternative that has a maximum value of IRR on total cash flow. This means that alternative 

D may not be the best solution, because the maximum value of IRR does not guarantee maximum profit to the organization. For this 

reason, in order to come up with the right choice, we must examine each additional investment to determine if it can pay itself. Table 

4 shows the analysis for the other five alternatives. IRR for additional cash flow is obtained by equalizing the difference in cash flow 

to zero, at all alternatives. 

 

 A (B-A) D D F-E) 

 Investment -90 000 € -60 000 € -250 000 € -100 000 € -200 000 € 

Profit 15 000 € 12 600 € 64 900 € 20 000 € 30 000 € 

IRR 10,6% 16,4% 22,6% 15,1% 8,1% 

Justification? YES YES YES YES NO 

Table 4: Additional cash flows 

 

From Table 4, it follows that the alternative E will be chosen because it requires the greatest investment for which the last additional 

investment of capital is justified. This is because we want to invest up to 70 000 € that are available for this project, or until all 

available additional investment can earn 10% per year or more. 
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It is assumed that the available capital for the project, which is not invested in any of the possible alternatives, may be invested in 

another project where the profit could be made, which is equal to the minimum acceptable rate of profit. Accordingly, in this case, 

20.000,00 €, which is not invested into alternative F (alternative E was selected), maybe invested elsewhere with the profit of 10% per 

year or more, which is higher than it would be due to the investment in alternative F (8.1%). 

Three mistakes can be made when selecting possible alternatives for this type of analysis: (1) the use of the highest IRR on total cash 

flow, (2) use the highest IRR on additional investment, or (3) by selecting the largest investment that has an IRR greater than or equal 

to MARR rate. For example, in this example, we might mistakenly chose an alternative D before the alternative E because the IRR is 

additionally invested capital from B to D equal to 22.6% and then from D to E, only 15.1% (error 2). Much more evident error is 

when a choice based on IRR on total cash flow is made and the alternative D is chosen (error 1). The third mistake would be to select 

alternative F because it has the largest total investment with an IRR that is greater than the MARR (15.6>10%). 

 

9. CONCLUSION 

 

For the evaluation of the economic viability of engineering design solutions the methods of equivalent value and method of return rate 

are used. To make the right choice among several alternatives it is necessary to consistently apply these methods because this fashion 

eliminates errors and possible wrong conclusions. 

On specific examples, it is shown that the engineering economics is very important, both for the designer to consider the selection of 

parameters for the project that he works on and for of financial directors or top management of the firm, which is approving the 

investment of capital in new business. 
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Fractal dimension in microstruture of hardened materials 
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Abstract 

Porous structure in material is one of important mechanical property which impact on hardness of materials. Many objects observed in 

nature are typically complex, irregular in shape, thus they can incompletely be described by Euclidean geometry. The fractal geometry 

is becoming increasingly popular in material science to describe complex objects. Also fractal geometry is a new method to describe 

complex irregular object in material science. The key in fractal geometry is fractal dimension, who describe how complexity is fractal. 

The aim of the present study was to find parameters of robot laser cell, which improve result of porosity  after hardening process. Also 

we present how speed and temperature impact on porous in two different process of robot laser hardening. Over more, we present how 

improve result after hardening with process overlap of hardening.  

Introduction 

Laser hardening is a metal surface treatment process complementary to conventional process and induction hardening processes. A 

high-power laser beam is used to heat a metal surface rapidly and selectively to produce hardened case depths of up to 1,5mm with 

the hardness of the martensitic micro-structure providing improved properties such as wear resistance and increased strength. Fractal 

patterns are observed in computational mechanics of elastic-plastic transitions. The Fractal dimension is a property of the fractal, 

which is maintained through all the extensions and is therefore well denoted. In addition, it shows how complex the fractal is. The 

Fractal dimension is generally not calculated by the above-mentioned procedure, as this is possible only on pure mathematical 

constructs, which do not exist in nature.  

 

Fig. 1: Fractal structure in nature 

Experimental work 

Porous structure in material is one of  important mechanical property which impact on hardness of materials. We study was limited on 

tool steel standard label DIN standard 1.7225. We can not apply Euclidian geometry to describe porous of hardened specimens, thus 

we use very good method, fractal geometry. The specimen test section had a cylindrical form dimension 25×10mm (diameter × high). 

