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REZUMATE 
 
Băjenescu Titu-Marius I. Fotovoltaicele într-o lume 
de tranziție către energii regenerabile. Se trec în 
revistă starea actuală al fotovoltaicii, eficacitatea 
celulelor, componentele-cheie ale unui sistem de 
putere fotovoltaic, creșterea globală a pieții 
fotovoltaice, proiecte noi de celule fotovoltaice, 
filmele subțiri, câteva tendințe din industria 
fotovoltaică și problema stocării energiei. 
 

 

Adascalitei A., Secrieru N., Todos P. Cursuri 
universitare OER MOOC funcționale prin 
utilizarea Moodle Platform. Lucrarea descrie o 
secvențe pedagogice eficiente de subiecte și metode de 
blended learning a analizei circuitelor electrice în 
structura MOOC (Masive Cursuri deschise online). 
Această lucrare prezintă modul de a preda folosind 
web, Resurselor Educaționale Deschise (OER), 
componente web, desigur, și structura procesului de 
instruire. Aceste medii de învățare virtuale va 
îmbunătăți performanțele studenților în cursurile de 
inginerie oferite la Universitatea Tehnică „Gh. 
Asachi” Iași și Universitatea Tehnică a Moldovei. 
Metodologia noastră web-based de instruire se 
concentrează pe predarea aceasta abilitate de rezolvare 
sistematică a problemelor. Dezvoltarea de materiale de 
curs pentru studenți-ingineri din România și Republica 
Moldova va avea un impact tot mai mare pe scena 
națională a educației inginerie. Cercetarea și 
dezvoltarea de materiale online dedicate dezvoltării 
resurselor umane și a potențialului uman va accelera 
procesul de transfer de tehnologie up-to-date.  
 

 

Bostan I., Secrieru N., Candraman S., Margarint A., 
Barbovschi A. Conexiunea infrastructurii Centrului 
Național Tehnologii Spațiale la rețeaua globală 
educațională de operațiuni satelitare. Această 
lucrare reflectă o metodă inovatoare de conectare și 
transmitere de date între un satelit și stațiile terestre. 
Autorii sugerează utilizarea unei rețele distribuită de 
stații terestre, care primesc simultan sau separat date 
de la sateliți. Sunt  prezentate noi soluții, care să 
permită îmbunătățirea calității recepției datelor în 
comparație cu o singur set de antene. Ulterior, se arată 
o realizare propusă ca rețea distribuită de stații terestre 
cu descrierea protocoale de transmisie, de transmitere 
și de stocare a datelor, sistemul de autorizare, 
dispozitivele și operatorii de comunicații. Această 
rețea este o parte a proiectului satelitar, dezvoltat de 
studenții de la Universitatea Tehnică a Moldovei. 
 

 

Krylov Е. А., Martynov  V.I. Analiza influenţei 
naturei fazei solide asupra proprietăţilor  betonului  
celular. Este expusă ipoteza privind dependența 
proprietăților materialelor cu porozitate mare în 

funcție de caracterul distribuției fazei solide, 
prezentate de două elemente ce determină structura – 
particulele fazei solide (pereții despărțitori dintre pori) 
și suprafețele interne de divizare. Pentru a confirma 
ipoteza, betonul spumant este prezentat într-o formă 
deschisă de auto sistem capabil de organizare a 
structurilor. Sunt prezentate etapele de formare  a 
structurii materialului în stadiul inițial . Lungimea 
suprafețelor interioare de divizare este prezentată în 
formă de modele. De asemenea, pe modele s-a studiat 
influența tipurilor de ambalaje de pori, de forma lor, 
de porozitate, raportul apă/substanță solidă, de 
caracterul structurii fazei solide. 
 

 

Solonenko I. Asigurarea unei acoperiri de 
performanţă din beton pentru drumuri, datorită  
modificări  lui. Sunt prezentate rezultatele cercetărilor 
influenței asupra proprietăților acoperirilor din beton, 
destinate pentru drumuri, care conțin în componența 
lor adaos plastifiant și fibre de polipropilenă.  Sunt 
calculate modelele matematice, care descriu 
modificările caracteristicilor fizico-mecanice şi de 
exploatare ale acoperiri cercetate. Se prezintă 
recomandări privind utilizarea rezultatelor cercetărilor 
în construcţia de drumuri auto. 
 

 

Marina V., Marina Viorica. Metodologia 
reprezentării matriceale şi analiza tensorului 
constantelor de elasticitate de ordinul opt. In lucrare 
este prezentat tensorul de ordinul opt. Numărul de 
constante independente de elasticitate este analizat în 
funcţie de simetria tensorilor tensiune/deformaţie şi 
elementelor de simetrie care provin din principiile 
termodinamicii.  
 

 

Polcanov V.N.,  Ceban О., Osadcenko K.A. 
Reconstrucția Catedralei „Nașterea Maicii 
Domnului binecuvântată” de la Mănăstirea Curchi. 
Majoritatea edificiilor de cult, în special cele situate în 
localitățile rurale, se poziționează în cadrul teritoriului 
potențial alunecător. Structura specifică a versanților 
din regiune determină dezvoltarea deformațiilor lente 
de fluaj. Prin urmare, sunt observate deformațiile 
construcțiilor și edificiilor situate în cadrul lor. În 
cazuri particulare, astfel de deplasări se soldează cu 
consecințe catastrofale: pentru perioada ultimilor 10 
ani în Moldova s-au distrus 17 monumente 
arheologice, 9 monumente istorice culturale. Mai jos 
este prezentat exemplu de consolidare a unui 
monument arhitectural din sec. XIX. 
 

 

Kalashnikova V. Optimizarea locuințelor de lux în 
conformitate cu indicatorii de confort psihologic. 
Procesele sociale, transformările material-spațiale ale 
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mediului oraşelor si schimbarea stilului de viaţă în 
Ucraina au înaintat noi cerinţe cerințe pentru 
proiectarea locuințelor de lux. Există o nevoie pentru 
dezvoltarea unor modele avansate de locuinţe de lux, 
care pot oferi un confort integrat de viață, ținând 
seama de aspectele fiziologice si psihologice. 
 

 

Kucherenko A.A., Albu-Hasan Ahmed Mousa 
Abdulhadi. Despre elementele minerale și ingineria 
genetică în procesul de stingere a varului. Procesul 
de stingere a varului creează un mediu gazoturbulent 
de temperaturi ridicate (până la 100o C) şi alcalinitate 
(pH până la 12).  Prin introducerea în el, împreună cu 
apa de hidratare, a activizatorilor silicatici (sticlă 
solubilă sau GKJ-94) se poate de obținut izo- sau 
polimorfism sau de a obține substanţe noi, cu 
caracteristici fizico-mecanice mai bune decât ale 
Ca(OH)2.  Pe baza pastei de calcar modificat se poate 
de produs betoane, în care, împreună cu calcitul  Ca 
CO3,  apare şi aragonit (4CaSO3), cu rezistenţă sporită 
la apă şi duritate. 
 

 

Candraman S., Secrieru N. Cercetarea 
amplasamentului magnetometerelor pe bordul 
microsatelitului.  Domeniul de cercetare a acestei 
lucrări este de a determina poziţia optimă a senzorului 
de câmp magnetic în cadrul carcasei satelitului 
SATUM. Se propun două variante cercetate spre 
realizare, amplasarea spre exterior sau chiar 
pozițonarea pe un sistem telescopic care se 
declanșează după lansarea pe orbită. 
 

 

Levineț N., Ilco V., Gîrșcan A., Secrieru N. Recepția 
și procesarea datelor satelitare telemetrice prin 
radio software definit.  În lucrare este reprezentată 
arhitectura stației de recepție a datelor telemetrice 
satelitare bazat pe o arhitectură software, numită și 
Software Defined Radio. Astfel blocurile de corecție 
Doppler, filtrare, demodulare și de decapsulare a 
datelor recepționate prin protocolul AX.25 sunt create 
cu ajutorul limbajelor de programare. Trecerea de la 
partea hard la partea soft oferă posibilitatea de 
modificare a funcționarii stației telemetrice în 
dependență de datele de intrare pentru fiecare bloc. O 
stație telemetrică bazată pe SDR poate fi reconfigurată 
pentru modificarea principiului de funcționare a 
demodulatorului sau de reconfigurare a metodei de 
decapsulare a datelor în dependență de protocolul de 
comunicare cu sateliți. Totodată configurând datele 
orbitale ale oricărui satelit și ținând cont de poziția 
stației terestre se poate omite efectul Doppler. 
Comparativ cu arhitectura radio tradițională, cea 
definită prin software oferă o flexibilitate înaltă, 
economie de timp și este o soluție eficientă pentru o 
serie de aplicații.  

Levineț N., Ilco V., Gîrșcan A., Secrieru N.   
Proiectarea arhitecturii software a calculatorului de 
bord a microsateliților cu utilizarea limbajului 
SYSML. În lucrare se prezintă experiența procesului 
de proiectare arhitecturală a softului pentru 
calculatorul de bord a microsatelitului în baza 
limbajului formal SYSML. Proiectarea se realizează 
prin metoda top down, care vizează definirea 
evenimentelor și proceselor de funcționare a 
sistemelor satelitului,  prin  elaborarea diagramelor 
SYSML. În mediul de proiectare cu ajutorul 
diagramelor se generează structura programului, 
aceasta structură oferă o fiabilitate și o rapiditate înaltă 
de funcționare. Experiența acumulată arată că datorită 
proiectării inverse (reverse engineering) poate fi 
micșorat timpul de testare, iar mediul de proiectare va 
permite corectarea și generarea automată a 
documentației electronice. 
 

 

Bostan I., Dulgheru V., Bodnariuc I. Aspecte 
tehnologice ale transmisiilor planetare precesionale 
cinematice cu roți de plastic. Această lucrare descrie 
elaborarea transmisiilor planetare precesionale 
cinematice cu roți dințate din material plastic - oțel. 
Pentru a reduce frecarea de alunecare în angrenajul 
precesional cinematic a fost utilizat cuplul de material 
“plastic – oțel”. Acest fapt a permis creșterea 
randamentului și soluțonarea problemelor legate de 
tehnologii de fabricatie pentru coroanele danturate ale 
blocului satelit. Dinții roții centrale au profil convex 
concav nestandard variabil descris de ecuații 
parametrice conform teoriei fundamentale a 
angrenajului precesional. Deoarece dinții satelitului au 
profil circular acest fapt asigură fabricatie relativ 
simplă. Prezenta lucrare conține o justificare amplă a 
metodei de selecție a materialelor plastice necesare 
pentru fabricarea roţilor dințate. De asemenea, sunt 
prezentate criteriile de selecție a maselor plastice și de 
funcționare a lor. 
 

 

Bârsan, A. Posibilităţi de optimizare a cinematicii 
mecanismelor malteze. Lucrarea propune câteva 
variante de optimizare a cinematicii mecanismelor de 
tip maltez. Sunt prezentate trei mecanisme: 
mecanismul maltez cu canale curbe, mecanismul 
maltez cu canale de tip „Y” şi mecanismul maltez 
clasic acţionat prin intermediul unui mecanism cu 
camă. 
 

 

Paraschiv Dr., Merticaru V. jr., Creţu Gh. Rezultate 
comparative privind rugozitatea obţinută pe 
suprafeţe prelucrate  prin metoda în vârtej. 
Lucrarea conţine o prezentare comparativă a unor 
rezultate experimentale privind rugozitatea obţinută pe 
suprafeţe prelucrate în vârtej, respectiv pentru melci 
cilindrici şi filete exterioare trapezoidale.  
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ABSTRACT 
 
Băjenescu Titu-Marius I. Photovoltaics in a 
transition world toward renewable energies. An 
overview of the recent status of photovoltaic (PV) 
generation, the best research-cell efficiency, the key 
components of a photovoltaic power system, the 
growth of global PV market, new projects for PV cell, 
thin films, some trends in PV industry, and the storage 
problem are presented. 
 

 
Adascalitei A., Secrieru N., Todos P. OER MOOC 
University Courses running by Using Moodle 
Platform. The paper describes an i-pedagogically 
effective sequence of topics and methods for blended 
learning electric circuit analysis in a MOOC (Massive 
Open Online Courses) structure. This paper presents 
how to teach using the web, Open Educational 
Resources (OER), components of a course website, 
and the structure of the instructional process. These 
Virtual Learning Environments will improve student 
performance in engineering courses offered at 
Technical University „Gh. Asachi” Iassy and 
Technical University of Moldova. Our web-based 
instructional methodology focuses on teaching this 
systematic problem-solving skill. The development of 
courseware materials for student engineers in Romania 
and Moldova will have an increasing impact on the 
national scene of engineering education. The research 
and development of online materials devoted to the 
development of human resources and human potential 
will accelerate the process of transfer of up-to-date 
technology.  
 

 
Bostan I., Secrieru N., Candraman S., Margarint A., 
Barbovschi A.  National space technologies center 
infrastructure connection to global educational 
network for satellite operations. The paper deal with 
an innovative method of connection and data 
transmission between a satellite and the ground 
stations. Authors suggest using a distributed network 
of ground stations, which simultaneously or separately 
receive data from the satellite. It are presented a new 
solutions, which allow improving the quality of 
receiving channel in comparison to an antenna array. 
Subsequently, a proposed realization of Distributed 
Ground Station System with description of 
transmission protocols, data transmission and storage, 
authorization system and devices and operators 
communication is shown. This network is a part of 
satellite project, developed by the students of  
Technical University of Moldova. 
 

 
Krylov Е. А., Martynov  V.I. Analysis of solid phase 
impact on cellular concrete properties. A hypothesis 
on correlation between the properties of highly porous 

materials and the nature of distribution of its solid 
phase represented by two structure forming elements 
— particles of solid phase (partitions) and internal 
interfaces — was put forth. In support of the 
hypothesis foam concrete is considered as an open 
self-organizing system capable of structure formation. 
Formation stages for internal interface elements were 
described at the early phases of material structure 
formation. Internal interface length is given as models. 
The models were also used to study the influence of 
pore packing, their shape, porosity, water/solid ratio 
on structural characteristics of the solid phase. 
 

 
Solonenko I. Ensuring performance coatings of 
concrete for roads, due to their modifications. 
Results of research of the influence on performance of 
coatings from concrete, destined for roads, when 
modifying their convoys off the additive and 
polypropylene fiber.  Calculated mathematical models 
describing changes of physico-mechanical and 
operational characteristics, coatings, which are 
considered.  Recommendations on the use of research 
results in the construction of highways. 
 

 
Marina V., Marina Viorica. Methodology of matrix 
representation and analysis of tensor of elasticity 
constants of eight order. In the paper the tensor of 
eight order was presented. The number of independent 
components was analysed in function of symmetry of 
stress/strain tensors and those symmetry elements, 
which result from thermodynamic principles. 
 

 
Polcanov V.N.,  Ceban О., Osadcenko K.A. The 
reconstruction of the "Birth of the Blessed Virgin 
Mary" Cathedral at the Curchi Monastery. Most 
places of worship, especially in rural areas of 
Moldova, are located on a potentially dangerous 
territory. The specific structure of the hillside of the 
region may determine development of movements, 
like for example slow creep deformations. As a 
consequence, a deformation of buildings and 
structures located on them occurs. In some cases, such 
displacements end with catastrophic consequences: 
only in the last 10 years 17 archaeological sites and 9 
historic-cultural monuments have been destroyed in 
Moldova. Presented below, is an example of the 
protection of an architectural monument from the XIX 
century. 
 

 
Kalashnikova V. Optimization of the elite dwelling  
with the indicators of psychological comfort. Social 
processes, material-space transformations of cities and 
lifestyle changes in Ukraine have put forward new 
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requirements for elite dwelling designing. There is a 
need to create perspective models of elite dwelling 
which can provide a complex comfort of living, 
including physiological and psychological aspects. 
 

 
Kucherenko A.A., Albu-Hasan Ahmed Mousa 
Abdulhadi. About mineral genetic engineering 
elements in lime slaking process. The process of 
clearing lump lime creates an environment 
gazoturbulent of high temperatures (up to 100o C) and 
alkalinity (pH up to 12).  Introducing it with water to 
absorb, the silicate activators (liquid glass or GKJ-94) 
you can call iso- or polymorphism or get new 
substances with the best physical-mechanical 
characteristics than Ca (OH)2.  On the basis of 
modified the limy test get concrete, which along with 
calcite CaCO3 occurs and aragonite (4CaSO3), with 
increased durability and water resistance. 
 

 
Candraman S., Secrieru N.  Research of 
magnetometer placement on board of 
microsatellite. The paper deals with the optimal 
placement of the magnetic field sensor on the board of 
microsatellite SATUM. We propose two variants 
investigated for implementation, location outwards or 
even on a telescopic system which is deployed after 
the launch into orbit. 
 

 
Ilco V., Levineț N., Gîrșcan A., Secrieru N. Satellite 
telemetry data reception an processing via software 
defined radio. In this paper is represented architecture 
of a reception telemetry station of satellite based on 
the software architecture, such as Software Defined 
Radio. Therefore, blocks as Doppler correction, 
filtering, demodulation and received data 
decapsulation for protocol AX.25 are created using 
programming languages.  The transition from the 
hardware to the software part, offers the possibility to 
modify telemetry station operation depending on the 
input data for each block. A SDR-based telemetry 
station can be reconfigured to change the principle of 
operation of the demodulator or reconfiguration 
method of encapsulation depending on the protocol 
data communication satellites. At the same time 
configuring any satellite orbital data and taking into 
account the position of the earth station may be 
omitted Doppler effect. Compared to traditional radio 
architecture, the defined by software offers high 
flexibility, time savings and is an effective solution for 
a range of applications. 
 

 
Levineț N., Ilco V., Gîrșcan A., Secrieru N.   
Software architecture design for microsatellite 

computer board using SYSML language. This paper 
presents the experience of software architectural 
design process for the microsatellite board computer 
based on formal language SysML. The design is 
achieved by top down method, which aims to set 
events and processes for satellite systems work by 
drawing SysML diagrams.  In the design environment 
thanks to diagrams is generated program structure, 
which provides reliability and high-speed operation. 
Acquired experience shown that due to the reverse 
design (reverse engineering) may be reduced time 
testing and the design environment will allow 
correction and automatic generation of electronic 
documentation. 
 

 
Bostan I., Dulgheru V., Bodnariuc I. Technological 
aspects of kinematic planetary precessional 
transmissions with plastic wheels. This paper 
describes the elaboration of the kinematical planetary 
precessional transmissions with plastic – steel toothed 
wheels. To reduce the sliding friction in the gearing of 
the kinematic precessional transmission, the plastic - 
steel gearing has been utilized. This fact allowed 
increasing the efficiency, and solution of problems 
related to fabrication technologies for the crown gears 
of the satellite block. The teeth of the central wheel 
have nonstandard variable convex-concave profile 
described by parametric equations according to the 
fundamental theory of the precessional gear. Because 
the teeth of the satellite have circular profile this fact 
allow its relative simple fabrication. This work 
contains a broad justification of the method for plastic 
materials selection necessary for toothed wheels 
fabrication. As well, the plastic mass selection and 
functioning criteria are presented. Also a range of 
adequate materials for toothed wheels manufacturing 
are described.  
 

 
Bârsan A. Optimization regarding the kinematics 
of the Geneva mechanisms. The paper proposes 
some kinematical optimizing solutions for the Geneva 
mechanism. Three mechanisms are presented: a 
curved slotted Geneva mechanism, a “Y” type Geneva 
mechanism and a conventional Geneva mechanism 
driven by a cam mechanism. 
 

 
Paraschiv Dr., Merticaru V. jr., Creţu Gh. 
Comparative results concerning the roughness 
obtained on surfaces cut by whirling method. The 
paper contains a comparative presentation of some 
experimental results concerning the roughness 
obtained on surfaces cut by whirling method, 
respectively for cylindrical worms and for external 
trapezoidal threads. 
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SOMMAIRE 
 
Băjenescu Titu-Marius I. Photovoltaïque dans un 
monde de transition vers les énergies 
renouvelables. On passe en revue l’état actuel du 
photovoltaïque, l’efficacité des cellules, les 
composants-clé d’un système de puissance 
photovoltaïque, la croissance globale du marché 
photovoltaïque, les nouveaux projets de cellule 
photovoltaïque, les films minces, quelques tendances 
de l’industrie photovoltaïque et le problème du 
stockage de l’énergie. 
 

 

Adascalitei A., Secrieru N., Todos P. Cours 
universitaires REL MOOC fonctionnant à l'aide de 
la plate-forme Moodle. Le papier décrit une séquence 
de i-pédagogique efficacité des sujets et des méthodes 
pour l'apprentissage mixte analyse de circuit électrique 
dans un MOOC (Massive ouverts Cours en ligne) 
structure. Cet article présente la façon d'enseigner en 
utilisant le web, les ressources éducatives libres 
(REL), les composants d'un site de cours, et la 
structure du processus d'enseignement. Ces environ-
nements d'apprentissage virtuels permettront d'amélio-
rer le rendement des élèves dans les cours d'ingénierie 
offerts à l'Université technique de Iasi, et de 
l'Université Technique de Moldavie. Notre méthodo-
logie d'enseignement basé sur le Web met l'accent sur 
l'enseignement de cette compétence de résolution de 
problème systématique. Le développement de 
matériaux de didacticiels pour les élèves ingénieurs en 
Roumanie et la Moldavie aura un impact croissant sur 
la scène nationale de l'éducation de l'ingénierie. La 
recherche et le développement de matériaux en ligne 
consacrés au développement des ressources humaines 
et le potentiel humain permettra d'accélérer le 
processus de transfert de la technologie mise à jour.  
 

 

Bostan I., Secrieru N., Candraman S., Margarint A., 
Barbovschi A. Connexion de l'infrastructure du 
centre national des technologies spatiales de réseau 
éducatif mondial pour l'exploitation de satellites. 
Cette papier présente une méthode innovante de 
connexion et de transmission de données entre un 
satellite et les stations terrestre. Les auteurs suggèrent 
d'utiliser un réseau distribué de stations au sol, qui 
reçoivent simultanément ou séparément des données 
du satellite. Il est présenté un nouveau solutions, qui 
permettent d'améliorer la qualité de réception de canal 
par rapport à un réseau d'antennes. Par la suite, un 
projet de réalisation d'Distributed système de station 
terrestre avec description des protocoles de 
transmission, transmission de données et de stockage, 
système d'autorisation et appareils et les opérateurs de 
communication est affiché. Ce réseau est une partie du 
projet de satellite, développé par les étudiants de 
l'Université Technique de Moldavie. 
 

 

Krylov Е. А., Martynov  V.I. Analyse de l'impact de 
la phase solide sur les propriétés du béton 

cellulaires. Émis l'hypothèse reliant les propriétés des 
matériaux hautement poreux de la structure avec le 
caractère de la répartition de la phase solide, présentée 
par des particules de la phase solide (cloisons) et les 
surfaces intérieures de la partition (VPR). Pour 
confirmer l'hypothèse de penobeton présenté dans la 
forme ouverte de l'auto-organisée d'un système 
capable de l'organisation des structures. Récapitule les 
étapes de l'éducation éléments RECHERCHEV dans 
les premiers stades de formation de la structure de la 
matière. Longueur RECHERCHEV est présenté sous 
la forme de modèles. Également sur les modèles ont 
étudié les effets de types de colis du jour, de leur 
forme, de porosité, la relation à la nature de la 
structure de la phase solide. 
 

 

Solonenko I. Assurer la performance des 
revêtements de béton pour les routes, en raison de 
leurs modifications. Résultats de la recherche de 
l'influence sur les performances des revêtements de 
béton, sont destinés aux routes, lors de la modification 
de leurs convois au large de la fibre de l'additive et 
polypropylène.  Calculer des modèles mathématiques 
décrivant les modifications des caractéristiques 
physico-mécaniques et fonctionnelles, sont considérés 
comme des revêtements. Recommandations sur 
l'utilisation des résultats de la recherche dans la 
construction de routes. 
 

 

Marina V., Marina Viorica. Méthodologie de matrix 
représentation et analyse des tensor d'élasticité 
constantes de huit ordre. Dans le document du 
tenseur de huit grade a été présenté. Le nombre de 
composants indépendants a été analysé en fonction de 
symétrie de tenseurs de contrainte / déformation et la 
symétrie des éléments celles qui résultent de principes 
thermodynamiques. 
 

 

Polcanov V.N.,  Ceban О., Osadcenko K.A. La 
reconstruction de la cathédrale «Naissance de la 
Vierge Marie" du monastère Curchi. La plupart des 
lieux de culte, en particulier dans les zones rurales de 
la Moldavie, sont situés sur un territoire 
potentiellement dangereux. La structure particulière de 
la colline de la région peut déterminer le 
développement des mouvements, comme par exemple 
les lentes déformations de fluage. En conséquence, 
une déformation des bâtiments et structures situés sur 
leur produit. Dans certains cas, ces déplacements se 
terminent avec des conséquences catastrophiques: 
seulement dans les 10 dernières années, 17 sites 
archéologiques et monuments historiques 9-culturelle 
ont été détruits en Moldavie. Présenté ci-dessous, est 
un exemple de la protection d'un monument 
architectural du XIXe siècle. 
 

 

Kalashnikova V. Optimisation de l'habitation 
d'élite avec les indicateurs de confort 
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psychologique. Les processus sociaux, 
transformations matériau et espace des villes et des 
changements de mode de vie en Ukraine ont mis en 
avant de nouvelles exigences pour la conception d'élite 
habitation. Il est nécessaire de créer des modèles en 
perspective d'habitation d'élite qui peuvent fournir un 
confort de vie complexe, y compris les aspects 
physiologiques et psychologiques. 
 

 

Kucherenko A.A., Albu-Hasan Ahmed Mousa 
Abdulhadi. Sur les éléments minéraux génie 
génétique dans le processus d'extinction de chaux. 
Le processus de compensation forfaitaire chaux crée la 
moyenne gazoturbulent de hautes températures 
(jusqu'à 100o C) et de l'alcalinité (pH jusqu'à 12).  
Introduction à l'eau pour absorber les activateurs 
silicate (le verre liquide ou GKJ-94), vous pouvez 
appeler iso- ou polymorphisme ou obtiennent de 
nouvelles substances avec les meilleures 
caractéristiques physiques et mécaniques que le Ca 
(OH)2.  Sur la base de modifié le test calcaire get 
béton, qui, ainsi que de calcite CaCO3 se produit et 
l'aragonite (4CaSO3), avec résistance accrue de 
durabilité et de l'eau. 
 

 

Candraman S., Secrieru N. Recherche de stage de 
magnétomètre à bord du microsatellite. Domaine de 
recherche de ce travail est de déterminer la position 
optimale du capteur de champ magnétique dans le 
Satum de logements par satellite. Nous proposons 
deux options étudiées pour la mise en œuvre, l'empla-
cement ou Position extérieur un système télescopique 
qui est déclenché après le lancement en orbite. 
 

 

Ilco V., Levineț N., Gîrșcan A., Secrieru N. La 
réception et le traitement des données télémétrique 
par satellite avec  la radio logicielle. Dans cet article 
est présenté l’architecture d’une station de réception 
de télémétrie pour satellite, basée a une architecture 
logicielle, appelé Software Defined Radio. Ainsi, les 
blocs, comme Doppler correction, filtrage, 
démodulation et reçus protocole AX.25 sont créées en 
utilisant des langages de programmation. La transition 
à partir du ”hardware” á ”software” permet le 
fonctionnement de la station de télémétrie selon les 
données d'entrée pour chaque bloc. Une station de 
télémétrie à base du SDR peut être reconfigurée par 
modifier le principe de fonctionnement du procédé de 
démodulation ou de reconfiguration de décapsulation 
en fonction de communication protocole des satellites. 
Dans le même temps à la configuration des données 
orbitales de satellite et compte tenu de la position de la 
station terrienne peut être omis effet Doppler. Par 
rapport à l'architecture de la radio traditionnelle, tel 
que défini par le logiciel offre une grande flexibilité, 
des économies de temps et est une solution efficace 
pour une gamme d'applications. 
 

 

Levineț N., Ilco V., Gîrșcan A., Secrieru N.   
Conception de l'architecture logicielle pour 

l'ordinateur de bord de microsatellites en utilisant 
un langage SysML. Le document présente 
l'expérience de processus de conception architecturale 
pour ordinateur de bord de microsatellite fondée sur la 
langue formelle SysML. La conception est réalisée par 
haut en bas, visant à définir les événements et les 
processus de fonctionnement des systèmes de satellites 
en dessinant des diagrammes SysML. Dans 
l'environnement de conception, avec des diagrammes 
est généré structure du programme, cette structure 
offre une grande fiabilité et une grande vitesse de 
fonctionnement. L'expérience accumulée montre qu'en 
raison de la conception inverse (reverse engineering) 
peut être réduit le temps de test et de l'environnement 
de conception permettra de rectification et de générer 
automatiquement des documents électroniques. 
 

 

Bostan I., Dulgheru V., Bodnariuc I. Aspects 
technologiques de transmissions planétaires 
précessionnelle cinématique avec roues en 
plastique. Ce travail décrit l'élaboration des 
transmissions planétaires précessionnelle cinématique 
avec roues dentées «plastique - acier». Pour réduire le 
frottement de glissement dans l’engrenage de 
transmission précessionnelle cinématique a été utilisée 
les matériau  plastique - acier. Cela a permis accroître 
l'efficacité et la solution des problèmes liés aux 
technologies de fabrication pour les couronnes dentées 
du bloc satellite. Les dents de la roue centrale ont le 
profile convexe-concave variables non standard décrit 
par équations paramétrique selon la théorie 
fondamentale de l'engrenage précessionnelle. Parce 
que les dents du satellite ont des profils circulaires 
cela permettre relativement simple fabrication. Cet 
ouvrage contient une large justification de la méthode 
de sélection des matières plastiques nécessaires pour 
fabrication des roues dentées. En outre, sont 
présentées les critères de sélection de la masse 
plastique et leur fonctionnant. Également est décrite 
une gamme de matériaux adéquats pour la fabrication 
de roues dentées. 
 

 

Bârsan, A. Optimisation de la cinématique de 
mécanismes de Malte. Cet article présente quelques 
solutions pour optimiser la cinématique des 
mécanismes de Malte. Ils sont présenter trois variantes 
des mécanismes optimisés: un mécanisme avec des 
chenaux curviligne, un mécanisme hybride avec de 
chenaux en forme de „Y” et un mécanisme de Malte 
classique entraîner par un mécanisme a cam. 
 

 

Paraschiv Dr., Merticaru V. jr., Creţu Gh. Résultats 
comparatifs regardant la rugosité obtenue sur des 
surfaces  processus par la méthode tourbillonnaire. 
Le papier contiens une présentation comparatif des 
résultats expérimentaux regardant la rugosité obtenue 
sur des surfaces processus par la méthode 
tourbillonnaire. 
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РЕЗЮМЕ 
 
Бэженеску Титу-Мариус. Фотоэлементы в 
переходном мире к возобновляемым источникам 
энергии. Приведен обзор современного статуса 
фотоволтаики, эффективности солнечных ячеек,  
ключевых компонентов силовой фотоэлектрической 
системы, роста глобального рынка PV, новых 
проектов фотоэлементов, тонких пленок, некоторых 
тенденций в промышленности фотоэлементов и 
проблема хранения энергии. 
 

 

Адаскалицей A, Секриеру Н., Тодос П. ООР MООК 
университетские курсы работающие с помощью 
платформы Moodle. Статья описывает i-
педагогически эффективной последовательности тем 
и методов для анализа смешанного обучения 
электрических цепей в MOOC структуры 
(Массивные Открытые Онлайн курсы). Эта статья 
представляет, как научить с помощью Интернет, 
открытых образовательных ресурсов (ООР), 
компоненты веб-сайта, конечно, и структуру 
учебного процесса. Эти виртуальные среды обучения 
позволит повысить производительность студентов в 
инженерных курсов Ясского технического 
университета и Технического университета 
Молдовы. Наша веб-методология направлена на 
обучение систематического решения проблем. 
Развитие компьютерных учебных программ 
материалов будет иметь большее влияние на 
инженерное образование для студентов-инженеров в 
Румынии и Молдове. Исследования и разработка 
интернет-материалов, посвященных развитию 
людских ресурсов и человеческого потенциала 
позволит ускорить процесс передачи технологий up-
to-date.  
 

 

Бостан И., Секриеру Н., Кандраман С., Маргаринт 
А., Барбовски А. Подключение инфраструктуры  
Национального Центра космических технологий 
к глобальной образовательной сети для 
эксплуатации спутников. В работе приведены 
инновационные способы подключения и передачи 
данных между спутником и наземными станциями. 
Авторы предлагают использовать распределенную 
сеть наземных станций, которые одновременно или 
раздельно получают данные со спутника. 
Представлены новые решения, позволяющие 
улучшить качество приема канала по сравнению с 
одной антенной решеткой. Впоследствии, 
предложена реализация распределенной системы 
наземной станции с описанием протоколов передачи, 
передачи и хранения данных, системы авторизации и 
устройств и операторов связи. Эта сеть является 
частью спутникового проекта, разработанного 
студентами Технического университета Молдовы. 
 

 

Крылов Е. А., Мартынов В.И. Aнализ влияния 
характера твердой фазы на свойства ячеистых 
бетонов. Высказана гипотеза, связывающая свойства 
материалов высокопористого строения с характером 
распределения его твердой фазы, представленной 

двумя структурообразующими элементами – 
частицами твердой фазы (межпоровых перегородок) 
и внутренними поверхностями раздела. Для 
подтверждения гипотезы пенобетон представлен в 
виде открытой самоорганизующейся системы, 
способной к организации структур. Приведены этапы 
образования элементов внутренних поверхностей 
раздела на ранних стадиях формирования структуры 
материала. Протяженность внутренних поверхностей 
раздела представлена в виде моделей. Также на 
моделях изучено влияние видов упаковок пор, их 
формы, пористости, водотвердого отношения на 
характер структуры твердой фазы. 
 

 

Солоненко И. обеспечение качества  покрытия из 
бетона для дорог, вследствие его модификации. 
Приведены результаты исследований влияния на  
эксплуатационные характеристики покрытий из 
бетона, предназначенного для автомобильных дорог, 
при модификации их составов пластифицирующей 
добавкой  и полипропиленовой фиброй. Рассчитаны 
математические модели, описывающие изменения 
физико-механических и эксплуатационных характе-
ристик исследуемого покрытия. Даны рекомендации 
по использованию результатов исследования при 
строительстве автомобильных дорог. 
 

 

Марина В., Марина Виорика. Mетодология 
матричного представления и анализ тензора 
констант эластичности восьмого порядка.  В 
работе представлен тензор восьмого порядка. 
Количество независимых констант эластичности 
анализирован в функции симметрии тензора 
напряжения/деформации и симметричности 
элементов происходящих из законов термодинамики. 
 

 

Полканов В.Н., Чебан О., Осадченко К.А. 
Реконструкция Собора "Рождение Пресвятой 
Девы Марии" в монастыре Курки. Большинство 
культовых сооружений, особенно в сельской 
местности, расположено на потенциально-опасной 
территории. Особая структура склонов региона 
предопределяет развитие медленных деформаций 
ползучести. Как следствие, наблюдается деформации 
зданий и сооружений, расположенных на них. В 
отдельных случаях подобного рода смещения 
заканчиваются катастрофическими последствиями: 
только за последние 10 лет в Молдове разрушено 17 
памятников археологии, 9 памятников истории 
культуры. Ниже представлен пример защиты 
памятника архитектуры XIX в. 
 

 

Калашникова В. Оптимизация элитного жилья в 
соответствии с показателями психологического 
комфорта. Общественные процессы, преобразования 
материально-пространственной среды городов и 
изменения образа жизни в Украине выдвинули новые 
требования к проектированию элитного жилья. 
Существует необходимость создания перспективных 
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моделей элитного жилья, которые могут обеспечить 
комплексный комфорт проживания, учитывая 
физиологические и психологические аспекты. 
 

