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The Editor and editorial board members do not receive 
any remuneration. These positions are voluntary. The 
members of the Editorial Board may serve as scientific 
reviewers. 
We are very pleased to inform that our journal ACTA 
TECHNICA CORVINIENSIS – Bulletin of Engineering is 
going to complete its eight years of publication 
successfully. In a very short period it has acquired global 
presence and scholars from all over the world have taken 
it with great enthusiasm. We are extremely grateful and 
heartily acknowledge the kind of support and 
encouragement from you. 
ACTA TECHNICA CORVINIENSIS – Bulletin of 
Engineering seeking qualified researchers as members of 
the editorial team. Like our other journals, ACTA 
TECHNICA CORVINIENSIS – Bulletin of Engineering will 
serve as a great resource for researchers and students 
across the globe. We ask you to support this initiative by 
joining our editorial team. If you are interested in serving 
as a member of the editorial team, kindly send us your 
resume to redactie@fih.upt.ro. 
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1. Marko VLAHOVIĆ, Mila KAVALIĆ, Ljiljana RADOVANOVIĆ,  
Darko BAĐOK, Arben LUNJIĆ – SERBIA 
CHECKING THE TIRES AS MEASURE OF EFFICIENCY INCREASE AND REDUCING WORKING COSTS 
OF FORKLIFTS – CASE STUDY OF COMPANY MERCATOR-S 

 
 
 

17 
Abstract: By integrating companies IDEA and Mercator-S management of the new integrated company found itself 
facing the challenge of optimizing business activities in all aspects of work. One of the challenges was also in the field 
of logistics and administration in the field of transport within the warehouses. In order to try to reduce the cost of 
tires and increase transport efficiency within their logistics and distribution centers, the company Mercator-S has 
made an internal decision on additional quality control measures. The company has decided that every 15 days 
performs tire pressure checks and tread depth checks. Optimal rotation of the tire and adding pressure in those 
where it was necessary during the audit, the company Mercator-S is for only 2 years,  in 2016, compared to 2014, 
according to the number of kilometers traveled on the fleet of 120 vehicles, increase the efficiency of their forklifts by 
10% and reduce the cost of replacement tires by 29%. 
Keywords: cost reduction, logistics, quality control, transport efficiency, tires  

2. Dávid TÓTH, Andrea MUDRIKOVÁ, Peter KOŠŤÁL – SLOVAKIA  
THE ROLE OF STEP-NC IN DRAWINGLESS ENVIRONMENT 

 
23 

Abstract: Modern manufacturing enterprises are built from facilities spread around the globe, which contain 
equipment from hundreds of different manufacturers. Immense volumes of product information must be transferred 
between the various facilities and machines. Today’s digital communications standards have solved the problem of 
reliably transferring information across global networks. For mechanical parts, the description of product data has 
been standardized by ISO10303 (STEP). This leads to the possibility of using standard data throughout the entire 
process chain in the manufacturing enterprise. Barriers to realizing this principle are the data formats used at the 
machine level. Most computer numerical control (CNC) machines are programmed in the ISO 6983 G-code language. 
Programs are typically generated by computer-aided manufacturing (CAM) systems that use computer-aided design 
(CAD) information. However, G-code limits program portability for three reasons. First, the language focuses on 
programming the tool center path with respect to machine axes, rather than the machining process with respect to 
the part. Second, the standard defines the syntax of program statements, but in most cases leaves the semantics 
ambiguous. Third, vendors usually supplement the language with extensions that are not covered in the limited scope 
of G-code. The replacement for G-code is so-called STEP-NC, the name STEP-NC meaning the STEP standard extended 
for NC. STEP-NC is a new model of data transfer between CAD/CAM systems and CNC machines. It remedies the 
shortcomings of G-code by specifying machining processes rather than machine tool motion, using the concept of 
working steps. Working steps correspond to high-level machining features and associated process parameters. CNCs 
are responsible for translating working steps to axis motion and tool operation. 
Keywords: STEP, CNC, G-code, production system, CAD, CAM 
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3. Dinara SOBOLA, Pavel TOMÁNEK  – CZECH REPUBLIC 
Ştefan ŢĂLU – ROMANIA  
SURFACE CONDITION OF GAAS SOLAR CELLS 

 
 

27 
Abstract: This study is devoted to the description of GaAs solar cells topography and choice substitution of the 
method for surface study. It is in the attention because the surface condition can predefine the behavior of the 
heterojunction and efficiency of the device in common. The impact made to description of solar cells surface by 
atomic force microscopy and scanning electron microscopy. The sizes and shapes of surface morphology play an 
essential role in behavior and properties of materials in micro and nano-scale. The right choice of microcopy 
technique for morphology characterization is important for obtaining valuable data. 
Keywords: Solar cells, topography, microscopy, fractal analysis 

4. Valery Gomdje HAMBATE, Sophie NGOUADJIO, Lemankreo DAÏ-YANG – CAMEROON   
Andrew Edwin OFUDJE – NIGERIA   
Mbadcam Joseph KETCHA, Benoît LOURA – CAMEROON   
CHEMICAL TREATMENT OF SUGARCANE BAGASSE FOR THE PRODUCTION OF CELLULOSIC FIBERS 

 
 
 

33 
Abstract: The extraction of cellulosic fibers from sugarcane bagasse and the characterization of these fibers are 
carried out in this study. Sugarcane bagasse was treated with an alkaline solution in order to get cellulosic fibers. 
Sugarcane bagasse were analyzed by X-ray diffraction, Fourier transformed infra-red, Scanning electronic 
microscopic, Transmission electronic microscopic and differential thermal analysis/thermo-gravimetric analysis in 
nitrogen gas. Influence of the temperature and the mass of the fiber are studied, the temperature has an effect on the 
color of the fiber and the concentration of sodium hydroxide used, and more the soaking time increases the fiber mass 
decreases. It is found that the extraction yield of the fibers decreases as soaking time increases, the highest extraction 
yield is obtained at a temperature of 60°C with a concentration of sodium hydroxide of 0.1mol/L and the moisture 
content is 31.1%. The results obtained show that  the process of extracting the fiber and controlling certain 
parameters such as temperature, concentration of sodium hydroxide and soaking time have an effect on the quality of 
the fiber obtained. 
Keywords: Extraction; Sugarcane bagasse; cellulosic fibers; soaking time 

5. Aleksandar SKULIĆ, Dejan KRSMANOVIĆ, Saša RADOSAVLJEVIĆ, 
Lozica IVANOVIĆ, Blaža STOJANOVIĆ – SERBIA  
POWER LOSSES OF WORM GEAR PAIRS 

 
 

39 
Abstract: In this paper are presented the power losses and sources of their occurrence in worm gear boxes. These are 
the losses that occur in the coupling of worm teeth and worm gear, losses in bearings, seals and oil churning power 
losses in the transmission. When the operation of worm gearing is characterized by line contact of coupled elements 
which is accompanied by significant sliding, the highest value have the power losses in the worm and worm gear 
coupling compared to other losses in gearing.  Among other things, in the paper also presents the expressions that are 
used for calculation of individual power losses and efficiency of the gearing. The size of the losses primarily depends 
on the type of coupled material and geometry of worm pair, circumferential velocity (input rotational speed), the type 
and viscosity of lubricating oil, load, worm shape, and temperature and so on. The paper also deals with the influence 
of different factors on power losses and efficiency. As the efficiency of the worm pair is significantly lower compared 
to other types of gear pairs, the appropriate combination of geometric parameters and materials of worm and worm 
gear, lubrication and working conditions can significantly affect its increase. 
Keywords: power losses, efficiency, worm gearing 

6. Ján ĎURECH, Mária FRANEKOVÁ, Peter LÜLEY, Emília BUBENÍKOVÁ – SLOVAKIA  
SAFETY ASPECTS OF PKI ARCHITECTURE WITHIN C-ITS AND THEIR MODELLING 

 
47 

Abstract: The authors of this contribution focus on analysis of C2C communication in Cooperative - Intelligent 
Transportation Systems (C-ITS). In paper is proposed PKI (Public Key Infrastructure) secure architecture on the base 
of ECDSA (Elliptic Curve Digital Signature Algorithm) for several EC types. The experimental part is focused on worst 
case scenario of C2C communications for four-lane intersection, which model was realized via OPNET MODELER with 
OpenSSL libraries. From obtained results the influence of used elliptic curve and size of message to performance of 
the VANET network was analyzed. 
Keywords: VANET; cooperative-intelligent transportation system; C2C; authentication protocols, traffic scenario, 
modelling 

7. Richárd PETŐ – HUNGARY  
SOME SAFETY AND SECURITY ISSUES OF UAVS 

 
55 

Abstract: UAV or drone technology has become easily available, and the drone has grown into an affordable and 
effective device for some commercial and business sectors. These sectors quickly realised that drones are cost- and 
time-effective therefore they quickly adopted them. Unfortunately, drones are favoured by criminals too. In the 
following, the article discusses the construction and operation of UAVs in connection with safety and security 
requirements. The article focuses on the main processes only without providing any details of previous documents or 
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information on processes of obtaining such document. In order to do the eligible development required by law, first a 
step-by-step risk analysis has to be carried out. The process must be systematic because the risks, aspects and 
settings continuously change. In the last three-four years, the usage of UAVs generated a huge and significant chaos 
worldwide. Everything started with package delivery, illegal observation of private sphere, and recordings. Each 
factors, processes, and tasks need to be in harmony with the relevant legal regulations. 
Keywords: UAV, drone, RC, safety and security, terrorism, explosive devices 

8. I.O.OLADELE, B. A.ISOLA, S.FALODUN, E. OGBU – NIGERIA  
COMPARATIVE INVESTIGATION OF THE INFLUENCE OF MERCERIZATION TREATMENT ON WHITE 
AND YELLOW MAIZE CORNCOBS REINFORCED EPOXY COMPOSITES 

 
61 

Abstract: Agricultural wastes have significant potential in composite developments due to its high strength, 
environmentally friendly nature, low cost, availability and sustainability. An investigation was performed on the effect 
of chemical treatment on the reinforcement efficiency of white and yellow maize corncobs reinforced epoxy matrix 
composites. Epoxy resin composites reinforced with treated alkali solutions of NaOH and KOH as well as untreated 
yellow and white corncob particles were produced using the open moulding technique. The reinforcement was varied 
from 2-6 wt.% at intervals of 2 wt.% followed by mechanical and wear properties investigations. The results revealed 
that chemical treatment with alkali solutions enhanced the mechanical properties of the developed composites. It was 
observed that the flexural properties were enhanced in 2 wt. % W-NaOH and Y-KOH while tensile properties were 
enhanced in 2 wt. % Y-KOH corncob reinforced epoxy composites, respectively. However, 6 wt.% U-White corncob 
reinforced epoxy composite showed the optimum wear resistance. 
Keywords: corncob; epoxy; agricultural waste; alkali treatment; mechanical properties; wear resistance 

9. Nadia A. ALI – IRAQ  
EFFECT OF POLYETHYLENE TERPHALET (PET) ON MECHANICAL AND OPTICAL PROPERTIES OF 
POLYLACTIC ACID (PLA) FOR PACKAGING APPLICATION 

 
67 

Abstract: Blends of polyethylene terphalet (PET) with polylactic acid (PLA) were investigated to study the influence 
of the additive of PET on (tear, impact strength) and (transparency, color). The compositions were prepared in wt 
(20/80), (50/50), (80/20). Mechanical properties like tear strength and Impact Izod, and optical properties like 
colors and transparency were also reported. Polyethylene terphaletee decrease the tear strength when additive PET 
and Impact Izod strength of PLA was increased when additive PET when tested in the machine directions. Optical 
property such as colors was increased and the value of transparency was decreased as the loading of PET increased. 
Keywords: PET, PLA, tear strength, impact strength, color and Transparency 
10. Gabriel CIBIRA – SLOVAKIA  

DYNAMIC INTERNATIONAL OPTICAL NETWORK BY FUZZY ROUTING 
 

71 
Abstract: Optical communications transmit large amount of data, operating from local to transoceanic distances. 
Wave division multiplexing WDM is crucial point for achieving reliable real-time data transmission over precise fiber-
optic cables and nodes technology. This paper brings novel method for optical links evaluation used for optimal path 
finding when data transmitting over dynamically loaded international optical network. Middle-European NRENs and 
pan-European GÉANT are implemented to the simulation model. For efficient links’ assessment, several parameters 
are taken into account. They are employed by fuzzy logic subsystem to estimate their relationships and, each link 
quality and utilization judgment. Composed simulation model demonstrates routing (i.e. path finding) flexibility and 
utilization balancing over existing optical links. 
Keywords: fuzzy routing, dynamic optical network 
11. Vlado MEDAKOVIĆ,  Bogdan MARIĆ – BOSNIA & HERZEGOVINA 

ORGANIZATION AND CHARACTERISTICS OF BUSINESS ZONES 
 

79 
Abstract: The paper presents general organization and characteristics business zones. One of the modern ways of 
support to small newly established enterprises and entrepreneurs, which are in a development life phase, is the 
system of technological infrastructure: entrepreneurial incubators, technology centers, science parks and business 
zones. Those are different organizations which help entrepreneurs to develop their business ideas and to overcome 
more easily the initial problems in business, for which, in a wider context, the term business incubators is used, and 
also the clusters related to entrepreneurs who are in an advanced phase of entrepreneurship. 
Keywords: SMEs, entrepreneurial, entrepreneurial infrastructure, business zones 
12. A. D. ADEWOYIN, M. A. OLOPADE – NIGERIA  

AN INVESTIGATION OF THE CHARGE-DISCHARGE CHARACTERISTICS OF AN ULTRACAPACITOR IN 
COMPARISON WITH CONVENTIONAL BATTERIES USING PSCAD-1D 

 
 

85 
Abstract: The charging and discharging of ultra-capacitors have been studied in this research. An equivalent circuit 
was used to describe the electrical behavior of the ultra-capacitors. The equivalent circuit was implemented in Power 
System Computer Aided Design (PSCAD-1D) software for simulations. Maxwell 350F ultra-capacitors were used in the 
basic model. Simulation results of this model in a stable charge/discharge procedure showed excellent agreement 
with results obtained from experiments. The charging of the ultra-capacitor took approximately 50 seconds. The 
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ultra-capacitor shows a nearly constant energy storage capacity. Also, the time constant for the full charging phase is 
63% while the discharge phase is 37%. The graph of the discharge phase is exponential. A discharge efficiency of 85% 
at all charge/discharge current was determined and its specific power is relatively high. 
Keywords: ultra-capacitor, charging, discharging, efficiency and power 
13. Andor ZSEMBERI, Zoltán Károly SIMÉNFALVI, Árpád Bence PALOTÁS – HUNGARY 

ANALYSIS OF A THERMO-CATALYTIC CRACKING  
 

89 
Abstract: The core topic of the current research is composed of chemical raw materials to be produced from 
renewable and waste sources, out of which the most significant future representative can be the so-called thermo-
catalytic cracking process in combined material flow. The thermo-chemical conversion of biomass and/or plastic 
waste(s) is a process, by means of which base materials for the chemical industry or energy carriers can be 
manufactured. If one considers the conventional, purely thermal not catalytic cracking of biomass only, the quality 
indicators of the so-called bio oil to be produced such as heating value, viscosity, oxygen content etc. are fairly poor. 
Today’s research investigates thermo-catalytic cracking performed in combined material flow (biomass and synthetic 
polymer waste) gaining popularity, by means of which one can efficiently attain quality improvement during the 
process from the aspect of liquid products to be produced. The liquid product obtained from thermo-catalytic thermal 
cracking of pure biomass was a brownish-black pitchy fraction. By adding 50 wt% PS (polystyrene) waste, a 
considerable qualitative and quantitative improvement could be achieved during the combined thermo-catalytic 
cracking. The aromatic hydrocarbon content of the liquid product increased considerably. In addition, the quantity of 
solid chark and carbonised fraction remaining in the reactor body dropped by 36% on average in favour of the liquid 
and gas products, which may significantly promote the technical-economic viability of the technology. 
Keywords: cracking, biomass, recycling of plastic waste, aromatic hydrocarbons 
14. Tihomir G. VASILEV – BULGARIA 

ANALYSIS OF THE DEFORMATIONS IN „DELTA WIRED 3D PRINTER”  
 

93 
Abstract: With the use of 3D printing technology, layer by layer extrusion is possible printing of concrete building 
objects, but printers represent a large size and mobility limited metal construction. In a new 3D printer construction, 
called "Delta Wired 3D Printer", the large stress created from bending moments are transformed in normal stress 
from tension. After we have calculates the loads on individual elements we can determine their dimensions and 
deformation. The loads are different in any point of workspace coordinate system this creation of different deflections 
for any point, which will increases dimension errors of printed object. In this paper are theoretically calculated total 
extruder deflections as a function of tensile in wires, bending in pillars taking into account changes in forces for any 
coordinate points. 
Keywords: delta wired 3d printer, printing of building objects, mobile 3d printer, reconstructions of 3d printer 
15. Fatai O. ARAMIDE, Idris B. AKINTUNDE – NIGERIA 

EFFECTS OF SILICON CARBIDE AND SINTERING TEMPERATURE ON THE PROPERTIES OF 
SINTERED MULLITE-CARBON COMPOSITE SYNTHESIZED FROM OKPELLA KAOLIN  

 
99 

Abstract: The effects of the addition of silicon carbide and sintering temperatures on the physical and mechanical 
properties of sintered ceramic composite produced from kaolin and graphite was investigated. The kaolin and 
graphite of known mineralogical composition were thoroughly blended with 4 and 8 (vol.) % silicon carbide. From 
the homogeneous mixture of kaolin, graphite and silicon carbide, standard samples were prepared via uniaxial 
compaction. The test samples produced were subjected to firing (sintering) at 1300˚C, 1400˚C and 1500˚C. It was 
observed that increase in sintering temperature beyond 1400°C generally lead to reduced porosity of the samples; 
high contents of silicon carbide especially at temperature from and above 1400°C lead to higher porosity; cold 
crushing strength of samples with 4% SiC is seen to be better than those of samples with 8% SiC within sintering the 
temperature range of 1400°C and 1500°C; modulus of elasticity of both samples reached the maxima values at 1400°C 
but those of samples with 8% SiC is seen to be higher within the sintering temperature range of 1400°C and 1500°C; 
absorbed energy of both samples generally increased with increased sintering temperature; oxidation indices for 
both samples reach the maxima at the temperature of 1400°C but the resistance to oxidation is better for samples 
with 4% SiC within the sintering temperature range of 1400°C and 1500°C. It was concluded that samples with 4% 
SiC at the sintering temperature of 1400°C exhibit better property and is considered to be optimum. 
Keywords: silicon carbide; mullite; graphite; sintering temperatures; phases 
16. Milan BUKVIĆ, Blaža STOJANOVIĆ, Lozica IVANOVIĆ, Saša MILOJEVIĆ – SERBIA  

RECYCLING OF THE HYBRID AND ELECTRIC VEHICLES 
 
107 

Abstract: Modern research in the field of motor vehicles covered by a cycle of product development and components 
to production and exploitation of vehicles in traffic, all the way to retirement and recycling. In this way is decreasing 
negative impact of motor vehicles on the environment. Application of hybrid and electric vehicles to reduce or 
eliminate emissions of toxic and harmful gases are emitted into the environment during use of vehicles with 
conventional drive systems on gasoline or diesel fuel. In parallel with the implementation of such vehicles, it is 
necessary to set up and solve the problems in more detail their exploitation, as well as problems that precede the use 
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of vehicles (quarrying and raw materials, energy production, and everything is built into a vehicle), and partly to 
problems that come later (after exploitation period). This particularly applies to the treatment of waste batteries and 
electrical and electronic circuits that are typical for this kind of vehicle. Requirements for zero emission of waste 
materials at all stages of the service life of hybrid and electric vehicles are a complex task for researchers, especially in 
the field of development and application of new materials and advanced and secure technologies in the process of 
production and application. That way, manufacturers are demands for easy dismantling and recycling of vehicles at 
the end of life service and safety classification of the material, which is accompanied by certain problems. A particular 
problem is the lack of specific policies and procedures that can be applied in such vehicles. To meet these 
requirements it is necessary to develop new materials and equipment to be installed in a vehicle, as well as the 
development of new manufacturing technologies and processes for recycling. This paper describes the procedures for 
the retirements of such vehicles, as well as the recycling of specific parts of electrical installations and electronic 
circuits. 
Keywords: hybrid and electric vehicles, recycling, ecology, materials, waste 
17. I.O. OLADELE, O.G. AGBABIAKA, A.O. ADEYEMI – NIGERIA  

MECHANICAL PROPERTIES OF CHEMICALLY TREATED SISAL FIBER REINFORCED LOW DENSITY 
POLYETHYLENE COMPOSITES 

 
 

115 
Abstract: This research investigates the effect of chemical treatment on the mechanical properties of sisal fiber 
reinforced low density polyethylene (SFR-LDPE) composites. The sisal fiber was sourced from its plantation and was 
extracted by soil retting process. In order to study the effect of chemical treatments on the resultant properties of the 
SFR-LDPE composites, NaOH, KOH, NaCl and KCl were used to modify the fibers in a shaker water bath at 50ºC for 4 
hours. The treated fibers were cut into 10 mm lengths and were used for the production of randomly dispersed short 
fiber/LDPE composites in predetermined proportions. Tensile and flexural tests were carried out on the developed 
SFR-LDPE composites from where it was observed that, alkali treated SFR-LDPE composite samples gave the best 
flexural and tensile properties compared to composites developed from chloride salts. 
Keywords: Sisal fiber, composite, chemical treatment, mechanical properties, water absorption properties 
18. Viktor József VOJNICH – HUNGARY  

CULTIVATION POSSIBILITIES OF IN VITRO PROPAGATED Lobelia Inflata IN THE AGRICULTURE 
 

121 
Abstract: Lobelia inflata L. is a medicinally important species of the Lobeliaceae family. It is native to North America 
and contains numerous piperidine alkaloids. It is important to increase the biomass and lobeline content of in vitro 
plant by nitrogen and magnesium treatments. The ammonium/nitrate ratio controls the pH of growth media, 
stimulates morphogenesis and embryogenesis, and thus it is important in inducing callus formation in many woody 
plant cultures. However, all the aforementioned effects of the culture medium differ from one species to another and 
from one compound to another. Several previous experiments examined the influence of macroelements on growth 
and alkaloid production of hairy roots. The aim of this research was to examine the effect of MgSO4 and NH4NO3 
fertilization on biomass and on lobeline content of in vitro propagated L. inflata. 
Keywords: Lobelia inflata, in vitro, propagated, cultivation, agriculture 
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ANALYSIS, SIMULATION AND EXPERIMENTAL RESULTS OF SMPS SYSTEM USING FORWARD 
CONVERTER WITH RCD SNUBBER 

 
127 

Abstract: A Closed loop controlled DC to DC forward converter is a requisite for the server SMPS system. High 
efficiency, Isolation, Steady state voltage, Transient response, High switching frequency, reduced noises and range of 
steady state are all necessary requirements for the forward converter. In this paper, a 40 V forward converter system 
with RCD snubber is used for charging the battery of server SMPS is proposed. The proposed converter consists of a 
snubber circuit on the primary side and an isolation transformer and a rectifier structure on the secondary side. This 
paper proposed the simulation results of the forward converter with RCD snubber and it is implemented with PIC 
microcontroller. From comparison of performance against the simulation model with the experimental model, a 
suitable converter is proposed for the sever SMPS system. A 40 V proposed circuit is designed as experimental model 
to verify and compare it with the simulation and experimental results. This paper proposed the simulation and 
experimental results of the forward converter system. 
Keywords: Embedded microcontroller, Zero voltage switching, Zero current switching, Reset voltage, Clamping diode 
and Voltage stress 
20. Ruslans SMIGINS – LATVIA  

EXPERIMENTAL EVALUATION OF LOW LEVEL BIOETHANOL-GASOLINE BLENDS ON ENGINE 
PERFORMANCE AND EMISSIONS 

 
 

133 
Abstract: The paper presents the results of experimental research of two low level bioethanol-gasoline blends E5 
(5% bioethanol, 95% gasoline) and E10 (10% bioethanol, 90% gasoline) tested on Toyota Corolla vehicle on chassis 
dynamometer. The analysis of obtained results has showed that the increase of engine power and fuel consumption is 
slightly higher for both blends compared to gasoline, showing better perspectives for E5 than E10. Emission tests have 
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shown increase of CO2 and NOx emissions for all mentioned fuels and testing conditions, as also decrease of CO and 
HC. The addition of bioethanol has left a positive impact on unregulated emissions, showing better reduction than for 
regulated emissions. 
Keywords: bioethanol, gasoline, emissions, power, fuel consumption 
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INFLUENCE OF FERROSILICON MANGANESE ON THE SULPHUR CONTENT AND MICROSTRUCTURE 
IN THE PRODUCTION OF AUSTEMPERED DUCTILE IRON (ADI) 

 
 

139 
Abstract: This study considers the effect of ferrosilicon manganese addition to austempered ductile iron, (ADI) in 
order to reduce its sulphur level for improved engineering applications of the material. The cast samples were 
austenitised in a mixture of potassium chloride, sodium chloride and barium chloride solutions and austempered in 
sodium nitrate and potassium nitrate solutions. Ferro-silicon-manganese was added to ADI in various amounts 
ranging from between 47 to326 g. The study revealed that the sulphur level retained in ADI decreased from 0.088 wt 
% for as-cast to 0.027 wt% when 93 g of ferro-silicon-manganese was added. Below this amount of ferro-silicon-
manganese addition, there was no significant reduction in the sulphur level recorded in ADI. The microstructure of 
the metal revealed bigger graphite nodules scattered in ferrite solutions for the situation when the sulphur level was 
0.027 wt. %. From the study, it was discovered that addition of small amount of ferrosilicon manganese was required 
to produce ADI of low level sulphur content to make the metal more acceptable for other engineering applications. 
Keywords: Ductile iron, ADI, sulphur, austempering, nodularizer, ferrosilicon 
22. Iulia GĂGEANU, Gheorghe VOICU, Valentin VLĂDUȚ,  

I. VOICEA, I. DUMITRU, I.L. CABA – ROMANIA  
CONSIDERATIONS ON OBTAINING BIOMASS PELLETS 

 
 

145 
Abstract: The field of producing solid fuels from biomass has registered a considerable increase, due to the existence 
of important quantities of biomass that represent an important source of renewable energy. Pellets are one of the 
most common solid biofuels, being used for both household use and for producing energy. The production of pellets, 
also called granules, from grinded biomass is spread in the field of renewable sources of energy as innovative 
techniques for environmental protection, especially in Europe. Due to global warming, a phenomenon affecting the 
entire worldwide population, industries were forced to accelerate and cheapen the large production of pellets used as 
solid biofuel, by identifying new innovative technical solutions in the field of pelleting machinery. The article presents 
considerations on the production of pellets from various types of biomass using specially designed equipment and a 
series of considerations for the best parameters to be used for producing these types of pellets. 
Keywords: biomass, pellets, compression, force, renewable energy 
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RAILWAY NOISE AND ITS PSYCHOACOUSTIC PARAMETERS 
 

151 
Abstract: Psychoacoustics is relatively a new branch of science studying acoustics and psychology. It examines the 
effects of sound on the human psyche. Unlike conventional physical quantities of acoustics, psychoacoustics has no 
limit values. It is because every person has a different perception and thus it is impossible to determine the action 
values.  Sound can be analyzed and measured on the basis of physical conditions. The complete psychoacoustic 
analysis depends on the relationship between a person and his/ her perception. Noise can be assessed and analyzed 
using a multidimensional approach that takes into account the physical aspects of sound, its composition, frequency, 
psychoacoustic parameters (e.g. volume, sharpness, roughness, fluctuations strength) and the relationship between 
the listener and the sound source, information value of sound and cultural background. The quality of the acoustic 
environment is a term that is becoming more and more prominent. How to assess it, what descriptors and what 
criteria to use? The article deals with the issue of railway noise in terms of its psychoacoustic perception. The article 
does not aim to bring forward a complete solution to the issue but to present the issue as such. 
Keywords: psychoacoustics, railway noise, descriptors 
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PHYSIO-CHEMICAL ASSESSMENT OF GROUNDNUT SHELL ASH (GSA) BLENDED CALCIUM 
CHLORIDE (CACl2) AS SUPPLEMENTARY CEMENTING MATERIAL 

 
 

155 
Abstract: This study examine the effect of groundnut shell ash (GSA) blended calcium chloride (CaCl2) as 
supplementary cementing materials. The replacement levels of OPC with groundnut shell ash (GSA) were 0%, 5%, 
10%, 15% and 20%. 1% of calcium chloride was blended with OPC/GSA in all experimental work. The following 
physical properties were determine on OPC and GSA; fineness test and specific gravity test while standard 
consistency and setting time test were conducted on OPC/GSA and OPC/GSA/CaCl2. The chemical composition of OPC 
and GSA was also determined. The result of the standard consistency revealed that as the percentage replacement 
increases, the consistency also increases for both OPC/GSA and OPC/GSA/CaCl2 respectively. However, the initial and 
final setting time shows that OPC/GSA/CaCl2 set faster than OPC/GSA. 
Keywords: Groundnut Shell (GS), Groundnut Shell Ash (GSA), Calcium Chloride (CaCl2), Cement (OPC) 
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Marek ČEŠKOVIČ, František ADAMČÍK, Martin KRCHŇÁK – SLOVAKIA 
MODEL OF ANECHOIC CHAMBER FOR EVALUATING THE SHIELDING EFFECTIVENESS OF 
ELECTROMAGNETIC FIELD  

 
 
 

159 
Abstract: Over the last years occurred a rapid growth in the utilization of technology, in which is creating 
electromagnetic radiation of different frequencies. At first it was the high-voltage lines, transformers and electrical 
installations in houses. To these sources of field had been included also wireless network to the internet, 
telecommunications and navigation connection. Due to this it is necessary to pay attention and research it, while 
modeling belongs to a fundamental ways of developing and analyzes the propagation of field through various 
materials. This paper deals with model of anechoic chamber created in ANSYS HFSS. Model is created for evaluating 
the shielding effectiveness of materials with different properties. In that case it is possible to optimize the shielding 
effectiveness of materials with changing of its properties. Model works for frequency range from 1 to 10 GHz. 
Keywords: shielding effectiveness, electromagnetic field, frequency, anechoic chamber, ANSYS 
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CHECKING THE TIRES AS MEASURE OF EFFICIENCY 
INCREASE AND REDUCING WORKING COSTS OF FORKLIFTS 
- CASE STUDY OF COMPANY MERCATOR-S 
 
1-5. University of Novi Sad, Technical faculty „Mihajlo Pupin”, Zrenjanin, SERBIA 
 
Abstract: By integrating companies IDEA and Mercator-S management of the new integrated company found itself facing the 
challenge of optimizing business activities in all aspects of work. One of the challenges was also in the field of logistics and 
administration in the field of transport within the warehouses. In order to try to reduce the cost of tires and increase transport 
efficiency within their logistics and distribution centers, the company Mercator-S has made an internal decision on additional 
quality control measures. The company has decided that every 15 days performs tire pressure checks and tread depth checks. 
Optimal rotation of the tire and adding pressure in those where it was necessary during the audit, the company Mercator-S is 
for only 2 years,  in 2016, compared to 2014, according to the number of kilometers traveled on the fleet of 120 vehicles, increase 
the efficiency of their forklifts by 10% and reduce the cost of replacement tires by 29%. 
Keywords: cost reduction, logistics, quality control, transport efficiency, tires 
 
 
INTRODUCTION 
Restructuring of the company is related to a wide range 
of activities starting from the reorganization of business 
units, product lines or divisions to mergers, acquisitions, 
joint investments, spin-off and the curve-out activities. 
These activities represent forms of radical restructuring 
of companies in order to increase efficiency and 
profitability in the context of increased competition in 
markets.  
Corporate restructuring is can be divided into 
operational and financial restructuring processes. 
Operational restructuring refers to those changes in the 
structure of companies that are registered on the asset 
side of the balance of the company. Financial 
restructuring is related to activities which change the 
structure of the debt and equity of the company, relating 
to the changes registered on the liabilities side of the 
balance of the company. Mergers, acquisitions, 
decomposing company’s programs, LBO and MBO 
programs are used in practice in order to effect the 
restructuring of companies. What is common in all these 
programs is that there is a change in the ownership 

structure, and therefore a change in corporate control. 
Usually these changes in corporate control are related 
with changes in the business strategies of 
companies[13]. 
In theory it is considered that mergers (fusion) 
are forms a negotiated integration of two or more firms 
that maintain an equal relationship in the newly-
composed firms. But these genuine mergers in practice 
are very little because there was always one side 
dominant. Merger of equal is in the case when 
participants of mergers comparable in size, competitive 
position, profitability and market capitalization [8]. 
Gaughan alleges that the merger is a combination of two 
corporations, where one is surviving, and one that was 
merged cease to exist. The company which has a 
dominant role in the merger takes over the assets and 
liabilities of the other company[4]. 
Retail development through the integration, all large 
companies started with developing the concept of a 
central repository and central product distribution to 
the stores. This concept has become topical because of 
the efficiency which provides better inventory control 
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and timely delivery of all necessary products to all stores 
in the retail network. Trade, respectively retail 
consumer goods is very dynamic economic sector whose 
results, respectively sales of products and timely 
complement to inventories of retail sales objects largely 
depend on the optimal inventory control. The essence 
of one logistics and distribution center is to do timely 
reception of required goods, to adequately handle it 
within the warehouse and, in moment when it is 
necessary, deliver goods to the stores where it's 
necessary.  
Some selected management tools and logistics tools to 
improve processes are being presented. The starting 
points are classification procedures. The classification 
has positive effects on the planning and controlling of 
logistics processes. It simplifies the use of items and 
increases the transparency in summary. The 
combination of the Value, Rarity, Imitability and 
Organization (VRIO) model, the identification of 
technologies types and the characterization of resources 
allow the definition of logistics strategies, standard 
procedures and sets of logistics activities [5]. 
Management of goods within the warehouse by 
optimization of forklift work, will be the topic of this 
paper. In the following part of the paper will be 
presented how and how much the company Mercator-S 
in Serbia managed to reduce costs and increase the 
efficiency of logistics and distribution center. 
TEORETICAL FRAMEWORK AND BACKGROUND OF 
RESEARCH   
Pokrajac at al (2015) believes that reindustrialization is 
necessary and possible only in those industries that have 
considerable potential for growth of competitiveness on 
the international market. The key assumptions for this 
are constant growth of innovation and productivity, as 
well as other factors that essentially rely on new 
knowledge and new technology. This development trend 
is present in all advanced economies, including the 
European Union, to which Serbia aspires.  
In recent years, reindustrialization has become an 
increasingly dominant development strategy on a global 
scale. It involves a very ambitious plan related to the 
development of modern and sophisticated, 
environmentally responsible and energy-efficient 
industries, especially manufacturing sectors, which 
employ highly professional workers and foster close 
cooperation with universities and research institutes. In 
this context, governments, rather than the markets, are 
becoming the main change drivers, as they can 
contribute to creating the necessary industrial “state of 
mind”, which implies new redistribution of tasks and 
effects of labor among the key stakeholders in the 
process of creating new values: employees, owners, 
government, science, education, etc. [16]. Creating new 
value for the company should be a priority action of all 

sectors. Operation and objectives should be focused on 
increasing efficiency and reducing costs at all levels. 
Today, as the experience of developed countries show, 
multiple sources of innovation are advisable to be 
developed in addition to the traditional linear model of 
innovation process [14]. 
Innovation of the process of functioning of certain 
sectors is a key link in achieving the productivity goals 
of enterprises, which is very important because each 
process innovate adequately and thus can improve the 
operations of the entire company. In turbulent 
commerce which characterizes all its branches, quality 
represents one of the rare tools that for companies 
provide possibility for diversification and separation 
from (dis)loyal competition.  
In order to achieve the competitiveness of the company, 
the first to be made such processes within each sector 
that may affect the profitability of the company. The 
profitability of distribution center in retail chains 
represents one of the key objectives and this goal should 
be followed by innovation and to implement changes for 
better business productivity. In distribution centers, 
maintenance and improvement of work of transport 
resources is crucial for the effectiveness of the sector.  
Transport resources that are commonly used in storage 
facilities are rack cranes and forklifts. Depending on the 
storage system, method of loading transport units from 
a truck in the warehouse, as well as finance, depends the 
choice of the machinery equipment. The choice of 
transportation means usually depends on the weight of 
the transport unit to be stored, the width of the corridor 
between racks and lifting height[15]. 
A contact between a vehicle and a surface on which it 
travels is maintained through its wheels i.e. tires [6;18]. 
Because of that, the characteristics of tires and their 
contact area with the surface and the physical processes 
that are developing there all have a major impact on 
vehicle’s handling and tire wear [1;2]. Tire wear is 
influenced by a variety of factors, among others being a 
driving style, which is often neglected. A driving style is 
determined by the three major factors, firstly the way a 
vehicle is accelerated from the standing position, 
secondly the intensity of braking and finally, the velocity 
during negotiating road bends and curves. Apart from 
the other factors, a tire wear is primarily dependent on 
energy absorbed within the tire grip area during braking 
or during vehicle acceleration [7]. 
A modern tire merges up to 300 different chemical 
elements, both organic and inorganic, natural and 
synthetic. During manufacturing, various processes are 
present such as mixing, calendering and extrusion, 
forming dozens of individual parts. Then, moulding and 
vulcanization inside special moulds provides the tire its 
final shape. Since the surface quality of moulds strongly 
affects the quality of tire, mould cleaning is a 
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fundamental aspect of the whole tire production and 
cleaning techniques are in continuous development [3]. 
Maximum availability of cost intensive machinery is 
highly dependent of minimizing downtime caused by 
maintenance.  
Permanent monitoring of a machine guarantees a 
reliable detection of most faults. An interactive diagnosis 
system can guide the maintenance staff to accomplish 
their tasks.  
A system architecture which supports permanent 
monitoring, interactive diagnosis as well as repair at site 
needs knowledge representation techniques which are 
specifically designed for these tasks [17]. 
RESEARCH METHODOLOGY – OBJECT AND 
RESEARCH PROBLEM 
The research problems in this paper represent increase 
efficiency and reduce labor costs of forklifts. The 
problem is also reflected in the fact that the quality 
control of tire does not work often enough. Due to the 
integration that has resulted in the increased number of 
retail outlets, and therefore a greater flow of goods 
through the warehouse, was followed by a greater 
utilization of forklifts.  
The subject of this paper is to analyze the company 
Mercator-S forklift work through the measurement of 
the costs and efficiency of forklifts in warehouses 
through the procedure of necessary tire checks and tire 
tread depth checks. 
» Objectives of research and main questions 
The scientific objective of this research is to identify 
some of the possible factors for assessing the quality that 
significantly affect the increase of work efficiency and 
reduce costs, while the social objective of the research is 
a recognition of all that in practice contributes to the 
development of logistics, optimal inventory 
management and internal transport. 
Based on the need to distribution and logistics center is 
managed effectively and efficiently, it is necessary to 
consider the use of transport vehicles, in this case 
forklifts.  
Based on of this stemmed the following research 
questions: 
 RQ1: Does control and timely complement to the tire 

pressure affects on greater efficiency 
and exploitation period? 

 RQ2: Does check of the tire tread depth affects on 
forklifts greater efficiency and on exploitation 
period? 

 R Q3: Does timely complement of pressures and 
check of the tire tread depth affects on cost reduction 
of forklift tire? 
 
 
 
 

» Methods and organization of research 
When selecting methods and organization of this 
research, it was decided that from existing reports can 
get all the necessary data that could show whether the 
application of these procedures contribute to greater 
efficiency and / or reduce total cost of tire maintenance.  
All data were analyzed using the base index and the data 
obtained for 2015 and 2016 were compared with the 
year 2014, which, in this case, we observe as the base. 
The total number of these vehicles is increasing from 
year to year, but the cost unit per vehicle or kilometer is 
able to clearly demonstrate that Is there any reduction 
in costs.  
In 2014, the fleet consisted of 120 forklifts, 2015, 133, 
and in 2016 had a fleet of 144 vehicles available. Besides 
the changes of interannual total cost we have 
implemented and the method of calculation "Like for 
Like", in which we observed the total cost so that the 
total increase in the number of vehicles does not affect 
the overall value of cost unit. That is, everything is based 
on the number of 120 vehicles how many there were in 
2014. 
RESULTS AND DISCUSSION OF RESEARCH 
Until the moment of integration, the company IDEA and 
Mercator-S were two separate companies whose 
logistics sectors had a task to supply their supermarkets 
on daily basis. Until the moment of integration IDEA 191 
is supplied 191 store, and Mercator-S its 126 stores. 
After integration, that is merger, which was completed 
in November 2014, the company Mercator-S had on the 
market 317 shops that were needed to supply. Portfolio 
retail network before and after the integration is shown 
in Figure 1.  
Due to the optimization of storage space, there was a 
great need to rationalize costs and increase efficiency, 
and one of the segment which has been paid special 
attention were forklifts. 
Because of a permanent price increase of construction 
land, rationalization and optimization of costs, there was 
a need for better use of expensive storage space. In order 
to make transport more efficient in the warehouses, the 
company Mercator-S has decided that besides regular 
procedures implement and emergency procedures for 
checking the quality.  
All drivers who are in the warehouses were instructed 
to check every 15 days the tire pressure and tire tread 
depth. If the tire pressure is less than the one defined 
then approach to supplement the pressure, and if the 
tread on the tires is reduced to less than the prescribed 
measure, then access to the rotation of the tire. 
Rotation of the tire is the tire moving from one axle to 
another, in order to achieve their equal consumption, 
and performance durability of the vehicle. Tire rotation 
depends on the type of vehicle and drive of vehicle. The 
distribution of weight on the front and rear axles is 
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different for every vehicle. Also, the tire wear on 
different axles is uneven because usually the drive is on 
one axle, except for vehicles with all-wheel drive. This 
means that, depending on the drive, the tires wear 
unevenly. 

 

 
Figure 1 – Overview: The portfolio of retail network  

before and after integration 
Source: Mercator-S (2017) 

To confirm that the rotation of the tire and check the 
pressure in them can give results, in the company 
Mercator-S is conducted a case study. Movement of the 
total cost, the number of kilometers traveled and the 
number of vehicles will undoubtedly show that the 
above-mentioned activities produce results. 
In Figure 2 we can see the movement of the total cost 
over the past 3 years. By applying the methods of the 
base index can be seen that the costs are in a significant 
decline. Interannual change in costs shows that, despite 
the growing number of vehicles, the overall height of the 

tire and maintenance costs in 2015 and 2016, is 
significantly lower than the observed 2014. 
Besides the inter-annual total cost changes we applied 
and the method of calculation "Like for Like", where we 
looked at the total cost so that the total increase in the 
number of vehicles does not affect the overall value of 
the costs. That is, everything is based on the number of 
120 vehicles how many were in 2014. According to that 
criterion, the maintenance costs of tires in 2015 were 
lower by 20% and in 2016 by 40% compared to 2014, 
which we consider as the base year for this analysis. 

 
Figure 2 - Overview: The total cost for tire of forklifts in 

warehouses. Source: Mercator-S (2017). 

 
Figure 3 - Display: The cost per kilometer.  

Source: Mercator-S (2017) 
However, in addition to the above analysis, in which the 
level of overall results proved claim of reducing costs, we 
started another analysis. In Figure 3 we can see the ratio 
of the total number of kilometers traveled, the number 
of vehicles and the cost per kilometer. On this figure, 
using basic index clearly shows that the number of 
vehicles and the number of kilometers traveled in 2015 
and 2016 compared to 2014 increased, while the cost 
per kilometer recorded a significant drop in cost. The 
cost of one kilometer of distance traveled in 2016 was 
lower by 46% compared to the cost of one kilometer of 
distance traveled in 2014. 
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Quality control of pneumatics from all of the above, is 
undoubtedly prove that it can be a significant impact on 
reducing the cost of maintaining them. However, in 
addition, this measure of quality control has influenced 
the efficiency of the vehicle.  
Figure 4 shows the number of kilometers traveled per 
vehicle in 2015 compared to 2014, despite a reduction 
in costs, increased by slightly more than 3%, while in 
2016 increased by more than 10 percent. 

 
Figure 4 – Display: Number of kilometers traveled per 

vehicle. Source: Mercator-S (2017). 
CONCLUSIONS 
Retail development through the integration all large 
companies started with the concept of developing a 
more central warehouse and central distribution of 
products to the stores, for reasons of efficiency to 
achieve a better control of inventory and timely delivery 
of all necessary products to all stores in the retail 
network. 
Management of goods within the warehouse was 
intended to reduce costs and increase efficiency as in 
this study confirmed. According to all of the above, we 
can conclude that the control of tires on forklifts is 
important for two reasons. First, because it impact on 
reducing the total cost which is shown by examples in 
Figure 2 and Figure 3, which clearly shows that 
maintenance costs of pneumatics are reduced in every 
aspect. 
Another reason is that with the reduced costs efficiency 
of the vehicle is increased. Figure 3 clearly shows that 
the number of kilometers traveled per vehicle, despite a 
reduction in costs in 2015 compared to 2014 was 
increased by slightly more than 3%, while in 2016 
compared to 2014 increased by more than 10 percent. 
These figures are a clear indication that the economy 
and efficiency of logistics and transportation within a 
warehouse can be achieved by various quality control 
measures which, even in this domain, is necessary to 
apply. 
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THE ROLE OF STEP-NC IN DRAWINGLESS ENVIRONMENT 
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Abstract: Modern manufacturing enterprises are built from facilities spread around the globe, which contain equipment from 
hundreds of different manufacturers. Immense volumes of product information must be transferred between the various 
facilities and machines. Today’s digital communications standards have solved the problem of reliably transferring information 
across global networks. For mechanical parts, the description of product data has been standardized by ISO10303 (STEP). This 
leads to the possibility of using standard data throughout the entire process chain in the manufacturing enterprise. Barriers to 
realizing this principle are the data formats used at the machine level. Most computer numerical control (CNC) machines are 
programmed in the ISO 6983 G-code language. Programs are typically generated by computer-aided manufacturing (CAM) 
systems that use computer-aided design (CAD) information. However, G-code limits program portability for three reasons. First, 
the language focuses on programming the tool center path with respect to machine axes, rather than the machining process 
with respect to the part. Second, the standard defines the syntax of program statements, but in most cases leaves the semantics 
ambiguous. Third, vendors usually supplement the language with extensions that are not covered in the limited scope of G-code. 
The replacement for G-code is so-called STEP-NC, the name STEP-NC meaning the STEP standard extended for NC. STEP-NC is 
a new model of data transfer between CAD/CAM systems and CNC machines. It remedies the shortcomings of G-code by 
specifying machining processes rather than machine tool motion, using the concept of working steps. Working steps correspond 
to high-level machining features and associated process parameters. CNCs are responsible for translating working steps to axis 
motion and tool operation. 
Keywords: STEP, CNC, G-code, production system, CAD, CAM 
 
 
INTRODUCTION 
Virtual Enterprise (VE) is a temporary alliance of 
enterprises that come together to share skills and 
resources in order to attend a business opportunity and 
whose cooperation is supported by computer network. 
STEP is a standard used in data transfer between these 
enterprises. SADT is a graphical representation and in a 
VE is used to elaborate diagrams to improve VE 
management and STEP performances.  
PDM can be defined as: electronic handling and control 
of product information throughout the whole product 
life cycle across system and organization boundaries by 
means of vaulting, workflow, and product structures. 
The goal of this paper is to elaborate the SADT diagrams 
for the product information and transfer used in VE. 
Virtual Reality (VR) technology uses digital computers 
and other special hardware and software to generate a 
simulation of an alternate world that is believable as real 
by the user. Engineers have been using computers for 

years to create models of physical parts, devices and 
systems and simulate their operations, but the present 
CAD/CAM (Computer Aided Design / Computer Aided 
Manufacturing) systems lack the realism and interactive 
capability provided by an immersive VR environment.  
The implementation of a supporting infrastructure for 
Virtual Enterprise (VE) can be based on a number of 
component technologies and paradigms:  
» Interoperability and integration of standards – STEP, 

EDI, TCP/IP, etc.  
» Integration of Workflow Management Systems;  
» Integration of advanced Information Management 

Systems – PDM.  
» Integration of Safety and authentication mechanisms 

– digital signature, etc.  
» Integration of MAS development environments;  
» Integration of legacy systems – PPC/MRP, CAD, CAM, 

CAE, etc.  
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» Infrastructures – Internet/Intranet/Extranet, 
CORBA, Java, etc.  