Specimen with the porosity about 19% to 50%, were prepared by laser, followed by hardening at T  [800, 2000] °C and v  [2,5] 

mm/s.  Also, we changed one parameter of robot laser cell, temperature T  [1000, 1400] °C to 50 °C steps. Microstructure of 

specimens was observed with an field emission scanning electron microscope JSM-7600F JEOL company.  
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Fig 2:  Robot laser material 1.7225 

To investigate the possibility of application of fractal analysis to heat-treated surface, we have examined the relation between surface 

porosity and fractal dimensions depending on various parameters of robot laser cell. In fractal geometry is the key parameter fractal 

dimension, D, which should be determined complexity microstructure of robot laser hardened specimens. The relation among fractal 

dimension D, volume V and length L can be indicated as follows with a concept similar to Eq. (1). 

 V~L
D
                  (1) 

 Fractal dimension were determined using the box counting method 

 

Fig 3: SEM picture of robot laser hardened specimen  
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Fig 4: Calculation fractal dimension of Image  

Results 

 

Graph 1: Relationship between fractal dimension and porosity for different speed at 1000 °C 
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Graph 2: Relationship between fractal dimension and porosity for different speed at 1400 °C 

 

 

Graph 3: Relationship between hardness and porosity for different speed at 1000 °C 
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Graph 4: Relationship between hardness and porosity for different speed at 1400 °C 

Conclusion 

The paper present using fractal geometry to describe porous of robot laser hardened specimens with overlap. We use relative new 

method, fractal geometry to describe complexity of laser hardened specimens. The main findings can be summarized as follows:    

1. There exist a fractal structure in the robot laser hardening specimens. 

2. We describe complexity with fractal geometry of robot laser hardened specimens.  

3. We have identified the optimal fractal dimension of different parameters robot laser hardened tool steel. 

4. We use box-couting method to calculated fractal dimension for robot laser hardening specimens with different parameters. 

5. Fractal dimension varies between 1 and 2. By increasing the temperature of the robot laser cell  becomes a fractal dimension larger 

and grain size becomes smaller. But by increasing the temperature of the robot laser cell in hardening with overlap becomes a fractal 

dimension smaler. Then we can use the fractal dimension as an important factor to define the grain shape. 
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Abstract 

 

This paper investigates the strengthening effect of pultruded bars under flexural loading. Pultrusion and filament winding methods 

were applied to manufacture and wrap the bars. The basic bar is a pultrusion-produced unidirectional carbon-reinforced polymer 

(CFRP). The hybrid version consists of the CFRP core overwrapped with glass fiber using the filament winding method. The four-

point bending test was performed to assess the flexural behavior of these bars. The results show that the overwrapped bar can transmit 

a greater force, which is indicated by a higher maximum force as well as a strain energy density. The post-failure analysis provided 

relevant information about the failure mechanisms, that are delamination and cracking of matrix. 

 

Keywords – Composite bars, Four-point bending test, Flexural behaviour, Pultrusion method, Filament winding method, GRFP, 

CFRP 

 

10. Introduction 

 

Pultrusion has its origins in 1951, when W.B. Gold - Sworthy applied for a patent for a device used to manufacture fishing equipment. 

Although the method was patented so early, it was used in large-scale production for the first time a decade later. Due to pultrusion, it 

has become possible to manufacture profiles from lightweight composite materials, which can successfully replace selected materials 

such as wood, PVC, or aluminium, in various engineering applications [1-5]. Profiles produced by the traditional pultrusion method 

have excellent mechanical properties in the longitudinal direction, i.e., the direction in which the roving strands are arranged. In the 

transverse direction, however, these properties are much worse. Therefore, a trend of the modification pultrusion system is observed 

in the literature using combinations of braiding [6-7] and filament winding [8]. One of the new ideas is the construction of hybrid 

profiles composed of different fibres and matrices to obtain an optimal structure for special applications. The potential risk of the lack 

of a yield region in the tensile diagrams of individual FRP members was recognised with all its indirect safety consequences in the 

building design. An alternative concept of ductility and buffer for tensile strength was therefore sought, in other words, to induce an 

actual load-bearing condition over the range of Hooke's law as a substitute for steel yield strength. In this context, such hybridization 

overcomes some disadvantages of the materials currently used in engineering as reinforcing bars. This paper attempts to evaluate the 

effect of braided reinforcement on the flexural strength of a hybrid bar. The created model will serve as a precast concrete 

reinforcement in further stages. 