 

Кучеренко А.А., Албу-Насан Ахмед Моуса 
Абдулхади. Oб элементах минерально генной 
инженерии в процессе гашения извести. Процесс 
гашения комовой извести создаёт газотурбулентную 
среду высоких температур (до 100o С) и щёлочности 
(рН до 12). Внедряя в неё, с водой для гашения,  
силикатсодержащие активизаторы (жидкое стекло 
или ГКЖ-94) можно вызвать изо- или полиморфизм 
или получить новые вещества с лучшими физико-
механическими характеристиками, чем Са(ОН)2. На 
основе модифицированного известкового теста 
получаем бетон, в котором наряду с кальцитом 
СаСО3  возникает  и арагонит (4СаСО3),  с 
повышенными прочностью и водостойкостью. 
 

 

Кандраман С., Секриеру Н. Исследование 
размещения магнитометра на борту 
микроспутника. Область исследования данной 
работы является определение оптимального 
положения датчика магнитного поля на спутнике 
жилья SATUM. Мы предлагаем два варианта 
исследованы для реализации, местоположения или 
наружу телескопической системы, которая 
срабатывает после запуска на орбиту. 
 

 

Илко В., Левинец Н., Гыршкан А., Секриеру Н. 
Прием и обработка телеметрических данных с 
программно-определяемой радиосистемой. В 
данной работе представлена архитектура станции 
приема данных спутниковой телеметрии на основе 
программной архитектуры, называемой Software 
Defined Radio. Таким образом, блоки коррекции 
эффекта Доплера, фильтрации, демодуляции и 
декапсуляции данных, полученных через протокол 
ax.25 создаются с помощью языков программиро-
вания. Переход от аппаратных средств к програм-
мному обеспечению предлагает возможность 
модификации работы телеметрической станции в 
зависимости от входных данных для каждого блока. 
Телеметрическая станция, основанная на “SDR”,  
может быть изменена  с целью модификации принци-
па работы демодулятора или реконфигурации метода 
декапсуляции данных в зависимости от протокола 
связи со спутником. В то же время при конфигурации 
орбитальных данных любых спутников и учитывая 
положение наземной станции можно 
скорректировать эффект Доплера. По сравнению с 
традиционной архитектурой радио, архитектура 
радио, реализованная с помощью программного 
обеспечения, обеспечивает высокую гибкость, 
экономию времени и является эффективным 
решением для широкого спектра приложений. 
 

 

Левинец Н., Илко В., Гыршкан А., Секриеру Н. 
Проектирование архитектуры программного 
обеспечения бортового компьютера 
микроспутников с помощью языка SysML. В 
данной работе представлен опыт процесса 

разработки архитектурного проектирования 
программного обеспечения для бортового 
компьютера микроспутника на основе формального 
языка SysML. Проектирование осуществляется при 
помощи метода “Top down”, направленного на 
определение событий и процессов работы систем 
спутника, путем разработки SysML диаграмм. В 
среде разработки с помощью диаграмм генерируется 
структура программы, эта структура обеспечивает 
надежность и высокую скорость работы. Опыт 
показывает, что посредством обратного 
проектирования (reverse engineering) может быть 
снижено время тестирования, а среда разработки 
позволит исправление и автоматическую генерацию 
электронной документации. 
 

 

Бостан И., Dulgheru В., Боднарюк И. 
Технологические аспекты планетарных 
прецессионных кинематических передач с 
пластиковыми колесами. Эта статья описывает 
разработку кинематической планетарной 
прецессионной передачи с зубчатыми колесами из 
пластика и стали. Для уменьшения трения 
скольжения в зацеплении планетарной 
прецессионной кинематической передачи была 
использована пара материалов «пластик – сталь». 
Это позволило повышение К.П.Д. и решение 
проблем, связанных с технологией изготовления 
зубчатых венцов сателлитного блока.   Зубья 
центрального колеса имеют нестандартный выпукло-
вогнутый переменный профиль, описываемый 
параметрическими уравнениями согласно 
фундаментальной теории прецессионного 
зацепления. Круговой профиль зубьев венцов 
сателлита позволяют сравнительно простое 
изготовление сателлита. Эта работа содержит 
широкое обоснование метода выбора пластмассовых 
материалов, необходимых для изготовления 
зубчатых колес. Кроме того, представлены критерии 
отбора пластмассов и их функционирования. Также 
описано ряд адекватных материалов для 
изготовления зубчатых колес. 
 

 

Бырсан А. Oптимизациy кинематики мальтийских 
механизмов.  В работе предлагаются несколько 
вариантов кинематики мальтийских механизмов. 
Представлены три механизма: мальтийский механизм 
с криволинейными канавками; мальтийский 
механизм с канавками типа „Y” и  классический 
мальтийский механизм, приводимый через 
кулачковый механизм.  
 

 

Параскив Др., Мертикару В. jr., Крецу Г. 
Сравнительные результаты шероховатости, 
полученной  на поверхностях, обработанных 
вихревым методом. Работа содержит сравнительное 
представление некоторых экспериментальных 
результатов шероховатости, полученной на 
поверхностях, обработанных вихревым методом, 
соответственно для цилиндрических червяков и и 
наружных трапецеидальных резьб. 
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CALENDAR	–	ANNIVERSARIES	
 

 
11 March 1975  - 40 years since Eugen Bădărău death, was a Romanian physician, professor, director 

of the Institute of Physics from Bucharest, member of the Romanian Academy 
(1948). He is considered the founder of the Romanian school of electrical discharges 
in gases and plasma physics. (19 October 1887 – 11 March 1975). 

 
13 March 1865 – 150 years since Dragomir M. Hurmuzescu birth, was an Romanian physicist, 

inventor, professor at the University of Iaşi and the University of Bucharest, member 
of the Romanian Academy, founder of electrical engineering education in Romania, 
collaborator Marie and Pierre Curie spouses (13 March 1865–31 May 1954). 

 
27 March 1845 – 170 years since Vilhelm Conrad Röntgen birth,  was a German physicist, who, on 

8 November 1895, produced and detected electromagnetic radiation in 
a wavelength range known as X-rays or Röntgen rays, an achievement that earned 
him the first Nobel Prize in Physics (27 March 1845 – 10 February 1923) 

 
11 April 1830 – 185 years since Emanoil Bacaloglu birth, was a Romanian physicist, chemist and 

mathematician with the first Romanian scientific papers in mathematics, physics and 
chemistry, thereby contributing to Romanian language terminology in these areas. He 
was a professor of physics at the University of Bucharest and member of the 
Romanian Academy in 1879. (11 April 1830 - 30 August 1891). 

 
18 April 1955 - 60 years since Albert Einstein death, was a German-born theoretical physicist. He 

developed the general theory of relativity. Einstein's work is also known for its 
influence on the philosophy of science. He received the 1921 Nobel Prize in 
Physics for his “services to theoretical physics” (14 March 1879 – 18 April 1955). 

 
25 April 1840 - 175 years since Siméon Denis Poisson death, was a French mathematician, geometer, 

and physicist. He obtained many important results, but within the elite Académie des 
Sciences he also was the final leading opponent of the wave theory of light and was 
proven wrong on that matter by Augustin-Jean Fresnel (21 June 1781-25 April 1840).  

 
25 April 1900 - 115 years since Wolfgang Ernst Pauli birth, was, an Austrian-born Swiss theoretical 

physicist and one of the pioneers of quantum physics. In 1945, after having been 
nominated by Albert Einstein, Pauli received the Nobel Prize in Physics for his 
“decisive contribution through his discovery of a new law of Nature, the exclusion 
principle or Pauli principle”. The discovery involved spin theory, which is the basis 
of a theory of the structure of matter (25 April 1900 – 15 December 1958). 

 
16 May 1830 - 185 years since Jean-Baptiste Joseph Fourier death, was a French mathematician               

and physicist born in Auxerre and best known for initiating the investigation 
of Fourier series sand their applications to problems of heat transfer and vibrations. 
The Fourier transform and Fourier's Law are also named in his honour. Fourier is 
also generally credited with the discovery of the greenhouse effect (21 March 1768 
– 16 May 1830).  

 
19 June 1925 - 90 years since Anghel Saligny death, was a Romanian engineer, most famous for 

designing the Feteşti - Cernavodă railway bridge (1895) over the Danube, the longest 
bridge in Europe at that time. He also designed the storage facilities in Constanţa 
seaport (19 April 1854 – 17 June 1925). 

 

Column supported by Valeriu Dulgheru 
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1. INTRODUCTION  
 

 
Our sun is the only sustainable energy source 

large enough to supply carbon-neutral energy to 
meet humanity's entire energy demand. Since the 
fabrication of the first GaAs cell in 1956, with an 
efficiency of 4%, a steady effort to improve the 
efficiency of the cells has been undertaken 
achieving efficiencies in the range of 30-40% 
(Figure 1). The phase diagram in Figure 2 shows the 
relation of the bandgap and lattice constant for 
several III-V ternary and quaternary compounds, 
and the transitions between them for variations in 
the relative proportions in their elements, e.g. 
AlxGa1-xAs. An interesting idea is the insertion of a 
half-filled energy band inside the energy gap of a 
semiconductor, in order to allow also subgap 
photons to be absorbed in a double step process 
[1]. Superlattices of quantum dots can provide an 
effective formation of an intermediate band, and the 
first devices operating with the double photon 
absorption process have been demonstrated 
[2, 3]. Plasmonics is an emerging field in optical 
science, based on the resonance of light and charge 
oscillation modes on the surface of metallic micro- 
or nanoparticles. With different designs it allows to 
trap light, to enhance the electric field, or to guide it 
inside a semiconductor absorbing film, like a solar 
cell [4]. In this way just very thin layers of 
expensive but efficient semiconductors like GaAs 
can be used to produce cost-effective solar cells.  

Among renewable energies, the conversion of 
sunlight into electricity by photovoltaic (PV) 
devices is a reliable choice to tackle the growing 
global energy demand. From the beginning, the PV 
market was dominated by inorganic materials. 
Organic PV devices are instead in the state of 
advanced development and pilot production. Even if 
their commercialization started for indoor and low-
power applications, they show efficiency, stability, 
and lifetime not yet comparable with inorganic 
devices [5].  

In the last decade, the fast increase of the global 
energy consumption, mainly related to the strong 
economic growth in the Far East, and the 

progressive depletion of the fossil fuels induced a 
run-up in the world oil price. Both these economic 
concerns and the growing global pollution pointed 
out that a transition toward renewable energies is 
mandatory. Among renewables, the conversion of 
sunlight into electricity by photovoltaic (PV) 
devices is a reliable choice to cope the growing 
energy consumption, due to the huge potentially 
extractable power (up to 120000 TW).  

Harvesting solar energy using photovoltaic 
devices is being increasingly recognized as an 
essential component of future global renewable 
energy generation. The key economic factor for the 
production of conventionally used photovoltaic cells 
is the expensive investment in costly semiconductor 
processing technologies. The concept of fabricating 
photovoltaic elements on thin plastic substrates, 
manufactured by techniques such as roll-to-roll 
(R2R) printing, coating and lamination, is highly 
attractive from an economic standpoint. Thin film 
PV technologies have been under development 
in the last decades as a low-cost alternative to 
bulk c-Si. Incidentally, this technology is the 
most suitable for large-scale production since 
the module is the final stage of an in-line 
process that does not require the assembly of 
discrete smaller cells [6].  

Today, the vast majority of PV modules (85% to 
90% of the global annual market) are based on 
wafer-based crystalline silicon (c-Si). Crystalline 
silicon PV modules are expected to remain a 
dominant PV technology until at least 2020, with a 
forecasted market share of about 50% by that time. 
It is expected that a broad variety of technologies 
will continue to characterise the PV technology 
portfolio, depending on the specific requirements 
and economics of the various applications [7]. 

We’re continuing to see silicon as a significant 
technology, and thin film technologies are growing, 
but there are a number of other technologies are 
brewing, and we're starting to see them show 
promise for use later in this decade.
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Figure 1. Best research-cell efficiency (after [8]). 
 

 

 
Figure 2. Ternary and quaternary III-V compounds 
relation between lattice constant and bandgap (after 

[9]). 
 

Already carbon nanotubes (CNTs), nanowires, 
and quantum dots are showing promising results at 
the device-level, improving photovoltaic response. 
But there are less well-known nanoscale 
technologies that are just as exciting, such as 
quantum wells and 3D nano-composites. 

Global power consumption currently stands at 
approximately 15 TW (1 TW = 1012 W), the vast 
majority of which is generated by the combustion of 
fossil fuels. The associated release of CO2 from 
these anthropogenic sources has dramatically 
altered the composition of the atmosphere and may 
detrimentally impact global temperature, sea levels, 
and weather patterns.  All renewable resources will  

 
be utilized, but only solar can meet this level of 
demand. The practical global potential of other 
renewable energy sources such as wind, 
hydroelectric, biomass and geothermal is estimated 
to be less than 10 TW. 

Solar photovoltaics have great promise for a low-
carbon future but remain expensive relative to other 
technologies. An affordable electricity supply is 
essential for meeting basic human needs, and yet 
30% of the world population remains effectively 
without reliable or sufficient electricity [10]. With 
forecasts of over 30 TW of new power needed by 
2050, the carbon emissions associated with the 
expansion, or even continuation, of current fossil-
fuel-based electricity generation would make 
maintaining atmospheric CO2 concentrations near 
their current levels of 379 ppm an insurmountable 
challenge [10-12]. Solar photovoltaics (PV) are 
frequently cited as a promising but an economically 
unrealistic large-scale supply option for a low-
carbon future [13]. The clear expression of the value 
of PV energy, in terms of climate protection and 
other development challenges such as rural 
electrification is important for accelerated PV 
deployment. Benefits in terms of innovation, 
employment and environmental protection should be 
accurately quantified and shared with developing 
economy partners, particularly in terms of their 
ability to contribute towards the fundamental 
questions of adequate energy provision and poverty 
alleviation. 
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The global PV market has experienced vibrant 
growth for more than a decade with an average 
annual growth rate of 40%.  

A typical polycrystalline silicon PV cell 
produces electricity, amortized over a 20 year 
lifetime, at above 20¢/kWh (but variations in 
insolation may lead to costs as low as 16¢/ kWh) 
with life-cycle carbon emissions as low as 32 g 
CO2/kWh1 [9, 10].  

 
 
2. KEY COMPONENTS OF A PV 

POWER SYSTEM 
 

The key components of a photovoltaic power 
system are various types of photovoltaic cells 
(sometimes also called solar cells; the 
conversion of sunlight into electricity is a 
clean, abundant and renewable energy source 
(Figure 3)  interconnected and encapsulated to 
form a photovoltaic module2 – Figure 4 – (the 
commercial product), the mounting structure for the 
module or array, the inverter (essential for grid-
connected systems and required for most off-grid 
systems), the storage battery and charge controller 
(for off-grid systems but also increasingly for grid 
connected ones). PV cells represent the smallest 
unit in a photovoltaic power producing device, 
typically available in 12,5 cm, 15 cm and up to 20 
cm square sizes. In general, cells can be classified 
as either wafer-based crystalline3 (single crystal and 
multicrystalline silicon, compound semi-conductor) 
thin film or organic. A PV array consists of a 
number of modules connected in series (strings), 
then coupled in parallel to produce the required 
output power. 

There are six primary applications for PV 
power systems starting from small pico systems of 
some watts to very-large-scale PV plants of 
hundreds of MW: (i) Pico PV systems have 
experienced significant development in the last few 
years, combining the use of very efficient lights 
(mostly LEDs) with sophisticated charge  
controllers and efficient batteries. (ii) Off-grid 
domestic systems provide electricity to households 

                                                 
1 This is more than twice the average cost of the two fastest 

growing alternatives, namely, wind at 4-10¢/kWh (∼20 g 

CO2/kWh) and natural gas at 5-7¢/kWh (∼400 g CO2/kWh) [9, 
19]. 

2 Photovoltaic modules are typically rated between 50 W and 
300 W with specialized products for building integrated PV 
systems at even larger sizes. Quality PV modules are 
typically guaranteed for up to 25 years by manufacturers. 

3 Currently, crystalline silicon technologies account for about 
80% of the overall cell production. 

and villages that are not connected to the utility 
electricity network (also referred to as the grid). (iii) 
Off-grid non-domestic installations were the first 

 

 
 
 

Figure 3.  Generation of PV electricity (after [4]). 

 
Figure 4. Silicon PV module contains many 

commoditized raw materials including silicon, glass, 
and aluminium. The challenge will be to reduce the 

costs or utilization of these materials while 
improving module efficiency. (Graphic source: 

Hisco). 
 
commercial application for terrestrial PV systems. 
(iv) Hybrid systems combine the advantages of 
PV and Diesel hybrid in mini grids. (v) Grid-
connected distributed PV systems are installed to 
provide power to a grid-connected customer or 
directly to the electricity network. (vi) Grid-
connected centralized systems perform the 
functions of centralized power stations. 

Further research and development is being 
carried out to improve the efficiency of all the basic 
types of cells with laboratory efficiency levels of 
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25% for single crystal cells, and 20% for thin film 
technologies being achieved [15]. 

Looking at recent developments, the role of solar 
photovoltaic electricity in the future energy supply 
can be observed to increase constantly in present 
energy scenarios, policies and – above all – the real 
market4. The recent rapid growth of photovoltaic 
markets all around the world, together with 
dramatically reduced costs, provides the confidence 
that photovoltaics will be able to play the expected 
role. These times are thus crucial for the future 
development of this young energy technology 
which is facing the challenges of rapid 
implementation, fast industry growth, increasing 
market dynamics and fierce global competition. 

Very Large Scale Photovoltaic Power 
Generation (VLS-PV) systems have capacities 
ranging from several megawatts to gigawatts, and 
develop strategies toward implementing the VLS-
PV systems in the future. 

Ban Ki-Moon has right to say: “Energy will be a 
determining factor in whether the world can avoid 
dangerous climate change and make a transition to a 
sustainable, more inclusive global economy” [16]. 

The two main challenges to high penetration 
rates of PV systems are variability and uncertainty, 
i.e. the fact that PV output exhibits variability at 
all timescales (from seconds to years) and the fact 
that this variability itself is difficult to predict. 

The EU is expected to continue dominating the 
distributed solar PV market through 2015. India and 
China show strong growth potential due to their vast 
populations without electricity access. In the four-
year period ending 2015, the distributed solar PV 
value chain is expected to represent close to $600 
billion in revenue [17]. While other countries 
around the world have reached various PV 
installations levels (Figure 5), the total of these 
remains hard to quantify with certainty. Some 
could argue the 100 GW mark worldwide has been 
passed, but evidence remains limited [15]. 

With the current rate of progress, the cost of a 
utility‐sized photovoltaic (PV) system is likely to 
reach $2.20/watt by 2016, and $2.50/watt and 
$3.50/watt, for commercial scale and residential 
scale systems respectively. Reductions significantly 

                                                 
4 When the project Photovoltaic Power Systems (PVPS) of 

International Energy Agency (IEA) started in 1999, very large 
scale photovoltaic power systems were seen as a futuristic, 
long-term concept which many doubted would ever become 
reality. Today, only 15 years later, we can see many examples 
of large and very large scale photovoltaic power systems 
being planned and realized. The vision of Professor Kosuke 
Kurokawa who inspired the work of IEA PVPS Task8 has 
become reality much faster than expected. 

 

beyond that in the next four to eight years are 
unlikely absent dramatically new ideas and 
significant investment [18]. 

 
 

3. GROWTH OF PV MARKET 
 

 

 
Figure 5. The global PV market in 2012 (after [15]). 

 
With current market trends and cost reduction 

opportunities, utility scale system costs are expected 
to reach $2.20/watt by 2016 if no new program is 
launched. The $1/watt goal will require a major 
change in the rate of innovation (see Table 1). 

A major theme of 2012 was a further, significant 
reduction in the costs of solar photovoltaic 
technology. The levelised cost of generating a MWh 
of electricity from PV was around one third lower in 
2012 than the 2011 average. This took small-scale 
residential PV power, in particular, much closer to 
competitiveness. PV markets have significantly 
progressed outside Europe for the first time in 
2012. While the market stabilized globally, the PV 
industry was put  under  heavy cost pressure.  The 
price decrease of PV modules and system is 
opening new opportunities [15]. 

China was the dominant performer among the 
developing economies, raising its investment by 
22% to $64.7 billion, thanks to a take-off in its solar 
market. The surge in China’s solar development 
came as Beijing trimmed its national feed-in tariff, 
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Module 1.70 1.05 0.50 

BOS/Installation 1.48 0.97 0.40 

Power Electronics 0.22 0.18 0.10 

 3.40 2.20 1.00 

Cost of Energy ($/kwh) 
   

 
  2010    2016   $1/W 

Module  0.063   0.037   0.018    

BOS/Installation  0.055   0.034   0.014 

Power Electronics  0.008   0.006   0.004 

O&M  0.013   0.009   0.003 

$ $ $

but falling system costs enabled developers still to 
see a return. Also, manufacturers, faced with 
oversupply in the industry worldwide, opted to 
develop PV projects in their own country to take up 
some of the slack. Germany remained the third 
largest investing country in renewable energy 
worldwide. The country installed some 7.6 GW of 
solar capacity in 2012, the largest for any country, 
and most of it small-scale [19]. 

In 2012, global investment in research and 
development in renewable energy held up 
surprisingly well in difficult circumstances. 

 
 
4. NEW PROJECTS FOR PV CELL 

 
Massachusetts Institute of Technology 

developed a thin-film photovoltaic cell based on 
thin sulphide, which could cut costs because both 
tin and sulphur are abundant and can be processed 
at temperatures below 400°C. Another project at 
University of California Irvine has built a prototype 
cell from iron pyrite which the developers claim 
offers a clear pathway to meeting SunShot targets 
on cost, efficiency and terawatt scalability; and 
another by commercial developer Bandgap 
Engineering to produce a 36% efficient silicon cell 
using nanotechnology. 

 
Table 1. Potential utility scale system cost 

breakdown to reach $1/watt (note capacity factors 
assumed are 26% in 2010 and 28% in 2016). BOS: 

Balance of systems; O&M: Operation and 
maintenance (after [18]). 

 
    Installed system price ($/W) 

                  
2010            2016      $1/W        

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Historically, conventional solar cells were built 

from inorganic materials such as silicon. Although 
the efficiency of such conventional solar cells is 
high, very expensive materials and energy intensive 
processing techniques are required. 

Hybrid and photoelectrochemical (dye 
sensitized) solar cells have been the cheap 
alternatives for conventional silicon solar cells. A 
hybrid solar cell consists of a combination of both 
organic and inorganic materials therefore, 
combines the unique properties of inorganic 
semiconductors with the film forming properties of 
the conjugated polymers. Organic materials are 
inexpensive, easily processable and their 
functionality can be tailored by molecular design 
and chemical synthesis. On the other hand, 
inorganic semiconductors can be manufactured as 
nanoparticles and inorganic semiconductor 
nanoparticles offer the advantage of having high 
absorption coefficients and size tunability. By 
varying the size of the nanoparticles the bandgap 
can be tuned therefore the absorption range can be 
tailored5. 

A broad range of solar cell technologies are 
currently being developed, including dye-sensitized 
nanocrystalline photoelectrochemical solar cells, 
polymer/fullerene bulk heterojunctions, small 
molecule thin films and organic–inorganic hybrid 
devices. 

Hybrid solar cell research shall combine the 
advantages of organic semiconductors and 
nanoparticles with the properties of the inorganic 
semiconductors and nanoparticles. The parameter 
space to choose from is large and only a fraction of 
possible combinations has been realized. Even such 
limited efforts have attracted much attention due to 
the simple processability and low cost processing. 
Their power conversion efficiencies are still low 
compared with the conventional inorganic solar 
cells.  Further research and development for 
optimization is required for different types of hybrid 
solar cell devices [20]. 

 
5. THIN FILMS [7] 

 
Thin films are made by depositing extremely 

thin  layers  of  photosensitive  materials  in  the  μm  
 

range on a low-cost backing such as glass, stainless 
steel or plastic. The first thin film solar cell 
produced was a-Si. Based on early a-Si single 
junction cells, amorphous tandem and triple cell 
configuration have been developed. To reach higher 
efficiencies,  thin  amorphous  and  microcrystalline  

                                                 
5 All of the novel devices efficiency boosted by the presence of 

nanostructures have to deal with the problem of the additional 
costs needed by the fabrication of the nanostructures 
themselves. Of course self-assembly of quantum dots should 
be preferred to nanolithography in terms of time and steps of 
fabrication, and the same is for plasmonic antennas.  
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silicon cells have been combined to form 
micromorph cells (also called thin hybrid silicon     
cells) [13]. In the area of II-VI semiconductor 
compounds, other thin film technologies have been 

developed, including Cadmium Telluride (CdTe) 
and Copper-Indium-Gallium-Diselenide (CIGS). 

 

 
Table 2. Prospects and key R&D issues for CPV, emerging and novel technologies (after [7]). 
 
  CPV   Emerging technologies6  Novel technologies7 
Type of cell High cost, super high Low cost, moderate performance Very high efficiency 
  efficiency      Full spectrum utilization 
 
Status & potential 23% AC system efficiency Demonstrated level (e.g. polymer  Wide variety of new conversion 
  demonstrated  PV, dye PV, printed CIGS) principle & device concepts at 
         lab level 
  Potential to reach over First applications expected in  Family of potential breakthrough 
  30% in the medium-term niche market applications   technologies 
 
Selected R&D  Reach super high  Improvement of efficiency and Proof-of-principle of new 
areas    efficiency over 45% stability to the level needed for  conversion concepts 
     first commercial applications    
  Achieve low cost, high- Encapsulation of organic-based Processing, characterization and 
  performance solutions for concepts    modelling of especially nano- 
  optical concentration and     structured materials & devices 
  tracking 

 
 

6. CONVENTIONAL ENERGY RESOURCES: HOW MUCH IS LEFT? [21] 
 
Oil: 40 –125 years  
Natural Gas: 65 -210 years 
Coal: 250 –360 years 
Nuclear: 80 –300 years 

 
 

7. RENEWABLE ENERGY RESOURCES 
 
Hydroelectric 
Wind 
Biomass        Global potential: Current ~2 TW; Practical: ~10 TW. 
Geothermal        
Ocean / tides 
Solar                     Solar energy potential: Solar flux = 1.1 x 105 TW; practical potential: 600 TW;  

   1 h sunlight = annual global consumption. Infinite supply. 
                                                 
6 Comprise advanced inorganic thin film technologies (e.g. Si, CIS) as well as organic solar cells. Within the organic cells area, there 

are different technology branches such as the dye sensitised solar cell (a hybrid approach of an organic cell retaining an inorganic 
component) and fully organic approaches. 

7 Novel PV concepts aim at achieving ultra-high-efficiency solar cells by developing active layers which best match the solar 
spectrum (or which modify the incoming solar spectrum), utilizing nanotechnology and nanomaterials. Quantum wells, quantum 
wires and quantum dots are examples of structures introduced in the active layer. 
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8. SOME TRENDS IN PV INDUSTRY 
[15] 

 
Most of major manufacturers adopt 

conventional technologies such as Siemens and 
FBR processes, which were used to supply 
silicon for the semiconductor industry.  To 
address lowering price, major manufacturers are 
working on improvement of production 
efficiency. New technology such as metallurgical 
process has not yet become a major technology, 
mainly due to impurity issues. Some companies 
in IEA PVPS member countries that worked on 
new process closed their plant or exited from the 
business because of the overcapacity in 2012. 

In 2012, polysilicon for PV cells was mainly 
manufactured in China, the USA, Korea, 
Germany and Japan. Canada and Norway also 
reported activities of polysilicon producers. China 
produced 71,000 tons of polysilicon, with 
190,000 tons/year of production capacity in 
2012. The production volume in China accounts 
for about 30% of global polysilicon production. 
Meanwhile, China imported 8,700 tons of 
polysilicon in 2012, a 28% increase from the 
previous year. Affected by the polysilicon price 
falling in the global market, most of Chinese 
enterprises with smaller production capacity have 
stopped production in 2012. 

 
 

9. STORAGE PROBLEM 
 
EnStorage flow batteries [22] utilize HBr and 

H2 as storage chemicals. Abundance of these 
materials reduces the chemical cost by 95% 
compared to other batteries, making it the most 
affordable flow battery in the market. Moreover, 
the battery’s proprietary conversion stacks has 
demonstrated over 3 times the power densities 
compared to other batteries, making it smaller and 
lower in cost. Following the recent success of the 
50 KW unit, EnStorage is now moving forward 
with the next milestone of a 150 KW, 6 hours of 
storage, commercial unit. 
 

 
10. CONCENTRATOR 

TECHNOLOGIES (CPV) 
 

As an alternative to flat-plate technologies – 
which use the naturally available sunlight – direct 
solar radiation can be concentrated by optical 
means    and   used   in    concentrator   solar   cell  

 
 

technologies8. Low and medium concentration 
systems work with high efficiency silicon solar 
cells. Beyond 500 suns, III-V compound 
semiconductors are being used for the CPV solar 
cells and efficiencies beyond 40% have been 
achieved in the laboratory. The prospects and key 
R&D issues for CPV as well as emerging and 
novel technologies are summarized in Table 2. 

 
 

11. WHAT WE NEED 
 
We need new materials and a better optics, a 

better use of sunlight, and a easier cell fabrication. 
With this end in view, we must have a smarter 

optics, self-healing materials, self assembling 
procedures and solar paint. 
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1. INTRODUCTION 
 

Currently the research area requires to 
determine the implementation and development 
vector of SATUM’s satellite attitude system. 

To solve this global problem, under research 
purpose were developed several algorithms of 
absolute position determination in tridimensional 
space using the theory of sensor fusion [3]. 

In previous works were presented models of 
software ,figure 1, and hardware, figure 2, which 
were realized during my research [1]. 

 

 
 

Figure 1. Graphical User Interface developed 
for IMU(Inertial Measurement Unit). 

 
Software models mentioned above represent 

the algorithms already implemented in 
microcontrollers which allow us to adjust, fusion 
and solve the problem of attitude determination. 
Labview is used as GUI(Graphical User Interface) 
for visualizing every idea in short time. Hardware 
models represents the PCB (Printed Board Circuits) 
with all sensor mounted needed for solving the 
problem of attitude determination, PCBs with 
controllers which make the acquisition of data and 
prepare data for calculation inside the main 
microcontroller, and in the last are the PCBs which 
are controlling the moving our spacecraft, this 
means motors, reaction wheels and magnetorquers. 

Learning and using the Labview software were 
developed the GUI which allowed to make a list of 
tests and experiments with the sensors of absolute 
position determination. And also allowed to another 
colleagues from our laboratory to make theirs tests 
with minimum time to get the result. 

 
 

Figure 2. 3DOF(degree of freedom) 
Laboratory gyroscope. 

 
Based on the tests made in Labview models 

and in real time systems such as quadcopter where 
determined the limits where the sensors works in 
best conditions, the main tests were made on the 
magnetometer HMC5883L, which is a sensor 
widely used as in commercial area as in cubesats or 
other flying crafts.  

 

 
 

Figure 3. HMR2300 intelligent 3DOF 
magnetometer. 
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This work also rely on researches on other 
sensors, such HMR2300 which a ready to use 
sensor, Figure 3. 

The HMR2300 sensor is a sensor realized from 
3 one axis sensors, 3 ADCs and a microcontroller 
which is analyzing and then puts everything on the 
RS232 BUS. Also this module has an already 
programmed controller which cannot be 
reprogrammed by our needs. For tests the module 
were connected to a PC using a RS232 terminal and 
then connected to Labview, figure 4, also where 
made another diagram in labview which works with 
this sensor and puts the data on 3D graph in the 
same way which is makes the diagram for the 
HMC5883L sensor. All this were made on purpose 
to compare the data from both sensors. 

 

 
 

Figure 4. The HMR2300 Module and its 
connection to PC. 

 
 

2. ORIENTATION SYSTEM 
DEVELOPMENT 

 
The HMC5883L sensor has a high sensibility as 

the HMR2300 sensor, and based on this, were made 
the conclusion that this is good sensor and then the 
decision to realize the attitude determination system 
on the HMC5883L magnetic sensor. 

After installation works of housing satellite 
magnetic sensor was determined that there is an 
influence from the housing and from some active 
components inside the satellite on the magnetic 
field sensor, in this context was started the research 
area of housing the magnetic field sensor on board 
of the satellite.  

The influence of the materials on the magnetic 
field sensors can be seen on the picture in the figure 
5, which represents the distortion of the ideal 
magnetic field around the sensor, if the magnetic 
field is close to the ideal form then is possible to 
apply the algorithm of attitude determination. 

If around the sensor is a piece of metal or some 
active components the sensor starts to draw an 
ellipsoid or an egg if we are making the map of the 
sensor. This map is made rotating the sensor by 
every axe by 360 degrees. Also the distortion of the 

magnetic field could be seen when the center of the 
sphere is not equal to the ideal center of the sensor. 

 

 
 

Figure 5. The distortion of the magnetic field 
around a metal body. 

 
This work determined us to test different sensor 

locations in housing to reduce the maximum 
possible the influence of the metals and active 
components, based on this we made a conclusion 
that the sensor could be installed in two ways on the 
satellite. 

The first variant and the most commonly used 
by manufacturers of satellites is to find a place 
within the satellite housing where the magnetic field  
is less polluted by reaction wheels and 
magnetorquers. The placement of the sensor inside 
the satellite could be in two ways: 

 On the navigation system PCB, figure 6. 
 

 
 
Figure 6.  Placement of the magnetic sensor on 

the navigation system PCB. 
 

 On an additional PCB connected with 
copper flexible wires which allows the 
placement at a specific distance from the 
active components on the satellite, figure 7. 
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Figure 7. The magnetometer module prepared 

to be installed in a less polluted place. 
 
In this research was proposed to find the 

minimum noise that the sensor does not use or 
cannot see [3]. 

The second option are the experiments result of 
the minimal noise determination of the 
magnetometer sensor. The experiments inside the 
research work showed that the sensors now are 
more intelligent and can compensate some 
fluctuations, this means that inside the sensor are a 
microcontroller that can apply some filters [5]. The 
final scope is to make a module that will be able to 
position the satellite with a high precision. And here 
appeared an idea to put the sensor outside the 
housing o the satellite at a distance of more than 
30cm. When we were working on solving the 
problem we developed a device specially designed 
to see the magnetic field, we’ve named the device 
“MAGCAM” the tridimensional diagram is 
presented in figure 8 [7]. 

 
 

Figure 8. The magnetic fields around a step-
down converter. 

 
 

3. STUDY OF A COMPASS ON THE 
QUADCOPTER 

 
The experiment on a quadcopter needed to 

make a module with all sensors on the PCB and that 
the sensors to be the same used in our research 
before in the lab [2]. Here the thoughts where to 
develop a brand new PCB or to find something 
ready on the market. On the marked we’ve found 
some modules based on Atmega 2560, which is a 
good choice because the first module we’ve used 
was based on a atmega 328, mainly is the same 
controller, the same program to upload, so the 
experiment was easy to make based on this [2]. 

The advantages of this selection is that this 
module could be programmed in two ways, by SPI 
port, or by USB using the bootloader which reduces 
the development time. 

The selected module is presented in figure 9, is 
a complete flight module with the same 
magnetometer HMC5883L and 8PWMs available, 
the single difference is that the accelerometer and 
gyroscope is different, but this is not a problem 
because the algorithm is concentrated on the 
HMC5883L sensor [4]. 

 
 

Figure 9. The selected module for tests on 
quadcopter 

 
Another advantage of the selected module is 

that on the board of the PCB is available an I2C 
port where could be connected an external 
magnetometer, which represents exactly that we can 
test the external sensor, the main scope of this 
research, figure 10. 
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Figure 10.  The external magnetometer on the 

quadcopter flight controller. 
 
 

4. FEAUTURES OF ATTITUDE 
SYSTEMS 

 
Were  tested both versions, and in this context 

we have to put the advantages and disadvantages of 
each of the ideas. 

The first option has the advantage of not 
requiring the installation of mobile modules in 
housing the satellite. But the disadvantage is that 
there may appear an error which will give a low 
resolution to the whole navigation system. The 
resolution here could be 1 to 5 degrees. 

The second option is superior to the first option 
if we are looking at the quality of calculations made 
by navigation system. But here the main problem is 
the deployment system of the sensor, there is a 
possibility that the sensor will stick to the frame 
when the satellite will be launched and then the 
whole mission will be aborted, because the sensor 
will give wrong position [6]. 