Virtual Enterprise challenges the way manufacturing 
systems are planned and managed. Shared virtual 
environments can allow engineers from different 
locations to work together and in the same time. These 
environments give engineers and designers a better 
understanding of the product, improve quality, reduce 
time to market and ensure that designs are right from 
the first time, reducing the need for expensive 
reworking later in the process. Collaboration can be 
extended outside a company by sharing virtual product 
information with suppliers and partners, creating a 
closer relationship in product development. 
The biggest change in recent times for the CAD/CAM 
industry lies with the term “integration” Integration 
plays a very important role in the future of CAD/CAM 
products. There have been big workstation-based 
integrated CAD/CAM systems around for many years. 
They provide CAD and CAM integration by providing all 
pieces from the same company. But now there is a new 
group of products touting integration as a key issue. 
They pursue integration through other means than 
single brand products. 
ENGINEERING DATA MANAGING 
Engineering data is difficult to manage because:  
» there is a lot of it (with more being created each day);  
» it is on many media (e.g. paper and magnetic disks);  
» it is used by many people in different functions (often 

at different sites);  
» it is used by many computer programs (often on 

different computers); 
» it often has several (different) definitions;  
» it exists in many different versions;  
» it has multiple relationships and meanings;  
» it may need to be maintained for many years (e.g. fifty 

years).  
PDM systems treat engineering information as an 
important resource that is used by many functions in a 
company. They allow companies to get control of 
engineering information, and to manage activities in 
several departments. In the long term, PDM systems will 
allow companies to get control of all their engineering 
information, and manage the overall engineering 
process. These characteristics set them apart from 
systems such as CAD that aim to improve the 
productivity of individual tasks in one functional area. 
Viewed as data processing systems, EDM/PDM systems 
go beyond individual application programs such as CAD 
and NC. Viewed as organizational tools, they go beyond 
individual approaches such as DFA (Design for 
Assembly) and project management systems. 
PDM systems provide a backbone for the controlled flow 
of engineering information throughout the product life 
cycle. Other systems using engineering data, such as 

CAD, NC, process planning, MRP and field service will be 
integrated to this backbone. For CAD/CAM integration 
and data transfer between different Integrated Design 
Systems from one enterprise to another we used STEP 
Standard in our study. It is the aim of the STEP 
architecture to standardize the exchange of product 
model data across three levels: description methods, 
integrated resources and application protocols (AP).  
The development and standardization of an AP, is really 
the development of a standard for the exchange of 
product data in a given domain. To do this, several 
intermediate models are set up: the “application activity 
model” (AAM), the “application reference model” (ARM) 
and finally the “application interpreted model” (AIM). 
SADT is a graphical representation which can transpose 
in programming language used in AAM (Application 
Activity Model) defined in norm ISO 10303 (STEP). This 
standard is utilized in data transfer between different 
Integrated Design Systems.  
The SADT methods has been exploited in order to 
structure the research oriented towards the realization 
of the directory scheme, for a better definition of the 
existing situation and for detaching the functional 
specifications of the projected system, which has to meet 
an analysis of the needs. We choose the actigramm as 
tools of shaping in our analysis. We understand to call 
“actigram” those diagrams of the model, which are 
graphically represented as boxes designated by verbs, 
sometimes accompanied by complementary data are 
represented by arrows and designated by names. This 
representation allows a description of the series or 
parallel activities, as well as of feedback.  
The model is hierarchically constructed. At its most 
general interpretation, the system is perceived as a 
simple box. I can therefore expand and decompose this 
box, thus creating a first diagram, which can provide 
wider information in the field. The boxes of this diagram 
can be deconstructed in their turn, and can create new 
diagrams, and so on and so forth, until we reach the 
proper level of detail. The first diagram is presented in 
Figure 1.  

 
Figure 1. Diagram A-0: The data transfer  

modeling by using STEP format 
The purpose of this SADT diagram is to optimize data 
transfer between different IDS software. At this case 
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study we work from last year and we don’t finish yet but 
we made some progress from last published paper.   
We develop this SADT until the “Generating the 2D or 3D 
parts/assemblies in CAD Module” activity. There are two 
ways to elaborate the parts/assemblies in IDS: The first 
one is to design the parts/assemblies directly in actual 
IDS and the second one is to import the parts/assemblies 
model realized in previous IDS. 
When the parts/assemblies 2D and 3D are generate 
from another IDS we must take account about 
transferring standards (STEP, IGES, and DWG/DXF) and 
make the adaptation of the part/assembly in the actual 
CAD. Whichever are the ways to elaborate the 2D and 3D 
assembly the final drawings and 3D parts are validating 
in the present IDS by project director? At the end of this 
stage the virtual prototype is realized and validated. 
Technical and functional data, part/assembly geometry 
are inputs. 
REASONS OF PDM SYSTEMS DESIGNING 
The SADT/STEP/PDM plays a major role in VE. PDM 
systems are designed to:  
» reduce engineering costs by at least 10%;  
» reduce the product development cycle by at least 

20%;  
» reduce engineering change handling time by at least 

30%;  
» reduce the number of engineering changes by at least 

40%;  
» store, control, managed documents and other 

information about products; 
» enable engineering teams to share information on 

products and processes quickly and with consistent 
accuracy  

» permit the integration of techniques such as 
CAD/CAM (Computer Aided Design/Computer Aided 
Manufacturing) into coherent business systems 
across an entire enterprise.  

PDM addresses issues such as control, quality, reuse, 
security and availability of engineering data. PDM offers 
important new functions for the engineering 
environment. It will help solve many of the problems 
that beset today’s engineering environment, and for 
those who master it, will offer new strategic 
opportunities. The advantages of PDM used in Virtual 
Enterprises are:  
» reduce the time to introduce new products;  
» reduce the cost of developing new products; 
» reduce the cost of new products;  
» improve the quality of products and services;  
» improving design and manufacturing accuracy; 
» have a strong effect on competitively, market share 

and revenues.  
All these benefits are achievable only if in the PDM 
systems are used the STEP Standard for data transfer 

between enterprise and implicitly is very important to 
improve this data exchange by using SADT technique.  
DATA TRANSFER BETWEEN DIFFERENT 
INTEGRATED SYSTEMS IN VE  
The biggest problem in virtual industries is the need to 
work with the same IDS, in order to keep the historic of 
each piece of an assembly. This is nowadays one of the 
criteria of choosing the partners. If the IDS used by the 
designer is different by the one used by the programmer, 
the last one will use an imported model with no historic. 
If there is a revision of the model made by the designer, 
all the programs for the machining will be lost, just 
because the model used has no historic and it is like a 
read only model. In most of the companies there are lots 
of stories about this transfer issue, all of them with time, 
money lose.  
The compatibility of CAD / CAM / CAE is similar to that 
used to justify any technology-based improvement in 
manufacturing. It grows out of a need to continually 
improve productivity, quality and competitiveness. 
There are also other reasons why a company might 
make a conversion from manual processes to CAD/CAM: 
increased productivity, common database with 
manufacturing, better quality, better communication 
between posts, common database with manufacturing, 
reduced prototype construction costs, faster response to 
clients/partners.   
All these issues would disappear if the parts/assembly 
transfers between different IDS with historic would be 
possible. This is the reason why a transfer solution is 
searched for so many people.  
Starting from the similarity of design commands in any 
IDS, Shaft, Revolved Protusion, Revolve, Revolved Body 
and Pocket, Cut Extrude, Cutout, is a needed to be 
created the UML 2.0 architectures for shafts designed in 
CATIA, SOLID EDGE, UNIGRAPHICS and SOLID WORKS 
in order to transpose the UML in C++ Programming 
language and to obtain the agent source which can be 
transformed in import/export software by a 
programmer.  
After that the users of different IDS will be able to work 
on the part with full historic. The main idea of this 
architecture is to be the start point of the future 
professional software that will improve CAD/CAM/CAE 
communication between any software. This software is 
going to be able to read the steps made by the designer 
in the IDS that he is using and to actually redesign the 
part in the destination IDS, making the same moves like 
the designer, but using the other IDS commands. This 
way the part will be editable after each transfer. 
CONCLUSIONS  
Numerical Control (NC) machines were first introduced 
in the early 1950s and sparked the research and 
development of Computer Aided Manufacturing (CAM). 
In industry, CAD techniques are extensively used to 
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design products, and CAM techniques are used to 
manufacture the products. Special languages were 
developed to translate the shape information from the 
drawing into computer-controlled machine tools. 
Current NC programming is based on ISO 6983, called G-
code, where the cutter motion is mainly specified in 
terms of position and the feed rate of axes. 
Even though G-code is a well-accepted standard world-
wide it is in fact a bottleneck for today’s CNC production 
chain. Programming with G-code results huge programs 
which are difficult to handle; last-minute changes or 
correction of machining problems on the shop floor are 
hardly possible and control of program execution at the 
machine is severely limited. Even worse, due to many 
different dialects and vendor-specific additions to the 
programming language, part programs are not 
interchangeable between different controls. As a result, 
porting programs between machines is difficult. 
STEP is considered only a way to transfer data between 
different CAD-systems, but STEP has also developed 
towards manufacturing information management, the 
STEP-NC concept. STEP-NC provides not only a full 
description of the part, but the manufacturing process as 
well annotating CAD design data with manufacturing 
information about the stock, its cutting characteristics, 
and tool requirements. STEP-NC defines data 
representing working steps, a library of specific 
machining operations performed at the CNC, so that any 
controller will be able to calculate the tool path based on 
definitions contained in formatted routines integrated 
within the controller itself. 
STEP-NC is a new model of data transfer between 
CAD/CAM systems and CNC machines, which replaces G-
code. It remedies the shortcomings of G-code by 
specifying machining processes rather than machine 
tool motion. Working steps correspond to high-level 
machining features and associated process parameters. 
CNCs are responsible for translating working steps to 
axis motion and tool operation. Basically, the standard is 
the smooth and seamless exchange of part information 
between CAD, CAM, and NC programming. 
At the moment STEP-NC standardization is in ISO/DIS 
phase (Draft International Standard) and international 
development work continues in many countries. Many 
end users have started their pilot-projects concerning 
utilization of STEP-NC and also CAD/CAM software 
vendors have made implementations for research 
projects. 
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Abstract: This study is devoted to the description of GaAs solar cells topography and choice substitution of the method 
for surface study. It is in the attention because the surface condition can predefine the behavior of the heterojunction and 
efficiency of the device in common. The impact made to description of solar cells surface by atomic force microscopy and 
scanning electron microscopy. The sizes and shapes of surface morphology play an essential role in behavior and 
properties of materials in micro and nano-scale. The right choice of microcopy technique for morphology characterization 
is important for obtaining valuable data. 
Keywords: Solar cells, topography, microscopy, fractal analysis 
 
 
INTRODUCTION 
For optoelectronic device fabrication it is necessary to 
study every layer at heterostructure preparation. Study 
[1] emphasizes that the quality of surfaces and interfaces 
is a key problem in solar cell manufacturing process.  
Hence, efforts towards increasing of surface absorption 
within active layers, improving light scattering at the 
interfaces, reducing of losses, should include more 
detailed study of texture [1], [2]. 
Based on the research of Bruzzone et al [3] the place of 
characterization could be described by scheme (Figure 
1) which reveals each step of the device preparation. 
Therefore, a combination of characterization methods 
allows gathering more information on the subject. 
Surface texturing (roughness) is often used to minimize 
reflection and is important for solar cells. Performance 
of solar cells demands improvements [5]: only the 
texturing reduces a reflectance of silicon solar cells from 
35% to 11% [6]. Demand of texturing layers causes a lot 
of studies in this field, both theoretical and experimental. 
Light losses are huge when the optical system comprises 
elements with high reflective indexes. Also measured 
photocurrent depends on texturation, and was 
theoretically and experimentally proved [7].  

 
Figure 1: Presence of characterization in the surfaces-

dependent devices [3] 
There are a number of textural factors that influence 
solar cells performance: interface of different layers, 
grain bounders, point defects of production belong to 
these factors. Topography influence also the contact 
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formation which was found and statistically described in 
[9] for silicon solar cells. Light trapping ability as noted 
in [9] could be improved by the prolonged effective path 
length of the scattered light and textured films could be 
applied to this purpose.  
Textured substrate could be used in order to increase the 
light path within the absorber layer [11]. Surface texture 
has a critical influence to optical and electrical 
performance [11], [12]. There are a number of methods 
to create appropriate texturing such as: application of 
nanostructures, vapor–liquid–solid growth of 
structures, dry etching, lithography, chemical wet 
etching [12], variation of parameters in electrochemical 
films deposition [13].  
Guangtao Yang et al [11] reported a deposition of solar 
cells on a modulated surface textures glass substrate and 
told that structures with smoother peaks show the 
highest performance due to lower amount of defects. 
Argon plasma-etching treatment makes smoother rough 
surface morphology what sometimes is necessary for 
high-performance solar cells [14].  
The dependence of thin film solar cell performance on 
surface preparation and processing was studies in [15]. 
Even the substrate roughness for the solar cell junction 
preparation has a large influence on the cell properties 
[16].  
Multi-crystalline silicon solar cells are cheaper and have 
good conversion efficiency [12]. But Zeman et al. [17] 
noted that a using of texture morphologies as diffraction 
grating is a good method to improve efficiency by light 
manipulation. 
TOPOGRAPHY CHARACTERIZATION 
» Significance of topography: hydrophoby and self-

cleaning 
Study of textured morphology is also stimulated by 
interest to improve the self-cleaning and hydrophobic 
properties and reduce influence of weather and in the 
same time absorb the maximum range of spectrum [18], 
[19].   
Investigation of surface topography is a way to improve 
the self-cleaning properties of surface, which is a 
problem for GaAs solar cells. Here we present the 
comparison of topography appearance of natural 
hydrophobic surface (feather) and artificial surface of 
solar cell. The first is hydrophobic and the second is 
hydrophilic. The behavior of the surfaces to water could 
be characterized by angle between the site of a water 
drop and the surface (Figure 2). 
Environmental erosion can change optical properties of 
the surface therefore the cleaning is so important. Some 
natural structures demonstrate such outstanding 
integrated optical and mechanical properties of surface. 
Due to the structure which is responsible for that perfect 
light absorptivity they used as template for solar cells by 
Wang Zhang et al [20]. 

 
Figure 2: Top: hydrophobic surface (angle > 90°), bottom: 

hydrophilic surface (angle < 90°) 
A variety of surface structures demonstrates 
hydrophobicity (Figure 3) and hence self-cleaning of the 
surface. Such structures are applicable in different fields 
due to connected with surface condition of optical 
quality and mechanical stability. The contact angle could 
be observed by eye. The surface of solar cell in figure 3 
have smaller contact angle with the water drop and not 
as hydrophobic as natural structure. 
Geometrical factors of surface morphology play a role in 
contact angle of the surface and liquid. The inspiration 
could be taken from nature. Both images of figure 3 
represent optical structures but with different 
wettability. Such behavior depends on both material 
composition and structure. The structure in range of 
microns could be easily observed by optical microscopy. 
But it is necessary to use other types of microscopy such 
as SEM and AFM for studies with higher resolution. 

 
Figure 3: Left: Demonstration of hydrophobic surfaces in 

nature, right:  GaAs solar cells with a drop of water 

 
Figure 4: Optical microscopy image of the feather. 

Magnification: 20x. 
Optical image shows that feather has a semiperiodical 
structure (Figure 4). The contact surface between the 
sample and water drop is small. It caused by the 
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structure, and particularly by spaces full of air between 
the sample surface and water drop. A water drop touches 
the surface only in some places.    
But image of the GaAs sample solar cell (even at five time 
large magnification) don’t show presence of organized 
surface structuration (Figure 5). The area of contact with 
water drop of the GaAs solar cell surface is larger than 
for the feather surface. Besides difference of materials, 
the large difference exists between the topography of 
hydrophobic and hydrophilic surfaces.  

 
Figure 5: Optical microscopy image of the GaAs surface. 

Magnification: 100x. 
This is one of the examples why deeper study of 
topography is essential. A lot of properties and 
functional characteristics are defined by the appearance 
of the surface. And it is necessary to make a right choice 
of the microscopy technique to study the nano-
topography of the samples. 
Two types of microscopy, scanning electron microscopy 
(SEM) and atomic force microscopy (AFM) was used for 
evaluation of surface micro- and nano-geometry. 
SEM allows studying large areas of the solar cells with 
considerable surface roughness (more than 10 �m) and 
AFM was carry out on a certain relatively smooth area 
but by truly 3D measurement. Actual probes methods 
are more comfortable for studying of solid materials 
surfaces. 
» Atomic force microscopy 
AFM is a 3D surface morphology technique that provides 
quantitative information about surface, and defines 
roughness of the surface, sizes of features [21].   

 
Figure 6: AFM 3D-image of GaAs solar cell 

Numerical characterization of the morphology allows 
estimating the roughness. Even own software (we use 
Nova, NTMDT) provides a lot of possibilities of data 

processing. Being quite limited in range of heights, AFM 
allows precise measurements of surface nano-asperities 
in XYZ coordinates. The sizes of islands could be found 
by cross-section (Figure 7).  

      

 
Figure 7: AFM image (left) and its: cross-section (right) 

So, AFM gives quantitative data about the whole 
topography (Figure 7) and its local features (Figure 8).  
Qualitative data include the distribution of the values at 
the surface and quantitative their precise values. 

 
Figure 8: Distribution of peaks for the topography in figure 6 

Figure 8 show that the topography has the large amount 
of peaks in the range from 50 to 200 nm. The surface is 
relatively smooth. The features are smaller than visible 
light wavelength.   
Watershed segmentation is helpful when it is necessary 
to divide and to count the texture features. This is a really 
interesting method when surface elements are barely 
recognized, for example in the case where image quality 
is lacking.  
This method receives its’ name because of lines which 
divide topography elements. They look like the channels 
where water trickles down from the peaks of features. 
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But this method is not suitable for overlaid features or to 
extremely rough morphology. This method could be 
applied for both AFM and SEM images. Distribution of 
the islands by diameter after watershed segmentation is 
shown in figure 9. 

 
Figure 9: Distribution of the island amount by the diameter 

The shape and size of topography features indicate the 
quality of the preparation process and defines further 
properties of the ready devices.  
» Scanning electron microscopy 
Because of AFM limitation, SEM is suitable for contact 
study (Figure 10). SEM imaging provides good quality 
information about contact quality, including sizes, 
presence of defects, cracks, etc. [21].  

 
Figure 10: Metallic contacts to GaAs solar cell 

Shadow effect due to metal contacts takes a part at solar 
cell performance and limits semiconductor absorption. 
The quality of energy conversion strongly depends on 
the total and local fractions. Metal contact design is still 
one of the methods for improving the cell efficiency. 
Optimization (choice of geometry) of both front and 
back solar cell contact design can help to achieve 
beneficial properties: maximize the current collection; 
minimize the series resistance due, etc. 
» Fractal analysis of the 3-D texture 
A fractal 3-D engineering surface exhibits topographical 
features that are independent of the measurement scale 
and is characterized by a spatial scale-invariance 
(statistical self-similarity, which takes place only in the 
restricted range of the spatial scales) [21-23]. 

The fractal dimension D (a non-integer value within the 
range 2 ≤ D ≤ 3) is a quantitative parameter to globally 
estimate the 3-D fractal surface complexity [14, 24-28]. 
In this study, the fractal analysis was applied to the 
original AFM files using the cube counting method 
(derived directly from a definition of box-counting 
fractal dimension) with a linear interpolation type (the 
interpolated value in a point is calculated from the three 
vertices of the Delaunay triangulation triangle 
containing the point), which is described in detail in Ref. 
[29, 30]. 
The basic properties of the height values distribution of 
the surface samples (including its variance, skewness 
and kurtosis), computed according the Ref. [29] is 
shown in Table 1, for scanning square areas of 120 µm x 
120 μm. 
Table 1. The basic properties of the height values distribution 
(including its variance, skewness and kurtosis) of the surface 

samples, for scanning square areas of 120 µm x 120 μm. 
The basic properties of the height 

values distribution of the GaAs 
surface samples 

Values 

Ra (Sa) [nm] 8.17 

Rms (Sq) [nm] 12.12 
Skew (Ssk) [-] 4.95 

Kurtosis (Sku) [-] 104 
Inclination θ [°] 0.0 
Inclination φ [°] -170 

The fractal dimensions (D) with coefficients of 
correlation (R2) determined by the cube counting 
method, based on the linear interpolation type, of the 
GaAs surface samples is D = 2.15 ± 0.01. 

 
Figure 11: Fractal dimension of GaAs surface solar cell 

samples 
For all analyzed cases (Table 1), the coefficients of 
correlation (R2) associated with fractal dimensions D 
were greater than 0.9955 representing a good linear 
correlation. An (R2) of 1.0 indicates that the regression 
line perfectly fits the data. 
CONCLUSIONS 
Both SEM and AFM types of microscopy are suitable for 
characterization of the solar cells. The elements of 
texture are well distinguished even without any special 
preparation of measured samples. These methods allow 
estimating the surface condition and amount of surface 
features, which can be caused by mechanical stress 
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between layers of the solar cells. This affects electron 
mobility and diffusion length, band structure, surface 
passivation. It is possible to measure both quality and 
quantity data of surface by these well-known 
microscopy methods. Texture shows the measure of 
surface roughness. There are also numbers of data 
processing techniques for roughness estimation. And 
every method gives its own unique information about 
the surface.   
Our results suggest that AFM, the statistical surface 
roughness parameters and fractal analysis may provide 
additional insight for characterization of the solar cells. 
All these parameters can be included in a mathematical 
model to compute micro/nanotopography of the 
surfaces (surface texture) in describing surface contact 
and wear both theoretically and experimentally and 
could become essential in designing of new GaAs solar 
cells. 
Acknowledgements 
Research described in the paper was financially supported 
by the Ministry of Education, Youth and Sports of the Czech 
Republic under the project CEITEC 2020 (LQ1601), by 
project Sensor, Information and Communication Systems 
SIX CZ.1.05/2.1.00/03.0072 and by the Grant Agency of the 
Czech Republic under no. GAEÈ R 15-05259S. 
Appendix 
The basic properties of the height values distribution, 
including its variance, skewness and kurtosis, computed 
according the Ref. [29] is defined as follows:  
 RMS value of the height irregularities: this quantity is 

computed from data variance. 
 Ra value of the height irregularities: this quantity is 

similar to RMS value with the only difference in 
exponent (power) within the data variance sum. As for 
the RMS this exponent is q = 2, the Ra value is computed 
with exponent q = 1 and absolute values of the data 
(zero mean). 

 Height distribution skewness: computed from 3rd 
central moment of data values. 

 Height distribution kurtosis: computed from 4th central 
moment of data values. 

 Mean inclination of facets in area: computed by 
averaging normalized facet direction vectors. 

 Variation, which is calculated as the integral of the 
absolute value of the local gradient. 
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Abstract: The extraction of cellulosic fibers from sugarcane bagasse and the characterization of these fibers are carried out in 
this study. Sugarcane bagasse was treated with an alkaline solution in order to get cellulosic fibers. Sugarcane bagasse were 
analyzed by X-ray diffraction, Fourier transformed infra-red, Scanning electronic microscopic, Transmission electronic 
microscopic and differential thermal analysis/thermogravimetric analysis in nitrogen gas. Influence of the temperature and the 
mass of the fiber are studied, the temperature has an effect on the color of the fiber and the concentration of sodium hydroxide 
used, and more the soaking time increases the fiber mass decreases. It is found that the extraction yield of the fibers decreases 
as soaking time increases, the highest extraction yield is obtained at a temperature of 60°C with a concentration of sodium 
hydroxide of 0.1mol/L and the moisture content is 31.1%. The results obtained show that  the process of extracting the fiber 
and controlling certain parameters such as temperature, concentration of sodium hydroxide and soaking time have an effect on 
the quality of the fiber obtained. 
Keywords: Extraction; Sugarcane bagasse; cellulosic fibers; soaking time 
 
 
INTRODUCTION  
Waste from sugarcane is a real problem in the sugar 
industry in its management and valorization, yet the 
applications of sugarcane bagasse is no longer to be 
demonstrated in the paper industries by the production 
of paper pulp and energy fields by the production of bio 
fuel [1]. 
Natural cellulose fibers are often extracted from 
lignocellulosic substances using biochemical and 
chemical methods. Sometimes traditional methods are 
used to extract natural cellulose fiber using 
microorganisms but they have limitations [2,3]. 
Although atmospheric retting provides better quality 
fibers, it requires relatively longer duration and it is 
difficult to control the fiber quality. 
Chemical extraction is recognized as effective in view of 
the convincing results obtained by the separation of 
lignin from cellulose. Alkaline treatment with sodium 
hydroxide has shown its effectiveness and several 
studies have been reported [4,5], delignification 
methods with  sodium hypochlorite are frequently used 

[6]. The cellulose from sugarcane bagasse can be easily 
obtained by acid hydrolysis followed by an alkaline 
pulping process. During the hydrolysis, the reagents acts 
on the lignin, breaking the macromolecule into units of 
low molecular weight, which are soluble in the liquor [7]. 
However this reaction is not strong enough to eliminate 
all lignin and hemicelluloses residues; therefore an 
additional process can be used. The bleaching treatment 
can be made with sodium chloride, which can result in 
cellulose degradation [8], and different properties and 
characteristics of cellulose arise. Chemical 
concentration, temperature and duration of treatment 
are the main factors determining the quality of 
chemically extracted fibers [9]. 
Cellulose is a main component of plant cell walls, 
including wood, cotton, jute, hemp, cereal straw, etc. It is 
constantly being renewed by photosynthesis. Its 
presence in plant tissues makes them compounds of 
vital importance and opens up new perspectives for 
research. It’s a macromolecular component, made by the 
linking of smaller molecules. The links in the cellulose 
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chain are a type of sugar: ß-D-glucose, anhydroglucose 
units linked at the one and four carbon atoms by b-
glycosidic bonds [10, 11]. The sugar units are linked 
when water is eliminated by combining the -OH group 
and H highlighted in gray. Linking just two of these 
sugars produces a disaccharide called cellobiose [12]. 
Nowadays, the promotion of local materials is an 
important focus in the field of materials sciences. Thus, 
from sugarcane bagasse, materials with new properties 
can be made, in textiles and in industries, in view of the 
high percentage of cellulose in their composition [13]. 
The aim of this work is to use chemical treatment to 
produce cellulosic fibers from sugarcane bagasse while 
evaluating the parameters that can influence this 
extraction such that the concentration of sodium 
hydroxide, the temperature. The moisture content have 
been determined.  
MATERIALS AND METHODS 
» Chemicals reagents and Sample  
Sodium hydroxide, Hydrogen peroxide, amino-
phosphonic acid, and persulfate were purcha*-sed from 
Himedia Laboratories Pvt.Ltd, India. Samples of 
sugarcane bagasse were filled by the Cameroon Sugar 
Company to Nkoteng (Cameroon, central Africa).  
» Chemical treatment of sample – Alkaline 

extraction and bleaching of Sugarcane Fibers 
5g of sugarcane bagasse are immersed in a beaker of 
500mL containing 300mL of sodium hydroxide 
(0.1mol/L) and 40mL of hydrogen peroxide (30%), 
together with a stabilizer-chelating 30mL of 
aminophosphonic acid (0.1mol/L). After 2 h of rest, 
20mL of 0.1mol/L of per sulfate (0.1mol/L) is added to 
the mixture and the whole is brought to rest for 4 h. Then 
the sugarcane bagasse is filtered and washed several 
times with distilled water to neutralize the pH of fibers, 
were conducted to eliminate the excess of sodium 
hydroxide in the fibers. After all alkaline extraction, 
fibers were oven-dried at 60°C for 24 hours, then 
conditioned at standard laboratory conditions. The 
untreated sugarcane bagasse containing  44.5% of 
cellulose, 30.15% of hemicelluloses 20.5% of lignin, 
3.5% of ash and 1.2% of wax on a dry weight basis [14].  
» Determination of moisture content of the bagasse 

fibers 
It involves placing in the oven for 24 hours the mass of 
loaded sample or 1 g of crude bagasse for the case of our 
study, and to let it dry at a temperature of 105°C. After 
24 h, the sample is cooled in a desiccator and weighed 
using the scale to determine the exact mass (dry mass). 
This operation is repeated under the same conditions 
before confirming the results obtained and making the 
determination of the moisture content according to the 
following formula described in the literature [15]. 

Moisture content (%) = m−ms
m

 X 100              (1) 

Or (m) initial mass of bagasse, (ms) mass of the dry 
bagasse obtained. 
» Characterization of fibers from sugar cane 

bagasse 
The  structural  (physical)  analysis  of  the  samples  was  
evaluated  by  X-ray  diffraction  (XRD)  using  a  using a 
Panalytical, Netherlands (Model: PW3040/60 X’pert 
PRO) equipped with a Cu anode (kα radiation, λ = 
1.54056 Å) and using a voltage of 40 KV and a current of 
30 mA.  IR spectra were scanned using KBr pellets in the 
region  4000 to 400 cm-1 with a resolution of 0.125 cm-1, 
on a spectrometer Brucker Optik GmbH, Germany 
(model Tensor 27) equipped with the Opus TM software 
which provides an intuitive interface and facilitates the 
analysis of scans. Differential thermal analysis (DTA) 
and thermo-gravimetric analysis (TGA)     were recorded 
using a SDT Q600 V8.3 Build 101 simultaneous DSC-TGA 
instrument. Approximately 1.2530 mg of fibers material 
was placed on the microbalance of the STA analyzer, 
which was purged with nitrogen gas.  
The measurements were recorded from room 
temperature to 1100°C under nitrogen flow (100 
mL.min-1) with a heating rate of 20°C/min. Data analysis 
was performed using Universal V4.7A TA software 
package. The SEM micrographs of the sugar cane 
bagasse were taken in Hitachi (Japan) S-3000H electron 
microscope with an accelerating voltage of 15kV. 
Transmission electron micrographs of the 
functionalized clays are taken in FEI, The Netherlands 
(Model:Tecnai 20) transmission -electron microscope 
with an accelerating voltage of 200 keV. Ultrathin 
sections of bulk specimens (~100 nm thickness) are 
obtained at -85°C using an ultra-microtome fitted with a 
diamond knife. 
RESULTS AND DISCUSSION 
» Structural Properties of Extracted Fiber from 

Sugar Cane Bagasse 
Figure 1 shows the results of x-ray diffraction of 
different  samples which  exhibit peaks at the same 
positions 2Ɵ = 16.79° and 22.23° implying that the 
sugarcane bagasse used is composed typical cellulose-I 
structure [16]. 
The XRD patterns were obtained over the angular range 
2θ = 10–50o. The Scherrer  equation  was  used  to  
calculate  the  average crystallite   size  (D) [17,18]  of  
cellulose I structure in respect of (200) plane:  

                               D= 𝐾𝐾𝐾𝐾
𝛽𝛽1/2𝐶𝐶𝐶𝐶𝐶𝐶Ɵ

                                      (5) 
The degree of crystallinity   (Χc) was calculated using 
following equation [18].   

                                     Χc={ 𝐾𝐾𝐾𝐾
𝛽𝛽1/2

}                                       (6) 
where K is the correction factor and usually taken to be  
0.91,  λ  is  the  radiation  wavelength,  θ  where is the 
diffraction angle in degrees (002) and (110),  β1/2 is the 
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full width at half maximum (FWHM) of the (200) X-ray 
reflection (in degree), Kc is a  constant  set  at  0.24 [19]. 
 We also see the peaks (110) and (200) increase with 
temperature which justifies the fact that the 
temperature influence on the crystallinity of cellulose. 
Crystallite size of sugarcane bagasse was calculated as 
2.33nm. The crystallinity index of the sugarcane bagasse 
was calculated as 35.6%. 

 
Figure 1: XRD patterns of Raw SCB and Treated SCB at 

different temperature. 
Fig.2. shows the spectrum of treated. The band at 
3695.75 3334.2cm-1 is depicting the stretching of 
hydroxyl group in treated bagasse. The absorption band 
at 2921.75-2354.20 cm-1 is attributed to C-H stretching, 
the absorbance at 1434.47, 1375.17, 1249.35 and 
1041.41 cm-1 corresponds to the aromatic skeleton 
vibration, ring breathing in the C-O stretching in lignin 
[20]. The bands at 1375.17cm-1 are attributed to 
absorption by C-H and C-O stretching in acetyl group in 
hemicellulose respectively. The strong band at 1041.41 
cm-1 in pretreated sugarcane bagasse is assign to C-O 
stretching in cellulose, hemicellulose and lignin or C-O-C 
stretching in cellulose and hemicelluloses. The band at 
971.38 cm-1 is due to glucosidic linkage [21]. The  
spectral  band  observed  in  the  region 1731.42–
1635.05  cm−1  are  due  to  the  O–H  bending  due  to 
adsorbed  water  [22] The region of FTIR spectrum 
between 682.03 to 473.08 cm-1 was not considered this 
because the vibration area of Si-O-Si from traces of sand 
grains fixed on sugarcane bagasse. 

 
Figure 2: FTIR Spectrum of Treated SCB 

Figure 3 shows the FTIR spectrum of cane bagasse after 
extraction of cellulose with sodium hydroxide, the 
samples were heat treated at different temperatures. 
These spectra present the same peaks as the previous 
one but the difference lies in the areas of 3695.75 
3334.2cm-1, and 1731.42-1635.05 cm-1 assigned to the 
peaks of OH. The intensities of these peaks decrease with 
increase in temperature which means the phenomenon 
of dehydration that occurs. 

 
Figure 3: FTIR Spectrum of heated SCB at different 

Temperature 
» Thermal analysis   
TGA Curves of the fibers exhibited three degradation 
stages. The first stage of weight loss occurred at 
188.62°C, which corresponds to dehydration in the 
sample. The   second stage of weight loss for presented 
thermal degradation peak at 367.30°C  and the third 
stage at 529.65°C corresponds to the thermal 
degradation of cellulose (See figure 4). 

 
Figure 4: TGA and DTA Curves of Treated SCB 

The DTA curves show the endothermic peak 170.48°C, 
which is attributed to the removal of moisture when the 
sample was heated. Two exothermal peaks appear at 
379.53°C and 493.23°C, respectively, and they are 
attributed to charring, while a large endothermic peak at 
379.53°C is related to the cellulose fraction. This 
behavior is related to the full decomposition of cellulose 
that might be attributed to quick devolatilization 
reactions, leading to very little solid residue (0.0142 
mg). 
» Morphology and Elemental composition Analysis  
Figure 5 shows the SEM images of untreated and treated 
bagasse under different magnifications. There was no 
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apparent difference in the morphology of untreated and 
treated sugarcane bagasse when they were both 
examined under lower magnification. However, a 
relatively more porous structure can be observed for 
treated sugarcane bagasse when higher magnification 
was applied. Treated bagasse has a more irregular and 
corrugated surface with thinner fibers compared to the 
untreated sugarcane bagasse as illustrated in Figure 5(a) 
and (b). 

 
Figure 5: SEM of a) Untreated SCB, b) Treated SCB. 

» Transmission Electronic Microscopic imaging of 
Sugar cane Bagasse morphology 

The fig.6 shows the sugarcane bagasse treated with 
sodium hydroxide. It has the porous structure of the 
bagasse with very small dimensions fibers observable 
disparately. 

 
Figure 6: TEM of Treated SCB. 

EXTRACTION PARAMETERS 
» Influence of Temperature and soaking time 
At issue in this part of the fibers extracted by the use of 
products chemicals in particular sodium hydroxide 
according to a number of parameters (temperature, 
soaking time, etc.). Kinetic extractions fibers in order to 
obtain higher yields have led to the following results 
(Figure 7, 8 and 9). 

 
Figure 7: Kinetic of Extraction of SCB Fibers  

at different mass (at 80°C). 

 
Figure 8: Kinetic of Extraction of SCB Fibers at different 

mass (at 100°C). 

 
Figure 9: Kinetic of Extraction of SCB Fibers at different 

mass (at 80°C and 100°C). 
It is found that the extraction yield of the fibers 
decreases as preparation time increases. This yield loss 
is also due to the increasing of concentration and an 
increase in temperature. The difference between yields 
between 60 and 100°C is due to the very high 
temperature rise and the corrosive nature of the sodium 
hydroxide.  
At 100°C, it is also observed that the extraction yield 
does not vary significantly, due to the fact that the 
temperature of the bath is constant and that only the 
concentration of sodium hydroxide. The mass of fibers 
decreases progressively during each preparation when 
the soaking time increases 
» Influence of Concentration of sodium hydroxide 

and Temperature 
By maintaining the temperature constant and varying 
the quantity of sodium hydroxide, this affects the quality 
of the fiber, the appearance of which changes and 
appears bushy when the concentration of hydroxide 
sodium is low, but when this concentration increases, 
the appearance of the fiber is like whiskers and 
somewhat supple which shows the action of sodium 
hydroxide is remarkable (Figure 10 and Figure 11). 
At 80°C, 0.2mol/L of sodium hydroxide, we find that the 
resulting fibers are finer and distinguished easily, the 
fineness of the fibers is due to the corrosive nature of the 
sodium hydroxide, the temperature rise and the time of 
cooking (figure 12). 
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Figure 10: Fibers extracted at 60°C for 0.1mol/L  

of sodium hydroxide. 

 
Figure 11: Fibers extracted at 60°C for 0.2mol/L  

of sodium hydroxide 

 
Figure 12: Fibers extracted at 80 ° C for 0.2mol/L  

of sodium hydroxide. 
At 100°C, we find that the resulting fibers change shape 
and become pasty, and the yield drops considerably. 
This is due to the increase in the concentration of the 
extraction bath, the elevation of the temperature and 
cooking time. 

 
Figure 13: Fibers extracted at 100 ° C for 0.3mol/L of 

sodium hydroxide. 
» Moisture content of the fiber 
Using the formula above, the calculation of the content 
moisture is 31.1%.  
CONCLUSION 
Fiber bundles were chemically extracted from raw 
bagasse of sugarcane. The alkaline extraction was the 

best and most efficient way to remove lignin since the 
solution was more concentrated. The kinetics of 
extraction of sugarcane fibers chemically extracted at 
different concentration of sodium hydroxide showed 
that the mass of the sample extracted fibers decreases 
with time, and with the rise in bath temperature.  
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POWER LOSSES OF WORM GEAR PAIRS 
 
1-5. University of Kragujevac, Faculty of Engineering, Kragujevac, SERBIA 
 
Abstract: In this paper are presented the power losses and sources of their occurrence in worm gear boxes. These are the losses 
that occur in the coupling of worm teeth and worm gear, losses in bearings, seals and oil churning power losses in the 
transmission. When the operation of worm gearing is characterized by line contact of coupled elements which is accompanied 
by significant sliding, the highest value have the power losses in the worm and worm gear coupling compared to other losses in 
gearing.  Among other things, in the paper also presents the expressions that are used for calculation of individual power losses 
and efficiency of the gearing. The size of the losses primarily depends on the type of coupled material and geometry of worm 
pair, circumferential velocity (input rotational speed), the type and viscosity of lubricating oil, load, worm shape, and 
temperature and so on. The paper also deals with the influence of different factors on power losses and efficiency. As the 
efficiency of the worm pair is significantly lower compared to other types of gear pairs, the appropriate combination of 
geometric parameters and materials of worm and worm gear, lubrication and working conditions can significantly affect its 
increase. 
Keywords: power losses, efficiency, worm gearing 
 
 
INTRODUCTION 
Gear boxes present the most widespread and the most 
important group of mechanical transmissions by which 
the movement, that is torque is transmitted from one 
shaft to another and transforms by direct touching of 
teeth. Gear boxes are formed by different connection of 
gear pairs. [1] These are the most often used power 
transmissions that can be used for different positions of 
the input and output shaft, as well as for the very wide 
range of power, rotational speed and transmission 
ratios. [1] 
Worm gearing as hyperboloid gear pairs whose axes 
intersect are characterized by the line contact of the 
worm and worm gear. The line contact is accompanied 
by the relatively high sliding friction between coupled 
elements and forming of satisfactory lubricating layer. 
Apart from sliding friction in worm and worm gear 
mesh, friction occurs in the bearings, between the gear 
and oil, in sealing and so on. The consequences of the 
friction at worm gearing are power losses, lower 
efficiency, scuffing and damaging of gearing elements, 
gearing heating and so on. [2]. The highest friction losses 
occur in worm gear and worm gearing mesh and their 

size can be significantly affected  by selection of 
parameters that define the gear pairs. The higher friction 
coefficients mean higher power losses and thus the 
lower efficiency values of worm gearing.  
The worm gearing efficiency has lower value compared 
to the other types of gear boxes. If they are applied as 
multipliers the efficiency is less than 50%, while as 
applied as redactors, with appropriate design it is 
possible to achieve the efficiency above 90% [1]. 
A number of authors have researched the influence of 
different factors on power losses in worm gearings. 
Magyar and Sauer [3] from Kaiserslautern University 
have developed a technology for calculation of power 
losses in worm gearing and have determined that 
average losses value in worm gear and worm gearing 
mesh is three times higher compared to losses in 
gearings (four rolling bearings) which were second in 
size in total power loss.  
Niemann and Winter [4] especially emphasize the 
influence of worm pair geometry on the efficiency where 
they showed that by reducing the ratio of mean diameter 
and centre distance ( )ad 1m and at lower transmission 
ratios the higher efficiency values are obtained. For 
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example, at transmission ratio 5i =  and input rotational 
speed 1

1 min1500n −= the measured efficiency value was 
96=η %. On the other hand, according to Budynas and 

Nisbett [5], the increase of worm lead angle ( mγ ) was 
followed by higher efficiency values. 
Stockman et al. [6] using the specially designed 
equipment have tested the efficiencies of thirteen 
different gear boxes and found that at lower 
transmission ratios and higher input torques the higher 
efficiency values are obtained. They compared the 
obtained values to catalogue manufacturer’s values and 
found significant discrepancies, because in catalogue 
usually is cited only one efficiency value for a wide range 
of transmission ratios, powers and manufacturing 
technologies.  
Mautner et al. [7] have tested the influence of viscosity 
and type of the oil on efficiency of a large sized worm 
gearing with center distance  mm315a =  using FZG 
equipment. By using the high viscosity synthetic 
polyglycol oil (ISO VG 460) the measured efficiency 
values were higher for approximately 1% compared to 
lower viscosity synthetic oil (ISO VG 220) and for 3% 
compared to mineral oil.  
Muminovic et al. [8] and Hermann [9] in their papers 
have also emphasized the advantages of the usage of 
synthetic oils compared to mineral oils where the higher 
efficiency values were obtained.  Among other things, 
Hermann [9] also researched the influence of different 
synthetic oils and found that high-performance 
synthetic oil produced by "Klüber Lubrication" 
(Klübersynth  GH 6-460) provides significantly less 
scuffing, less heating of gearing and higher efficiency 
compared to standard synthetic oils which are used for 
lubrication of worm gearing defined in DIN 3996 
Standard.  
Miltenovic et al. [10] have researched the worm gearing 
efficiency for the extreme working conditions where 
they used high-quality synthetic oil (high viscosity oil 
Klübersynth GH 6-1500) and high-quality material for 
manufacture of worm pair (hardened bronze/hardened 
and grounded steel). The measured efficiency values 
ranged in the interval 71.052.0 ÷=η , where the higher 
values were found at higher loads.  
EFFICIENCY OF WORM GEARING 
Efficiency of machines and mechanisms is determined as 
the ratio of useful and input energy and presents 
parameter for estimation of technical systems to 
preserve transported energy. At the same time, it is one 
of the most important criteria for evaluation of validity 
of given construction.  
At power transmission the efficiency is defined as the 
ratio of output power toward input power, i.e. resulting 
toward input work [1]: 
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where are: inP – input power [W]; outP – output power 
[W]; and GP  – total power loss [W]. 
Output power is equal to input power reduced for power 
which loses in transmission in various resistances ( GP ) 
and which is mostly converted into heat. Ratio between 
power losses and input power inG PP  presents the level 
of losses and if this ratio is smaller the gearing efficiency 
is higher and vice versa.  
If 1P  denotes power on the worm and 2P  denotes the 
power on worm gear then the efficiency of worm gearing 
can be determined as follows [1]: 
- for the case that the worm is driving element: 
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- for the case that worm gear is driving element: 
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The efficiency of worm pair can be determined through 
the worm lead angle in the central cylinder mγ  and 
friction angle 1ϕ  using the following expression [12]: 
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where are: 1z – the number of worm teeth, 1µ – friction 
coefficient between meshed gear teeth and 

m1 tan/zq γ= – worm number. 
The higher efficiency η  is obtained for higher values of 
the angle mγ  that is at multipath worms but at the same 
time lower transmission ratios are obtained. As the 
efficiency of worm gear pair depends on numerous 
parameters its values range in the interval 95.05.0 ÷=η
% [13]. Efficiency values in relation to the worm lead 
angle for values of friction coefficient 05.01 =µ and 
pressure angle 0

n 20=α are presented in Table 1 [5]. 
Table 1: Efficiency values depending on the lead angle [5] 

Lead angle mγ , [°] Efficiencyη , [%] 
1.0 25.2 
2.5 45.7 
5.0 62.0 
7.5 71.3 

10.0 76.6 
15.0 82.7 
20.0 85.9 
30.0 89.1 

 

POWER LOSSES IN WORM GEARING  
During the meshing between flanks of worm gear and 
worm gearing the certain corresponding normal force is 
transmitted, leading to significant surface pressures. In 
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addition, between the flanks there is considerable 
sliding which results in scuffing of the flanks and 
significant power losses. The power losses in worm 
toothed gearing basically are composed of losses in 
worm and worm gearing meshing, bearing and sealing 
losses and losses due to oil churning power losses 
(Figure 1). 

 
Figure1: Power losses in worm toothed gearing [6] 

Gear box while operating dissipates energy so that at the 
output it receives power which is less than the input 
power for the loss size. The difference between input (

inP ) output power ( outP ) is called overall power loss VP  
which can be calculated using the following equations: 
 VXVD0VVLVZV PPPPPP ++++= .                (5) 
Therefore, total efficiency of worm toothed gearing can 
be calculated using the following expression [14]: 
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where are: 1P – input power [W]; VP – overall power loss 
[W]; VZP – load-dependent gearing losses [W]; VLP – 
load-dependent bearing losses [W]; 0VP – no-load 
gearing and bearing losses [W]; VDP – sealing losses [W]; 

VXP – other losses [W]. 
The proportion of individual power losses (dependent 
on load and no-load) in overall gear box power loss is 
presented on Figure 2. 

 
Figure 2: Power losses in gearbox [15] 

Power losses in gear mesh VZP  represent the highest 
loss proportion in overall power losses VP  of worm pair, 
especially at minimum speed and high torque (figure 3). 
High power losses are explained by significant sliding 
between flanks of meshed worm teeth and worm gear.  

 
Figure 3: Power loss components in worm toothed gearing  

( 1
12 min1500n,Nm 500T −== , mineral oil ISO VG 150) [3] 

In the literature, there is a large number of expressions 
for the calculation of power losses in worm toothed 
gearing. According to V. Nikolic [11], power that is lost 
on overcoming the sliding resistance at meshing in 
worm pair is: 
 kzNVZ vFP ⋅µ⋅= ,                              (7) 
where are: NF – normal force on the flank of the tooth,

ρ=µ tanz  – friction coefficient of worm pair and kv – 
sliding velocity. 
In case that lubrication of gear pair was done by dipping, 
that worm is placed underside and that rolling bearings 
are mounted, the power losses at no-load can 
approximately determine by applying the following 
equations: 
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where are: a – center distance[mm], 1n – rotational 
speed per minute and, 40v – kinematic viscosity of the oil 

at C400 [ s/mm2 ] 
Bearing losses can be approximately determined based 
on following ratios:  

( )01.0...005.0PP 1VL = – for mounted 4 rolling bearings, 
( )03.0...02.0PP 1VL = – for mounted 4 sliding bearings. 

The overall power loss in rolling bearing can be 
calculated based on SKF recommendations using the 
following expression [16]: 

 3
VL 10

30
nMP −×

π
⋅⋅= ,                        (9) 

where is 𝑀𝑀 total bearing friction torque that represents 
the sum of following losses: 
 sealdragslrr MMMMM +++= ,                 (10) 

where are: rrM – rolling friction torque, slM – sliding 
friction torque, sealM – friction torque of seals, dragM – 
friction torque of drag losses. 
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Sealing power loss depends on the rotational speed n 
and internal diameter of sealing id  and is calculated 
using the following expression [17]: 
 nd1069.7P i

6
VD ⋅⋅×= − .                         (11) 

Power loss on flanks of worm and worm gear on the part 
l∆ of the immediate contact lines can be determined by 

the following expression [18]: 
 gbhV VlWdP ⋅∆⋅⋅µ= ,                          (12) 

where are: hµ – oil friction coefficient; bW – load along 
the contact line; gV – sliding velocity. 

Power loss depending on the rotation angle 1ϕ  along the 
whole contact line l can be calculated as: 
 ( ) ∫= VV dPP 1ϕ .                                    (13) 

Average value of power losses that occur between the 
flanks of meshed gears is: 

 ( )
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ϕ
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= ,                                     (14) 

where 
1

n ϕ  is a number of different meshing positions. 
Overall power loss due to friction in the worm and worm 
gear meshing can be determined according to AGMA 
standards [19]: 
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Thereby the output power of worm pair is determined 
according to following expression: 
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where are: tV – sliding velocity on mean diameter of 
the worm [m/s]; fW – friction force [N]; n – worm 
rotational speed [min-1]; tgW – tangential force [N]; 

Gm – transmission ratio; gd – mean diameter  of the 
gear [mm]. 
Based on previous expressions given in AGMA Standard, 
the worm pair efficiency is: 

 100
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FACTORS AFFECTING THE POWER LOSSES 
In order to affect the reduction of power losses it is 
necessary to select the ideal combination of geometrical 
parameters and materials of worm gear pair, lubrication 
conditions as well as the working conditions. Therefore, 
it is necessary to know to which extent these parameters 
affect the efficiency of gear pair.  
When it comes to the influence of geometrical 
parameters, by correlating the ration of mean diameter 
and axial distance a/d 1m , lead angle mγ , friction 
coefficient zµ and varying of the parameters it can have 

a significant influence on power losses, and thus on the 
efficiency ηz of worm gearing. Namely, the lower ratio 

a/d 1m  leads to the higher efficiency zη , while on the 
other side it leads to the greater sensitivity to pitting and 
to too great deflection of the worm shaft due to bending 
[4]. 
On the other hand, by increasing the lead angle mγ the 
lower friction coefficient is achieved, and thus the higher 
efficiency [5,13,20]. 
Figure 4 represents the influence of lead angle mγ on the 
efficiency of worm gear pair.  

 
Figure 4: Influence of lead angle mγ   

on the efficiency of worm gear pair [20] 
Among other things, the change of transmission ratio 
can also affect the efficiency. Namely, the reduction of 
transmission ratio of worm pair leads to the increase of 
efficiency, while too big transmission ration can lead to 
self-locking of worm gearing ( 50z <η %). 
Figure 5 represents the influence of different 
transmission ration on the efficiency of worm gearing 
[21]. 

 
Figure5: Influence of transmission ratio on overall efficiency 

of worm gearing (worm type ZI, mineral oil) [21] 
When it comes to influence of the materials, the higher 
efficiency is obtained by combining the worm materials 
made of hardened (case) steel with ground teeth and 
worm gear made of centrifugal casted tin bronze with 
the addition of nickel compared to combination with 
worm gear material of grey iron, aluminium bronze or 
special brass. By such combination of worm and worm 
gear materials very favourable tribological 
characteristics are obtained [1, 22, 23] 
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Figure 6 represents the influence of materials on the 
degree of losses for worm gear made of bronze 
CuSn12Ni and grey iron GJS 400 according to DIN3996. 