 

This paper shows the influence of overwrapped filaments on the composite bar. The four-point bending test is conducted to 

investigate the flexural behaviour of the overwraped hybrid composite bar as well as of the unidirectional carbon fibre bar.  

 

11. Materials & method 

 

The specimens investigated in this paper were manufactured with a combination of two different technological processes. The 

unidirectional core made of carbon fibers in epoxy resin was produced by pultrusion (Fig. 1), while the overwrapped glass fibers 

(fibre orientation 45°) was provided using the filament winding method (Fig.2).  

 

The pultrusion system is presented in Fig. 1. It is a continuous fiber laminating process that produces high fibre volume profiles with a 

constant cross section. This system consists of four subsystems (units) as follows. The fibre roving is pulled into the bath with resin 

provided thorough impregnation. The formed and impregnated reinforcement moves to the next stage with the heated pultrusion die, 

which delivers the established cross section of the profile. The appropriate pulling force is overcome by a twin reciprocating puller 

unit that provides the requested feed motion. Finally, the manufactured profile is cut to a certain length, set in the control panel. 
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Pultrusion allows the production of mainly unidirectional profiles. To enhance the mechanical strength of the manufactured bar, the 

filament winding method was applied. Considering the unidirectional reinforced composite bars, the greatest force can be carried in 

the axial direction (tension force), in the case of the other load cases such as perpendicular to the bar axis (bending moment), the load 

is carried mainly by the matrix. This issue can be overcome by a continuous reinforcement architecture such that the fibres are 

mechanically interlocked with each other. It can be given using the filament winding method (Fig.2). This process follows as a 

continuous fibre roving is fed through a resin bath and wound onto a rotating mandrel. The roving feed is fueled by a trolley that 

travels the length of the mandrel. Allows the use of various wrap patterns, increasing the mechanical strength of the bar. Furthermore, 

the design concept of the hybrid composite bar allows the core to be protected by using reinforced protective layers against aggressive 

environments. 

 

 

 
Fig. 1: Pultrusion system. 1 - Resin impregnating unit, 2 - curing unit, 3 - pulling and control unit, 4 - cutting unit 

 

 
Fig. 2: Machine for the filament winding method 

 

In order to assess the influence of over-wrapping on the load-bearing capacity of the composite structure, it was decided to carry out 

comparative tests in a bending test. For the experimental campaign, two bar configurations were subjected to bending conditions. The 

four-point bending test was conducted on the MTS 793 servohydraulic test machine. The first set of specimens, called a hybrid, 
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consists of a core of carbon fibre reinforced polymer (CFRP) wounded with glass fiber reinforced polymer (GFRP) indicated as 

follows: BG1 – BG3 (Fig. 3). The influence of the filament-wound overwrap is determined in comparison to the flexural behaviour of 

smooth unidirectional CFRP bar marked as CFRP1 – CFRP3. Dimension evaluation gives the diameter of the core 10 mm and 

thickness of the overwrap approximately 1.35 mm. 

 

  
Fig. 3: Hybrid bars manufactured by the pultrusion and filament winding method. The structure consists of CFRP core and GFRP 

filament-wounded overwrap 

 

12. Results & discussion  

 

This section contains the results from the four-point bending test for filament-wounded overwrap and smooth pultruded bars 

(commonly used in industrial applications). The flexural behaviour of the bars is shown in Fig. 4, which corresponds to the reaction 

force with the normalized displacement. This allows one to correlating different bars in terms of diameter.  

 

Two sets of specimens exhibit different behaviours. After reaching maximum force, CFRP samples (smooth CFRP bars) show a 

significant load drop (up to 50%), which is a typical effect for unidirectional composite structures. On the other hand, the hybrid bars 

demonstrate the pseudo–ductile behaviour provided by the GFRP overwrap (lack of the sudden force drop). This is a desirable effect 

that may protect against unexpected failures. 