 
 

5. STUDY OF THE COMPASS WHEN 
THE SATELLITE IS LAUNCHED 
 
Study of the compass in space behavior at the 

moment is just an analysis of telemetry data from 
other educational satellites and a model of earths 
magnetic field on the LEO orbit. This could be done 
in several ways. Is modeled the magnetic field on 
the orbit according on the data posted on specialized 
sites or the orbit is modeled according to data 

posted from another educational satellites, which 
are uploading this data as a telemetry part of their 
communication. 

For the second option were made calculation of 
the deployment system and the period of one cycle 
of the satellite, this is presented in figure 11 [5]. 

 

 
 
Figure 11.  Deployment time of the antennas 

and magnetic sensor 
 
Analysis of the compass deployment system is 

still in a nascent stage because of the main 
deployment structure. This could be a telescopic 
system opened by a spring or a motor that opens 
this module. 

Another option is to place the sensor as do 
many manufacturers, figure 12. 

 

 
 
Figure 12. Installation of the magnetometer on 

the VHF antenna. 
 
As is seen from the picture the HMC5883L 

module is located on the VHF antenna, the material 
is made from a elastic material which acts like a 
spring when the satellite is launched in space. 

Some deployment systems are deploying at the 
time when the satellite is launched and some are 
held by an arm which could be controlled by a 
motor that is auctioned after some in order to be at a 
distance from another satellites, Figure 11. 
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6. CONCLUSION 
 

The development in LabView of the graphical 
module for testing of different sensors is an 
important strategic step in this area for allowing to 
the whole team in the laboratory to investigate 
several areas such as modeling the behavior of 
magnetic field sensor on the orbit. 

This work second scope was to design another 
GUI in another program such as Phyton or 
Processing which allows to make calculations faster 
and with less computational resources. 
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1. INTRODUCTION 
 

Satellites have become an indispensable part of 
today's technology, being used for different 
purposes, from providing long distance telephone 
connections, to direct broadcasting of television and 
radio, and obtaining geological information or other 
facilities. Satellites also present a particular interest 
in terms of academic. 

A satellite can be logically seen as a set of 
integrated subsystems. Aimed at monitoring the 
satellite and its health each subsystem has a set of 
sensors for measuring the satellite states and 
conditions. These measurements are transmitted to 
the ground stations in each satellite pass and are 
called telemetry data [1]. 

Telemetry is the highly automated 
communications process by which measurements 
are made and other data collected at remote or 
inaccessible points and transmitted to receiving 
equipment for monitoring [2]. 

 Satellite telemetry data reception is performed 
by a radio architecture. Ensuring the functionality of 
a traditional radio architecture, in a satellite 
communications is based primarily on hardware, 
with minimal software configurability. 

  A traditional radio architecture is shown in 
Fig. 1. 

The software part is used for network 
communication interfaces.  Considering that in this 
model prevails hardware components, any system 
upgrade would mean actually complete system 
redesign. As a solution for this problem was 
developed Software Defined Radio (SDR) 
Software-defined radio is a radio communication 
system where components that have been typically 
implemented in hardware (e.g. mixers, filters, 
amplifiers, modulators/demodulators, detectors, 
etc.) are instead implemented by means of software 
on a personal computer or embedded system [3].  

A telemetric station based on SDR, such as 
Universal Serial Radio Peripheral (USRP) can be 
programmed to transmit and receive any signal in 
the corresponding frequency The USRP is usually 

controlled by GNU Radio software, that present a 
free software development toolkit that provides 
signal processing blocks to implement software-
defined radios and signal processing systems. It can 
be used with external RF hardware to create 
software-defined radios, or without hardware in a 
simulation-like environment. Within this 
environment may be created applications using 
graphical toolkit GNU Radio Companion (GRC).  

This toolkit uses a signal processing functional 
blocks that make up a flow chart. GRC allows the 
design of a radio system using ”drag and drop” 
interface. After finishing of the design, GRC 
converts flowchart to a Python file containing the 

  

Figure 1. Traditional radio architecture.  
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corresponding description of the system. GNU 
Radio also allows the creation of new functional 
blocks that would implement new signal processing 
operations.  

 
 

2. SDR TELEMTRY STATION 
 

The goal that we set was to design a telemetry 
station based on SDR and GNU Radio. We used 
USRP B200 from Ettus Research, which is fully 
integrated USRP device with continuous RF 
coverage from 70 MHz –6 GHz with full duplex 
operational and with up to 56 MHz of real time 
bandwidth. The proposed architecture for telemetry 
base station using USRP and GNU Radio is shown 
in Fig. 2. 

 

 

Figure 2. Software Defined Radio Architecture. 
 

In the above architecture is distinguished 
analog subsystem (feed block) and digital 
subsystem (GNU Radio, USRP and PC). Analog 
subsystem acts as an interface for radio frequency 
environment. USRP, based on the FPGA (Field 
Programmable Gate Array), in terms of hardware, it 
has a modular construction, consisting of a base 
plate (motherboard) to which can be attached 
daughters boards. USRP is connected to a PC via a 
Gigabit port or USB. On the PC, GNU Radio 
operates with further signal processing by digital 
processing blocks. Conceptually, these blocks  
performs endless processing of data streams from 
input ports to output ports.  

The basic attributes that characterize a digital 
processing block are: type of data and number on 
input/output ports. The GNU Radio package 
includes about 100 digital signal-processing blocks.  

Conventional diagram in the GNU Radio to 
receive telemetric information is presented in Fig. 3. 

USRP block source presents a interactive way 
to interconnect hardware model. This block also 

allows interface configuration of SDR’s reception, 
while ensuring configuration of key parameters 
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Figure 3. The reception of telemetry information in 
GNU Radio. 

 

such as reference signal source, the number of 
acquisition channels, center frequency, sampling 
rate and others. Doppler correction block is used to 
adjust the frequency variation on satellite 
movement,    being directly influenced by the 
satellite orbit data. This correction will be explained 
in the next section.  

 
 

3. DOPPLER CORRECTION 
 

The Doppler effect (or Doppler shift) is the 
change in frequency of a wave (or other periodic 
event) for an observer moving relative to its source. 
[4] 

This effect appears at achieving 
communication with a satellite as carrier frequency 
increases when the source approaches the receiver 
and decreases when the source moves away from 
the receiver. Since the frequency deviation is 
variable it is necessary to make an adjustment for 
received signal frequency. Frequency adjustment 
can be achieved so as hardware or through GNU 
Radio. Hardware method can be excluded because it 
has a drawback expressed by the additional cost and 
additional equipment. Using GNU Radio toolkit, 
Doppler correction may be received with the same 
precision and speed but with lower budget 
spending. The software and hardware accuracy 
correction is the same, but for both methods, time 
procession is big, because it measures the current 
frequency then it adjusts the required frequency.  

To increase the accuracy of correction we used 
a method with prediction of the possibility of an 
error. If we know the current path of the satellite 
and its coordinates, it is possible to predict the 
frequency deviation at a certain time. 
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GNU Radio does not have digital signal 

processing blocks for satellite coordinates and 
trajectory, but these data can be received from 
Predict toolkit via UDP.  

Predict is an open-source, multi-user satellite 
tracking and orbital prediction program written 
under the Linux operating system. Data such as a 
spacecraft's sub-satellite point, azimuth and 
elevation headings, Doppler shift, path loss, slant 
range, orbital altitude, orbital velocity, footprint 
diameter, orbital phase (mean anomaly), squint 
angle, eclipse depth, the time and date of the next 
AOS (or LOS of the current pass), orbit number, 
and sunlight and visibility information are provided 
on a real-time basis. 

To receive Doppler correction, has been 
developed a script, as shown in Fig. 4. The script is 
used for interconnection between GNU Radio 
software and Predict toolkit. 

 

RTL-SDR BPF Demod-FSK

Doppler 
Correction

GNURadio

Predict

UDP

 

Figure 4. Doppler correction diagram. 

 
The implemented system consists of filtering 

and demodulation blocks and using Predict it is 
realized necessary Doppler correction.  

The prediction data is calculate based on 
satellite TLE information. A two-line element 
(TLE) is a set of two data lines listing orbital 
elements that describe the state (position and 
velocity) of an Earth-orbiting object. In the Fig. 5 is 
represented Predict toolkit that displays the list of 
satellites and orbital parameters. This list can be 
modified by the renewal TLE data. 

 

Figure 5. Orbital parameters of satellites. 

 
After software Predict is ran, we start 

developed script required for sending data about 
Doppler correction to GNU Radio. It have to be 
mentioned that Predict was start in server mode. It 
made possible to Doppler acquisition. The results 
are shown in the next figure (Fig. 6). 

 

 

Figure 6. Developed script for Doppler acquisition. 
 

Figure 7. Doppler correction send to GNU Radio. 
 

Data transmission correction is carried out after 
entering name and frequency of the desired satellite. 
After entering the data, the script performs a request 
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to Predict. This one transmits correction data to 
GNU Radio. Also, these data are displayed on the 
terminal, like is shown in Fig. 7. 

 The correction data displayed on the terminal 
may be transmitted to GNU Radio block due to use 
XMLRPC Server.  

Therefore, thanks to prediction data, 
communication frequency can be adjusted more 
quickly compared with Doppler correction 
performed by hardware. 

 
 

4. IMPLEMENTATION 
 

After writing classes in C++ for digital 
processing blocks, and using Python language for 
organizing and interconnecting them were created  
following digital processing blocks for GNU Radio: 
AX.25 Decoder, Doppler Correction. 

After Doppler correction it will be presented 
receiving architecture in GNU Radio for telemetry.  
 
 

The first process is general noise levels reduction.  
Since the signal normally is not centered at the 

expected frequency, even Doppler-corrected, a 
setting must be present that re-centers the frequency 
and modifies the parameters of all filters to match 
the new characteristics of the signal.  

In the bellow flow graph we have following 
blocks: Low Pass Filter block that represents a low 
pass filter for signal adjustment. The next three 
blocks in the diagram below are used to analyze the 
signal shape and form logical levels. The block 
decoding the telemetry gives information created by 
the protocol AX.25 frame structure described 
above. Sink File module enables real time data 
storage on a local storage environment or in a space 
shared on the network that has access to the 
workstation. Writing is done in binary format (as 
standard float 32), and saved data can be processed 
further either GNU Radio using a block read (File 
Source) or in other programming environments. The 
whole diagram is shown in Fig. 9. 

  

Figure 9. Implementation of created digital signal processing block 

 
 

5. CONCLUSION 
 
 SDR provides a new approach to designing a 

network of ground stations satellite, an approach 
that brings primarily significant reduction in design 
complexity and cost and offers a flexible 
environment, versatile radio architecture 
development. 

Digital processing modules created (AX.25 
decoder) in the development environment GNU 

Radio,  offers a range of possibilities because the 
encapsulation and decoding blocks based on 
adaptive communication protocol AX.25 are  used 
by other microsatellites. Also these modules would 
find implementing in a network of earth stations for 
more effective communication with microsatellites. 

On receipt of telemetry, configuring orbital 
data of any satellite and taking into account the 
position of the earth station may be omitted Doppler 
effect. It applies for any satellite. 
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Therefore, SDR and especially GNU Radio 

creates a number of possibilities that go far beyond 
the limits of traditional radio architecture. 

In the designing process we were able to 
continuously improve the software implementation 
in stages with subsequent iterative correction of 
errors that occur during operation.  

The results from this work are implemented in 
TUM Space Technologies Center.  
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INTRODUCTION 
 
The term “On Board Computer” indicates, 

rather obviously, any unit flying on board a satellite 
which provides processing capability. For a satellite, 
board computer controls all subsystems, as 
positioning system, communication subsystem, 
power system and payload (camera). To manage with 
a satellite systems usually is used a microcontroller 
which is programmed. The program is necessary for 
supervision and monitoring resolved tasks by of all 
peripheral systems. To develop a program with high 
reliability is required to design an overall 
architecture. This structure is divided per blocks to 
highlight tasks and to detect errors that may appear 
in software development process.  

Detection and correction of errors at the 
planning stage will reduce software development 
time essentially. In some cases to correct errors in a 
program, is necessary to change the subprograms and 
operation logic. The number of modification cycles 
depends on the programmer experience and on the 
algorithms planning correctness. Therefore, it is 
rational to design algorithms in the form of diagrams, 
and based on these diagrams to design board 
computer program or any embedded system.  

The diagrams can be produced through an 
artificial language Unified Modeling Language 
(UML) for describing models and software 
specifications. UML was developed to represent 
object-oriented programming, whose purpose 
consists in structuring classes and instances (called 
objects). For software development of computer 
board are created diagrams reflecting the 
requirements of the each system. The diagrams 
represent the operating principles of the software for 
board computer of the satellite.   

After modelling class and sequence diagrams, 
design environment allows automatically to create  
activity diagrams. These diagrams will be changed 
according to the running algorithms. The activity and 
class diagrams will enable the generation of ”body” 
of the program. The program will be completed with 
the appropriate syntax and finally reverse design can 
be achieved, based on software designed   

automatically update diagrams. 
Documentation and diagrams submitted 

electronically will allow to detect the error in a 
shorter time. After correcting the error, using design 
environment will be possible to regenerate the 
program code. The technical documentation 
designed diagrams can be used in the testing stage, 
and validation phase. 

 
 

1. TASKS OF THE BOARD 
COMPUTER 

 
Board computer is autopilot that is leading 

satellite systems. The main functions of the computer 
is to transmit commands to peripheral devices and 
process control to achieve these commands.  

To charge batteries it is necessary to position the 
satellite toward the sun. And for capturing and 
sharing images, positioning takes place towards the 
earth station antennas. Depending on the location of 
the satellite, the computer transmits positioning 
coordinates to Attitude Determination and Control 
System (ADCS). Positioning data are stored in a 
memory board computer. Capture system is 
connected only when the satellite is in the mapping 
zone. Board computer connects capture system and 
send command that the image have to be transmitted 
to earth station.  

To receive data from any earth station, the 
telemetry must be transmitted without interruption. 
Board computer, in case that the batteries reach the 
minimum level of stored energy, stops this process. 
Therefore, at different stages of operation of the 
satellite in orbit, board computer transmits 
commands and receives responses after considering 
whether the task was executed correctly.  

On board computer memory is stored grid of 
commands and responses for each system. To send 
commands is necessary to establish an algorithm 
selection and transmission of commands under the 
communications protocol.   Next algorithm analyzes 
fairness of orders execution. If an error occurs, the 
computer attempts to resolve this situation. 
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These errors with the telemetry collected from 
satellite devices are stored in memory by the board 
computer. In the below image are presented tasks 
that are realized by board computer. At architectural 
design we have a task description as SYSML 
diagrams. 

 

 
 

Figure 1. Diagram of algorithms for board 
computer. 

According to algorithms generated by UML 
diagrams, board computer operates these functions at  
different stages depending on orbital position of 
satellite. 

 
 

2.  BOARD COMPUTER SOFTWARE 
ARCHITECTURE 

 
For each algorithm is developed SysML 

diagrams that reflect the operation of each task. In 
Figure 2 is shown diagram that presents the process 
of selection and transmission commands from stored 
grid. The list of functions is developed based on 
technical documentation of each satellite system. 
The search of a function is made following an 
algorithm and after this data is extracted in a 
temporary buffer. These data will be used to carry 
out the message that will be sent to the system. Since 
processing method of responses is similar with 
functions generation architecture, it is reasonable to 
modify existing diagrams. This data is processed  

 

 
 

Figure 2. Class diagram for satellite system commands.
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Figure 3. Sequence diagram for onboard computer 
communication satellite systems.  
 
according to designed algorithms based on operating 
methods for each system. Therefore, other diagrams 
may represent some diagrams, in the case that 

encapsulation occurred. Telemetry is collected from 
the peripheral systems. 

Based on structure diagrams shall be designed 
activity diagrams. After this will be developed 
program for board computer. 

At the stage of drafting structure diagrams, is no 
way to see the execution state of a task at a time. 
Therefore, the next step is to develop sequence 
diagrams and state diagrams. 

From class diagrams, we found that 
communication and system work algorithms would 
be most called subprograms. 

Communication between the onboard computer 
and satellite systems is achieved according to a 
established protocol. Send or received data are sent 
to the Hamming error-correcting algorithm and to the 
checksum calculate algorithm. These data are 
encapsulated in the final message. The algorithms 
return variables, that will describe the fairness of 
received message. If errors are detected, the 
computer will send a non-acknowledgment message. 
After this, ”slave” resends the message. In figure 4 is 
shown the process for the control of received data.  

According to the activity diagram, is developed 
software that will be implemented on MSP430 
family controller. When data is received via UART 
interface, byte shall be entered in a unidimensional 
array, and data counter is incremented.  If the counter 
exceeds the length of transmitted data, the data is 

 
 

Figure 4. Control packet reception subprogram.
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neglected and counter resets. The reception flag is set 
after checking several conditions.   

The length of the data must be equal to the 
counter. Initialization and addressing must match the 
system address. If the flag is set in ”1”, the data 
packet moves forward for data reception checking 
and eventually data correction. 

Board computer software stores telemetry and 
errors collected from peripheral systems.  

Statistics of errors occurred is required to 
determine the operation of the satellite in space, and 
to correct operating parameters of the satellite. The 
correction of parameters is achieved by changing 
variables from programs for each block.  

Errors may occur in communication processes, 
at the watchdog reset, or malfunctioning of each 
module. Telemetry is collected from peripheral 
modules, after this it is found the average acquired 
magnitudes at different moment of time. 
 
 

3. CONCLUSIONS 
 

SysML diagrams are needed to model the 
structure and behavior of the software concept. Due 
to algorithms developed at the initial design stage of 
the program, we obtain a reliable structure and 
minimum code length.  After detecting errors, using 
reverse design engineering, the diagrams can be 
regenerated based on the correct program.  

Therefore, electronic documentation is changed 
automatically immediately. Documentation is 
necessary to exchange ideas with members of a team, 
or teams that designs peripheries "slaves". If it is 
required, the documentation can be used to design 
other types of systems, considering that first 
diagrams will provide a general overview of 
functional blocks.  

Therefore, for software architecture design of 
the power supply system of the satellite were used 
structure diagrams of onboard computer. That 
minimized design time a lot. 

 Making the block diagrams lead to restricting 
of problems and focus attention on some issues. 

Actuality of the problem of developing software 
architecture is expressed by the advantages offered 
by this method: 

1. Reduce design time and system validation 
testing. 

2. Increasing software reliability. 
3. Generating documentation automatically. 
4. Exchange of ideas between team members. The 

thoughts are clearly expressed using the diagram that 
are evident in terms of intuitive. Understanding 
program time for another person is shorter, because 

we spend time just to understand diagrams instead of 
program code; 

5. It emphasizes the weakness of the system and 
it delimits system problems. As the program is 
divided into blocks, there is a concentration of 
attention on certain aspects of the details without 
taking into consideration other problems. Therefore,  

from the ”chaos” of questions and problems, step 
by step is approached software architecture. 

6. Due to instrumentation, the designer returns to 
previous diagram and has the opportunity to make 
the necessary changes.  

7. Body program generating is possible by 
structure diagrams. If the program code is structured, 
then there is a decrease in the number of errors. 

8. Thanks to reverse engineering, it is possible to 
modify and improve documentation automatically. 
That will decrease the test time. 

9. After validation based on electronic 
documentation can be performed technical support. 
It means that using SysML diagrams it is possible to 
change functioning of the system. 

10. Using the current architecture for developing 
other types of systems. This advantage will decrease 
design time for other systems. 
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1. MATERIALS USED TO 
MANUFACTURE GEAR WHEELS 
FOR KINEMATICAL GEARINGS 

 
The materials used to manufacture gear wheels 

are very different. In machine building, gear wheels 
are made of  carbon steel and alloy steel, cast iron; 
in equipment manufacturing, gear wheels are made 
of bronze, titanium, aluminium alloys, metal 
powders,  in addition to steel. Plastics are used most 
often in small power kinematical transmissions. 
There are also examples of the use of plastics in 
medium load transmissions. In the production of 
unique plastic wheels, they are 50% more expensive 
than steel ones. Use of plastic wheels is more 
rational and efficient in terms of production in large 
series by replacing non-ferrous metals and cast 
(pressed) ferrous metals with plastic wheels in heavy 
tonnage production [1]. 

In selecting the material for gear wheels it 
should be considered the following: destination of 
transmission, duration of operation and working 
conditions, type and character of lubrication, 
technology requirements, existing equipment, and 
cost of material.  

Plastics.  
As a result of extensive study of plastics, a 

range of types of materials suitable for making 
kinematical gear wheels was established (Table 1. 
[1, 2, 3]). 

 
 

2. MECHANICAL PROPERTIES OF 
PLASTICS 

 
Plastics and polymer composites presents itself a 
class of polymer based materials, which differ from 
traditional building materials with low density, 
elasticity, high strength per unit mass, high corrosion 
resistance in various environments, favourable and 
easy machinability. In addition to these basic 
properties, plastics are characterized by relatively 
low module of elasticity, creep and relaxation, low 
diathermancy, high coefficient of thermal 

expansion, as well as strongly emphasized 
deformation properties and resistance to temperature 
[1]. 

As construction materials the following items 
are used: universal plastics, which are produced in 
large quantities (hundreds of thousands of tons per 
year) and has low cost, and special plastics, 
produced in small quantities (up to several tens of 
thousands of tons) and costs more than the universal 
ones. 

To assess the effectiveness of polymeric 
materials used in required construction is reasonably 
to be considered two types of plastics – 
thermoplastic materials and thermosetting plastic 
materials, which differ not only by their behavior on 
repeated heating of the material, but also by various 
indices of strength and deformation. 
The specific property of crystalline structure of 
thermoplastic polymers is their high failure, until 
appearance of completely non-crystalline sectors 
(amorphous). Among thermoplastic polymers there 
are amorphous or hard crystallizing polymers 
(Polysulphones, polycarbonate, phenol ether resin, 
polyacrylate, fenilon - crystallization degree 10 to 
25%), which are by themselves rigid elastic 
materials – polymer glass with the limiting 
maximum operating temperature, appropriate to 
temperature Tc. Also, there are crystalline polymers 
with average crystalline degree (polyamides 50-
75%) and high crystalline degree (polyacetal, 
polyethylene - 75-96%), with the limiting maximum 
operating temperature which can range from Tc of 
the amorphous phase to the melting temperature Ttop.  

Gauze structure of high density thermosetting 
plastic materials provides higher hardness indexes, 
modulus of elasticity, heat resistance and high 
fatigue resistance, compared to thermoplastic 
materials; they are characterized by low thermal 
expansion coefficient, allowing a high degree of 
filling up from 80 to 85% (by mass). Phenol 
formaldehyde and epoxide resins are used as binders 
for thermosetting plastic materials applied to 
manufacture gear wheels [1, 2, 3]. 
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Table 1. Materials recommended for making kinematical gear wheels 
 

 
Name and conventional marking 

of material 
Density, 
Kg/m3 

Production mark 

1 2 3 4 

1 High density polyethylene  960 
PE – Schkopau, Baylon, Alkathene, Moplen, 
Lupolen, Vestolen, Hostalen LD, Naten 

2 Low density polyethylene 920 Liten, Vestolen, Hostalen 
3 High molecular polyethylene 916 Hostalen GUR, Lupolen 

4 Polypropylene  905...910 
Hostalen PP, Moplen, Mosten, Noblen, Novolen, 
Vestolen P, Napryl, Daplen 

5 
Polyamide 6 and its composite 
materials 

1120...1150
Degamid, Durethan, Ultramid B, Miramid, 
Akulon, Grilon, Grodnamid, Etamid, Capron 

6 Polyamide 66) 1120...1150
Ultramid A, Maranyl A, Zytel E, Leona, Sylamid, 
Spalamid 

7 Polyamide 11 1020...1040 Rilsan B 
8 Polyamide 12 1010...1020 Rilsan A, Grilamid, Vestamid 
9 Polyamide 610 1070...1090 Ultramid S 
1
0 

Polyamide 6 with glass filling (PA 6 
+ 30% glass filling) 

1350 Renyl, Zytel, Orgamide 

1
1 

Polyamide 66 with glass filling (PA 
66 + 30% glass filling) 

1350 Durethan, Aculon R, Catalin, Verton RF 

1
2 

Polycarbonate and its composite 
materials 

1070...1230 Makrolon, Orgalan, Lexan, Merlon 

1
3 

Polyoxymethylenes and its 
composite materials 

1340...1430 Delrin, Celcon, Hostaform, Duracon 

1
4 

Polyoxymethylenes with glass 
filling (POM + 30% glass filling 

1700 Kematal, Tenac, Ultraform 

1
5 

Polybutylene terephthalate 1300 Pocan, Deroton, Ultradur, Dynalit 

1
6 

Polybutylene terephthalate with 
glass filling (PBT + 30% glass 
filling) 

1550 Pibiter, Orgater, celanex, Snialen 

1
7 

Polyethylene terephthalate 1370 
Arnite, Crastin, Tenite, Vestodur, Rynite, 
Hostadur, Pocan, Ultradur, Lavsan 

1
8 

Polyethylene terephthalate with 
glass filling (PETF + 30% glass 
filling) 

1650 Rhodester 

1
9 

Phenol ether resin 1060 Noril 

2
0 

Polysulphones  1240...1250 Bakelite P, Udel, Polisulfon 

2
1 

Polyethersulfone  
1370 Poliathersulfon, Victrex 

2
2 

Polyphenilsulphide 
1340 Ryton 

2
3 

Polyimide 
1430 Kapton, Vespel, Kinel 

2
4 

Polyether ether ketone 
1320 Victrex 

2
5 

Thermoplastic polyurethane 
1250 Desmopan, Elastollen, Vulkollan, Resistifol 
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3. RATIONALE OF  PLASTIC 
MATERIALS SELECTION FOR 

MAKING GEAR WHEELS 
 
 

Certain requirements, determined by 
operating conditions compared with thermal and 

mechanical properties of thermoplastic materials, 
have to be followed in selecting the material for gear 
wheels manufacture. Safe operating condition of the 
gear transmission is provided by the maximum 
coincidence of the operating requirements with the 
chosen material properties. But in majority of cases, 
practically all imposed conditions cannot be met.  

 
Table 2. Qualitative comparison of polymer materials properties. 
 

 

NOTE:● very good,▲ satisfactory, ■ good, х insatisfactory 
 
Criteria for material selection 

Necessary spectrum of tasks is the most 
important criterion in selecting material that 
determines the bearing capacity of gear wheel. High 
load capacity defines the selection of tough and rigid 
plastics. Tooth loading is determined by the 
frequency of rotation. The main criteria for choosing 
the material for such machine parts are the 
admissible temperature on long-term operation and 
thermal resistance. Higher noise and vibration levels 
are expected at light loads and high angular speeds. 
In this case it is necessary to use high damping 
materials. High shock elasticity materials are used in 
transmissions, characterized by shock load [1]. 

Tribological characteristics of the 
transmission are determined by the lubricant 
properties. When selecting the material the following 
factors are taken into account: influence of the 
environment (temperature, humidity, presence of 
chemicals and abrasives, etc.), mode of operation, 
load capacity of the transmission. Potential changes 
in the size of gear wheels, which influence the 
accuracy of transmission, are previously calculated 
in accordance with specified deviations of 
temperature and humidity of the environment. In 

addition we must take into account that there are 
active chemicals, under which thermoplastic 
materials usually resist in unstressed state, but under 
load they are sources of micro cracks, conditioned by 
the existence of high remanent stresses in the 
material. Qualitative comparison of some properties 
of polymeric materials is shown in Table 2 [1].  
Operating criteria 

Choosing the right material for gear wheels 
supposes knowledge of defects encountered in 
plastic gear wheels exploitation and reasons of their 
occurrence. Loss of functioning capacity of the 
thermoplastic polymer gears is more often subject to 
the following defects: broken tooth at the base, in the 
dangerous section zone; cracks on the working side 
of the tooth surface; tooth breaking in the gearing 
pole zone; remanent bending of tooth due to material 
plastic flow; appearance of pitting on lateral surfaces 
of teeth; wear as a result of seizure; wedging – 
common for kinematical pairs.  
Most failures are caused by material properties and 
are subject to certain operating restrictions. At the 
polyamides gear wheels operation, a small remanent 
bending of the tooth occurs, which increases rapidly 
before the destruction of the gear crown. Tooth 

Properties Poly-amided 
Polyamide +% 

filling glass 
Polyacetal 

Polybutylene 
terephthalate 

Polycarbo-
nate 

Rigidity  ▲ ● ■ ■ ■ 
Mechanical strength ■ ● ■ ■ ■ 
Sliding friction wear ● ■ ● ■ х 
Stability of creep ■ ● ● ■ ■ 
Resistance to fatigue ■ ● ● ■ ▲ 
Temperature resistance ■ ● ■ ● ■ 
Resistance to chemicals ● ● ● ● х 
Dimensional stability ▲ ■ ■ ■ ● 
Density ■ ▲ ▲ ▲ ■ 
Water absorption х х ● ● ● 
Molder ■ ■ ■ ■ ▲ 
Properties at 
temperatures below 0°C 

■ ● ■ ■ ● 

Stability to atmospheric 
influences 

▲ ■ ▲ ■ ● 
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breaking at its basis is common for polyacetal gear 
wheels. 

Studying wear, subject to mutual sliding of the 
side surfaces of the teeth, two types of wear can be 
distinguished: wear due to relative slip that occurs in 
any transmission (including transmission with ideal 
geometry); wear caused by contact of the outer edge 
of the metal wheel gear tooth with the root of the 
distorted tooth of the plastic gear wheel beyond the 
theoretical line of gearing - contact on the edge. In 
the first case (typical of metal wheels) wear may be 
even or uneven depending on the working conditions 
of transmission. In the second case, a wear channel 
appears on the tooth root that can spread on the tooth 
to the gear pole. This type of wear does not destroy 
the tooth but creates places with high concentration 
of stresses. Indicated type of wear depends 
considerably on the load and is most common in 
polyamide PA12 gears wheels, and less – in 
polyamide PA6 and PA66 gear wheels.  

Wear channels on the teeth of polyacetal gear 
wheels are smaller than on the polyamides gear 
wheels. Wear subject to seizure is typical for gearing 
operating without lubrication and lubricated with 
plastic material of the polymer - metal and polymer - 
polymer pairs. Wear occurs as a result of local 
heating at side friction of the teeth. Wear area is the 
region with the highest relative velocities of sliding 
on head and foot of plastic wheel tooth. 

Figure 1 shows the schedule of energy 
consumption and material utilization coefficient for 
three types of processing: sintering, molding and 
cutting. Material utilization coefficient is about 0.95 
of the initial material and energy costs are 35% of 
product cost at processing by sintering. Material 
utilization coefficient is 0.95 as of the initial material 
and energy costs are 30% of the product at molding 
processing. Material utilization coefficient is 0.5 of 
the semi product and energy costs up to 80% of the 
product at material machining. As shown in the 
diagram analysis most rational in terms of costs are 
sintering and casting methods. And cutting is used 
only in unique cases, when a few parts are needed 
and it is not rational to execute a mold. 
 
 

4. CONSTRUCTION OF PLASTIC 
GEAR WHEELS 

 
Construction of gear wheels must meet 

requirements concerning its destination, and satisfy 
operational capacity of the wheel in given 
circumstances. An important requirement is 
construction workability, which saves material, 
simplifies tools construction and molding 

equipment, decreases manufacturing cost. Strength, 
reliability and durability of transmission depends on 
the material used, the size of the gear, the execution 
accuracy and other factors. Obtaining a structure to 
meet all imposed requirements is possible only if all 
specific physico-mechanical and technological 
properties of polymeric materials are taken into 
account. 

 

 
Based on the analysis of operating conditions, 

wheel construction, polymer material and basic 
parameters of the wheel are established. In addition, 
plastic properties must be respected such as high 
flexibility, mechanical strength, low diathermancy, 
temperature dependence of resistance and load 
speed, load relaxation. 

Sections homogeneity and wall thickness 
uniformity of the gear must be respected so as the 
difference between maximum and minimum 
dimensions does not exceed 25 - 30%. Correlation of 
constructive parts’ dimensions is indicated taking 
into account the possibility of wheel molding and use 
of rational schemes for casting systems with the 
distribution of splashing points. In addition, the 
principle of successive filling of mold with smelt 
polymer must be respected, beginning with sections 
of larger sizes. 

When removing gear wheels with small 
thickness of the walls out the forms the risk of their 
bending arises. To remove it, the wheel disc is 
reinforced with stiffening ribs, which should have 
uniform thickness and technological inclinations. In 
addition it should be taken into account that per a 
small number of stiffening ribs polyhedral surfaces 
may occur on the gear crown, because radial 
contraction of wheels sectors, where stiffening ribs 
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Figure 1. Comparative diagram „cost-gear 
wheel manufacture. 
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are located, differs from areas where the stiffening 
ribs are missing. 

 
 

5. CHOICE OF METHOD AND 
DESIGN OF MANUFACTURING 
FORMS FOR GEAR WHEELS OF 
PRECESSIONAL GEARING BY 

CASTING 
 
Based on the analysis of molding methods for 

plastic gear wheels according to certain selection 
criteria (simplicity and technological design, 
production volume, etc.) to manufacture the wheel, 
the method of casting under stress was chosen, which 
is one of the most widespread methods for  

 

manufacturing plastic products and composites 
based on them. Its advantages are: high productivity, 
possibility of process automation, safe consumption 
of material, comparatively high accuracy of obtained 
products, technological simplicity, and high quality 
of molded products [1]. 

Design of manufacturing molds for gear 
wheels of precessional gearing by casting under 
stress: Based on careful analysis of the construction 
of casting molds and according to the casting method 
selected construction and technical documentation 
was developed under which the mold was made. The 
process of tooth mold (core of mold) manufacture is 
protected by a patent [4]. The casting mold for plastic 
gearwheels of kinematical precessional transmission, 
shown in Fig. 2, is composed of three parts: one 
fixed, the intermediary and the mobile parts. 

 

 
In the developed technical documentation 

("Sigma"  factory, Chisinau) the metal mold of the 
wheel satellite was executed (Fig. 2) with a set of 
molds (Fig. 3), which allowed the casting of satellite 
wheels with various geometrical parameters, 

presented in Table 3. A set of satellite wheels with 
different geometrical parameters (Table 3) was 
produced from plastics using the mold). Samples of 
cast wheels are show in fig. 4. 

 
Table 3. Geometrical parameters of the satellite wheels.  

 
 

 

Parameters Symbol Satellite wheel 

Number of teeth 
Z2 30 31 30 31 30 31 
Z3 20 20 22 22 25 25 

Conical axoid angle, 
o 

�1 22,5 22,5 22,5 22,5 22,5 22,5 
�2 0 0 22,5 22,5 22,5 22,5 

Figure 2. Mold of plastic gear wheels in the precessional gear. 
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SOME OPTIMIZATION POSSIBILITIES REGARDING THE KINEMATICS 
OF THE GENEVA MECHANISMS 

 
A. Bârsan, PhD, prof. 

Transilvania University of Braşov 
 
 

INTRODUCTION 
 

 A number of different mechanisms can be 
used to convert the uniform rotary motion into 
intermittent rotary motion. The simplest of these 
mechanisms is the Geneva mechanism. The major 
disadvantage of the conventional Geneva 
mechanism is that the output motion starts and ends 
with nonzero values of acceleration. This problem 
limits the usefulness of the Geneva mechanism to 
low speed applications. In order to eliminate the 
shock of loading caused by these nonzero initial and 
final accelerations, two directions can be considered 
in the existent literature: 

 transforming the straight radial slots into 
curved slots; 
 using an intermediary mechanism to 
rotate non-uniformly the driving pin. 
 
 

1.GENEVA MECHANISM WITH 
CURVED SLOTS 

 
 Based upon the geometry and the kinematics 
of the Geneva mechanism with curved slotted 
wheel, studied by R.G. Fenton in [2], this paper 
presents the main characteristics of this mechanism. 
 