 
Figure 6: Influence of the worm gear material on the degree 

of loss 1V PP of worm pair [14] 
The lower values of friction coefficient in the toothed 
gearing lead to the lower power losses. The diagram 
(figure 7) represents the values of friction coefficient for 
different types of materials out of which the worm and 
worm gear are manufactured for the conditions of 
hydrodynamic lubrications. Curve B represents the 
values of friction coefficient for worm gear made of 
phosphor bronze and for the worm made of case 
hardening steel, while curve A represents the values of 
friction coefficients for worm pair made of cast iron [5]. 

 
Figure 7: Coefficient of friction for different types of worm 

and worm gear materials [5] 
The value of coefficients of friction differs for almost 
20% which mainly depends on the type of worm gear 
pair material, quality of fine machining and lubrication.  
The surfaces of the worm and worm gear, in general, 
should have less roughness to reduce coefficient of 
friction and thus the power loss in gearing. The results 
of experimental research [14] show that the degree of 
power losses is less for lower values of arithmetic mean 
profile deviation from the mean line of the profile aR . 
Dependence of power losses from the roughness of 
machined surface, expressed by parameter of arithmetic 
mean deviation of the profile aR , is presented in Figure8. 
Conditions of lubrications, type and viscosity of oil have 
a significant influence on power losses. Studies have 
shown that the use of higher viscosity oils (polyglycol 
ISO VG 460) increases the efficiency by 1 to 2% 

compared to lower viscosity oil (polyglycol ISO VG 220) 
and by 3% compared to mineral oil [7]. Higher viscosity 
oils lead to higher losses in no-load, and generally lead 
to lower power losses of gearings due to better forming 
of oil film between the contact surfaces of gear teeth. In 
general, synthetic oils (polyglycol, polyalphaolefin, ester 
oils) lead to a reduction of coefficient of friction between 
the gear teeth compared to mineral oils, which leads to 
the lower power losses in gearing  thus  increasing the 
efficiency [8,9]. 

 
Figure 8: Influence of the arithmetic mean deviation of the 

profile aR on the degree of power losses 1V PP for gear box 
[14] 

By using synthetic high viscosity oil (ISO VG 460) for 
lubrication of large size warm gearing, for good 
lubrication conditions), the measured total efficiency 
was 96=η %, especially at higher rotational speed and 
output torques [7]. 
The influence of working conditions on worm gearings 
efficiency is shown in Figure 9. The results were 
collected during the testing of steel/bronze worm gear 
pairs with center distance a = 65, 100, 160 and 315 mm 
on FZG device. For all tests the synthetic oils polyglycol 
with gradations ISO VG 220 and ISO VG 460 were used.  
Experiments have shown that the change in working 
conditions can significantly influence the efficiency. 
During the testing the values of efficiency were 
measured depending on the values of input rotation 
speed 1n and output torque 2T , where was established 
that they move in the interval 9584 ÷=η % [7,23,24]. 

 
Figure 9: Results of tests of overall efficiency [7, 24, 25] 
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Based on the experimental research it can be concluded 
that by increasing the value of input rotational speed and 
at higher values of output torques the level of power 
losses 1V PP decreases by which the higher efficiency 
values are obtained.  
CONCLUSIONS 
Power losses in gear box vary from 0.5% to over 80% , 
so that more attention is paid to ways for their 
reductions in order to influence the increase of the  
gearing efficiency.  
The losses are under great influence of the number of 
parameters, and one of the most important is the type of 
material out of which the worm and worm gear are made 
of. The best tribological properties has a combination of 
materials of worm gearing made of tin bronze and worm 
made of hardened and grounded steel. The influence of 
gear geometry is also a very important parameter. 
Namely, by reducing the ratio of mean diameter and 
center distance to a certain extent, lower transmission 
ratios as well as the increase of lead angle of the warm 
can have a significant influence to the increase of worm 
pair efficiency.  
The type and viscosity of the lubricating oils have a 
significant influence on efficiency. Numerous 
experimental research have shown that, basically, 
higher viscosity synthetic oils lead to lower power losses 
(in some cases up to 35%), and thus to higher 
efficiencies compared to mineral oils. On the other hand, 
synthetic oils are more expensive than mineral, but 
during the short time period become cost effective 
because of numerous advantages comparing to mineral 
oils.  
Different working conditions of worm gearing lead to 
different efficiency values. Higher efficiency values were 
measured at hither input rotational speeds and output 
torques. With the increase of circumferential velocity 
the oil film between the meshed flanks of the warm and 
warm gear crates more easily thus increasing the 
efficiency level.  
As the absolute efficiency (100%) cannot exist even in 
the theoretical considerations and regarding the 
increasing value and importance of the energy, the task 
of the constructors/designers is to minimize power 
losses in the transmission to the extent possible by 
applying different design solutions and by varying of the 
parameters that define the work gear pairs. 
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Abstract: The authors of this contribution focus on analysis of C2C communication in Cooperative - Intelligent Transportation 
Systems (C-ITS). In paper is proposed PKI (Public Key Infrastructure) secure architecture on the base of ECDSA (Elliptic Curve 
Digital Signature Algorithm) for several EC types. The experimental part is focused on worst case scenario of C2C 
communications for four-lane intersection, which model was realized via OPNET MODELER with OpenSSL libraries. From 
obtained results the influence of used elliptic curve and size of message to performance of the VANET network was analyzed. 
Keywords: VANET; cooperative-intelligent transportation system; C2C; authentication protocols, traffic scenario, modelling 
 
 
 
INTRODUCTION 
The key aspect of cooperative intelligent transport 
systems (C-ITS) implementation to the real operation is 
the communication safety therefor it attracts the 
attention of research teams for long-time [1], [2]. C-ITS 
systems mostly use the wireless short-range 
communication through open transmission channel (so-
called VANET network). This communication is 
introduced in order to improve the road safety by 
increasing the situation awareness of drivers. Vehicles 
communicate among themselves and with static units 
placed alongside infrastructure by critical and non-
critical messages. These messages may contain data on 
vehicle location, its direction, speed, acceleration and 
other information such as special events that can occur 
during real traffic. 
Development of C-ITS applications, which are using data 
obtained from vehicles and nodes placed alongside car to 
car, car to infrastructure respectively car to X 
communication (C2C, C2I or C2X), is supported by states 
around the world with links to car industry. Nowadays, 
there are within the EU an increasing number of projects 
dealing with C-ITS applications [3]. 
The most important applications for C-ITS are 
addressing the safety which uses VANET communication 
among surrounding entities (vehicles, road 

infrastructure) in order to reduce the number of 
accidents and also applications for the drivers and 
pedestrians protection against various dangers. 
Messages transmitted between vehicles can be repeated 
periodically (awareness messages) - so-called CAM 
(Cooperative Awareness Messages) or the messages are 
generated only when triggered by particular event 
(event driven messages) - so-called DENM 
(Decentralized Environmental Notification Messages). 
Nowadays, based on outputs from various research 
projects in the EU and USA [4], [5], [6] are the C-ITS 
applications addressing safety divided in many 
categories respectively classes.  
All these applications are designed to trigger alert before 
an accident (crash type).  
The immediate reaction performed by the driver after 
receipt of unauthorized or altered (in any way) message 
can have negative impact on formation of traffic 
collisions. Therefore it is necessary to transmit messages 
of these applications secured by modern, 
computationally secure cryptographic algorithms. 
Providers of service (confidentiality, integrity and 
authorization) must guarantee the credibility of received 
messages and fulfillment of the application requirements 
(throughput respectively total network delay) even in 
the most unfavorable conditions (traffic-jam).  
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These services are in most cases realized by the 
cryptographic techniques and mostly with the link to 
asymmetric systems and Public Key Infrastructure (PKI) 
in connection with Certificate Authority (CA).  
In the Figure 1 is shown the overview of digital signature 
cryptographic operations (only generation and 
verification part) respectively encryption in network or 
transport layer of communication protocol. 
 

 
Figure 1. Safety ensured by the use of cryptographic 

mechanisms in the communication protocol 
 

Aim of this article is to examine cryptographic safety 
solutions of Elliptic Curve Digital Signature Algorithm 
(ECDSA) digital signature scheme (for various algebraic 
structures a various types of Elliptic Curve (EC)) by 
modelling in the software tool OPNET Modeler in 
combination with open source cryptographic libraries 
and by the use of mathematical calculations.  
These solutions can be used in C-ITS. Secondary aim is to 
compare how these solutions meet the requirements on 
the secure communication in VANET network (for 
critical scenarios – e.g. traffic jam at the intersection) 
depending on actual risks and potential safety incidents 
during the communication among mobile nodes. 
RECOMMENDED CONCEPT OF PKI ARCHITECTURE 
AND ECDSA DIGITAL SIGNATURE SCHEMES 
There exist several proposals of safety architectures for 
C2C, C2I communication through VANET networks [7], 
[8]. There are some deviations in countries of EU 
(represented mostly by C2C organization) and in 
countries of USA (represented for example by National 
Highway Traffic Safety Administration (NHTSA) [9], [10]. 
The common element is the conception based on PKI 
architecture with asymmetric cryptographic system in 
connection with certificate authorities. In the Figure 2 is 
shown the proposal of PKI architecture [7]. 

 
Figure 2. Recommended concept of PKI architecture 

In the Figure 2 is shown general concept of PKI 
architecture. This concept can differ from actual 
implementation especially on the beginning when the 
number of vehicles equipped with on-borad unit (OBU) 
will be small (some levels of certificate authorities can be 
merged together). Proposed concept includes following 
parts: 
 Security Credentials Management System (SCMS) – 

the highest control system which manages all 
iterations among components based on the machine 
to machine principle. These processes are performed 
automatically.  

 Root Certificate Authority (RCA) – the highest 
authority on which is built the confidentiality of the 
PKI system. RCA signs certificates for itself therefor 
these certificates do not contain ID of signatory. 
Private key created by RCA is used to sign the 
certificates of other CAs or certificates of other parts 
of PKI. It is likely that RCA will work offline because 
compromising this authority can affect the safety of 
whole system. 

 Intermediate Certificate Authority (ICA) – extension 
of RCA. Communication with ICA is protected against 
direct access to the internet (for example by Virtual 
Private Network (VPN) tunnel). Intermediate CAs can 
certify other subject and provide the system flexibility 
because they remove the need to establish connection 
between highly protected RCA and all other subjects. 

 Misbehavior Authority (MA) – processes erroneous 
messages and develops/publish the list of cancelled 
certificates Certificate Revocation List (CRL).  

 Pseudonym Certificate Authority (PCA) – issues short-
term certificates to ensure the user privacy. 
Pseudonyms lifetime is variable but it is in minutes. 
Variability ensures worse predictability and more 
difficult vehicle tracking. 

 Registration Authority (RA) – receives requests for 
pseudonyms allocation from OBUs and sends those 
requests to PCA. To ensure the privacy the RA mixes 
the requests from various OBUs to prevent creation of 
links between the user ID and certificates. RA also 
creates and manages blacklist of certificates. 
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 Enrolment Certificate Authority (ECA) – performs the 
initial enrolment. It connects OBU and SCMS by 
providing OBU with long-term key. Enrolment can be 
performed during vehicle production. 

In order to ensure the message transmission credibility 
in C-ITS applications addressing safety there are 
recommended signature schemes which have simple key 
distribution among mobile nodes and fast message 
verification process either on demand or on a periodic 
basis (including the certificate generation by CAs). 
Another requirement is short cryptographic header 
which is in C2C communication added to transmitted 
messages (important role has the length of generated 
digital signature attached to the messages from various 
CAs – see Figure 2). PKI objects shown in Figure 2 are 
creating following cryptographic outputs.  
One of the main delays reason in the C2C communication 
(C2I) is the cryptographic header and therefore it is very 
important to select effective digital signature schemes in 
order to guarantee signatures verification from multiple 
sources in one vehicle (broadcast message type). The 
processing time of cryptographic safety header and 
cryptographic tailer THT(M), which are attached to the 
message M (see Figure2), consists of the time needed to 
generate the signature, time needed to sign the message 
(including the attachment of timestamp Tsign(M), time 
needed to transfer signed message including addition of 
certification data from appropriate CA Ttx(SignPrKv[M]) 
and time needed to verify one message Tverify (M) 
(respectively more messages). This processing time is 
defined as follows: 
 

THT(M) = Tsign(M) + Ttx(SignPrKv[M]) 

+Tverify(M)                                                            (1) 
 

From this point of view are group digital signature 
schemes an important part of the PKI architecture 
because it is possible to verify within the C2C 
respectively C2I communication the signatures of several 
unique private keys within the particular group of nodes 
SK1, SK2,..., SKn by just one private key (of the group) PKG. 
Digital Signature Algorithm (DSA) signature scheme with 
modified El Gamal algorithm or ECDSA signature scheme 
with Elliptic Curve Cryptosystem (ECC) algorithm can be 
included in the group digital signature schemes. Short 
key lengths (compared to RSA (Rivest Shamir Adleman) 
or DSA schemes) and related small computational 
complexity makes ECDSA cryptographic schemes ideal 
for the use in devices with limited computational 
capacity and limited memory, where are included also C-
ITS applications. 
 Safety elements of ECDSA scheme 
There exist several recommended standards of ECDSA 
schemes in the field of automotive industry [11], [12] but 
there is still an ongoing development in the process of 
finding new modification of ECDSA in various groups 
GF(2m) respectively GF(p). It is a preferred trend in 

cryptography with better results (in many parameters) 
than commonly used asymmetric schemes (e.g. RSA).  
The main advantage of elliptic cryptosystems is the 
speed and small hardware and software demand which 
is very useful in ad-hoc vehicles networks. Development 
is currently focused on the implementation of ECDSA 
algorithm and mostly deal with implementation of 
ECDSA algorithm of chosen EC on the parallel solving of 
discrete logarithm problem in additive group because 
the discrete logarithm is the fundamental safety part of 
ECC algorithms.  
Solution of this problem depends on the effective 
implementation of arithmetic in the group of EC points. 
For the development and effective implementation of 
curve arithmetic is needed mainly knowledge from the 
finite fields theory. There exist more algorithms which 
solve the Elliptic Curve Discrete Logarithm Problem 
(ECDLP) problem (with various efficiency). 
The most used is the Pollard’s rho method [13] with 
complexity (π. n/2)1/2 steps. If n=256 bits it makes 
approximately 2128 steps what is approximately the 
safety level of symmetric block cipher AES-128 
(Advanced Encryption Standard) which is currently 
unsolvable problem. If the discrete logarithm problem 
(DLP) task is performed in parallel on N processors we 

get complexity (πn/2)
1
2

N
 , what is for large r still difficult 

task. To better understand the DLP problem we describe 
the process of key generation, message signing and 
message verification. All this operations are performed in 
OBU in special co-processor which performs 
cryptographic operations and key management 
independently from other tasks. Built-in computers in 
vehicles have processors with limited processing 
performance and memory. For example OBU from 
company Savari [17] uses 500MHz processor, 256MB 
main memory and 512MB data storage. 
Public and private keys of the vehicle are certified by 
relevant CA. Private keys are stored in HSM (Hardware 
Security Module) safety module of the vehicle which also 
provides secure time base for the digital signature 
timestamps. HSM module manages all cryptographic 
operations with private keys. In case of threats this 
module should be erased. HSM is not a part of OBU. It is 
using the Short Term Identity (STI) in order to ensure the 
user anonymity. STI is an anonymous key pair derived 
from ELP (Electronic License Plate) parameters with 
shorter lifetime. Short-term vehicle identification is 
carried out by pseudonyms.  
To obtain a pseudonym the car Ci generates the set of key 
pairs {SK1v, PK1v},..., {SKnv, PKnv} and sends the public keys 
to corresponding CA through a secure communication 
channel. Vehicle uses its long-term identification for 
authentication within the CA. CA then signs all public 
keys PKnv and generates a set of pseudonyms for 
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mentioned vehicle. Each pseudonym contains CA 
identifier, information on the pseudonym lifetime, public 
key and the CA signature. It does not contain any 
information about the vehicle identity.  
The frequency of pseudonyms change is irregular and 
depends on the vehicle protection degree, on input 
parameters (position, speed) and on the system settings. 
To obtain next pseudonyms are used so-called sets of 
pseudonyms. These pseudonyms are periodically 
supplemented by CA. After the node moves from the set 
of pseudonyms 1 to the set of pseudonyms 2 it can no 
longer use any pseudonym from the set 1. 
The process of message signing (message is generated by 
vehicle Ci) is be mathematically expressed as: 
 

Ci →∗: M, HT, SignSKVi[(M, HT)|T], CertPKVi (2) 
 

Where: M represents safety-related message, HT 
represents the cryptographic header and tailer of the 
message, SKVi is the secret (private) key of vehicle Ci, 
PKVi is public key of vehicle Vi, T is timestamp, Cert is 
certificate valid for the vehicle Ci (signed by anonymous 
public key PKVi) and * represents number of receivers (in 
case the message was sent to more vehicles). 
Current certificate of Vi vehicle signed in point of time j 
by anonymous public key of vehicle Ci (PKi) contains: 
 

CertCi�PKj� = PKj│SignSK−CA�PKVj�IDCA�, (3) 
 

where: SignSK−CA represents corresponding CA 
certificate signature based on its private key SK − CA and 
IDCA represents unique identification number of 
particular CA.. 
 Implementation of the signature based on EC in 

C-ITS 
It must be noted that ECDSA scheme of digital signature 
is just a curvilinear domain of DSA signature scheme 
therefore their signature generation and signature 
verification phases are nearly identical.  
For C-ITS are recommended the elliptic curves E over the 
group GF(p), where p is a large prime number [14].  
Elliptic curves over these algebraic structure are defined 
by the set of pointsP�xp, yp�, where xp, yp are coordinates 
of GF(p)and by distinguished point O (at infinity). Elliptic 
curve Ep(a, b) constructed over GF(p) must satisfy the 
equation: 
 

y2 ≡ x3 + ax + b (modp),                       (4) 
 

where a, b are coefficients (constants) of elliptic curve 
Ep(a, b), p is prime number and x, y are coordinates. 
Calculation of individual operations of ECDSA algorithm 
is performed on the set of parameters known as system 
parameters. These system parameters are: type of 
elliptic curve Ep(a, b), point on elliptic curve which is 
order of prime number n for which is valid n. P = O. 

Note: various point on the curve, which is satisfying the 
equation (4), have different order (it is so-called infinite 
loop operation when by multiplying the point is the 
infinity achieved for the first time in the GF(p). For 
practical application is currently preferred p =
224 or256 bits [14] where is the order of EC high what is 
used for DLP problem. 
In the next step is in the particular HSM module of the 
vehicle Ci selected random number d from the interval 
(1, n − 1) and on the elliptic curve Ep(a, b) is calculated 
new point Q: 
 

Q = d. P,                                     (5) 
where d is private key of the vehicle Ci. Points P and Q 
can be disclosed.  
Then the private and public keys of particular vehicle Ci 
using the ECDSA scheme with Ep(a, b) are: 
 

PKCi = �Ep(a,b), n, P, Q�   SKCi = {d}.         (6) 
 

After key pair PKCi and SKCi generation is in the HSM 
module of the Ci vehicle realized the calculation of digital 
signature and signed message using generated random 
number k (since it is a stochastic scheme of digital 
signature). For each message M is generated new 
random number. ECDSA digital signature consists of the 
calculation of two parameters r and s as mathematically 
expressed in equations (7) and (8). 
 

k. P = (x1, y1); r = x1mod n,                      (7) 
 

s = k−1(H(M) + d ∗ r)mod n.                     (8) 
 

Note: H(M) is the hash code of selected computationally 
secure hash function (e.g. SHA-256). 
In the Ci vehicle (respectively in all vehicles in the range) 
is performed verification of the signature attached to 
message M’ which was created using the ECDSA scheme. 
It means there are verified received cryptographic 
signatures r’ and s’ attached to the message. This is 
realized by calculation of auxiliary variables w, u1, u2 and 
v as it is mathematically expressed in equations (9) to 
(11).  
 
 

w = (s´)−1mod n and H(M´),                   (9) 
 

u1 = (H(M´). w)mod n; u2 = r´. w mod n,         (10) 
 

u1. P + u2. Q = (x0, y0); v = x0mod n.           (11) 
 
If v=r´ the message verification was performed and the 
message is considered as credible. 
PRACTICAL PART 
In the practical part we compared the amount of verified 
messages received within the period of 1s for different 
types of elliptic curves in ECDSA cryptographic scheme. 
Experiment was conducted using the OPEN SSL library 
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on two different computes. One computer equipped with 
processor Pentium Dual-Core E5500 2,8GHz, second 
computer equipped with processor i5-2500 3,3GHz. 
Let’s assume the worst case scenario (traffic-jam) on a 
four-lane intersection as shown in Figure 3. Furthermore 
let’s assume that all vehicles shown in Figure 3 are 
equipped with C-ITS applications and contain 
communication module for C2C communication with 
ECDSA digital signature scheme messages authorization. 
We analysed the amount of verified CAM messages 
within the defined time period (1s) from the point of 
view of the vehicle 𝑉𝑉𝑖𝑖.  
The vehicle is receiving all messages in the range. For the 
300m range (what is the usual range according to IEEE 
802.11p [14]) it represents for the defined scenario 
reception and verification of messages from up to 800 
vehicles. We assume that the CAM messages are 
generated every 300ms (according to ETSI TS 102 637-2 
[15]). It means that the vehicle 𝑉𝑉𝑖𝑖 must verify each second 
2400 messages. 
 

 
Figure 3. Analyzed scenario of intersection 

 

In order to evaluate the secure transmission 
effectiveness as well as to evaluate the real possibilities 
of verification of the amount of safety-critical messages 
we follow the recommendations in standard IEEE 1609.2 
for the elliptic curve type selection for the ECDSA scheme 
which recommends the use of NID_secp224r1 (where the 
value 224 bits represents the size of selected prime 
number in ECDSA scheme). According to realized 
experiments the message length do not affect the 
signature verification time. Verifications were performed 
for messages with lengths 100B, 300B and 1024B and the 
verification time was identical. 
Results of realized experiment with the use of OPEN SSL 
(Secure Sockets Layer) cryptographic library and 
processor Pentium Dual-Core E5500 2,8GHz has shown 

the verification time of 2400 messages for selected 
elliptic curve 2.66s. It means that the vehicle can verify 
during one second only 902 messages what represents 
only 37,5% of all received messages.  
Results indicate overloaded communication what could 
adversely affect the reaction of the driver which is 
needed in real time (within 100ms). If we use the same 
scenario with ECDSA scheme and NID_secp160r2 curve 
(with shorter key) the vehicle 𝑉𝑉𝑖𝑖 would manage to verify 
60% or received messages.  
With the reduction of the EC key length is the percentage 
of verified messages increasing (for example for the 
NID_secp128r2 it would be 83%) but the transmission 
safety is decreasing. During the selection of appropriate 
key length of ECDSA scheme is necessary to follow the 
recommendations for computational safety in the 
process of solving discrete logarithm as mentioned in the 
theoretical part of this article (the recommended curve 
length is greater than 160B).  
We also conducted experiment in order to examine the 
ability of the vehicle 𝑉𝑉𝑖𝑖 to verify messages for a selected 
period of time and we determined the amount of verified 
messages during 1s for different types of elliptic curves 
(Figure 4). Experiment was conducted for the same 
length of useful message (payload) 300B. 

 

 
Figure 4. Comparison of the amount of verified 

messages for different EC curves (processor  
Pentium Dual-Core E5500 2,8GHz) 

 

The results of experiment realized for the worst case of 
“crowded intersection” indicate that the network 
throughput must be addressed by additional measures. 
One solution could be dynamic implementation of 
different EC based on monitored load for example by the 
use the received messages counter in the vehicle. After 
the critical amount of received messages is reached the 
safety can be switched to weaker. 
In order to maintain suitable level of safety there are 
needed OBU units with higher performance. We 
performed the same experiments with the same curves 
on better computer equipped with processor i5-2500 
3,3GHz and the performance increased by 50%. The 
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amount of verified messages increased from 902 to 1307 
(for the curve NID_secp224r1). 
Performance of currently manufactured OBUs [16, 17] is 
not sufficient. The solution could be the use of 
supercomputer for intelligent vehicles Drive PX2 which 
was presented by company Nvidia on the CES 2016. 
Computing performance of this supercomputer is 24 
TOPS (300x more powerful than computer used for our 
experiments). With this computer could be used for the 
same scenario EC with longer key, e.g. NID_secp521r1.  
We realized the C2C communication model (Figure 5) for 
the same scenario of four-lane intersection in the SW tool 
OPNET Modeler [19] and investigated additional 
parameters such as network delay and network 
throughput for 800 vehicles. 
 

 
Figure 5. Model of vehicles communication  

without authentication 
 

The node consists of four processors. The first one is the 
“source” which simulates the data transferred from 
higher layers. It is a simple source which generates 
packets with certain length and frequency and records 
statistics such as the length of generated packet and 
generation time which are used at the end of the 
simulation to calculate the total network delay, 
throughput and other parameters. Source will generate 
packets with length of 300 bytes and sends them with 
frequency 1 to 10 messages per second.  
Generated data are sent to next processor 
“wlan_mac_intf”. This serves as interface between higher 
layers and MAC (Medium Access Control) layer. Its task 
is to send packets from the source to the 
“wireless_lan_mac” processor and to send packets 
received from this processor to “sink” processor which 
throws away packets from other nodes and makes 
statistics in order to allow calculation of network 

properties. It also inserts the addresses (in our case 
broadcast) in order to simulate the CAM messages 
exchange.  
The “wireless_lan_mac” processor is used to simulate the 
MAC layer. It produces the frames and sends them to 
transmitting module “wlan_port_tx0” respectively to 
compose the message received from “wlan_port_rx0” 
module. There is implemented access method CSMA/CA 
(Carrier Sense Multiple Access with Collision Avoidance). 
The node model also contains modules for data 
transmission respectively data receipt “wlan_port_tx0” 
and “wlan_port_rx0” which simulate the channel settings 
for transmission and receipt and contain methods to 
calculate the number of erroneous bits, the noise impact 
and so on.  
The receiving module also informs the processor 
“wireless_lan_mac” on the state of the media which is 
necessary for implementation of the access method. The 
last module is antenna. In our case we used isotropic 
antenna. Results of delay and throughput in VANET 
network are shown in Figure 6. 
 

 
Figure 6. Delay in VANET network (model  

“four-lane intersection“) 
 

The results of the simulation indicate the average 
transmission delay of 300B long messages on the value 
of 0,5 ms while the load is 2,5Mbs. This delay does not 
include the time needed for signing and verification. The 
total delay of one message transmission when used 
recommended elliptic curve NID_secp224r1 can be 
calculated according to the equation (1), where: 

Tsign(M) = 0,969 ms,  
Ttx(SignPrKv[M]) = 0,5 ms,  

Tverify(M) = 1,109 ms 

Than: THT(M) = 2,758 ms 

We calculated the average delay of one message from its 
creation up to the receipt on the value of 2,758ms what 
is in line with requirement for a maximum delay in 
safety-critical applications which is 100ms. 
We also examined the impact of message length on total 
message delay (in the same scenario). Results are 
presented in Figure 7.  
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In case of RSA signature scheme, which has greater key 
length, is the average delay of message transmission 
between nodes increased to 450ms. Such delay would 
have a great impact on the overall safety. 

 
Figure 7. The impact of message size to the delay in 

transmission 
 

CONCLUSIONS 
Authors in the contribution present how type of elliptic 
curve and length of message influence performance of 
the network. In detail they are concentred of describing 
of PKI and ECDSA algorithm.  
The accrued situation leads to generation and sending an 
authorised warning message to the surrounding vehicles 
signed by a digital signature within vehicular networks. 
We analysed four lane overloaded intersection, where 
we found that it is necessary to making demands on OBU 
performance. 
In practical part, the authors analysed how performance 
of OBU influence number of verified messages and how 
the length of message influence the performance of 
network. We compared two different common computer, 
where was 50% different in performance.  
Also with increasing of message length is delay in 
network increasing from 0,5ms (300B message) to 
450ms in (2kb message). Such a delay would have a 
major impact on the overall safety. 
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SOME SAFETY AND SECURITY ISSUES OF UAVS 
 
1. Óbuda University, Doctoral School, Budapest, HUNGARY 
 
Abstract: UAV or drone technology has become easily available, and the drone has grown into an affordable and effective device 
for some commercial and business sectors. These sectors quickly realised that drones are cost- and time-effective therefore they 
quickly adopted them. Unfortunately, drones are favoured by criminals too. In the following, the article discusses the 
construction and operation of UAVs in connection with safety and security requirements. The article focuses on the main 
processes only without providing any details of previous documents or information on processes of obtaining such document. 
Keywords: UAV, drone, RC, safety and security, terrorism, explosive devices 
 
 
 
SAFETY AND SECURITY REGULATIONS OF UAVs  
The supreme law of Hungary is the Fundamental Law, 
the highest level of legal regulation in Hungary. It 
contains and comprises the most important regulation 
related to the structure and functioning of the State. It 
determines social, political, and economic segments, and 
also it contains rights and obligations of people. It sets 
forth in Articles XVII and XX that: [1] 
1. Every employee shall have the right to working 

conditions which respect his or her health, safety and 
dignity.[1] 

2. Everyone shall have the right to physical and mental 
health. [1] 

3. Hungary shall promote the effective application of 
the right referred to in Paragraph (1) by an 
agriculture free of genetically modified organisms, by 
ensuring access to healthy food and drinking water, 
by organising safety at work and healthcare 
provision, by supporting sports and regular physical 
exercise, as well as by ensuring the protection of the 
environment. [1]  

Act XCIII of 1993 on Occupational Safety and Health 
(OSH) makes provisions on the necessary factors of safe 
and healthy working. It precisely determines the roles of 
the State, and those of employers and employees – “the 
three roles” – including their rights and obligations. 
However, it does not provide a factual solution, although 
it contains the main objectives, established by the 
Fundamental Law.  

The Act orders that employers need to ensure safe and 
healthy working conditions. An employer needs to make 
a risk analysis and own working regulation. The 
employee sector needs to follow the working regulations 
of the employer, and the International Labour Office 
surveys both employees and employers how they fulfil 
the requirements.  
In Hungary the National Transport Authority (NTA), as 
the central institution of transportation, manages 
independently [2]: road transport; civil, state aviation; 
road; railways; shipping and others.  
The main objective of the Authority is to maintain a high 
level of transport safety in accordance with the goals set 
forth by the European Union in this field.  
The Aviation Authority (part of the NTA) provides civil 
and military aviation management tasks. Presently it 
does not have an operative regulation for drones yet, 
although the Authority made a regulation plan whose 
estimated time of entering force is June 2017.  
SAFETY REQUIREMENTS  
The state, employee, and employer have their own tasks 
to realize safe and health working conditions set forth by 
the OSH. 
Conventional risk analysis 
First of all, before launching a working process the 
employer has to create safety documents and do training 
for employees. The types of safety documents depend on 
the activities of the employer. The OSH requires a risk 
analysis document as well.  
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It is a fundamental safety document that every employer 
needs to create. Risk analysis is useful in many situations 
[3]:  
- It anticipates and “neutralizes” potential problems;  
- It helps to prepare for events, such as equipment or 

technology failure, staff- environment accident, a 
broad range of crimes, natural disaster;  

- It assists when need to make a decision whether or 
not to do something. This allows the management to 
be able to make better strategic decisions;  

- It provides good possibility and background 
assistances to staff training;  

- It increases teamwork by increasing openness, 
honesty and understanding within the project team;  

- It helps to manage cost commitments and profit 
forecasts which will be accurately stated for each 
level of risk.  

Risk analysis is divided in two parts [3]:  
 Risk assessment  

This part of the document identifies, evaluates, and 
measures the probability and severity of risks. The aim 
of risk description is to display the identified risks in a 
structured format. The widespread schema is the table 
form where the use of a well-designed structure is 
necessary to ensure a widespread risk identification, 
description and assessment process. The consequence 
and probability of each of the risks set out in the table 
should allow the prioritization of the key risks that need 
to be analysed in more details. Risk estimation can be 
quantitative, semi-quantitative or qualitative.  
Using risk assessment techniques to obtain (more) 
realistic estimates will result in a more attainable plan. 
It fully discloses the sensitivity of the work, process or 
project to its participants in order to ensure that all 
threats are fully understood. Although, at times new 
risks appear, for that reason risk assessment techniques 
must be reconsidered. 
 Risk management [4], [5] 

Standards have been developed by several 
organizations, such as the International Organization for 
Standardization (ISO), Institute of Risk Management 
(IRM), the Association of Insurance and Risk 
Management (AIRMIC), and the Public Risk Management 
Association (PRIMA). This part of document helps to 
decide what to do about risks. It summarizes the 
possible and chosen solutions in a short form 
considering cost-effective approaches.  
Suggested methods of the OHS are: [6] 
- Elimination and substitution  
One of the best solutions is to remove a hazard from the 
workplace, or substitute (replace) hazardous materials 
or machines with less hazardous ones. Removing the 
hazard from the workplace results in the elimination of 
a threat. Using the same chemical but in different form is 

the other type of substitution. It is important that one 
hazard should not be traded for another one.  
Example: Dry, dusty powder may be a significant 
inhalation hazard, but if this material is available and 
usable as pellets or crystal, there may be less exposure.  
- Engineering Controls  
It includes designs or modifications to plants, safety 
equipment, or system (such as ventilation systems, 
motion detector, etc.) processes that reduce the source 
of exposure. A preventer system of human and 
technology errors is also included.  
Examples:  
» Process control. Changing the way a process, or a job 

activity is done in order to reduce the risk. (Using 
automation results in a lower level of human risk.)  

» Enclosure and Isolation. These methods aim to 
physically separate a hazard from humans or 
environment. (Manipulate hazardous material in 
glove box, a.k.a. sealed container.)  

» Ventilation. This method controls air rate, is able to 
add and remove air in the work environment. 
(Smoke-exhauster removes smokes from work 
environment.)  

- Administrative Controls [7] [8]  
These are controls that define the way the work is done. 
Administrative controls include timing of work, 
employer rules and law, personal responsibilities, work 
practices, such as standards, operating procedures 
(including training, education, management, equipment 
maintenance, and personal hygiene practices) 
emergency preparedness and previous experience.  
» Working time, scheduling  
Job-rotation limits the amount of time a worker is 
exposed to a substance. Work/rest schedules limit the 
length of time a worker is exposed to a hazard. When few 
workers are employed in a working environment it is 
suggested to schedule the maintenance and high 
exposure operation.  
» Work practices, experience  
It is based on previous human and technical errors of 
working and on lessons learned from “How do not do 
that/ How do that” experience.  
» Education and training  
Several processes and equipment require specific 
qualification. Education and training help to minimize 
risks and they give a possibility to ensure that workers 
understand hazards, risks and they are able to do 
cooperative and safe work.  
» Housekeeping  
The housekeeping training helps understand the risks 
stemming from disorder set in a workplace. Measures 
taken decrease risks of being hit by falling down objects, 
of slipping on greasy surfaces, of cutting or puncturing 
the skin and body. 
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» Personal hygiene  
Personal hygiene training helps to reduce the amount of 
a hazardous material absorbed, ingested or inhaled. 
(Separate hand washing, working, eating - drinking, and 
smoking, etc. areas,)  
» Emergency preparedness  
It ensures that the employees know what to do when 
something unplanned and unexpected happens (fire, 
electrical malfunction, UAV crash, etc.). The employees 
have to be provided with emergency plan, necessary 
equipment and supplies, contacts with relevant 
authorities, and practice emergency procedures 
correctly.  
- Personal Protective Equipment (PPE) [9]  
Equipment worn by persons to reduce exposure such as 
inhalation (breathing in), skin (or eye) contact with, or 
swallowing (ingestion) of chemicals or exposure to 
noise. The PPE includes items such as protective 
clothing, gloves, face shields, eye protection, footwear, 
respirators which serve to provide a barrier between the 
wearer and dangerous material, chemical or others 
occurrences as radiation, emission.  
It is important that the PPE should never be the only a 
method of eliminating or reducing exposure because it 
may fail. Failure can happen when an employee does not 
wear the PPE, or it is damaged, does not fit the worker, 
or does not fulfil the requirements of the necessary 
protection class. 

 
Figure 1: Process of risk analysis1 

                                                           
1 Author edited, 
https://law.resource.org/pub/in/bis/S07/is.iso.31000.2009.pdf; 
Downloaded: 10th 02 2017.; p. iii 

These tasks conceive methods known as hierarchy of 
control. The first and the best is to try to eliminate the 
hazards and the last is the use of PPE.  
ISO 31000 RISK MANAGEMENT  
The ISO 31000 Risk Management discusses another 
aspect of risk analysis. It puts emphasis on the risk 
analyses of organization structure and processes. 
Therefore the standard offers and extricates solutions 
from OHS. [10]  
- Risk avoiding. It means not getting involved in a 

business, passing on a project, or skipping a process 
or a high risk activity. This is the most expedient way 
to keep off disruptive and costly events.  

- Risk sharing. Risk can be optimized if processes and 
tasks are shared with a third party (other people, 
teams, organizations, etc.).  

- Risk control, includes detection recon and preventive 
action.  
» Risk detection means that threats, dangerous 

processes and actions, critical events are 
revealed before something could go wrong. 

» Preventative action as EHS training; special, 
coordination, process training aim to prevent 
high risk situation from happening.  

Each action must be checked before and after an event 
or situation.  
- Risk accepting,  
It is one kind of response to risk when the cost of 
avoiding the risk is much higher than the cost of 
accepting it. This is the last solution to use only if 
avoiding, sharing, or controlling are not possible choices. 
Such an approach may help improve the identification of 
threats and opportunities and effectively allocate and 
use resources. Using ISO 31000 facilitates that an 
organization is able to achieve its objectives more 
efficiently. [11]  
ISO 31000 AND CONVENTIONAL RISK ANALYSIS 
The more details the framework and process have at 
their levels the easier it is to collaborate and coordinate 
for each team of that organization.  
If risk assessment and treatment (at process level) are 
sufficiently detailed (threats, likelihoods, risks) and 
other important information facilitating fast decision-
making is also available, it will result in:  
- decreased risk (likelihood, severity);  
- decreased penalty by authority (likelihood, value of 

penalty);  
- facilitating smooth and successful work process;  
- increased collaborating actions between the team of 

executors and management levels;  
- increased likelihood of finishing the project in time.  
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If the previous requirements are partly or not realized a 
lower efficiency of work process can occur. If final work 
is not completed in time the possible disadvantages are:  
- increased overall costs, 
- financial loss,  
- no new projects can be undertaken (if resources 

are limited).  
 

 
Figure 2: Relationship between the risk management 

principles, framework and process2 
 

The more details the framework and process have at 
their levels the easier it is to collaborate and coordinate 
for each team of that organization. If risk assessment and 
treatment (at process level) are sufficiently detailed 
(threats, likelihoods, risks) and other important 
information facilitating fast decision-making is also 
available, it will result in:  
- decreased risk (likelihood, severity);  
- decreased penalty by authority (likelihood, value 

of penalty);  
- facilitating smooth and successful work process;  
- increased collaborating actions between the team 

of executors and management levels;  
- increased likelihood of finishing the project in 

time.  
If the previous requirements are partly or not realized a 
lower efficiency of work process can occur. If final work 
is not completed in time the possible disadvantages are:  

                                                           
2 Author edited, 
https://law.resource.org/pub/in/bis/S07/is.iso.31000.2009.pdf; 
Downloaded: 10th 02 2017.; p. iii 

- increased overall costs, 
- financial loss,  
- no new projects can be undertaken (if resources 

are limited).  
HARMONY BETWEEN COMPANY ACTIVITIES AND 
OCCUPATIONAL SAFETY AND HEALTH 
REQUIREMENTS  
The manufacturing of a UAV is the most complex if the 
UAV’s hardware and software elements are designed, 
produced and programmed by one company. In this case 
the company first needs to get an operating licence and 
evolve conditions of workplaces fitting the function.  
In the following chapter the construction and operation 
of UAVs will be discussed in connection with safety and 
security requirements. The article discusses only the 
main processes and does not provide any details of 
previous documents or on the processes of obtaining 
such documents.  
Therefore the activities are divided into two sections: 

1. Evolving workplaces;  
2. Producing UAVs.  

The figure below shows the main rooms of a factory, and 
the main process of evolving requirements at the 
management’s levels. 

 
Figure 3: The main process of safety requirements in a 

factory3 
The figure above shows the main rooms of a factory:  
– Administrative office:  
» sales management and administrative tasks;  
– Hygiene and lunch rooms:  
» lavatory;  
» lunch room;  
» dressing room;  
– Factory workspaces:  
» dirty workspaces (painting, assembly, soldering, 

etc.)  
» clean workspaces (programming, minor testing, 

etc.)  

3 It is not a complete overview.  
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In order to do the eligible development required by law, 
first a step-by-step risk analysis has to be carried out. 
The process must be systematic because the risks, 
aspects and settings continuously change.  
The next figure shows the tasks of a UAV factor. The UAV 
factor includes planning, constructing and testing 
processes of UAVs and of other equipment of UAV, such 
as sensors, cameras, telecommunication systems. 

 
Figure 4: The main process of UAV manufacturing  

and operation4  
All equipment (UAV, UAV controller, sensors, 
telecommunication systems, etc.) needs to go through a 
procedure as:  

1. (Re)Planning;  
2. Construction;  
3. Testing.  

If the equipment must be upgraded, or result of tests is 
not eligible, the process stars again with step one: re-
planning.  
Some testing and construction methods can be done 
both inside and outside the factory.  
Each factors, processes, and tasks need to be in harmony 
with the relevant legal regulations.  
UAV-RELATED RISKS  
The previous chapter of this article describes some OHS, 
NTA requirements, and risk analyses in connection with 
UAV’s safety. What about UAV-related risks?  
In the last three-four years, the usage of UAVs generated 
a huge and significant chaos worldwide. Everything 
started with package delivery, illegal observation of 
private sphere, and recordings. [12] 
The observation and making illegal recordings of 
private sphere or secured objects (army bases, 
embassies, etc.) are critical points of UAV use, because a 
lot more information can be gathered immediately by 
UAVs as with the use of other methods. If an 

                                                           
4 It is not a complete review.  
5 https://www.offiziere.ch/wp-content/uploads-
001/2016/10/Screenshot-2016-10-04-16.20.19-
e1479065908334.png; Downloaded: 28th 02 2017.  
6 Iraqi Counter Terrorism Service solider in Mosul examines an ISIS 
drone modified to carry a 40mm rifle grenade in the attached plastic 
tube. Grenade is dropped when the drone is over Iraqi forces. (Mitch 

unauthorised person gathers confidential information, 
this fact increases the risks of that particular facility. 
The law provides for data protection and operating 
UAVs very strictly, but legal prohibitions do not deter 
criminals from conducting unlawful activities.  
SkyJack is the name of the drone hacking program 
which is able seek out and hack other Parrot drones 
through their wireless network. A SkyJack pilot has the 
ability to control and view the camera sources of the 
affected drone. [13] 

 
Figure 5: Illegal observation and recording5 

 
Figure 6: A UAV that carried a 40mm rifle grenade6 

 
Figure 7: Homemade kamikaze UAV7 

 

Utterback); https://017qndpynh-flywheel.netdna-ssl.com/wp-
content/uploads/2017/02/Drone-Cup-holders-2-Mitch-
Utterback.jpg; Downloaded: 28th 02 2017.  
7 http://u0v052dm9wl3gxo0y3lx0u44wz.wpengine.netdna-
cdn.com/wp-content/uploads/2016/04/Armed-Drone-RPG-
ISIS.jpg; Download: 2017.02.28. 
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Unfortunately, these problems are not commensurate 
with risks of UAV usage by terrorists. Nowadays, on the 
radio, television and the internet more and more news 
report that terrorist use UAVs to ambush military forces 
and attack civilians. [14] 
Most of the modified drones carry some kind of 
weapons, such as a gun or explosive charges. The latter 
one is particularly dangerous. [15] 
The explosion and fragments are able to cause serious 
injuries or even death in a large radius if they hit or reach 
human body. Public places where large numbers of 
people gather at a time are primary targets.  
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Abstract: Agricultural wastes have significant potential in composite developments due to its high strength, environmentally 
friendly nature, low cost, availability and sustainability. An investigation was performed on the effect of chemical treatment on 
the reinforcement efficiency of white and yellow maize corncobs reinforced epoxy matrix composites. Epoxy resin composites 
reinforced with treated alkali solutions of NaOH and KOH as well as untreated yellow and white corncob particles were 
produced using the open moulding technique. The reinforcement was varied from 2-6 wt.% at intervals of 2 wt.% followed by 
mechanical and wear properties investigations. The results revealed that chemical treatment with alkali solutions enhanced the 
mechanical properties of the developed composites. It was observed that the flexural properties were enhanced in 2 wt. % W-
NaOH and Y-KOH while tensile properties were enhanced in 2 wt. % Y-KOH corncob reinforced epoxy composites, respectively. 
However, 6 wt.% U-White corncob reinforced epoxy composite showed the optimum wear resistance. 
Keywords: corncob; epoxy; agricultural waste; alkali treatment; mechanical properties; wear resistance 
 
 

 
INTRODUCTION 
Agricultural waste is the most abundant form of natural 
fibers [1] and applied in many spheres of modern 
industries. The utilization of such resources will not only 
provide sustainable and less expensive material but at 
the same time will contribute to waste disposal 
management as well as overcoming environmental 
problems [2]. 
Nowadays, natural fibers reinforced composites exhibit 
the superior mechanical properties than synthetic fiber 
reinforced polymer composites due to its inherent 
properties. Natural fiber reinforced composites are 
renewable, biodegradable, environment friendly and 
light weight material when compared to the synthetic 
fiber reinforced composites [3]. Several authors have 
reported recent progresses in the use of natural fibers 
(rice husk (RH), bagasse, bread-fruit, coconut shell and 
coir, etc.) in composites [4]. 
Corncob is the agricultural waste product obtained from 
maize which is one of the most important types of cereal 

crop in Sub-Saharan Africa. When harvested, corn 
wastes namely corncobs and stovers are either left to 
dry on the farm after which they are burnt off or found 
littering the streets of market places. This practice does 
not help in building an eco-friendly economy. A better 
approach to this is to convert them to more useful 
energy products by the use of thermochemical 
technologies [5].  
Corncob contains approximately 39.1% cellulose, 42.1% 
hemicellulose, 9.1%lignin, 1.7% protein and 1.2% ash 
[6]. Hemi-cellulose found in natural fibers is believed to 
be a compatibilizer between cellulose and lignin [7]. The 
mechanical properties of fibers directly relates to their 
elemental composition, components, structure and 
internal defects. The percentage of cellulose influences 
the structure and properties of fibers such as tensile 
strength, electrical resistivity, density, modulus, and 
crystallinity. However, it should not be generalized to all 
kinds of fibers. Those with higher cellulose content and 
higher degree of polymerization of cellulose have better 
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mechanical properties [8]. It is important to note that 
the properties of these fibers have been strongly 
influenced by their growing environments for example 
temperature, humidity, soil composition air and many 
more. All these affect the strength, height and density of 
the fibers. 
Polymeric materials are favored by materials designers 
due to its light weight, easy forming, resistance to 
corrosion, resilience and so on. In view of the many 
advantages polymer has it also has its own 
disadvantages; its low strength limits its application 
especially for structural purposes so the need for 
reinforcement to make it stronger and meet the 
necessary required specification for structural 
applications. Polymeric materials are non-
biodegradable i.e. they do not decompose on time. 
Incorporation of corn cob in polymer could have 
economic advantages and low environment impact [9]. 
Kiran et al., [10] carried out a study on Mechanical 
Properties of Corn Cob Particle and E-Glass Fiber 
Reinforced Hybrid Polymer Composites. From the 
experimental results, it was observed that the corn cob 
particles and E-Glass fibers reinforced hybrid epoxy 
composites exhibited superior properties and thus can 
be used as an alternate material for synthetic fiber 
reinforced composite materials. Salmah et al., [11] 
carried out a research to study the effect of corn cob 
content and maleic anhydride polypropylene (MAPP) as 
a compatibilizer on tensile properties and morphology 
of Polypropylene (PP)/Corn cob (CC) bio composites. It 
was observed that the tensile strength and elongation at 
break of PP/CC bio-composites decreased with 
increasing corn cob loading while modulus of elasticity 
increased. The compatibilized bio-composites have 
higher tensile strength and modulus of elasticity 
compared to the uncompatibilized bio-composites. The 
incorporation of compatibilizer proved to be effective in 
enhancing the compatibility of a system comprising of 
hydrophilic corn cob filler and hydrophobic 
polypropylene. The morphology study indicates that the 
interfacial adhesion between corn cob and PP matrix 
was enhanced with MAPP as compatibilizer. 
Natural filler do not well disperse easily in polymer. Due 
to strong intermolecular hydrogen bonding between 
natural filler, they tend to agglomerate during 
compounding process with the matrix polymer. The low 
compatibility and interfacial adhesion of bio-composites 
lead to low mechanical properties of final product [12-
14]. Therefore, study of ways to improve the interfacial 
adhesion between natural filler and matrix polymer is 
very important for the application of composites in 
industrial application. In recent years, the various 
methods that have been studied to improve the 
interfacial adhesion of composites, by modifying the 
natural filler surface have included the use of 

compatibilizer such as maleic anhydride-grafted 
polypropylene (MAPP) [15], addition of silane coupling 
agent [16], chemical modification on natural filler [17-
18], grafting polymer matrix with hydrophilic functional 
group [12] and plasma treatment on surface of natural 
filler [19] to the reinforced polymeric composites. 
Alkali treatment which is also known as mercerization is 
one of the most used chemical treatments on natural 
fibers. It is an effective low cost process to modify the 
fiber surface by disrupting the internal hydrogen 
bonding, which increases the surface roughness. Alkali 
treatment on natural fibers changes the crystallinity, 
unit cell structure and orientation of fibrils [20]. The 
treatment removes a certain amount of lignin, wax and 
oils covering the external surface of the fiber cell wall, 
partly depolymerizes cellulose and exposes short length 
crystallites [21].  It also removes hemicellulose and 
increases the amount of cellulose exposed on the fiber 
surface, thus increasing the number of possible reaction 
sites. 
The aim of this research is to study the effect of chemical 
treatment (mercerization) on the reinforcement 
efficiency of white and yellow corncobs reinforced 
epoxy matrix composites.  
MATERIALS AND EXPERIMENTAL PROCEDURE 
» Materials 
The materials used for the investigation includes 
Corncobs as shown in Figures 1 and 2 which serves as 
the reinforcement, Epoxy and hardener which serves as 
the matrix phase, Sodium hydroxide (NaOH) and 
Potassium Hydroxide (KOH) which was used as alkali or 
mercerizing agents. 