 
Fig. 4: Results of the Bending Test 

The comparison of the results obtained is presented in Table 1. It is noticeable that the maximum force carried by the hybrid bars is 

approximately 3000 N higher. Furthermore, the curves vary in slope, suggesting that the stiffness of the bars may differ.  

Furthermore, the strain energy density (required for static failure of the composite structure during loading) for each sample (area 

under load-displacement curves)—this term refers to the deformation gradient of the material per volume unit. Hybrid specimens 
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exhibit greater value in the wake of additional mechanically locked fibres that resist material deformation. Higher energy needs to be 

loaded to deform this profile's volume unit, which is crucial in the possible application to civil engineering structures.   

N Strain energy density [J/m] Maximum force [N] 

BG1 7641 7086 

BG2 5054 7272 

BG3 5900 7025 

CFRP1 2815 3735 

CFRP2 2894 3961 

CFRP3 1788 3124 

Table 1: Experimental and calculated date 

The macroscopic failure of exemplary rods after the experiment is presented in Fig. 5 and Fig. 6 and Fig. 7, respectively.  Hybrid 

specimens exhibited local damage in the contact area with the load support. Furthermore, changes in matrix transparency suggest that 

matric cracking occurred – which was observed during the detailed SEM (Scaning Electron Microscope) study – Fig. 6. Visual 

inspection shows that the CFRP core was delaminated along the middle surface. Smooth CFRP samples were damaged on the 

surfaces perpendicular to the applied force mainly by delamination, which occurred suddenly, and the force decreased substantially.  

 
Fig. 5: Hybrid bar after bending test. Visible local failures at the places of the applied force (load support). The 

white areas around suggest cracking of the matrix. 

 

 
Fig. 6: Local damage of the interface and matrix at the load point of the hybrid bar, SEM BSE image 
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Fig. 7: Smooth CFRP bar after bending test. These samples show the brittle nature of such a structure with the 

type of delamination damage. 

 

13. Conclusions 

 

The following conclusions can be drawn.  

 Two sets of specimen configurations were examined under flexural loading conditions. The four-point bending test 

determined the strengthening effect of the filament-wound overwrap. The smooth CFRP bars were able to transmit maximum 

force approximately 3600 N. Strengthened hybrid bars were able to transmit maximum force almost 7300 N. According to 

the obtained data, the strain energy density was calculated, provided that the filament-wound overwrap layer significantly 

increases the mechanical strength in the case of flexural loading conditions.  

 The samples indicated various failure mechanisms. The major mechanism is delamination, which occurred in both sets of 

specimens. Additionally, cracking of the matrix and debonding along the interface between materials.  

To summarizing, these results proves that additional reinforcement architecture (various orientation of the fibres toward the applied 

force) significantly increases mechanical strength and changes the behaviour of the structure after reaching the maximum force. This 

pseudo-ductile behaviour may positively increase applicability of these profiles in the industry.  
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Abstract 

This paper describes the roughness of surface of the robotically laser hardening microstructures with different parameters.  We 

hardened patterns pattern of standard codes to the DIN standard 1.7225 with different speed and different temperature. At the end it is 

presented the geometry of surface of the robotic laser hardening. Characterization of surface topography is important in applications 

involving friction, lubrication, and wear (Thomas, 1999). In general, it has been found that friction increases with average roughness. 

Roughness parameters are, therefore, important in applications such as automobile brake linings, floor surfaces, and tires. The effect 

of roughness on lubrication has also been studied to determine its impact on issues regarding lubrication of sliding surfaces, compliant 

surfaces, and roller bearing fatigue. Finally, some researchers have found a correlation between initial roughness of sliding surfaces 

and their wear rate. Such correlations have been used to predict failure time of contact surfaces. 

Introduction 

Laser hardening is a metal surface treatment process complementary to conventional ame and induction hardening processes. A high-

power laser beam is used to heat a metal surface rapidly and selectively to produce hardened case depths of up to 1,5mm with the 

hardness of the martensitic micro-structure providing improved properties such as wear resistance and increased strength. A section of 

standard length is sampled from the mean line on the roughness chart. The mean line is laid on a Cartesian coordinate system wherein 

the mean line runs in the direction of the x-axis and magnification is the y-axis.The value obtained with the formula on the right is 

expressed in micrometer (Om) when y=f(a). 