1.1. Modeling parameters 
 
 The following parameters are used to 
characterize the Geneva mechanism with curved 
slots (see Figure 1): 
 N – number of slots in the wheel; 
 0 – the half angle between the axes of 
symmetry of any two consecutive slots, 0 = 180/N; 

 )0(
1  - the initial position angle of the crank, 

0
1  [110o, 160o]; 

 1 - the current position angle of the crank; 

 )0(
2  - the initial position angle of the wheel; 

 2 - the current position angle of the wheel; 
 0 – the supplement of the initial position 
angle of the crank, freely selected by the designer, 

within certain practical limits, 0 = 180o - 0
1 ; 

 tm – the motion time of Geneva wheel at a full 
rotation of the driving crank; 
 tp – the pause time of Geneva wheel at a full 
rotation of the driving crank; 
  - the indexing ratio,  = tp/tm, or if the 
angular velocity is constant, the indexing ratio can 
be also expressed as  = (180 - 0)/0; 
 L – the distance between the driving crank 
and the wheel axis, O1O2; 
 R – the driving crank radius, O2P; 
 Rd – the wheel radius; 
 0 – one half of the offset between the entry 
point, A, and the exit point, C, of the slot. 
 
1.2. Aspects concerning the geometry and 
the kinematics 
 
 The geometry of the curved slotted Geneva 
mechanism was studied by Fenton in [2]. In order to 
define this mechanism, it is necessary to impose the 
fulfillment of the geometrical conditions by the 
displacement function, as it follows: 
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and the kinematical conditions: 
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Figure 1. Fenton’s Geneva Mechanism 
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 To diminish the acting shocks of the 
mechanism, it is recommended that the maximum 
acceleration value to be as small as possible. In (1), 
the most representative displacement functions are 
studied. In Table 1, the corresponding maximum 
acceleration values for each studied displacement 
function is presented, considering the same 
configuration for the Geneva mechanism. All the 
mentioned displacement functions fulfill the 
imposed geometrical and kinematical conditions (1) 
and (2). After analyzing these maximum 
acceleration values, it can be concluded that the 
modified trapezoidal displacement function ensures 
the lowest acceleration peak. 
 
Table 1. Displacement functions. 
 

The displacement 
functions 

max
2

2

dt

d 
 

Cycloidal 2
0

0




  

Modified trapezoidal 2
0

0444,2



 

Modified sine 2
0

0764,2



 

Polynomial 3-4-5 2
0

0886,2



 

Polynomial 4-5-6-7 2
0

0756,3



 

 
 By changing the slot shape from a straight 
radial line to a curved line, a Geneva mechanism 
with improved kinematical characteristics is 
obtained. 
 
1.3. The “Y” type Geneva mechanism 
  
 Analyzing the Fenton’s Geneva mechanism, 
it can be seen that the pressure angle reaches the 
value of 90o [1], fact that renders the transmitted 
force, zero. 
 The “Y” type Geneva mechanism represents 
a hybrid mechanism between the conventional 
Geneva mechanism and the Fenton’s one, This new 
mechanism was designed with aim to extend the 
optimization criteria, considering, also, the 
minimizing of the pressure angle, in order to 

improve the force transmitting properties of the 
mechanism. 
 According to Figure 2, the supplementary 
modeling parameters are (the previous presented 
remain available): 

 )1(
1  - the position angle of the driving crank 

at the entrance of the linear zone of the slot; 

 )1(
2 .- the position angle of the wheel, when 

the driving crank enters the linear zone of the slot. 
 The proposed Geneva mechanism is named 
of type “Y” according to the shape of the slot in the 
wheel. The characteristic profile of the slot is 
represented by the line ABB’BA (see Figure2). 
Three zones characterize this profile: 
 AB – curvilinear zone of the slot, on which 
the driving pin enters the slot (Figure 2, a); 
 BB’B – radial linear zone of the slot, similar 
to the conventional mechanism, which corresponds 
to the middle of the motion period (Figure 2, b); 
 BC - curvilinear zone of the slot, on which 
the driving pin leaves the slot. 
 These three zones of the slot are imposed by 
the optimization criteria, as it follows: 

 the kinematical optimization criteria 
(zero values for acceleration at the beginning and at 
the end of the Geneva wheel motion) fulfilled by 
adopting the curvilinear zones of the slot. These slot 
zones will be modeled by 5th degree polynomial 
displacement functions; 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

b. 
Figure 2. “Y” Geneva mechanism. 

a. 

(3)
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 considering the qualities of the 
conventional Geneva mechanism regarding the 
efficiency of power transmission, reflected by zero 
values of the pressure angles, a straight radial zone 
of the slot replaces that curvilinear slot zone of the 
Fenton’s mechanism, characterized by important 
values of the pressure angle. 
 Therefore, the displacement function of the 
proposed mechanism is a compound function with 
three different analytical expressions, corresponding 
to the three zones of the slot. This compound 
displacement function is presented in Table 2. 
 The values of the polynomial coefficients of 
the displacement function characteristic for the 

entering and leaving zones of the slot will be 
established by considering premises: 

 the displacement, velocity and 
acceleration functions are continuous; 

 the displacement, velocity and 
acceleration functions have to fulfill the geometrical 
and the kinematical conditions, modeled by the 
relations (1) and (2). 
 The “Y” type Geneva mechanism represents 
a generalization the different types of external 
Geneva mechanisms, being a hybrid solution 
between the conventional Geneva mechanism with 
straight radial slots and Fenton’s mechanism with 
curvilinear slots. 

 
Table 2. The displacement function for a “Y” type Geneva mechanism. 
 

Slot zone Profile type 1 2 

AB Curvilinear )1(
1

)0(
1 ...  615

2
14

3
13

4
12

5
112 aaaaaa    

BB’B Rectilinear )1(
1

o)1(
1 360...    

1

1

2

cos
L

R
1

sin
L

R

atg






  

BC Curvilinear )0(
1

o)1(
1

o 360...360   615
2
14

3
13

4
12

5
112 bbbbbb    

 
 

2. GENEVA MECHANISM DRIVEN 
BY A CAM MECHANISM  

 
 The obtained advantages by using an 
appropriate intermediary driven mechanism, in 
order to rotate non-uniformly the driven crank of a 
conventional Geneva mechanism are: 

 the nonzero acceleration values at the 
beginning and at the end of the motion of the 
Geneva wheel can be eliminated; 

 the acceleration peak of the Geneva 
wheel is decreased in comparison with the Geneva 
wheel without driven mechanism; 

 the dwell to motion time ratio can be 
freely selected by the designer, therefore the using 
flexibility of this mechanism is increased; 

 the input and the output elements of the 
compound mechanism can be coaxial assembled. 
 
2.1. Modeling parameters of the 
compound Geneva mechanism 
 
 The compound Geneva mechanism, studied 
in this chapter, is obtained by a serial connection of 
a conventional Geneva mechanism with an 
intermediary driven cam mechanism. The main 

geometrical modeling parameters are presented in 
Figure 3.  
 The supplementary notations are the following: 
 1a - the current position angle of the driving cam; 

 )0(
a1  - the position angle of the cam which 

corresponds to the entering of the pin in the slot of 
the Geneva wheel. 
 
2.2. Kinematical considerations regarding 
the compound Geneva mechanism 
 

 Considering that the displacement function of 
the intermediary driven mechanism is 1 = 1(1a), 
depending on the chosen displacement function of 
the cam mechanism, and the displacement function 
for the conventional Geneva mechanism, imposed 
by the mechanism construction, 2 = 2(1),for the 
compound mechanism the displacement function 
becomes:  

2 = 2(1a). 
 

 After successive differentiation of the 
displacement function (4), the velocity and the 
acceleration of the mechanism are obtained, as it 
follows: 

a1

1

1

2

a1

2

d

d
















 ;

(4)

(5)
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 Considering the kinematical optimization 
criteria imposed to the compound mechanism (zero 
acceleration values at the beginning and at the end 
of the Geneva wheel motion), and after analyzing 
the relation (6), for the driven mechanism the 
following conditions are imposed: 
 

0;0
)2N3(

N2
a1

1

)2N(
N2

a1

1

11















 





.  

 
 The displacement function for the driven cam 
mechanism may be any of the displacement 
functions recommended in the literature, such as: 
the linear displacement function, the harmonic 
displacement function, the cycloidal displacement 
function etc. From all of these, considering in the 
same time the geometrical acting conditions and the 
kinematical criteria (7), the most appropriate are the 

cycloidal and the polynomial displacement 
functions. 
 
 

3. CONCLUSIONS 
 
 All the proposed solutions, for improving the 
kinematical characteristics of the conventional 
Geneva mechanism, fulfill the imposed criterion to 
ensure zero acceleration values at the beginning and 
at the end of the Geneva wheel motion. 
 The “Y” type Geneva Mechanism represents 
a generalization of the different types of Geneva 
mechanisms with modified slots, rendering also a 
better transmission of the forces in the mechanism, 
due to optimum values for the pressure angle. 
 The compound Geneva mechanism driven by 
a cam mechanism doesn’t need a complex 
technology to obtain the wheel, as the other 
proposed solutions, ensuring in the same time the 
possibility of coaxial assembling for the input and 
output elements. 
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1. GENERAL CONSIDERATIONS 
 

For controlling a complex manufacturing 
process as whirling thread-cutting, the influence of 
the cutting regime, respectively of the cutting speed 
v and of the feed rate per cutting tooth fz upon the 
roughness obtained on the flank of the processed 
helical surface it is very important to be established 
and to be known, for different kind of mechanical 
parts with helical surfaces, as threaded shafts, 
cylindrical worms etc. 

The two above-mentioned parameters of the 
cutting regime, v and fz, are not independents, so 
that the study of their individual influence upon the 
surface roughness is not possible.  

The bi-dimensional equations describing 
the dependence of the roughness parameter Ra by 
the cutting regime parameters imposed to be 
determined. 

For determining such dependence 
equations, it was necessary to fix the other process 
parameters at certain values, which established the 
limits of the validity domain of the respective 
models. 

2. EXPERIMENTAL CONDITIONS 

The experimental samples reffered bellow 
have been realized on a whirling thread-cutting 
device installed on a normal lathe SNA 560x1000, 
in the Department of Machine Manufacturing 
Technologies from TU “Gh. Asachi” of Iasi. 

 Gh. Creţu, Ph.D, [1], have developed 
experimental researches concerning the influence of 
the cutting regime’s parameters upon the surface 
roughness on the flank of the cylindrical worms 
processed by whirling method.  

The technological conditions of the 
experiments mentioned above were, as following: 
 the number of rotations per minute for the 

whirling head, ns:  614 rot/min; 878 rot/min; 1070 
rot/min; 
 the number of rotations per minute for the 

processed part, nm: 2,4 rot/min; 3 rot/min; 3,76 
rot/min; 4,74 rot/min; 6 rot/min; 7,52 rot/min; 

 the diametrical coefficient of the processed 
worm, q: 11; 12; 
 the module of the worm, mx: 2; 3; 4, 

For all the experimental samples, realized 
of OL60 and OLC45 steel, the roughness parameter 
Ra  was measured with a SURTRONIC instrument 
produced by TAYLOR-HOBSON Co., following a 
measuring principle as it is shown in figure 1. 

 
 

 
 
Figure 1. The schema for measuring the roughness 
parameter Ra on the flank of cylindrical worms [1]. 
 

V. Merticaru jr., Ph.D, [4], have developed 
similar experimental researches, but concerning the 
influence of the cutting regime’s parameters upon 
the surface roughness on the flank of some external 
trapezoidal threads processed by whirling method.  

For these experiments, some of the process 
parameters were fixed at certain values, as 
following:  
 the pitch of the processed trapezoidal external 
threads p=10 mm;  
 the major diameter of the processed threads 
d=48 mm;  
 the diametrical coefficient, respectively the 
ratio between the diameter of disposing the cutting 
teeth and the major diameter  kd=1.1. 
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In these stipulated conditions, the value of 
the cutting speed v was modified through the value 
of the number of rotations per minute for the 
whirling head nc and the value of the feed rate per 
cutting tooth fz was modified both through nc and 
through the number of rotations per minute for the 
processed part, np. 

These researches were developed following 
an experimental plan as it is presented in table 1, for 
each of the steel materials submitted to study, 
respectively: OL60, OLC45. 

The applied measuring methodology is 
illustrated in figure 2. In this sense, the threaded 
sample was fixed into a positioning system 
consisting from an α-vice, set on the plate of a 
milling machine FUS-22, existing in the 
Department of Machine Manufacturing Technology 
from the “Gh. Asachi” Technical University of Iasi. 

  

For measuring, a Surtronic 3+ instrument, 
produced by Taylor-Hobson Co., was used and this 
apparatus was integrated with TalyProfile software, 
installed on a computer linked to the measuring 
instrument. 
 For allowing the access of the 
measuring pick-up, a groove was executed by 
milling on the threaded surface. 

 
Table 1. Experimental plan for studying roughness 
on trapezoidal threads cut by whirling, [4] 

 

3. EXPERIMENTAL RESULTS. 
CONCLUSIONS 

Gh. Creţu, Ph.D, [1], have determined the 
mathematical dependencies of the roughness 
parameter Ra through the parameters mx, vs and fz, 
for the cylindrical worms processed by whirling, as 
it is shown in table 2. 

On the base of the measured and 
registered results, Gh. Creţu, Ph.D, [1], also have 
graphically represented the bi-dimensional 
dependencies of the roughness parameter Ra 
through the cutting regime’s parameters vs and fz, as 
it is shown bellow in figure 3 for OL 60 steel and in 
figure 4 for OLC45 steel. 

 
 

 
 

Table 2. Mathematical dependencies of the roughness parameter Ra through the parameters mx, vs and fz, 
for the cylindrical worms processed by whirling [1] 

Sample’s 
material 

Mathematical dependencies of the roughness parameter Ra through the 
parameters mx, vs and fz 

OL60 

zsx
a fvm

R
0079,06863,759276,0

4323,0    [m] 

OLC45 

zsx
a fvm

R
03366,0056,27229,5

3029,1    [m] 

Exp. 
no. 

nc 
[rot/min]

np 
[rot/min] 

v 
[m/min] 

fz 
[mm/tooth]

1 614 2.4 111.5 0.15 
2 878 2.4 159.4 0.10 
3 1070 2.4 197.6 0.09 
4 1241 2.4 229.2 0.07 
5 614 3.76 111.5 0.23 
6 878 3.76 159.4 0.16 
7 1070 3.76 197.6 0.13 
8 1241 3.76 229.2 0.11 threaded sample Surtronic 

positioning system PC with TalyProfile

Figure 2. Roughness measuring methodology, for 
trapezoidal threads – image from laboratory, [4]. 
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Table 3. Mathematical dependencies Ra=Ra(fz,v) [m], for trapezoidal external threads, [4] 

Material Regression function R2 

OL60 vffR zza  32 104718,26636,264714,65098,0  0,9984 

OLC45 25107861,30114,01491,132080,0 vvfR za    0,9960 

 
 

 
Figure 3. Graphical representation of the 
dependency Ra=Ra(fz,v), for cylindrical worms, for 
OL60 steel, [1]. 
 

 
Figure 4. Graphical representation of the 
dependency Ra=Ra(fz,v), for cylindrical worms, for 
OLC45 steel, [1]. 

The obtained experimental results and their 
processing allowed to Gh. Creţu, Ph.D, [1], to 
formulate adequate conclusions and to establish 
that: 
 the surface roughness decrease when the cutting 
speed increases; 
 the feed rate per tooth and the module of the 
worm have a smaller influence upon the roughness 
values; 
 the mathematical models Ra=Ra(fz,v) are 
described by complex functions having polynomial 
expresions.  

V. Merticaru jr., Ph.D, [4], have processed 
the data obtained from experimental measurements, 
in computerized regime, using in this sense the 
informatic product DataFit 6.1. 

The regression functions found to 
approximate in the best way the dependence of the 
roughness parameter Ra on the cutting regime’s 
parameters fz and v, together with the corresponding 
values for the coefficient of multiple determination 
R2, are presented in table 3.  

 

 
Figure 5. Graphical representation of the 
dependency Ra=Ra(fz,v), for external trapezoidal 
threads, for OL60 steel, [4]. 
 

[
m

] [
m
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In figure 5 and figure 6, the graphical 
representations of the response surfaces for the 
models from table 3 are illustrated.  

In these two figures, also the experimental 
points are represented on the diagrams, together 
with the distances from them to the response 
surfaces, for to visualize the models’ errors in the 
considered points.  
 

 
Figure 6. Graphical representation of the 
dependency Ra=Ra(fz,v), for external trapezoidal 
threads, for OLC45 steel, [4]. 
 
 

The results presented above allowed to 
formulate the following conclusions for the 
trapezoidal threads cut by whirling: 
 when the cutting speed’s value v increases, 
the value of the roughness parameter Ra slowly 
decreases; 
 when the value  fz of the the feed rate per 
tooth increases,  also the value of the roughness 
parameter Ra increases, the influence being bigger 
in this situation, comparative to the influence of the 
cutting speed; 
  the mathematical models Ra=Ra(fz,v) are 
described by complex functions having polynomial 
expresions.  

 
4. FINAL CONSIDERATIONS 

 
As final conclusion, it can be remarked 

that the obtained values for the roughness 
parameter Ra , both for the cylindrical worms and 
for the external trapezoidal threads, are similar to 
the values of this parameter corresponding to 
grinding operations. 

So, there result that whirling thread-cutting 
can be succesfully applied as final operation for 
processing such kind of helical surfaces. 

The methodology of measuring the 
roughness parameter Ra presented in the paper can 
be used also for other types of helical surfaces 
generated by whirling thread-cutting. 

The results of the paper are useful for the 
activities of repairing and machining the spare parts 
for the cam type pieces, which require to know the 
follower motion law. 
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HOW TO ENCOURAGE MORE CREATIVE THINKING (1) 
 

Creative individuals are remarkable for their 
ability to adapt to almost any situation and to make 
do with whatever is at hand to reach their goals. Of 
all human activities, creativity comes closest to 
providing the fulfillment we all hope to get in our 
lives. Call it full-blast living. 

When it comes to creativity, one of our biggest 
concerns is usually how we can be more creative, or 
how to come up with better ideas. Research in this 
area is all over the place, but I've gathered some of 
the most practical studies out there to help you utilize 
specific techniques that can boost your creativity. All 
of these studies are useful for everyday creativity in 
daily life, so try a few out for yourself and see which 
ones work best for you. 

Have you ever wished you were more 
creative? If you do creative work, have you ever 
suffered from a creative block and been stuck 
wondering what exactly is wrong, and how you can 
get yourself out of it? Of course you have, I mean, 
who hasn’t! 

Today, you’re in luck — you are about to read 
one of the most comprehensive posts on 
understanding creativity and spurring on creative 
thinking that’s ever been compiled. With over two-
dozen research studies and academic papers cited, 
you’ll finally get a clearer view on the creative 
process out of the muddy advice often found on un-
scientific takes on the subject. 

Let’s dig in! 
How to Boost Your Creative Thinking 
When it comes to creativity, one of our biggest 

concerns is usually how we can be more creative, or 
come up with better ideas. Research in this area is all 
over the place, but I’ve gathered some of the most 
practical studies out there to help you utilize specific 
techniques that can boost your creativity. 

All of these studies are useful for everyday 
creativity in daily life, so try a few out for yourself 
and see which ones work best for you. 

1.) Restrict yourself 
Later on I will show you how external 

restrictions can hurt creativity, but right now I’m 
talking about internal restrictions, which can actually 
be used to boost creativity! 

The research shows that an insidious problem 
that many people have is that they will often take the 
path of “least mental resistance,” building on ideas 
they already have or trying to use every resource at 
hand. 

The thing is, the research also suggests the 
placing self-imposed limitations can boost 

creativity because it forces even creative people to 
work outside of their comfort zone (which they still 
have, even if they are a bit “weirder” than most). 

One of the most famous examples is when Dr. 
Seuss produced Green Eggs & Ham after a bet where 
he was challenged by his editor to produce an entire 
book in under 50 different words. 

I’m no Dr. Seuss, but I’ve found (and I’m sure 
other writers can relate) that when I’m suddenly 
restricted to writing something in 500 words when I 
had planned to write it in 800 words, it can lead to 
some pretty creative workarounds. 

Try limiting your work in some way and you 
may see the benefits of your brain coming up with 
creative solutions to finish a project around the 
parameters you’ve set. 

2.) Re-conceptualize the problem 
One thing that researchers have noticed with 

especially creative people is that they tend to re-
conceptualize the problem more often than their less 
creative counterparts. 

That means, instead of thinking of a cut-and-
dry end goal to certain situations, they sit back and 
examine the problem in different ways before 
beginning to work. 

Here’s a candid example – as a writer who 
handles content strategy for startups, my “cookie 
cutter” end goal is something like “write popular 
articles.” The problem is, if I approach an article 
with the mindset of, “What can I write that will get a 
lot of tweets?” I won’t come up with something very 
good. 

However, if I step back and examine the 
problem from another angle, such as: “What sort of 
articles really resonate with people and capture their 
interest?” I’m focusing on a far better fundamental 
part of the problem, and I’ll achieve my other goals 
by coming up with something more original. 

So, if you find yourself stagnating by focusing 
on generic problems (“What would be something 
cool to paint?”), try to re-conceptualize the problem 
by focusing on a more meaningful angle (“What sort 
of painting evokes the feeling of loneliness that we all 
encounter after a break-up?”). 

3.) Create psychological distance 
While it’s long been known that abstaining 

from a task (again, more on that later) is useful for 
breaking through a creative block, it also seems that 
creating “psychological” distance may also be 
useful.  

Subjects in this study were able to 
solve twice as many insight problems when asked to 
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think about the source of the task as distant, rather 
than it being close in proximity. 

Try to imagine your creative task as being 
disconnected and distant from your current 
position/location. According to this research, this 
may make the problem more accessible and can 
encourage higher level thinking. 

4.) Daydream… and then get back to work! 
Although study after study confirms that 

daydreaming and napping can help with the creative 
thought process, there is one piece of research that 
everybody seems to leave out…One study in 
particular shows that the less work you’ve done on a 
problem, the less daydreaming will help you. 

That is, daydreaming and incubation are most 
effective on a project you’ve already invested a lot of 
creative effort into. So before you try to use naps and 
daydreams as an excuse for not working, be honest 
with yourself and don’t forget to hustle first! 

5.) Embrace something absurd 
While I’ll be covering the case for “weird” 

experiences in more detail later on, for now you need 
to know that the research suggests that 
reading/experiencing something absurd or surreal 
can help boost pattern recognition and creative 
thinking. (Subjects in the study read Franz Kafka, but 
even stories like Alice in Wonderland have been 
suggested by psychologists) 

The conclusion was that the mind is always 
seeking to make sense of the things that it sees, and 
surreal/absurd art puts the mind in “overdrive” for a 

short period while it tries to work out just exactly 
what it is looking at or reading. 

I like reading interesting short stories like The 
Last Question or browsing absurdist art at places 
like r/HeavyMind when I’m looking for some 
inspiration. 

6.) Separate work from consumption 
Also known as the “absorb state,” this 

technique has been shown to help with the incubation 
process (much more on that later) and is far more 
effective than trying to combine work with creative 
thinking. It makes sense too — we are often in two 
very different states of mind when absorbing an 
activity and when we are trying to create something. 

I’ve found that my writing breaks down when 
I try to handle research + writing at the same time, 
and I’m much better off when I just turn off my 
“work mode” and consume more inspiration in the 
form of reading, watching, and observing. 

7.) Create during a powerful mood 
For a long time, the research has pointed 

to happiness as being the ideal state to create in. 
Recently though, a relatively new study (2007) on 
creativity in the workplace made this bold 
conclusion: 

Creativity increased when both positive and 
negative emotions were running high… 

The implication seems to be that while certain 
negative moods can be creativity killers, they aren’t 
as universal as positive moods (joy, being excited, 
love, etc.) in that sometimes they may spur creative 
thinking rather than hinder it. 

I can not do it. 

I can not do it?

I Want!

What?

I know 
!

,

Trying! 

I can! 

I did it!
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I don’t want you to put yourself in a bad mood 

to create something, but next time you’re in a strong 
emotional state, try to sit down and focus that energy 
on creating something, the end result could be 
worthwhile. 

8.) Get moving 
Is there any wonder that ‘Exercising more” is 

one of the most desired good habits in the entire 
world? 

Some research even suggests that exercise can 
actually boost creative thinking as well, due to it’s 
ability to get the heart pumping and put people in a 
positive mood. It’s similar to how other 
research shows that thinking about love can produce 
more creative thoughts; it’s not necessarily the act, 
it’s the change in mood. 

If you’re stuck in a creative rut and want to 
take a break, try including exercise while your brain 
is subconsciously at work, it may help to speed up 
your “Aha!” moment. 

9.) Ask, “What might have been?” 
According to the research surrounding the 

process of counterfactual thinking, looking at a 
situation that has already occurred and asking 
yourself, “What could have happened?” can boost 
creativity for short periods of time. 

According to an analysis by Jeremy Dean: 
 Analytical problems are best tackled with a 

subtractive mind-set: thinking about what could have 
been taken away from the situation. 

 Expansive problems benefited most from an 
additive counterfactual mind-set: thinking about 
what could have been added to the situation. 
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PERSONALITIES OF THE SCIENTIFIC UNIVERSE: Petrache Poenaru 

 

Petrache 
Poenaru was born 
on 10 January 1799, 
in Banesti village in 
Valcea county,not 
far  from  Balcesti. 
He completed  his 
secondary  education 
at the school near  
Obedeanu 
church,between 
1811 and 

1818.Petrache Poenaru was the nephew of the 
vornic (Justice of Peace) Iordache  Otetelesanu,the 
one who played an important part in the 
development  of schools  in Craiova.Since 1818 he 
worked at the Bishopric  office  in Ramnicu 
Valcea, while between 1820 and1821  he taught 
Old Greek at Metropolitan  Church  School in 
Bucharest.In the year 1821 Petrache Poenaru was 
Tudor Vladimirescu’s secretary during the 
revolution.That was a public position, his activity 
being linked to pen and inkpot. 

 
Engineering studies 
 
Though after Tudor Vladimirescu’s defeat 

his soldiers were hunted and beheaded, Petrache  
Poenaru manages to escape  and in 1822 he wins a 
scholarship  to study at the Technical School in 
Vienna and Berlin. Here he  gets acquainted with a 
number  of new technical  instruments of that time: 
calipers, micrometers. In 1826 he receives a  
French scholarship and  completes his studies at 
the Ecole Polytechnique in Paris in the field of  
topography  and geodesy. 

On  25 May 1827 , he  obtains the French 
patent 3208 for “a portable  endless pen ,which 
fills itself with ink“. This invention started a 
revolution in the field of writing instruments, 
contributing to creating a device used even 
nowadays by millions of people. Poenaru‘s 
fountain  pen was eliminating  the scratches on 
paper and the undwished dripping of ink and it 
presented solutions for further improvement of 
components in order to provide a steady ink flow 
as well as the possibility of pieces replacement.  
          On 27 October 1831 ,while  in England, he 
travels by train ,thus being the first Romanian who 
uses this means of transport inaugurated just on 
year earlier between Liverpool and Manchester .’’I 
made this trip  by a new means of transport , which 

is one of the wonders of the industry of our century 
.Twenty carriages connected with one another , 
filled with 240 persons are simultaneously drawn 
by a single steam machine “. 
 
    Contributions to organizing the education  
 
       Petrache Poenaru returns to Tara Romaneasca 
(Wallachia) in 1832 and is appointed teacher of 
physics and mathematics at Sf. Sava in Bucharest 
and since 1833 he becomes the head teacher of  
this school .In the same year he contributes to the 
setting up of the special courses of superior 
mathematics , geodesy ,mechanics ,architecture 
,agriculture and sylviculture in Wallachia .He 
creates  two classes of engineering and provides 
them witch manuals and equipment .In 1837 he 
translates and publishes in Romanian the first 
course of “Geometry”, and 1841 the course of 
“Algebra“. In the same year he publishes ,in 
collaboration,”the French–Romanian Vocabulary” 
in two volumes. On this ground ,Petrache Poenaru 
is mentioned even today as a francophone 
countries supporter in Romania. 
        In 1838, in his capacity as General Manager 
of Schools of Wallachia, a high official position, 
he establishes the rural public schools of Muntenia 
region .It is worth remembering that these schools 
were to be abolished by the reactionary regime set 
up after the defeat of the Revolution of 1848. It 
seems that always, present days included, school as 
an institution was not loved by the profiteering 
rulers. Does history  repeat itself ? 
       Petrache Poenaru got directly involved in 
equipping the schools of Craiova. Thus, in 1837 he 
donates to the Private Boarding School for Girls in 
Craiova, the present-day Elena Cuza National 
College, a set of maps - Europe, Asia, Africa, 
America, Australia – as well as 20 books on 
“Cours complet d’education domestiques  pour les 
filles”. 
       On 20 October 1850 he was assigned as 
member of the National Leading Council of 
Schools, having as task to supervise the way in 
which the Schools, Regulations of Tara 
Romaneasca  are observed, a document signed by 
prince Barbu D. Stirbei on 17 October 1850 and 
which stipulated  the establishment of a ”Faculty of 
exact sciences with 3 sections:  for topographers; 
bridges and highway engineers; architects”. As a 
result of Petrache Poenaru‘s direct involvement in 
the courses of the School for Bridges and 
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Highways, the present-day “Politehnica“ 
University in Bucharest starts its courses in 
January 1851. After the Romanian Principalities 
unification, Petrache Poenaru fully participates in 
the public life and designs the text of the “Public 
Education Law” of 1864. 
 
  Petrache Poenaru and the engineering activity 
  
         In 1836, on Petrache Poenaru‘s initiative, the 
first systematic meteorological observations are 
organized in order to determine the air 
temperature, pressure and humidity. 
        The Decimal Metric System is also introduced 
in Tara Romaneasca owing to Petrache Poenaru 
who in 1837 works out the first Romanian draft 
bill on this subject which had been discussed 
between 1834 and 1836 within the legislative 
bodies of the country. It was a partial victory – the 
introduction of the Decimal System of Prince 
Serban‘s stanjen (fathom )in 1836 and the battle 
was long, until 1864 when this system was 
legalized .Reasons were found, including the one 
that in Wallachia there were not enough engineers 
,though Petrache Poenaru had started, at the 
National School, courses of Theoretical and 
Practical Mathematics meant for the topographical 
engineers . 
        A similar reason was also brought in 1857, on 
taking over the telegraphic lines by the Romanian 
operators: the Romanians‘ incapacity to provide 
this service In this  domain, Petrache Poenaru ‘s 
competence and notoriety was also called for. In 
his capacity as President of an examining board, he 
organized a rigorous examination which proved the 
Romanian operators‘ ability to provide this service 
in Tara Romaneasca. 
       On 8 September 1847 ,the first bridge over the 
Olt river was inaugurated in Slatina and became 
actually operational on 15 December .The 
technical and administrative solution leading to the 
building of the bridge was given by Petrache 
Poenaru and Ioan Em. Florescu  
      In order to underline the complexity of 
Petrache  Poenaru’s activity ,I remind that in1849 
he publishes a paper on sericiculture ,”Advice for 
growing mulberry trees and breeding silkworms“, 
preceded by publishing the periodical “The village 
primary school teacher“ starting on 1 October 
1843 .As member of the Technical Commission of 
the Internal Affairs  Department, starting from 5 
March 1850, Petrache Poenaru was a supporter of 
introducing the machines in the activity of 
Wallachia. On the proposal made by the Technical 
Commission on 8 April 1854, a dredger was 

purchased from Paris in order to clear the garbage 
from the Dimbovita river. He hurried the setting  
up of an brick factory in 1858 but he did not for get 
to mention that they ”should not leave puddles ,but 
fill them with garbage “. Another example :making 
all the bricks of the same type .On March 1858 he 
said :”an analogy should prevail ,that of length 
towards width ,plus a half finger place or a narrow 
space so that ,within  the work the length should 
cover the two widths placed with the small interval 
between them .Only in this case ,the walls surfaces  
will be plane surfaces for any wall thickness”. 
 
      Recognition  
 
      In 1841 he was elected Dolj county deputy. On 
10 September 1870 he became a member of the 
Romanian Academy. The  official welcome was 
scheduled for 8 September 1871 but, Petrache 
Poenaru being ill ,the reception speech, entitled 
“Gheorghe Lazar and the Romanian School”, was 
delivered by his friend Gheorghe Sion. 
         He passed away on 2 October 1875, at the 
age of 76 and bequeathed a social work whose 
effects are apparent even nowadays. His 
descendants also followed his example .I refer to 
his great – grand daughter, the writer Alice 
Voinescu (1885-1961), born in Tr. Severin. A few 
schools in the country bear the name “Petrache 
Poienaru”. One of them is school no.9 in Craiova. 
On the bust pedestal ,placed in the school play 
ground, it reads: ”TO AGA PETRACHE 
POENARU 1799-1875 THE ROMANIAN 
SCHOOL ORGANIZER“. He received the title of 
Aga (police prefect) in 1834.  
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1. GENERAL PRESENTATION OF 

OPEN EDUCATIONAL RESOURCES 

AND MOOCS 
 
The Technical “Gh. Asachi” University Iaşi, 

România, (Faculty of Electrical Engineering and 
Department for Teacher Education ─ DPPD; 
http://moodle.ee.tuiasi.ro/) and Technical University 
of Moldova, Chișinău, Republic of Moldova 
(http://elearning.utm.md/moodle/), have initiated a 
multimedia research and development program to 
develop engineering courseware using various 
multimedia technologies. An important incentive 
was the success of the realization inter-university 
network during CRUNT project [26-27]. 

 
 

2. GENERAL PRESENTATION OF 

OPEN EDUCATIONAL RESOURCES 

AND MOOCS 
 
Open Educational Resources (OER) have the 

potential to broaden access to education and to 
improve the quality and cost-effectiveness of 
teaching and learning in Europe. The best way to put 
OERs into practice is through Massive Open Online 
Courses (MOOCs). MOOCs are large-scale courses 
that represent one of the latest developments in open 
education, an initiative that is always trying to 
improve quality, access and equality in education 
and training. 

MOOCs can be implemented in formal, informal 
and non-formal learning, and make learning 
ubiquitous.  

Project will use leading-edge technology to 
create a combined Moodle MOOC platform– based 
on individual platforms and resources provided by 
project partners – making it possible to combine and 
transfer pilot activities in all the hubs involved. 

Project will contribute to increasing awareness of 
the advantages of open education in Europe. The 
project will prove the potential of MOOCs (courses 
and communities) for breaking down technological 
barriers in learning across people with special needs 
or at risk of exclusion. 

MOOCs adopted definition: MOOC is an online 
course designed for large number of participants that 
can be accessed by almost anyone anywhere as long 
as they have an internet connection, is open to 
everyone without entry qualifications and offers a 
full/complete course experience online for free.  

A MOOC includes educational content, 
facilitation interaction among peers (including some 
but limited interaction with academic staff), 
activities/tests, including feedback, some kind of 
(nonformal) recognition options and a study guide / 
syllabus. 

 
 

3. MOODLE PLATFORM USED IN 

DELIVERING MOOCS 
 

MOODLE is an open-source learning 
management system (LMS) that allows users to 
build and offer online courses. It was built for 
traditional online classrooms rather than MOOCs, 
which attract a large number of students. Moodle is 
suited for organizations that want a full-featured, 
customizable LMS. The platform offers educational 
tools, analytics and SCORM compliance. The trade-
off is that the platform is over 10 years old. The 
number of configuration options can be daunting, 
and system performance suffers with larger numbers 
of students. 

 
 

4. I-PEDAGOGICAL 

CHARACTERISTICS OF MOOCS 
 

1. People learn by association, building ideas or 
skills step-by-step. For example by mnemonics, 
training drills, imitation, instruction. Associative 
learning leads to accurate reproduction or recall. The 
dominant approach in Content-MOOCs is 
associative learning. 

2. People learn by constructing ideas and skills 
through active discovery. For example by 
exploration, experimentation, guided discovery, 
problem-solving, reflection, etc. Constructive 
learning leads to integrated skills and deep 
understanding. The task-based MOOCs lay 
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emphasis on active discovery by learners. Some 
assignments are still based on associative learning 
but most are based on the approach of Constructive 
learning. But perhaps we should not use term Task-
based MOOCs because in all approaches the 
learners have tasks and assignments. The difference 
depends how open, how complex and authentic such 
a task is. 