 
Figure 1: White corn cob 

 
Figure 2: Yellow corn cob 
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EXPERIMENTAL PROCEDURE 
» Reinforcement preparation 
The white and yellow corncobs were obtained from 
maize sellers in Akure, Ondo State, Nigeria and 
inclusions present such as dirt and nylons were 
handpicked. The corncobs were reduced to smaller sizes 
and divided into three parts each; two parts were 
treated with 1 molar solutions of NaOH and KOH, 
respectively in a shaker water bath for 4 hours in order 
to increase the adhesive nature of the corncob particles 
by reducing the lignin and hemi-celluloses contents that 
are present for effective binding of the matrix/fiber 
interface while the last part was left untreated. The 
treated and untreated corncobs were dried in air for 10 
hours after which they were pulverized separately and 
screened to obtain particle size of 150 µm undersize. 
» Composite production 
The moulds were properly cleaned and lined with 
polyvinyl acetate (PVA) in order to enable easy removal 
of the composite after curing. A mixing ratio of 2:1 
(epoxy: hardener) was selected based on the epoxy-
hardener manufacturer’s instruction. The corncob 
particulate was varied in predetermined proportions of 
2, 4 and 6 wt. %, respectively for each species of corncob. 
The three moulds used for the fabrication were for 
tensile, flexural and wear specifications. The samples 
were left to cure in the mould for 6 hours after which 
they were removed from the moulds and allow to cure 
further in air for 27 days as shown in Figure 3. 

 
Figure 3:  Composite samples after curing 

The following symbols were used to represent the 
various samples from the corncobs: Y-NaOH – Yellow 
corncob treated with NaOH; W-NaOH – White corncob 
treated with NaOH; Y-KOH – Yellow corncob treated 
with KOH; W-KOH – White corncob treated with KOH; U-
Yellow – Untreated Yellow corncob; U-White – 
Untreated White corncob 
» Property test 

 Measurement of Flexural Properties 
Three point bend tests were performed in accordance to 
ASTM D 790 M to measure flexural properties using 
Instron Universal testing machine.  

The samples were of 150 x 50 x 3 mm. Three samples 
were tested for each weight fraction used and the 
average values were taken to represent the actual 
values. 

 Measurement of Tensile Properties  
Tensile test was carried out in accordance to American 
Standard Testing and Measurement Method D412 
(ASTM D412 1983) on Instron Universal testing 
machine. Composite samples with 3 mm thick and of 
gauge length 150 mm were used.   
Three identical samples were tested for each weight 
fraction from where the average values were used as the 
representative values. 

 Measurement of Wear Property 
The abrasive wear test was carried out using Taber 
abrasion testing machine according to ASTM F732. It 
involves mounting a specimen to a turntable platform 
that rotates at a fixed speed of 1000 rpm for 20 minutes 
under the influence of applied specific pressure which is 
lowered onto the specimen surface.  
A rub-wear action (sliding rotation) is produced on the 
surface of the test piece and the resulting abrasion 
marks form a pattern of crossed arcs in a circular band. 
The samples were measured using an analytical 
weighing balance to take the initial weight of the 
samples before and after mounting. The difference 
between the initial and the final values was noted and 
recorded against each samples. The amount of wear is 
determined by the weight loss. The average values from 
each sample were used as the representative values. 
RESULTS AND DISCUSSION 
The flexural strength at peak of the different composites 
and the neat sample were as presented in Figure 4.  

 
Figure 4: Variation of flexural strength at peak with the 

developed composites and the neat sample 
From the results, it was observed that, flexural strength 
at peak was highly enhanced in samples with 2 wt. % 
from chemically treated samples while 6 wt.% was seen 
to have the best enhancement for the samples with 
untreated corncobs. However, samples with 2 wt.% for 
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W-NaOH and Y-KOH possess the maximum flexural 
strength at peak with values 8.78 and 8.73 N/mm2, 
respectively.  
It was also observed that samples from the treated white 
and yellow corncobs showed better flexural strength 
compared to the untreated ones with the exception of Y-
NaOH. This may be due to the surface modification that 
has taken place as result of the mercerization of the 
corncobs which might have enhanced the filler 
properties [22-23]. 
The flexural modulus of the different composites and the 
neat sample are presented in Figure 5 where it was 
observed that 2 wt. % white corn cob treated with NaOH 
showed the maximum flexural modulus with a value 
277.53 N/mm2. The result showed similar trend to that 
of flexural strength at peak with the exception of U-
Yellow that followed the pattern of the treated corncobs 
reinforced epoxy composites.  
Therefore, next to 2 wt.% W-NaOH sample was 2 wt. % 
Y-KOH with a value of 266.32N/mm2. This shows that 
the treatment of the fibers with these alkali solutions led 
to increase in flexural properties and that the 
enhancement occurred at low filler content of 2 wt. %. 
This may be due to the fact that at high content, there is 
the tendency for the natural filler material to form 
clusters and coagulate and, as a result damage of 
reinforcement surface. Sodium hydroxide (NaOH) 
treated corncob was seen to be best in the enhancement 
of the flexural properties. 

 
Figure 5: Variation of flexural modulus with the 

developed composites and the neat sample 
Figure 6 shows the variation of tensile strength at peak 
for the treated and untreated corncobs reinforced epoxy 
composite and neat samples. From the result, it was 
observed that the tensile strength at peak was not well 
enhanced unlike the flexural properties. However, 2 wt. 
% Y-KOH corncob particles reinforced epoxy showed 
enhancement in tensile strength at peak with a value of 
9.56 N/mm2. This implies that treatment of the yellow 
corncob with KOH increased the adhesion between the 
corncob and the epoxy thereby, leading to increased 

tensile strength. This is in accordance with Oladele et al., 
(2014) [24]. 

 
Figure 6: Variation of tensile strength at peak with the 

developed composites and the neat sample 
The results of the variation of tensile modulus with the 
developed composites and the neat sample were as 
shown in Figure 7. The results revealed a similar trend 
to that of tensile strength at peak in Figure 6.  

 
Figure 7: Variation of tensile modulus with the 

developed composites and the neat sample 
However, unlike tensile strength at peak results, all the 
samples developed from Y-KOH treated corncobs have 
higher tensile modulus than the neat sample, though; the 
value reduces as the filler content increases.   
From the results, it was observed that 2 wt. % Y-KOH 
showed maximum enhancement in tensile modulus with 
a value of 461.61 N/mm2 followed by 4 wt. % Y-KOH 
with a value of 322. 38 N/mm2. This result in agreement 
with Figure 6 showed that KOH treated corncob was the 
best in the enhancement of the tensile properties. 
Figure 8 shows the variation of wear resistance with 
their respective composites and the neat sample. From 
the results, it was observed that all with the exception of 
sample from 2 wt. % W-NaOH possess better wear 
resistance than the neat sample.  
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Also, the wear resistances were seen to increase as the 
filler content increases in all the developed composites. 
It was again detected that untreated white corncob 
reinforced epoxy composites possess the optimum wear 
resistance compared to others. The best was obtained 
from 6 wt.% U-White corncob reinforced epoxy 
composites with a value of 0.00605 g. The high wear 
resistance obtained with the untreated corncob may be 
due to the presence of the entire filler constituent as a 
natural composite.  

 
Figure 8: Variation of wear resistance with the 

developed composites and the neat sample 
CONCLUSION  
The results of this investigation revealed that: 
» Flexural properties of the developed composites 

were enhanced after treating the corncobs with 
NaOH and KOH, respectively. White corncob treated 
with NaOH was observed to be the best in this 
respect followed by yellow corncob treated with 
KOH both at 2 wt. % filler content. 

» The tensile properties were enhanced in the 
composite sample containing 2 wt. % of Y-KOH 
treated corncob. This showed that only KOH 
treatment aid the enhancement of the tensile 
properties.  

» The wear resistance was enhanced by untreated 
white corncob that was reinforced with 6 wt.% 
which showed that higher filler content was 
responsible for good wear resistance. 

» Low filler content was responsible for high 
enhancement of the mechanical properties for the 
developed composites due to constant emergence 
of 2 wt. % filler content as the sample with optimum 
performance in all the mechanical properties 
examined.  
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Abstract: Blends of polyethylene terphalet (PET) with polylactic acid (PLA) were investigated to study the influence of the 
additive of PET on (tear, impact strength) and (transparency, color). The compositions were prepared in wt (20/80), (50/50), 
(80/20). Mechanical properties like tear strength and Impact Izod, and optical properties like colors and transparency were 
also reported. Polyethylene terphaletee decrease the tear strength when additive PET and Impact Izod strength of PLA was 
increased when additive PET when tested in the machine directions. Optical property such as colors was increased and the 
value of transparency was decreased as the loading of PET increased. 
Keywords: PET, PLA, tear strength, impact strength, color and Transparency 
 
 
INTRODUCTION  
Poly(lactic acid) (PLA) is known a biodegradable to be a 
useful material in substituting the conventional 
petroleum-based polymer used in packaging, due to its 
biodegradability and  used as alternatives polymers  for 
conventional plastics such as polyethylene PE), 
polypropylene (PP), and polyethylene terephthalate 
(PET). Because biodegradable plastics used for 
manufacturing packagings application are 
predominantly made from renewable raw materials 
such as, starch-based plastics, polylactide (PLA) [1].  
Poly(lactic acid),is a linear aliphatic polyester, are made 
from lactic acid monomers produced by condensation 
polymerisation of lactic acid. Ultimately made from 
lactose (or milk sugar) derived from renewable plant 
sources, such as starch and sugar. The building block of 
PLA is lactic acid (2-hydroxypropionic acid) which can 
exist as optically active D- or L-enantiomers. PLA has 
found many applications in the packaging, medical and 
automotive industries. PLA possesses high strength, 
good crease-retention, grease and oil resistance and 
excellent aroma barrier properties [2].  From packaging 
field PLA is used for food trays, water bottles and flexible 
packaging and also applications for PLA are constantly 
being identified, and the automotive industry has begun 

producing interior and exterior car parts from 
biodegradable polymers [3]. PLA is biomaterials and 
composted to water and CO2 that useful in future with the 
potential to replace conventional petrochemical-based 
plastics such as polyethylene terephthalate (PET) that 
used in packaging.  PLA stiffness is similar to that of PET 
but major limitations of PLA are due to its high 
brittleness, low toughness and low tensile elongation 
(because that percentage elongation at break (6- 10%). 
There is very limited available information on the 
mechanical properties such as tear resistance test, 
elongation and impact strength of PLA [4]. 
PLA will degrade approximately six weeks or one year’s 
this is advantages of PLA when compared to PET. PLA 
has a tensile modulus of about 2-3 GPa, which is 
considerably higher.  PLA products are more brittle 
compared with PET or PVC packaging and low impact 
resistance therefore PLA may be more brittle than 
desired is some applications [5].  
Polyethylene terphalate (PET) is being widely used in 
packaging applications.  PET is a linear thermoplastic 
made from ethylene glycol and terephthalic acid, or 
ethylene glycol and dimethyl terephthalate [5]. PET is 
used in many rigid food and beverage containers due to 
a good balance of physical and mechanical properties, 
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barrier properties, processibility and formability, 
toxicological  and ecological, and economics [6,7].Its  
excellent mechanical strength and, consequently and 
transmission  is one of the most abundant plastics in 
solid urban waste. In order to minimize the huge 
environmental problem created by this non-
biodegradable plastic waste [8].  
Most of the physical and mechanical properties of PET 
improve as the molecular weight increases is a hard, stiff 
and strong material with a decent resistance to 
degradation upon exposure to chemicals PET. Some of 
the polymer blend approaches show promise, the 
options become limited when the biomaterials carbon 
content and comptability of the blend are deemed 
important [9]. 
Tear strength is one of the most important properties for 
the packaging application films. Tear resistance as 
determined is a measure of the force necessary to 
primitive e tearing in materials films tapes. This is 
contrasted with other methods which measure the force 
necessary to propagate a tear after it has been initiated.  
Tear resistance in plastic film tapes indicates how well-
integrated the material will remain when it is used to 
conform to irregular shapes under tensions which vary 
across the width of the applied strip [9, 10].  
Tear strength measured by the ASTM D-412 method (as 
a same used measure the tensile 
strength, modulus and elongation of plastics materials), 
that  mean  measure the resistance to the formation of a 
tear (tear primitive ) and the resistance to the expansion 
of a tear (tear sperated) on films. In any case of which of 
these two is being measured, the sample is caught 
between two holders and a uniform pulling be 
force applied until the aforementioned deformation 
occurs. Tear strength is then calculated by dividing the 
force applied by the thickness of the material. 
Impact strength is defined as the absorbing of energy 
before failure or is a measure of the work done to break 
a test specimen. When the striker impacts the specimen, 
the specimen will absorb energy in KJ until it yields. At 
this point, the specimen will begin to undergo plastic 
deformation at the notch. The test specimen continues 
to absorb energy and work hardens at the plastic zone at 
the notch. When the specimen can absorb no more 
energy, fracture occurs that test vary important in 
packaging application. 
In this research, PET was chosen as a polymer for 
rapprochement with PLA as its visibility ease of 
processing and favorable mechanical properties make it 
one of the most widely used polymers in the food 
packaging industry  parallel, with PET the main  damage, 
of PLA with respect to material properties are primarily 
associated with its brittleness. Goal is to improve tear 
resistance and impact strength has been developed 

impact resistance agents, compatible with the same PLA 
blend with PET.  
MATERIALS AND METHODS 
» Materials 
Lactic acid (99.9%), Tin chloride dehydrated 
(SnCl2.2H2O) P-toluene sulfonic acid (TSA), were 
purchased from Fluka. Methylene Chloride was 
purchased from Sigma-Aldrich 
» Preparation of pure Polylactic acid  
The reaction was conducted in 250ml,  two necked flask 
reactor armed with a magnetic stirrer and a reflux 
condenser .200 gm of aqueous solution of lactic acid acid 
was mixed with methylene chloride for 8hrs at refluxed  
temperature without any catalyst .After the removal of 
water of the condenser , the reaction vessel was cooled at 
60°C, the required amount of catalyst SnCl2.2H2O 
(0.5wt%), TSA(0.4wt%) were add and this was followed 
by slow heating of the reaction blend to the refluxing 
temperature of the solvent under mild stirring with the 
help of magnetic stirring bar.  
The temperature gradually increased to 140°C in 2 hrs, 
and the reaction mixture was stirred continuously. 
Polymerizations are done at 120-160°C for 5hrs. At the 
end of the reaction, the flask was cooled, and the product 
was dissolved in chloroform and subsequently 
precipitated in methanol. The resulting solid was filtered 
and dried under vacuum at 60°C under vacuum at 24hrs. 
Powder PLA weighted grade (1wt%) by using electronic 
balance of four digits type (Sartorius H51) and then 
dissolved in chloroform to obtain 20 wt% solution of PLA 
grade by slowly in 60°C for 3 hours warming until the 
solution become viscous using magnetic stirrer hot plate, 
then cast into petri dish at field temperature for 24 hour to 
ensure perfect solvent removal. 
» Preperation of Polyethylene terphatalete 

/Polylactic acid blend  
PLA was dehydrated in an oven at 70 °C for 4 hours to 
reduce humidity. All blends of each PET/PLA(20/80) 
(50/50), (80/20) blends  were mixed using an internal 
mixer (Hakke Rheomix, 3000p) at temperature of 170°C 
with a rotor speed of 60 rpm for 10 min. Compression 
molding (LabTech, LP20- B) were used to set up the 
samples. The fusion temperature of 165 °C and form 
temperature of 25 °C were used.  
» Tear Test 
Tear intensity of films was calculated on the same 
Universal Electronic Dinamometer above indicated. The 
test was load out according to ASTM D-1922 standard, 
using the trouser tear method. The sample size was 100 
mm long and 40 mm wide having a cut of 50 mm at the 
center of one end. The experiments were made at 180 
mm/min extension rate. A pendulum impact tester is 
used to measure the force wanted to propagate slit a 
stable distance to the end of the test model. One use of 
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these results would be for the designation of materials 
and thickness for plastic samples used in packaging 
» Impact Izod Test   
The Izod impact testing was perfect on the same impact 
tester (GT-7016-A2, Gotech Testing Machines, Taiwan) 
with maximum hammer energy of 4 J. Geometry of the 
specimens condition to ASTM D256 standard method of 
calculated the impact resistance of materials. An arm 
held at a specific height (constant potential energy) is 
freed, the arm hits the sample and the specimen either 
fracure or the weight break on the specimen. From the 
energy absorbed by the sample, its impact energy is 
planned. A notched sample is generally used to 
determine impact energy and notch softness. 
» Color Test  
Color advantage were predestined measuring color 
assortment in the CIELAB color space L* (lightness), 
a*(redness and greenness) and b* (yellowness and 
blueness) were analyzed using a KONICA CM-3600d 
COLORFLEX-DIFF2. The tolls were check with a white 
standard tile. Measurements were take out in 
quintuplicate at passing positions over the samples 
surface. Average values for samples were studied. Total 
color differences (ΔE) was evaluated by Equation (1) 
 

ΔE=√(Δa2 + Δb2+ ΔL2)                          (1) 
 
where ΔL = Lstander-Lsample,   Δa  = a stander – a sample, Δb = b 
stander-b sample , 
Stander rate for white sheet were L = 96.86, a = - 0.02 
and, b = 1.99 respectively. Five measurements were 
possessed on each film, one at the center and four 
around the surrounding, and the mean values were used.    
» Transparency  
Transparency of the samples was calculated by scale the 
percent transmittance at 600 nm using a UV- visible 
spectrophotometer Shimadzu UV. 
RESULTS AND DISSECTION  
» Tear strength  
Generally plastic sheet with a property of brittleness will 
have very low tear strength, since neat PLA is a vary  
brittle material it shows tear strength is 0.11N and tear 
resistance was obtained dividing the tear strength by the 
thickness of   neat PLA is 3.1 N/mm that appear in Table 
(1). That mean low tear resistance tend to have poor 
resistance to abrasion and when damaged will quickly 
fail. 

Table 1:  Tear Resistance of neat PLA and PLA blend 

Materials Tear Strength 
(mPa) 

Tear Resistance 
(N/mm) 

Neat PLA 0.11N 3.1 
PET/PLA 0/80 0.23 4.3 
PET/PLA 0/50 0.45 5.18 
PET/PLA 0/20 0.76 6.25 

 

In blend PET /PLA films shows better performance in 
tear propagation than neat PLA because that PET has 
better ductility, good strength, stiffness, and hardness 
this is an important issue of food packaging applications.  
» Impact Izod Test   
Polylactic acid is brittle materials have lower impact 
stregths, while Poly ethylene terphalate have one of the 
highest impact impedance  values that mean PET is a  
rigid materials absorb a lot of energy, while brittle 
materials tend to absorb very little energy before to 
damage . 
Table (2) showed the impact strength of neat PLA and 
PET/PLA blend, the results showed that the impact 
strength of neat PLA was 3.5 KJ/m2. The impact strength 
of the blends was insignificantly changed and increasing 
to became 6.25 KJ/m2 
 

Table 2:  Impact strength of neat PLA and PET/PLA blend 
Materials Impact strength  (KJ/m2) 
Neat PLA 3.5 

PET/PLA 20/80 4.3 
PET/PLA 50/50 5.18 
PET/PLA 80/20 6.25 
 

» Color   
Color is leading factors to be look in food packaging since 
it could affect consumer agreement and commercial 
prosperity of a food output. Show Table (3) the some 
differences in the CIELAB coordinates L* (lightness), 
a*(red-green) and b* (yellow-blue) and ΔE between neat 
PLA and   PLA/PET blends. 
 

Table (3) Color parameter of neat PLA and PLA/PET blend 
Sample L* a* b* ΔE 

Neat PLA 94.05 1.01 1.31 - 
PET/PLA 

20/80 94 0.98 1.27 0.26 

PET/PLA 
50/50 93.85 0.95 1.22 0.35 

PET/PLA 
80/20 93.12 0.91 1.20 1.24 

 

Table (3) shows the results obtained from the 
colorimeter analysis. When polyethylene terphalete is 
additive to the film, a slight low in lightness values (L*) 
was noticed. However, PLA and also both PET/PLA 
blends presented high L* values showing their high 
brightness. Furthermore, no major differences were set 
for full color difference values.  
This result suggested high transparency for samples 
containing PET and the chance to see out of the film is 
one of the most important requirements for consumers. 
Negative values obtained for a* coordinate are indicative 
of a deviation towards green. However, these data are 
close to zero so the green tone was not apparent. 
Positive values obtained of b* match point a slight 
deviation towards yellow.  
 

https://en.wikipedia.org/wiki/Abrasion_(mechanical)
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» Transparency 
Transparency is an important property of Packaging 
films used in food application. Transparency was 
calculated by equation (2)  

Transparency = A600/ t                                 (2) 
Where A600 Absorbance at 600 nm and    t   thickness at 
mm of samples. 
 

Table (4). Transparency of neat PLA and PLA/PET blend 
Sample T % 

Neat PLA 80 
PET/PLA 20/80 78 
PET/PLA 50/50 75 
PET/PLA 80/20 74 

 

Neat PLA showed the maximum transparency specific of 
the high brightness of PLA films. The additive of PET no 
significant differences between PET and PLA were 
observed.  
CONCLUSIONS  
PLA is a promising biodegradable polymer for use in 
food packaging .However, because of its inherent brittle 
behavior need to be blended with PET for some specific 
applications in particular production of films .In the 
present have shown a good improvement in tear and 
impact strength to make them useful for this particular 
application.  
The PLA has been receiving a great deal of attention, 
essentially due to its degradability and biomaterials. 
With this environmental-friendly property, along with a 
highly transparent appearance similar to that of 
polyethylene terephthalate (PET), PLA has undoubtedly 
become one of the most promising alternatives to non-
biodegradable synthetic polymers conventionally 
derived from petroleum-based chemicals. 
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Abstract: Optical communications transmit large amount of data, operating from local to transoceanic distances. Wave division 
multiplexing WDM is crucial point for achieving reliable real-time data transmission over precise fiber-optic cables and nodes 
technology. This paper brings novel method for optical links evaluation used for optimal path finding when data transmitting 
over dynamically loaded international optical network. Middle-European NRENs and pan-European GÉANT are implemented 
to the simulation model. For efficient links’ assessment, several parameters are taken into account. They are employed by fuzzy 
logic subsystem to estimate their relationships and, each link quality and utilization judgment. Composed simulation model 
demonstrates routing (i.e. path finding) flexibility and utilization balancing over existing optical links. 
Keywords: fuzzy routing, dynamic optical network 
 
 
 
INTRODUCTION  
Optical networks provide node-to-node connections 
over long distances. Routing in wavelength division 
multiplex (WDM) optical networks has been widely 
discussed for different types of optical networks. 
Current approaches and solutions are based on an 
output parameter evaluation, mostly eye diagram (Q-
factor) or, power and spectrum dissipation. 
In WDM systems, optical bandwidth is met by employing 
multiple carrier wavelength channels over a fiber. It 
respects transmission limits [1], depending on route 
components [2], modulation methods, transport 
protocols, operational modes and wavelength routing 
control abilities. Dynamic flexible control approaches 
bring better bandwidth agility [3-9]. The most used 
routing and wavelength assignment algorithms 
implement various methods to improve overall 
throughput: a shortest path choosing within user-
specified or network-specified constraints, alternate 
routing creation, etc.  
Modern optical network systems embrace highly 
sophisticated automated processes to improve overall 
throughput. They apply numbers of methods for optimal 
re-routing, advanced modulations [10], [11], 
wavelength optimization [7], [9], [12-16], backup 

linking etc. Cognitive light path optimization by OSNR 
may be used, [17], [18]. Of course, such an important 
parameter must be considered during fiber optics 
planning process [19], [20]. Fuzzy controlled mesh 
networks can provide functions like fuzzy-measures 
defined wavelength reconfiguration [5], [8], [21], routes 
updating [22] and utilization balancing, even close to 
transmission limits. 
This paper focuses on data transmission routing 
optimization in WDM optical network. Data 
transmission is considered via several transfer nodes 
and paths, deliberating the path parameters triplet: 
optical signal-to-noise ratio (OSNR), bit error rate (BER) 
and output power (Power). Near future links’ status is 
estimated over real network.  
The paper illustrates data routing process by 
implemented fuzzy logic, statistical evaluation and 
decision processing methods. Not only is the proposed 
system applicable to solve re-routing when data traffic 
demand increase during peak traffic hours, but also it 
meets degradation factors impact etc. 
GÉANT NETWORK 
GÉANT, the pan-European and worldwide data network, 
interconnects research, education and innovation 
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communities, with secure, high-bandwidth and high-
capacity networks.  
It spans over 50,000 km and connects over 50 million 
users, including 38 European National Research and 
Education Networks (NRENs). As from [23], the GÉANT 
topology covers most European countries yet, providing 
high-speed interconnection at 1-9 Gbps, multiples of 10 
Gbps or multiples of 100 Gbps. In the simulations, a 
simplified topology is composed, Figure 1, comprising 
middle-European plus neighboring countries GÉANT 
links between them. 

 
Figure 1. Simplified middle-European GÉANT 

interconnections 
NRENS 
A NREN represents an internet service provider 
dedicated to support research and education 
communities in a country. A NREN is usually 
distinguished by support for a high-speed backbone 
network, often offering dedicated channels for 
individual research projects. Often, many services, 
internet data transfer protocols, applications etc. are 
available. [24]  
In this manner, overall transport capacity continuously 
increases in accordance with the needs and real traffic 
through the individual nodes. Thus, each of NRENs owns 
or rents backbone network at different speed, 
technology and geographically-dependent structure. 
Backbone networks mostly interconnect universities, 
academic and research institutions.  
As a GÉANT members, NRENs dispose of cross-border 
backbone interconnections. Besides, some neighboring 
NRENs apply direct interconnection by extra optical 
fiber. 
A brief overview of current NRENs deployed in middle-
European region is provided in this section, due to 
papers’ focus on GÉANT plus NRENs gained from their 
territorial cooperating effect. As presented in the next 
subsections, cross-border links usually provide speed of 
multiples of 10 Gbps.  

The simplified model in Figure 2 represents cross-
border direct links between middle-European and 
neighboring NRENs. These are introduced below.  

 
Figure 2. Simplified middle-European NRENs 

interconnections 
A. DFN - Germany 
The German (DE) Deutsches ForschungNetz (DFN) is a 
national backbone network for science, research and 
education. It connects German universities and research 
institutions by up to 100 Gbps and a multi-Tbps core 
network, spanning about 60 core location sites.  
Functionality of Dense Wavelength Division Multiplex 
(DWDM) infrastructure and Quality of Services (QoS) is 
supervised by eight fundamental measurement sites 
connected mostly in triangle structure corners. 
Comprising about 10,000 km dark optical fibre in 
several rings, it is one of the most powerful 
communication network in the world.  
The fibre platform is connected to GÉANT in Frankfurt 
as well as to neighboring NRENs by super core fibres 
with upstream speed of 10 Gbps. [25] 
B. CESNET - Czech Republic 
The core of the Czech (CZ) Education and Scientific 
NETwork (CESNET) is formed by DWDM infrastructure 
with tens of 100 Gbps, 10 Gbps, and small amount of 1 
Gbps transmission channels. A combination of 
commercial devices and optical elements of own design 
(the CzechLight series) is used. The speed of network 
core was upgraded to 100 Gbps in 2013.  
Other backbone circuits are based on the 100 Gbps, 10 
Gbps and Gigabit Ethernet and the POS (Packet over 
SONET) technology with at the speed of 2.5 Gbps. The 
network topology consists of several rings connecting 
limited number of sites (optimally less than five city sites 
in a single ring).  
The CESNET offers international connectivity, too. 
Individual 10 Gbps cross-border optical fibers cooperate 
with neighboring NRENs SANET (Slovakia), ACONET 
(Austria), PIONIER (Poland). Other optical 
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interconnections operate directly to Netherland, USA, 
Google, each at speed of 10 Gbps. [26] 
C. PIONIER - Poland 
The Polish (PL) Optical Internet PIONIER NREN 
connects 21 Academic Network Centers of Metropolitan 
Area Networks (MANs) and 5 High Performance 
Computing (HPC) centers with own fiber connections 
spread about 6,000 km. MANs operate dark optical fibre 
at the data speed of 2x10 Gbps with DWDM technology.  
There are 80 separate fibre pair channels between MANs 
as well as cross-border links. Cross-border connections 
lead to GÉANT, to Germany (continuing to GLIF, Surfnet 
and Nordunet), DFN (Germany, three nodes), CESNET 
(Czech Republic), SANET (Slovakia), UARNET and URAN 
(Ukraine), Belarus, Lithuania and Russia. [27] 
D. ACOnet - Austria 
The Austrian (AT) Academic COmputer NETwork 
(ACOnet) backbone provides a powerful network 
infrastructure among 12 locations connected in a 
redundant manner (six of locations are doubled sites 
thus there are 18 points of presence), to provide a stable 
and failsafe network.  
ACOnet operates 10 Gbps Ethernet backbone network 
and transparent fiber optic internet with DWDM 
technology at speed of multi-10 Gbps. Cross-border fiber 
optic links lead to GÉANT, CESNET (Czech Republic), 
SANET (Slovak Republic) and PIONIER (Poland). [28] 
E. SANET – Slovak Republic 
The Slovak (SK) Academic NETwork SANET connects 13 
western academic sites in a ring structure and four 
eastern academic sites in a line structure, all operating 
at the backbone data speed of multi-100 Gbps. Other 20 
sites are arranged in a ring or line structures at the data 
speed of 10 Gbps. SANET general two-ring structure 
provides full redundancy. The network infrastructure is 
based on leased dark fibers terminated by Cisco Catalyst 
switches. The national connectivity is realized by Slovak 
Peering Center SIX. The cross-border connectivity is 
achieved by leased dark fibre at the speed of 20 Gbps to 
ACOnet (Austria), CESNET (Czech Republic), and 10 
Gbps to PIONIER (Poland) and GÉANT. [29] 
F. NIIF - Hungary 
The Hungarian (HU) Nemzeti Információs 
Infrastruktúra Fejlesztési Intézet (NIIFI) and 
HUNGARNET association of its users fulfil role of NREN. 
The NIIFI/HUNGARNET backbone HBONE+ based on 
dark fibre optics with DWDM systems consists of robust 
core and regional centre routers connected to core 
routers (directly or indirectly).  
There are 13 rings in meshed network structure, 
connecting 28 regional centers by 9 NIIFI sites. The 
HBONE+ main country links, Budapest links and 
international links operate 10, 40 or 100 wavelength 
channels per each of optical fibre, each channel 
achieving speed of 10 Gbps. Only small amount of local 

link connections achieve the data speed about 1 Gbps. 
The cross-border connectivity is enabled by the GÉANT 
at the data speed of 30 Gbps. [30] 
G. ARNES - Slovenia 
The Slovenian (SL) Academic and Research Network of 
Slovenia (ARNES) supports research and education 
communities. Next, it fulfils additional internet 
connection role for other commercial users essential to 
the operation of the Internet of Slovenia.  
NREN structure creates Ljubljana – centered loops. 
Based on leased optical fibres with hybrid DWDM or 
Coarse WDM (CWDM) systems, the technology supports 
four 1 Gbps or sixteen 10 Gbps simultaneous data 
transmissions within an Ethernet point-to-point 
connections. The cross-border connectivity is enabled 
by the GÉANT at the data speed of 30 Gbps. [31] 
H. CARNet - Croatia 
The Croatian (HR) Academic and Research NETwork 
uses cables leased from telecommunication providers. 
The largest university centers operate high-speed 
connections at 155 Mbps to 1 Gbps while smaller centers 
operate at the speed of 2 Mbps to 200 Mbps.  
Local institutional networks in two biggest centers 
operate at higher speeds using optical cables technology. 
NREN connections lead in star-centered shapes from 
three most important centers. The cross-border 
connectivity is enabled by the GÉANT at the data speed 
of 10 Gbps. [32] 
I. RoEduNet - Romania 
The ROmanian (RO) EDUcational NETwork is 
administrated by the Agency for Administration of the 
National IT Network for Education and Research 
(AARNIEC). It offers high-speed connections for 7 
largest university centers and 34 points of presence. The 
cross-border connectivity is enabled by the GÉANT to 
Austria and Hungaria, each at the data speed of 10 Gbps. 
[33] 
J. BREN - Bulgaria 
The Bulgarian (BG) Research and Educational Network 
offers 1 Gbps connections to largest university centers 
via 13 backbone switches: Ethernet over SDH, dark fibre 
optics or MAN in Sophia. Some institutions are 
connected via 100 Mbps MAN. The cross-border 
connectivity is enabled by the GÉANT at the data speed 
of 10 Gbps. [34] 
MERGED NETWORK MODEL 
At the beginning of simulations, the topology of the main 
network is created, comprising principal nodes and links 
between them. Corresponding link speeds are set to 
multiples of 10 Gbps by NRENs and 100 Gbps by GÉANT 
links. The map merges cross-border links of both GÉANT 
and NRENs, see Figure 3. Here, some nodes are 
connected by several links (combination of GÉANT + 
NRENs). A link represents the shortest connection 
between two neighboring nodes, containing at least one 
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fiber. A path is the connection between starting and 
output nodes, comprising one or more links. 

 
Figure 3. Network model comprising GÉANT and 

NRENs interconnections 
All above mentioned link speeds represent their 
theoretical maximum capacity. In real data transmission 
conditions, external influences decrease this parameter. 
When simulating data routing in the merged network 
model, following link parameters triplet is considered: 
K. Optical Signal – to – Noise Ratio (OSNR) 
The OSNR is measured in each of data channel by an 
optical spectrum analyzer, comparing channel output 
power during non- active and active intervals. 
L. Bit Error Rate (BER) 
Data loss is mostly caused by signal loss / damping, 
frequency bandwidth changes, inter-channel 
interferences, or link-degradation processes.  
Depending on channel coding methods, BER 
measurement, error detection, correction algorithms or 
automatic data repeating are performed at the binary 
channel output to improve channel quality.    
M. Output Power (Power) 
The channel optical power dissipation (at wavelength, 
per cable longitude) is caused by damping 
characteristics of the link, optical signal spectrum 
dispersion, channel power matching, amplification 
setup, link-degradation processes etc.  
Dispersion compensation methods are used to reduce 
such optical power loss. The Power parameter defines 
signal power level at the link output terminal. 
NETWORK CONTROL SYSTEM 
Merged network control system processes OSNR, BER 
and Power triplet parameters’ values, for each of 
modeled links, see Figure 4. However, the next two more 
link parameters must be entered when simulating real 
rooting in merged network model:  
i. the maximum capacity (or wavelength channels) that 

represents the maximum transmission speed of a link 
(Gbps, see previous paragraphs),  

ii. the current utilization that represents current link 
exploitation (in percentage). Simulation output 
parameter, a link (or wavelength channels) quality Q, 
is calculated for each link by fuzzy logic subsystem, 
using predefined fuzzy rules. For given link, the Q 
parameter represents weighted probability of near-
future reliable data transmission (in percentage).  

After obtaining Q, control system produces output cost 
for each link and available capacity Cavailable of a link, by 
Equation 1. 
 

 
Figure 4. Link cost calculation algorithm 

 

Q*)U1(*CC maxavailable −=                       (1) 
 

where: 
» Cavailable is available link transport capacity [Gbps], 
» Cmax is maximum link capacity [Gbps], 
» U is current link utilization, 0 to 1 [-], 
» Q is link quality, 0 to 1 [-] or [%]. 
In WDM networks, evaluating of several wavelength 
channels must be done in each of link, so available 
capacity should be calculated for each wavelength 
channel. Thus, links capacity can be periodically 
obtained to get optimal routing topology in a dynamic 
changing utilization, quality and data transmission 
demands. In case of some emergency, traffic is flexibly 
rerouted using less faulty links to output node by 
proposed control system. In addition to the fastest path 
choice, alternative paths can be obtained. 
Very important additional goal of proposed approach is 
to avoid optical-electrical-optical conversion as much as 
possible (due to significant data transfer delay) when 
switching is performed. Such conversion is usually 
performed when switching among different wavelength 
channels. Omitting optical-electrical-optical conversion 
thus routing via optical-optical conversion only may 
increase overall traffic throughput. [35] 
Proposed complex optimization algorithm contains 
several steps to find the most appropriate path between 
chosen starting and destination nodes, among transport 
links involved in list. Control system processes input 
data in three steps. Firstly, OSNR, BER and Power triplet 
parameters are measured for each link or wavelength 
channel.  

Link quality Q BER 

OSNR 

Power 

Fuzzy 
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Link cost  
calculation 

GEANT + NRENs 

Maximum 
capacity 

Current  
utilization 
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Subsequently, they are processed by fuzzy logic control 
subsystem and relationships are evaluated for each 
particular link or wavelength channel. Here, 
membership functions and fuzzy rules are defined by 
experienced user and trained by real training sets to 
obtain optimal links evaluation.  
Finally, fuzzy logic system creates list of all link 
parameters between existing starting and destination 
nodes. As a result, final data transport path is selected 
from this list through selected nodes. 
EXPERIMENTAL MODELLING AND SIMULATIONS 
Measured OSNR, BER and Power parameter are 
continuously fed by each node into central fuzzy logic 
control subsystem. Its centralized diagnostic evaluates 
these parameters, calculates its probabilistic means 
during measuring interval.  
Then, fuzzy logic processing sequentially executes 
typical processing steps: fuzzification, fuzzy decision 
making, and defuzzification.  
Fuzzified input parameters at triangle shapes spread 
ranges:  
» OSNR - numerical value spans from 10 to 1000 

following linguistic expressions Very Low, Low, 
Middle, Acceptable and High,  

» BER – numerical value spans from 10-12 to 10-8; its 
linguistic expressions for this parameter are Very 
Low, Low, Acceptable, High and Very High,  

» Power - numerical value spans from 0,001 W to 1 W; 
linguistic expressions for this parameter are Low, 
Acceptable, and High. 

 
Figure 5. Triangle fuzzy rules setup view, among input 

and output parameters 
The example of 75 fuzzy rules set is shown in Figure 5. 
Here, relationships among input triplet parameters and 
output Q parameter are defined to obtain output fuzzy 
values.  
In the pictured example, for currently measured OSNR = 
600, BER = 5e-9 and Power = 0.3, the output crisp 
parameter of Q = 50.9 represents overall quality and 
suitability of particular link or wavelength channel at 

Average level, of linguistic expression of Low, 
Substandard, Average and High level, spanning along 
interval <0,1> by triangle membership functions, Figure 
6. 

 
Figure 6. Triangle output Q fuzzy membership functions 

 

PATHS EVALUATION AND ORDERING 
After obtaining link costs i.e. available capacity Cavailable, 
all available paths located between chosen start and 
destination nodes are evaluated to define path reliability 
and stability. In proposed routing control subsystem, 
two calculation methods are implemented to assess all 
paths and to find the most appropriate one. 
» Maximum mean capacity of paths 
Capacity Cmax,j represents mean all-link value over each 
j-th available path (along n - number of links), Eq. 2. After 
paths ordering, the highest Cmax, j value is chosen to be 
the most appropriate path. As this method doesn’t take 
into account the whole path balancing (i.e. the extreme 
link cost limits), another methods should be applied. 

j,max

n

1i
i,available

j,max n

C
C

∑
==

                                 (2) 

» Standard deviation setting of paths 
The second method uses another statistical parameter 
to weight each path. A standard deviation STDj is 
composed over each j-th available path (along n - 
number of links). Then, the most appropriate path is 
selected by criteria of minimum deviation, Eq. 3. Unlike 
the previous method, this seems to be better justified 
since STDmin,j parameter prefers a path with balanced 
links quality. 

jmin,

n

1i
i

j,min n

STD
STD

∑
==

                                  (3) 

» Double-parameter setting of paths 
The third method rates previous statistical parameters 
for each path optimal weighing (maximum is applied), 
Eq. 4. 

jmax,j,min

j,max
j,max STD

C
opt =                               (4) 
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EXPERIMENTS AND DISCUSSIONS 
In following experimental routing scenarios, above 
mentioned 17 GÉANT and 8 NRENs cross-border links 
are used. The parameters OSNR, BER, Power, U and Cmax 
for each of them represent current links states. They are 
set either by sliders or typed via Graphical User Interface 
(GUI), see left area and top chart in Figure 7.  
The merged network topology and nodes names are 
shown in the diagram placed in the middle in Figure 7 
(high-speed GÉANT in green, low-speed GÉANT in 
dashed green, NRENs in orange). This model generates 
132 total number of available routing paths. Above 
mentioned fuzzy control and statistical weighing 
algorithms are provided by Matlab and Simulink 
software.  
 

 
Figure 7. Simulation model and network topology 

 

As a result of parameters settings and control 
mechanism calculations, available capacity Cavailable is 
obtained for each of paths, see right-down chart and 
diagram in Figure 7. As a novel data transmission 
demand, the input BG and output PL nodes are chosen. 
Applying Equation 2, the blue line shows the path of 
maximum available capacity from starting node, via AT-
SL-HR-HU-DE GÉANT links.  
Here, the DE-PL link with the lowest cost along this path 
might delay overall throughput. Unlikely, following the 
Equation 3, the red line shows better balanced BG-AT-PL 
path for the same starting and destination nodes via two 
GÉANT and NRENs low-speed links only. Despite of 
lower links cost, this path is the shortest one and, it is 
better balanced than the blue one. Applying Equation 4, 
the green line represents the path of maximum available 
capacity with respect to path balancing via AT-HR-HU-
CZ nodes. It represents low-speed GÉANT links, except 
for last CZ-PL NRENs link. To conclude achieved 
experimental results, the blue path is applicable for huge 
data bulks transmission in short period; the red one is 
more suitable for medium and small data bulks 
transmission; the green path fits to long-time data 
transfers.  

CONCLUSIONS 
Proposed middle-European plus neighboring merged 
network model comprehensively evaluates overall 
topology, comprising number of GÉANT and NRENs 
optical WDM links. To improve overall data 
transmission efficiency, reliability, stability and better 
utilization distribution over exploited links, the 
permanent link monitoring is necessary. When 
implementing algorithm in merged networks, more 
precise evaluation is needed for each link.  
In standard routing algorithms, usually the only path is 
obtained to setup the most appropriate path for data 
transmission, by the decision algorithm in a control 
system. Moreover, standard routing algorithms provide 
simple assessment only. It might not be sufficient when 
network loading or utilization dynamically changes. In 
proposed solution, based on Cmax capacity, each link is 
scored by fuzzy logic control subsystem, using several 
link parameters like OSNR, BER and Power. 
Consequently, link quality Q is obtained. Finally, routing 
control subsystem calculates overall links cost using 
current parameters like maximum available capacity 
and utilization. In this way, all available paths weighed 
quality is obtained. The most appropriate path can be 
chosen with respect to either maximum available 
capacity, minimum utilization fluctuations or maximum 
path balancing. 
In case of an emergency situation, control system can 
recalculate link parameters and efficiently reroute 
existing links and thus recover into fully-operational 
state, excluding faulty links. This advantage designates it 
to be implemented quickly and seamlessly. 
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Abstract: The paper presents general organization and characteristics business zones. One of the modern ways of support to 
small newly established enterprises and entrepreneurs, which are in a development life phase, is the system of technological 
infrastructure: entrepreneurial incubators, technology centers, science parks and business zones. Those are different 
organizations which help entrepreneurs to develop their business ideas and to overcome more easily the initial problems in 
business, for which, in a wider context, the term business incubators is used, and also the clusters related to entrepreneurs who 
are in an advanced phase of entrepreneurship. 
Keywords: SMEs, entrepreneurial, entrepreneurial infrastructure, business zones 
 
 

 
INTRODUCTION  
The beginning of the nineties, characterized by the 
breakdown of the former state, the outbreak of civil war, 
especially at the territory of B&H, stopped not only the 
development of entrepreneurship but also the 
fundamental economic activities.  
The support to the development of small and medium-
sized enterprises in the Republic of Srpska had gained in 
importance in 2002, with the adoption of the Program of 
Small Business Development, and after that the Law on 
Stimulating the Development of Small and Medium-
sized Companies was adopted. The adopting of the Law 
has created the basis for legislative, institutional and 
financial help to this area.  
On the basis of the Law, during 2004, there were formed: 
Department for SMEs and Production Craftsmanship at 
the Ministry of Economy, Energy and Development of 
the Republic of Srpska and the Republic Agency for the 
Development of Small and Medium-sized Enterprises. At 
the same time, on a local level, local agencies for the 
development of SMEs were being established. The 
support to the development of SMEs at a local level is 
also given by municipal development departments 
which, together with the above mentioned institutions, 
make support network for the development of SMEs. 

Infrastructure is important for entrepreneurial activities 
[3] and may have different forms and functions. As first, 
the development of trade and industrial growth require 
physical infrastructure, road and railway traffic and 
transportation etc.  
After the World War 2, when the state had nationalized 
private property [4], the spirit of entrepreneurship at 
the territory of former SFRY, including B&H as well, was 
cut at the roots.  
The economic philosophy of a new economic system was 
based on the criticism of all the aspects of capitalism 
such as individualism, private ownership over the 
means for production, entrepreneurship in a wider 
sense etc. Entrepreneurship was identified with private 
ownership. In the beginning [1] that had been small 
business. However, with further breakthrough and 
propagation of small business, the term private 
entrepreneurship occurred, which, as such, was 
accepted in official frameworks.  
Namely, in the economic structure of the SFRY, 
especially after 1976, after the Law on Associated 
Labour had been adopted, a significant number of labour 
organisations (enterprises) emerged, of combine type, 
in the field of mining, metallurgy, metal processing 
industry, military industry, wood processing industry, 
with a great number of basic organizations of associated 
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labour and complex organizations of associated labour, 
which had the disregard of market laws as a common 
feature. Such enterprises, being labour-intensive, were 
oriented to the employment of a great number of people. 
The society propagated the need of full employment. 
There was general safety, especially once when a state 
job had been got. No one thought about a great 
individual engagement in the area of entrepreneurship. 
The structure of individual sector consisted of 
agriculture, then of independent forms of production, 
service and construction craftsmanship and 
independent catering, independent car-transportation 
activity and independent trading activity. In the SFRY, 
the percentage of the employed, as stated by [1], in small 
enterprises from 7 to 100 employees was only 2.4%, and 
in enterprises with 1 to 6 employees was 5.6%. The 
number of employees was limited to 10. In the process 
of building socialism, the private sector was called small 
business, and it operated under numerous limitations in 
terms of what it could deal with, with whom and how 
many employees it could employ.  
Such conditions are a phenomenon which is 
characteristic for all former socialist countries, and 
which is related to a lack of small and medium sized 
enterprises in the an economic structure, and, by means 
of that, to the absence of creating an entrepreneurial 
infrastructure. 
In all developed Western countries and in many 
developing countries, entrepreneurship and small 
enterprises as a whole are supported by the state, state 
institutions and nongovernmental organizations in 
many ways [4]. Such an orientation of a market-
developed countries has deep roots, regarding the fact 
that the capitalism has tried many development models 
as opposed to one-dimensional models of economic 
flows control which have been practiced more-less for 
decades in the countries of socialist and similar socio-
economic systems.  
Similarly to the leading countries of the West, many 
small countries which started with the implementation 
of market-capitalistic principles in the development of 
economy three to five decades ago, have reached an 
enviable level of development today [4] exactly due to 
the development of small enterprises.  
The determinations of Bosnia and Herzegovina [1] 
related to the SMEs development sector rely on the 
recommendations of the European Charter and the Act 
on Small Business.  
The Law on Ministries and Other Control Bodies of 
Bosnia and Herzegovina has also defined the 
institutional framework in the field of issues in the 
sector of SMEs whose difficulties reflect, above all, in: 
approaches in defining policies, development strategies 
and goals in the sector of SMEs, competences, way of 
work a harmonized monitoring of the results in this area, 

mutual cooperation and profitability and excessive 
administration. 
At the level of the Republic of Srpska, within the Ministry 
of Economy, Energy and Development, there is a 
department for small and medium-sized enterprises, the 
head of which is an assistant minister with the 
responsibilities in the work fields:  

» development of entrepreneurship and 
craftsmanship,  

» making of medium-term and long-term 
development plans, and  

» making of the development strategies of SMEs 
and entrepreneurial activity. 