 

Graph 1: Arithmetical mean of roughness (Ra) 

Experimental work 

We made patterns to tool steel standard codes to DIN 1.7225. Chemical composition of the material contained 0:38 to 0:45 C%, max 

0.4% Si, 0.6-0.9 Mn% P% max 0025, max 0035 S% and 0.15-0.3% Mo. Tool steel was forged with the laser at different speeds and 

different power. So we changed two parameters speed v ∈ [2, 5] mm / s with step of 1 mm / s and temperature T ∈ [1000, 1400] ° C 

with step 100 ° C.  
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In picture 3 we can see beautiful roughness surface of robot laser hardened specimen. With this geometry we can observe and 

describe deformation, which occurs in robot laser hardening. This deformation is so important for every materials. We will find 

parameters of robot laser hardened cell, because we will reduce deformations. And this can we do if we observe geometry of surface 

hardened material.  

Each pattern was etching and polish, before we looked it with a microscope. First, we made recordings using an optical microscope 

and then with an electron microscope. Images were made by field emission scanning electron microscope JSM-7600F JEOL 

company. In Figures 4, 5, 6 and 7 are shown the microstructure of hardened tool steel at different magnifications.  

 

Figure 1: Materaial 1.7225  

 

Figure 2: The boundary between work-hardened and non-hardened material  
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Figure 3: Geometry surface of robot laser hardened material  

Results 

A random process is statistically evaluated using Hurst parameter or by determining the distribution function. Hurst parameter H as 

self-similarity criteria can not be accurately calculated, but it can be only estimated. There are several different methods to produce 

estimates of the parameter H, which together more or less deviate. In doing so, we have no criteria to determine which method gives 

us the best result. Methods for evaluation Hurst parameter H can be 'rough' on divided into two categories, namely the assessment in 

the time domain and evaluation in the frequency or wavelet space.  
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Conclusion 

We observed microstructures of robot laser hardened patterns, where we discovered roughness surface. We interested for investigate 

roughness surface of robot laser hardened patterns with different parameters. We will know how parameters of robot laser hardened 

cell impact to roughness of hardened surface. In the future we will discover how parameters of robot laser hardened cell impact to 

roughness of hardened surface in two-beams laser hardening.  
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Abstract. Numerical codes can play an important function in the nautical design when advanced simulation tools are increasingly 

adopted for prediction purposes, in particular for the calculation of the interaction between boat parts and surrounding fluids. Fluid-

structure interaction analysis (FSI) can help engineers to set the optimum design of a sail and also the influence of panels and battens 

sail arrangement. The paper describes a methodology that enhances the understanding of panel and battens arrangement, as well as 

their stiffness on sail performance. Specifically, through the battens position, shape and stiffness parametrization, the sail non-

developable shape was optimized, in order to compensate the variation in the angle of attack that occurs following variations in the 

speed of the wind at different sail heights. For an efficient and robust implementation of integrated Reynolds Averaged Navier Stokes 

(RANS) equations with Shear Stress Transport (SST) turbulence model and Computational Structural Mechanics (CSM) analysis, the 

constitutive sailcloth and battens characterization was conducted experimentally. The case study of a mainsail in Dacron© TNF 240 

of a Vaurien dinghy boat, offered tangible results to support the methodology by validating it with experimental data. 

Keywords: CFD-CSM analysis, SST model, Sail battens arrangement, Flying shape, Twisting. 

1 Introduction 

In the last years sail manufacture has undergone significant development under the impulse of sailing races like 

America’s Cup and the Volvo Around-The-World Race. 

As expected also in industry 4.0, advanced technologies and new computational techniques are used to control the 

production process and optimize the final product. 

Sail performance, especially in terms of speed, mainly depends on the boat the sails are designed for. Hull design is 

fundamentally important; however, sail geometry arrangement optimization plays the key role to improve sailboats’ 

dynamic performance. The selection of suitably rigid and lightweight material with an effective sail panels and battens 

arrangement could improve the sailboat dynamic performance. 