3. People learn by constructing ideas and skills 
through dialogue. For example by discussion, 
debate, collaboration, shared knowledge-building, 
etc. Social constructive learning also leads to 
integrated skills and deep understanding. The main 
approach of the original MOOCs is Social 
constructive learning although elements of 
constructive learning are also present (i.e., 
exploration is more important than any particular 
content). 

4. People learn by participating in a working 
community. For example by apprenticeship, work-
based learning, legitimate peripheral participation, 
learning networks, etc. Situated practice leads to the 
development of habits, values and identities. Hence 
MOOCs using the approach of situated practice are 
missing. MOOCs to be developed under this 
approach can be linked to massive simulation and/or 
games to networked learning i.e. learning in massive 
online learning networks or to concepts like Virtual 
Internship and Virtual Business Learning (Jansen et 
al., 2003). 

 
 

5. LEARNING SYSTEM STRUCTURE 
AND WEBSITE ORGANIZATION 

 
A modular and hierarchical structure was 

incorporated in designing the organization of the 
learning system. Five levels were maintained to 
hierarchically structure contents. The learning 
material was classified into modules at each level to 
ease the content and course management by 
providing flexibility for reuse. The structure of the 
learning system is shown in Figure 1. on moodle 
platform at http://moodle.ee.tuiasi.ro/course/ 
view.php?id=55. 

The structure was designed in close relationship 
to that of an academic curriculum. Each level can be 
compared relatively to a traditional education 
system. The top level in the system structure was 
broadly divided into categories called “modules”; 
this stage is similar to the different streams and 
majors in the academic curriculum that a student can 
take. As there may be different courses available in 
each stream that make them unique, the modules 

consists of individual “lessons” that supplement 
information on related topics. 
 

 
Figure 1. Learning System Structure. 

 
The lessons were further divided into 

“objectives” to provide a fundamental learning 
experience for the students with explicit material 
focusing on specific topics. 

These objectives, which are the building blocks 
for the entire learning system, and are comparable to 
the different chapters in a textbook followed for a 
course. 

The last level in the learning system was the 
content organization and presentation in each 
objective. The contents in the objective were 
displayed by segregating into frames. This level in 
the system is similar to the pages of each chapter in 
the textbook. As each chapter may vary in the 
number of pages, the objectives were also designed 
to vary from 1–20 frames depending on the volume 
of content. Though each frame displayed specific 
content, they were made self-contained in a single 
environment for an objective. 

This was done to maintain continuity in learning 
and minimize waiting time to load each frame. This 
frame-based structure was designed to display small 
chunks of material and help the user to grasp 
concepts gradually before proceeding to the next 
one. 

 
 

6. MOOCS ELECTRICAL CIRCUIT 

THEORY COURSE ORGANIZATION 
 

Course organization is based on Bloom's 
taxonomy of education objectives applied to e-
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learning of electric circuit theory, see Tables 3 and 
4. 

As engineering curricula and courses continue to 
be restructured due to emerging technologies and 
ideas, it has become difficult to decide what body of 
knowledge to be retained and what is to be left out, 
given that the length of time for undergraduate 
education is limited to four years.  

The selection of e-learning technologies should 
involve the assessment of course content, learning 
outcomes, and interaction needs.  Olcott (1999) 
provides what he calls five “Five I’s” of effective e-
learning: interaction, introspection, innovation, 
integration, and information. 

Interaction refers not only to the communication 
that should occur between the student and the 
instructor and the student with other students but 
also the interaction between the students and the 
content of the course.  Thus, asynchronous and 
synchronous communications as well as the 
presentation of print materials and links to the 
Internet from the technology needs of interaction.  
Introspection is the interpretation, revision, and 
demonstrated understanding of concepts.  
Discussion boards and graphics can be effective 
technologies to encourage introspection.  Innovation 
refers to the ability of instructors to experiment with 
technologies to address various learning styles.  
Thus, combination of audio, video, and 
asynchronous discussion can provide various 
opportunities for students to learn.  Integration 
reflects the integration of facts, concepts, theories, 
and practical application of knowledge.  Using case 
studies, print exercises, and role-play can create a 
setting in which integration can occur.  Information 
refers to the knowledge and understanding that is a 
prerequisite for students to move to the next level of 
learning.  

The instructional objectives provide the basis for 
instructional activities in and outside of the 
classroom. For each class, the students come in with 
different learning styles and capabilities. Variation 
in learning styles of the students can be addressed 
through course organization. At this point, course 
organization is generally at the prerogative of the 
instructor who teaches the course.  However, there is 
a general consensus and effort is being mounted by 
all faculty members to adapt instructional techniques 
that enhance student learning in and out of the 
classroom.  It is therefore the instructor who is 
required to take into consideration the different 
learning styles and the teacher builds the class 
presentations around a hybrid of pedagogical 
techniques so as to accommodate all the students 
enrolled in the course.  

Shown in Table 1 is a sample of course objective 
for Circuit Analysis.  It is obvious from the 
objectives that this is not the traditional first circuit 
course in a typical Electrical Engineering program. 
Also note worthy is that only the first two sets of 
objectives are written out in detail.  The objectives 
indicate things that the student must be able to do at 
the end of the course. 

 
Table1: Sample Instructional Objective for Circuit 

Analysis  
Nr. Instructional Objective 

1. Be able to explain basic concepts in 
electrical engineering: 
- Give a descriptive definition of an 
electric circuit. 
- List electrical and magnetic 
quantities, their units, and symbols. 
- Use scientific and metric unit 
notations. 
- Describe the relationship among the 
basic quantities in electric circuit theory:  
charge, current, potential, voltage, work 
(energy), and power 
- Distinguish between passive and 
active circuit elements 

2. Be able to explain experimental and basic 
laws: 
- Explain Ohm’s law 
- Calculate current, voltage, and 
resistance in a circuit; for elements in 
series, parallel and combinations of both. 
- Derive the conditions for voltage and 
current division. 
- Explain Kirchhoff’s current and 
voltage laws. 
- Apply Kirchhoff’s current law to 
determine an unknown branch current. 
- Apply Kirchhoff’s voltage law to 
determine an unknown voltage drop. 

3. Be able to apply methods of network 
(circuit) analysis 

4. Be able to apply circuit theorems to 
analyze circuit. 

5. Be able to use operational amplifiers as 
active circuit components 

6. Be able to describe the structure and 
characteristics of energy storage elements 
(capacitors and inductors) 

7. Be able to relate sinusoids, phasors, and 
complex numbers to circuit elements and 
variables.  

8. Be able to apply Ohm’s law and 
Kirchhoff’s laws in AC circuits 
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9. Be able to determine sinusoidal and pulse 
response of RC circuits. 

10. Be able to determine sinusoidal and pulse 
response of RL circuits. 

11. Be able to analyze basic RC and RL filters.
12. Be able to explain the concept of 

electromagnetism, magnetic induction, and 
mutual inductance. 

13. Be able to describe the construction and 
operation of transformers.   

14. Be able to analyze circuits with 
transformers. 

 
It is pertinent to call the reader’s attention to the 

entries in the instructional objective Table 1. The 
writing of instructional objectives or course 
objectives is an elaborate exercise that takes a lot of 
time. Generally, the instructional objectives are 
divided into weekly activities and entered into the 
course calendar. 

The basic outline of the course consists of 
Content Building Blocks (see Table 2). 

 
Table 2. Course Content Building Blocks.  

 

Content Circuits 
Analysis 

AC Fundamentals BK/ AP 
DC Fundamentals BK/ AP 
Circuit Theorems BK/ AP 
Complex Numbers BK/ AP 
Energy Storage Elements BK/ AP 
Transients BK/ AP 
AC Power Analysis BK/ AP 
Three-Phase Circuits BK/ AP 

 
 

Magnetically Coupled 
Circuits 

BK/ AP 

AC Steady-State Analysis BK/ AP 
Analog Filters BK/ AP 
Fourier Transforms BK/ AP 
Laplace Transforms BK/ AP 

BK =  Basic Knowledge  
AP =  Application  

 
Some helpful strategies for establishing 

education objectives for on line courses are:  
a) Establishing online threaded discussions that deal 
specifically with assignments and projects;  
b) Establishing course projects that:  
 require problem finding and problem solving, not 
only the rote memorization of facts and 
information; and  
 challenge everyday thinking to address diverse 
perspectives on issues;  
c) Establishing learning outcomes that translate to 
and have lasting benefit to real-world practice.  

Create conditions for a knowledge sharing 
community to emerge and create as many 
opportunities for others to learn your infrastructure 
for knowledge sharing. 
The numbers in parentheses are based on the six 
categories of learning from Bloom's Taxonomy of 
Education Objectives. 
Traditionally, categories (4)-(6) are considered 
more challenging, requiring higher level thinking 
skills.  

As examples we considered: 
 the objectives for chapter ac power analysis (1 
introduction; 2 instantaneous and average power; 3 
maximum average power transfer; 4 the effective  
 
 

Table 3. Bloom's Taxonomy of Education Objectives. 
 

Six categories of 
learning   

(1) Knowledge /  
Remembering  

(2) Comprehension /  
Understanding  

(3) Application  

Student Simple 
Memory/General 
knowledge 
 

Student knows and 
understands 
information. 
 

Student knows, 
understands, and uses 
information.  

Computer Tool: Drill and Practice. Visualization software, 
tutorials 
 

Internet research, 
Databases, Spreadsheets, 
Simulations 
 

Internet Task: As students read 
articles and triangulate 
to determine the 
accuracy of facts, they 
learn the facts. 

In order to avoid 
plagiarism, students 
must summarize 
information and relay it 
in their own words. 

The use of an Internet 
based simulation / game 
would be useful here.  
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Table 4. Bloom's Taxonomy of Education Objectives 

  
value; 5 apparent power and power factor; 6 
complex power; 7 conservation of ac power; 8  
 the objectives (see Table 4) for the review of 
single-phase power and power factor correction, (• 
solve for the real, reactive, apparent, and complex 
power of a circuit and determine the power factor  
(leading or lagging);  

• use the power triangle to relate the power 
components of a given circuit;  
• explain the purpose of performing power factor 
correction;  
• determine the reactive power and capacitance 
required to obtain a specified power factor, see 
figure 2).  

Six 
categories 

of 
learning   

(4) Analysis (5) Synthesis /  
Creating   

(6) Evaluation  

Student Student knows, 
understands, uses and 
critically examines 
information.  

Student internalizes information to 
generalize about and beyond what 
is known.  

Student judges known 
and/or hypothesized 
information 

Computer 
Tool: 

Presentation Software, 
Visualization Software, 
Databases, Spreadsheets, 
Simulations  

Presentation Software, Word 
Processing 

Presentation Software, 
Word Processing, Internet 
Research  

Internet 
Task: 

During the process of 
triangulation, students 
must examine, compare 
and test information and 
ideas for accuracy and 
logic 

When students write their report, 
they create a new piece of work 
compiling ideas and facts as well as 
generating conclusions. 

When students write a 
conclusion for their report 
they judge among 
competing ideas and draw a 
conclusion. 

4

Engineering Circuit Analysis

Power FactorPower Factor
 Consider A Complex 

Current Thru a Complex 
Impedance Load

 The Current and Load-
Voltage Phasors
(Vectors) Can Be 
Plotted on the Complex 
Plane

 By Euler

 in the Electrical Power 
Industry Z is the Power 
Factor Angle, or Simply 
the Phase Angle
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Engineering Circuit Analysis

Example Example -- Complex PowerComplex Power
 For the Circuit At Right

• Zline =0.09 + j0.3
• Pload = 20 kW

• Vload = 2200°
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Engineering Circuit Analysis

Power Factor CorrectionPower Factor Correction
 As Noted Earlier, Most 

Industrial Electrical 
Power Loads are 
Inductive
• The Inductive 

Component is Typically 
Associated with Motors

 The Motor-Related 
Lagging Power Factor 
Can Result in Large 
Line Losses

 The Line-Losses can 
Be Reduced by Power 
Factor Correction

 To Arrive at the Power 
Factor Correction 
Strategy Consider A 
Schematic of A typical 
Industrial Load

23

Engineering Circuit Analysis

Power Factor Correction cont.2Power Factor Correction cont.2
 Find new  

• Cap is a Purely 
REACTIVE Load

 The Vector Plot Below 
Shows Power Factor 
Correction Strategy
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Figure 2. Power Factor Correction. 
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Table 4. Objectives for chapter AC power analysis.  
 

 (2) 
Comprehension 

(3) Application (4) 
Analysis 

Describe (2) how 
the power 
triangle for a 
given circuit 
relates to the 
impedance 
components on 
the complex 
plane.  
Describe (2) how 
the power 
triangle for a 
given circuit 
relates to the 
impedance 
components on 
the complex 
plane.  
Explain (2) the 
purpose of doing 
power factor 
correction.  

Solve (3) for the 
instantaneous 
power p(t), 
average (or real) 
power P, reactive 
power Q, 
apparent power 
S, complex 
power S, 
and power factor 
for any of the 
elements of an 
AC circuit.  
Use (3) the 
power triangle to 
describe the 
power 
components of a 
given circuit or 
element.  

Explain 
(4) the 
physical 
meaning 
of 
instantane
ous power, 
average 
power, 
reactive 
power, 
apparent 
power, 
complex 
power and 
the power 
factor 
(leading or 
lagging).  
 

 
 

7. CONCLUSIONS 
 
This paper is a synthesis that presents the 

conception of a project devoted to use moodle 
Virtual Learning Environment for the development 
of MOOC courses which mainly contains OER 
materials in order to educate the Engineering 
Students. 

We developed a framework to teach systematic 
problem-solving skills and allow students to 
complete interactive exercises at their own pace.  
Conventional web-based exercises tend to take two 
major forms: multiple-choice questions and short 
problems asking students to fill in numerical 
answers. The multiple-choice question format, even 
in a regular classroom, tends to encourage guessing 
or elimination to arrive at the correct answer.  

While the ability to guess or to eliminate 
incorrect answers is desirable, the lower-level 
courses need to teach students how to use basic 
theory to arrive at the correct answer. The 
implementation of this format on the web leads to 
another undesirable learning characteristic: students 
can get to the correct answer after several wrong 
clicks without even guessing. There is essentially no 
learning involved in this fast-click exercise. The 
short-problem format, with filled-in boxes, avoids 
these drawbacks but fails to teach students how to 

proceed step-by-step from the problem statement to 
the correct solution. The systematic problem-
solving skill is the major learning outcome of low-
level engineering courses, and web-based 
instruction needs to provide methods to teach this 
skill. 

Our web-based instructional methodology 
focuses on teaching these systematic problem-
solving skills.  
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1. INTRODUCTION  
 

      The primary role of space technology in driving 
the development of different branches of science 
and technology is growing, especially for 
agriculture, geodesy and surveying, ecology and 
environment monitoring, etc. The idea of sending 
extremely small satellites into space originated from 
educational institutions and then adopted in diverse 
application fields. The paradigm of microsatellites 
development involved the use of commercial of-the-
shelf components, designed for restricted lifetime, 
but at affordable prices. Recently a lot of 
universities have nano- and pico- satellite 
development projects and many of these pico- and 
nano- satellites were already brought into orbit. 
Small satellites coupled with ground stations, built 
with minimal costs, may allow an intense exchange 
of data. Typically, ground stations are isolated and 
used occasionally because of a limited period of 
visibility between the station and a satellite radio. 
One solution is that such stations to be used to 
support satellites from other universities, namely 
the creation of a network of ground stations what 
would allow remote communication. The 
development of such a network is not an easy task 
and requires the construction of ground stations 
with a proper antenna in order to ensure a good 
quality connection. 
 It is suggested the idea of connecting these ground 
stations via a computer network, which would allow 
their wider use. Such a mechanism would allow 
extension of the period of visibility of the satellites, 
and at the same time, an increase in the amount of 
received and sent data. To increase the number of 
stations available, the authors also propose to 
extend the network of educational ground stations 
because it has appropriate hardware and Internet 
access. Another idea is a simultaneous reception of 
satellite data from several ground stations, and then 
send them to the control system, which will merge 
the data packets.  

     This paper presents the design of a distributed 
ground station network development and detailed 
proposal for its practical realization. Clusters 
formed at Center of Space Technologies TUM with 
other research centers at the faculties of 
Radioelectronics and Telecommunications, 
Computers and Information Technology and 
Mechanical Engineering aimed at extending 
directions of activity and research at the intersection 
of areas such as flight dynamics of spatial objects, 
orientation and stabilization, design of satellite 
attitude control systems, capturing images, satellite 
communications and data transmission to ground 
stations. 

Regarding the connection to a network of ground 
stations, common infrastructure will provide a new 
level of operational research and satellite 
communication for an unlimited number of 
researchers and PhD students, which will allow a 
more efficient implementation and promotion of 
space technologies.  

 

2. STRUCTURE OF SPACE 

TECHNOLOGY EXCELLENCE 

CENTRE 
 

  The Centre of Excellence for Space Sciences and 
Technologies, (NCST) has been established by a 
consortium from Technical University of Moldova, 
academic institutions and some high-tech SMEs in 
order to take advantage of the benefits of space 
technologies and applications in Earth observations, 
meteorology and astrophysics. The goal of the 
NCST is to exclude the lack of scientists, engineers 
and technicians on the area of space research and 
development  by dissemination of experiences in 
the space domain to contribute   building of long-
term partnerships between peoples from different 
European countries to run sustainable outreach 
activities which can act as a catalyzers, motivating 
pupils and students at different ages and education 
levels. The RTD activities of NCST are focused on 
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medium resolution interactive remote sensing and 
creation of flying missions by involving in these 
projects most students at different ages and 
education levels. These goals are supported by the 
concurrent development of micro- and nano- 
satellite platforms, an advanced ground control 
infrastructure and satellite integration facilities, as 
well as a series of multidisciplinary laboratories for 
developing and testing of satellite systems and 
components in simulated space environments. This 
Centre of Excellence for Space Sciences and 
Technologies provides students, early career 
engineers and enthusiasts educational resources in 
many aspects of space engineering.  

Center of Excellence for Spatial Technologies 
was created to promote laboratories of space 
technology for students from many specialties from 
the Technical University of Moldova. Then it was 
done for other universities, colleges and high 
schools as a common center with the following 
structure: Laboratory of satellite components 
development; Laboratory of simulation and testing 
of the satellite attitude; Center of Excellence 
Information Technologies and Communications; 
Laboratory for processing data and images from 
satellites; Telemetry ground station; Ground station 
for receiving satellite images;  Astronomical 
observatory. 
  The Laboratory of satellite components 
development was the starting point that was 
founded to promote the concept of space 
technologies. Here the idea of creating a 
nanosatellite designed to stimulate the enthusiasm 
of young people, to encourage them to get 
acquainted with the most advanced technologies in 
electronic communications space. Laboratory are 
well equipped with computers and equipment for 
design and development of nano- and micro- 
satellite components such as electric power systems, 
on-board computers, data transmission equipment 
systems, remote sensing (satellite image capture) as 
well as structural elements of satellites.  

Laboratory of data processing and imagery 
is aimed for familiarizing students and doctoral 
students with processing methods and application of 
these results in various fields. Remote sensed 
images are generally obtained for different 
purposes. A peculiarity of images obtained from 
microsatellites is capture during the satellite’s 
movement. This factor causes geometric distortions 
as well as radiometric ones. The laboratory of 
satellite data processing deals with the research on 
methods of pre-processing of distorted images 
obtained from microsatellites. There were analyzed 
and processed concrete examples of images for each 

type of distortion in software environment based on 
the methods of processing remote sensed images in 
spatial domain processing as well as in frequency 
domain processing and compares theirs efficiency. 
Remote sensing brings together a multitude of tools 
for better analysis of the scope and scale of different 
environmental problems that are an important issue 
of our country. In order to meet the needs, image 
processing procedures should make it easier than 
ever to read, explore, prepare, analyze and share 
information from imagery. 
  The Excellence Center of Information 
Technologies and Communications was created as a 
promising infrastructure for hosting a strong cloud 
computing computer network, research laboratories, 
simulation and design of various information 
systems, communications, including satellite data 
processing, aerodynamic calculations, etc. 
Everything in this place is a multi-purpose hall for 
assuring the various academic meetings, inter-
universities and international. This Center will 
conduct lectures and practical work not only by 
TUM professors, but will favor those invited to 
promote the most advanced information and 
communication technologies. A successful 
collaboration are workshops conducted by IBM 
Romania which, under the Academic Initiative 
IBM, are familiar with the type design technologies, 
Model Driven Systems Development with IBM 
Rational Rhapsody, ILOG OPL - Operations 
Research, mathematical optimization, mathematical 
programming, Mathematical Programming and 
Constraint Programming, etc.  In future, the 
researches are expected with the effective 
participation of students in projects GNSS / LPS 
based Online Control and Alarm System (GOCA) 
on base of  Mathematical Models and Technical 
Realization of a Scalable System for Natural and 
Geotechnical Monitoring Analysis, Numerical 
modeling in CFD framework with CFD applications 
in renewable energy conversion systems design, 
aerodynamics, CFD applications for structure 
strength, etc. 
 

3.  MICROSATELLITE IN 

EDUCATION AND RESEARCH 
 

The research, design and manufacture of 
functional components of the microsatellite 
Republic of Moldova (MS RM) were performed 
during some projects and funded by the State 
Program. Following the carried out research, there 
have been developed and manufactured the basic 
functional components of MS RM experimental 
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sample shown in Fig 1. After assembling of  the 
functional components inside the case and the PV 
panels which would provide the conversion of 
electricity necessary budget, the sizes of MS RM 
became 285x285x285 (mm) and weight ≤ 9.5 kg. 
Research on constructive-technological 
modernization and adjustment of all components of 
MS RM according to the specification requirements 
is in continuous development. The changes to be 
made following the experimental research in 
laboratory conditions will be taken into account in 
the manufacture (upgrading) of MS flight sample. 

In order to solve efficiently the problem of image 
capture, compression and coding, this being the 
most important aspect of the microsatellite mission, 
there appeared the need for research and 
development of the module and operation 
algorithms of the given subsystem. Following the 
research and analysis carried out, it was proposed a 
functional structure for the class MS (Fig. 1). The 
process of image capture is running at the command 

and under the control of the onboard computer. Was 
designed the protocol of interactions and the 
instruction set between the onboard computer and 
image sensor that are interpreted and executed via 
the local microcontroller (MCU) with ferroelectric 
memory (FRAM) MSP430FR57xx of the image 
sensor, and others - via entities implemented in the 
programmable circuit PLD MAX II ALTERA. The 
distinct side of a FRAM-microcontroller consists in 
radiation tolerance. For communication with the 
local MCU two RS-232 channels are planned. In the 
developed sample [7], the integrated circuit 
OV5633 is used as image sensor. We mention the 
following features of this sensor: image size 2592 x 
1944 pixels (px); frame rate 60 fps@ 752H × 

480W; data rate 27 Mpx/s; clock frequency (master 
clock) 6 ... 27 MHz; size of a pixel 1,75 μm × 1,75 
μm and rolling shutter. The image sensor is 
configurable and this procedure is carried out via 
the I2C mainline. Setup instructions can be 
generated by the local MCU and by the onboard 
computer from the exterior. The instruction to start 
image capture, StartImageCapture, is transmitted 
from the CBS via the programmable device MAX II 
ALTERA to the image sensor. When receiving the 
this instruction, the entity concerned (implemented 
in PLD) is synchronized in time with the start of a 
new image capture, which it transmits and records 
pixel by pixel into the operative memory SRAM. 
There have been developed the algorithms and the 
testing software of the image sensor. Captures were 
carried out in order to certify the quality of the 
image. 

Determination, orientation and stabilization 
systems of microsatellites attitude are considered 
among the most important and expensive board 
components. The correct orientation of 
microsatellite flying on the orbit defines mostly the 
opportunity to achieve mission objectives, 
particularly those relating to capturing the image of 
the earth’s surface. Modern systems of 
microsatellite orientation are often based on 
technologies and constructive solutions that 
generate force couples through the interaction of 
actuators with the Earth’s geomagnetic field. Such 
systems provide angular positioning with 
satisfactory precision with small dimensions, 
limited mass and energy budget.  

The architecture of the onboard computing system 
(OCS) of a satellite is determined by the mission 
objectives and performances appropriate to 
technical specifications. In the case of a 
microsatellite (MS), tasks (OCS) are individualized, 
including: orientation in space, telemetry and power 
supply control, communication with ground 
monitoring stations. Our concept of OCS requires 
the “specialization” of processors on cosmic 
mission issues involving the inclusion of a number 
of processors with diverse architecture, performance 
and memory capacity. In this case, does not occur 
the “migration” of processors’ functions, but their 
“stationing”, which would reduce reliability in case 
of a processor’s failure. However, the specialization 
of processors requires the development of 
applicative software of modules distributed on 
specific processors and the development of an 
operation system of reduced complexity (compared 
to the simple variant) for the management of 
onboard computer resource. This concept is less 
expensive both in terms of hardware, since each 

Figure 1. General view of MS „Republic of 
Moldova”. 
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processor is optimized for its task and in terms of 
software, since it requires a smaller volume of 
complex verification. There is an architectural 
variant consisting of a local network of 
microcontrollers with one or two processors of high 
performance, the others can have performance 
enough to fulfill the mission requirements. In this 
case all microcontrollers must be compatible at the 
soft level. In terms of hard costs, there will be an 
intermediate cost between the two previous versions 
(based on the optimal distribution of tasks per 
processor), and in terms of software - the 
complexity and the cost will be closer to the first 
architecture analyzed. Thus, the onboard computer 
may be optimized based on cost and reliability. 

Given the requirements in the specification of MS 
RM project, there was proposed a structure of the 
local network of microcontrollers that includes the 
core microcontroller (MCU) and a set of auxiliary 
microcontrollers. These MCU perform the 
following specialized functions: image capture 
control, regulation and distribution of electricity, 
telemetry control, thermal regime control, satellite’s 
attitude, orientation and stabilization control. In 
developing the architecture of the onboard computer 
with maximum reliability (for a lifetime of 3-5 
years) and based on cheap processors without 
spatial destination, it was decided to choose a 
family of compatible microcontrollers. Another 
aspect of the development of the onboard computer 
system lies in the need to process multiple 
concurrent data streams and real-time control of 
applications, which can create conflicts, which in 
turn may cause the collapse of the entire system. 

      The communication subsystem includes an 
innovative radio solutions for nano- and micro 
satellites which were investigated and verified 
within the context of the L-COM for the telemetry 
data changing at frequencies 145/435 MHz and 
leading edge C-COM, which use corresponding C-
band frequencies much more effectively than 
schemes known so far, therefore allowing effective, 
cost-efficient and broadband radio communication 
with such satellites in future. 

 

4. CONCEPTION OF THE 

NATIONAL CENTRE OF SPACE 

TECHNOLOGIES GROUND 

STATION INFRASTRUCTURE 
 
Ground stations for transmitting and receiving of 

telemetry data and satellite images represents the 
terrestrial infrastructure of microsatellite project. 
This infrastructure is located in the park - Museum 

of Technics, which enables all TUM’s specialties 
students to familiarize with these problems. It has 
developed two distinct nodes: the telemetry 
communication located in NCST with antennas on 

the roof of the building, and the second node is 
receiving station for digital images located in a 
building with a special architecture (fig. 2). This 
infrastructure is widely used for promoting space 
technologies. Primarily to development and their 
design involved a large number of students for 
undergraduate thesis, master, including PhD 
students. Secondly, it is used to perform practical 
work and laboratory for smart grid related 
disciplines, radio and satellite communications. 
Were developed software for parabolic and 
telemetry antennas control, and a graphical user 
interface (GUI) for satellite position monitoring. 
      In order to extend the promoting possibilities of 
space technologies, an Astronomical Observatory 
was decided to build as the ground infrastructure 
component of the Space Technologies Center of 
Excellence.  With the financial support of the 
Ministry of Education, there was purchased 
astronomical equipment with remote computer 
control, based on the telescope Celestron C14 Edge 

 Figure 2.  CNTS ground station. 
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HD model with CGE-PRO mount, which was 
mounted in a specially constructed building located 
in the previously mentioned park and connected to 
the Space Technology Centre, which enables to 
track the moon, the sun, all the planets, objects in 
low Earth orbit, such as the International Space 
Station orbit, aircrafts and others. The telescope and 
its infrastructure will be used for educational 
purposes for the study of planets, sun, moon and 
other objects, including astral phenomena and Earth 
bodies (satellites). Recently, there has been 
performed some work on the connection of the 
Astronomic Observatory and Ground Station with 
the Space Technology Center, a complex that will 
facilitate more efficient observation and 
identification of the astral phenomena and Earth 
space bodies (satellites). Presently practiced 
solutions most often make use of a single ground 
station. If such a solution is used for communicating 
with the satellites located at the Low Earth Orbit 
(LEO), the station has a poor visibility of a satellite, 
which results in the station being operated merely 
10-20% during the day. Since many institutions 
(e.g. universities) send small satellites and build 
their own ground stations, the potential of the 
available mechanisms remains unfulfilled. 
     At the current stage space technologies has 
advanced extremely high in many areas, including 

satellite communications, which can be viewed 
from several points of view. One of them is creating 
global networks of communication, both in space 
segment and the terrestrial. These networks are 
usually specialized for special transmissions, 
navigation, etc. Many of the satellites, belonging to 
different countries and universities, are monitored 
in most cases from the area of corresponding state 
or institution. Not every country can afford to build 
ground stations in various places of the world. This 
refers in particular to educational satellites, those 
budget allocations are minimum. There are two 
ground stations built up at the Center of Space 
Technologies from Moldova, which are able to 
communicate with satellites in a limited area. 
Currently it is possible to put a basis to achieve a 
goal as this one: creating a global network for 
monitoring a wide variety of satellites, including 
educational. Although at the conceptual level there 
are different possible solutions, it is necessary to 
describe and solve a number of issues, including 
organizational, technical (hard and soft), standards 
and protocols of communication. The main problem 
consists in diversity of architectures and 
configurations of ground stations. It is necessary to 
find such solutions that will allow this diversity to 
be connected into one global network. For the 
future missions, new technologies to meet the 

 
 

Figure. 3. Ground stations network conception.
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challenges of higher performance, reduced costs 
and new concepts such as autonomous space are 
required. It is proposed the concept of a ground 
station network (fig. 3), with applying advanced 
technologies to improve the design and performance 
of our ground systems, just like with satellites. 
Having the experience in the engineering of 
complex hardware and software systems  and with 
the support of  the European Space Agency will be 
developed the ground segment that will serve as a 
gateway to access, control and exploit these new 
space systems and provide services and return on 
investment for students, scientists, industry 
engineering. 

 

5.  GROUND STATION REMOTE-
CONTROL PROGRAM 

 
      The ground station network is designed to 
communicate between ground stations located all 
around the world via the Internet. Ground stations 
by means of client applications communicate with 
Server components through the protocol layer based 
on TCP (fig. 4). This architecture allows the 
centralization of the data received from a satellite 
by various ground stations in the Data Base. The 
Client applications are able to communicate with 
the server only. Thus, the Server components plays 
the administrative role. This is the only part of the 
system that has access to Data Base and is able to 
communicate with all the client applications in the 
system.  
      Ground station consists of RF side and tracking 
side. On tracking side we have a rotor that can 

move on 2 axes, and a custom developed driver for 
rotor motors with IMU module on rotor. The 
inertial measurement unit is used for calibrating the 
position of antenna hooked on rotor. The antennas 
need to be pointed to north and parallel with 
horizon. The calibration is performed before every 
satellite pass. The RF side consists of a stack of two 
by two cross-polarized Yagi antennas on 2 m and 
70 cm, each connected to a LNA. The receiver is a 
SDR front-end device called USRP B200 connected 
to a PC via USB (fig. 5).  

Server side is based on Ubuntu Server 14.04. All 
data about satellites, radio frequencies on satellites 
transponders, modulation types is staked in a Sqlite 
type database. All scripting and executing is done 
by python and bash scripts. The web interface, from 
which we can access all the schedules, received RF 
data, decoded data and which allow to add an 

 
Figure 4. OSI layer references for educational small satellite missions. 

Figure 5. Overall architecture of the ground 
station system. 
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observation of a satellite is based on Django 
framework. For decoding data from weather 
satellites such as NOAA, it is used a console 
version of ”Wxtoimg” decoding software, that 
provides more than 15 images processed from the 
received RF data. 

 
6. DATA MANAGEMENT FOR 
INFORMATION  RECOVERY IN 

GROUND NETWORKS 
 
Typically ground station parallel tracking is not 

performed because the satellite beam is relatively 
narrow and reserving several ground stations from a 
space agency can be very expensive. Educational 
ground station networks can share their resources 
without commercial interest and promote the 
parallel reception of a data stream from a single 
satellite. Receiving downlinks from a satellite in 
parallel contains opportunities as well as challenges: 
The opportunity is to take advantage of redundant 
ground station links. The challenge is the realization 
of such a system, using proper data management 
and synchronization methods. The data 
management evolved from the idea to combine 
several data streams from the same satellite, 
received at geographically distributed ground 
stations. Theoretically, these data streams received 
in parallel on terrestrial stations should be identical, 
but in reality received data differs mainly due 
following factors:  1. The interaction time between 
the satellite and each  ground stations differs for 
traces overlaid. When two traces overlaid, but 
geographically distant ground stations are taken into 

account, there is still a small period of time where 
only one of these will be in contact with the 
satellite. This result in different sets of data frames 
received at the individual stations. 2. The received 
data can be corrupted, resulting in bit errors or even 
missing packets. They are caused by atmospheric 
disturbances, low signal to noise ratio or 
inaccuracies at the receiver side. This leads to the 
situation that the received data streams are in a large 
fraction identical for traces overlaid ground stations, 
only a small portion differs in corrupted or lost 
information. 
      The idea was to develop a system which can 
automatically combine different data streams 
received in a ground station network to one single 
data stream using proper data management. A 
satellite operator would then monitor only a single 
data stream, composed from the information of the 
streams received in the network. Combining several 
data streams from the same satellite received at 
geographically distributed, overlapping ground 
stations opposes the following challenges: 
- Bringing data frames in the correct order on a 

global timescale. Due to unsynchronized clocks 
on the ground stations and transmission delays in 
space and on Earth, the temporal ordering of the 
packets can be altered; 

- Identifying identical data packets, if redundant 
packets were received from the ground network; 

- Reconstruct data gaps with redundant 
information. 

The problem of data management can be divided in 
two separated sub-problems, which are handled 
separately: 
First, participating ground stations of the network 
have to be synchronized with each other. 
Synchronicity between participating ground stations 
is required to order the received data frames on a 
global timescale. Synchronization is here related to 
synchronizing computer clocks, as well as 
synchronizing data streams.  
Second, the information from the synchronized data 
streams has to be combined to reconstruct data 
gaps. 
 

7.  INTERNATIONAL 

COOPERATION AND FUTURE 

PROJECTS 
The concept of ground station network was 

promoted as project ”Connecting the infrastructure 
of National Centre of Space Technologies to Global 
Educational Network for Satellite Operations” for 
competition call ”Connecting of Excellence Centers 
in R. Moldova to the European Research 

 
Figure 6. Data management in ground station 

network. 
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Infrastructure in accordance with the EC” Grant 
Contract Nr.2014/346-992: "Financial support to 
the participation of the Republic of Moldova in the 
EU program Horizon 2020". This project aims to 
connect ground stations that are part of the Center 
of Spatial Technologies infrastructure in a common 
network together with the partners from ESA and 
ROSA, to control systems for Earth areas capturing 
and transmission of the obtained data to the 
destination ground system, to control data exchange 
to minimize geometric/radiometric distortion of the 
satellite images, as well as increasing research level 
at such level that it will meet the rigors of 
competition and collaboration with leading research 
institutions from Europe. The project aims the 
procurement, development, synthesis, adjustment 
and implementation based on the equipment, 
together with partners from ESA and ROSA, of the 
systems of control of connection of the ground 
stations of microsatellites in a common network, 
which will allow remote reception, analysis, 
research, application of data downloaded from 
microsatellite and their testing in the network. 
Purchased equipment will be available for collective 
use by other universities originating not only from 
Moldova, but also from Europe and worldwide, 
connected to common network, for research and 
educational purposes. Realizing this project through 
connection with GENSO can solve successfully 
these problems for Centre of Space Technologies, 
as well for rest of centers connected to ESA’s 
GENSO: 
- The ground stations will be able to monitor a 

range of satellites, not just its own, which in 
turn will increase the level of their yield; 

- It will be possible to monitor each satellite one 
by one from various ground stations, thus 
accumulating data over a larger segment of the 
orbit. 