Pursuant to the (Law on Enterprises of the RS 2006), an 
enterprise is a legal person which performs the activity 
to gain profit, and an entrepreneur is a physical person 
who performs the activity to get profit and the activity of 
free profession, while an individual agriculturist is not 
an entrepreneur. The Law does not know the notion of 
small and medium-sized enterprise, and because of that 
the same provisions apply to them as to the other 
enterprises.  
The new (Law on Business Companies 2008) is a 
modern regulation, greatly harmonizes with the 
directives of the European Union company law and as 
such should contribute to the creation of a legal 
framework complementary the internal market of the 
European Union. 
The Law on Business Companies of the Republic of 
Srpska [5] is based on the best solutions of modern 
national law of the surrounding countries, and also of 
some countries from Europe and the USA (Illinois), the 
Statute of the European Company from 2001, OECD 
Principles of Corporate Governance from 1998 etc. 
Entrepreneurship, in the sense of the (Law on 
Development of SMEs of the RS, 2013), is an innovative 
process of creation and development of business 
ventures or activities and of creation of business success 
at market.  
Entrepreneurial infrastructure presents spatial-
technical forms for toe support of entrepreneurship 
development, with a special emphasis on establishing 
and development of SMEs.  
In recent time [2], there is a greater emphasis in the 
commercialization of university research, especially 
through the creation of spin-off enterprises. They 
emphasize inhomogeneity of the concept of university 
spin-off enterprises and point out their heterogeneous 
properties.  
The suggestions of [2] for the classification of university 
spin-off enterprises are:  

» independent spin-off enterprises,  
» connected spin-off enterprises, with joint 

investment, and  
» as organizational units of universities.  
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Three key approaches are used for differentiating the 
types of university spin-off enterprises: researchers as 
entrepreneurs of spin-off enterprises, by the nature of 
knowledge transfer and the participation of external 
partners in a new company. These different criteria 
make the phenomena contained by the concept of 
university spin-off enterprises. 
BUSINESS ZONES AS ENTREPRENEURIAL 
INFRASTRUCTURE 
Formation and development of business zones is a long-
term, planned activity directed to stimulation of 
economic development and employment at the territory 
of a local community, with the use of adequate equipped 
space and other instruments of support, which enable a 
more efficient and faster economic and spatial 
development of enterprises which operate in a zone.  
Business zones (the Law on Development of SMEs of the 
RS 2013) are a form of entrepreneurial infrastructure 
which presents a constructionally arranged and 
communally equipped space, intended for a harmonized 
and planned use by a greater number of enterprises and 
entrepreneurs, where the planned and harmonized 
approach enables a joint use of the space, as well as of 
communal, administrative, financial, technical and other 
services, thus realizing lower costs of business.  
The terms of entrepreneurial infrastructure and 
business infrastructure often have multiple meanings, 
because the development terminology mostly has not 
been set, because of its complexity, by a legislation, and 
the fact that those are relative new development 
mechanisms.  
The notion of business zones can define the widest 
notion of zones in general, which presents a certain area 
of an infrastructurally equipped building lot which is 
regulated by spatial-planning documentation, intended 
for business, i.e. the creation of added value.  
Pursuant to the first classification [4], the zones can be 
classified into four groups:  
Specialized zones: incubators, technology centers, 
technology parks, centers for transfer of technologies 
and zones specialized for certain activities; 
Industrial zones, present the areas with a great 
concentration of industry, predominated by big 
enterprises; Entrepreneurial – craft zones, present the 
areas with a great concentration of small enterprises 
and entrepreneurs; Agricultural zones are the zones 
founded on soil which is not intended for building and is 
used for agricultural production.  
Pursuant to another classification, business zones can be 
classified in the following four categories: Industrial 
zones are larger zones mostly oriented towards bigger 
industrial enterprises from similar agricultural sectors, 
but also the small and medium-sized enterprises (SMEs) 
related on the principle of subcontracting with bigger 
enterprises. A special category of industrial zones are so-

called industrial parks, whose specificity is to have a 
company as the operator which manages the zone on 
behalf of one or more owners.  
In developed countries, the operator can be in public 
property (public communal enterprises and/or 
municipality and sate), can be a public – private 
partnership or in private ownership. The aim of creating 
this form is a more efficient management of the zone and 
better planning of its development. Entrepreneurial 
zones are smaller zones primarily intended for SMEs 
and entrepreneurs, which have a more favorable 
support treatment with the aim of faster development, 
i.e. to invest in equipment, human resources and 
working assets, and less in the business premises.  
Business centers are business tones where business, 
trading and logistical centers oriented to service 
activities are grouped most often. The building of 
business centers is most frequently a private or public-
private initiative.  
Technology parks are the zones directed to high 
technologies and usually emerge near universities (with 
technical faculties and institutes). Located in technology 
parks, there are usually small, micro and medium-sized 
enterprises based on high technologies, application of 
new knowledge and introduction of new practices to 
economy.  
Besides the named classifications [4], on the basis of 
strategic importance, industrial zones could be divided 
into zones of strategic interest defined pursuant to 
different criteria, as projects of special interests, and 
emerge by an initiative of Government towards he 
realization bearers, which can be of different levels and 
legal status (from top to bottom) and local zones of 
municipal or regional importance and oriented towards 
smaller industrial capacities. Their size is from 10 to 60 
ha, depending on the needs and possibilities of the 
organizer. The initiatives for the development of such 
zones originate from one or more municipalities 
(initiative from bottom to top).  
Business zones present special organized business units 
in which, at one location, well connected with 
communications, the types of production and service 
activity on the principles of cluster organization are 
developed, with the use of developed infrastructure and 
accompanying services which have their specific 
industrial features.  
Basically, business zones secure the competitiveness for 
businesses in two aspects. The first of them is related to 
the possibility of using the effects of integration of 
similar and related businesses within a zone, resulting in 
the making of competitive advantages for downstream 
activities within the zone by means of:  
» access to different inputs in raw materials, 

components, packaging and services;  
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» lower transaction costs, because the locations of 
providers and producers are identical;  

» efficient coordination based on availability and 
constant exchange of information among the buyers 
and suppliers in the zone;  

» improvement of innovation process on the basis of 
good knowledge of the consumers’ needs and of 
joint work in solving problems; specialization and 
efficiency rising and the application of new 
technologies in a strategic partnership of 
enterprises in the zone;  

» firmer integration of providers and related 
industries in the chain of values of enterprises in the 
zone, especially in cases when downstream 
activities are orientated towards international 
markers; partnership with related industries in 
cases when they can service a few enterprises, for 
example when distributive enterprises in the zone 
can distribute the products of a few producers.  

The second aspect is related to efficiency offered by the 
location of the zone for its members by means of:  
» decrease of investment costs for production and 

business objects;  
» decrease of operational costs of functioning, 

transportation, maintenance and safety of an object, 
and the services organized in the zone;  

» joint use of certain objects (laboratory, copy-room, 
energy sources etc.). 

Business zones appear under different names. The terms 
also in use are: industrial park, economic zone, business 
zone, industrial possession, business zone, artisanal 
zone, eco-industrial park and some other, but basically 
they denote what has been stated under the notion of a 
business zone.  
Regardless of how we name them[4], all of them have 
two characteristics in common:  
» common location of enterprises oriented to a 

mutual business cooperation, and  
» common structure of management.  
They vary one from the other in the sense of type and 
size. They are most often divided due to the type of 
investment, i.e. the preparedness for investment, to 
green field and brown field. In the first case, green field, 
we talk about the creation of business zones at 
completely new locations, while in the second case, a 
brown field zone has been created from already used 
ground and objects in industrial centers.  
From the aspect of Bosnia and Herzegovina, especially 
significant is the use, or reactivation, of infrastructural 
capacities of former state enterprises, whose value gets 
rapidly destroyed by the lack of use. In cases when the 
reconstruction of existing capacities is more expensive 
then the construction of new ones – the advantage is 
given to the first option.  

Business zones have certain specifies in relation to free 
zones which are, in many countries, one of the 
instruments for conduction of trading policies.  
Namely, free zones are specially denoted and arranged 
areas of one state, where business activities take place 
under special conditions, mostly with certain benefits 
related to freeing of duties and taxes for activities 
directed towards export. So, free zones are basically the 
means of export promotion and of promotion of direct 
foreign investments to some countries.  
Besides the stated differences, business zones and free 
zones also have some similarities, in the sense that both 
forms of organizations are directed towards the building 
of competitiveness by means of creating a competitive 
advantages of a certain location of production. 
Moreover, the free zones in industrially developed 
countries have lost significantly in their primary 
meaning of economic oases based on the advantages of 
a duty-free area and the avoidance of taxation, and they 
get more importance in creating the competitive 
advantages from the fundamentals of a quality 
infrastructure of a free zone, high technologies applied 
in the zone, advantages of specialization, innovations 
and low transactional costs and other advantages 
created by the business zones in a narrower sense.  
Business zones should be observed as one of 
instruments in realization of new industrial policies 
which promote many important economic goals. Among 
the goals, the following ones stand out: restructuring of 
production, growth of employment, rising of 
productivity and efficiency in economy, improvement of 
the technological level of production and business in 
general, improvement of export and export 
competitiveness and development of small and medium-
sized enterprises (SMEs). 
Building of competitiveness in a small country, 
especially in the conditions of responsibility for regional 
and local development, is related to the growing role of 
small and medium-sized enterprises. Specificity of a 
development based on the promotion of SMEs is related 
primarily to the need of creating a business environment 
in which the enterprises will have the conditions for 
building of sustainable competitive advantages. In many 
elements, the business environment of SMEs exhibits 
specificities.  
The enterprises do not have the strength to act 
independently at big markets because of their 
fragmentation, so it is logical that in the business 
environment they start to build a partnership and 
develop cooperation in horizontal and vertical 
dimension and to promote the cluster-type cooperation. 
Namely, what cannot be secured as a desirable business 
environment in economy in general, is often achieved 
within business zones, so that they become attractive for 
the location of productions which mean the entering into 
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a higher phase of competitiveness or mean a greater 
efficiency within the stadium of competitiveness which 
marks an economy guided by factors of development.  
Some of the goals[4] for founding of business zones can 
be the following ones: securing of long-term conditions 
for development of small and medium-sized 
entrepreneurship and production craftsmanship, long-
term decrease and alleviation of the trend of 
unemployment and support to entrepreneurs to open 
new job positions, especially within the production 
activities, stimulation of growth and development of 
entrepreneurs, especially in terms of development of 
new products, application of new technologies and 
support to export, facilitating of communication and 
support of cooperation among the entrepreneurs within 
a zone, especially the support for association in 
realization of concrete entrepreneurial and 
development projects, creation of conditions for transfer 
of a part of production activities from a narrower town 
center to use that space for more adequate and 
profitable contents.  
Economic development of an area is greatly determined 
by available potentials, i.e. resources, at one side, and 
certain factors, i.e. the measures which create a 
favorable ambient and support to development, at the 
other side. Available resources for an economic 
development of a region, contained in: infrastructural 
capacities (roads, railway), natural potentials, power 
sources, installed economic capacities, personnel, with 
the geographic position, present a relatively solid basis 
for a future designed development of the Region. 
CONCLUSIONS 
Every local community or a set of local communities 
which are connected geographically, to attract a larger 
number of enterprises to their territory, the territory of 
the Region, takes various activities to improve the 
conditions of work of SMEs. Local community plays a 
very significant role, whiles the task of the country, or 
the government, is to activate the inner resources, as 
additional development impulses. A prudent activity of 
local communities with the aim of developing own 
infrastructure and entrepreneurial potential and 
attracting of investments can be a concept of regional 
development. Local community must develop an 
attractive environment for capital and enterprises. The 
establishment of business zones accelerates and 
simplifies the placement of spatial resources in the 
function of economic development, investments, growth 
and employment. Everywhere in the world, business 
zones present a significant instrument for the 
stimulation and development of entrepreneurship and 
general economic growth of a certain area. They are 
established on the basis of a clearly expressed interest 
between the businessman and bodies of local and 
regional government, with the support of higher levels 

of government and research-educational organizations, 
universities and institutes. 
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AN INVESTIGATION OF THE CHARGE-DISCHARGE 
CHARACTERISTICS OF AN ULTRACAPACITOR IN COMPARISON 
WITH CONVENTIONAL BATTERIES USING PSCAD-1D 
 
1, 2. Department of Physics, University of Lagos, Lagos, NIGERIA 
 
Abstract: The charging and discharging of ultra-capacitors have been studied in this research. An equivalent circuit was used 
to describe the electrical behavior of the ultra-capacitors. The equivalent circuit was implemented in Power System Computer 
Aided Design (PSCAD-1D) software for simulations. Maxwell 350F ultra-capacitors were used in the basic model. Simulation 
results of this model in a stable charge/discharge procedure showed excellent agreement with results obtained from 
experiments. The charging of the ultra-capacitor took approximately 50seconds. The ultra-capacitor shows a nearly constant 
energy storage capacity. Also, the time constant for the full charging phase is 63% while the discharge phase is 37%. The graph 
of the discharge phase is exponential. A discharge efficiency of 85% at all charge/discharge current was determined and its 
specific power is relatively high. 
Keywords: ultra-capacitor, charging, discharging, efficiency and power 
 
 
 
INTRODUCTION 
The ultra-capacitor is a promising energy storage device 
with behavior between traditional capacitor and 
rechargeable battery. The ultra-capacitor possesses 
outstanding unique features that could possibly give it 
an edge over the existing energy storage system. It can 
be charged and discharged quickly like a capacitor, but 
still exhibits 20-200 times greater capacitance than 
conventional capacitors (Conway B.E., 1999). The full 
charging and discharging time can take only few seconds 
without damaging the cell. Ultra-capacitors are also 
known as super-capacitors. Ultra-capacitors with 
capacitances ranged from several hundreds to over a 
thousand Farads are produced on large scale for 
transportation applications [(Kim Y., 2003), (Pay, S. and 
Y. Baghzouz, 2003)].  
The charging and discharging processes of ultra-
capacitors are highly reversible and does not require 
any intermediate stages. Also, the power density of 
ultra-capacitors is higher than those of normal batteries, 
although the energy density is lower. The difference is 
due to different mechanism of energy storage (Conway 
B.E., 1999). These unique features of ultra-capacitors 

allow its use in a wide variety of applications in the 
backup power sources, auxiliary sources, for 
instantaneous power compensation, for peak power or 
simply as energy storage element. Although, super-
capacitors have clear advantages over conventional use 
of batteries as energy storage medium, there are still 
obstacles to its wider use such as low energy density and 
a very high discharging rate. 
This study aims at studying the intricacies of the 
charging and discharging mechanisms of the super-
capacitors with a view to providing insight to the 
dynamics of its operation. This will be achieved through 
the modelling and simulation of the model using PSCAD-
1D software.  
DEVICE STRUCTURE AND MODELING 
Ultra-capacitors store energy electrostatically through a 
process known as non-faradaic electrical energy storage. 
Testing any simulation program involves an initial 
building of a model. Some models have been developed 
in literatures which permit the determination of some of 
the super-capacitors parameters [Conway B.E., 1999 
and Camara, M., 2007].  
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The ultra-capacitor cell modeled in this paper was based 
on 2.7V cell. A series of measures for Maxwell 350F 
super-capacitor was tested in this study. The basic 
model used for this study is shown in figure 1 and the 
analyses given below. 

 
Figure 1: The basic circuit model  

of the Maxwell 350F super-capacitor 
Figure 1 above shows a super-capacitor modelled 
containing standard circuit components. A similar 
circuit design was presented in the data sheet for the 
super-capacitor from European Phase Change Ovonic 
Science (EPCOS) (Data Sheet, EPCOS). This circuit 
consists of the essential parts used in the basic model.  
 

Table 1: General technical data provided  
by the manufacturer (Product guide, 1.2) 

Product BCAP0350 
Dimensions L = 61.5mm D = 33.3 

Mass 60g 
Rated capacitance 350F 

Minimum capacitance 350F 
Maximum ESR 3.2mΩ 
Rated voltage 2.70V 

Maximum voltage 2.85V 
Maximum current 170A 

Specific energy 5.9Wh/kg 
Stored energy 0.35Wh 

 

The two variable capacitors are nonlinearly varying with 
the voltage that is applied across the circuit, according to 
the relation found in the measurement data. The 
capacitance C is responsible for the control of the 
charging processes of the super-capacitor. The 
capacitance value determines the amount of energy 
stored and the rate of energy level variations. The 
capacitance C determines amount of energy stored and 
Cp is taken as one thirteenth of C, as its impact is very 
small.  
 

 
The self-discharge effect is handled by resistance R2 that 
is connected in parallel with the capacitor while the R1 
connected in series resistance signifies the losses during 
charging and discharging processes. These losses are 
presumed to occur since the connection is not ideal and 
therefore the conducting element in the super-capacitor 
has a resistance.  
The resistance R3 offers excess voltage protection. The 
switch next to R3 prevents damage that could occur to 
the capacitor elements by balancing the voltage levels. 
This difference in voltage can occur if a cell has a smaller 
capacitance than the other, which is reflected in the 
amount of stored energy [6]. Resistance Rp and R2 are 
included in the circuit to show the fast-dynamic 
processes in the behavior of the super-capacitor.  
The values of the circuit component used in the 
implementation of the model in the PSCAD software are: 
R1 = 6 mΩ, R2 = 18 kΩ, R3 = 52Ω, Rp = 3mΩ, C = 350F, 
Cp = 27F. The technical data of the ultra-capacitor used 
for the model as specified by the manufacturer is given 
in table 1. 
RESULTS AND DISCUSSION 

» Charging Stage  
The values of all the components are varied to optimize 
the circuit to a practical model. To characterize this 
ultra-capacitor, a constant current discharge/recharge 
test was used. The charging phase shows the following 
variations of voltage with time as shown in figure 2. 
 

 
Figure 2: Voltage variation with time 

 

The precise current control of ultra-capacitor is not 
required for the simulation since, it can accept a wide 
range of charging current. Thus, the criterion for 
terminating charging is the maximum rated voltage of 
the ultra-capacitor (Marco et. al., 2015). In this work, the 
ultra-capacitor used is fully charged to its rated value in 
approximately 50 seconds.  
Figure 2 shows that the charging voltage is 
approximately 2.8V which is in agreement with the value 
of the technical data used.  
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This gives it a better advantage over the conventional 
batteries that takes several minutes to hours to charge. 
In addition to this, the charging can start from 0V 
without any damage to the ultra-capacitor. It has a very 
long term time constant of approximately one second.  
The available charges at any time is a function of the 
output voltage. Thus, when the charging current is 
varied, the ultra-capacitor shows a nearly constant 
energy storage capacity.  
For an ultra-capacitor, experimental results reveal that 
the energy storage capacity is nearly constant under 
different rates of charging. In practical situations, a 
voltage comparator is employed for charging 
termination of the ultra-capacitor as soon as it reaches 
its rated value (Marco et. al., 2015). 

» Discharging Stage 
The time constant of ultra-capacitors is approximately 
one second (Ultra-capacitor Product guide 1.2). For the 
ultra-capacitor under consideration, the time constant is 
given as τ = RsC = 0.90. Rs is the ultra-capacitor internal 
resistance and C is the capacitance.  
The time constant for the full charging phase is 63% 
while the discharge phase is 37% (figure 3). This is in 
agreement with BCAP0350 specification data. 
 

 
Figure 3: Current variation with time  

 

The discharge phase was determined from the values of 
current with their corresponding time interval from the 
PSCAD software used for the simulation of the super-
capacitor. Microsoft Excel Program was used to plot the 
graph of the data obtained from the simulator as shown 
in the Figure 4.  
The test starts from fully charged status with an open 
circuit voltage (OCV) = 2.8V. The following observations 
were deduced from the simulation as shown in the graph 
of figure 4. The discharge phase is exponential (figure 4). 
Hence, a non-purely resistive short term behaviour 
during the first few seconds.  
 

 
In practical applications, direct short circuit is not a 
problem. This gives it a better advantage over 
conventional batteries. 

 
Figure 4: Current-time graph of the discharge phase 

 

» Discharge Efficiency (ηd) 
The discharged efficiency ηd of the BCAP0350 is 
determined from the time constant τ as follows. 

ηd = 1 − 2 � τ
Td
�       (1) 

The constant total current discharge time 𝑇𝑇𝑑𝑑 to fully 
deplete the stored energy in the ultracapacitor is 12 
seconds (figure 4). Therefore, the discharge efficiency of 
the ultra-capacitors is approximately 85%. The graph of 
figure 4 shows that ultra-capacitors exhibit non-linear 
behavior as soon as the charging stops. 
CONCLUSIONS 
A dynamic modelling technique for power conversion is 
important in terms of domestic and commercial needs 
for a fast storage, conversion and supply of a quantity of 
energy.  
Ultra-capacitor module of (350F) was characterized and 
analyzed in this report. It shows good and stable 
performance under all operating conditions during 
testing.  
Its efficiency is about 85% at all charge/discharge 
current and its specific power is relatively high 
compared to Lithium ion batteries. It is however 
recommended that the optimization of the model can 
improve the model performance. 
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ANALYSIS OF A THERMO-CATALYTIC CRACKING 
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Abstract: The core topic of the current research is composed of chemical raw materials to be produced from renewable and 
waste sources, out of which the most significant future representative can be the so-called thermo-catalytic cracking process in 
combined material flow. The thermo-chemical conversion of biomass and/or plastic waste(s) is a process, by means of which 
base materials for the chemical industry or energy carriers can be manufactured. If one considers the conventional, purely 
thermal not catalytic cracking of biomass only, the quality indicators of the so-called bio oil to be produced such as heating 
value, viscosity, oxygen content etc. are fairly poor. Today’s research investigates thermo-catalytic cracking performed in 
combined material flow (biomass and synthetic polymer waste) gaining popularity, by means of which one can efficiently attain 
quality improvement during the process from the aspect of liquid products to be produced. The liquid product obtained from 
thermo-catalytic thermal cracking of pure biomass was a brownish-black pitchy fraction. By adding 50 wt% PS (polystyrene) 
waste, a considerable qualitative and quantitative improvement could be achieved during the combined thermo-catalytic 
cracking. The aromatic hydrocarbon content of the liquid product increased considerably. In addition, the quantity of solid chark 
and carbonised fraction remaining in the reactor body dropped by 36% on average in favour of the liquid and gas products, 
which may significantly promote the technical-economic viability of the technology. 
Keywords: cracking, biomass, recycling of plastic waste, aromatic hydrocarbons 
 
 
INTRODUCTION 
The line of main direction of research is the optimisation 
of conversion possibilities of lignocellulose-based 
biomass into a valuable chemical raw material. Tests 
were performed using maize stalk and manmade 
difficult-to-recycle synthetic polymer waste. The use of 
the developed experimental process can be a 
considerable alternative application and/or recycling 
option for both components against deposit of waste or 
controlled/uncontrolled incineration. The purpose is to 
optimise operational parameters of the thermo-catalytic 
thermal cracking chemical process in combined material 
flow, which is based on the enrichment of aromatic 
hydrocarbon content in the produced liquid products. 
Aromatic hydrocarbons are unsaturated ring carbon 
compounds that can all be derived from benzene of the 
empirical formula C6H6 in terms of their structure. 
Benzene, toluene and ethyl benzene are main base 
materials for the important and a large number of 
intermediates that are used to manufacture synthetic 
fibres (polyester, nylon, etc.), resins, artificial rubbers, 
explosives, pesticides, detergents, paints and many base 

materials indispensable for the industry. Approximately 
35 million tons are manufactured from these 
compounds globally. The main decision factors in the 
selection of raw materials for manufacture are their 
availability and chemical composition. Currently the 
largest quantities of benzene, toluene and xylene are 
produced from crude oil or coal [1]. 
Due to the depletion of fossil energy carriers and the 
increasing demand for the aromatic hydrocarbons, 
research gains importance in future for possible 
alternative base material sources. 
CHARACTERISTICS OF THE RAW MATERIALS 
As a renewable energy source to be used, biomass has an 
increasing significance since it contributes to global CO2 
emission levels to a much lower extent – via the closed 
carbon cycle. One of the raw material for the research 
was maze stalk, which is an agricultural by-product 
generated at the highest quantities in Hungary [2]. The 
cellulose-containing biomass, jointly called 
lignocelluloses contain cellulose, hemicellulose as well 
as lignin in different quantities depending on the type 
and advanced state of the plant in question, which 
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natural polymers make up 85 to 90% of dry matter [3]. 
A general fact is that biomass can be converted directly 
into gas and liquid products as well via biomass thermal 
cracking. 
However, because of the structure of its raw material, 
the liquid fraction obtained from cracking pure biomass 
has a high oxygen content [4-5], therefore its usability is 
restrained strongly. Nowadays it is an area of intensified 
research, the quality of target fractions by combined 
degradations of plastic wastes rich in hydrogen to what 
extent exactly and under which operational as well as 
raw material combinations can be improved or carried 
out. 
Artificial polymer derivatives have become the most 
important structural materials of mankind. The use of 
plastics has risen significantly in the last 100 years and 
the various types of polymers are increasingly prevalent 
in the resulted waste. The various plastic materials are 
produced globally in large quantities and their 
manufacturing capacity rises by an average 10% yearly 
since the 1950s [6]. 
Due to the mentioned relevant causes, the other raw 
material in the subject matter of examinations is 
polystyrene whose annual production capacity reaches 
16 million tons globally and the plastic type in the most 
widespread use in Hungary. Once it loses its utilisation 
function, however, its is harmful to environment, being 
a not readily biodegradable waste, whose treatment is a 
relevant environmental issue, moreover, a real logistic 
challenge in the case of foamed PS (polystyrene) at the 
same time. The real trouble is that the majority of PS is 
not used as a durable product, thus, it appears in a high 
proportion in municipal waste such as a disposable dish, 
glass, cutlery etc. contaminated with foodstuff, whose 
recycling is still at an embryonic stage [7]. The structure 
of polystyrene is depicted in Figure 1. 

 
Figure 1. Structure of polystyrene 

Figure 1 reveals that PS is purely composed of 
hydrocarbon, which is particularly beneficial for 
cracking processes because the releasing hydrocarbon 
saturates the unsaturated carbon-chains, which can lead 
to a qualitative improvement. 
 

CHALLENGES OF TECHNOLOGY 
The future viability for processes processing biomass 
and plastic waste in a combined way has many crucial 
points. Because of the uncertain composition of waste 
and biomasses, the input material flow is uncertain, 
which is a large deviation to the general chemical 
processes. On top of that, it is also particularly important 
in the design that special properties of raw materials in 
question must be taken into account such as the polymer 
structural properties, low heat conductivity and visco-
elastic behaviour [7]. 
Furthermore, it should be highlighted that it is 
indispensable to know the kinetics of thermal 
decomposition, reaction mechanism and quite 
significant interaction of heterogeneous components for 
the design of the process working at the proper 
efficiency and economy. 
All in all, it can be said that thermo-catalytic cracking in 
combined material flow can be one of the future’s 
significant viable alternative to manufacturing base 
materials for the chemical industry. At present, the 
improvement in the qualitative indicators of 
hydrocarbons produced so are faced with major 
difficulties and keeps raising many unanswered 
questions. 
PROCESS CHARACTERISTICS 
The fundamental difference between thermal and 
thermo-catalytic thermal cracking (cracking, pyrolysis) 
resides in the fact that no catalyst is used in the former. 
A joint feature is that polymers with long carbon-chains 
degrade during the process into smaller molecules, 
which means actually the basis of recycling. Another 
essential feature of the technology is that the process 
takes place in an inert atmosphere (oxygen-free), at near 
atmospheric pressure. The great advantage of thermo-
catalytic cracking over purely thermal cracking is the 
following: 
 Smaller reaction temperature, which results in lower 

energy consumption; 
 Cracking reactions occur faster allowing for shorter 

residence time and lower reactor volume; 
 The yield of various more valuable components can 

be optimised by selecting an appropriate catalyst; 
 The ring, branched and aromatic hydrocarbon 

contents in the product fraction increase by thermo-
catalytic cracking of polyolefins, which raises the 
economic potential of the process [8]. 

Thanks to its many positive literature and industrial 
references, the well-known and widely used catalyst 
ZSM-5 was employed in our examinations. 
EXPERIMENTAL EQUIPMENT 
The implemented laboratory-scale thermo-catalytic 
equipment is illustrated in Figures 2 and 3 from side and 
top views. 
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Figure 2. Experimental equipment showing a side view 

 
Figure 3. Experimental equipment showing a side view 

The workflow of the experimental equipment is detailed 
in Figure 4. 

 
Figure 4. The workflow of the experimental equipment: 

1. nitrogen bottle, 2. furnace, 3. vertical reactor, 4. 
horizontal reactor (catalyst attachment), 5. furnace, 6. 

condenser, 7. fluid collector, 8. rotameter 
The raw material was fed in the vertical reactor ‘3’ in 
steps of batch. The reactor tube was heated with a 
‘Hőker Cső’ 250/900 electrically heated furnace whose 

nominal power was 650 W. The furnaces are shown in 
Figures 2 and 3. The structural material of tube reactors 
were 1.4845 (H9) grade austenitic heat resisting steel. 
The temperature was controlled by a PID. 
STEPS OF MEASUREMENTS 
An individually designed tube reactor system was used 
for the measurements.  
250 gr of solid materials was cracked off in the series of 
experiments. On five occasions, purely biomass and on 
five occasions 50-50 wt% PS and maze stalk, in each case 
using 12.5 gr of the catalyst ZSM-5. 
The experiments ran for 50 minutes. The raw material 
was infed in a batch operation in the vertically 
positioned tube reactor. The reactor atmosphere was 
inertised by means of nitrogen in the first step. In the 
second step the temperature of the reactor was adjusted. 
Product yields were examined versus time at 450 °C. 
During the experiments, the hydrocarbon steams left the 
vertically-positioned reactor body to the horizontal tube 
reactor. Product steams left from this into the condenser 
where they were cooled down to 20 °C. Afterwards, the 
liquid phase was gathered in the liquid collector and the 
gas phase was flared off. 
RESULTS 
In cracking the maze stalk (250 gr.) on average: 111 gr. 
solid, 40 gr. liquid and 99 gr. gas product were 
generated, which corresponded 44.4, 16 and 39.6 wt%, 
respectively, related to the quantity of the input raw 
material. 
In cracking the maze stalk and polystyrene in 50-50% in 
combined material flow on average: 21 gr. solid, 124 gr. 
liquid and 105 gr. gas product were generated, which 
corresponded 8.4, 49.6 and 42 wt%, respectively, 
related to the quantity of the input raw material mixture. 
The results are illustrated in Figure 5. 

 
Figure 5. Results by cracking of biomass 

and biomass + PS waste by wt% 
The results shown in Figure 5 reveal clearly that the PS 
waste added to biomass greatly enhances the yield of 
valuable liquid product, while the quantity of chark and 
carbonised phases harmful to the process from several 
aspects dropped to a large extent. 
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The produced liquid products were analysed 
qualitatively as well. The tests were carried out 
according to MSZ (Hungarian standard) 1448-4:1198 
volatile aromatic hydrocarbons. The results are 
summarised in Table 1. 
 

Table 1. Concentrations of aromatic components [mg/l]. 

Component Biomass 
[mg/l] 

Biomass and 
polystyrene 

[mg/l] 
benzene 12 954 
toluene 345 45322 

ethyl benzene 234 30444 
m+p xylene 154 19876 

o xylene 432 280021 
In total 1177 376617 

 

Table 1 shows that the quantities of aromatic 
hydrocarbons reach the value of 376 gr/l on average in 
cracking in combined material flow, which indicates a 
serious qualitative improvement in relation to the 
purely biomass raw material. 
CONCLUSIONS 
The results absolutely support the advantage of process 
in combined material flow over the cracking purely 
maze stack as the quantity of valuable liquid product 
jumped significantly, by 33.6 wt% on average. The 
quantity of carbonised phase and char fraction harmful 
to the process dropped (on average by 36%). These 
results are due to the fact that a considerable quantity of 
hydrogen was released from the thermo-catalytic 
degradation of PS, which saturates the carbon-chains of 
the hydrocarbon steams forming from the biomass 
during the process, in the presence of the catalyst ZSM-
5. There was no significant difference for the gas 
products. 
Due to its structure, PS can produce a significant amount 
of aromatic hydrocarbon of liquid state 450°C, which 
was demonstrated clearly during the measurements as a 
concentration of 376 gr/l was gathered on average. 
It is visible based on the measurement results that more 
valuable and larger quantities of chemical raw material 
can be produced by thermo-catalytic cracking in 
combined material flow of maze stalk and PS waste, 
which can shift in the focus of attention increasingly in 
future because of diminishing crude oil reserves. 
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ANALYSIS OF THE DEFORMATIONS IN „DELTA WIRED 3D 
PRINTER” 
 
1. Nikola Vaptsarov Naval Academy, Varna, BULGARY 
 
Abstract: With the use of 3D printing technology, layer by layer extrusion is possible printing of concrete building objects, but 
printers represent a large size and mobility limited metal construction. In a new 3D printer construction, called "Delta Wired 
3D Printer", the large stress created from bending moments are transformed in normal stress from tension. After we have 
calculates the loads on individual elements we can determine their dimensions and deformation. The loads are different in any 
point of workspace coordinate system this creation of different deflections for any point, which will increases dimension errors 
of printed object. In this paper are theoretically calculated total extruder deflections as a function of tensile in wires, bending in 
pillars taking into account changes in forces for any coordinate points. 
Keywords: delta wired 3d printer, printing of building objects, mobile 3d printer, reconstructions of 3d printer 
 
 

 
INTRODUCTION 
By using Cramer’s formulas in article [1] for solving a 
system of linear equations corresponding to the balance 
of the mechanical system is achieved by clearly defining 
efforts in supporting ropes and their change depending 
on the coordinates of the wires intersection point. These 
decisions represent the initial data to calculate 
deformations in the individual elements and total 
deformation in extruder. The scheme of „Delta Wired 3d 
Printer” is represented in Figure1. 

 
Figure 1. Conceptual design of  

"delta 3D wired printer" [2] 

BODY OF THE PAPER  
In order to determine the deflection of the extruder it is 
necessary to consider the following calculation scheme, 
shown in Figure 2.  
With next equations we can determine of distortion 
bending in pillars [3], where: 
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where: E – modulus of elasticity for pillars material, Pa; 
I –moment of inertia for cross section of pillars, m4; Fa, 
Fb and Fc – tensile force in wires A, B and C, N; Q – weight 
of extruder, kgf; KFa, KFb and KFc – coefficients define 
force value; αZ, βZ and γZ – angles between horizontal 
plane and wires, deg; 
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Figure 2. Estimated scheme for determining the 

deformations of one of the bearing clones 
∆la bend – distortion by bending pillar А, m; ∆la bend’ – 

deflection of extruder from bending of pillar А, m; 
∆la comp  – deformation of compression in pillarА, m; Δla tens.w 

– deformation from tensile in wire of pillar A, m; 
la – length of wire in clone А, m; Δla  – total deflection of 

extruder, m; da – height of pillar A, m. 
For determination of tensile deformation in wires are 
used the following equations [4]: 
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where: Ew – Modulus of elasticity for wires material, Pa; 
Aw – Cross section area for wires, m2; 
By analogy to deformations of compression in the pillars 
can write: 
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where: Ap – Cross section area for pillars, m2; 
If we consider the two right triangles in Figure 2 and 
using the geometric relationships leads to the equation 
that for clone A was as follows: 
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To the resulting deformation taking into account the 
deflection in pillars and tension in the wire may be 
added the deformation of compression in pillar, 
equation for full deformation in clone A that will occur 
as a result of the force Fa is: 
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For clones B and C the equations are: 
 
 

compZ

2
bendZ

2
tens.w

compbend

lb)sin(.lb

)lb)cos(.lb()lblb(

lb'lblb

∆+β−

∆−β−∆+

=∆+∆=∆

     (6) 

 

compZ

2
bendZ

2
tens.w

compbend

lc)sin(.lc

)lc)cos(.lc()lclc(

lc'lclc

∆+γ−

∆−γ−∆+

=∆+∆=∆

      (7) 

 

For total deformation obtained as a result of the forces 
in the three different clones using the principle of 
superposition can be written: 
 

cΔlΔlbΔlaΔl ++=                       (8) 
 

To make the moment of inertia of the cross section of the 
pillars same for each direction of bending is required, it 
is a circle or tube wherein:  
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In addition is necessary the cross-sections of the pillars 
must be uniform along the entire length of the tube to be 
valid relationship for determining the bending 
deformation. The values of the modulus of elasticity and 
the cross sections of the wires and the pillars are also 
constants, which results in the following functional 
equation of the full deflection of the deflection of the 
load: 

);df(lc;Fc;);df(lb;Fb;);df(la;Fa;α
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where for Δla, Δlb and Δlc we can write: 
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For determining the angles and forces depending on the 
location of the columns and the coordinates of the 
intersection to the coordinate system used 
dependencies [1]. 
 

a) 

b) 
Figure 3a-b. Amendment of total deflection ∆l, m of the 

load depending on the coordinates X and Y, at: a) Z=0 m; 
b) Z=0,25 m; 

c) 

d) 
Figure 3c-d. Amendment of total deflection ∆l, m of the 

load depending on the coordinates X and Y, at: c) Z=0,5 m; 
d) Z=1 m, surface plot; 

As seen from dependence deflection of the load is 
influenced by: its size - expressed through the forces Fa, 
Fb and Fc; the location of the intersection of the wires - 
expressed by the coordinates X, Y and Z; angles αZ, βZ and 
γZ dependent and the height of the the pillars da, db and 
dc, and several constants taking into account the 
mechanical properties of the materials and the 
geometrical characteristics of their cross sections. 
For visualization of the results obtained are shown 
several plots of the deformations depending on the 
various factors affecting to them. 

a) 
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b) 

c) 

d) 
Figure 4. Amendment of total deflection ∆l, m of the load 

depending on the coordinates X and Y, at: a) Z=0 m; b) 
Z=0,25 m; c) Z=0,5 m; d) Z=1 m, contour plot; 

 a)  

b) 

c) 

d) 

e) 
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f) 

g) 

h) 
Figure 5. Amendment of total deflection ∆l, m of the load 
depending on the coordinates X and Y, at wires diameter: 

a-b) dw=10 mm; c-d) dw=20 mm; e-f) dw=30 mm; g-h) 
dw=40 mm, surface and contour plot; 

a) 

b) 

c) 

d) 
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e) 

f) 
Figure 6. Amendment of total deflection ∆l, m of the 
load depending on the coordinates X and Y, at pillars 
moment of inertia Ipx = Ipx: a-b) 3000 mm4; c-d) 6000 

mm4; e-f) 9000 mm4, surface and contour plot; 
CONCLUSIONS 
From the analysis of the results can be made the 
following important findings and conclusions: 
― The deflection of the load (extruder) depends on: 

the structural parameters of the individual 
elements – height of the pillars; the material of 
wires and the pillars; geometrical characteristics of 
the cross sections of the wires and the pillars; 
coordinates of the intersection between the three 
wires of working space; 

― The increase of the diameter of the supporting rope 
(wires) reduces the deflection of the load visible in 
Figure 5; 

― The increasing of moment of inertia for the pillars 
cross section of leads to a reduction of deflection of 
the extruder Figure 6; 

― For increasing the coordinate Z (the distance 
between the intersection point between wires and 
the horizontal plane) have increasing deflection of 
load; 

― If the intersection point of the wires moves by 
contour graphics trajectory in the workspace 
showing of Figure 3 to the Figure 6, deflection will 
be equally. The extruder will move in one plane in 
the event that the weight of the load Q is constant. 

For future studies should be determined the weight of 
the extruder, weight required for a transition mixture 
which will form the design calculation of the diameter of 
the wires and the size of the pillars. 
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Abstract: The effects of the addition of silicon carbide and sintering temperatures on the physical and mechanical properties of 
sintered ceramic composite produced from kaolin and graphite was investigated. The kaolin and graphite of known 
mineralogical composition were thoroughly blended with 4 and 8 (vol.) % silicon carbide. From the homogeneous mixture of 
kaolin, graphite and silicon carbide, standard samples were prepared via uniaxial compaction. The test samples produced were 
subjected to firing (sintering) at 1300˚C, 1400˚C and 1500˚C. It was observed that increase in sintering temperature beyond 
1400°C generally lead to reduced porosity of the samples; high contents of silicon carbide especially at temperature from and 
above 1400°C lead to higher porosity; cold crushing strength of samples with 4% SiC is seen to be better than those of samples 
with 8% SiC within sintering the temperature range of 1400°C and 1500°C; modulus of elasticity of both samples reached the 
maxima values at 1400°C but those of samples with 8% SiC is seen to be higher within the sintering temperature range of 1400°C 
and 1500°C; absorbed energy of both samples generally increased with increased sintering temperature; oxidation indices for 
both samples reach the maxima at the temperature of 1400°C but the resistance to oxidation is better for samples with 4% SiC 
within the sintering temperature range of 1400°C and 1500°C. It was concluded that samples with 4% SiC at the sintering 
temperature of 1400°C exhibit better property and is considered to be optimum. 
Keywords: silicon carbide; mullite; graphite; sintering temperatures; phases 
 
 
 
INTRODUCTION 
Mullite is an important aluminum silicate ceramics; it is 
the only stable intermediate specie in the system SiO2-
Al2O3, which has the composition of 3Al2O3.2SiO2, 
corresponding to 71.8wt%. Its importance in technology 
together with its rareness in nature necessitates its 
synthesis. (Schneider et al. 2008; Schneider & 
Komarneni, 2005, Vieira et al. 2007) [1-3]. 
Many researchers have worked on mullite based 
ceramic composite.  
Aramide et al. (2014) [4] reported on high temperature 
synthesis of zircon-mullite-zirconia refractory ceramic 
composite from clay based materials. They synthesized 
mullite within the matrix of zirconia using kaolinitic clay 
sourced from southwest Nigeria.  

The zircon component of the ceramic composite was 
formed through solid state reaction of silica content of 
the clay/excess silica from the process of mullitization. 
Moreover, Aramide et al. (2015) [5] reported on the in-
situ synthesis of mullite fibers reinforced zircon-zirconia 
refractory ceramic composite from clay based materials. 
They investigated the effects of yttria and niobium oxide 
on the phase changes and mechanical properties of the 
samples they worked on. They concluded that the 
improved mechanical property of their samples was due 
to strengthening by both mullite fibers reinforcement 
and phase transformation strengthening.  
Other researchers have also worked elaborately and 
reported their findings on mullite based/reinforced 
ceramic composites [6-8].  
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Zum Gahr [9] reported that if the microstructure is 
modified it could lead to reduction of the friction and the 
wear of alumina. Moreover, in 1996, he showed that by 
reducing the grain size of alumina and zirconia it will 
significantly decrease the wear [10]. 
Furthermore Dong et al [11], reported on the effects of 
additives like MgO, SiO2, Fe2O3 and ZrO2 on the 
mechanical and thermal properties of aluminum titanate 
ceramics. They concluded that the combined additives of 
MgO and Fe2O3 have an excellent improvement on the 
stability of aluminum titanate. Ebadzadeh and Ghasemi 
[12], reported that the addition of TiO2 to mullite-ZrO2 
composites results into change of reaction sintering, 
densification and microstructure which alter the 
formation temperature and retention of t-ZrO2 phase in 
these composites. Moya et al. [13] also reported that the 
microstructure of mullite-zirconia and alumina-zirconia 
composites can be modified by additives like CaO and 
MgO.  
Aramide et al. [14] had synthesized mullite-carbon 
composite from the same materials without any 
additive. The objective of the present work is to examine 
the effects of sintering temperature and addition of 
silicon carbide on the phase evolutions of ceramic 
composite produced from kaolin and graphite. 
MATERIALS AND METHODS 
» Raw Materials 
Clay sample used for this study (as mine Kaolin sample) 
was sourced from Okpella, Edo State southern part of 
Nigeria, Graphite and silicon carbide (SiC) were sourced 
from (Pascal Chemicals, Akure), this were used to 
maintain the granulometry of the mixture.  
» Method 
 Processing of raw materials (Graphite & Kaolin)  
The raw materials (graphite and kaolin) were crushed 
into a coarse particle size, of about 10 mm for graphite 
and less than 2mm for kaolin; the crushed samples were 
further reduced by grinding using Herzog rod mill. The 
powdered samples were sieved using 600μm sizes 
aperture according to ASTM standards in an electric 
sieve shaker. The undersize that passed through the 
600μm sieve aperture were used in the samples making. 
 Phase and Mineralogical Composition of Raw 

kaolin and Graphite Electrode  
The kaolin clay and graphite samples were carefully 
prepared for these analyses by digesting in reagents as 
described by Nabil and Barbara, (2012)[15]. The 
mineralogical phases present in the samples were 
determined using X-ray diffractometry (XRD). The 
phases are reported in Table 1.  
» Experimental Procedure  
 Composition calculation using the Rule of 

Mixtures Technique  
Rule of Mixtures is a method of approach to approximate 
estimation of composite material properties, based on 

an assumption that a composite property is the volume 
weighed average of the phases (matrix and dispersed 
phase). According to Rule of Mixtures [Surappa, 
(2003)][15] the density of composite materials are 
estimated as follows:  
 

ρmixture = Wtf kaolin × ρ kaolin + Wtf.graphite × ρgraphite (1)  
 

Mmixture = ρmixture × vol. mould.   (2)  
 

Where: ρmixture represent density of the mixture, Mmixture 
is the mass of the mixture, Wtf. kaolin is the weight fraction 
of kaolin, ρkaolin is the density of kaolin, Wtf.graphite is the 
weight fraction of graphite, ρgraphite is the density of 
graphite and vol.mould is volume of mould. 
 Composites Production 
The raw materials in the samples making were 3:2 vol. 
% of kaolin and graphite respectively with the addition 
of 4 and 8 (vol.) % silicon carbide respectively. The 
mixture were blended thoroughly for proper 
distribution of constituents materials in a ball mill for 3 
hours at a speed of 72 rev/min after weighing via 
electronic weighing balance in accordance with the 
composition calculation initially prepared [Aramide et 
al. (2014); Aramide, (2015)][17, 18].  
The resulting blended compositions were mixed with 
10% water of kaolin content in each composition; this 
was in order to enhance the plasticity of the mixture 
during compaction. The mixed samples were subjected 
to uniaxial compaction, which was carried out 
mechanically under pressure. The moulded materials 
were fired at varying temperatures (1300˚C, 1400˚C and 
1500˚C). After which the samples were subjected to 
various test, to examine the phase analysis, evaluate 
their physical and mechanical properties.  
» Testing   
 Shrinkage Measurement 
The shrinkage properties of the pressed samples were 
determined by measuring both the green and fired 
dimensions, using a digital vernier caliper. The thickness 
and diameters were measured for evaluation and 
computation of the shrinkage [Aramide, (2015)][18]. 
 

% linear shrinkage = (Lg−Lf)
(Lg)

 x 100      (3)  
 

 

% volumetric shrinkage = (Vg−Vf)
(Vg)

 x 100         (4)  
 

where: Lg represent the green length and Lf represent 
the fired length; Vg represent the green volume and Vf 
represent the fired Volume 
 Apparent porosity (AP)  
Test samples from each of the ceramic composite 
samples were dried out for 12 hours at 110˚C. The dry 
weight of each fired sample was taken and recorded as 
D. Each sample was immersed in water for 6 hours to 
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soak and weighed while being suspended in air. The 
weight was recorded as W.  
Finally, the specimen was weighed when immersed in 
water [Aramide et al. (2014); Aramide, (2015)][17, 18]. 
This was recorded as S. The apparent porosity was then 
calculated from the expression: 
 

% apparent porosity = (W−D)
(W−S)

 x 100       (5) 
 

 Bulk Density 
The test specimens were dried out at 110˚C for 12 hours 
to ensure total water loss. Their dry weights were 
measured and recorded. They were allowed to cool and 
then immersed in a beaker of water.  
Bubbles were observed as the pores in the specimens 
were filled with water. Their soaked weights were 
measured and recorded. They were then suspended in a 
beaker one after the other using a sling and their 
respective suspended weights were measured and 
recorded [Aramide et al. (2014); Aramide, (2015)][17, 
18]. Bulk densities of the samples were calculated using 
the formula below: 
 

Bulk density = D
(W−S)

          (6)  
 

where: D rep. Weight of dried specimen, S rep. Weight of 
dried specimen suspended in water, and W rep. Weight 
of soaked specimen suspended in air. 
 Cold Compression Strength, Modulus of Elasticity 

and Absorbed Energy 
Cold compression strength test is to determine the 
compression strength to failure of each sample, an 
indication of its probable performance under load. The 
standard ceramic samples were dried in an oven at a 
temperature of 110˚C, allowed to cool.  
The cold compression strength tests were performed on 
INSTRON 1195 at a fixed crosshead speed of 10mm min-

1. Samples were prepared according to ASTM C133-97 
(ASTM C133-97, 2003) [Aramide et al. (2014); Aramide, 
(2015)] [17, 18] cold crushing strength, modulus of 
elasticity and absorbed energy of standard and 
conditioned samples were calculated from the equation: 
 

CCS = (Load to fracture)
(Surface area of sample) 

  (7) 
 

 Oxidation Resistance 
The fired samples after heat-treatment were cut and the 
diameter of black portion was measured at different 
locations and the average value was taken. Lower 
oxidation index indicates the higher oxidation resistance 
of the sample [Kuldeep, (2014); Subham, (2013)] [19, 
20]. Oxidation index is determined by the formula: 
 

Oxidation index =(Area of oxidized zone 
Total area)

 ×  100 (8) 
 

RESULTS AND DISCUSSION 
Tables 1 and 2 with Figures 1 to 4 show the effects of 
sintering temperatures and silicon carbide additive on 
the various physical and mechanical properties of 
various samples. From the various figures, it is observed 
that both the sintering temperature and the varied 
percentage silicon carbide additive affect the 
investigated properties of the various samples. 
» Phase/Mineralogical Composition of the Raw 

Kaolin and Graphite Samples  
The phase/mineralogical composition of the kaolin and 
graphite samples were characterised (investigated) 
with the aid of X-ray diffractometer. The results of the 
phase analysis of kaolin and graphite powder quantified 
by XRD were presented in Table 1. 
The discussion of the raw phase/mineralogical 
composition of the raw raw materials used is not within 
the scope of this article; they are only reported for the 
purpose of showing that the compositions of the starting 
raw materials were known. 
 

Table 1. XRD Results of kaolin and graphite sample showing 
the quantity of different phases present 

Materials Kaolinite 
(wt. %) 

Quartz 
(wt. %) 

Amorphous 
wt. (%) 

Graphite 
(wt. %) 

Kaolin 
Sample 63.23 0.65 36.13 - 

Graphite 
Sample - - 56.9 43.1 
 

» Effects of sintering temperature and silicon 
carbide additive on the physical properties of the 
samples 

Figures 1 and 2 show the effects of sintering 
temperature of the apparent porosity and bulk density 
of the various samples investigated. 
 Effects of sintering temperature and silicon 

carbide additive on the apparent porosity of the 
samples 

Figure 1 and Table 2 show the effects of sintering 
temperature and silicon carbide additives on the 
apparent porosity of the various investigated samples. 
From the figure, it is observed that for sample C1 (4 % 
silicon carbide) the apparent porosity slightly increased 
from 30.282% at 1300°C to 30.435% when the sintering 
temperature was increased to 1400°C.  
Further increase in the sintering temperature to 1500°C 
leads to sharp reduction in the apparent porosity of the 
samples to 28.125%. Increase in sintering temperature 
is expected to lead to the densification of the sample 
[18]. The slight initial increase in the apparent porosity 
of the sample as the sintering temperature is increased 
from 1300°C to 1400°C is due to high temperature 
oxidation of graphite based ceramics [21].  
The sharp reduction in the apparent porosity of the 
sample as the sintering temperature is increased to 
1500°C could be attributed to the anti-oxidation effect of 
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the silicon carbide additive. It is an established fact that 
silicon carbide undergoes mostly passive oxidation [22] 
which leads to liberation of silica. This silica forms dense 
layer on the surface of the graphite which acts as a 
protective barrier on the graphite against oxygen 
penetration [23]. This leads to the reduction of the 
apparent porosity as the dense layer of silica formed on 
the surface of the sample. This could also explain the 
reason for the linear expansion recorded in various 
samples instead of linear shrinkage.  
Similarly, for sample C2 it is observed that its apparent 
porosity initially increased from 29.686% at 1300°C to 
30.993% as the sintering temperature is increased to 
1400°C. Further increase in the sintering temperature to 
1500°C leads to slight reduction in the apparent porosity 
to 30.435%. 