The methodology presented here improves the understanding of the influence shape, orientation and arrangement of 

panels and battens have on sail performance. 

Present study was aimed at analyzing the influence of panels and battens arrangement  on boat performance by applying 

fluid structure interaction (FSI) analysis. In particular the case study of the Dacron© TNF 240 main sail of a Vaurien 

was analyzed. Vaurien is a small (4 m) dinghy boat. 

The workflow of the research activity, constitutive characteristics of Sailcloths and Battens were experimentally 

measured and battens arrangement and stiffness were optimized in air-sail interaction analysis using an aerodynamic 

approach. 

 

2 Materials and Methods 

 

2.1 Sail parametric modelling 

Conforming to the ISO standard 13934-1 (2000) experimental cloth characterization was performed using a ZwickRoell 

Z100 twin column tensile testing machine and TestXpert® v11.02 software. 

Tensile tests in the warp, weft and bias directions were performed and the stress-strain curves and the modulus of elasticity 

were evaluated. 

https://www.scopus.com/redirect.uri?url=http://www.orcid.org/0000-0001-8753-8804&authorId=6701527090&origin=AuthorProfile&orcId=0000-0001-8753-8804&category=orcidLink
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Fig. 1:  a) Zwick & Roell Z100 tensile testing machine; (b) Tensile test on Dacron © TNF 240; (c) Three-point flexion on 

battens. 

 

 

Curve which interpolates the tests carried out on five samples is obtained as a mean value of 2200 sampling points. Figures 

show the results from tensile tests performed in the weft (on the left) and in the warp (on the right) direction for the ten sail 

cloths. 

Curves consisting of three different zones: an initial linear elastic region, followed by the second elastic/plastic region with a 

downward concavity and the third zone after which the cloth yielded. In this region of the curve the cloth continues to 

provide some resistance (even 40% stretching for some cloths) which decreases with the increasing tensile stress. 

 

           
Fig. 2: tensile tests performed in the weft and in the warp direction. 

 

 

 

 
Fig. 3 elastic modulus. 

 

(c) (a) (𝑏1) (𝑏2) 
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The elastic modulus of sailcloth was evaluated as the slope of the initial linear region. 

 

2.2 Sailcloth and battens characterization 

The Poisson’s ratios nwe,wa was evaluated with the simplified formula: 

where Emed is the average value of Ewe and Ewa ; the shear modulus Gwe,wa was, instead, calculated using the following 

equation that Agarwal and Broutman proposed in 1990. 

 

  (1) 

 

The energy dissipated per unit of volume (Ed) was evaluated taking into account the loading-unloading cycles (i.e. hysteresis 

loops) at various frequencies in the linear elastic region of the tensile curves. The energy dissipated per unit of volume 

allowed assessing the equivalent viscous damping coefficients. 

 

     (2) 

The Young's modulus, the tangential modulus and flexional stiffness of battens in polyurethane resin were calculated with 

three-point flexion text. The mass-volume ratio was measured by an electro-optical single-pan precision balance (Gibertini 

mod. 704/N) with sensibility of 0.1 mg for mass measurement and a graduated cylinder with distilled water for volume 

measurement. 

 

Table 1. Battens and sailcloth structural characteristics. 

Battens 
E [GPa]  G [GPa]  [

𝑘𝑔

𝑚3] Kf [GPa] 

6.96 0.3 2.68 1400 5.8 

Dacron 

TNF 240 

Ewe [GPa] Ewa [GPa] 
0.3 0.26 1300 

1.05 0.66 

 

Sail deflection was calculated from the flow forces. Flow simulation was repeated with deflected geometry, whereas the 

structural calculation was repeated in turn with modified flow forces until force convergence was reached (i.e. force residuals 

become less than 0.001). The maximum number of iterations was set to 1000. 

 

 

2.3 Setup of aeroelastic-structural analysis 
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Fig. 4 Setup of aeroelastic-structural analysis. 

 

 

 
Fig.5 localized mesh. 