The project will expand the research infrastructure 
in space technologies at all participating centers, 
creating conditions for much higher level of 
practical applications. At the same time it will open 
new perspectives for broadening the diapason of the 
interdisciplinary research works and development 
of technologies and products, new missions will be 
realized with educational satellites. It will deepen 
interaction between specialists from different fields 
and from different research institutions and 
industries. Will be synthesized control systems for 
parabolic/telemetry antennas and receive channels 
in various frequency bands VHF, research of the 
microsatellite’s attitude influence on images taken 
by it, for the purpose of testing of the systems for 

the microsatellites developed at UTM and ground 
stations. 

Connection of the ground stations into one 
network, common infrastructure will provide a new 
level of research and communication with 
operational satellites for an unlimited number of 
researchers, PhD, students and enable more efficient 
implementation, promotion of space technologies, 
streamline the exchange of experience and access to 
medium to high-scale infrastructure in order to 
stimulate long-term development of scientific 
collaboration and research in Centre of Space 
Technologies from R. of Moldova and Centers of 
Excellence from Europe, will give the opportunity 
to participate and organize international scientific 
events during the project. 

Connecting the Centre of Space Technologies to 
the European research infrastructure within 
European Space Agency (ESA) will create a 
foundation for continuing cooperation with other 
European research centers after finalizing the 
project. Realization of the project will expand 
tremendously the research infrastructure in the field 
of spatial technologies at all of these centers, will 
create conditions for realizing tasks at a much 
higher theoretical and applied level, will open 
perspectives for considerable broadening of 
diapason of researches with interdisciplinary 
character and development of technologies and 
products, will be implemented new missions for 
educational satellites. 

 
 

8.  CONCLUSIONS 
 

The field of small satellite formations and 
constellations attracted growing attention, based on 
recent advances in small satellite engineering. The 
utilization of distributed space systems allows the 
realization of innovative applications and will 
enable improved temporal and spatial resolution in 
observation scenarios. On the other side, this new 
paradigm imposes a variety of research challenges. 
This contribution proposes new networking 
concepts for space missions, using networks of 
ground stations. The developed approaches combine 
ground station resources in a coordinated way to 
achieve more robust and efficient communication 
links.  

The implementation of this ground station 
concept will expand the research infrastructure in 
space technologies at all participating centers, 
creating conditions for much higher level of 
practical applications. At the same time it will open 
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new perspectives for broadening the diapason of 
the interdisciplinary research works and 
development of technologies and products, new 
missions will be realized with educational satellites. 
It will deepen interaction between specialists from 
different fields and from different research 
institutions and industries. Connecting the Centre of 
Space Technologies to the European research 
infrastructure within European Space Agency 
(ESA) will create a foundation for continuing 
cooperation with other European research centers 
after finalizing the project. Realization of the 
project will expand tremendously the research 
infrastructure in the field of spatial technologies at 
all of these centers, will create conditions for 
realizing tasks at a much higher theoretical and 
applied level, will open perspectives for 
considerable broadening of diapason of researches 
with interdisciplinary character and development of 
technologies and products, will be implemented 
new missions for educational satellites.  
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INTRODUCTION 
 

Cellular concrete properties are traditionally 
associated with their average density. Therefore, 
e.g. if we increase concrete density, the strength 
will increase as well. However, even in concretes of 
equal densities properties vary quite significantly. 
Cellular concrete experts attribute the dependency 
of such nature to the nature of material porosity and 
the strength of the matrix material [1]. However, the 
structural pattern is the primary cause of variability 
in properties of composite construction materials, 
including cellular concretes. Since air inclusions 
cannot cause significant impact on the bearing 
capacity of cellular concrete frame (as well as on 
other properties), it was hypothesized that cellular 
concrete properties might be determined by solid 
component distribution pattern. 

 
1. MAIN BODY 

 
The innovative and distinctive feature of the 

above suggestion is that cellular concrete properties 
are associated with its porosity and porosity patterns 
by virtually all cellular concrete experts and 
researchers. No doubts appear with respect to the 
first assumption, since general porosity is directly 
related to material saturation with solid components 
that act as the bearing frame in cellular concretes. 
Therefore, the more the material is saturated with 
solid matter, the bigger its bearing capacity would 
be. A multitude of experimental results demonstrate 
that given the same concrete densities, the strengths 
will still vary quite significantly, which is also 
attributed to changes of material porosity properties. 
[2] shows that the nature of material porosity is not 
the primary determinant of its properties in the 
cause-and-effect linkage. It is also doubtful that a 
pore, which is essentially an empty space, can affect 
strength and other material properties. For example, 
heat conductivity. This is due to heat flow 
propagation speed being much higher in solid 
medium than in the air. Thus, it is more reasonable 
to associate the properties of highly-porous 
materials with the composition of their solid phase.    

In order to support the above hypothesis, 
foam concrete, as a subcategory of cellular 
concrete, is represented as an open self-organizing 
system at all stages of its structure formation. The 
openness of the system lies in its ability to exchange 
energy, matter and information with the 
surrounding systems. Foam concrete can also be 
considered as a self-organizing system, capable of 
structure formation. For that purpose an organizing 
system has a formative “principle” represented by 
solidifying binding matter. The second essential 
condition to structure formation is presence of 
dissipation - spreading. The dissipating “principle” 
is ensured by system openness. The fact that foam 
concrete is a self-organizing system is additionally 
confirmed by presence of self-excited oscillations, 
typical for dissipative systems [3].  

Cellular concrete in solid state can be 
regarded as a well-organized system. A. Merkin 
was the first to relate cellular concrete properties to 
the structural characteristics [4,5]. He recognizes 
two structure-forming elements in cellular concrete 
— “pores” and “interior” partitions. Qualitative 
properties were additionally determined for each of 
the elements. Thus, the pores are characterized by 
pore shape, size and pore size distribution. The 
interior partitions are characterized by thickness, 
density and strength. Various methods were 
developed to quantify these properties. Based on 
processing of the information on relation of these 
characteristics to physical and mechanical 
properties of cellular concretes, the author gives the 
following definition: “The optimum cellular 
structure should be characterized by heterogeneous 
porosity distribution within the material in the form 
of polydisperse, closed pores shaped into regular 
polygons, separated with thin and dense interior 
partitions with identical sections and glazed pore 
surface. Pore shape must approximate regular 
dodecahedron”. The highlighted words demonstrate 
that cellular concrete properties are mostly 
attributed to the nature of porosity. 

[6] suggests that the solid components of 
cellular concrete (interpore partitions) are reduced 
to two structure-forming elements - solid-phase 
particles (blocks, clusters and elements) and internal 
interfaces. It is shown that internal interfaces 
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emerge in cement stone due to objective contraction 
processes caused by cement stone hydration. Solid 
phase elements and internal interfaces form a 
dialectic interconnected unity of the two opposites. 
Their interconnection and indivisibility ensure 
integrity of the object. In such state “cement stone” 
or “cellular concrete” satisfies all system criteria, 
which allows it to be considered as an object-
system. While material properties can be thus 
reduced to quantitative and qualitative 
characteristics of system interconnections 
represented by internal surfaces of phase interfaces.  

Internal interfaces evolve in cement stone of 
interior partitions of cellular concrete at early stages 
of material structure formation. The system is 
initiated in cellular concrete upon introduction of 
porophore into the cement mix. Since that moment 
the gas inclusion starts playing an active role in 
elaboration of the future interior partition 
configuration. Geometry of interior partition in its 
turn depends on the shape of the gas inclusion. In 
normal conditions a gas bubble has a spherical 
shape and a minimal surface. Upon introduction to 
the cement mix, which is “alien” and 
“uncomfortable” to it due to the density differential, 
it is forced to change its shape. During this period 
of system self-organization intense reshaping of air 
inclusions takes place, accompanied by dynamic 
transformation of the nature of system porosity. The 
process is slowed down as the binder becomes 
hydrated and the cement mix becomes more 
viscous. Duration of the period depends on stability 
of the cellular concrete mixture and the time needed 
for the plastic strength of the cement mix to 
accumulate. Formation period of the so-called 
primary structure of cellular concrete is completed 
upon cement mix reaching the condition when the 
air inclusions no longer can change their shape. 
This is where the structure forming role of air 
inclusions ends. The role is limited to formation of 
geometry of the interior partition. The next stage of 
cellular concrete structure formation occurs during 
the period of intense hydration of the binder and 
strengthening of cellular concrete frame. The 
process affects directly the interior partitions. First 
fissures start appearing in the interior partitions 
during this period. Later they develop into internal 
interfaces. The internal interfaces emerge due to 
contraction of the system volume caused by 
hydration of the binder. Locations of the first 
fissures are determined by configuration of the 
interpore partition. It is virtually impossible to 
quantify length of the internal interfaces in real-
time, since their visualization is problematic. This 
task can be solved by modeling. Physical and 

computer modeling was used to study the solid 
phase structure of materials with cellular porosity. 
Examples of such models are shown in Figure 1.  

 

 

a.  
 

 

b.  
 

Figure 1. Models of materials  
with cellular porosity: a) computer model; b) 

physical model. 
 

Similar models were used to study the 
influence of pore packing, their shape, porosity, 
water/solid ratio on structural characteristics of the 
solid phase (interior partitions). Figure 2 shows the 
bar chart describing the influence of pore shape on 
the lengths of internal interfaces and confirming 
that structural characteristics of the interior  
partitions can be affected by the pore shape.  

Internal interface length was measured in 
pixels on the overall length of interface surfaces. 
 

 
 

Figure 2. Influence of the shape of gas inclusions. 
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The conclusion provides experimental results 

confirming the correlation between foam concrete 
strength and rheological properties of the structure-
forming medium.   

The figure shows photo fixations of foam 
concrete structures of equal densities (600 kg/m3) 
with x50 zoom. 

a. 

 
 

b. 

 
 

Figure 3. Photo fixations of foam concrete 
structures a) W/S 0.35; b) W/S=0.55. 

 
Foam concrete was obtained under different 

initial rheological conditions of structure formation, 
i.e. under water-to-solid ratios of 0.35 and 0.55. It 
can be seen from the photos that the pore shape is 
closer to spherical, when the W/S ratio is greater. 
Interior partitions have smooth surface. In the first 
case foam concrete strength was equal to 1.1 MPa, 
whereas in the second case it was equal to 2.3 MPa. 

 
 
 
 
 
 

2. CONCLUSION 
 

The analysis undertaken has shown that 
qualitative properties of cellular concrete are 
formed as per the following sequence: cellular 
concrete mixture - porosity - pore shape – interior  
partition configuration - solid component 
characteristic - property. Solid component 
characteristics are crucial to formation of cellular 
concrete properties. Development and improvement 
of evaluation methods for solid component 
properties of cellular concretes with subsequent 
seeking for correlations with the properties 
“sensitive” to material structure characteristics may 
appear as one of the directions for improvement and 
streamlining of cellular concrete processes. 
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INTRODUCTION 
 

The results of studies of the effect on the per-
formance of the coatings of concrete intended for 
roads, with modification of their compositions plas-
ticizer XTC-6 and polypropylene fibers 
MAPEFIBRE NS 12/NS 18 calculated mathematical 
models describing changes in physical-mechanical 
and operational characteristics, coatings, are consid-
ered. Recommendations on the use of research re-
sults in the construction of highways. 

 
 

1. ACTUALITY OF THE RESEARCH 
 

One of the urgent problems of the develop-
ment of roads is to improve their performance and 
increase durability. One of the main elements of the 
road affecting its performance and durability - this is 
the road surface. Covering roads not-mediocre, bears 
the load of the vehicle and provides the necessary 
performance indicators such as the estimated vehicle 
speed, calculated load, bandwidth, as well as indica-
tors of traffic safety, in addition, they protect the 
road base on the effects of weathering [1]. It stresses 
the need to improve the quality of the road surface 
of concrete, due to their modification. 

 
 

2. AIM OF THE RESEARCH 
 

The aim is, to develop a modified formulation for 
cement concrete pavement by introducing into its 
composition additives XTC-6 and polypropylene fi-
bers. 

The experiment conducted according to the rec-
ommendations [2, 3]. The factors and their range of 
variation was chosen based on the results of prelimi-
nary experiments, comrade [4, 5, 6]: 

х1 – amount of Portland cement 500 (С), from 
370 to 570 kg/m3. 

х2 - the amount of plasticizer XTC-6, 0 to 1,5% 
by weight of cement.  

х3– the amount of polypropylene fibers 
MAPEFIBRE NS 12/NS 18 (diameter – 0,34 mi-
crons, a fiber length of 12-18 mm, density – 0,91 

g/m3, tensile strength - 700 MPa), from 0 to 0,6 
kg/m3. 

 
3. MAIN PART 

 
The experiments conducted by the author in the 

following sequence: 
- Estimated mobility of the concrete mix (CM) 

according to [7], using a normal cone. In the exper-
iments for all compositions mobility of CM it was in 
the range of 16 to 18 cm; 

- Concrete samples were kept in conditions of 
hardening for 28 days (t = 200C, W = 80%); 

- Then 10x10x10 cm samples were tested for 
compressive strength at 100 ton press TESTING PL 
100 [8], and on samples 4х4х16 cm-determined etc. 
of flexural [9]; 

- On samples determined 7х7х7 cm abrasion of 
concrete on the device LCI-3 [10] and its impact re-
sistance [11]. 

Studies of the properties of modified concrete 
paving performed using the methods of experimental 
design [12]. The experiment carried out of 27 points 
plan (Table). 

The calculation results are water-cement ratio 
(W/C), the compressive strength of the samples 
(fck.cube), Tensile strength in bending (fctk.), anti-shock 
performance (T) and attrition (G) yielded mathemat-
ical models (1-5): 

 

 

W/C = 0,487- 0,052х1 +0,008 х1х2 -0,107 
х2 -0,032 x2

2 +0,006 x3 -0,021x3
2 

 

(1) 
 

fck.cube. (МPа)= 49,786+ 4,291 х1 -0,806 x1
2  

+0,851х1х2  -1,067 х2х3 +2,026 х2  +1,639 
x2

2 + 0,739 х1х3 -1,026 х3  

 

(2) 
 

fctk. (МPа)= 5,349 + 0,344 х1  + 0,218 х1х2  

+ 0,248 х2 + 0,793 x2
2  + 0,156 х3 

 

(3) 

Т (J/cm2)= 5,085 + 0,611 х1 + 0,310x1
2  -

0,250 х1х2 + 0,500 х2  + 0,310 x2
2 

 

(4) 

G (g/cm2) = 0,627 – 0,046 х1 + 0,019х1х2 

+ 0,017 х2х3 -0,038 х2 
(5) 
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Table.  Experimental design (x1.. x3) and  
formulations studied concretes (X1 … X2) 

 
№ X1 X2 X3 x1 x2 x3 

C XTC F C XTC F 
1 370 0 0 -1 -1 -1 
2 370 7,5 0 -1 0 -1 
3 370 15 0 -1 1 -1 
4 470 0 0 0 -1 -1 
5 470 7,5 0 0 0 -1 
6 470 15 0 0 1 -1 
7 570 0 0 1 -1 -1 
8 570 7,5 0 1 0 -1 
9 570 15 0 1 1 -1 

10 370 0 0,3 -1 -1 0 
11 370 7,5 0,3 -1 0 0 
12 370 15 0,3 -1 1 0 
13 470 0 0,3 0 -1 0 
14 470 7,5 0,3 0 0 0 
15 470 15 0,3 0 1 0 
16 570 7,5 0,3 1 -1 0 
17 570 0 0,3 1 0 0 
18 570 15 0,3 1 1 0 
19 370 0 0,6 -1 -1 1 
20 370 7,5 0,6 -1 0 1 
21 370 15 0,6 -1 1 1 
22 470 0 0,6 0 -1 1 
23 470 7,5 0,6 0 0 1 
24 470 15 0,6 0 1 1 
25 570 0 0,6 1 -1 1 
26 570 7,5 0,6 1 0 1 
27 570 15 0,6 1 1 1 

 
For ease of analysis model (1-5) presented in 

graphical form (Figure 1, 2, 3, 4, 5). 
 

 
 

Figure 1. The effect of the amount of C (x1) addi-
tives XTC-6 (x2) and F (x3) to the W/C. 

 

 
 

Figure 2.  Influence of the amount of С (x1), XTC -6 
(x2) and F (x3) to the concrete compressive strength 

(MPa). 
 

 
 

Figure 3.  Influence of the amount of С (x1), XTC-6 
(x2) and F (x3) Tensile Flexural concrete (MPa). 

 

 
 

Figure 4. Effect of the amount of С (x1), XTC-6 (x2) 
and F (x3) on the impact resistance (MPa).  
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Figure 5. Influence of the amount of С (x1), ХТС -6 
(x2) and F (x3) abrasion concrete (g/cm2). 

 
 

CONCLUSIONS 
 

- By increasing the amount of Portland cement 
(from 370 to 570 kg/m3) increased levels of com-
pressive strength from 45 to 55 MPa (22%) and al-
most proportionally increases tensile strength of 
Gibe from 5 to 7 MPa (20%). 

- The introduction of concrete plasticizer XTC-
6 in an amount of from 0,75 to 1,5% by weight of 
the cement concrete mix increases the mobility and 
allows lower W/C ratio of 0,5 to 0,3 (15%). 

- Application of the polypropylene fiber 12 
MAPEFIBRE NS/NS 18 0,3 to 0,6 kg/m3, tensile 
strength increases flexural 10-15%. Increases re-
sistance to impact factor of 1,5. Reduces abrasion of 
cement concrete from 0,7 to 0,4 g/cm2 (25%). 

Thus, the studies suggest that the introduction of 
the Portland cement concrete up to 500 kg/m3, to-
gether with plasticizer XTC-6 and polypropylene fi-
bers (MAPEFIBRE NS 12/NS 18) leads to improved 
physical and mechanical properties of concrete 
pavements. 
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TENSOR OF ELASTICITY CONSTANTS OF EIGHT ORDER   

 

V. Marina, dr.hab.Prof., Viorica Marina, PhD, assoc. Prof. 
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 INTRODUCTION 

  

With eight order tensors we meet in the study of 

behavior of anisotropic materials. The governing 

equation in case of reversible processes is written 

   

klpqnmijnmpqklpqnmijnmpqnmijnmij dddcddcdct 

(1) 

 The matrix presentation of forth ijnmc  and 

six ijnmpqc  order tensors were presented in papers 

[1,2].  

 Further we will refer to matrix representation 

of eight order tensor ijnmpqklc  and will analyze the 

number of independent components in function of 

symmetry of stress, strain tensor and those 

symmetry elements which results from 

thermodynamic principles and material symmetry. 

 

 

1. THE MATRIX REPRESENTATION 
OF EIGHT ORDER TENSOR 

  

 Will pass from two indexes notations at one 

single index after Voight convention, starting from 

stress strain tensors symmetry [3] 
,4~23,3~33,2~22,1~11 ,5~13 6~12 .  

 The eight order tensor will present like 

composed matrix, adopting this convention 

KMFLijnmpqkl Cc  ,  

were small letters have values 1,2,3, big letters 

1,2,...,6. In base of thermodynamic principles can 

be proved that composed matrix KMFLc  is total 

symmetric   

 LFKMMKLFKMLFMKFLKMFL CCCCC

...cccc FKLMFLMKFLKMLFMK   

 Thus, the elasticity constants of third order 

can be presented like composed matrix 

                    FLKMKMFL CC  .                    (2) 

 The composed matrix  FLKMC  has 1296 

components. From symmetry  

                          FLMKFLKM CC  .              (3) 

the number of independent constants is reduced at 

756, but from symmetry  

                     LFKMFLKM CC  ,                  (4) 

 

at 441. 

 From that mentioned that composed matrix is 

total symmetric one relation take place 

                      KLFMFLKM CC  .                  (5) 

 

 The number of independent elasticity 

constants is reduced under 125, which will 

represent under column matrix – column 125x1. In 

that case the matrix of elasticity constants as 

developed will be (6) 
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2. THE RATIONAL FORM OF 
RELATION AMONG STRESS AND 

STRAIN 
  

 In base of matrix representation of tensor of 

2,4,6,8 order the (1) expression can be presented  

   MNNMININI ddBdAt  

                      KMNNMIK dddC ,             (7) 

were  

,tt,tt,tt 333222111   

          ,tt,tt 135324  ;tt 126               (8) 

,dd,dd,dd 333222111   

     ,dd,dd 135324 22  ;dd 126 2    (9) 

 

Matrixes INA , NMI )B( , NMIK )C(  are 

expressed from: 

 21 of independent constants of elasticity 

 2121 a,...,a,a  of fourth order tensor 4;  
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 56 of independent constants of elasticity 

5621 b,...,b,b  of six order tensor and   

 125 of independent constants of elasticity 

12521 c,...,c,c  of eight order tensor;  
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 The number of constants will describe, if 

material has some symmetry elements. The law of 
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components transformation of system of 

coordinate’s rotation is written 

     
IGTULUFTMGKIKMFL CRRRRC  ,        (12) 

in which the R matrix expresses by rotation matrix 

[4] 
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 The rotation matrix has the following 

components if material has the symmetry plan 

21 xx  
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 Will establish that the number of 

independent constants is reduced to 81 from the 

values of R matrix in (12) express.  

 If material has one more 31 xx  symmetry 

plan, that rotation matrix will be 
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 We obtain the components of R matrix in 

base of r matrix components and (13) express  
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 Taking into account those values in (12) 

relation, we will describe the number of 

independent constants of third order to 47.  

 If the eight order tensor is total symmetric, 

the following relations take place 

 1235123412331244125511441123 ccccccc  

 1444145613461344134613661236 ccccccc

 2456235623552366225514461445 ccccccc

 3666356634563366255624452455 ccccccc

5566456645564466445644554366 ccccccc 

 In that case the number of elasticity 

constants is reduced to 33, (14) relation. 

 If material has one symmetry axes of 

forth order the rotation matrix will be (15) 

   

 

 

 

 

          

 

 

 

 

 

Figure 1. 1x  

1x  

2x  

2x  3x  

3x  
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 Taking into account the R matrix in (12) 

relation deduce that, the number of elasticity 

constants is reduced to 18. If material has two 

symmetry axes of forth order, the number of 

independent constants is reduced to 9.  

 

 

3. CONCLUSIONS 
 

 The matrix representation of high order 

tensors considerably simplifies the analyze of 

nonlinear behavior of anisotropic materials. The 

forth order tensors are expressed from 81 of 

components, the six order tensors from 36=729, 

eight order tensor from 38 =6561 components.  

 The total number of components in calculus 

ramain unchanged, althought the number of 

independent components is reduced in base of 

symmetry relations.  

 The matrix reprezentation is simplified 

radically the posibilities of analyze of nonlinear 

behavior of anisotropic materials being accessible 

for engineers. 

 Was proved that eight order tensor can be 

presented like composed matrix 6x6, each element 

of which is represents the same a matrix 6x6. Was 

shown, that in case of lake of central interaction and 

material symmetry the number of independent 

constants is 125. For orthotropic materials the 

number of independent constants is reduced to 33. 

If material has two symmetry axes of forth order 

that number of independent constants is reduced to 

9. 
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BRIEF HISTORICAL BACKGROUND 
 

According to the legend, the monastery was 
founded in 1765. The construction of the "Birth of 
the Blessed Virgin Mary" Cathedral has begun in 
1810 and concluded in 1872 (Golubi 2000). This is 
the only building - the representative of pure baroque 
style, built on the territory of the Republic of 
Moldova (fig. 1). 
 

 

Figure 1. The main facade of the Cathedral. 

 
The fate of the monastery is tragic: it has been 

closed several times and has faced fire and 
earthquakes. Only since 1995, it again became an 
active friary and was opened to the public. 

 
 

1. STATUS OF THE ISSUE AND 
FORMULATION OF THE RESEARCH 

PURPOSE 
 

The opening of the monastery has required the 
reconstruction of the buildings and structures, and at 
first instance – of the Cathedral. 

For a period of over 150 years, the Cathedral 
has endured various environmental impacts, 
including seismic. Because of these effects, damages 
reducing the overall strength and stability of the 
building appeared in the structures. In the north and 
south facade lateral walls, full-height through cracks 
were observed: from the foundation up to the bottom 
of the dome cylinder; 

Cracks were also located on the axes of the 
apertures of the windows, with their maximum 
openings in Northern and Southern part (respectively 
1,5 and 2,0 сm). 

In the Eastern and Western walls, slight 
disappearing throughout the height splits were 
observed. 

All over all the types of apertures, on the 
bottom side of the Cathedral and dome drum, in V-
shape   breastplates splits and shifts of its organizing 
stones existed. 

In the outer layer of the bottom ring of the 
drum, built of stones, the weakening of the mortar 
and the fall of the masonry stones were observed.  

 From the four designed belfries, two were 
dismantled. The rest came to the state of failure. 

The plaster decoration, paintings were all over 
damaged.  

The main goal of this work was development 
of the structural conception with a view to ensure the 
required strength and stability of the Cathedral. 

To clarify the causes of the observed 
deformations the following tasks were set: 

 - to perform a detailed geological and hydro 
geological study of the monastery grounds and the 
adjacent slope; 

 - to assess the status of the bases and the 
carrying capacity of a base; 

 - to assess the stability of the slope; 
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 - to determine the composition and strength of 
the load-bearing walls. 

 
 
2. THE RESULTS OF THE CARRIED 

RESEARCH 
 

Analysis of specific sources and archive 
materials (Polcanov 2006, Osadcenco & 
Dombrovan, 2006) and the conducted measurements 
of the building revealed: 

Cathedral is presented in the plan as an 
octagonal shape with a round projecting altar. The 
central part is covered with a dome on a high drum 
cupola (fig.2). 

 

Figure 2. Plan of the Cathedral at level 0.000 

 
At the level 0.00, constructively, the building 

is determined by four 5.62 x 7.08 m pillars. The 
pillars –  
hollow, cavity diameter 3.1 m. 

The outdoor maximum building dimensions 
31.73×23.39 m, the height to the top of the dome - 
40.34 m, the height of the Cathedral with the cross - 
42.84 meters. 

The foundations of the building walls with the 
width of 33.0 m and depth of – 2.6 m are made of 
sandstone masonry on mortar.  

Walls - multilayered masonry. The inside of 
the walls and outside corner areas - of rectangular 
limestone ashlar; intermediate part of the layered 
horizontally laid sandstone rocks on a sand-lime 
mortar. 

Domed drum - from sandy limestone rocks; 
dome – of red brick; outside at the level of the dome, 
in 1977 was made a reinforced-concrete band with a 
section of 40×40 cm. 

Weight of aboveground parts – 5824 t; 
foundations – 1285 t. 

In order to solve these tasks, 4 prospecting 
shafts were laid on the perimeter of the building at 

characteristic points, with the depth exceeding the 
depth of the location of the foundations base. Probing 
was carried out manually. Using a hand drill, from 
the depth of the prospect holes 4 wells were drilled 
(fig. 2), with the depth from 2.2 to 5.5 m. The depth 
of the explored strata is from 4.7 m to 8.5 m. 

On the geological structure of the site, at a 
drilling depth up to 8,5m, from the surface the 
following are involved: filled soil (layer No.1), with 
a capacity of 0,5 to 1,2 m; soil-plant layer (layer 
No.2) with a capacity of  0,7m; the sediments of the 
Quaternary age, presented with sand clays (layer 
No.3), with a capacity of 1,5 to 3,0m, clayey sands 
(layer No.4) with a capacity of 1,2 to 1,5m; clay 
(layer No.5) with the explored capacity of 1,7 to 
4,2m. 

Manner of occurrence of the selected layers is 
presented in the Fig. 4-7. 

Groundwater was discovered by the wells 1 
and 4 at depths of 4,0 and 3,6m accordingly. The 
depth of occurrence of the water table in the storing 
well, located below the Cathedral on the territory of 
the Monastery, was 6,8m in June 2006.  

At the depth of the foundation base samples of 
ground were taken from each prospect hole. In the 
laboratory, on samples of the natural structure, 
according to standard procedures, values of the basic 
physical strength and deformation characteristics 
have been determined. 

The strength properties (the strength 
parameters С and φ) were studied in box shear 
apparatus with one given slide plane, under the 
conditions of the unconsolidated shift with a vertical 
pressure of 100, 200 and 300 kPа. The results of the 
shearing tests were corrected after making a 
connection τ = f(λ), where λ – the deformation value 
of the sample under the shear. 

Strain characteristics (module of the structural 
strains Е) – in consolidometers. Altogether, 24 
samples of natural structure were tested. The results 
of the tests are summarized in Table 1. 

 
Table 1. Physico- mechanical characteristics of the 
analyzed soils. 
 

Name of 
soil 

ρn, 
g/cm3

Сn ,
кPа

φn , 
grad 

Ip IL we 
E, 
МPа

Low-
plasticity 

loam 
1.84 42 19 0,14 0,28 0,26 13 

Semisolid 
clay 

2.05 54 22 0,19 0,02 0,25 22 

Semisolid 
loam 

1.93 30 28 0,16 0,12 0,23 14 

Plastic 
sandy loam

1.81 40 26 0,17 0,17 0,19 10 
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Figure 3. Schema of placement for the well-holes.

. 

Figure 4. The scheme of the foundation and the 
geologic column for well-hole 1. 

 

 

 

 

 

 

 
 

Figure 5. The scheme of the foundation and the 
geologic column for well-hole 2. 
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Figure 6. The scheme of the foundation and the 

geologic column for well-hole 3. 

 
Figure 7. The scheme of the foundation and the 

geologic column for well-hole 4. 

 

The received data have shown that the 
Cathedral foundations on four sides on a relatively 
small site are placed on mixed grounds with different 
properties. 

The average ground strength (S), that is lying 
directly under the bottom of foundation was 
determined by the well-known Couloumb’s 
expression: 

 
S tg C         (1) 
 
where  σ – vertical stress, кPа; 
  φ – angle of internal friction, grad; 
  С – specific cohesion, кPа. 
With respect to the open prospecting shafts 1-

4, its values were, respectively: for brown semisolid 
sand clay (prospecting shaft hole 1) - S1=76 kPa; for 
pale grey semisolid clay (prospecting shaft hole 2) - 
S2 = 94 kPа, for dark-brown semisolid sand clay with 
carbonate inclusions (prospecting shaft hole 3) - S3 = 
83 kPа, for soft sandy loam (prospecting shaft hole 
4) - S4 = 97 kPа. A little higher values of soft sandy 
loam strength in comparison with semisolid sand 
clay and clay, are explained by the presence of 
carbonate inclusions in the displacement zone.    

In view of the discovered geological structure 
of the strata of the base and the considerable mass of 
the Cathedral, it can be assumed that, as in the 
construction process and also in the subsequent 
years, because of non-uniform deformations of the 
base in the walls of the building primary stress was 
accumulated. 

In conjunction with occurred earthquakes, 
determining seismic fault, formation and 
development of the splits have occurred in weaken 
places of the Cathedral structures.   

The calculations have shown, that a negative 
factor which was contributing to ruptural 
deformation of the Cathedral walls, could serve 
rheological processes, which are taking place in 
adjacent old landslide slope. 

Taking into consideration the uniqueness for 
Moldova of the restored Cathedral, 
geomorphological complexity, geological and hydro-
geological conditions, researches were continued on 
the monastery’s territory and the adjacent slope. On 
the basis of the performed land survey and prospect 
boring an outline of the existing profile of the slope 
was received and an assessment of its stability was 
conducted. The calculations were made on the basis 
of N.N. Maslov’s provisions of physical-technical 
creep theory and were based, inter alia, on the results 
of numerous studies of potentially dangerous slopes. 

In the Northern and Central parts of Moldova 
slopes are composed of hidden layers with 
Quarternary Neogene clay mineral. Thus, their long-
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term resistance is determined to a large extent by the 
regional features of these solids, suggesting the 
presence in them of natural micro and macro zones 
of weakness, including also inclined mirrors of slip. 
The presence of these zones has an effect on the 
nature and speed of percolation in time of rheological 
processes and determines the calculated values of 
parameters of lasting properties with a 
comprehensive assessment of developed slopes 
sustainability. The main indicators which 
characterize the process of reducing the strength in 
time under projecting the stableness, according to 
Professor  N.N. Maslov’s physico-technical creep 
theory, as well as the views of Professor M.N. 
Goldstein and their  learners, are: residual strength 
(Slim), structural cohesion (Cc), “threshold creep” 
(τlim) and viscosity grade (η). 

According to main provisions of the physic-
technical creep theory (N. Maslov, 1984) 
development in the clay rock formation on the slopes 
of sliding surfaces is associated with the fall of 
strength as a result of several primary deformations, 
resulting in surface discontinuity of the solid and 
their additional moisture in the shear zone.  

The forecast of long-term resistance is based 
on a well-known expression, given by Professor 
N.N. Maslov, for the description of the clayey soil 
(N. Maslov, 1941). 

 

,   pw n w wS P tg C                (2) 
 

where:  w c wC C   

nP  - normal stress, kPа; 
φw – true angle of internal friction, grad 
Сс -  rigid structural cohesion of irreversible 

character; 
∑w – coupling connection of water-based – 

colloidal nature of reversible behavior (cohesion 
bond); 

The appearance of crawling is possible with 
the simultaneous observance of conditions 
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where  max  - maximum shear stress at a point of 
foundation, kPа. 

In other words, deformation of crawling is 
possible under mobilization of cohesive property of 
soil (w ) in conditions of a secured general stability 
of the slope under the condition: 
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where  lim  - “threshold creep”, kPа. 

In other words, when 
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threshold creep is impossible and the general 
stability of the slope is ensured. 

Provided that 
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the insurance of overall stability is carried-out under 
the conditions of appearance of threshold creep and, 
therefore, disbonding of the firm structural strength  
( 0cC ). 

Under circumstances where 
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The slope is also stable, but is experiencing the 
threshold creep. 

And finally, under 
 

1.0  
w w

K     (8) 
 

the harsh  breakdown of the stability of the slope 
occurs. 

In terms of 5-8 indexes with assurance 
coefficients correspond to strength properties, 
included in the calculation. 

During the evaluation of the stability of the   
considered slope horizontal forces method was used, 
also known as “Maslov-Berer” method (fig.8). Main 
formula is presented below. 

 

Figure 8. Calculation’s scheme for “Maslov-Berer” 
method. 
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Fp – angle of shear resistance; 
Pi – weight of the selected block; 
αi – inclination to the horizon of the selected 

block; 
In view of the foregoing, for determination of 

factor safety the following functions were use 
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where KφwCw – coefficient of resistance, 
corresponding to the total coupling Cw; 

KφwCс – coefficient of resistance for structural 
cohesion Cс; 

 Analysis of the calculations showed that the 
slope has some stability margin (KφwCw = 1.6), but 
also is exposed to creep deformation (KφwCс = 0.98), 
with offset on the slope with a velocity of v0. 

Unfortunately, for some reasons, beyond the 
control of the authors of the work, detailed studies 
regarding the estimation of the speed of the 
deformation in time were not held.  

However, taking into account early conducted 
researches  (Polcanov et al. 2012), it was proved that, 
rheological processes, laying on the slopes of the 
republic have a very negative impact on operating 
conditions of the buildings and constructions.   

In the majority of cases in the walls of the 
buildings even with rigid structural scheme, 
numerous splits can be observed. Destruction of 
separate buildings can be seen. 

Given the nature of the observed deformations 
on the slope, for stabilization a suite of anti 
deformation measures were proposed. In developing 
of the suite was taken into consideration that the raise 

of soil dampness on the slope may affect the 
reduction of   «threshold creep» and viscosity grade 
and thereby increase the speed of the massif 
downhill. Thus, in the suite of anti-deformation 
measures the drainage system was included in 
conjunction with the use of easy-to-hold construction 
bored piles. Along with this measures for 
improvement of natural conditions on the slope 
(partial redevelopment, planting of trees, bushes, 
perennial grass) were recommended. 

 
 

CONCLUSIONS AND 
RECOMMENDATIONS 

 
The performed studies have shown that the 

main load bearing structures of the Cathedral – 
groundwork, pillars, walls, etc. are, in general, in fair 
condition and can be restored.     