 
Figure 1. Effects of sintering temperature on the 

apparent porosity of the sample 
It equally observed that sample C2 (8% silicon carbide) 
have higher apparent porosity than sample C1 (4% 
silicon carbide) at all sintering temperature with the 
exception of 1300°C. 
 Effects of sintering temperature and silicon 

carbide additive on the bulk density of the 
samples 

The effects of sintering temperature and silicon carbide 
additive on the bulk density of the investigated samples 
are depicted in Figure 2. From the figure, for sample C1 
it is observed that the bulk density of the sample reduced 
from 1.655 g/cm3 at 1300°C to 1.619 g/cm3 when the 
sintering temperature was increased to 1400°C.  
Further increase in the sintering temperature to 1500°C 
leads to increase in the bulk density of the sample to 
1.699 g/cm3. This is expected following the behavior of 
the apparent porosity of the sample with the sintering 
temperature as discussed in the preceding section 
(Figure 1).  
Since increased apparent porosity means that the 
sample is less dense, (that is, it contains less matter and 
more pores) [24] this is why the bulk density reduced 

while the apparent porosity increased and vice versa. 
For sample C2, it is observed that the bulk density of the 
sample reduced from 1.728 g/cm3 at 1300°C to 1.719 
g/cm3 when the sintering temperature was increased to 
1400°C. But it is observed that increased sintering 
temperature to 1500°C had no effect on the bulk density 
(it remains constant at 1.719 g/cm3). It is also observed 
that sample C2 possesses higher bulk density than 
sample C1 at all investigated temperature; this could be 
due to the density contribution of the silicon carbide 
additive, which is more in C2 than in C1. 

 
Figure 2. Effects of sintering temperature on the bulk 

density of the sample 
 Effects of sintering temperature and silicon 

carbide additive on the cold crushing strength of 
the samples 

Figure 3 depicts the effects of sintering temperature and 
silicon carbide additive on the cold crushing strength of 
the samples. From the figure, it is observed for sample 
C1 that the cold crushing strength at 1300°C was about 
7.43 Mpa, it was observed to reduce to about 7.28 Mpa 
with increase in sintering temperature to 1400°C. 
Thereafter increased sintering temperature to 1500°C 
leads to increase in the cold crushing strength of the 
sample to about 7.53 Mpa.  
It is observed that Figure 3 follows almost the same 
trend as Figure 2; higher cold crushing strength is 
observed where higher bulk density is observed and vice 
versa. This is because high bulk density is favoured by 
low porosity (fewer pores) which implies that more 
matters are available to bear more load [24]. From the 
same Figure 3, sample C2 is seen to follow the same 
trend with sample C1.  
It is observed that at 1300°C the cold crushing strength 
of sample C2 is about 7.65 Mpa, increased sintering 
temperature leads to reduction in the cold crushing 
strength to about 6.91 Mpa. This is due to increased 
porosity of the sample within the same temperature 
range [24]. 

28

28.5

29

29.5

30

30.5

31

1300 1350 1400 1450 1500

Ap
pa

re
nt

 P
or

os
ity

 (%
)

Sintering Temperature (°C)

C1
C2

1.6

1.62

1.64

1.66

1.68

1.7

1.72

1.74

1300 1350 1400 1450 1500

Bu
lk 

De
ns

ity
 (g

/c
m

3)

Sintering Temperature (°C)

C1
C2



ACTA TECHNICA CORVINIENSIS 
      – Bulletin of Engineering 
 

103 | F a s c i c u l e  3  
 

 
Figure 3. Effects of sintering temperature on the cold 

crushing strength of the samples 
 Effects of sintering temperature and silicon 

carbide additive on the modulus of elasticity of 
the samples 

Figure 4 shows the effects of sintering temperature and 
silicon carbide additive on the Young’s modulus of 
elasticity of the investigated samples.  

 
Figure 4. Effects of sintering temperature on the 

Young’s modulus of elasticity of the samples 
From the figure, it is observed that for sample C1 the 
modulus of elasticity of the sample initially at 1300°C is 
about 11.04 Mpa, it increased to about 11.81 Mpa (at 
1400°C) with increased sintering temperature. The 
modulus of elasticity is observed to reduce to about 8.19 
Mpa with further increased sintering temperature to 
1500°C. Sample C2 is observed to follow the same trend 
with sample C1.  
The modulus of elasticity of sample C2 at 1300°C was 
initially observed to be about 10.22 Mpa, it then 
increased to about 13.87 Mpa as the sintering 
temperature was increased to 1400°C. It is the observed 
to reduce to about 10.12 Mpa as the sintering 
temperature was further increased to 1500°C. Similar 
trend has been earlier reported by other researchers 

[25, 26] where it was reported that graphite does not 
improve the rigidity of refractory ceramic. 
 Effects of sintering temperature and silicon 

carbide additive on the absorbed energy of the 
samples 

Figure 5 depicts the effects of sintering temperature and 
silicon carbide additive on the absorbed energy of the 
investigated samples.  

 
Figure 5. Effects of sintering temperature on the 

absorbed energy of the samples 
From the figure, it is observed for sample C1 that the 
absorbed energy at 1300°C was about 5.65 J, this is seen 
to reduce slightly to about 5.61 J as the sintering 
temperature was increased to 1400°C; further increase 
in the sintering temperature to 1500°C leads to increase 
in the absorbed energy of the sample to about 6.38 J. 
Furthermore, it is observed from the figure that for 
sample C2, the absorbed energy’s behavior with 
sintering temperature follows the same trend with that 
of sample C1 as earlier discussed.  
Both samples having minima values for absorbed energy 
at 1400°C (as it was the case for both bulk density and 
cold crushing strength). Comparing this with Figure 1, it 
is observed that both samples C1 and C2 have their 
maxima values for apparent porosity at 1400°C. It is also 
observed that the absorbed energy of the sample C2 is 
greater than that of the sample C1 at all sintering 
temperatures. 
 Effects of sintering temperature and silicon 

carbide additive on the linear expansion of the 
samples 

The effect of sintering temperature and silicon carbide 
additive on the linear expansion of the investigated 
samples is depicted in Figure 6. It is observed for both 
samples C1 and C2 that the linear expansion increased 
from its lowest (for each of the investigated samples) at 
1300°C to its maximum at 1400°C. It then reduced 
slightly with further increase in the sintering 
temperature to 1500°C. What is commonly observed in 
most ceramic is linear shrinkage, but contrary to the 
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common linear shrinkage in the investigated samples, 
what is observed is linear expansion. This is due to the 
excess silica liberated during the process of mullitization 
on one hand, and the liberation of silica by the ‘passive 
oxidation’ of silicon carbide on the samples.  
The silica forms dense layer on the surface of the 
samples which increased the length (diameter) of the 
samples [22]. It will be observed that the linear 
expansion values for sample C2 at 1300°C and 1400°C 
were greater than those of sample C1 at the same 
sintering temperature. This is because sample C2 
contains 8 vol % of silicon carbide while sample C1 
contains 4 vol % silicon carbide. On the contrary the 
linear expansion value of sample C1 at 1500°C is greater 
than that of sample C2. It equally observed that maxima 
linear expansion values both samples C1 and C2 are at 
1400°C. 

 
Figure 6. Effects of sintering temperature on the linear 

expansion on the samples 
 Effects of sintering temperature and silicon 

carbide additive on the volumetric shrinkage of 
the samples 

Figure 7 clearly depicts the effects of sintering 
temperature and silicon carbide on the volumetric 
shrinkage of the samples. From the figure it is observed 
that the volumetric shrinkages of both samples C1 and 
C2 initially reduced as the sintering temperature 
increased from 1300°C to 1400°C, reached the minima 
values at 1400°C and then increased with further 
increase in the sintering temperature to 1500°C. It is not 
a coincidence that both the minima volumetric 
shrinkage values and the maxima linear expansion 
values of both samples were observed at 1400°C. The 
silica that was liberated on the samples that lead to 
linear expansion was generated in situ and since matter 
can neither be created nor be destroyed, but can be 
transformed from one form to another. This means that 
the samples expand in two directions while they shrink 
in the third direction. This is why the volumetric 
shrinkage is observed in the samples. 

 
Figure 7. Effects of sintering temperature on the 

volumetric shrinkage of the samples 

 
Figure 8. Effects of sintering temperature on the 

oxidation indices of the samples 
 Effects of sintering temperature and silicon 

carbide additive on the oxidation indices of the 
samples 

Figure 8 shows the effects of sintering temperature and 
silicon carbide additive on the oxidation indices of the 
samples. From the Figure, it is observed that the 
oxidation indices of the samples initially increased with 
increase in the sintering temperature from 1300°C to 
1400°C. The oxidation index reached its maximum at 
1400°C, further increase in the sintering temperature to 
1500°C resulted into reduction in the oxidation indices 
for both samples C1 and C2. It has been earlier discussed 
that the reduction in the porosity of the samples as the 
sintering temperature is increased from 1400°C to 
1500°C was due to the deposition of silica on the surface 
of the samples when silicon carbide was oxidized to form 
silica and carbon (graphite) [22, 23]. The silica formed 
filled up some of the pores. This shows that the silicon 
carbide acts as anti-oxidant for the graphite contents of 
the samples. 
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CONCLUSIONS 
From the discussion of the data generated it is concluded 
that; 
» increase in sintering temperature beyond 1400°C 

generally lead to reduced porosity of the samples; 
» high contents of silicon carbide especially at 

temperature from and above 1400°C lead to higher 
porosity; 

» high contents of silicon carbide lead to production of 
dense samples; 

» cold crushing strength of sample C1 (4% SiC) is seen 
to be better than those of sample C2 (8% SiC) within 
sintering the temperature range of 1400°C and 
1500°C; 

» modulus of elasticity of both samples reached the 
maxima values at 1400°C but those of sample C2 (8% 
SiC) is to be higher within the sintering temperature 
range of 1400°C and 1500°C; 

» absorbed energy of both samples generally increased 
with increased sintering temperature; 

» oxidation indices for both samples reach the maxima 
at the temperature of 1400°C but the resistance to 
oxidation is better for sample C1 (4% SiC) within the 
sintering temperature range of 1400°C and 1500°C; 

» sample C1 (4% SiC) at the sintering temperature of 
1400°C is considered to exhibit better property and 
is considered to be optimum. 
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Abstract: Modern research in the field of motor vehicles covered by a cycle of product development and components to 
production and exploitation of vehicles in traffic, all the way to retirement and recycling. In this way is decreasing negative 
impact of motor vehicles on the environment. Application of hybrid and electric vehicles to reduce or eliminate emissions of 
toxic and harmful gases are emitted into the environment during use of vehicles with conventional drive systems on gasoline 
or diesel fuel. In parallel with the implementation of such vehicles, it is necessary to set up and solve the problems in more detail 
their exploitation, as well as problems that precede the use of vehicles (quarrying and raw materials, energy production, and 
everything is built into a vehicle), and partly to problems that come later (after exploitation period). This particularly applies to 
the treatment of waste batteries and electrical and electronic circuits that are typical for this kind of vehicle. Requirements for 
zero emission of waste materials at all stages of the service life of hybrid and electric vehicles are a complex task for researchers, 
especially in the field of development and application of new materials and advanced and secure technologies in the process of 
production and application. That way, manufacturers are demands for easy dismantling and recycling of vehicles at the end of 
life service and safety classification of the material, which is accompanied by certain problems. A particular problem is the lack 
of specific policies and procedures that can be applied in such vehicles. To meet these requirements it is necessary to develop 
new materials and equipment to be installed in a vehicle, as well as the development of new manufacturing technologies and 
processes for recycling. This paper describes the procedures for the retirements of such vehicles, as well as the recycling of 
specific parts of electrical installations and electronic circuits. 
Keywords: hybrid and electric vehicles, recycling, ecology, materials, waste 
 
 
INTRODUCTION  
More intensive use of hybrid and electric vehicles 
inevitably creates the need for recycling these types of 
vehicles, which requires certain changes in the existing 
methods of recycling. From the point of recycling are 
especially important components of electric and hybrid 
vehicles which do not exist are underrepresented in 
vehicles with conventional drive exclusively internal 
combustion engines (IC engines). These components are 
generally messy traction batteries, electric motors and 
generators, as well as other types of electrical devices 
and on-board equipment, as example in modern vehicles 
with alternative propulsion systems with hydrogen as 
the fuel cell.  
The introduction of hybrid and electric vehicles is due to 
the specificity of their devices and equipment enormous 
challenge. Under pressure, not only companies engaged 
in recycling of vehicles, due to the requirement for more 
modern facilities, such as recycling plant for batteries, 
but also manufacturers of vehicles, parts and equipment 

suppliers, service centers, as well as the state 
administration and legislature. Challenges originating, 
inter alia, from insufficiently developed infrastructure 
for recycling of such vehicles, the complexity of their 
assemblies, due to the application of new and more 
modern materials (more composites and some 
extremely rare and very valuable metals), and the 
absence of legislation in this area [1]. 
However, in the case of mass use of hybrid and electric 
vehicles, sophisticated recycling technology is very 
important, not only for the environment but also for 
reasons of securing long-term supply of necessary raw 
materials. Advanced technologies of recycling are 
primarily focused on lithium, nickel and cobalt in the 
lithium-ion batteries, neodymium and rare metals in 
electric motors, as well as precious metals, and the 
tantalum and tin in electronics [2]. 
Therefore, in recent years, a significant number of 
initiatives, particularly in developed countries, aimed at 
encouraging private and public sectors of society in the 
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recycling of electric and hybrid vehicles. The aim of this 
paper is to present current developments and challenges 
in the field of recycling of components for hybrid and 
electric vehicles, a primarily electric motors and power 
electronics elements.   
BASIC COMPONENTS OF HYBRID AND ELECTRIC 
VEHICLES ON ASPECT OF RECYCLING  
The basic components, which are the holder of 
functionality, energy potential and sustainability, which 
are also the kind of specificity of electric and hybrid 
vehicles, particularly in terms of recycling are: 

» battery as the dominant source of energy; 
» electric motors; and 
» electrical and electronic equipment.    

The batteries to power hybrid and electric vehicles are 
predominantly used in the form of nickel-metal hydride 
(Ni-MH) and lithium batteries. Because of the higher-
capacity, lithium-ion batteries more suppress the (Ni-
MH) batteries that are still in use in power-drive systems 
of some modern electric and hybrid vehicles [1].  
Power batteries, depending on their use in HEV (hybrid 
electric vehicle), PHEV (hybrid electric vehicles with 
external charging) or EV (electric vehicles); exist in a 
wide range of design solutions, size, weight, capacity, 
power and energy. Traction batteries also differ 
according to the number of modules, cells, according to 
the number of charge and discharge cycles, and the 
autonomy or the radius of movement of vehicles on a 
single charge with the same battery. The characteristics 
of the available types of batteries, as well as adequate 
conception of the vehicle are shown in Figure 1. 

 
Figure 1.  Contemporary concepts of hybrid and 

electric vehicles and characteristics of their battery 
(original equipment manufacturers) [2] 

By comparison, hybrid vehicles such as the Toyota Prius 
and require auxiliary batteries that are necessary for 
additional power during acceleration of the vehicle and 
which complement the braking energy recuperation. 
Therefore, the provision of additional forces for the 
hybrid vehicle from the auxiliary battery is not required 
a large amount of energy, and they represent an 
additional source of power hybrid vehicles. In this way, 

the hybrid vehicles achieved the ratio of power and 
energy of about (20:1) or more and are functional at a 
very low charge level or the capacity of the battery. On 
average, it is possible to more than 300,000 cycles of 
charging and discharging the battery during the service 
of a vehicle.    
In contrast to hybrid vehicles, electric vehicles require 
much larger battery power. The relationship between 
power and energy of an electric vehicle is in average 
(4:1) or less. Batteries operate at about 90% of the total 
battery capacity, and it is possible to achieve from 3000 
up to 4000 cycle of charging and discharging cycles 
during battery service period [1, 3, 4]. 
The electric motors are one of the key elements 
(aggregates) in all HEV and EV, as the primary purpose 
of converting electrical energy into mechanical energy. 
Due to the different design solutions, operating 
conditions, purposes, and the concept of the drive block 
and finally making materials, a multitude of different 
electric motors developed for hybrid and electric 
vehicles [1, 2]. 
The most common types of electric motors in hybrid and 
electric vehicles are electric motors, induction motors 
(also known as asynchronous motors) and synchronous 
motors, each of these types of electric motor carries a 
number of advantages and disadvantages [5]. DC electric 
motors with permanent magnets characterized by high 
efficiency, good ability to control speed and torque, but 
on the other hand more complex and expensive to 
manufacture and maintain. The advantage is that they 
are cheaper and asynchronous motors do not require 
the use of expensive elements for making and complex 
electronic blocks for the management of this kind of 
electric motors [5, 6]. However, due to limited space in 
hybrid and electric vehicles, as well as the existence of 
effective software management mode of operation, in 
these vehicles is the dominant application of DC electric 
motors with permanent magnets, which employs the 
largest number of the world's vehicle manufacturers.  
In order to continue the analysis of each component of 
hybrid and electric vehicles, it is necessary to remind 
ourselves of their basic concepts. There are two basic 
configurations of hybrid vehicles: serial and parallel. In 
addition, there is a combined series-parallel hybrid 
vehicle concepts, which combines all the advantages of 
basic concepts of hybrid vehicles. Concepts of hybrid 
vehicles are shown in the Figure 2. 
In serial hybrid vehicle IC engine drives a generator that 
supplies the electric power electricity and supplement 
batteries. IC engine is used in the optimal mode; a speed 
control is achieved by electric motor. The existence of 
the battery and electric motor provides a reversible 
(engine) braking, thus increasing vehicle efficiency. 
Parallel hybrid vehicles are designed so that the drive 
shaft and driven by an electric motor and IC engine-
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generator. IC engine with this concept vehicle runs in 
optimal mode, where the electric machine operates as a 
generator and supplements the battery, when the 
movement of the lower power output of IC engines, and 
when you need more power, then electric machine 
operates as an electric motor using energy from the 
battery. The point of introducing this concept of hybrid 
vehicles can be found in the fact that the installed power 
is less electric machines, which reduced the weight of 
the vehicle. Instead of separate motors and generators, 
is used here only one electric machine, whose power is 
less than the power of the electric motor with the serial 
hybrid vehicle size. When serial - parallel hybrid 
vehicle, there are electric motor and generator, or lower 
power than the pure serial hybrid concept vehicle. 
According to the needs it is possible to drive IC motor 
runs only generator or with an electric motor driven 
drive shaft, and the generator idle [7]. 

 
(a)           (b) 

 
(c) 

Figure 2. Concepts vehicles with serial (a), parallel (b) and 
serial - parallel (c) hybrid drive [7] 

Fully electric vehicles are vehicles that for their 
movements using electrical energy stored in batteries 
or the battery is obtained from a fuel cell. The drive of 
the vehicle consists of the following subsystems: 
batteries, inverter power electronics, and electric motor 
and usually, mechanical force transmission system. The 
electric motor is the only electric machine installed in 
the towing vehicle subsystem and its strength is equal 
to the force required to propel the vehicle. Schematic 

representation of an electric vehicle with all its 
subsystems is shown in Figure 3 [7]. 

 
Figure 3. Schematic view of the electric vehicle [7] 

Electrical and electronic equipment have the task of 
electrical energy from the battery to the required values 
and with the least losses is delivered to the drive electric 
machines. That equipment is one of the key components 
of electric and hybrid vehicles and has a high impact on 
the overall energy efficiency of the powertrain. In order 
to optimize the flow of energy transformation in these 
vehicles, electronic blocks for power have several 
functions performed thanks to its sub-components [8]: 
» inverter that converts the direct current from the 

battery into alternating current for electric machines;  
» DC power converter, which provides low-voltage DC 

power supply for consumers, most of which are 
located on the dashboard of the vehicle;  

» some concept of vehicles provide for an additional 
inverter that converts the DC current at the output 
from the battery into electricity higher voltage, 
before the same is converted into alternating current 
to power the electric motor. This conversion into 
electricity higher voltage is performed in order to 
reduce losses in the transmission of electricity; 

» elements of the power electronics, which comprise, 
inter alia, of the printed circuit board with controllers 
and other control components; and 

» built-in charger and (AC-DC) converter is used in 
electric and hybrid vehicles as a link between the 
external electrical network for power supply with 
battery.  

PROCEDURE FOR RECYCLING OF HYBRID AND 
ELECTRIC VEHICLES   
With the introduction of the Directive on recycling 
vehicles from 2006 in the European Union [9] are 
intended to wastewater treatment system sales in 
Europe as much homogenize and standardize. Figure 4 
shows a novel method for recycling vehicles, which is 
expected this Directive by the European Commission, 
which aims to make this area more standardized, but 
also to unify the individual elements of the process, to 
the final end products of this process back into 
production as many countries across the European 
Union and beyond. 

 Battery 
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Static 
converter 

Electric 
motor 

Differential 

Drive wheels 
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Figure 4. The recycling process of the end  

of the service of the vehicle [2] 
Recycling is mainly composed of purification, 
dismantling, cutting and grinding, additional grinding 
and sorting. The first treatment is carried out in 
dedicated installations, in order to isolate potentially 
hazardous components and toxic substances such as 
exploitation of liquid, air bags and batteries. In addition, 
some parts are dismantled usually for the following 
reasons: due to the material values of their components 
(such as catalysts), reuse (engines, tires, electronics) or 
inefficient recycling process in the following stages of 
the process [9-12].  
After dismantling, usually most of the vehicles crushed 
by cutting and processing a magnetic separator (iron-
based concentrates), current separators (non 
concentrates) and fluid separators-solutions (for 
plastics, dust of various materials, light materials). For a 
long time, the detailed separation allocate parts of the 
vehicle that cut and grind, given that up to 20% of the 
total weight of modern vehicles are potentially 
dangerous waste for the environment [9, 10].   
RECYCLING OF ELECTRIC MOTORS OF ELECTRIC 
AND HYBRID ELECTRIC VEHICLES  
Within the recycling of conventional pretreatment 
vehicle IC engines are usually extracted, separated, and 
specifically treat their component parts. Separation of IC 
engine components for their reuse is difficult because in 
IC engines are represented different kinds of materials, 
different values in terms of raw material, but also 
different levels of harm to the environment.  
If all these materials are chopped and by crushing, they 
are diluted, insufficient purity or lost, which leads not 
only to lower wages in the recycling process, but also to 
the inability of protection against the harmful effects of 
hazardous and harmful substances. In principle, the 
same treatment applies to the electric motors used on 
hybrid and electric vehicles, although recycling of this 
type of powertrain is not heavily researched and 
widespread, and the scarce information on the value of 
certain parts of electric motors, as well as the 
justification of allocations and the extent to which the 

performs disassembly of certain components. However, 
the integration of the components of electric motors 
with new design concepts, as well as the tendency 
towards miniaturization of parts could lead to major 
difficulties in dismantling assemblies and inevitably 
increasing costs. 
However, because the electric motors and hybrid 
vehicles contain relatively high concentrations of 
precious metals (in the form of copper wires and NdFeB-
neodymium iron boride magnets) which have low 
efficiency of recycling during processing, grinding and 
crushing, dismantling will have a very important role. In 
fact, very rare and valuable elements in the permanent 
magnets are lost during processing by cutting and 
crushing iron to melt fractions and later [13].  
Therefore, such a worthy assemblies, primarily the 
rotors of electric motors must be separated as much as 
possible on the finer parts during disassembly. For 
example Research Project: Recycling of Strategic Metals 
and Components of the Drive Motors [14], process 
several scenarios for dismantling electric motors with 
permanent magnets with electric and hybrid vehicles at 
the end of a century of service, up to the component 
parts of the rotor and stator. The economic side of the 
recycling process, dismantling parts of the electric 
motor is very profitable, mainly because of the content 
of large amounts of copper, as well as non-ferrous metal 
prices high, even if very few materials are separated and 
not recycled in the process.  
From the standpoint of obtaining very rare metals from 
waste electrical circuits, recycling activities are 
specifically aimed at the recycling of permanent 
magnets, as an integral part of each electric motor. The 
problem of recycling of permanent magnets electric 
motors is particularly studied by the Institute for 
Factory Automation and Production Systems of the 
Friedrich Alexander University Erlangen Nuremberg 
(MORE Project).  
Magnets are either embedded on the surface of the rotor 
(squirrel cage) or grooves close to the surface of the 
rotor (a rotor with salient poles), and therefore require 
different techniques of separation. If necessary, the 
magnets must be removed before the shell of its 
construction. In Figures 5 and 6 are shown the complete 
rotor and the rotor segments separated by individual 
electric motors [15]. 
Within MORE projects developed different approaches 
to dismantling. Those are designed, constructed and 
tested two prototypes of machines for mechanical and 
electric bed. Wherein the magnetic losses under (1%). 
Magnets should not be demagnetized before 
dismantling. In essence, in the cage of the rotor, the 
thermal treatment may result in damage of the magnet 
[16-18]. 
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Figure 5. Squirrel-cage rotor and several parts  

of the rotor motors [15] 

 
Figure 6. Rotor with salient poles and some of its parts [15] 

 
Figure 7. The concept of dismantling the rotor  

with salient poles [19] 
The magnets of the rotor segment of the rotor with 
salient poles are forced out of a press under the specific 
ejector (Figure 7). By the non-magnetic stand, the 
segments of the rotor after dismantling a conveyor belt, 
which has a built in demagnetization in the form of 
infrared radiation, are transported into the chamber for 
storage. In the chamber are sorted according to the 
polarity of the magnets and along separately with the 
help of plastic sheet [19]. 

After dismantling, if necessary, the demagnetization of 
the magnet can theoretically perform in a plant for 
recycling. However, the current recycling NdFeB magnet 
does not exist outside of China where the recycled waste 
and scrap obtained in various manufacturing processes. 
How is china's main producer of NdFeB (market share of 
over 80%), are available in sufficient quantities magnets. 
The main reasons for the undeveloped procedure of 
recycling magnets are inefficient collection of worn-out 
components and machinery, technical difficulty to 
extract the magnet from the rest of the assemblies, and 
the lack of economic incentives.  

 
Figure 8. Display devices for dismantling of cage rotors [20] 

One of the possible procedures for recycling for re-use 
magnetic alloy is shown in Figure 9. For the operation of 
processes, such as remelting, entirely mechanical 
crushing and baking hydrogen with subsequent 
fragmentation, of great importance is that better 
perform the dismantling and cleaning of the magnet 
[21]. 
By using any of the recycling process, it is inevitable that 
a certain amount of impurities (mainly carbon and 
oxygen), leading to losses caused by the formation of 
oxides and carbides, in contrast to magnets produced 
exclusively from pure raw materials, without the 
participation of recycled materials. The estimated losses 
would be from 1% to 10% recycled material. Due to the 
limited space available for installation on vehicles and 
requirements in terms of less weight, electric motors for 
hybrid and electric vehicles require magnets with the 
highest possible purity materials.  
The method shown in Figure 9 is currently considered 
the best option for recycling of NdFeB magnet assembly 
of electric motors. The main reason for this is that this 
recycling method allocate metals (very rare metals, 
cobalt, etc.) having the same characteristics as obtained 
from the primary metals manufacture and thus do not 
compromise the properties of the magnetic.  
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Figure 9. Schematic view of the metallurgical process for 

obtaining NdFeB magnets from powder [22] 
RECYCLING OF ELECTRICAL AND ELECTRONIC 
EQUIPMENT FOR THE HYBRID AND ELECTRIC 
VEHICLES  
Currently available is very limited information 
regarding the dismantling of the elements of power 
electronics for hybrid and electric vehicles. Units of 
power electronics that are in operation on vehicles are 
generally compact units of 10 kg or more. They contain 
expensive materials, so that their removal with 
appropriate cost-effective technological process and 
tools for disassembly. In particular, the stator and rotor 
of electric motors consisting of precious metals and 
alloys (copper, aluminum, steel), which can be efficiently 
extracted during the recycling process. Given the trend 
towards miniaturization and directed towards the 
decentralization of the electronic blocks, it became even 
more complex and dismantling procedure inevitably 
lead to a certain increase in the total cost of dismantling.   
One of the most representative projects, which handles 
the recycling of the elements of power electronics for 
hybrid and electric vehicles under the title: Recycling of 
electric vehicles 2020; a key component of power 
electronics, funded by the German Federal Ministry for 
the Environment, Nature Conservation and Nuclear 
Safety, I am ordering the fact that the current elements 
power electronics are treated as normal electronic 
waste. This means that after grinding to separate the 
individual components followed by classification and 
sorting for the production of metal concentrates which 
are used in advanced metallurgical treatment processes 
recyclable materials.  
However, this does not mean that there is no need for 
further investigation, given the significant changes that 
occur and what can be expected in the coming years. For 

example, the ability to integrate elements of power 
electronics in electric motor will require new concepts 
dismantling of these components within the recycling 
process. Another challenge could arise from the use of 
GaN (gallium nitrogen) instead of the SiC as 
semiconductor or semiconductors based on Si. As the 
gallium market currently poorly represented, significant 
effects can be expected in the event of a major 
breakthrough this element on the market [23]. The first 
research on the recycling of semiconductor gallium 
nitride suggest that effective and economically feasible 
to obtain gallium difficult to achieve due to the small 
number of gallium in nature, and because of the 
complexity of the circuits. It should also be noted that 
today's recycling processes of electronic waste is 
primarily directed to the recovery of copper and 
precious metals, and are not sufficiently applicable to 
extract metals such as antimony and tantalum [24, 25].  
CONCLUSIONS 
The introduction of hybrid and electric vehicles in the 
wider application presents great challenges for the 
recycling industry. Although the amount of recycled 
material obtained from hybrid and electric vehicles 
currently small, significant changes can be expected in 
the coming years. Developments in the field of electric 
and hybrid vehicles are very dynamic, both for concept 
development, implementation and use of vehicles, and 
for their individual components. Therefore, all the 
forecasts which may possibly anticipate future 
developments, characterized by a high degree of 
uncertainty and exploration.  
This paper summarizes some of the current 
developments in the field of recycling of some key 
components of electric and hybrid vehicles, such as 
electric motors and power electronics components, and 
components whose recycling was paid less attention, as 
opposed to say, from different types of batteries are 
applying on these types of vehicles. First, it is very 
important to recognize some of the materials and 
classify them as critical (cobalt, rare metals, palladium, 
antimony, gallium, etc.), which irreversibly lose if it 
approaches the fragmentation of parts, without 
dismantling parts to the required extent. Other 
components are produced in a number of variations in 
non-standard procedures and structure is often not 
adapted for recycling, particularly in terms of 
dismantling. This may change over the next decade, but 
it raises many problems, which primarily necessitate 
future automation of the process of dismantling 
assemblies, as well as the automation of other phases of 
the recycling process. Thirdly, in the considered 
components can be expected reduction in the 
concentration of some rare earth metals or a material 
with a separation from the exhausted assemblies is 
difficult, for example, a battery with a lower content of 
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cobalt and nickel, NdFeB magnets, the electric motor 
with the lower representation of very rare-earth metals, 
as well as a more compact unit of power supply systems. 
Fourth, now a mass in the recycling process provides the 
legal and economic, ranging from state institutions, 
companies, international organizations, and not to the 
required extent, recognized the need for supporting 
recycling processes that handle smaller amounts of 
material, but on the other hand are focused on 
processing and obtaining extremely rare and valuable 
materials [25].  
Tendencies are that electric motors with permanent 
magnets continue to be the dominant technology for 
hybrid and electric vehicles, assuming that there are no 
extreme increase in prices for neodymium and other 
rare materials. Recycling electric motor is mainly the 
efficient production of steel and copper. Therefore, the 
establishment of recycling very rare materials, and 
precious metals, the main challenge. 
Like electric motors, power electronics elements are 
recycled according to a similar principle, where the 
removal of a major challenge in order to efficiently 
obtain an extremely rare metal, such as tantalum, 
antimony and gallium.  
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MECHANICAL PROPERTIES OF CHEMICALLY TREATED 
SISAL FIBER REINFORCED LOW DENSITY POLYETHYLENE 
COMPOSITES 
 
1-3.Department Metallurgical and Materials Engineering, Federal University of Technology, Akure, NIGERIA 
 
Abstract: This research investigates the effect of chemical treatment on the mechanical properties of sisal fiber reinforced low 
density polyethylene (SFR-LDPE) composites. The sisal fiber was sourced from its plantation and was extracted by soil retting 
process. In order to study the effect of chemical treatments on the resultant properties of the SFR-LDPE composites, NaOH, KOH, 
NaCl and KCl were used to modify the fibers in a shaker water bath at 50 ºC for 4 hours. The treated fibers were cut into 10 mm 
lengths and were used for the production of randomly dispersed short fiber/LDPE composites in predetermined proportions. 
Tensile and flexural tests were carried out on the developed SFR-LDPE composites from where it was observed that, alkali 
treated SFR-LDPE composite samples gave the best flexural and tensile properties compared to composites developed from 
chloride salts. 
Keywords: Sisal fiber, composite, chemical treatment, mechanical properties, water absorption properties 
 
 
INTRODUCTION 
The interest in natural fiber reinforced polymer 
composites is growing rapidly due to significant 
processing advantage of been eco-friendly, low 
production cost as well as low density [1-3]. Natural 
fibers are renewable resources, cheap, pose no health 
hazards and as well provide solution to environmental 
pollution by finding new uses for waste materials [4-6]. 
Besides, natural fiber reinforced polymer composites 
form a new class of materials that can possibly be used 
as a substitute for scarce wood and wood based 
materials in structural applications. However, it has 
been predicted that by the beginning of next century 
wood will be scarce for the whole world due to its 
increasing demand [7]. 
The choice of sisal fiber for this research was informed 
by its availability and good strength. Sisal fiber is a 
member of the agavaceae family. It is biodegradable and 
environment friendly. Research is ongoing using sisal 
fiber as reinforcement in different polymers like; low-
density polyethylene, polyester, epoxy, polypropylene, 
urea-formaldehyde phenol-formaldehyde, polyvinyl-
acetate, and starch-based polymers [8-13]. It is generally 

accepted that the mechanical properties of fiber 
reinforced polymer composites are controlled by factors 
such as nature of matrix, fiber-matrix interface, fiber 
weight fraction and aspect ratio [14]. 
Plant fibers comprised of three major chemical 
components, namely cellulose, lignin, and 
hemicelluloses. The pre-treatment of fibers changes the 
composition and ultimately changes not only its 
properties but also the properties of composites. The 
treatments usually enhanced the properties of fibers but 
occasionally, its effects on the fibers may not be 
favorable to the fiber properties if the operating 
conditions are not properly monitored.  
The treatments tend to aid interfacial adhesion between 
the fibers and polymer matrix. Commonly used methods 
for the enhancement of interfacial adhesion between 
fiber and matrix are maleated coupling agents, 
acrylation, acetylation and benzoylation [1, 15]. In this 
study, comparative investigation of the influence of 
alkali and saline treatments were examined. Chemicals 
that were used for sisal fiber treatment are potassium 
hydroxide (KOH), sodium hydroxide (NaOH), sodium 
chloride (NaCl) and potassium chloride (KCl). In 
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agreement with previous work [11, 16], this research 
investigated the best chemical treatment for soil retted 
sisal fibers targeted for improving the mechanical 
properties of the developed composites. Soil retting was 
used as process route for the extraction of sisal fiber 
since it has been employed in the extraction of other 
natural fiber where the needed resources; land and 
water are readily available. The process is expected to 
yield fiber with better tensile properties as it eliminates 
the mechanical beaten that characterized mechanical 
decortication process in which the fiber tensile 
properties may likely to be low due to induced stress. 
The stress is as a result of the compressive force that is 
being applied during the extraction. The process is also 
environmentally friendly as it eradicates dusts that are 
associated with decortication process. A lot of works on 
decorticated sisal fibers are available in the literature 
but not much have been reported on soil retted sisal 
fibers which is one of the reasons for carrying out this 
research.Low density polyethylene (LDPE) was used as 
matrix while sisal fibers serve as reinforcement to 
produce the sisal fiber reinforced low density 
polyethylene composites (SFR-LDPE).  
MATERIALS AND METHODS 
» Materials 
Low density polyethylene granules with melt flow index 
of 2.25 g/min and density of 0.923 g/cm3 was used as the 
matrix while sisal fiber from the plant leaves wasused as 
the reinforcement. Potassium hydroxide (KOH), sodium 
hydroxide (NaOH), hydrochloric acid (HCl), sodium 
chloride (NaCl) and distilled water were used for the 
treatments of the fiber. 
» Sisal Fiber Extraction and Treatment 
The sisal fiber was obtained from sisal plant and was 
extracted by soil retting process. In soil retting process, 
the green leaves were buried in the soil for 3 weeks. 
During this period, water was used to wet the buried 
sisal leaves. The fermented leaves were exhumed, 
washed in flowing water to remove sand and dirt. It was 
then sun dried for 5 days as shown in Figure 1.  

 
Figure 1: Extracted Sisal Fibers 

The dried fibers were divided into 4 portions of equal 
weights. Each of the portions was treated with 1 molar 
solution of NaOH, KOH, NaCl and KCl, respectively in a 
shaker water bath at a temperature of 50 ºC for 4 hours. 
Afterwards, the fibers were washed with ordinary water 
before washing them with distilled water to ensure 
neutralization status and then sun dried for 5 days. The 
dried fibers were cut into 10 mm lengths. The average 
value of the sisal fiber diameter was 0.09 mm before the 
treatment and, hence, the aspect ratio value for the used 
sisal fiber was 111.11.   
» Composites Production 
Sisal fiber reinforced LDPE composites were produced 
via heating compression moulding machine. Randomly 
dispersed fiber orientation was used with varied fiber 
content of: 2, 4, 6, 8 and 10 wt%.  The treated sisal fibers 
were mixed with low density polyethylene (LDPE) in the 
mould before transferring to heating compression 
moulding machine. The mixture was placed in the 
compression moulding machine maintained at 170 ºC 
for 10 minutes. The composites were formed in flexural 
and tensile moulds separately and were allowed to cool 
before detaching them from the moulds. The flexural 
mould has a dimension of 150 x 50 x 3 mm while the 
tensile mould has a dog-bone shape and 3 mm thick. 
Three samples each were produced from the 
representative samples that were considered.  
» Mechanical testing 
 Tensile test 
Tensile test was performed on universal testing machine 
(INSTRON 3369 model) with a maximum load cell 
capacity of 50 KN at a fixed crosshead speed of 10 
mm/min. All Samples were prepared in accordance to 
ASTM D3039-14 [17], standard test methods for tensile 
properties of polymer matrix composite materials. 
Three samples were tested for each representative 
samples from where the average values for the test 
samples was used as illustrative value. 
 Flexural test 
Flexural test was carried out according to ASTM D 790-
98 [18], standard test method for flexural properties of 
polymer matrix composite materials. The flexural test 
was performed at a span length of 100 mm and at a 
crosshead speed of 2 mm/minon an INSTRON machine. 
Three samples were tested for each representative 
samples from where the average values for the test 
samples were used as the illustrative values.  
RESULTS AND DISCUSSION 
 Flexural Test 
Figure 2 revealed the variation of flexural strength at 
peak against for the various samples. Flexural strength 
at peak is the strength at a particular cross section and 
not the load carrying capability of the overall beam. 
 From the graph, it was observed NaOH treated sisal 
fiber reinforced LDPE composites in all the percentage 
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composition used gave better strength than the 
unreinforced LDPE matrix that serves as control except 
at 4 % where they both have the same value. This was 
followed by NaCl treatment in which all except 6 % 
reinforcement gave better results, KOH treated samples 
followed with less values at 6 and 8 %. 
 

 
Figure 2: Charts for the variation of flexural strength at 

peak for the developed composites and the control sample 
 

However, all the KCl treated samples possess less value 
than the control which implies that this treatment has 
not improved the condition of the fiber for the expected 
enhancement. Hence, all the developed composites from 
the chemically modified fibers with the exception of KCl 
displayed promising potentials for the treatment of sisal 
fiber for polymer composite development. Composite 
developed from 2 and 6 % NaOH treated fiber were with 
the highest bending strength at peak with values 29.27 
and 19.32 N/mm2, respectively. It was also observed 
from the result that, sample with the best fiber content 
from both KOH and NaCl treatments were from 2 and 4 
%, respectively. It therefore, follows that 2 – 6 % of the 
fibers are the range of values for optimum production.   
The treatment has made the sisal fiber to become 
stronger, thereby, able to withstand stress transfer from 
the LDPE matrix effectively [16]. This essentially results 
in improved flexural strength of the composites. 
Mechanical properties of composites depend on many 
parameters like the properties of matrix and fiber, 
volume fraction of fiber, geometry and orientation of 
fiber, adhesion between matrix and fiber, fiber 
agglomeration and fiber breakage.  
Therefore, the observed results are the effects of the 
combinations of the listed factors. Hence, the use of 
NaOH treated shortsisal fiber that is randomly dispersed 
in LDPE for the development of polymer composites 
gave the best surface modification required for good 
interfacial adhesion between the fiber and the matrix 
which resulted in 61 % enhancement in flexural strength 
of the developed composites.  
 

 
Figure 3: Charts of the variation of flexural modulus for 

the developed composites and the control sample 
 

The flexural modulus for the various samples was as 
shown in Figure 3. Flexural modulus is also known as 
bending modulus and it is a measure of the stiffness of a 
material when subjected to bending test. The result 
showed that NaOH treated sisal fiber reinforced samples 
possesses better modulus than the control in all the fiber 
content used.  
From the graph, it was observed that composite with 6 
% NaOH treated sisal fiber has the highest flexural 
modulus of about 935 N/mm2 followed by sample with 
2 % KOH which has a value of about 833 N/mm2. Also, it 
was realized that composites produced from NaOH and 
KOH treated sisal fibers within the range of 2 - 6 % gave 
the best reinforcement with respect to other chemically 
treated sisal fiber reinforced LDPE composites and 
unreinforced LDPE.  
This corroborates the result in Figure 2 in which the 
same fiber content range gave the best flexural strength 
at peak results. Since the alkali treated samples emerges 
as the best in flexural properties, it therefore, follows 
that, the alkali treatments aid the removal of intra-
matrix (hemicellulose and lignin) thereby, improving 
the interfacial adhesion between the sisal fiber and 
LDPE matrix. NaOH and KOH treatments were 
discovered to have led to about 55 and 50 % increment 
in the bending modulus, respectively. This feat was 
possible because the fiber strength has been enhanced 
by the alkali treatments [16].  
The flexural properties from Figures 2-3 showed that, 
the properties tend to decrease as the fiber content 
increases from 8-10 %.This may be due to the effect of 
fiber volume fraction and improper adhesion between 
the fiber and the matrix that causes inadequate transfer 
of stress from the matrix to the fiber. The results 
revealed that better effects were obtained between 2-6 
% fibers loading. This was in agreement with the work 
of [10] where it was deduced that low fiber content 
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yielded the optimum properties for the developed 
composites.   
 Tensile Test 
Figure 4 shows the tensile strength at peak for the 
various test samples. Strength at peak is the maximum 
stress the material can withstand before it fractures. 
 

 
Figure 4: Charts of the Variation of Tensile Strength at 

Peak for the Developed Composite and the Control Sample 
 

The responses of the developed composites show a 
different trend from that of flexural properties. Here, 
KOH and NaCl treated fiber reinforced samples gave the 
best performance which means that, these treatments 
can be tailored for usage when tensile strength property 
is to be enhanced.  
While the tensile strength at peak for KOH treated sisal 
fiber reinforced samples tends to increase as fiber 
content increases from 2-10 %, the same thing is 
applicable to that of NaCl which also tends to increase 
but reach optimum at 6 %. Though, chemical treatments 
are primarily to enhance interfacial adhesion between 
fiber and matrix, however, the treatments usually led to 
different reactions with the fiber constituents. Different 
chemical treatments tends to modified the fiber 
constituents; cellulose, hemicelluloses and lignin in 
diverse ways.  
The final products of these reactions may therefore alter 
the way they respond in service. From the graph, it was 
observed that composite developed with 10 and 8 % 
KOH has the highest tensile strength at peak with values; 
21.28 and 18.67 N/mm2, respectively.  
CONCLUSIONS 
The research outcome revealed that alkali (NaOH and 
KOH) treatments of sisal fiber are more suitable for the 
enhancement of flexural and tensile properties of the 
developed composites than the chloride salts. From the 
results, it was observed that NaOH gave the best 
enhancement for flexural properties while KOH gave 
best enhancement for tensile strength at peak. 

Low fiber content of between 2-6 % gave the best 
flexural results while high fiber content of between 8-10 
% gave the best tensile strength at peak.  
References 
[1.] Agbabiaka O.G, Isiaka I.O, Olorunleye P.O. 

Investigating the Influence of Alkalization on the 
Mechanical and Water Absorption Properties of 
Coconut and Sponge Fibers Reinforced 
Polypropylene Composites, Leonardo Electronic 
Journal of Practices and Technology 25: p. 223-
231. 2014. 

[2.] Sahari M, Sapuan S. M. Natural Fiber Reinforced 
Biodegradable Composites. Reviews on Advanced 
Materials Science 30: p. 166-170. 2011. 

[3.] Aart V. V. Natural fiber composite; Recent 
development. Technological Advisor Composite 
Materials Sirris, Katholieke Universiteit Leuven p. 
1-32. 2008. 

[4.] Bledzki A, Gassan J. Composites Reinforced with 
Cellulose Based Fibers, Progress in Polymer 
Science24: 221-274. 1999. 

[5.] Amar K.M, Manjusri M, Lawrence T.D. Natural 
Fibers, Biopolymers, and Bio-composites, CRC 
Press, Tailor & Francis, p. 1-3. 2005. 

[6.] Singh S. P. Agro-Industrial Wastes and their 
Utilization. Proceedings of National Seminar on 
Building Materials and their Science and 
Technology, Roorkee 15: p. 111. 1982. 

[7.] Oladele I.O, Omotoyinbo J.A, Borisade M.P. 
Mechanical Properties of Mahogany (Swietenia 
Macrophylla) and Araba (Ceiba Pentandra) Dusts 
Reinforced PolyesterComposites, Leonardo 
Electronic Journal of Practices and Technologies, 
23(12): 1-18.2013. 

[8.] Veluraja K, Ayyalnarayanasubbu R. S, Paul R. 
Preparation of Gum from Tamarind Seed and its 
Application in the Preparation of Composite 
Material with Sisal Fiber. Carbohydrate Polymers, 
Oxford 34 (4): p. 377- 379. 1997. 

[9.] Pavithran C, Mukherjee P. S., Brahmakumar M., 
Damodaran A. D. Impact Performance of Sisal – 
Polyester Composites. Journal of Materials Science 
Letters, London 7: p. 825-826. 1988. 

[10.] Oladele I.O, Omotoyinbo J.A, Adewuyi B.O, Kavishe 
F.P.L. The Effects of Production Processes on the 
Mechanical Properties of Sisal Fiber Reinforced 
Polypropylene Composites. Philippine Journal of 
Science. 142 (2): p.189-198. 2013. 

[11.] Oladele I.O, Agbabiaka O.G. Investigating the 
Influence of Mercerization Treatment on the 
Mechanical Properties of Sisal Fiber Reinforced 
Polypropylene Composite and Modeling of the 
Properties, Fiber and Polymer Journal 16 (3): p. 
650-656. 2015. 

0

5

10

15

20

25

2% 4% 6% 8% 10%
CS

Te
ns

ile
  S

tre
ng

th
 a

t p
ea

k 
N

/m
m

2

Samples

NaOH KOH NaCl

KCl Control



ACTA TECHNICA CORVINIENSIS 
      – Bulletin of Engineering 
 

119 | F a s c i c u l e  3  
 

[12.] Pavithran C, Mukherjee P. S, Brahmakumar M, 
Damodaran A. D. Impact Properties of Natural 
Fiber Composites. Journal of Materials Science 
Letters, London 6: p. 882-884.1987. 

[13.] Kalaprasad G, Joseph K, Thomas S, Pavithran C. 
Theoretical Modeling of TensileProperties of 
Short Sisal Fiber-Reinforced Low-Density 
Polyethylene Composites. Journal of Materials 
Science 32: p. 4261–4267. 1997. 

[14.] Pal S, Mukhopadhayay D, Sanyal S, Mukherjea R. 
Studies on Process Variables for Natural Fiber 
Composites effects of Peapas Interfacial Agent. 
Journal of Applied Polymer Science 35: p. 973–
985. 1998. 

[15.] Ghali L, Aloui M, Zidi M, Bendaly H, M'sahli S, Sakli 
F. Effect of Chemical Modification of Luffa 
Cylindrica Fibers on the Mechanical and 
Hygrothermal Behaviours of Polyester/Luffa 
Composite, BioResources 6(4): p. 3836-3849. 
2011. 

[16.] Oladele,I. O, Omotoyinbo, J. A, Adewara J.O.T. 
Investigating the Effect of Chemical Treatment on 
the Constituents and Tensile Properties of Sisal 
Fibre. Journal of Minerals and Materials 
Characterization and Engineering. 9(6): p. 569- 
582. 2010. 

[17.] ASTM D3039.Standard Test Methods for Tensile 
Properties of Polymer Matrix Composite 
Materials. 2014. 

[18.] ASTM D790. Standard Test Methods for Flexural 
Properties of Polymer Matrix Composite 
Materials. 1998. 

[19.] Amuthakkannan P, Manikandan V, Winowlin J. J. T 
and Marimuthu U. Effect of Moisture Absorption 
Behavior on Mechanical Properties of Basalt Fiber 
Reinforced Polymer Matrix Composites, Hindawi 
Publishing Corporation, Journal of Composites, 8 
pages.2014. 

[20.] Alomayri T, Assaedi H, Shaikh F.U. A, Low I.M. 
Effect of Water Absorption on the Mechanical 
Properties of Cotton Fabric-Reinforced 
Geopolymer Composites, Journal of Asian Ceramic 
Societies, 2(3): p. 223–230. 2014. 