 

The sail is discretized by triangular membrane elements; their structural deformation calculation is based on the method of 

Arcaro (Arcaro, 2004; Renzsch et al., 2008), which assumes homogeneous and orthotropic linear elastic material. 

 

 

 
 

Fig.6 wind tunnel. 

 

The sail was modelled with 1200 triangular membrane elements, varying in size from 35 mm to 100 mm; each batten was 

modelled with 480 tetrahedral elements, having dimensions of 5 mm; the air was modelled with 4 million of tetrahedral 

elements, varying in size from 10 mm to 1000 mm. 
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Fig. 7 panels and battens arrangement. 

 

 

 

Table 1: Mainsail geometric characteristics. 

Section c 

[mm] 

f 

[mm] 

C 

[%] 

Height 

[%] 

Twisting β 

[°] 

Incidence α 

[°] 

Boma 1800 200 11 0 0 22 

1/4 1494.2 133.5 8.9 25 5 17 

1/2 1132.1 71.6 6.3 50 10 22 

3/4 692.6 23.5 3.4 75 16 6 

 

 

Employing commercial software CATIA V5 R19, the 3D  model of the mainsail was created through the loft command, 

interpolating the R-Spline obtained in correspondence with 6 contours of the sections of the sail equally spaced along the 

vertical direction (z). The 6 sections were arranged in the space twisted together along the leech profile  according to the 

design values. 

 

 

 

Batten3 

Batten2 

Batten1 
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Fig.8 Batten in polyurethane resin. 

 

 

Table 2: Sail battens parameters. 

Parameters Design value Min value Max value 

Position 1141;2533;3684 mm -20% +20% 

Lenght 620 mm 400 800 

Width 15 mm 12 20 

Height 3.5 mm 3 5 

Stiffness 6.93 GPa 1/5 50x 

 

 

The twisting angle values of the battens cross-section dimensions, of the chord c and of the battens position were 

parameterized together with the stiffness of the battens in order to find their optimal values. 

 

 

3 Result and Discussion 
You can see how the fluid fillets gradually move away from the sail as the angle increases, creating small eddies, 

consequently increasing the lift, up to stall, around 23°. 

 
Fig. 9 Lift coefficient Vs incidence  at 2/5 of the sail height (wind = 20 knots). 
 

 

(a) (b) 

Fig.10 Streamlines and pressure on sail surface (wind 20 knots): (a)  at 3/4 of the sail height; (b)  at 1/2 of the sail height. 
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Fig.11 Sail strain for different battens stiffness 

Thanks to the performed analyses, the phenomenon of the detachment of the threads and the consequent loss of lift were 

clearly evaluated. the behaviour of the fluid threads around the sail at an altitude of almost 2 m, corresponding to 2/5 of the 

sail height, when using the battens with the design values. Up to an angle of incidence of 22° an increase in the coefficient of 

lift was registered. 

The deformations of the sail and battens were evaluated at various heights. It can be deduced that on batten 1, an increase of 

the stiffness beyond a certain value is not desirable, since keeping rigid the extremity of the sail is not convenient in very 

strong winds. In battens 2 and 3, on the other hand, the increase in stiffness is beneficial, limiting the rowing and detachment 

of the fluid threads in the trailing edge of the sail. 

The use of battens with different stiffness, quadratically increasing towards the top of the sail, proved to be the best solution. 

In particular, by stiffening the battens in proportion to the speed profile and extending their length to the full width of the sail 

for the battens at higher altitudes, it was possible to give the sail a correct airfoil, controlling and maintaining its curvature 

even in its upper part where the wind is more intense. 

 

 

4 Conclusions 
The main advantages of the proposed method can be summarized as follows: less computational time to evaluate the optimal 

panel and batten arrangement due to the integration of CAD parametric model CFD and CSM simulation; correct simulation 

of the deformation of the sailcloth fabric due to its experimental characterization; The main results of the proposed method 

can be summarized as follows: a triangular membrane element formulation coupled with a solid mesh of the battens was 

found to be the most effective solution for studying the problem; use of battens with different stiffness, quadratically 

increasing towards the top of the sail. In particular, by stiffening the battens in proportion to the speed profile and extending 

their length to the full width of the sail for the battens at higher altitudes, it was possible to give the sail a correct airfoil. 
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