In the restoration work has been included: 
- preliminary stressed structure framing of the 

bottom stone ring of the drum;  
- general concrete shell throughout floor 

structure, over the choirs and the altar, at the base of 
the belfries, harmonized with build-up preliminary-
stressed bottom ring of the dome drum; 

- the shell is designed to create a rigid disk to 
ensure the joint movement of the top of the pillars, 
separated by formed splits. 

- the proposed solutions must ensure the joint 
work of the bottom and crestal area of the Cathedral 
(fragment of the proposed restoration is presented in 
figure 9). 

 

 
Figure 9. Restoration's schema of the Cathedral. 

- the execution of the cast reinforced concrete 
preliminary-stressed horizontal insertions at the 
plinth wall levels, bottom and top windows, joists. 
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The screed coats should draw together the walls, 
existing through – wall splits; 

- construction of the cast reinforced concrete 
horizontal insertions, harmonized with bottom and 
top rings of the dome drum; 

 - drafting of the map of splits with its further 
broaching cementation with polymer solutions. 

-  for stabilization of slowly developing creep 
deformations a suite of anti-deformation measures 
was proposed. 

- taking into consideration the possible 
negative impact of the Cathedral construction of 
rheological processes, it is recommended to provide 
stationary geodetic observations of the adjacent 
slope behavior. 

The proposed project was implemented. 
"Birth of the Blessed Virgin Mary" Cathedral is 
opened for service and visitors. 
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INTRODUCTION 
 

Relevame of the topic: social processes, 
material-space transformations of cities and lifestyle 
changes in Ukraine have put forward new 
requirements for elite dwelling designing. There is a 
need to create perspective models of elite dwelling 
which can provide a complex comfort of living, 
including physiological and psychological aspects.  

Designing a dwelling is very complicated 
optimization problem. How can conflicting 
physiological, psychological, social and other 
human demands be considered against the 
background of numerous external factors and 
financial restrictions? How, at least, to assess the 
impact of each of these factors, different in quality, 
into the general state of comfort? 

The use of standard optimization methods, 
similar to the one described above, is quite difficult 
here. 

The only way is to use an evolutional 
approach based on the systems’ self-organization 
laws. In this case a compromise, quite viable in 
various situations, can be reached.  

Analysis of latest research: J.N.Kovalev and 
N.M.Mkhitaryan developed a design methodology 
psychologically comfortable residential property for 
various psychotypes, but not treated task of 
determining links between social groups and 
psychological types, therefore, it is required to 
design a comfortable elite dwelling in various 
categories.  

Aim: testing opportunities for application of 
methods for determining psychological comfort to 
find dependence between specific psychological 
needs and architectural and design solutions for 
elite dwelling, which should contribute to meeting 
the needs of people of different psychotypes.  

Tasks: refinement of psychological 
characteristics of various psychotypes; definition of 
psychotypes prevailing for each social group; 
written of specific recommendations for 
architectural and design decisions, that are 
favorable for providing psychological comfort.  

Expected scientific novelty: to determine 
terms of psychological, physiological and 

biorytmical comfort at all levels of living 
environment for elite dwelling.  

Expected practical implementation: the 
results can be used in the formation of elite 
psychologically comfortable of elite dwelling in the 
city and outside it, with the development of 
normative documents, teaching handbooks for 
designing different types of elite dwelling. 

 
 

1. MAN, ENVIRONMENT, DWELLING 
 

Let us look at the entire set of man-
environment interactions. Evidently, the dwelling - 
a manmade system - can become effective only 
being in harmony with the connections developed 
over thousands of years between the man and the 
environment, not destroying, but refining them, 
adjusting them in accordance with the man’s needs 
and his self-regulation possibilities [2].  

Level 1 – integrity. Here a man and the 
environment are not isolated from each other as 
separate parts yet; however, the possibility of their 
separation already exists as some potential of free 
resources which can be used for this. Physically, the 
unity of the man and the environment is expressed, 
for example, in the fact that the man’s body consists 
of the same elements and follows the same laws as 
the Universe. Mathematically, this unity is 
expressed through self-similarity, different 
symmetries and corresponding to them conservation 
laws, harmonic relations based on the “golden 
section” and Fibonacci numbers etc. If such 
relation did not exist, no interactions with the 
environment would be possible.  

Level 2 – isolation. Here human self-
awareness as the integral and self-sufficient whole 
separated from the world, his “inner self”, or ego 
appears. The integrity manifests itself not only in 
psychic sensation, but also in the unique laws of a 
human body structure, its internal environment 
constant character, etc. Analogically, the Universe 
also represents a certain wholeness regulated by the 
laws of nature, rather than just a sum of separate 
objects. 
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Level 3 – actions and reactions. The 

existence of not only oneself, but also of the envi-
ronment is realized, as well as impacts on it and 
feeling its feedback. For a man the reaction may be 
favorable and unfavorable, which is perceived in 
categories “good” and “bad”. The “knowledge of 
good and evil” takes place with the natural need to 
make and fulfill decisions, regulate wishes, etc., for 
which decisiveness and will are needed. For this 
level, generally, binary divisions are characteristic. 
Thus, for a man, there is a distinction between 
bodily and psychic components, left and right 
halves, male and female sex. For the Universe, 
substance and field, attraction and repulsion, space 
and time, etc. are distinguished. 

Level 4 – space and time. Appearance of 
actions and reactions is followed by their 
arrangement in two categories (inheriting 
characteristics of the previous level, linked with 
number 2) which are generally called space and 
time. Based on the self-organization theoretical 
scenario, three parameters should be given to each 
of them. So it is indeed: space is three-dimensional; 
time includes past, present and future. Ternary 
divisions are just as characteristic for our 
consciousness as the binary ones. For instance, we 
distinguish energy, information and entropy, three 
months of summer, three social estates, etc. 

Level 5 – receptors and sensations. On the 
basis of the same scenario, one should assume the 
existence of three organs of sense perception 
consisted of five elements. Indeed, we distinguish 
internal receptors, causing the feelings of hunger 
and thirst; interfacial receptors defining the 
equilibrium sense and coordination of movements; 
and external receptors – sight; hearing; the sense of 
touch, smell, and taste. Nobody knows exactly how 
many internal or interfacial receptors exist, 
however, as to the external ones, there are definitely 
five of them. Nature also includes phenomena and 
processes which have a quinary division, for 
example, five states of a substance five fundamental 
interactions. 

Level 6 – nuances. Here each of the 
receptors distinguishes eight levels of one and the 
same action. It is done approximately. For example, 
we distinguish 7 colors (in ergonomics the eighth 
color, yellow-green, is added to them), 7 sound 
tones corresponding to 7 notes, etc. Experimentally 
stated Miller numbers, 7-9, are known. They 
characterize the number of similar objects that can 
be perceived simultaneously by an average man. In 
the same way, the perception of nuances of color 
and sound is quite individual, and it is quite difficult 
to generalize here. It should be mentioned that octal 

structures occur quite rarely in nature, for example, 
for a small number of crystals. It looks as if at this 
level self-organization is not completed, and there 
are no other levels of interaction.Now let us 
examine the distribution of potentials. If we follow 
the law of harmonic relation (the whole relates to 
the bigger part similar-ly as the bigger part relates 
to the smaller one, i.e. in the proportion of 1:0,618), 
expressing the wholeness of the system, then the 
distribution of potentials among the levels will be 
the same as shown in fig. 1.  

1

0,618 

0,382 

0,236 
0,146 

0,09 

 
Figure 1. Distribution of potentials among the 

levels. 
 

But let us heed the following. If we count the 
sum of the potentials of levels 2-6, it will be equal 
to 1,472, i.e. bigger than the potential of the first 
level, on the basis of which the further self-
organization occurs. Everything falls into place if 
we recall that self-organization is impossible 
without external impacts. Thus, a missing potential 
is taken from the external environment, and its 
value is determined by the need to make up for the 
deficiency of the potential (Fig. 2). At that, it also 
obeys the law of harmonic relation. 

 
0,618+0,382=1 

0,382+0,236=0,618 

0,236+0,146=0,382 

0,146+0,09=0,236 

0,09+0,056=0,146 

0,056+0,034=0,09 

 
 

Figure 2. The influence of the external environment 
on the system’s self-organization. 

 
Let us have a closer look at fig. 4 to make the 

conclusions which will be important further on. 
Weight coefficients of each of the levels should be 
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taken proportional to their potentials, i.e. 1, 0,618, 
0,382, 0,236, 0,146, 0,09. 

Based on the fact that the potential of any 
previous level is greater than the compound 
potential of all elements of the next level, it can be 
derived that its characteristics cannot be reduced to 
the characteristics of the elements of the following 
level.  

To put it simple, these characteristics will be 
qualitatively different. Actually, it is the transfer of 
the part of the previous level’s “quality-colored” 
potential to the following level that conditions the 
above mentioned inheritance of the previous level’s 
characteristics. The same is true for the appearance 
of new features conditioned by the external 
influences. 

There is an exception from this rule: the 
interaction at resonance frequencies can change a 
potential very strongly. It can have both positive 
and negative results. For instance, the presence of 
art objects or religious symbols may radically 
transform featureless interior – and it is a plus. But 
if the vibration frequency of the window blocks 
coincides with the noise frequency of a tram passing 
outside, the windows will tinkle and chatter and 
quite soon will deteriorate. 
 
 

2. PERCEPTION AND COMFORT  
 

Let us generalize the concept of perceptions 
at fig. 3, by which we understand the methods of 
interaction with outside world. Let us also group 
perceptions according to the levels shown in fig. 1 
and 2. 

 
Intuition 

Ego 

Will, mind 

Intellect 

external: sight, hearing, etc. 
internal: hunger, thirst, etc. 
interface: equilibrium, etc., 
perceptions 

objects of 
perception 

1             2                3                4                   5  and 6 

Colors/shades, 
Sounds/tones, etc. 
Space-time 
relations 
Incentive, 
differentiation 
 
Self-sufficiency, 
safety 
Unity, integrity, 
harmony of the 
world 

levels

operating zones of perception  

 
Figure 3. Structure, succession, and characteristics 

of perceptions. 

Let us comment on Fig. 3. 
1. The perception of any object goes not only 

"bottom-up", from individual signs to a 
generalization, but, more importantly, in the reverse 
order. The perceptions of the first levels create a 
certain context, and it is only in this context that 
special characteristics can be perceived; 

2. In a similar way, ego, will, mind and intellect 
are not merely the analyzing structures, but they are 
also the sense organs with their specific objects of 
perception, without which individual experiences do 
not give the overall picture of the object. By ego we 
mean the person's perception of oneself as a whole; 
by will – one’s desire to influence the world around, 
in accordance with the decision whether it is good 
or bad for the person; by intellect - the perception of  

spatial and temporal forms and relations.  
3. The importance of separate kinds of 

perceptions is determined by their belonging to 
different levels, and the weight coefficients are 
determined according to fig. 3. 

4. Within each of the levels, certain kinds of 
perception may have a greater weight coefficient 
than others. For example, a man is believed to 
obtain up to 90% of information by sight – so it is 
sight that must be distinguished comparing to 
hearing, smell, etc. The conditions of perception 
must also be taken into account. 

5. Let us also note that no specific sense organs 
correspond to the sixth level, thus in future it must 
be regarded together with Level 5, as shown in fig. 
3 by uniting them in one structure. 

Let us continue our analysis and try to correlate 
those psychological characteristics which can be 
tested to determine the individual characteristics of 
a personality with the kinds of perception. 

Usually one and the same term implies multiple 
characteristics reflecting different degrees of 
development of any kind of perception. For 
example, by a general term "intuition" we also 
mean mystical inclinations (this is from the 
category of extrasensory powers), as well as the 
insight and simply "the ability to feel the state of 
affairs."  

At that, the degree of their development 
depends on the absolute value of the potential, 
characteristic for a specific person, and, partly, on 
external conditions. 

Thus, let us show which characteristics will be 
used to describe each of the perceptions, and what 
sensations will each perception cause depending on 
its development .Note that the list of characteristics 
is not a dogma here; they can be replaced by the 
synonymous ones or supplemented. 
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Correction for temperament and age. 

Temperament is one of the most popular 
characteristics of a person, known since the 
Antiquity. Back then 12 temperaments were 
distinguished. Today only four are distinguished; 
psychologists call them as follows: sanguine, 
choleric, phlegmatic, and melancholic persons. It is 
obvious that the temperaments can be linked to the 
value of the potential of a man, or the man’s vital 
energy. Then the influence of temperament on the 
state of comfort/discomfort can be represented 
graphically (fig.4). 

To a certain extent, the same pattern can be 
traced in the age-related changes: "sanguine" energy 
of children is eventually followed by melancholy 
inherent in many elderly people. 
 

energetic, active, optimistic  
calm with flashes of emotions,  
 
thirst for activity, etc. followed by 
the feeling of void 
 
calm, patient, predictable, 
conservative  

 
sad, pessimistic, underactive 

Mainly,  
discomfort 

 

 
 

Mainly, 
comfort 
 
 

 

Potential 
Sanguine  
Choleric  

Phlegmatic  
Melancholic  

Characteristic of the psychic state 

 
 

Figure 4. Influence of temperament on the 
sensation of comfort/discomfort. 

 
To a certain extent, the same pattern can be 

traced in the age-related changes: "sanguine" 
energy of children is eventually followed by 
melancholy inherent in many elderly people. 

 Recognition and decision making. 
Decision making is an important point in assessing 
the level of comfort. Along with the generalized 
decision, there are specific and compromise ones. 
Making decisions is associated with various forms 
of pattern recognition and information processing 
mechanisms. These are complex and largely 
unsettled issues belonging to the sphere of 
psychology, cybernetics and many other sciences. 
For us, it is important to state the following [3]: 

1. The human psyche is a complex system, 
where each of the levels (we have already clarified 
their composition) reacts to external stimuli in a 
specific way. There can be different ways of 
making decisions - intuitive, strong-willed, rational, 
and emotional - each of which is a specific form of 
interaction with the environment, corresponding to 
one or the other type of perception, so it requires 
some corresponding information and is 
characterized by certain duration. 

2. The sequence of information processing in 
the course of the recognition and decision-making, 
according to the recent data, is shown in fig. 5. 

 

 
Organs of 
sense 
perception 

 
 
 
Filters 

Short-term 
memory  

Central organ of 
information 
processing 

Long-term 
memory 

Organizers of 
motor activity 

 
Figure 5.Information processing in the course of 

recognition and decision-making 
 
3. As it is seen from figure 5, the central organ of 
information processing receives data either directly 
perceived, or from short-term or long-term memory. 
Since they are either inborn, or are the products of 
the same perceptions, only in the earlier period of 
time, they are structured in the same way as the 
perception considered above. Consequently, their 
impact on the assessment of comfort/discomfort 
state is analogical. 

 
 

3. PERSONALITY TYPES 
 

Having examined the characteristics of a 
personality, let us turn to the definition of 
psychological types. Knowledge needs, 
motivations, emotions, and other characteristics for 
each of them will make it possible to identify 
specific sets of requirements for a dwelling. Thus, 
the dwelling will be comfortable not "generally", 
which is impossible in principle, but "specifically" 
in accordance with the peculiarities of each of the 
psychological types. The classification will once 
again be based on the types of interaction with the 
outside world – the perceptions. 

So, we have the following six psychological 
(personality) types [1]: 

1. A “Balanced Personality". Here, the 
potential distribution among the levels is perfect; 
such person does not experience inner conflicts and 
health problems. He has various demands with 
distinct priorities for his dwelling, on the whole, 
forming a harmonious unity. We can say that the 
dwelling built in accordance with his demands will 
be perfectly balanced as well, which will allow us to 
trace the entire chain of relations among 
perceptions, motivations, needs and requirements 
for the dwelling, and in future to deduce "formulas 
of comfort". In reality, such harmonious 
personalities can rarely be met. 

2. "Contemplator" (purple color). Here, the 
same as for the other types, the balance between the 
levels is already broken. Since the total value of the 
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potential is constant, the increase of certain qualities 
- in this case, intuition - will be at the expense of 
others - above all, the ego and will. Therefore, 
contemplators are inclined to have a quiet way of 
life. As for the dwelling, their requirements are 
minimal: it should be located in a quiet, beautiful 
and, if possible, deserted place and meet their 
biological needs. 

3. "Egoist" (blue color). Enhancing ego, will 
and mind takes place at the expense of intuition and, 
to a lesser extent, of intellect and senses. It is 
fraught with health problems - mental and physical. 
Priority demands for dwelling are prestige, self-
sufficiency and, to a lesser extent, transformability. 

4. A "Fighter" (green color) is characterized 
by high inclination for self-realization, also by 
conflict character and aggression (will prevails over 
mind), which cannot but lead to both physical and 
mental disorder, because intuition, ego and intellect 
are oppressed. This is the "Martian" type, whose 
motto, like that of Porthos, is "I fight because I 
fight". The vigorous and varied activity puts excess 
demands for the dwelling’s transformability. The 
corresponding emotional state should also be 
encouraged - for example, by bright colors in the 
interior, etc. 

5. An “Up-and-coming Researcher" (yellow 
color) is not inclined for such escapades. He rather 
likes predictability, order and stability: "Money 
loves peace and quiet." But within these limits, he 
can be quite vigorous, energetic and intelligent 
(mind prevails over will), both in business and in 
science. "Strengthening of the mind" takes place 
mainly at the expense of the senses, and some 
people even know how, consciously or not, to 
sublimate sexual energy for "creative goals", which 
was noted by Freud. Demands for the dwelling are 
as follows: a strict and conservative style, clear and 
time-tested solutions, and calm tones of the interior 
– however, the wealth and social status must 
certainly be manifested. 

6. A “Artistic Personality" (orange color) is 
prone to certain exaltation, cultivation of his 
emotional states and sensory experiences. All these 
can coexist with extreme commercialism. 
Sometimes such people have good intuition, but 
more often they are inclined to take various 
superstitions for the truth. This implies that the gain 
of sensory feelings occurs at the expense of mind, 
will, and the analytical part of the intellect. A 
dwelling may have eccentric, outré and even 
provoking solutions, under the essential condition to 
provide a refined sensor comfort and the 
atmosphere of glamor. 

Now let us check our classification – are the 
marked types really fundamental and universal? For 
this purpose let us turn to a totally different source, 
the history of human societies. The development of 
mankind shows that in those societies where the 
social organization was not defined by some “idée 
fixe”, but developed in the natural way, the estate, 
and then the caste structure was formed. Moreover, 
the social division took place depending on the 
motivations determined by the dominant forms of 
communication with the outside world. Take, for 
example, India, where the caste system has been 
preserved almost till today. Thus, 

• those who are inclined to serve gods and 
tend to self-denial and contemplation (intuition) 
belong to the priests, the Brahmins; 

• those who crave power and can override 
others in cruel fight (ego, will, mind) belong to 
rulers and warriors, the Kshatriyas; 

• those who are entrepreneurial and looking 
for wealth (intellect) belong to free traders, farmers 
and artisans, the Vaishyas. 

Note that all of the above are able to make 
important decisions independently.Beyond this 
boundary are the service workers and slaves, the 
Shudras, whose primary goal is to obtain sensual 
pleasures, as well as the outcasts, the Chandalas.  

If we take a look at the feudal Europe, Russia 
and the Muslim countries, we can observe a similar 
picture there as well. The same applies to most 
countries of the ancient world. Thus, the 
fundamental and universal character of the selected 
psychological types is confirmed by the historical 
experience. 

 
 

4. IDENTIFICATION OF 
PSYCHOLOGICAL COMFORT 

 
The level of the dwelling’s comfort is a 

subjective indicator. However, the professional 
literature focuses on ensuring the physiological 
comfort while the psychological component is often 
ignored. A typical example is the book by Robert 
Leroux [6], where the psychological components 
are presented on one page only. The list of 
discomfort factors given there include: 

 an unpleasant internal or external 
appearance of the house;  

 unpleasant or noisy neighbors; 
 living on a high floor that brings a feeling 

of isolation. It is easy to see that the list is very 
controversial and far from being complete. The 
mechanisms of influence of the listed factors on the 
psychological state are not disclosed, and the author 
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mentions the list only in the chapters on the design 
of the exterior, as well as ensuring security and 
safety.  

Particular information on the impact of 
separate factors on a condition of a man can be 
learned from the works on acoustics, coloristics, 
etc., as well as from the dwelling exterior and 
interior design. In the latter case, the authors often 
do not present quantitative estimation. On the 
contrary, in the works regarding ergonomics there 
are numerical estimations but their applicability is 
limited by the area of machine operator’s activity. 

The received data, in its turn, is the basis for 
the selection of certain compensating measures. 

While determining psychological comfort 
and its components, we should base on the fact that 
a man, being a complex system and a subject to the 
laws of self-organization, remains at the same time 
a part of the man – dwelling - environment system. 
Let us introduce the concept of comfort and 
discomfort, and consider how they are manifested at 
different levels of personality organization and how 
they relate to perceptions, states of consciousness 
and various forms of decision-making. Then let us 
show the effect of the dwelling on the nature of the 
processes in view. 

The concepts of comfort and discomfort. 
We shall call a comfortable state of a man the state 
which is characterized by the following features:  

 the harmony between the man, the, 
dwelling and the environment; 

 physical and mental health; 
 presence of sufficient stamina for the 

adaptation; 
 “youth” of all components of the man-

dwelling-environment system.  
Let us consider each of these characteristics 

separately. The harmony between man, dwellings 
and the environment. Since the cause of the 
immutability of the body’s internal environment, 
the ability to regenerate, and the exchange processes 
between the system’s components is the need to 
preserve the system’s integrity, its violation would 
inevitably lead to significant physiological and 
mental disorders that will be perceived as 
discomfort. And such condition can become chronic 
if for a long time the integrity of the system cannot 
be restored. This is the most important sign 
belonging to the first level of the system 
organization. 

Specific signs of integrity violation are: the 
lack of symmetry at some or all levels of 
organization; inharmonious distribution of 
potentials between the levels and elements; inability 
to adapt. 

The health is restored due to those influences 
of the environment or the dwelling that help to 
restore the man’s integrity. It is impossible to 
achieve comfort without the presence of external 
factors and their harmonization with internal 
factors. 

The man’s physical and mental health is 
interpreted as a simultaneous state of constancy of 
physiological characteristics and mental 
equilibrium. This feature emphasizes the 
importance of the internal factors. It should be 
noted that disequilibrium in the peace of mind is 
sometimes useful for launching certain activities 
("throes of creation"), but it is still perceived as 
discomfort. This contradiction can be removed by 
the differentiation of various rooms of the dwelling. 
In some of the rooms, the conditions of targeted 
discomfort may be created deliberately. 

The presence of sufficient stamina is 
absolutely necessary to adapt to changing external 
conditions, such as seasons, atmospheric pressure, 
time of day, etc.   

And finally, the “youth” of all components of 
the system implying the presence of both flexibility 
and the ability to change, as well as the existence 
time reserve, is also a sign of the state of comfort.  

On the contrary, we shall call a state of 
discomfort the condition characterized by one or a 
set of the following features:  

 lack of harmony between a man, dwelling, 
environment;  

 physical and mental illness;  
 insufficient stamina to adapt;  
 “old age” of the system components; 
The psychological component of comfort and 

discomfort correlates with the types of perceptions 
and states of consciousness. 

For the 1st level an indicator of comfort is a 
feeling of good fortune, being lucky, favorable 
course of events, harmony with the environment. 

For the state of discomfort, a sense of "streak 
of bad luck", being unlucky and disharmony is 
typical. 

For the 2nd level of comfort an indicator of 
comfort is a sense of self-sufficiency, health, peace, 
joy, optimism, faith in the future. This is the 
consequence of inner harmony and the sense of 
beauty and eternity of the outer world.  

For the state of discomfort, a feeling of 
illness, internal conflict, frustration, pessimism, 
approaching death, ugliness of the surrounding 
landscape, people, evanescence of the world, etc. is 
typical. 

For the 3d level the comfort is characterized 
by the sense of freedom and the sense of 
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superiority, confidence in the achievability of goals, 
in other words, the "the winner’s mindset". The 
man’s will plays the dominant role in such feelings. 

For the state of discomfort, the feelings of 
weakness and self-doubt, the fear of failure in 
reaching goals are typical. At the 4th level, there are 
two groups of parameters corresponding to the 
sensory perception and intelligence. Therefore, the 
feeling of comfort will include both the sense of 
time-space order, "rightness" of the outer and inner 
world, as well as the intellectual recognition of 
these as logical and cognizable. 

The feelings of chaos, incognizability, 
chance, danger, depression, anxiety, worry, 
insecurity, and weakness will bring the state of 
discomfort. 

For the 5th level the number of comfort 
indicators increases. A comfortable state is 
characterized by the sense of balance, stamina, 
sensory comfort, “harmony of the elements” at the 
level of intellectual constructions and direct 
perception of the outer world.  

The sense of imbalance, burnout, sensory 
weariness, "hostility of the elements", etc. brings 
discomfort. 

For the 6th level and subsequent levels we 
should talk about the contribution of certain feelings 
and nuances of differentiation of their separate 
elements. If the sight and hearing are healthy, the 
feeling of this is a contribution to the overall feeling 
of comfort and, on the contrary, poor sight and poor 
hearing are the source of anxiety, feelings of 
inferiority and other related feelings of discomfort. 

Since each level has the corresponding 
calculated potential, it is possible, knowing the 
priority and the ratio of perception conditions, to 
identify quantitatively the contribution of any 
indicator in the sense of comfort/discomfort [4]. 

Evaluation of the relative importance 
(weight) of various indicators of 
comfort/discomfort. 

A. The locality or globality of the indicator 
action is determined by the fact that it describes 
either several levels or only one of them. 
Accordingly, the importance of the indicator is 
estimated as the sum of the potentials of the 
involved levels of man-environment interactions, 
expressed in relation to the potential of the first 
level. Specifically, the weight of the indicator is 
expressed by k1 coefficient, for each of the layers 
involved. Here there is an alternative – to use k1 = 
0,618 for a "Balanced Personality", or choose it 
based on the results of the testing; 

B. The perception conditions coefficient k2 

expresses the degree of difficulty of the indicator 
perception; for each of the layers it is in the range of 
0 ... 1; 

C. When summing up, the sign "+" should be 
ascribed to the indicators if they are the indicators 
of comfort, and the sign "-" in the opposite case.  

Considering all stated above, the "formula of 
comfort" that characterizes the sum of the comfort 
indicators of all the levels of p expressed in 
conventional units is the following: 
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where n is a number of levels; mi - the number of 
indicators of the i-th level. Here the greater value of 
p corresponds to the better comfort. 

The correction to the “formula of 
comfort.” In conclusion, we shall show the 
correction made by the physiological indicators to 
the general assessment of comfort. Obviously, they 
can only affect the sensations perceived by 
receptors and reaching the central nervous system, 
i.e., they correspond to levels 4, 5, 6. But these 
components are already included in the formula (1). 
Thus, the correction is not required. But it is 
possible to estimate the contribution of all these 
parameters in general sense of comfort: it will be 1 
* Ф3 = 0.236 for a “Balanced Personality” with 
relevant corrections to other psychological types. 

What other conclusions derive from the 
material provided above? Evidently, there exist the 
means to improve the dwelling quality, yet not used. 
These are the means capable of endowing the 
dwelling with new characteristics: enhancing the 
“vital force”, increasing efficiency, preventing 
stresses and diseases. Also, there exists an 
instrument that allows analyzing the indicators 
attained and developing measures for their 
improvement. Its effective use can bring significant 
competitive advantages. 

Let us also note the analogy between the 
activities designed to improve the psychological 
comfort and means of increasing the physiological 
comfort. However, the greatest effect will be 
achieved through joint performance of these 
activities. 

 
5. CLASSES OF THE ELITE 

DWELLING 
 

There are two classes of the elite dwelling   
„De lux”  and „Premium”.  Table 1. details the 
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Table 1. Classes of the elite dwelling. 

 

 

 
characteristics of each class of the elite dwelling 
(buyers, priorities ,region, location, building type, 
style, color range, spatial organization, furniture). 

 
 

6. OPTIMIZATION OF THE ELITE 
DWELLING  

 
Contemporary construction possibilities extend 

far beyond the achievements of the still recent past: 
providing a dwelling with heating, water supply, 
safety and communication systems is just the 
background against which new targets stand out: 
compensation of disharmony of vital rhythms; 
disease prevention, and creation of conditions for 
self-improvement. Here, we should also pay 
attention to the idea of “a dynamic home”, which 
implies the use of state-of-the-art technologies and 
computer facilities [5]. 

Thus, following the given recommendations, 
any person can reasonably choose a location, ensure 
independence and security of a dwelling, determine 
the number, shape and size of rooms, select the 
control means for mood.  

However, even having defined his wishes 
exactly, a reasonable person should not stop. It is 
necessary to check whether the selected company 
can implement those wishes. Of course, first of all, 

external factors must be taken into account, such as 
the ability to help the client in the course of the 
interview to specify the order, using a rich arsenal 
of systems methods, traditional ideas and latest 
achievements in psychology. However no less 
important is the design culture. Do the designers 
know about the “formula of comfort”? Do they have 
adequate skills to find the best solution satisfying 
the priority requirements of the customer at 
reasonable cost? This is a multi-criteria 
optimization itself, information about which might 
be rather dry, but very useful for selecting a 
construction agency. Every person decides for 
himself whether to delve into the intricacies of the 
concept of comfort and the questions of 
construction, or withdraw entirely, entrusting it to 
the professionals. However, as the dwelling is 
chosen for years to come, and the state of health and 
the possibilities of self-realization depend largely on 
its quality, serious consideration must be paid to 
this question.  

Consider (figure 6) the distribution by particles 
in % personality types for customers of the elite 
dwelling.  

Preliminary results indicate that among buyers 
of elite residential property dominate personality 
that relate to psychotype "egoist", is also a notable 
proportion psychotypes "resouceful researcher" and 
"fighter". 

№  Feature Characteristic 
class „De lux” class „Premium” 

1. Buyers Politicians, businessmen, pop stars. Patrimonial aristocracy, rich artists, 
businessmen. 

2. Priorities Uniqueness, prestige, transformation. Uniqueness, prestige, transformation. 

3. Region Capital, city-millionaires, resort 
regions. 

Capital, city-millionaires, resort 
regions, regional centers 

4. Location Administrative center, historic center, 
resort zones. 

Prestigious area,  historic center. 

5. Building type Row houses, cottages, penthouse. Row houses, cottages, penthouse. 

6. Style Baroque, Classical, Empire, Rococo Classicism, modernism, 
functionalism. 

7. Color range Bright colors, play on the contrast, the 
active use of gilding, which causes a 
feeling of luxury, wealth, solidity, 
stability. 

Bright, warm, neutral colors. 

8. Spatial 
organization 

The organization of the space 
environment reminiscent of the royal 
palaces and castles. 

Functionality. 

9. Furniture Volume static sculptural furniture with 
richly upholstered, furniture of 
mahogany. 

Simple, rectangular. 



62                                             Optimization of the elite dwelling with the indicators of psychological comfort     

 

 
 

Figure 6. Distribution by particles in % personality 
types for customers of the elite dwelling  

 
 

Testing opportunities for application of 
methods for determining psychological comfort to 
find correlation between certain psychological 
needs and architectural and design solutions for the 
elite dwelling,  which should contribute to meeting 
the needs of people of different psychotypes and 
publication of preliminary results in table 2.   

 
 

CONCLUSION 
 

The elite dwelling ideal to one person may 
not appeal to another. Therefore, to make a sound 
choice, you need to know your psychological 
(personality) type, the needs and priorities 
conditioned by it. The article offers the 
characteristics of personality and present them in 
the understandable and visual form. All 
characteristics are correlated with the specific for 
each psychological type requirements for dwelling 
 

Table 2. Correlation between personality types and architectural solutions. 

 
which, in this way, acquire a personality-grounded 
nature. And they do not depend on such volatile 
factors as the influence of fashion or a well-
organized advertising campaign. 

We all desire for harmony between our 
dwelling and the environment. At the same time, we 
want it to be expressive, to emphasize our social 
status, to create the feeling of space, but to be 
comfortable, to please the eye with its colors, but 

not to annoy with too bright colors. Experts know 
what architectural and design techniques should be 
used to meet certain wishes. But, as we can see, 
these wishes may be contradictory, and to achieve 
the universal satisfaction is impossible in principle. 
Therefore, an architect designs a house “for an 
average person”, “for eternity”, “as it is required 
by the modern style”, in the end, according to his 
personal preferences. However, it would be better to 

№  Personality 
types 

Characteristic 

Environment Style Transformation Design Comfort 

1. Balanced 
Personality 

Completeness Eclecticism The smooth 
change of house 

Integrity space Harmony 

2. Contemplator Harmony with 
nature 

Ecostyle damping Openness 
nature 

Tranquility 

3. Egoist Background 
for the 
manifestation 
ego 

Baroque, 
Classical, 
Empire, 
Rococo 

System 
 «clever house» 

Many different 
rooms 

Richness 

4. Fighter Environment 
for unity and 
struggle 

Japanese 
style, 
minimalism 

System  
«dynamic house» 

Transfor- 
mation 

Security  

5. Up-and-
coming 
Researcher 

Space for 
finding ideas 
and problems 

Classicism, 
modernism 

Spatial temporal 
organization 

Rationality Wisdom 

6. Artistic 
Personality 

Environment 
for creativity 

Create your 
own unique 
style 

Changes to the 
creation of 
masterpieces 

Space to find 
inspiration 

Freedom 
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build the elite dwelling in accordance with 
preferences and needs of its future owner! But for 
this, the customer must be able to explain the 
designer his demands, with clear awareness of what 
styles and decisions correspond to his own 
psychological type. Based on the need to prepare 
the reader for such a talk, I present the information 
on choosing the construction location, architectural 
styles, space planning features, creating the interior, 
service organization, constantly correlating the 
requirements defined by certain psychological types 
with specific design solutions and trends in the 
development of the elite dwelling.  

How to assess the current level of comfort? 
How to correlate it with spending, to determine the 
effectiveness of investments? Can the dwelling lose 
its attractiveness in the foreseeable future? What 
advice can be given if we consider the dwelling in 
the context of real estate?  

The techniques and recommendations 
answering these very important questions are given 
in this article. 

Based on the reasonable recommendations of 
this article, the terms of psychological, 
physiological and biorytmical comfort at all levels 
of living environment for the elite dwelling (ensure 
harmonic relations with surrounding world; self-
sufficiency; transformation; space-planning 
excisions; sensory comfort) are determined. The 
results are verified by analyzing complex 
counterparts. This article has formed specific 
recommendations for architectural and design 
decisions, that are favorable for providing 
psychological comfort of owners of the elite 
dwelling. 
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Practical implementation of the foundations 
for mineral energy engineering [1] should be better 
kept on monomineral lime binder. The process of 
lump lime slaking with water creates environment 
favourable for chemical reactions with high thermal 
dynamic indicators of alkalinity (рН≥12), high 
temperatures (up to 1000С and higher) and heat 
release (65,5 kJ /mol). This environment with 
important thermodynamic characteristics can be 
called “the waste” of production as it is almost not 
used as secondary useful resources. Meanwhile, 
alkaline environment is  able to transform 
electrically neutral particle (molecules, crystals, 
etc.) into active (electrically charged, amorphous). 
Temperature increasing is also acceleration of 
chemical reactions in the environment lump lime 
extinction. Heat release at limp slaking is a 
volumetric heat treatment, causing chain reaction of 
reactants, not from the surface inside for a long time 
as during the usual heat treatment of products. 
Ability to control these processes ideally means air 
binder on the basis of which low strength and water 
resistance concrete is received, as well as to 
transform it into hydraulic, more durable and water 
resistant. 

Our task is to introduce a substance, changing 
thermodynamic characteristics of a system, into the 
system of these processes, and to obtain new 
formations, increasing strength and water resistance 
of concrete with the lime binder. Such substance 
does not need to be active, as  environment 
(alkalinity, temperature, heat), into which it is 
introduced and which activates it, is active. Two 
main requirements are as follows: the substance 
must be highly soluble in water, and water solution 
must have sufficient homogeneity of its distribution, 
and energy of its interatomic bonds must be higher 
than the energy of interatomic bonds  СаО (CaO is 
about 1062 kJ/mol) and  Н2О (H-O is about 459 
kJ/mol). Water solution of a chosen substance must 
extinguish lump lime. Silicon atom with the bond 
energy Si–O of 1861 kJ/mol corresponds to these 
requirements. It is widely spread: organosilicon 
liquids, aqueous solutions of sodium silicate, 
sodium fluorosilicate etc.  