[21.] Azim S. Effects of Water Absorption on Mechanical 
Properties of Hemp Fiber Composites, Polymer 
Composites, 33(1): p. 120–128. 2012. 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
copyright © 

University POLITEHNICA Timisoara, 
Faculty of Engineering Hunedoara, 

5, Revolutiei, 331128, Hunedoara, ROMANIA 
http://acta.fih.upt.ro 

 
 
 



  ACTA TECHNICA CORVINIENSIS 
      – Bulletin of Engineering 
 

120 | F a s c i c u l e  3  
 

 

 

 
 
We are very pleased to inform that our international and 
interdisciplinary journal ACTA TECHNICA 
CORVINIENSIS ■ Bulletin of Engineering completed 
its nine years of publication successfully [issues of 
years 2008 –2016,  Tome I–IX]. 
 
In a very short period it has acquired global presence 
and scholars from all over the world have taken it with 
great enthusiasm. 
 
 
 
 
 
 

 

 

Every year, in four online issues (fascicules 1 – 4), ACTA 
TECHNICA CORVINIENSIS ■ Bulletin of Engineering 
[e-ISSN: 2067-3809] publishes a series of reviews 
covering the most exciting and developing fields of 
science and technology. Each issue contains papers 
reviewed by international researchers who are experts 
in their fields. The result is a journal that gives the 
scientists and engineers the opportunity to keep 
informed of all the current developments in their own, 
and related, areas of research, ensuring the new ideas 
across an increasingly the interdisciplinary field. 
 
Now, when will celebrate the tenth years anniversary of 
ACTA TECHNICA CORVINIENSIS ■ Bulletin of 
Engineering, we are extremely grateful and heartily 
acknowledge the kind of support and encouragement 
from all contributors and all collaborators! 

 
On behalf of the Editorial Board and Scientific 
Committees of ACTA TECHNICA CORVINIENSIS ■ 
Bulletin of Engineering, we would like to thank the 
many people who helped make this journal successful. 
We thank all authors who submitted their work to ACTA 
TECHNICA CORVINIENSIS ■ Bulletin of Engineering. 

 
 
 

 

 
copyright © University POLITEHNICA Timisoara, 

Faculty of Engineering Hunedoara, 
5, Revolutiei, 331128, Hunedoara, ROMANIA 

http://acta.fih.upt.ro 
 

http://acta.fih.upt.ro/


 

© copyright  Faculty of Engineering – Hunedoara, University POLITEHNICA Timisoara 

ACTA TECHNICA CORVINIENSIS  
– Bulletin of Engineering 
Tome X [2017]  
Fascicule 3 [July – September] 
ISSN: 2067 – 3809 
 
 
 

1.Viktor József VOJNICH 
 

CULTIVATION POSSIBILITIES OF IN VITRO PROPAGATED 
Lobelia Inflata IN THE AGRICULTURE 
 
1. Pallasz Athena University, Faculty of Horticulture and Rural Development, Kecskemét, HUNGARY 
 
Abstract: Lobelia inflata L. is a medicinally important species of the Lobeliaceae family. It is native to North America and 
contains numerous piperidine alkaloids. It is important to increase the biomass and lobeline content of in vitro plant by nitrogen 
and magnesium treatments. The aim of this research was to examine the effect of MgSO4 and NH4NO3 fertilization on biomass 
and on lobeline content of in vitro propagated L. inflata. 
Keywords: Lobelia inflata, in vitro, propagated, cultivation, agriculture 
 
 
INTRODUCTION 
Lobelia inflata L. (Indian tobacco) is a traditional 
medicinal plant native to North America. The plant can 
be introduced in Hungary. It is mainly an annual plant 
[19], [35], [41], but its biennial populations can also be 
found [13]. Lobelia inflata belongs to the order 
Campanulales, to the family Lobeliaceae [10]. The herba 
contains several piperidine skeleton alkaloids [16], [23], 
[24]. Its main alkaloid is the lobeline, which due to its 
stimulating effect on the respiratory centre is used in 
cases of gas- and narcotic poisoning [17], [40]. Recently, 
significant amounts of polyacetylene compounds have 
been isolated from above ground organs of the plant 
(lobetyol, lobetolin and lobetyolin) [3], [16]. Recently, 
the species has come into the limelight due to research 
on CNS, drug abuse and multidrug resistance [1], [7], [8], 
[14], [28], [30]. Dwoskin and Crooks [14] described a 
novel mechanism of action and potential use of lobeline 
as a treatment for psychostimulant abuse. 
It is important to increase the biomass and lobeline 
content of the plant by nitrogen and magnesium 
treatments in vitro [3], [36], [37] in open field [42], [43], 
[44], [45], [46]. There was a favourable effect of NH4+ 
and NO3- on the biomass formation of in vitro cultures 
[11], [21], [38], and aquatic cultures [15], [31]. Britto 
and Kronzucker [12] described the inhibitory effect of 
ammonia on growth in open field conditions. Nitrogen 
regulates the expression of specific proteins through 
mechanisms affecting transcription and/or mRNA 
stability [27], [34]. Nitrogen is incorporated into amino 

acids and may also serve as a reprogramming signal for 
the metabolism of nitrogen and carbon, resource 
allocation, and root development [47]. Nitrogen sources 
are important for secondary product synthesis of 
compounds such as alkaloids [49], anthocyanins, and 
shikonin from cell suspension cultures [20]. 
Interestingly, the NH4+-to-NO3- ratio in the medium 
affects not only the growth of plant cell cultures [39], but 
also the production of secondary compounds [33]. The 
ammonium/nitrate ratio controls the pH of growth 
media, stimulates morphogenesis and embryogenesis, 
and thus it is important in inducing callus formation in 
many woody plant cultures. However, all the 
aforementioned effects of the culture medium differ 
from one species to another and from one compound to 
another [2], [9], [32]. Therefore, it is necessary to 
establish a reproducible externally applied NO3-/NH4+ 
ratio for the stable production of large quantities of 
special metabolites.  
Several previous experiments examined the influence of 
macroelements on growth and alkaloid production of 
hairy roots [4], [6].  
The aim of this research was to study the effects of 
MgSO4 and NH4NO3 fertilisation on biomass and 
alkaloid/lobeline production of in vitro cultivated L. 
inflata in Hungary.  
MATERIAL AND METHODS 
 Open field description 
The open field trials were carried out in 2011 in 
Mosonmagyaróvár, University of West-Hungary (My 
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PhD work was in this institute). Nitrogen and 
Magnesium were applied in the form of ground 
fertilizers. The nutrients were applied in the following 
methods and quantities in 2011: untreated (control), 50 
kg ha-1 N-, 100 kg ha-1 Nitrogen ground fertilizer, 50 kg 
ha-1 Magnesium- and 100 kg ha-1 Mg ground fertilizers. 
Table I. summarize the specification of soil values. An 
extended soil analysis was carried out according to 
standard methods of UIS Ungarn laboratory (Hungary, 
Mosonmagyaróvár).  
 

Table 1. Specification of soil values (2011) 
Appellation Measure Values 

pHKCl - 7.12 
salt% m m%-1 0.02 

humus% m m%-1 3.08 
CaCO3% m m%-1 10.7 

P2O5 mg kg-1 358 
K2O mg kg-1 518 
Na mg kg-1 54.3 
Mg mg kg-1 310 

NO2-NO3-N mg kg-1 20.1 
SO4 mg kg-1 8.75 
Cu mg kg-1 4.21 
Mn mg kg-1 20.4 
Zn mg kg-1 18.5 

 

In the open field trials, Mg (2%) - and N (34%) fertilizers 
were spread onto the soil surface, one day prior to 
transplanting. Transplanting of in vitro Lobelia inflata 
plants into open field soil was carried out on 26th May 
2011. The number of plants per plot was 40. The 
experimental design was randomized blocks with 4 
repetitions. During cultivation, mechanical weed control 
was applied. Plant heights (cm) were measured three 
times (22nd July, 29th July and 7th August) in 2011. In each 
treatment group 8 plants were measured (dry biomass 
production, g plant-1 of L. inflata herb). 
The first harvesting was on 9-10th August 2011. During 
harvesting, the plants were flowering and the biomasses 
were recorded. After harvesting, the plants were dried 
in a shaded and well-ventilated glasshouse. The dry 
weight determination was carried out in early 
September. The flowering phenophase was observed in 
the period of July to September [25]. The statistical 
analysis was preformed with SPSS v19 software [18]. 
The mean differences were regarded as significant at the 
0.05 level. 
 Laboratory trials  
Chemicals and reagents. (-) Lobeline hydrochloride was 
purchased from Sigma-Aldrich (St Louis, MO, USA). 
Lobelanidine and norlobelanine were kindly provided 
by the Research Institute of Medicinal Plants, Poznan, 
Poland. Acetonitrile and methanol were of HPLC grade 
(Fisher Scientific, Loughborough, Leics, UK). Water was 
purified with Millipore (Billerica, MA, USA) Milli-Q 

equipment. All other reagents were of analytical reagent 
grade. 
Alkaloid Extraction. The herb or roots of L. inflata 
(0.5000 g), dried and powdered, were extracted with 
1 × 20 ml and 2 × 10 ml of 0.1 N HCl–methanol (1:1, v/v) 
by sonication (Braun Labsonic U, Melsungen, Germany) 
for 3 × 10 min. After centrifugation (6,000 rpm for 
10 min, 2,500 g) and filtration, the methanol was 
evaporated and the remaining aqueous phase was 
diluted to a stock solution (to 25.00 ml) with 0.1 N HCl. 
Samples of this solution were purified with solid-phase 
extraction (SPE). 
Determination of total alkaloid content. The total 
alkaloid content was determined by a 
spectrophotometric method [44], elaborated by 
Mahmoud and El-Masry [29] and modified by Krajewska 
[22]. 
Sample preparation by solid phase extraction (SPE) for 
analysis of alkaloids by HPLC (High Performance Liquid 
Chromatography). 3 ml Supelclean LC-8 columns 
(Supelco, Bellefonte, PA, USA), were used for SPE. 10.00 
ml of the stock solution was loaded on to the SPE 
columns, then washed with 2.5 ml water to remove 
matrix. The alkaloid containing fraction was eluted with 
2 × 2.5 ml methanol. According to Kursinszki et al. [23] 
the recovery of lobeline from the SPE step was total, 
determined by HPLC.  
HPLC-DAD conditions. LC analysis was performed on a 
Surveyor LC system (Thermo Finnigan, San Jose, CA, 
USA) consisting of a quaternary gradient pump with an 
integrated degasser, a PDA detector, and an 
autosampler. Thermo Finnigan ChromQuest 4.0 
software was used for data acquisition, processing, and 
reporting. Compounds were separated on a Knauer 
Eurospher 100-C8 (5 µm) reversed-phase column (250 
× 3 mm i.d.; Berlin, Germany) integrated with a 
precolumn (5 × 3 mm i.d.). The column temperature was 
25 °C and the injection volume 5 µL. The mobile phase 
was 30:70 (v/v) acetonitrile–0.1% trifluoroacetic acid. 
The flow-rate was 0.8 ml min-1. The lobeline peak was 
identified by the addition of authentic standard, by 
diode-array and MS/MS detection. 
Quantitative determination of alkaloids by HPLC. 
Determination of (-)-lobeline was performed by the 
external standard method. Standard solutions 
containing lobeline at 2.25 - 80 µg ml-1 were prepared in 
0.1 N HCl. The calibration graph for lobeline was 
constructed by plotting the peak areas against the 
corresponding concentrations. The concentration of 
lobeline in samples was calculated from its peak area by 
use of the calibration plot. Validation studies proved that 
both the repeatability of the method and the recovery 
was good [23]. The amounts of lobeline derivatives: 
norlobeline, norlobelanine and lobelidine were 
expressed in lobeline. 
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HPLC-MS/MS experiments. LC/MS analysis was 
performed on an Agilent 6410 Triple Quad system using 
electrospray ionization in positive ion mode. 
Chromatographic conditions were the same as 
described earlier, except that 30 mM ammonium 
formate (pH 2.80) was used instead of 0.1% 
trifluoroacetic acid. The injection volume was 10 μl. By 
solvent splitting, 40 % eluent was allowed to flow into 
the mass spectrometer. The conditions of the LC-MS/MS 
studies were as follows: nebulizer pressure 45.0 psi, 
drying gas flow rate 9 l min-1, drying gas temperature 
350 °C, capillary voltage 3500 V, scan range from m/z 50 
to 700 at collision energy of 15 or 20 eV depending on 
the molecular structure. 
The lobeline content was determined by HPLC method 
designed by Yonemitsu et al. [48] and modified by 
Bálványos et al. [5], Kursinszki and Szőke [24]. 
RESULTS 
Literature references on the mineral nutrition of L. 
inflata are scarce, although it is one of the basic factors 
of successful cultivation of this species.  
 

Table 2. Plant height (cm) of in vitro  
Lobelia inflata in 2011 

Treatments 
Height of the plants (cm) 
22nd 
July 

29th 
July 

7th 
August 

Control 

Mean 24.75 33.75 40.25 
Number 8 8 8 

St. deviation 6.99 6.52 5.70 
Minimum 11 20 27 
Maximum 32 41 45 

50 kg 
ha-1 N 

ground 
fertilizer 

Mean 30.38 38.63 47.75 
Number 8 8 8 

St. deviation 12.59 11.02 7.50 
Minimum 14 23 36 
Maximum 50 56 60 

100 kg 
ha-1 N 

ground 
fertilizer 

Mean 29.25 37.88 45.38 
Number 8 8 8 

St. deviation 6.36 6.33 5.15 
Minimum 19 28 37 
Maximum 39 47 54 

50 kg 
ha-1 Mg 
ground 

fertilizer 

Mean 30.75 38.38 43.00 
Number 8 8 8 

St. deviation 6.16 6.05 6.97 
Minimum 22 29 33 
Maximum 39 47 54 

100 kg 
ha-1 Mg 
ground 

fertilizer 

Mean 26.25 36.50 45.13 
Number 8 8 8 

St. deviation 8.68 7.54 5.84 
Minimum 14 25 36 
Maximum 41 50 56 

 

Our experiments were aimed at clearing the basic 
nutrient requirements. It could be established that in the 
form of ground fertilization, both nitrogen and 
magnesium had a favorable effect on the formation of 
biomass and lobeline content in open field conditions. 

Some information is available from in vitro hairy root 
experiments carried out by Bálványos [3], according to 
whom the various nutrients he tried (Mg, Ca, Na, N), Mg 
had proved to be most effective in increasing both the 
dry biomass and lobeline content. 

Table 3. Tukey HSD test of Lobelia inflata  
(parameter: plant height, cm) 

Date of 
measu-
rements 

 

Treat- 
ments 

(A) 

Treatments 
(B) 

Mean 
Difference 

(A-B) 

St. 
Error 

 

Significance 
Level 

22nd 
July Control 

50 kg ha-1 N -5.625 4.249 0.679 n.s. 
100 kg ha-1 N -6.000 4.249 0.624 n.s. 
50 kg ha-1 Mg -4.500 4.249 0.826 n.s. 

100 kg ha-1 
Mg -1.500 4.249 0.997 n.s. 

29th 
July Control 

50 kg ha-1 N -4.875 3.856 0.714 n.s. 
100 kg ha-1 N -4.625 3.856 0.752 n.s. 
50 kg ha-1 Mg -4.125 3.856 0.821 n.s. 

100 kg ha-1 
Mg -2.750 3.856 0.952 n.s. 

7th 
August Control 

50 kg ha-1 N -7.500 3.146 0.144 n.s. 
100 kg ha-1 N -2.750 3.146 0.904 n.s. 
50 kg ha-1 Mg -5.125 3.146 0.490 n.s. 

100 kg ha-1 
Mg -4.875 3.146 0.538 n.s. 

* The mean difference is significant at the 0.05 level. 
n.s. = not significant 

Table 2 and Table 3 summarize the effect of fertilizers on 
plant growth in 2011. As expected and shown by the 
analysis of variance, as well as Tukey HSD test, the 
growth parameters show significantly different values 
for plant height.  

 
Figure 1. Dry biomass (g plant-1) production  

of in vitro L. inflata herb 
Table 4. Tukey test of in vitro L. inflata herb (parameter: 

plant biomass, g plant-1) 
Treat-
ments 

(A) 

Treatments 
(B) 

Mean 
difference 

(A-B) 

St. 
Error 

Signifi-
cance 
level 

Contr
ol 

50 kg ha-1 N 0.095 1.232 1.000 
n.s. 

100 kg ha-1 N -0.040 1.232 1.000 
n.s. 

50 kg ha-1 Mg -6.180 1.232 0.021 * 
100 kg ha-1 

Mg -8.225 1.232 0.006 * 

* The mean difference is significant at the 0.05 level. 
n.s. = not significant 
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Figure 1 and Table 4 illustrates the dry biomass values 
recorded for herbs during growing seasons. The highest 
value was 11.2 g plant-1 in the 100 kg ha-1 Magnesium 
treatment groups. The control values were 2.9 g plant-1.  
Figure 2 and Table 5 shows lobeline content of herbs. 
The herb was also favourably influenced by the 
Magnesium fertilization. The lowest values were 
recorded in the 100 kg ha-1 N ground fertilizer (336 μg g-

1) group. The highest value was in the 100 kg ha-1 Mg 
fertilizer treatment group (635 μg g-1). 

 
Figure 2. Lobeline content (μg g-1) of Lobelia inflata herb 

Table 5. Tukey test of in vitro L. inflata herb  
(parameter: plant lobeline content, μg g-1) 

Treat-
ments 

(A) 

Treatments 
(B) 

Mean 
difference 

(A-B) 

St. 
Error 

Signifi-
cance 
level 

Control 

50 kg ha-1 
N -50.250 58.422 0.900 

n.s. 
100 kg ha-1 

N 151.500 58.422 0.207 
n.s. 

50 kg ha-1 
Mg -66.750 58.422 0.781 

n.s. 
100 kg ha-1 

Mg -147.800 58.422 0.221 
n.s. 

* The mean difference is significant at the 0.05 level. 
n.s. = not significant 

Figure 3 and Table 6 presentation the total alkaloid 
content of herbs. The lowest values were recorded in the 
100 kg ha-1 N ground fertilizer (355 mg 100 g-1) group. 
The highest value was in the 50 kg ha-1 Mg fertilizer 
treatment group (514 mg 100 g-1). The control values 
were 388 mg 100 g-1.  

 
Figure 3. Total alkaloid content (mg 100 g-1)  

of Lobelia inflata herb 

Table 6. Tukey test of in vitro L. inflata herb (parameter: 
plant total alkaloid content, mg 100 g-1) 

Treat-
ments 

(A) 

Treatments 
(B) 

Mean 
difference 

(A-B) 

St. 
Error 

Signifi-
cance 
level 

Control 

50 kg ha-1 N -65.950 39.446 0.519 
n.s. 

100 kg ha-1 
N 32.400 39.446 0.913 

n.s. 
50 kg ha-1 

Mg -126.650 39.446 0.109 
n.s. 

100 kg ha-1 
Mg -110.850 39.446 0.165 

n.s. 
* The mean difference is significant at the 0.05 level. 

n.s. = not significant 
Table 7 illustrates calculated price for the lobeline 
content derived from open field cultivated Lobelia 
inflata plants of different treatment groups, based on 
yield and price in 2012. The Lobelia herb selling price 
was $5.6 per 100 capsules (42.5 g) in 2012 [50]. 100 kg 
ha-1 Mg treatment means a yield of 1,638 kg of dried 
plant material per hectare. 1% of total plant material 
was the lobeline content. The 16.38 kg lobeline content 
price was $ 2,158 per hectare. 

Table 7. Calculated price for lobeline in 2012 
 (parameter: lobeline price ha-1, $) 

Treat-
ments 

Herb 
dry 

mass 
(g) 

Lobeline 
content 
(µg g-1) 

Plant 
m2-

1 

Lobeline 
content 

ha-1 
(µg) 

Lobeline 
price 

ha-1 ($) 

Control 2.9 487 18 254.21 33.49 
50 kg 

ha-1 N 2.8 537 18 270.65 35.66 

100 kg 
ha-1 N 2.9 336 18 175.39 23.11 

50 kg 
ha-1 
Mg 

9.1 554 18 907.45 119.57 

100 kg 
ha-1 
Mg 

11.2 635 18 1,280 168.66 

 

CONCLUSIONS  
The results in 2011 indicate that N and Mg fertilization 
increased growth (height in cm) to 47.75 cm (in the 50 
kg ha-1 N fertilization group) compared to 40.25 cm of 
control. The value measured in the 50 kg ha-1 Mg 
treatment group was 43.0 cm. The highest dry biomass 
production (g plant-1) of herb was 11.2 g plant-1 (in the 
100 kg ha-1 Mg treatment group). The 50 kg ha-1 Mg 
ground fertilizer group's value was 9.1 g plant-1. The 
biomass values were significant in the 50 - and the 100 
kg ha-1 Mg treatments. The control value was equal to 
the value measured in the 100 kg ha-1 N treatment 
group (2.9 g plant-1). The highest lobeline content (μg g-
1) of herb was 635 μg g-1 (in the 100 kg ha-1 Mg 
treatment group). The value of the control was 487 μg g-
1. The 50 kg ha-1 Mg treatment resulted in 554 μg g-1, 
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and the 50 kg ha-1 N fertilizer resulted 537 μg g-1 
lobeline.  
There were several economy experiments on lobeline 
content in the 1970s in the United States. 1% of the dry 
matter content was lobeline. In the 1970s, selling prices 
ranged from $0.25 to $0.80 per pound (1 pound = 453 
g), which means that a yield of 1,700 pounds (770 kg) of 
dried plant material would gross $425.00 to $1,360.00 
per acre (1 acre = 4,047 m2) [26].  
The conclusions of the experiments is, that open field 
conditions the MgSO4+ and the NH4NO3 treatments 
were successful for the lobeline production of Lobelia 
inflata.  
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SYSTEM USING FORWARD CONVERTER WITH RCD SNUBBER 
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Abstract: A Closed loop controlled DC to DC forward converter is a requisite for the server SMPS system. High efficiency, 
Isolation, Steady state voltage, Transient response, High switching frequency, reduced noises and range of steady state are all 
necessary requirements for the forward converter. In this paper, a 40 V forward converter system with RCD snubber is used for 
charging the battery of server SMPS is proposed. The proposed converter consists of a snubber circuit on the primary side and 
an isolation transformer and a rectifier structure on the secondary side. This paper proposed the simulation results of the 
forward converter with RCD snubber and it is implemented with PIC microcontroller. From comparison of performance against 
the simulation model with the experimental model, a suitable converter is proposed for the sever SMPS system. A 40 V proposed 
circuit is designed as experimental model to verify and compare it with the simulation and experimental results. This paper 
proposed the simulation and experimental results of the forward converter system. 
Keywords: Embedded microcontroller, Zero voltage switching, Zero current switching, Reset voltage, Clamping diode and 
Voltage stress 
 
 
INTRODUCTION 
In recent years, the switching mode power supply 
(SMPS) system has been achieved with high power 
density and high performances by using power 
semiconductor devices such as IGBT, MOS-FET and SiC. 
However, using the switching power semiconductor in 
the SMPS system, the problem of the switching loss and 
EMI/RFI noises has been closed up. This course 
produced the EMC limitation like the International 
Special Committee on Radio Interference (CISPR) and 
the limitation of harmonics for the International 
standard is Electro technical Commission (IEC). For 
keeping up with the limitation, the SMPS system must 
add its system to the noise filter and the metal and 
magnetic component shield for the EMI/RFI noises and 
to the PFC converter circuit and the large input filter for 
the input harmonic current. On the other hand, the 
power semiconductor device technology development 
can achieve the high frequency switching operation in 
the SMPS system. The increases of the switching losses 
have occurred by this high frequency switching 
operation. The inductor and transformer size has been 
reduced by the high frequency switching, while the size 

of cooling fan could be huge because of the increase of 
the switching losses. 
Our research target is to reduce the ripple and the 
switching losses in the SMPS system. One method is the 
soft switching technique and the other method is by 
proper choosing of filter circuit. This technique can 
minimize the switching power losses of the power 
semiconductor devices, and reduce their electrical 
dynamic and peak stresses, voltage and current surge-
related EMI/RFI noises under high frequency switching 
strategy. Thus, a new conceptual circuit configuration of 
the double forward type DC - DC converter circuit is 
presented in this paper with its operating principle. In 
addition, it’s fundamental operation and its performance 
characteristics of the proposed forward type DC-DC 
double forward converter treated here are evaluated on 
the basis of experimental results. A New Controller 
scheme for Photo voltaics power generation system is 
presented in [1]. The design and implementation of an 
adaptive tuning system based on desired phase margin 
for digitally controlled DC to DC Converters is given in 
[2]. Integration of frequency response measurement 
capabilities in digital controllers for DC to DC Converters 
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is given in [3]. A New single stage, single phase, full 
bridge converter is presented in [4]. The Electronic 
ballast control IC with digital phase control and lamp 
current regulation is given in [5]. A New soft-switched 
PFC Boost rectifier/inverter is presented in [6]. Design 
of Single-Inductor Multiple-Output DC-DC Buck 
Converters is presented in [7]. Boost Converter with 
Improved Performance through RHP Zero Elimination is 
given by [8]. High-efficiency dc-dc converter with high 
voltage gain and reduced switch stress is given in [9]. 
Snubber design for noise reduction is given in 
[10].Comparison of active clamp ZVT techniques applied 
to tapped inductor DC-DC converter is given in [11].The 
multiple output AC/DC Converter with an internal DC 
UPS is given in [12].The Bi-directional isolated DC-DC 
Converter for next generation power distribution –
comparison of converters using Si and Sic devices is 
given in [13]. The simulation and the experimental 
method of analysis are done for the low noise SMPS 
system which is demonstrated in [14]. Investigations on 
forward converter using different types of filters and 
experimental method of analysis for the forward 
converters are done, which is to compare it with the 
conventional circuit are clearly mentioned in [15]. 
Different types of filters which are utilized in the 
forward converters and its performance are given in 
[16]. Forward converter with RCD snubber using the PI 
controller, fuzzy controller and artificial neural network 
(ANN) controller are analyzed and compared to get the 
better performance in [17]. Analysis and reduction of 
voltage ripple in forward converter using a three 
different filters and based on the comparison, the Bi-
quad high frequency filter gives better performance is 
illustrated in [18].  
The above literature does not deal with the comparison 
of forward converter with RCD snubber and its 
experimental work implemented with PIC 
microcontroller. The above cited papers do not deal also 
with the modeling of SMPS system and do not identify a 
converter suitable for SMPS system.  
This work aims to develop simulink models for the 
forward converter system with RCD snubber and it is 
implemented with PIC microcontroller.  The simulation 
and experimental results are compared to determine the 
deterministic value.  A comparison is also done to find 
the circuit suitable for the server SMPS system. 
SMPS SYSTEM 
This section introduces the circuit diagram of a SMPS 
system which is illustrated in Figure 1. SMPS produces 
DC voltage required by the chips of a digital computer. 
The size of the converter in SMPS can be reduced by 
using high frequency converters. In this configuration an 
investigations on forward converter based DC to DC 
converter. The obtained DC voltage from the boost 
chopper circuit is converted into AC by the high 

frequency switching. The high frequency AC voltage is 
induced in the transformer primary and the scaled down 
voltage appears across the transformer secondary. The 
obtained low frequency AC voltage from the secondary 
of the transformer is converted into DC by the half – 
bridge rectifier circuit, and the power is filtered by the 
LC-filter, π-filter, high frequency cascaded filter and 
transferred to the load. The target of the research is to 
do investigations on the forward converter to develop an 
efficient SMPS system and it is implemented with PIC 
microcontroller.  The simulation and experimental 
results are compared to determine the deterministic 
value.  A comparison is also done to find the circuit 
suitable for the server SMPS system. 

 
Figure 1. Circuit diagram of a SMPS system 

 

SIMULATION PARAMETERS  
The simulation parameters for the forward converter 
with RCD snubber is shown in Table 1. From the given 
parameters, the system is modeled using MATLAB-
Simulink and simulated which is to check the 
performance of the system. 

Table 1. Simulation Parameters  
for the forward converter with RCD snubber 

S.No: Parameters [Unit] Values & Items 
1 Input voltage  [V] 100 
2 Output voltage  [V] 38.8 
3 Switching frequency [kHz] 20 
4 Transformer ratio [Vrms] 2:1 
5 Snubber capacitance [µf] 5000e-6 
6 Snubber resistance [Ω] 10 

 

DESIGN OF THE CONVERTER CIRCUIT 
The necessary specifications assumed for the forward 
converter with RCD snubber are Input voltage Vin =100 
V, Inductance (Lf) =10e-6, Capacitance (Cf2) =10e-6, 
Snubber capacitance (C) =5000e-6, snubber resistance 
(R) =10 Ω and RL=10 Ω. By using the relation, f=1/T, 
Given time=50 µs, then f=20 kHz, By using the formula, 
E1 = 4.44 f ΦmN1 Volt, then N1=100 turns and by using 
the relation N2= (E2/E1) N1, then N2= 88 turns. The 
transformer voltage ratio k=E2/E1 = 0.9 and by using the 
relation, I0=VO/R=3.88 Amps. The voltage across the 
main switch during turn off, MVDS= VRST+Vg=Vg/1-D, by 
using the primary voltage=90.49 with the ratio of (1-
frequency=20*10^3), then the MVDS= -4.523*10-03.  
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SIMULATION RESULTS 
The SMPS system is modeled and simulated using the 
blocks of MATLAB SIMULINK. The simulation 
parameters for the forward converter with RCD snubber 
is given in Table 1. The forward converter with RCD 
snubber is shown in Figure 2.a. DC input voltage is 
shown in  Figure 2.b. Driving pulses for the main switch 
M is shown in Figure 2.c. Primary and secondary 
voltages of the transformer are shown in Figure 2.d and 
Figure 2.e. DC output voltage is shown in Figure 2.f. The 
output current is shown in Figure 2.g. Variation of 
efficiency with the input voltage is shown in Figure 2.h. 
Forward converter with RCD snubber at variable load 
and variable frequency are given in Table 2. 
 

 
Figure 2.a. Converter with RCD snubber 

 
Figure 2.b. DC input voltage 

 
Figure 2.c. Driving pulses for switch M 

 
Figure 2.d. Transformer primary voltage 

 
Figure 2.e Transformer secondary voltage 

 
Figure 2.f DC output voltage 

 
Figure 2.g. Output current 

 
Figure 2.h Variation of efficiency with input voltage 
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Table.2: Forward converter with RCD snubber  
at variable load with frequency 

S.No: 
Load 

Resistance 
R

L 
(Ω) 

Output 
Voltage 

V
O 

(Volts) 
Frequency  

(kHz) 

Load 
Current 

IL  
(Amps) 

1 10 38.8 5 3.13 
2 20 39.11 10 2.84 
3 30 39.22 15 2.80 
4 40 39.27 20 2.63 
5 50 39.31 25 2.52 

 

HARDWARE PARAMETERS 
The hardware parameters for the forward converter with 
RCD snubber is shown in Table 3. From the given 
parameters, the system is designed and modeled using 
PIC-Microcontroller which is to check the performance of 
the system. 

Table 3: Hardware Parameters for the forward  
converter with RCD snubber 

No: Parameters [Unit] Values and 
Items 

1. Input Voltage [V] 100 
2. Load Resistance  [Ω] 10 
3. Output Voltage  Vo  [V] 40 
4. Switching frequency [KHZ] 20 
5. Smoothing Capacitor  C1,Cf [µf] 90e-6, 90e-6 
6. Smoothing Inductor L [mH] 10e-6

 
 

7. Capacitance of Snubber  circuit 5000e-6  
8. Resistance of Snubber circuit 10 ohm 
9. Power MOSFET IRF 840 

10. Power Diode IN4007 
 

EXPERIMENTAL RESULTS 
Experimental set-up of a forward converter with RCD 
snubber circuit is developed using PIC microcontroller. 
The PIC microcontroller PIC16F84A is used to generate 
the driving pulses for the main switch, to turn on and off 
to process and the experimental results are obtained. The 
low noise SMPS System with forward type switching with 
RCD snubber circuit is designed and the hardware 
module is shown in Figure 5.a.  

 
Figure 5.a. Hardware model of forward converter  

using microcontroller 

 
Figure 5.b. Driving pulses for the main switch M 

The PIC Microcontroller 16F84A is used to generate the 
driving pulses for the main switch ‘M’ is shown in the 
oscillogram of Figure 5.b. Primary and the secondary 
voltages of the transformer are shown in the oscillogram 
of Figure 5.c and Figure 5.d.   
The DC output voltage is shown in the oscillogram of 
Figure 5.e., and the output voltage across 50 ohm 
resistance is shown in Figure 5.f. Hardware parameter for 
the forward converter system is given in Table 3.  
The experimental results are obtained for forward 
converter with RCD snubber at variable load and variable 
frequency are given in Table 4.  
The comparison between simulation and experimental 
results are given in Table 5. 

 
Figure 5.c. Primary voltage of the transformer 

 
Figure 5.d. Secondary voltage of the transformer 
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Figure 5.e. DC output voltage 

 
Figure 5.f. DC output voltage across the variable 

 load resistance 
 

Table 4: Experimental results for converter with RCD 
snubber at variable load with frequency 

No: 
Load 

Resistance 
R

L 
(Ω) 

Output 
Voltage 

V
O 

(Volts) 

Frequency  
(kHz) 

Load 
Current 

IL  
(Amps) 

1 10 37.3  5 3.10 
2 20 37.6  10 2.76 
3 30 38.0  15 2.70 
4 40 38.3  20 2.53 
5 50 38.9  25 2.49 

 

Table 5: Comparison between the simulation results of the 
converter and the experimental results of the converters at 

variable load 

No. 
Load  

Resistance 
R

L
(Ω) 

Output Voltage  V
O
(Volts) 

Simulation 
Results 

Experiment 
Results 

1 10 38.8 37.3  
2 20 39.11 37.6  
3 30 39.22 38.0  
4 40 39.27 38.3  
5 50 39.31 38.9  

 

 
 

CONCLUSION 
Forward converter with RCD snubber system is 
simulated using the blocks of MATLABSIMULINK. This 
system is designed and implemented as hardware model 
and tested in the laboratory and the results are obtained. 
The simulation results and the experimental results of 
the forward converter system with RCD snubber are 
compared. The forward converter system has reduced 
the noise in the output.  
From the results, it is observed that the forward 
converter is suitable for the SMPS System. From the 
results, it is observed that the experimental results 
closely agree with the simulation results. 
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PERFORMANCE AND EMISSIONS 
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Abstract: The paper presents the results of experimental research of two low level bioethanol-gasoline blends E5 (5% 
bioethanol, 95% gasoline) and E10 (10% bioethanol, 90% gasoline) tested on Toyota Corolla vehicle on chassis dynamometer. 
The analysis of obtained results has showed that the increase of engine power and fuel consumption is slightly higher for both 
blends compared to gasoline, showing better perspectives for E5 than E10. Emission tests have shown increase of CO2 and NOx 
emissions for all mentioned fuels and testing conditions, as also decrease of CO and HC. The addition of bioethanol has left a 
positive impact on unregulated emissions, showing better reduction than for regulated emissions. 
Keywords: bioethanol, gasoline, emissions, power, fuel consumption 
 
 
INTRODUCTION 
The use of ethanol as a transport fuel has a large history. 
Firstly it was used as a fuel for German’s inventor 
Nicholas Otto prototype of today’s well known four 
stroke Otto-cycle internal combustion engine, but the 
largest popularity it gets after the use in Henry Ford’s 
model T in 1908, and also in other designed automobiles 
for ethanol use in 1920-s, which were designed to use 
corn alcohol. Different ethanol-gasoline mixtures were 
popular between World War I (WWI) and WWII and 
were used as an octane booster and were also in demand 
during WWII due to a fuel shortage.  
One of the most popular blends, which were used in last 
century and is also used nowadays, is E10 or also known 
as ”gasohol”, which is a fuel mixture of 10% anhydrous 
ethanol and 90% gasoline and practically can be used 
also in modern SI engines without any modification of 
the engine or fuel system. Therefore, nowadays it is also 
used in more than 20 countries around the world. Other 
well-known blends are E5 and E7. First one is widely 
used around the Europe as it is introduced as mandate 
blend in many EU countries, even in Latvia, to increase 
the share of biofuels in the conventional gasoline and 
fulfil Biofuels Directive (Directive 2003/30/EC). Despite 
of that, new increase could be possible in the future to 

achieve Renewable Energy Directive (Directive 
2009/28/EC) target reaching 10% share of renewable 
energy in transport till year 2020, which is also outlined 
in National Action Plans of EU Member States. In 
previous period reaching of outlined plans was not 
realized fully therefore EU Member States have to find a 
way how to increase biofuel consumption in their 
countries based on a new Directive.  
There are different solutions on how it could be realized: 
expanding the use of biofuels in non-road transport, 
applying high blends in road transport in niche 
application or increase the current blending limits till 
10% (Kampman et al, 2013). The last one option is most 
promising, but performing it still has some barriers 
(Smigins and Shipkovs, 2014), especially those ones 
connected with customers – drivers usually are looking 
cautiously on any new fuel (like, E10) despite of slightly 
lower price, explaining it with fears to damage engines 
resulting the loss of the warranty on the car.  
In any case introduction of such type of fuel could help 
to increase the market for bioethanol, but only in 
combination with a reduction of the price. It is known 
that E10 practically does not leave any damage to the 
fuel system and can be used in largest part of vehicles 
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available on the market, but for many customers there 
are still unknown reasons for usage of such fuel type.  
Many researchers have studied the impact of the 
addition of oxygenates, mainly focussing on engine 
performance and gaseous emissions (Bielaczyc et al, 
2013; Elfasakhany, 2015). Results are different and 
could be affected by vehicle model, age and 
effectiveness. Besides of that, some researchers 
observed the generation of a variety of organic 
compounds during the combustion process of gasoline-
bioethanol blends, which could be attributed to the bio-
part in the blend (Manzetti and Andersen, 2015). Totally, 
ethanol addition leaves positive impact on engine 
performance increasing torque, power and thermal 
efficiency, as also reduces the amounts of different 
components. Researchers have observed reduction in 
NOx emissions testing various low level of ethanol-
gasoline blends (Yao et al, 2011), but others have found 
increase of NOx (Durbin et al, 2007). Similar situation 
was also observed according to HC and CO emissions, 
but their results are more convincing. 
This paper shows investigation realized by researchers 
of Latvia University of Agriculture when testing different 
bioethanol-gasoline blends, like E5 and E10, compared 
to gasoline, in unmodified vehicle. Results include 
engine dynamical, economic and ecological factors using 
mentioned fuels in different testing conditions. Attention 
was devoted also to the unregulated emissions, which 
could be also included in the legislation in future. 
MATERIAL AND METHOD 
The impact of bioethanol added to gasoline on emissions 
and engine performance was tested on a Toyota Corolla 
vehicle. The main engine specifications are listed in 
Table 1. The engine used in the tests is a four-cylinder, 
four stroke, water cooled, 10.5:1 compression ratio 
engine with industrial application. Tests were realized in 
the Alternative Fuels Research Laboratory of the Latvia 
University of Agriculture. 
 

Table 1. Technical characteristics of the tested vehicle 
Parameter Characteristics 

Name Toyota Corolla 
Production year 2007 
Engine capacity 1598 cm3 

Cylinder number and 
arrangement 4, in line 

Compression ratio 10.5 
Maximum power 81 kW at 6000 rpm 
Maximum torque 150 Nm at 4800 rpm 

 

The schematic diagram of the experimental setup used 
for studying engine emission characteristics, and also 
fuel consumption are shown in Figure 1.  
Fuel consumption was measured on a laboratory chassis 
dynamometer MD-1750 by the AVL KMA mobile fuel 
measuring system. The device measures the volumetric 

consumption within very short measurement time and 
high precision (0.1% accuracy of reading). One of the 
main pieces of equipment is also chassis dynamometer, 
which is used to apply a load to the test vehicle. During 
the tests was obtained the power curve, necessary for 
engine power analysis for mentioned fuels.  
Fuel consumption and emission tests were realized at 
idling, IM-240 cycle, 50 and 90 km/h. The choice of last 
ones was done because it corresponds to the maximum 
allowed speed in Latvian urban and suburban areas. 
Constant speed measurements were performed for 2 
minutes with reading step of 1 second. Additionally was 
realized a combined cycle IM-240, which simulates not 
only urban driving conditions, but also driving in non-
urban area. The duration of the test is 240 seconds. 
Emission measurements were realized by AVL SESAM 
FTIR multi-component exhaust gas measurement 
system, which allows to measure up to 25 gases 
simultaneously and some components can be calculated 
from this process. During research all those gases were 
fixed, but more detailed analysis was done only for the 
most essential regulated exhaust gas components: 
nitrogen oxides (NOx), carbon monoxide (CO), carbon 
dioxide (CO2) and unburned hydrocarbons (HC), as also 
unregulated exhaust gas components: ammonia (NH3), 
methane (CH4), acetylene (C2H2) and ethane (C2H6).  
The drivability of the vehicle was unimpaired during 
tests; vehicle was tested with all the fuels in random 
order and each reading was repeated three times. The 
results of these three replications were averaged to 
decrease the uncertainty and reported. 
 

 
Figure 1 – Schematic diagram of the experimental setup 

1 – AVL KMA Mobile Unit; 2 – heated filter;  
3 – multicomponent exhaust gas measurement system 

AVL SESAM FTIR; 4 – heated gas line; 5 – AVL data 
communication cable; 6 – PC with special AVL software;  
7 – Mustang chassis dyno control and data recording PC;  
8 – power absorber unit; 9 – dyno date communication 

cable; 10 – fuel consumption and data recording;  
11 – fuel tank; 12 – screen communication cable 
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The engine was operated on the gasoline (E0), meeting 
EN 228:2004 standard, and two blends containing: 
» 5% (v/v) of bioethanol with 95% (v/v) of gasoline 

(mixture code: E5); 
» 10% (v/v) of bioethanol with 90% (v/v) of gasoline 

(mixture code: E10). 
Tested blends were prepared just before the 
experiments by splashing mixing technique in the 
proportions mentioned before. 
RESULTS 
The experimental data which characterize the variation 
of engine dynamical, economic and ecological factors 
using different fuels could be seen in figure below. 
According to test results, it could be seen increase in 
power with the addition of bioethanol, which could be 
explained by the density of the mixture and the engine 
volumetric efficiency, which increases based on the 
concentration of bioethanol increase and resulting in 
engine power increase.  
In current research it was observed the largest increase 
in power in range of 2000 till 3000 rpm, which is 5.2% 
at 2000 rpm for E5 and 5.6% at 3000 rpm for E10 (see 
Figure 2). There was not observed significant increase in 
engine power in other speed ranges. 
 

 
Figure 2 – Power curves for different fuels 

 

Based on the fuel consumption data obtained in 
experiments and presented in Figure 3, it was observed 
an increase in fuel consumption with the addition of 
bioethanol in all testing conditions. Results for E5 were 
slightly similar comparing to gasoline and have not 
shown such rapid increase as E10.  
Largest differences were observed during idling – 
increase by 0.53% for E5 compared to E0 and by 1.42% 
for E10 compared to E0 – and during operation in 50 
km/h: increase by 0.55% for E5 compared to E0 and by 
1.38% for E10 compared to E0. Increase of fuel 
consumption could be explained by lower heating value 
of each additional bioethanol-gasoline blend instead of 
gasoline.  

 
Figure 3 – Fuel consumption results  

in different testing conditions 
» regulated emissions 
Positive effect of bioethanol addition firstly could be 
observed according to emission reduction due to its 
oxygen content, which favours the further improvement 
of gasoline combustion.  
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Figure 4 – Results of regulated emissions  

in different testing conditions 
 

 

 
Figure 5 – Results of unregulated emissions  

in different testing conditions 
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This is observed also in current tests, where was found 
considerable decrease of CO and HC emissions in all 
testing conditions. Largest reduction of CO was observed 
in idling almost by 98% adding even 5% of bioethanol to 
gasoline. Largest values for almost all tested fuels were 
registered at 90 km/h, and, at the same time, impact of 
bioethanol addition was insignificant and results were 
similar to gasoline. The same situation was observed 
also with HC emissions showing reduction in all testing 
conditions. 
Oxygen content in blends results with opposite effect on 
CO2 emissions opposed to CO – slight increase of CO2 was 
fixed for almost all testing conditions for E5 and E10 
compared to E0. Largest increase of CO2 was found for 
E10 in idling (by 1.55%). There was also observed 
increase of NOx emissions for all mentioned fuels and 
testing conditions.  
Largest increase was observed during idling and 50 
km/h. Such increase in NOx emissions could be explained 
by previously mentioned increase of the oxygen content 
in the blend resulted in increase in oxygen-to-fuel ratio 
in the fuel rich regions (Masum et al, 2013). This 
stimulates more complete combustion and increase of 
in-cylinder temperature, which affects increase of NOx 
and decrease of HC. Additional factor is also higher flame 
speed of bioethanol, which also assists in completing 
combustion. 
» Unregulated emissions 
The addition of bioethanol has left a positive impact to 
unregulated emissions, like ammonia (NH3), methane 
(CH4), acetylene (C2H2) and ethane (C2H6). Figure 5 
shows that all mentioned emissions decrease with the 
increasing bioethanol proportion in the fuel.  
It is positive as ammonia is a toxic compound and a 
precursor in the formation of atmospheric secondary 
aerosols, classified under the European dangerous 
substances directive (67/548/EEC), and vehicles with 
internal combustion engines are considered as main 
source of NH3 in the urban environment (Suarez-Bertoa 
et al., 2014). All other dominating hydrocarbons 
(methane, acetylene, ethan) presented in emissions 
showed great reduction for all blends. 
CONCLUSIONS 
The main objective of this experimental study was to 
analyze if the bioethanol addition of 5% and 10% into 
gasoline would have a positive effect on engine 
performance and emissions. The results showed 
positive tendency in bioethanol addition, but it also 
confirmed that E10 did not offer some essential 
advantages over the E5 in case of engine performance 
and regulated emissions.  
Most promising results were observed according to 
unregulated emissions. Totally, it should be noted that 
only certain components showed good results in tests, 
which were done with one vehicle.  

Further testing with larger number of vehicles is 
required, as also more detailed research in case of 
bioethanol-gasoline blends must be provided instead of 
ethanol-gasoline blends, as it emission profiles may 
differ in concentrations and types of emission products 
(Manzetti and Andersen, 2015). 
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Abstract: This study considers the effect of ferrosilicon manganese addition to austempered ductile iron, (ADI)in order to 
reduce its sulphur level for improved engineering applications of the material. The cast samples were austenitised in a mixture 
of potassium chloride, sodium chloride and barium chloride solutions and austempered in sodium nitrate and potassium nitrate 
solutions. Ferro-silicon-manganese was added to ADI in various amounts ranging from between 47 to326 g. The study revealed 
that the sulphur level retained in ADI decreased from 0.088 wt % for as-cast to 0.027 wt% when 93 g of ferro-silicon-manganese 
was added. Below this amount of ferro-silicon-manganese addition, there was no significant reduction in the sulphur level 
recorded in ADI. The microstructure of the metal revealed bigger graphite nodules scattered in ferrite solutions for the situation 
when the sulphur level was 0.027 wt. %. From the study, it was discovered that addition of small amount of ferrosilicon 
manganese was required to produce ADI of low level sulphur content to make the metal more acceptable for other engineering 
applications. 
Keywords: Ductile iron, ADI, sulphur, austempering, nodularizer, ferrosilicon 
 
 
INTRODUCTION 
Discovering new materials with improved mechanical 
properties meeting the required applications has 
engaged the attention of researchers worldwide. In 
recent years, Austempered Ductile Iron (ADI), obtained 
from ductile iron, has attracted considerable 
applications because of its good mechanical properties. 
Such properties include resistance to fatigue [1-4], good 
wear resistance [5, 6], high strength with good ductility 
[7-9] and good rolling contact resistance [10]. The 
density of ADI is lower than steel [8, 12] which makes it 
more applicable in the areas of production of engine 
blocks and other engineering components. ADI is used in 
the production of swivel pins, rail brakes and pressure 
pipes in the oil industry [13-16]. Thus, ADI has been 
found to have higher specific strength than steel [6, 17-
21]. Austempered ductile iron products are used in the 
automobile and textile industries as crank shafts, cam 
shafts, gearwheels and thin wall castings reinforced 
parts [10, 16, 18, 26]. The production of ADI is cheaper 

when compared with forged steel by 20 % [27, 28]. 
Compared to steel, ADI exhibits improved properties in 
terms of machinability, tool life and machining speeds, 
surface finish, improved safeguard against failure (due 
to the lubricating effect provided by graphite) [17, 22], 
good ballistic properties [26], good resistance to 
bending fatigue [1], good damping capacity (better noise 
attenuation), amenability to heat treatment [6, 21, 24, 
25], good corrosion resistance [24]. 
Therefore, ADI is considered as an economical substitute 
for wrought or forged steel in several structural 
applications [2, 3]. The metal loses less of its toughness 
than steel at sub-zero temperature. Austempered ductile 
iron usually work-hardens when stressed and has good 
vibration damping capability and heat transfer than 
other ferrous and non-ferrous alloys [18, 22, 26]. 
Liu [26] in his work suggested that an improved 
structure of ADI could be obtained by controlling the 
heat treatment process of nodular cast iron. The 
microstructure and mechanical properties of ADI can be 
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influenced by the isothermal heat treatment and the 
temperature of austenite transformed [16]. The 
temperature of isothermal transformation is in the 
range of 250 and 4500C [18]. When higher 
transformation temperature above 450 0C is used, it 
resulted in lower strength and hardness but higher 
elongation and toughness and better fatigue 
characteristics [18, 23]. 
However, substantial amount of sulphur in ADI and 
other ferrous alloys have negative effect on their 
mechanical properties hence limiting their applications 
[1, 17, 18]. Other factors limiting the use of ADI include 
the low nodule count caused by long holding time in the 
furnace, prolonged pouring time and low carbon 
equivalent [11, 26] where the precipitating graphite was 
not adequate during cooling under inoculation or when 
pouring temperature is high. 
In this work, standard method of producing 
austempered ductile iron was used while adding 
ferrosilicon manganese in varying quantities to it in the 
molten state. This was done such that the sulphur 
content in the produced ADI will be minimized which 
will consequently enhance the metal’s applicability in 
engineering service.  
MATERIALS AND METHOD 
Grey cast iron scraps with percent weight of 0.199 of 
sulphur and other constituents from automobile engine 
blocks and graphite were collected and melted. The 
scraps were broken into smaller sizes to facilitate fast 
melting in the lift out crucible furnace used which was 
located in the foundry workshop of the Engineering 
Materials Development Institute, Akure, Nigeria. 
» Method of production 
The production procedure of austempered ductile iron 
involved the processing of ductile iron casting that was 
austenized at temperatures between 800 and 9500C. It 
was then quenched to a temperature of 250 – 4000C in 
salt bath of potassium nitrate and sodium nitrate [17]. 
The rapid cooling referred to as austempering, was given 
to avoid the formation of pearlite or other micro-
constituents to a temperature above martensite start 
(MS). It is possible to produce both compacted graphite 
irons and ductile iron from the same base iron by using 
cored wire containing a high magnesium and 
ferrosilicon.  
Magnesium ferrosilicon was used as nodularizer, while 
ferrosilicon was used as inoculants for the grey cast iron. 
The nodularizer was poured into the ladle while the 
inoculants were added in the prepared mould. 
Ferrosilicon manganese was added to the melt of the 
grey cast iron scraps in the furnace.  
» Casting procedure – Melting process 
The weights of the graphite, magnesium ferrosilicon and 
ferrosilicon manganese were measured using OHAUS-
CS2000 electronic weighing machine at the foundry 

workshop of E.M.D.I., Akure. An Avery weighing scale of 
250kg capacity was employed in measuring the weight 
of the scraps that were melted in the rotary furnace.  
The furnace was 100kg capacity oil fired designed and 
constructed locally by E.M.D.I. Akure. Eighteen grams 
each of powdered graphite and powdered ferrosilicon 
were introduced into the pocket of the mould before 
pouring of the molten metal in to the mould for casting. 
Magnesium, 700 g, and 18 g of powdered ferrosilicon 
were added as inoculants for all the melts. Ferrosilicon 
manganese with quantity ranging from between 47 g to 
326 g was introduced into the furnace for different 
melts.  
The temperature of the furnace was taken at an interval 
of ten minutes during melting process to ascertain that 
the material was completely molten. After the material 
had become molten, the tap hole of the furnace was 
opened. The ladle was brought near the furnace and the 
rotary furnace was tilted to pour the molten metal into 
the ladle. The ladle was preheated to a temperature 
slightly above 5000C and maintained at this temperature 
through the period of pouring into the prepared mould.  
After pouring, the melt was allowed to solidify freely in 
the mould. All specimens were prepared while varying 
the amount of ferro-silicon-manganese added from 47 g 
to 326 g. For the control, the same process was followed 
except that ferrosilicon manganese was not added in the 
process of melting.  
The scraps used had the sulphur content as 0.199 
percent weight and other components that was 
determined using Optical Emission Spectrometry. Table 
1shows the amount of sulphur in the initial ductile iron 
and final composition after the addition of varying 
amounts of ferrosilicon manganese. 

Table 1. The initial and the actual values  
of sulphur contents 

Melt 

Sulphur 
content 

in the scrap (% 
wt) 

Ferrosilicon 
manganese 
added (g) 

Final values of 
sulphur 

retained (% 
wt) 

A 0.199 0 0.088 
B 0.199 326 0.086 
C 0.199 233 0.030 
D 0.199 140 0.028 
E 0.199 93 0.027 
F 0.199 47 0.027 

 

RESULTS AND DISCUSSION 
» Effects of ferrosilicon manganese addition to ADI 

compositions 
Figure 1 is the graph of various melts with composition 
of sulphur by weight % in the melts. With the addition of 
ferrosilicon manganese in varying amounts, the sulphur 
weights % retained were between 0.027 and 0.086. The 
highest value was recorded in melt A (0.088), the control 
and the least value of 0.027 g in Melts E and F. The 



ACTA TECHNICA CORVINIENSIS 
      – Bulletin of Engineering 
 

141 | F a s c i c u l e  3  
 

sulphur contents lightly reduced to 0.086 weight % for 
melt B when ferrosilicon manganese of 326 g was added.  
For melts C to F, when the added ferrosilicon manganese 
was reduced the sulphur content was greatly reduced 
from 0.030 to 0.027. There is no much difference 
between the sulphur weight percent of melts D to F as 
seen from the figure. The reduction in % weight 
composition of sulphur might have been through the 
addition of ferro-silicon-manganese in smaller quantity 
where sulphur had reacted with manganese to form 
manganese sulphide, a slag that floated on the cast metal 
during casting.  
The graph also shows that with a little amount of 
ferrosilicon manganese addition to the ductile iron not 
exceeding 93 % weight, the sulphur content is 
significantly reduced. 

 
Figure 1. Sulphur content in various melts 

 
Figure 2.  Silicon content of various melts 

Figure 2 presents the composition of silicon percent 
weight in various melts as the quantity of ferrosilicon 
manganese added to ADI was varied for different melts. 
The silicon weight percent increased from Melt B to Melt 
E as the amount of ferrosilicon manganese added 
decreased. When 326 g of ferrosilicon manganese was 
added as in Melt B, the silicon retained was 1.87 g % wt 
this amount increased to 2.95 g when 93 g of ferrosilicon 
manganese was added as represented in Melt E. With the 
addition of 47 g of ferrosilicon manganese (Melt F), the 

amount of silicon retained reduced to 2.87 g % wt. The 
amount of silicon deposited was reduced because of the 
reduced quantity of ferrosilicon manganese that was 
added which led to less silicon available for the reaction. 
From figure 3, the weight % of magnesium present in the 
ADI with the addition of ferrosilicon manganese ranged 
from between 0.0042 g for Melt A to 0.035g for Melt F. 
Melt A which is the control, has the least weight % of 
0.0042 g, while Melt F has the highest with 0.035 g. The 
weight % of magnesium present in ductile iron is usually 
not above 0.05 weight %. This amount obtained was 
likely due to the magnesium been deposited into the cast 
metal which resulted into the formation of magnesium 
ferrosilicon. 

 
Figure 3. Magnesium contents of various melts 

 
Figure 4. Iron contents of various melts, wt.% 

Figure 4 represents the amount of iron retained in the 
melts with the addition of ferrosilicon manganese. The 
values of iron present in the melts were between 93.5 
and92.06 g for Melts A (control) and D respectively. The 
percentage change in the amount of iron present in the 
ADI from the control sample when ferrosilicon 
manganese was not added to that of Melt D when 140 g 
of ferrosilicon manganese was added is 1.5 %. This 
results show that addition of ferrosilicon manganese 
into ADI has no much influence on the % wt of iron in the 
metal. 
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The weight % of manganese present in the metal 
decreased from0.510 to 0.419 g as shown in figure 5.  
The amount of manganese retained after the casting was 
reduced from Melts B to F as the amount of ferrosilicon 
manganese added was reduced. Even though no ferro-
silicon-manganese was added to Melt A, about 0.488 
weight % of manganese was recorded in the cast metal. 
The reason for the low manganese content in Melts B to 
F may be ascribed to the reactions that took place within 
the furnace where manganese and sulphur reacted to 
form manganese sulphide. 

 
Figure 5. Manganese contents of various melts, wt. % 

 
Figure 6. Carbon contents in various Melts, wt % 

Figure 6 depicts the carbon weight % of the sample 
which falls between 3.41 and 4.1 wt% percent with 
ferrosilicon addition in varying amounts. Melt D has the 
highest weight percent of 4.1 g, while Melt E has the 
least, 3.41 g as reflected in the figure. Melts B and C have 
3.87 and 3.84 weight % respectively.  
The control, Melt A grey cast iron has 3.68 weight %. 
This lower value may be an indication that some carbon 
might have reacted with oxygen to form carbon 
monoxide which would have diffused into the air. Melt D 
with highest carbon content may likely show improved 
mechanical properties. 

» Effect of ferrosilicon manganese on 
microstructures 

Figure 7a is the micrograph of Melt A when no 
ferrosilicon manganese was added to ADI. The 
microstructure revealed long graphite flakes within 
ferrite which probably is an indication that the metal will 
be soft and easy to machine.  

 
Figure 7.a. Micrograph of Melt A [X250]

 
Figure 7.b. Micrograph of Melt B [X250] 

Figure 7b represents the micrograph of the metal with 
the addition of 326 g of ferrosilicon manganese where 
the graphite stripes turned to graphite nodules. The 
graphite nodules form lumps and are surounded by 
ferrite within the matrix. The lumpednodules are seen 
scatered within ferrite. This formation implies that the 
material is ductile iron.The silicon resulting from the 
added ferrosilicon has shown its potency for ferrite 
formation in the ductile iron. 

 
Figure 7.c. Micrograph of Melt D [X250] 

Figure 7c is the microstructure of Melt D when 140 g of 
ferrosilicon manganese was added to ADI. The 
micrograph shows the presence of high concentration of 
graphite nodules within ferrites. Figure 7d  represents 
the microgrph of Melt E when 93 g of ferrosilicon 
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manganese was added showing bigger graphite nodules 
than that obtained for Melt D and relatively scattered all 
over the surface within ferrite confirming the results 
obtained by Alasoluyi et al;[12]. 

 
Figure 7.d. Micrograph of Melt E [X250] 

 
Figure 7.e. Micrograph of Melt F [X250] 

Figure 7e is the situation when 47 g of ferrosilicon 
manganese was added to ADI. The microstructure as 
shown on the figure contained very few but big graphite 
nodules with ferrites fairly scatered all over the 
surface.This similar effect was also observed by 
Alasoluyi et al [6] in their work. The silicon from the 
ferrosilicon is seen to initiate the formation of the ferrite 
and tends to be slightly forming in the pearlite of the 
matrix. This also promotes the precipitation of the 
graphite nodules in pearlite matrix with little ferrite in 
existence. The figure reveals that the presence of ferrite 
is been usurped by the appearance of pearlite within the 
metal. 
CONCLUSIONS 
Austempered ductile iron was produced by casting 
process through the addition of varying amount of 
ferrosilicon manganese in the ranges of 47, 93, 140, 233, 
326 wt. % using lift out crucible furnace. The 
compositional analysis and microstructural 
examinations of the products were evaluated and 
compared with the as-cast. The following conclusions 
are made from the study; 
» Austempering of ductile iron in a lift out crucible 

furnace was successfully carried out. 
» Addition of ferrosilicon manganese to ADI has 

influence on the amount of sulphur and other 
constituent elements retained in the metal. 

» Addition of 47 g % wt. of ferrosilicon manganese to 
ADI shows significant lowering of sulphur retained in 
the metal after casting. 

» The microstructural examinations revealed that the 
graphite nodules were well distributed in the ADI. 
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Abstract: The field of producing solid fuels from biomass has registered a considerable increase, due to the existence of 
important quantities of biomass that represent an important source of renewable energy. Pellets are one of the most common 
solid biofuels, being used for both household use and for producing energy. The article presents considerations on the 
production of pellets from various types of biomass using specially designed equipment and a series of considerations for the 
best parameters to be used for producing these types of pellets. 
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INTRODUCTION 
The production of pellets, also called granules, from 
grinded biomass is spread in the field of renewable 
sources of energy as innovative techniques for 
environmental protection, especially in Europe. Due to 
global warming, a phenomenon affecting the entire 
worldwide population, industries were forced to 
accelerate and cheapen the large production of pellets 
used as solid biofuel, by identifying new innovative 
technical solutions in the field of pelleting machinery 
(Tumuluru et al., 2010; Voicea et al., 2014). 
Pellets represent the biofuel produced from wood or 
agricultural waste. They are cylindrical granules of 
standard sizes between Ø-5...8mm (sometimes even up 
30 mm) with variable length of approximately 20-50 
mm. They have increased mechanical resistance and 
good combustion characteristics. The pelleting process 
offers a real possibility of valorising wood waste. Pellets 
are produced from waste resulted from wood 
processing, agricultural residues or from energetic 
plants. Pellets are a non-polluting fuel, because from 
their combustion, there are no harmful emissions. The 
mass of one m3 of pellets weighs approximately 650-700 
kg and produces around 3250 kWh of energy. The 
process of producing pellets is not a complicated one, 
but it is still complex (Stelte et al., 2012).  
It is important that the biofuels are framed by regulation 
in order to facilitate commercial exchanges of energetic 
biomass. They refer to terminology, classification, 

sampling, determining the combustion power, 
determining particle size distribution and content of 
chlorine and sulphur. Currently, there are various 
testing methods for certifying the quality of solid 
biofuels as well as various practices for characterizing 
the parameters of these products. The biggest challenge 
in the case of biomass based fuels refers to the fact that 
they are not homogenous. Biomass properties differ 
depending on the raw material.  
The main advantages of densifying wood biomass are: 
» increasing the density of compressed material (from 

80-150 kg / m3 for straws or 200 kg / m3 for sawdust 
to up to 600-700 kg / m3 for final products); 

» a higher calorific value and a homogeneous structure 
of densified products; 

» a low moisture content (lower than 10%); 
» improved storage characteristics; 
» extending the usage period of biomass materials. 
MATERIAL AND METHOD 
Pellets are produced from industrial dry and untreated 
wood based waste such as: wood chips, wood dust, saw 
dust, wood shavings, etc. Wood material can be used 
from resinous and deciduous trees, from both xylem and 
bark, and due to the fact that deciduous trees have lower 
lignin content, they might require additives. Pellets are 
compact, uniform, easy to store and handle, can be used 
in automated heating systems, stoves or boilers 
(Mediavilla et al., 2012; Mani et el., 2006; Kazuei et al.).  
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Figure 1. Example of pellets obtained  

through the densification process 
Pellets are produced by grinding sawdust, wood chips, 
branches, tree bark or parts of agricultural biomass and 
pressing the material obtained through a die at high 
pressures. The heat resulted due to friction is enough to 
soften the lignin in the biomass. When is cooled, lignin 
becomes rigid and binds the material. The compressed 
material has the shape on noodles, their section being 
identical in shape to the one of the pressing channels 
(Samuelsson et al., 2012; Kaliyan et al., 2010). 
The actual densification practically has two stages: 
» Compacting the woody material under pressure, in 

order to reduce its volume and to aggregate the 
particles of material; 

» In the second stage, the lignin is activated by the high 
pressure and the increased temperature and “glues” 
the wood particles, thus creating the final product.  

The material is pressed in a special die. Due to the high 
pressure (800-900 bars) and the high temperature that 
appears during compaction, lignin, the natural binder in 
wood is melted and helps forming the pellets at the same 
exact size and shape as the channels in the die. Good 
quality pellets are produced at adequate pressure and 
temperature, so it is important to monitor those 
parameters very carefully.  

a) b) 
Figure 2. Operating principle of pellet mills 

 (a – flat die; b – ring die) [2] 
The two main types of pelleting equipment are: with flat 
die or with ring die. In the first case, we have a 
perforated disk on which two or more rollers rotate, 
compressing the raw material. In the second case, we 
have a perforated ring (figure 2–a), and the pressing 
rollers are situated in the interior of ring (figure 2–b).  
WORKING PRINCIPLE OF THE FLAT DIE RING 
PELLETING MACHINE 
The flat die ring pelleting machine was the first pellet 
press designed at the beginning of the 20th Century, 

based on flat dies. Generally, there are two types of flat 
dies machines on the market, the one with rotating die 
and the one with rotating rollers. The first type has a 
stationary roller and the second type has a stationary 
die. Adopting the vertical principle, the raw material falls 
due to its own weight in the pelleting room where it is 
compressed between the rollers and the matrix, forming 
pellets when passing through the die channels. 
WORKING PRINCIPLE OF THE RING DIE RING 
PELLETING MACHINE 
Pelleting machines with ring die are based on a simple 
operation where the material is distributed on the 
interior surface of a perforated ring die, in front of each 
pressing roller, which compresses the material and 
forces it to pass through the die channels, thus forming 
pellets.  
The actual forming of pellets takes places in “the contact 
line” between the rollers and the die. All other activities 
connected to this operation, such as conditioning, 
cooling, etc. support and enhance the action in that 
moment in the system. In order to understand the 
process and to improve transition, quality and aspect, 
one should have a profound understanding on what 
happens in the locking point. 
The pressing chamber has the shape of channels, the 
length of a channel being equal to the length of the wall 
of the die, which is set by its mechanical resistance. As a 
result of the action of the pressing body, the powdery 
material, which was previously homogenised and 
wetted, is forced to pass through the calibrated orifices 
of the die (is extruded). Characteristic for this 
densification method is the fact that in the tight space 
between the working bodies, the material reaches the 
flowing limit and slides through the die orifices 
(channels). 

a) b) 
Figure 3 – Examples of dies and pressing rolls  

(a – flat die, b – cylindrical die) [2, 15] 
The pressing rollers, as the dies, are cylindrical parts 
that are normally built of tungsten carbide particles or 
are built as a grooved roller. 
Rollers can have cylindrical or cone shape. Roller 
surfaces can be riffled or can have various shaped 
imprints. During movement, rollers press the material in 
the matrix orifices, each channel being active only when 
it is positioned next to a pressing roller.  
The main purpose of rollers is to help the material pass 
through the die orifices, therefore the shape and the 
construction of rollers is designed to prevent material 
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from sliding and to offer a roughened surface for a better 
traction. A pelleting press usually has two or three 
pressing rollers in its construction.  
For obtaining biomass pellets, various types of raw 
material can be used, such as energy willow, miscanthus, 
sawdust, etc. These materials are suitable for 
compaction, because they have a high content of lignin, 
which is very important for the resistance of pellets in 
time, lignin acting as a binder when the material is 
subjected to compression forces within the pressing 
channels at increased temperatures.  
Material properties necessary for densification:  
» capacity of flowing and cohesion; 
» particle size (if the particles are too fine, it translates 

in high cohesion, but in reduced flowing; if the 
particles are too large, the cohesion decreases, but 
the capacity to flow increases); 

» superficial adhesion forces (important for 
agglomeration and resistance); 

» adhesiveness (capacity to adhere); 
RESULTS 
The process of forming pellets consists in subjecting 
biomass to high pressures, period when particles are 
forced to agglomerate. The compression process is 
usually obtained in three distinct stages. In the first 
stage, particles rearrange under the action of a low 
pressure, forming agglomerations. Particles maintain 
most of their original properties, although the energy is 
dissipated due to the friction between particles and the 
machine wall.  
During the second stage takes place the plastic and 
elastic deformation of particles allowing them to flow in 
smaller spaces, thus increasing the contact surface 
between particles and, as a result, appear the van der 
Waals binding forces. Fragile particles can break under 
pressures leading to mechanical interlocking. 
In the final stage, under the high pressures applied in 
stage two, compression continues until the density of 
particles is reached. In this stage, particles can reach 
their melting point and form solid bridges when cooling 
down. Figure 4 shows the mechanical deformations of 
biomass during compression. 

 
Figure 4 - Deformation mechanisms of powder particles 

under compression [12] 
Understanding some of the major chemical changes that 
take place during processing of biomass can be useful in 

understanding their compaction behaviour. As the 
densification of biomass is coupled with process 
variables like temperature, pressure, die geometry and 
mechanisms of densification, changes in these variables 
will bring about significant changes in the chemical 
composition of the biomass by the mechanisms known 
as interaction reactions. 
In table 1 are shown the recommended values of some 
of the most important parameters of the densification 
process. 

Table 1. Recommended values for the parameters  
of the densification process 

Parameter Biomass type Recommended value 
Die 

Temperature 
woody 80-90o 

agricultural 80-90o 

Moisture woody 6-12% 
agricultural 10-20% 

Granulation woody 0.5-5 mm 
agricultural 0.5-6 mm 

Percentage of 
fines 

woody 10-20 
agricultural 10-12 

 

The quality of densified biomass is given partly by the 
type of raw material and partly by the process variables. 
Process variables refer to those parameters inherent to 
the pelleting machine, respectively: temperature, 
pressure, die size, die speed, the distance between the 
die and pressing roller, etc.  
 Temperature – quality attributes such as durability 

and bulk density are significantly influenced by die 
temperature. A higher die temperature can reduce 
the pressure needed to compress the material and 
will also increase the durability of pellets.  

 Pressure – pressure play a very important part in the 
quality of pellets. It is necessary to find an optimal 
pressure depending on the type of material used for 
compression. A pressure higher than the optimal one 
can cause breaks in the final product due to a sudden 
expansion immediately after the pellets exit the die. 
Also, after a certain value, an increase of pressure will 
not offer any significant gain in the cohesion 
(binding) of pellets and it would only increase the 
production costs.  

 Applying high enough temperatures and pressures 
during densification can develop solid bridges 
through the diffusion of molecule from one particle to 
another in the contact points, thus increasing density 
and resistance.  

 Die geometry and speed – die geometry refers to its 
sizes and shape. These attributes can affect both the 
quantity of material that can pelleted, but also the 
energy necessary for compression and influences the 
properties of the final product, such as moisture, bulk 
density and durability.  

 Pelleting machines are built of a die characterized by 
the length / diameter ratio (L/D). Length refers to 
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depth of the die (the length of channels in the die) and 
the diameter refers to the diameter of the 
perforations (orifices, channels) in the die. Usually, 
durability increases along with increasing the L/D 
ration, due to the increase of friction forces caused by 
the increased friction between the material and die. 
However, a ration that is to big will block the die and 
will strangle the pelleting machine.  

 Distance between pressing rollers and the die – the 
distances between the pressing rollers and the die 
refers to the space between the die and the roller that 
forces the material to pass through the die. Usually, 
the distance should be between 1.5 and 2.5 mm. 
increasing the distance would lead to a significantly 
reduced resistance and durability of pellets.  

 A very important structural parameter is represented 
by the conicalness of the pressing channels. The 
conicalness has a significant impact on the final 
quality of the product obtained by pressing, but also 
on the construction of pressing machines.  

 Geometry of the pressing chamber - each geometry 
has its specific shape that affects the distribution of 
pressures in the pressing chamber and also the final 
quality of pellets. Each shape of the pressing chamber 
is suited for certain types of materials. Therefore, it is 
necessary to research the influence of the 
construction parameters of pressing chambers on the 
biomass densification process and on the quality of 
products resulted. The research and optimizing of the 
pressing chamber for biomass compaction will allow 
designing a compaction process that is energetically 
efficient, leading to obtaining high quality products 
(Križan et al., 2012).  

 Additives - besides the variables of the process, the 
use of an additive for the particles of biomass could 
have a positive effect on the resistance of pellets. 
Starch, proteins, fibres, fat / oil, lignosulfonate, 
bentonite and modified cellulose have proven to 
positively influence the durability of densified 
products (Byoung et al., 2014).  

CONCLUSIONS 
The densification of biomass offers a real alternative to 
the use of fossil fuels. Also, it represents a method of 
using all the biomass materials that otherwise would go 
to waste. Densification is a relatively new method of 
processing biomass and still requires research and 
improvement. 
Biomass densification can be achieved by using two 
types of equipment: 
» Flat fie pelleting machine; 
» Ring die pelleting machine. 
Both types have their advantages. The flat die pelleting 
machine is recommended for smaller producers as it has 
smaller capacities, smaller size and weight, is very 
compact and has low energy consumption. The ring die 

machine is recommended for large scale producers 
because they have higher capacities, experience low 
wear and are very effective in term of energy use. 
The field of producing biomass pellets still offers a 
multitude of possibilities for improvement and 
optimizing, both regarding the construction of 
equipment, but also for the composition of biomass 
mixes prepared for pelleting. 
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Abstract: Noise can be assessed and analyzed using a multidimensional approach that takes into account the physical aspects 
of sound, its composition, frequency, psychoacoustic parameters (e.g. volume, sharpness, roughness, fluctuations strength) and 
the relationship between the listener and the sound source, information value of sound and cultural background. The quality of 
the acoustic environment is a term that is becoming more and more prominent. How to assess it, what descriptors and what 
criteria to use? The article deals with the issue of railway noise in terms of its psychoacoustic perception. The article does not 
aim to bring forward a complete solution to the issue but to present the issue as such. 
Keywords: psychoacoustics, railway noise, descriptors 
 
 
 
INTRODUCTION 
Psychoacoustics is relatively a new branch of science 
studying acoustics and psychology. It examines the 
effects of sound on the human psyche. Unlike 
conventional physical quantities of acoustics, 
psychoacoustics has no limit values. It is because every 
person has a different perception and thus it is 
impossible to determine the action values.  Sound can be 
analyzed and measured on the basis of physical 
conditions. The complete psychoacoustic analysis 
depends on the relationship between a person and his/ 
her perception.  
Noise can be assessed and analyzed using a 
multidimensional approach that takes into account the 
physical aspects of sound, its composition, frequency, 
psychoacoustic parameters (e.g. volume, sharpness, 
roughness, fluctuations strength) and the relationship 
between the listener and the sound source, information 
value of sound and cultural background.  
Sound annoyance depends on the sensitivity and 
subjective qualities, social and cultural background, and 
influences people's subjective approach to the sound 
source. Thus, the evaluation of the noise depends on the 
physical characteristics of the sound phenomenon, the 
psychoacoustic characteristics of the human ear and the 
psychological and social aspects. 
 

DESIGNING THE EXPERIMENT 
The experiment was carried out using a device used for 
binaural perception of sound. Binaural perception is the 
perception of sound with both ears. The size of human 
skull changes the perception of sound, thus allowing 
people to hear binaural sounds. The maximum 
deflection occurs at a frequency of about 1.500 Hz. The 
perception of phase differences between the ears is the 
innate ability of the brain that allows the perception of 
binaural sounds.  
People are able to perceive phase differences when two 
continuous sounds of very similar frequency (up to 
1.500 Hz) act on the auditory organs and the brain 
registers the phase differences between those sounds. 
Phase differences provide a listener with controlled 
information.  
The brain combines and creates the sensation of the 
third - binaural sound - if such sound is mediated 
through stereo headphones or speakers. Most models 
based on Zwicker and Stevens’ procedures for 
calculating the loudness of continuous sound have been 
implemented in the software installed in the measuring 
devices intended for the acoustic measurement.  
MEASUREMENTS 
The psychoacoustic engineering uses specialized 
measuring equipment (hardware and software). The 
hardware usually includes HSU – Head Shoulder Unit, 
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HMS – Head Measurement System (Figure 1), binaural 
equalizer BEQ and digital programmable equalizer PEQ. 
Software usually includes software for recording, 
analyzing and evaluating measured data. We used 
software AremiS SUITE by the German company Head 
Acoustics.  

 
Figure 1 . Psychoacoustic head HMS 

QUALITY OF SOUND 
The term “sound quality“ is understood as the sum of all 
individual sound properties. In general, we can say that 
the sound quality is negative if the sound phenomena are 
perceived as unpleasant and disruptive, produce 
negative associations or are not typical for the given 
product. Similarly, the sound quality is positive if the 
sound phenomena are not perceived as intrusive but 
create pleasant auditory impressions or produce 
positive associations with regard to the product. Figure 
2 shows all important parameters of sound quality in the 
environment. [1,2,5] 

 
Figure 2. Parameters affecting the sound quality  

Evaluation of environmental sounds is carried out by 
processing sound signals using audio – equivalent 
measurements and technical analyzes (mostly used in 
the automotive industry). 
MEASUREMENT METHOD 
Measurements were performed on a straight stretch of 
railway track at two measuring points - 7,5 m and 46 m 

from the track at the height of 1,5 m above the ground 
level. The place of measurement M1 is shown in Figure 
3 together with the necessary technical equipment. 

 
Figure 3. The place of measurement M1 

The analysis of the results of the case study 
During the measurements we recorded sound of more 
than 30 passing trains (passenger train, freight train, 
express train, IC, locomotive trains and others). Due to 
large result sets the following pages will present only a 
small demonstration of the evaluation methods. 
The evaluation took into account the following 
psychoacoustic parameters: 

» loudness, 
» sharpness, 
» roughness, 
» fluctuation strength. 

Passenger train 
Passenger train no. 2 with 13 coaches coming from the 
right side at the distance of 7.5 m (Figure 4). 

 
Figure  4. Psychoacoustic head turned toward  

the passing train 
Figure 5 shows that the artificial head was turned facing 
the approaching train with its left ear facing the track. 
Perception of noise by left ear is marked in green. Then, 
by turning the head (continuous rotation) toward the 
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passing train the right ear catches the noise of the 
passing train – marked in pink. The green mark shows 
first 15 seconds of noise when the head was facing the 
passing train. From Figure 5 it is clear that the head was 
turning between 15.5 sec. and 17.5 sec. - clearly audible 
from the recording of the passing train no. 2 and also 
visible from individual psychoacoustic parameters 
shown in this Figure. There is an obvious dynamic 
difference between the perception of the noise by left 
and right ear before and after the plastic head was 
turned around. 

 
Figure 5. The time course of the sound pressure no.2 

Table 1 shows the average value of the sound pressure 
level for train no. 2. Figure 6 shows the FFT analysis of 
the train no. 2 and Figure 7 shows psychoacoustic 
parameters of the train no. 2. Table 2 shows the values 
of psychoacoustic parameters of the evaluated train. 

Table 1. The average sound pressure for train no. 2 
The average sound pressure level LAeq 
Left ear Right ear 

82,68 dB 84,69 dB 
Table 2. The average values of psychoacoustic  

variables train no.2 
The average values of psychoacoustic parameters 
Psychoacoustic 

parameter Left ear Right ear 

Volume [sone] 27,4 30,3 
Rougness [asper] 2,54 2,71 
Sharpness [acum] 2,16 2,31 

Fluctuation 
strength [vacil] 0,0185 0,0248 

 
Figure 6. FFT analysis of the train no. 2 

Thanks to the short distance from the track, the 
recording of the passing train captured the sounds of 
coaches’ gears. That is why we can specify the exact 
number of passing train’s coaches. 

 
Figure 7. Psychoacoustic parameters of the train no. 2 

A more detailed analysis of individual coaches of the 
train no. 2 was carried out subsequently. This is just a 
single passage of the selected coach (Figure 8 and Figure 
9).  

 
Figure 8. One time frame (16 – 17.3 sec.) 

 
Figure 9. FFT analysis and psychoacoustic  

parameters of coach no.4 
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CONCLUSION S 
Based on the measurements taken so far, their 
evaluation and further analysis, we can state the 
following: 
» The binaural recording of sound showed there is 

difference between a stationary position of the 
acoustic head perpendicular to the track and when 
rotating the head smoothly towards the passing train. 

» Not all recordings, especially those recorded with 
longer trains, recorded audible sounds of individual 
gears.  

» This finding may mark the beginning of a detailed 
study of sounds made by gearing. This would help us 
in future to estimate some of the other properties of 
trains, especially the mechanical nature of coaches.  

This knowledge about the properties of gears could 
improve some properties of trains with regard to their 
environmental impact.  
SPECIAL THANKS 
This article was written as an outcome of the project APVV 
0432-12 and KEGA 039 TUKE-4/2015. 
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Abstract: This study examine the effect of groundnut shell ash (GSA) blended calcium chloride (CaCl2) as supplementary 
cementing materials. The replacement levels of OPC with groundnut shell ash (GSA) were 0%, 5%, 10%, 15% and 20%. 1% of 
calcium chloride was blended with OPC/GSA in all experimental work. The following physical properties were determine on 
OPC and GSA; fineness test and specific gravity test while standard consistency and setting time test were conducted on 
OPC/GSA and OPC/GSA/CaCl2. The chemical composition of OPC and GSA was also determined. The result of the standard 
consistency revealed that as the percentage replacement increases, the consistency also increases for both OPC/GSA and 
OPC/GSA/CaCl2 respectively. However, the initial and final setting time shows that OPC/GSA/CaCl2 set faster than OPC/GSA. 
Keywords: Groundnut Shell (GS), Groundnut Shell Ash (GSA), Calcium Chloride (CaCl2), Cement (OPC) 
 
 
INTRODUCTION 
Nigeria is a major producer of groundnut in the world 
with an average annual production of about one million 
tons. Groundnut production generates large amount of 
process residues such as groundnut shell (Ajobo, 2014). 
Groundnut shell is a by-product groundnut pod which is 
usually burnt, dumped or left to decay naturally. It 
constitutes about 25 % of the total pod (husk and seeds) 
mass.  
Due to the growing environmental concern and the need 
to conserve energy and resources, efforts have been 
made to properly burn the shell to ash and to examine 
the ash with a view to utilizing it for useful purposes 
(Egbe – Ngun et. al., 2014). In Lafia, the capital of 
Nasarawa State of Nigeria, the shell is abundantly 
available from October to May (Alu et. al., 2012).  
The shells can also be found in large quantity in Kwara 
state (Tsaragi, Lafiaji, Kaima and Pategi), Niger state 
(Bida) and many parts in Nigeria. Groundnut Shell Ash 
(GSA) is obtained by the combustion of groundnut shell. 
MATERIALS AND METHODS 
Materials 
» Ordinary Portland cement (OPC) – Dangote cement 

brands 42.5R was used. 

» Distilled water was used throughout this study. 
» Calcium Chloride Anhydrous (CaCl2, 95% Assay), 

which conformed to ASTM C494 (1999) were used. 
» The groundnut shells (locally available materials) 

were collected from a milling store at Tsaragi, Edu 
Local Government of Kwara State. The groundnut 
shells were burnt to ashes at a temperature of 6500C 
by Thermolyne Furnace at Foundry and Forging 
Workshop, Mechanical Engineering Department 
Federal Polytechnic Offa. The ashes were further 
grounded to a require level of finer particles with 
milling machine and allow to pass through sieve 
No.200 (75 µm).  The groundnut shell, groundnut 
shell ash and grinded groundnut shell ash are shown 
in Figure 1. a, b and c respectively. 

Methods 
The experimental program was designed to examine the 
effect of groundnut shell ash (GSA) blended calcium 
chloride (CaCl2) as supplementary cementing materials. 
The replacement levels of OPC with groundnut shell ash 
(GSA) were 0%, 5%, 10%, 15% and 20%. 1% of calcium 
chloride was blended with OPC/GSA in all experimental 
work.  
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The following physical properties were determine on 
OPC and GSA; Fineness test and Specific Gravity test 
while Standard Consistency and Setting Time test were 
conducted on OPC/GSA and OPC/GSA/CaCl2. The 
chemical compositions of OPC and GSA were determined 
at SMO Laboratory, Joyce ‘B’ Road, off Mobil-Ring Road, 
Ibadan, Nigeria. 

  

 
Figure 1: (a) Groundnut Shell, (b) Groundnut Shell Ash 

and (c) Grinded Groundnut Shell Ash 
RESULTS AND DISCUSSION 
Chemical (Oxides) Composition of OPC and GSA 
The results of oxides composition of OPC and GSA tested 
are shown in Table 1. 

Table 1: Oxides Composition of OPC and GSA 
OXIDES (%) OPC GSA 

SiO2 19.63 19.69 
Al2O3 5.84 0.95 
Fe2O3 3.98 0.68 
CaO 57.75 1.23 
MgO 1.44 0.59 
K2O 0.16 1.67 

Na2O 0.27 1.77 
SO3 0.13 0.08 

Loss on Ignition (LOI) 1.64 14.36 
 

Comparison of Oxides Composition of OPC 
The comparison of the OPC (Dangote Brand) tested with 
standard and other research work is shown in Table 2. 
From the comparison in Table 2, the values of SiO2, Al2O3, 
Fe2O3, and MgO fell within the limit specified by SP:23 
(1982) but the value of CaO is below the required limit. 
However, the value of SiO2, Al2O3, Fe2O3, CaO and MgO 
corresponds with that of Faleye et al., (2009). 
Comparison of Oxides Composition of GSA 
The comparison of the groundnut shell ash (GSA) tested 
with previous research work is shown in Table 3.  

Table 2: Comparison of Oxides Composition of OPC 

Oxides 
(%) 

OPC 
(Tested) 

SP 23 (1982) 
Indian 

Standard 

Faleye, et al., 
(2009) 

Dangote Brand 
SiO2 19.63 19 – 24 20.62 

Al2O3 5.84 3 – 6 6.01 
Fe2O3 3.98 1 – 4 3.22 
CaO 57.75 59 – 64 59.6 
MgO 1.44 0.5 – 4 3.65 
K2O 0.16 - - 

Na2O 0.27 - 0.71 
SO3 0.13 - 2.46 
LOI 1.64 - - 

 

Table 3: Comparison of Oxides Composition of GSA 

OXIDES (%) GSA 
(Tested) 

Alabadan et. 
al. (2006) 

Buhari et. al.  
(2013) 

SiO2 19.69 15.92 16.21 
Al2O3 0.95 6.73 5.93 
Fe2O3 0.68 1.93 1.80 
CaO 1.23 8.66 8.69 
MgO 0.59 6.12 6.74 
K2O 1.67 - 15.73 

Na2O 1.77 - 9.02 
SO3 0.08 - 6.21 
LOI 14.36 - 4.80 

 

ASTM C-618 (2005) specifies that the sum of SiO2, Al2O3, 
and Fe2O3 of a pozzolanic material should not be less 
than 70%. The sum of SiO2, Al2O3, and Fe2O3 of the 
groundnut shell ash (GSA) tested is 21.32% which is low 
to that of Alabadan et. al. (2006), Buhari et. al. (2013) 
and 70% specified by ASTM C-618 (2005). However, the 
result of the groundnut shell ash (GSA) tested shows that 
silicon dioxide (SiO2) have the highest percentage of 
oxide composition.  
The result also shows that the chemical composition of 
the groundnut shell ash compared varies from each 
other.  
Fineness of OPC and GSA 
The fineness of the cement was conducted by sieve 
method using sieve size 90microns. The results of the 
fineness test are shown in Table 4. 

Table 4: Fineness of OPC and GSA 
S/No. Test Samples Fineness (%) 

1. OPC 2.5 
2. GSA 3.0 

 

The results of the fineness test shows that both OPC and 
GSA are less than 10% of the total weight of sample 
(100g) used for conducting the test. 
Specific Gravity of OPC and GSA 
The results of specific gravity of the selected brands of 
cement are shown in Table 5.  

Table 5: Specific gravity of OPC and GSA 
S/No. Test Samples Specific Gravity 

1. OPC  3.13 
2. RHA 1.74 

 



ACTA TECHNICA CORVINIENSIS 
      – Bulletin of Engineering 
 

157 | F a s c i c u l e  3  
 

Typical values for specific gravity of Portland cement as 
specified by Chen et. al. (2003) lie within the range of 3.1 
to 3.2. The results of specific gravity of the cement tested 
as shown in Table 5 fells within the acceptable limits.  
The result of the specific gravity of GSA is low to that of 
OPC but the value is higher than the one reported by 
Raheem et. al., 2013 (1.54) and Buhari et. al., 2013 (1.54) 
Standard Consistency of OPC/GSA and 
OPC/GSA/CaCl2 
The Standard Consistency test conformed with IS 4031-
4 (1988). 

Table 6: Standard Consistency of OPC/GSA  
and OPC/GSA/CaCl2 

S/No. Replacement of OPC with 
GSA (%) 

Consistency 
(%) 

1 0% 27 

2 5% GSA 30 
5 GSA%, 1% CaCl2 29 

3 10% GSA 33 
10 GSA%, 1% CaCl2 32.5 

4 15% GSA 36 
15 GSA%, 1% CaCl2 35 

5 20% GSA 36.5 
20 GSA%, 1% CaCl2 35.5 

 

 
Figure 2: Bar Chart of Consistency against GSA-

Replacement 

 
Figure 3: Graph of Consistency against  

GSA-Replacement 
The results from Table 6 above shows that 20% 
groundnut shell ash (GSA) replacement have the highest 
consistency (amount of water required to give a paste) 
while 0% have the lowest consistency.  

However, as the percentage replacement increases, the 
consistency also increases for both OPC/GSA and 
OPC/GSA/CaCl2. The results are represented in Figure 2 
and 3 respectively. 
Setting Time of OPC/RHA and OPC/RHA/CaCl2 
The Setting Time test conformed with IS 4031-5 (1988). 

Table 7: Setting Time of OPC/GSA  
and OPC/GSA/CaCl2 

S/No. Replacement of OPC 
with GSA (%) 

Setting time (Mins.) 
Initial Final 

1 0% 81 141 

2 5% GSA 110 200 
5 GSA%, 1% CaCl2 95 185 

3 10% GSA 125 215 
10 GSA%, 1% CaCl2 110 185 

4 15% GSA 95 200 
15 GSA%, 1% CaCl2 80 170 

5 20% GSA 80 170 
20 GSA%, 1% CaCl2 65 155 

 

 
Figure 4: Bar Chart of Setting Time against GSA-

Replacement 
American Standard ASTM C 150-07 prescribes a 
minimum time for the initial set of 45 minutes and final 
set of 375 minutes while IS 269 (2013) and IS 12269 
(2013) prescribes a minimum time for the initial set of 
30 minutes and maximum final set of 600 minutes.  

 
Figure 5: Graph of Setting Time against  

GSA-Replacement 
The result of the setting time shows that all percentage 
replacement (OPC/GSA and OPC/GSA/CaCl2) conformed 
to the minimum initial time and maximum final time 
specified by ASTM C 150-07, IS 269 (2013) and IS 12269 



ACTA TECHNICA CORVINIENSIS 
      – Bulletin of Engineering 
 

158 | F a s c i c u l e  3  
 

(2013). However, the initial and final setting time shows 
that OPC/GSA/CaCl2 set faster than OPC/GSA. The 
results are further represented in Figure 4 and 5 
respectively. 
CONCLUSIONS 
From the investigation and analysis of results, the 
following conclusions can be drawn from this present 
study: 
 The value of calcium oxide (CaO) of cement is below 

the required limit. However, the value of SiO2, Al2O3, 
Fe2O3, CaO and MgO corresponds with that of Faleye 
et al., (2009).  

 The chemical composition of the groundnut shell ash 
(GSA) shows that silicon dioxide (SiO2) have the 
highest percentage of oxide composition. However, 
the chemical composition of the groundnut shell ash 
(GSA) compared varies from each other. 

 The specific gravity of cement (OPC) falls within the 
acceptable limits. However, the result of the specific 
gravity of GSA is low to that of OPC but the value is 
higher than the one reported by Raheem et. al., 2013 
(1.54) and Buhari et. al., 2013 (1.54). 

 The standard consistency shows that 20% groundnut 
shell ash (GSA) replacement have the highest 
consistency (amount of water required to give a 
paste) while 0% have the lowest consistency. 
However, as the percentage replacement increases, 
the consistency also increases for both OPC/GSA and 
OPC/GSA/CaCl2.  

 The setting time shows that all percentage 
replacement (OPC/GSA and OPC/GSA/CaCl2) 
conformed to the minimum initial time and maximum 
final time specified by ASTM C 150-07, IS 269 (2013) 
and IS 12269 (2013). However, the initial and final 
setting time shows that OPC/GSA/CaCl2 set faster 
than OPC/GSA. 
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Abstract: Over the last years occurred a rapid growth in the utilization of technology, in which is creating electromagnetic 
radiation of different frequencies. At first it was the high-voltage lines, transformers and electrical installations in houses. To 
these sources of field had been included also wireless network to the internet, telecommunications and navigation connection. 
Due to this it is necessary to pay attention and research it, while modeling belongs to a fundamental ways of developing and 
analyzes the propagation of field through various materials. This paper deals with model of anechoic chamber created in ANSYS 
HFSS. Model is created for evaluating the shielding effectiveness of materials with different properties. In that case it is possible 
to optimize the shielding effectiveness of materials with changing of its properties. Model works for frequency range from 1 to 
10 GHz. 
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INTRODUCTION  
Over the last century occurred a huge technological 
development in the world. Over time, humanity passed 
through the creation of simple devices and equipments 
to creating a variety of innovative devices, which are 
higher quality and technically complicated as 
previously. This caused an increase of sources of 
electromagnetic field, and it is almost impossible to 
avoid their activity at the present. 
Electromagnetic field is created either from natural 
radiation, or is artificially created from electrical 
devices. Some devices are used directly in order to form 
of this field, while in some devices is formed as by-
product of their operation.  
At first it was the high-voltage lines, transformers and 
electrical installations in houses. To these sources of 
field had been included also wireless network to the 
internet, telecommunications and navigation 
connection. [1][2] 
Due to this it is necessary to pay attention and research 
it, while modeling belongs to a fundamental ways of 

developing and analyzes the propagation of field 
through various materials. [3][4] 
IMPACT OF ELECTROMAGNETIC FIELD TO THE 
BIOLOGICAL ORGANISM 
Electromagnetic field can be described by Maxwell's 
equations: 

 rot H = J + ∂D
∂t

 (1) 

rot 𝐄𝐄 = −
∂𝐁𝐁
∂t

  (2) 

div 𝐃𝐃 = ρ       div 𝐃𝐃 = ρ (3) 
ED           HB ε=µ=  (4) 

Over the last years occurred a rapid growth in the 
utilization of technology, in which is creating 
electromagnetic radiation of different frequencies. 
Besides the positive results arising the impact of 
electromagnetic field are also negative.  
Is much more difficult to determine it, since the testing 
on the human organism is not possible and thus cannot 
be exactly determined and discuss about diseases 
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caused primary by these field. But electromagnetic field 
can have a negative impact on individual from its state 
of health, thus worsening of its condition, or outbreaks 
of the disease. The discovery, that the electromagnetic 
field could have direct negative impact on the emergence 
of diseases like a cancer, organ damage etc., could 
negatively affect the contemporary lifestyle dependent 
on electricity. 
Various organizations are working to research and tests, 
which are trying to find impact of electromagnetic field 
on living organisms. In Slovakia, the protection of 
population currently provides decree of Healthcare 
Ministry of the Slovak Republic number 534/2007 Z.z. 
(Collections of laws) about details and requirements on 
sources of electromagnetic radiation and limits of 
exposure of the population to electromagnetic radiation 
in the environment. [2][5] 
CALCULATION OF SHIELDING EFFECTIVENESS 
As it was mentioned above, one of the ways of protection 
against the harmful effects is the shielding. Shielding 
effectiveness can be expressed by the following 
equations, these equations is for case, if the value of the 
transmitted signal is set in logarithmic unit: 
 

𝑆𝑆𝑆𝑆 = |𝑆𝑆1| − |𝑆𝑆2|                       (5) 
 

            𝑆𝑆𝑆𝑆 = |𝐻𝐻1|− |𝐻𝐻2|           (6) 
 

where E1, H1, represents the magnitude of electric and 
magnetic field impinging on a shielding material 
(barrier) and E2, H2 represents the magnitude of electric 
and magnetic field at some specific point of shielded 
area. [7]  
MODEL OF THE ANECHOIC CHAMBER 
The frequency-dependent simulation of electro-
magnetic field is created in the program HFSS (high 
frequency structural simulator).  

 
Figure 1. Model of anechoic chamber 

The created model is an anechoic chamber, located at the 
Department of Electric Power Engineering at the 
Technical University of Košice. Frequency range is from 
1 GHz to 10 GHz. The following figure shows the model 
of chamber, for evaluate of shielding effectiveness 
material “brick” was chosen. [9] [10] 
Figure 2 shows the propagation of electromagnetic wave 
in chamber. In the middle material "brick" is located. It 
can be seen the deformation of the waves at the interface 
of the materials. 
 

 
Figure 2. The wave propagation inside the model 

 

RESULTS 
Obtained from simulations were then calculated 
shielding effectiveness. With increasing frequency we 
had a better values of shielding effectiveness. The 
maximum value reached at a frequency of 5.8 GHz, and 
it was 7.165436254 dB. In the following table is a 
comparison of the shielding effectiveness for the 
frequencies used in the range of 1-10 GHz. 
 

Table 1. The shielding effectiveness  
for compared frequencies 

Freq 
[GHz] Utilization Shielding effectiveness 

[dB] 

1,8 Mobile network 
(2G) 2,719510795 

2,1 Mobile network 
(3G) 3,89742965 

2,4 WiFi 4,759421802 

2,6 Mobile network (4G 
LTE) 4,31603198 

5 WiFi 6,636557869 

5,8 Satelite signal 
(VSAT) 7,165436254 

6,7 Satelite signal 
(VSAT) 7,092218711 

7 Analog TV 7,056538597 
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CONCLUSION  
Humanity is almost exposed to electromagnetic field 
radiation. Given that the electromagnetic field is not 
observed by human eye, people do not realize that they 
are constantly exposed to its action. Organizations such 
as the World Health Organization or the European Union 
are making efforts on research into the impact of 
electromagnetic fields. Problem occurs also in ensuring 
proper functioning of electrical equipment, which are 
sensitive to electromagnetic fields. 
The paper was aimed to create conditions and get closer 
in simulation of electromagnetic field to the fair values 
obtained from measurements performed in an anechoic 
chamber at the Department of Electric Power 
Engineering FEI TU Košice. The advantage of simulation 
compared to measurement is the possibility of modeling 
the material which reports adequate shielding 
effectiveness by a suitable choice of its electrical 
properties. At same it is possible to further optimize the 
model according to the characteristics of an anechoic 
chamber at the Department of Avionics, Faculty of 
Aeronautics TU, and perform comparative 
measurements and simulations. 
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	After dismantling, if necessary, the demagnetization of the magnet can theoretically perform in a plant for recycling. However, the current recycling NdFeB magnet does not exist outside of China where the recycled waste and scrap obtained in various m...
	Figure 8. Display devices for dismantling of cage rotors [20]
	RECYCLING OF ELECTRICAL AND ELECTRONIC EQUIPMENT FOR THE HYBRID AND ELECTRIC VEHICLES
	conclusionS
	References


	ACTA-2017-3-17-impar
	1.I.O. OLADELE, 2.O.G. AGBABIAKA, 3.A.O. ADEYEMI

	ACTA-2017-3-17-x
	ACTA-2017-3-18
	ACTA-2017-3-19
	SIMULATION PARAMETERS
	DESIGN OF THE CONVERTER CIRCUIT

	ACTA-2017-3-20
	ACTA-2017-3-21
	ACTA-2017-3-22-impar
	ACTA-2017-3-22-x
	ACTA-2017-3-23
	DESIGNING THE EXPERIMENT
	MEASUREMENTS
	QUALITY OF SOUND
	MEASUREMENT METHOD
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	During the measurements we recorded sound of more than 30 passing trains (passenger train, freight train, express train, IC, locomotive trains and others). Due to large result sets the following pages will present only a small demonstration of the eva...
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