In our work we used sodium waterglass, 
Na2SiO3, as water modifier. It gives strong alkaline 
medium [2] and acidfied SiO2: 

Na2SiO3+H2O=2NaOH+SiO2. Its concentration in 
water changes the degree of ionization (according to 
data of electrical resistivity) and рН medium, fig. 
1a. Changing its concentration it is also possible to 
regulate speed of lime slaking, fig. 1b.  

a. 

b. 
 

Figure 1. Influence of concentration of water 
solution on the values: a) pH medium (x) and its 
electrical resistance (•)  and b) change of speed of 
hydration while slaking lump lime with water (the 
upper curve), water solution with concentration of 
1% (medium) and 3% (the low curve).  

 
Due to this fact the structure of control and 

studied limestones, having solidified for 4 months, 
was examined. Control samples were prepared on 
the basis of lime putty received after slaking the 
lump lime with water. Examined samples, as 
opposed to the control ones, were prepared with the 
use of analogue putty, but it was received by slaking 
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lump lime with water solution of waterglass with 
the concentration of 6%. Analysis of advantages and 
disadvantages of examined material was compared 
with analogue control samples. X-ray analysis was 
carried out with the use of diffractometer, X-ray 
DRON-4.0.  

Quality phase analysis was carried out by 
comparison with tabular data about interplanar 
spacings and their intensity received when 
interpreting the diffraction patterns, fig. 2. 
Reliability of identification of a phase is provided 
by the coincidence of not less than its three the most 
intensive line on diffraction patterns. Diffraction 
patterns in the interval of angles from 5 to 650  were 
taken in researches. Diffraction patterns with 
saturated number of new forms in the range of 
angles rotation of 15-500 were chosen for analysis. 
It let us determine the kinds and quality of new 
forms. New forms appeared in the control samples: 
portlandite Са(ОН)2  and calciteСаСО3, fig. 2a. 
Moreover, the new substance, the aragonite, appears 
in examined samples, fig. 2b. 

а. 

b. 
 

Figure 2. Diffraction patterns of new forms of a 
stone, prepared from a lime slaked with water (a) 

and water solution of waterglass (b). 
 

Qualitative and quantitative composition of 
new forms as the minerals are given in Table 1. 
Here lime binder in the form of Са(ОН)2 is 
considered as an unreacted substance, and 
portlandite having the chemical formula also in the  

 

Table 1. Qualitative and quantitative composition of 
new forms of limestone. 

form of Са(ОН)2, but having brucite structure of 
flat sheets with a dense hexagonal packing strength 
up  to 3,5 MPa [3], is considered as solid substance. 
The distinguishing feature is such that modification 
of water with waterglass changes its ratio, namely, 
while slaking with water the number of portlandite 
is higher, and with water solution of waterglass the 
number of Са(ОН)2 is higher.  

The effectiveness of water modification for 
slaking lime is noticeable and 1,6 times higher than 
occurrence of calcite. But the most important thing 
is such that slaking of lump lime with water 
solution of waterglass and its further mixing with 
water let us obtain limestone, in which composition 
the new substance, aragonite, appeared. This fact 
corresponds to literature data[4], according to which 
its characteristics were determined, and, in 
comparison with traditional new formation, calcite, 
is indicated in the Table 2.  

 

Table 2. Distinguishing features of new formations 
of lime binder.  

 

Description of qualities  Calcite  Aragonite 
Chemical formyla    СаСО3 4[СаСО3] 
Density, g/сm3 2,71 2,95 
Firmness  2,7 – 3,2 3,5 – 4,0 
Crystal structure  Cubic  Rhombic  

 
Comparing with calcite, density of aragonite 

is 9% higher, and firmness is 25-30% higher [4]. It 
is known that reducing of porosity (increasing of 
density) of 1% leads to increasing concrete strength 
of 5%. Taking into consideration the importance of 
these numbers, it's possible to understand the 
actuality of work, especially in the part of these 
processes control.  

Quantitative difference in atomic content of 
crystals of calcite and aragonite causes certain 
changes in energy potential of interatomic bonds. 
Chemical formula of aragonite, including four 
crystals of СаСО3, like single solid body, has 
separation surfaces almost 4 times smaller than the 
sum of separation surfaces of 4 single crystals of 
calcite. This advantage is to increase the density of 
concrete, as it is determined by the density of 
limestone, filler and their contact, and the contact 
here is on the molecular level.  

Qualitative characteristics of aragonite were 
studied using its structural formula, which we have 
developed and shown in Fig. 3. 

Structure of aragonite is similar to the 
structure of calcite. Aragonite was obtained in an 
environment characterized by a high degree of 
alkalinity, high temperature and acidic SiO2. Due to 
combination of there parameters the new  

Lime slaking  Kind and number of new forms 
Calcite Arago-

nite 
Portlan-

dite 
Са(ОН)2

With water 8 – 3 2 
With solution  11 2 1 4 
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calcite                                                    
 
 
 
 
aragonite 

 
 

Figure 3. Structural formula of new formations. 
 

environment appears. It is favorable for 
isomorphism СаСО3, due to which aragonite 
appears. Its structural formula indicates the 
“linking” of four crystals СаСО3, which confirms a 
hypothesis developed by us. In our researches 
waterglass Na2SiO3 with strong binding energy Si–
O and increased alkaline medium, cleaves double 
rigid connection С=О, fig. 2, in crystals СаСО3, 
which leads to isomorphism, i.e. creation of mixed 
group  compounds of calcite crystals. 

We know that the higher the value of the 
interatomic bonds, the shorter the length of 
interatomic bonds, the denser the rigid body and the 
stronger it is. That is why it is important to compare 
thermodynamic characteristics of aragonite and 
calcite. The calculation of the energy of interatomic 
bonds of minerals of solidified lime binder is given 
in Table 3. 

Total energy of interatomic bonds of 
aragonite crystals is 176 kJ/mil, i.e. 1% higher, that 
the one of calcite. This energy is high enough, 
considering that 1 g/mol of  quicklime at slaking 
generates 65,5 kJ of heat  which is sufficient for 
increasing of environment temperature above 
1000С. Moreover, in accordance with the data of X-
ray diffraction analysis total energy of interatomic 
bonds of all new appeared formations, having other 
constant parameters, is 1,9 times higher (89672 
against 47014 kJ/mol) when lump lime is slaked 
with water solution of waterglass, not with water.  

In the case of stabilization or hybridization of 
energy of interatomic bonds in new formations 1 
bond in average has (4014:60=783,6 kJ/mol) at 
slaking of lime with water and (89672:123= 729 
kJ/mol) at slaking with water solution of waterglass.  

Thus, slaking of lump lime with water 
solution of active substances causes isomorphism of 
СаСО3: in our case to formation of mixed group 
polymorphic compounds of calcite crystals in the 
form of aragonite with the best physical and 
mechanical qualities. Structural formula of 
aragonite was developed. Working hypothesis was 
confirmed. Total energy of interatomic bonds of 
new formations with aragonite is 1,9 times higher 
that with calcite only. Secondary “raw material” in 

Table 3. The calculation of the total energy of the 
interatomic bonds of new formations of lime binder.  

 

Description 
of minerals

Interatomic 
bonds 

Number, 
pcs 

The 
total 
energy 
of  
bonds 
kJ / mol 

Kind 

ener
gy, 
kJ/m
ol 

Kind
s of 
bond
s 

Mi
ner
als 

Slaking of lump lime with water 

Са(ОН)2 
Са-О 1140 2 5 11400 
Н-О 459 2 5 4590 

Total energy of interatomic bonds 
Са(ОН)2 

15990 

Са(СО)3 
Са-О 1184 2 8 18944 
С–О 383 2 8 6128 
С=О 744 1 8 5952 

Total energy of interatomic bonds of 
calcite 

31024 

Total energy of interatomic bonds of 
new formations 

47014 

Slaking of lump lime with water solution of 
waterglass 
Са(ОН)2    5 15990 
Са(СО)3    11 42658 

4[Са(СО)3]
Са-О 1184 8 2 18944 
С–О 383 16 2 12256 

Total energy of interatomic bonds of 
aragonite 

31200 

Total energy of interatomic bonds of 
new formations 

89672 

 
the form of high heat effect of slaking lump lime 
and alkalinity, which medium is favourable for 
polymorphism of reactants, was used rationally.  
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REZUMATE 
 
Băjenescu Titu-Marius I. Fotovoltaicele într-o lume 
de tranziție către energii regenerabile. Se trec în 
revistă starea actuală al fotovoltaicii, eficacitatea 
celulelor, componentele-cheie ale unui sistem de 
putere fotovoltaic, creșterea globală a pieții 
fotovoltaice, proiecte noi de celule fotovoltaice, 
filmele subțiri, câteva tendințe din industria 
fotovoltaică și problema stocării energiei. 
 

 

Adascalitei A., Secrieru N., Todos P. Cursuri 
universitare OER MOOC funcționale prin 
utilizarea Moodle Platform. Lucrarea descrie o 
secvențe pedagogice eficiente de subiecte și metode de 
blended learning a analizei circuitelor electrice în 
structura MOOC (Masive Cursuri deschise online). 
Această lucrare prezintă modul de a preda folosind 
web, Resurselor Educaționale Deschise (OER), 
componente web, desigur, și structura procesului de 
instruire. Aceste medii de învățare virtuale va 
îmbunătăți performanțele studenților în cursurile de 
inginerie oferite la Universitatea Tehnică „Gh. 
Asachi” Iași și Universitatea Tehnică a Moldovei. 
Metodologia noastră web-based de instruire se 
concentrează pe predarea aceasta abilitate de rezolvare 
sistematică a problemelor. Dezvoltarea de materiale de 
curs pentru studenți-ingineri din România și Republica 
Moldova va avea un impact tot mai mare pe scena 
națională a educației inginerie. Cercetarea și 
dezvoltarea de materiale online dedicate dezvoltării 
resurselor umane și a potențialului uman va accelera 
procesul de transfer de tehnologie up-to-date.  
 

 

Bostan I., Secrieru N., Candraman S., Margarint A., 
Barbovschi A. Conexiunea infrastructurii Centrului 
Național Tehnologii Spațiale la rețeaua globală 
educațională de operațiuni satelitare. Această 
lucrare reflectă o metodă inovatoare de conectare și 
transmitere de date între un satelit și stațiile terestre. 
Autorii sugerează utilizarea unei rețele distribuită de 
stații terestre, care primesc simultan sau separat date 
de la sateliți. Sunt  prezentate noi soluții, care să 
permită îmbunătățirea calității recepției datelor în 
comparație cu o singur set de antene. Ulterior, se arată 
o realizare propusă ca rețea distribuită de stații terestre 
cu descrierea protocoale de transmisie, de transmitere 
și de stocare a datelor, sistemul de autorizare, 
dispozitivele și operatorii de comunicații. Această 
rețea este o parte a proiectului satelitar, dezvoltat de 
studenții de la Universitatea Tehnică a Moldovei. 
 

 

Krylov Е. А., Martynov  V.I. Analiza influenţei 
naturei fazei solide asupra proprietăţilor  betonului  
celular. Este expusă ipoteza privind dependența 
proprietăților materialelor cu porozitate mare în 

funcție de caracterul distribuției fazei solide, 
prezentate de două elemente ce determină structura – 
particulele fazei solide (pereții despărțitori dintre pori) 
și suprafețele interne de divizare. Pentru a confirma 
ipoteza, betonul spumant este prezentat într-o formă 
deschisă de auto sistem capabil de organizare a 
structurilor. Sunt prezentate etapele de formare  a 
structurii materialului în stadiul inițial . Lungimea 
suprafețelor interioare de divizare este prezentată în 
formă de modele. De asemenea, pe modele s-a studiat 
influența tipurilor de ambalaje de pori, de forma lor, 
de porozitate, raportul apă/substanță solidă, de 
caracterul structurii fazei solide. 
 

 

Solonenko I. Asigurarea unei acoperiri de 
performanţă din beton pentru drumuri, datorită  
modificări  lui. Sunt prezentate rezultatele cercetărilor 
influenței asupra proprietăților acoperirilor din beton, 
destinate pentru drumuri, care conțin în componența 
lor adaos plastifiant și fibre de polipropilenă.  Sunt 
calculate modelele matematice, care descriu 
modificările caracteristicilor fizico-mecanice şi de 
exploatare ale acoperiri cercetate. Se prezintă 
recomandări privind utilizarea rezultatelor cercetărilor 
în construcţia de drumuri auto. 
 

 

Marina V., Marina Viorica. Metodologia 
reprezentării matriceale şi analiza tensorului 
constantelor de elasticitate de ordinul opt. In lucrare 
este prezentat tensorul de ordinul opt. Numărul de 
constante independente de elasticitate este analizat în 
funcţie de simetria tensorilor tensiune/deformaţie şi 
elementelor de simetrie care provin din principiile 
termodinamicii.  
 

 

Polcanov V.N.,  Ceban О., Osadcenko K.A. 
Reconstrucția Catedralei „Nașterea Maicii 
Domnului binecuvântată” de la Mănăstirea Curchi. 
Majoritatea edificiilor de cult, în special cele situate în 
localitățile rurale, se poziționează în cadrul teritoriului 
potențial alunecător. Structura specifică a versanților 
din regiune determină dezvoltarea deformațiilor lente 
de fluaj. Prin urmare, sunt observate deformațiile 
construcțiilor și edificiilor situate în cadrul lor. În 
cazuri particulare, astfel de deplasări se soldează cu 
consecințe catastrofale: pentru perioada ultimilor 10 
ani în Moldova s-au distrus 17 monumente 
arheologice, 9 monumente istorice culturale. Mai jos 
este prezentat exemplu de consolidare a unui 
monument arhitectural din sec. XIX. 
 

 

Kalashnikova V. Optimizarea locuințelor de lux în 
conformitate cu indicatorii de confort psihologic. 
Procesele sociale, transformările material-spațiale ale 
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mediului oraşelor si schimbarea stilului de viaţă în 
Ucraina au înaintat noi cerinţe cerințe pentru 
proiectarea locuințelor de lux. Există o nevoie pentru 
dezvoltarea unor modele avansate de locuinţe de lux, 
care pot oferi un confort integrat de viață, ținând 
seama de aspectele fiziologice si psihologice. 
 

 

Kucherenko A.A., Albu-Hasan Ahmed Mousa 
Abdulhadi. Despre elementele minerale și ingineria 
genetică în procesul de stingere a varului. Procesul 
de stingere a varului creează un mediu gazoturbulent 
de temperaturi ridicate (până la 100o C) şi alcalinitate 
(pH până la 12).  Prin introducerea în el, împreună cu 
apa de hidratare, a activizatorilor silicatici (sticlă 
solubilă sau GKJ-94) se poate de obținut izo- sau 
polimorfism sau de a obține substanţe noi, cu 
caracteristici fizico-mecanice mai bune decât ale 
Ca(OH)2.  Pe baza pastei de calcar modificat se poate 
de produs betoane, în care, împreună cu calcitul  Ca 
CO3,  apare şi aragonit (4CaSO3), cu rezistenţă sporită 
la apă şi duritate. 
 

 

Candraman S., Secrieru N. Cercetarea 
amplasamentului magnetometerelor pe bordul 
microsatelitului.  Domeniul de cercetare a acestei 
lucrări este de a determina poziţia optimă a senzorului 
de câmp magnetic în cadrul carcasei satelitului 
SATUM. Se propun două variante cercetate spre 
realizare, amplasarea spre exterior sau chiar 
pozițonarea pe un sistem telescopic care se 
declanșează după lansarea pe orbită. 
 

 

Levineț N., Ilco V., Gîrșcan A., Secrieru N. Recepția 
și procesarea datelor satelitare telemetrice prin 
radio software definit.  În lucrare este reprezentată 
arhitectura stației de recepție a datelor telemetrice 
satelitare bazat pe o arhitectură software, numită și 
Software Defined Radio. Astfel blocurile de corecție 
Doppler, filtrare, demodulare și de decapsulare a 
datelor recepționate prin protocolul AX.25 sunt create 
cu ajutorul limbajelor de programare. Trecerea de la 
partea hard la partea soft oferă posibilitatea de 
modificare a funcționarii stației telemetrice în 
dependență de datele de intrare pentru fiecare bloc. O 
stație telemetrică bazată pe SDR poate fi reconfigurată 
pentru modificarea principiului de funcționare a 
demodulatorului sau de reconfigurare a metodei de 
decapsulare a datelor în dependență de protocolul de 
comunicare cu sateliți. Totodată configurând datele 
orbitale ale oricărui satelit și ținând cont de poziția 
stației terestre se poate omite efectul Doppler. 
Comparativ cu arhitectura radio tradițională, cea 
definită prin software oferă o flexibilitate înaltă, 
economie de timp și este o soluție eficientă pentru o 
serie de aplicații.  

Levineț N., Ilco V., Gîrșcan A., Secrieru N.   
Proiectarea arhitecturii software a calculatorului de 
bord a microsateliților cu utilizarea limbajului 
SYSML. În lucrare se prezintă experiența procesului 
de proiectare arhitecturală a softului pentru 
calculatorul de bord a microsatelitului în baza 
limbajului formal SYSML. Proiectarea se realizează 
prin metoda top down, care vizează definirea 
evenimentelor și proceselor de funcționare a 
sistemelor satelitului,  prin  elaborarea diagramelor 
SYSML. În mediul de proiectare cu ajutorul 
diagramelor se generează structura programului, 
aceasta structură oferă o fiabilitate și o rapiditate înaltă 
de funcționare. Experiența acumulată arată că datorită 
proiectării inverse (reverse engineering) poate fi 
micșorat timpul de testare, iar mediul de proiectare va 
permite corectarea și generarea automată a 
documentației electronice. 
 

 

Bostan I., Dulgheru V., Bodnariuc I. Aspecte 
tehnologice ale transmisiilor planetare precesionale 
cinematice cu roți de plastic. Această lucrare descrie 
elaborarea transmisiilor planetare precesionale 
cinematice cu roți dințate din material plastic - oțel. 
Pentru a reduce frecarea de alunecare în angrenajul 
precesional cinematic a fost utilizat cuplul de material 
“plastic – oțel”. Acest fapt a permis creșterea 
randamentului și soluțonarea problemelor legate de 
tehnologii de fabricatie pentru coroanele danturate ale 
blocului satelit. Dinții roții centrale au profil convex 
concav nestandard variabil descris de ecuații 
parametrice conform teoriei fundamentale a 
angrenajului precesional. Deoarece dinții satelitului au 
profil circular acest fapt asigură fabricatie relativ 
simplă. Prezenta lucrare conține o justificare amplă a 
metodei de selecție a materialelor plastice necesare 
pentru fabricarea roţilor dințate. De asemenea, sunt 
prezentate criteriile de selecție a maselor plastice și de 
funcționare a lor. 
 

 

Bârsan, A. Posibilităţi de optimizare a cinematicii 
mecanismelor malteze. Lucrarea propune câteva 
variante de optimizare a cinematicii mecanismelor de 
tip maltez. Sunt prezentate trei mecanisme: 
mecanismul maltez cu canale curbe, mecanismul 
maltez cu canale de tip „Y” şi mecanismul maltez 
clasic acţionat prin intermediul unui mecanism cu 
camă. 
 

 

Paraschiv Dr., Merticaru V. jr., Creţu Gh. Rezultate 
comparative privind rugozitatea obţinută pe 
suprafeţe prelucrate  prin metoda în vârtej. 
Lucrarea conţine o prezentare comparativă a unor 
rezultate experimentale privind rugozitatea obţinută pe 
suprafeţe prelucrate în vârtej, respectiv pentru melci 
cilindrici şi filete exterioare trapezoidale.  
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ABSTRACT 
 
Băjenescu Titu-Marius I. Photovoltaics in a 
transition world toward renewable energies. An 
overview of the recent status of photovoltaic (PV) 
generation, the best research-cell efficiency, the key 
components of a photovoltaic power system, the 
growth of global PV market, new projects for PV cell, 
thin films, some trends in PV industry, and the storage 
problem are presented. 
 

 
Adascalitei A., Secrieru N., Todos P. OER MOOC 
University Courses running by Using Moodle 
Platform. The paper describes an i-pedagogically 
effective sequence of topics and methods for blended 
learning electric circuit analysis in a MOOC (Massive 
Open Online Courses) structure. This paper presents 
how to teach using the web, Open Educational 
Resources (OER), components of a course website, 
and the structure of the instructional process. These 
Virtual Learning Environments will improve student 
performance in engineering courses offered at 
Technical University „Gh. Asachi” Iassy and 
Technical University of Moldova. Our web-based 
instructional methodology focuses on teaching this 
systematic problem-solving skill. The development of 
courseware materials for student engineers in Romania 
and Moldova will have an increasing impact on the 
national scene of engineering education. The research 
and development of online materials devoted to the 
development of human resources and human potential 
will accelerate the process of transfer of up-to-date 
technology.  
 

 
Bostan I., Secrieru N., Candraman S., Margarint A., 
Barbovschi A.  National space technologies center 
infrastructure connection to global educational 
network for satellite operations. The paper deal with 
an innovative method of connection and data 
transmission between a satellite and the ground 
stations. Authors suggest using a distributed network 
of ground stations, which simultaneously or separately 
receive data from the satellite. It are presented a new 
solutions, which allow improving the quality of 
receiving channel in comparison to an antenna array. 
Subsequently, a proposed realization of Distributed 
Ground Station System with description of 
transmission protocols, data transmission and storage, 
authorization system and devices and operators 
communication is shown. This network is a part of 
satellite project, developed by the students of  
Technical University of Moldova. 
 

 
Krylov Е. А., Martynov  V.I. Analysis of solid phase 
impact on cellular concrete properties. A hypothesis 
on correlation between the properties of highly porous 

materials and the nature of distribution of its solid 
phase represented by two structure forming elements 
— particles of solid phase (partitions) and internal 
interfaces — was put forth. In support of the 
hypothesis foam concrete is considered as an open 
self-organizing system capable of structure formation. 
Formation stages for internal interface elements were 
described at the early phases of material structure 
formation. Internal interface length is given as models. 
The models were also used to study the influence of 
pore packing, their shape, porosity, water/solid ratio 
on structural characteristics of the solid phase. 
 

 
Solonenko I. Ensuring performance coatings of 
concrete for roads, due to their modifications. 
Results of research of the influence on performance of 
coatings from concrete, destined for roads, when 
modifying their convoys off the additive and 
polypropylene fiber.  Calculated mathematical models 
describing changes of physico-mechanical and 
operational characteristics, coatings, which are 
considered.  Recommendations on the use of research 
results in the construction of highways. 
 

 
Marina V., Marina Viorica. Methodology of matrix 
representation and analysis of tensor of elasticity 
constants of eight order. In the paper the tensor of 
eight order was presented. The number of independent 
components was analysed in function of symmetry of 
stress/strain tensors and those symmetry elements, 
which result from thermodynamic principles. 
 

 
Polcanov V.N.,  Ceban О., Osadcenko K.A. The 
reconstruction of the "Birth of the Blessed Virgin 
Mary" Cathedral at the Curchi Monastery. Most 
places of worship, especially in rural areas of 
Moldova, are located on a potentially dangerous 
territory. The specific structure of the hillside of the 
region may determine development of movements, 
like for example slow creep deformations. As a 
consequence, a deformation of buildings and 
structures located on them occurs. In some cases, such 
displacements end with catastrophic consequences: 
only in the last 10 years 17 archaeological sites and 9 
historic-cultural monuments have been destroyed in 
Moldova. Presented below, is an example of the 
protection of an architectural monument from the XIX 
century. 
 

 
Kalashnikova V. Optimization of the elite dwelling  
with the indicators of psychological comfort. Social 
processes, material-space transformations of cities and 
lifestyle changes in Ukraine have put forward new 
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requirements for elite dwelling designing. There is a 
need to create perspective models of elite dwelling 
which can provide a complex comfort of living, 
including physiological and psychological aspects. 
 

 
Kucherenko A.A., Albu-Hasan Ahmed Mousa 
Abdulhadi. About mineral genetic engineering 
elements in lime slaking process. The process of 
clearing lump lime creates an environment 
gazoturbulent of high temperatures (up to 100o C) and 
alkalinity (pH up to 12).  Introducing it with water to 
absorb, the silicate activators (liquid glass or GKJ-94) 
you can call iso- or polymorphism or get new 
substances with the best physical-mechanical 
characteristics than Ca (OH)2.  On the basis of 
modified the limy test get concrete, which along with 
calcite CaCO3 occurs and aragonite (4CaSO3), with 
increased durability and water resistance. 
 

 
Candraman S., Secrieru N.  Research of 
magnetometer placement on board of 
microsatellite. The paper deals with the optimal 
placement of the magnetic field sensor on the board of 
microsatellite SATUM. We propose two variants 
investigated for implementation, location outwards or 
even on a telescopic system which is deployed after 
the launch into orbit. 
 

 
Ilco V., Levineț N., Gîrșcan A., Secrieru N. Satellite 
telemetry data reception an processing via software 
defined radio. In this paper is represented architecture 
of a reception telemetry station of satellite based on 
the software architecture, such as Software Defined 
Radio. Therefore, blocks as Doppler correction, 
filtering, demodulation and received data 
decapsulation for protocol AX.25 are created using 
programming languages.  The transition from the 
hardware to the software part, offers the possibility to 
modify telemetry station operation depending on the 
input data for each block. A SDR-based telemetry 
station can be reconfigured to change the principle of 
operation of the demodulator or reconfiguration 
method of encapsulation depending on the protocol 
data communication satellites. At the same time 
configuring any satellite orbital data and taking into 
account the position of the earth station may be 
omitted Doppler effect. Compared to traditional radio 
architecture, the defined by software offers high 
flexibility, time savings and is an effective solution for 
a range of applications. 
 

 
Levineț N., Ilco V., Gîrșcan A., Secrieru N.   
Software architecture design for microsatellite 

computer board using SYSML language. This paper 
presents the experience of software architectural 
design process for the microsatellite board computer 
based on formal language SysML. The design is 
achieved by top down method, which aims to set 
events and processes for satellite systems work by 
drawing SysML diagrams.  In the design environment 
thanks to diagrams is generated program structure, 
which provides reliability and high-speed operation. 
Acquired experience shown that due to the reverse 
design (reverse engineering) may be reduced time 
testing and the design environment will allow 
correction and automatic generation of electronic 
documentation. 
 

 
Bostan I., Dulgheru V., Bodnariuc I. Technological 
aspects of kinematic planetary precessional 
transmissions with plastic wheels. This paper 
describes the elaboration of the kinematical planetary 
precessional transmissions with plastic – steel toothed 
wheels. To reduce the sliding friction in the gearing of 
the kinematic precessional transmission, the plastic - 
steel gearing has been utilized. This fact allowed 
increasing the efficiency, and solution of problems 
related to fabrication technologies for the crown gears 
of the satellite block. The teeth of the central wheel 
have nonstandard variable convex-concave profile 
described by parametric equations according to the 
fundamental theory of the precessional gear. Because 
the teeth of the satellite have circular profile this fact 
allow its relative simple fabrication. This work 
contains a broad justification of the method for plastic 
materials selection necessary for toothed wheels 
fabrication. As well, the plastic mass selection and 
functioning criteria are presented. Also a range of 
adequate materials for toothed wheels manufacturing 
are described.  
 

 
Bârsan A. Optimization regarding the kinematics 
of the Geneva mechanisms. The paper proposes 
some kinematical optimizing solutions for the Geneva 
mechanism. Three mechanisms are presented: a 
curved slotted Geneva mechanism, a “Y” type Geneva 
mechanism and a conventional Geneva mechanism 
driven by a cam mechanism. 
 

 
Paraschiv Dr., Merticaru V. jr., Creţu Gh. 
Comparative results concerning the roughness 
obtained on surfaces cut by whirling method. The 
paper contains a comparative presentation of some 
experimental results concerning the roughness 
obtained on surfaces cut by whirling method, 
respectively for cylindrical worms and for external 
trapezoidal threads. 
  



7     
 

SOMMAIRE 
 
Băjenescu Titu-Marius I. Photovoltaïque dans un 
monde de transition vers les énergies 
renouvelables. On passe en revue l’état actuel du 
photovoltaïque, l’efficacité des cellules, les 
composants-clé d’un système de puissance 
photovoltaïque, la croissance globale du marché 
photovoltaïque, les nouveaux projets de cellule 
photovoltaïque, les films minces, quelques tendances 
de l’industrie photovoltaïque et le problème du 
stockage de l’énergie. 
 

 

Adascalitei A., Secrieru N., Todos P. Cours 
universitaires REL MOOC fonctionnant à l'aide de 
la plate-forme Moodle. Le papier décrit une séquence 
de i-pédagogique efficacité des sujets et des méthodes 
pour l'apprentissage mixte analyse de circuit électrique 
dans un MOOC (Massive ouverts Cours en ligne) 
structure. Cet article présente la façon d'enseigner en 
utilisant le web, les ressources éducatives libres 
(REL), les composants d'un site de cours, et la 
structure du processus d'enseignement. Ces environ-
nements d'apprentissage virtuels permettront d'amélio-
rer le rendement des élèves dans les cours d'ingénierie 
offerts à l'Université technique de Iasi, et de 
l'Université Technique de Moldavie. Notre méthodo-
logie d'enseignement basé sur le Web met l'accent sur 
l'enseignement de cette compétence de résolution de 
problème systématique. Le développement de 
matériaux de didacticiels pour les élèves ingénieurs en 
Roumanie et la Moldavie aura un impact croissant sur 
la scène nationale de l'éducation de l'ingénierie. La 
recherche et le développement de matériaux en ligne 
consacrés au développement des ressources humaines 
et le potentiel humain permettra d'accélérer le 
processus de transfert de la technologie mise à jour.  
 

 

Bostan I., Secrieru N., Candraman S., Margarint A., 
Barbovschi A. Connexion de l'infrastructure du 
centre national des technologies spatiales de réseau 
éducatif mondial pour l'exploitation de satellites. 
Cette papier présente une méthode innovante de 
connexion et de transmission de données entre un 
satellite et les stations terrestre. Les auteurs suggèrent 
d'utiliser un réseau distribué de stations au sol, qui 
reçoivent simultanément ou séparément des données 
du satellite. Il est présenté un nouveau solutions, qui 
permettent d'améliorer la qualité de réception de canal 
par rapport à un réseau d'antennes. Par la suite, un 
projet de réalisation d'Distributed système de station 
terrestre avec description des protocoles de 
transmission, transmission de données et de stockage, 
système d'autorisation et appareils et les opérateurs de 
communication est affiché. Ce réseau est une partie du 
projet de satellite, développé par les étudiants de 
l'Université Technique de Moldavie. 
 

 

Krylov Е. А., Martynov  V.I. Analyse de l'impact de 
la phase solide sur les propriétés du béton 

cellulaires. Émis l'hypothèse reliant les propriétés des 
matériaux hautement poreux de la structure avec le 
caractère de la répartition de la phase solide, présentée 
par des particules de la phase solide (cloisons) et les 
surfaces intérieures de la partition (VPR). Pour 
confirmer l'hypothèse de penobeton présenté dans la 
forme ouverte de l'auto-organisée d'un système 
capable de l'organisation des structures. Récapitule les 
étapes de l'éducation éléments RECHERCHEV dans 
les premiers stades de formation de la structure de la 
matière. Longueur RECHERCHEV est présenté sous 
la forme de modèles. Également sur les modèles ont 
étudié les effets de types de colis du jour, de leur 
forme, de porosité, la relation à la nature de la 
structure de la phase solide. 
 

 

Solonenko I. Assurer la performance des 
revêtements de béton pour les routes, en raison de 
leurs modifications. Résultats de la recherche de 
l'influence sur les performances des revêtements de 
béton, sont destinés aux routes, lors de la modification 
de leurs convois au large de la fibre de l'additive et 
polypropylène.  Calculer des modèles mathématiques 
décrivant les modifications des caractéristiques 
physico-mécaniques et fonctionnelles, sont considérés 
comme des revêtements. Recommandations sur 
l'utilisation des résultats de la recherche dans la 
construction de routes. 
 

 

Marina V., Marina Viorica. Méthodologie de matrix 
représentation et analyse des tensor d'élasticité 
constantes de huit ordre. Dans le document du 
tenseur de huit grade a été présenté. Le nombre de 
composants indépendants a été analysé en fonction de 
symétrie de tenseurs de contrainte / déformation et la 
symétrie des éléments celles qui résultent de principes 
thermodynamiques. 
 

 

Polcanov V.N.,  Ceban О., Osadcenko K.A. La 
reconstruction de la cathédrale «Naissance de la 
Vierge Marie" du monastère Curchi. La plupart des 
lieux de culte, en particulier dans les zones rurales de 
la Moldavie, sont situés sur un territoire 
potentiellement dangereux. La structure particulière de 
la colline de la région peut déterminer le 
développement des mouvements, comme par exemple 
les lentes déformations de fluage. En conséquence, 
une déformation des bâtiments et structures situés sur 
leur produit. Dans certains cas, ces déplacements se 
terminent avec des conséquences catastrophiques: 
seulement dans les 10 dernières années, 17 sites 
archéologiques et monuments historiques 9-culturelle 
ont été détruits en Moldavie. Présenté ci-dessous, est 
un exemple de la protection d'un monument 
architectural du XIXe siècle. 
 

 

Kalashnikova V. Optimisation de l'habitation 
d'élite avec les indicateurs de confort 



8 

 
psychologique. Les processus sociaux, 
transformations matériau et espace des villes et des 
changements de mode de vie en Ukraine ont mis en 
avant de nouvelles exigences pour la conception d'élite 
habitation. Il est nécessaire de créer des modèles en 
perspective d'habitation d'élite qui peuvent fournir un 
confort de vie complexe, y compris les aspects 
physiologiques et psychologiques. 
 

 

Kucherenko A.A., Albu-Hasan Ahmed Mousa 
Abdulhadi. Sur les éléments minéraux génie 
génétique dans le processus d'extinction de chaux. 
Le processus de compensation forfaitaire chaux crée la 
moyenne gazoturbulent de hautes températures 
(jusqu'à 100o C) et de l'alcalinité (pH jusqu'à 12).  
Introduction à l'eau pour absorber les activateurs 
silicate (le verre liquide ou GKJ-94), vous pouvez 
appeler iso- ou polymorphisme ou obtiennent de 
nouvelles substances avec les meilleures 
caractéristiques physiques et mécaniques que le Ca 
(OH)2.  Sur la base de modifié le test calcaire get 
béton, qui, ainsi que de calcite CaCO3 se produit et 
l'aragonite (4CaSO3), avec résistance accrue de 
durabilité et de l'eau. 
 

 

Candraman S., Secrieru N. Recherche de stage de 
magnétomètre à bord du microsatellite. Domaine de 
recherche de ce travail est de déterminer la position 
optimale du capteur de champ magnétique dans le 
Satum de logements par satellite. Nous proposons 
deux options étudiées pour la mise en œuvre, l'empla-
cement ou Position extérieur un système télescopique 
qui est déclenché après le lancement en orbite. 
 

 

Ilco V., Levineț N., Gîrșcan A., Secrieru N. La 
réception et le traitement des données télémétrique 
par satellite avec  la radio logicielle. Dans cet article 
est présenté l’architecture d’une station de réception 
de télémétrie pour satellite, basée a une architecture 
logicielle, appelé Software Defined Radio. Ainsi, les 
blocs, comme Doppler correction, filtrage, 
démodulation et reçus protocole AX.25 sont créées en 
utilisant des langages de programmation. La transition 
à partir du ”hardware” á ”software” permet le 
fonctionnement de la station de télémétrie selon les 
données d'entrée pour chaque bloc. Une station de 
télémétrie à base du SDR peut être reconfigurée par 
modifier le principe de fonctionnement du procédé de 
démodulation ou de reconfiguration de décapsulation 
en fonction de communication protocole des satellites. 
Dans le même temps à la configuration des données 
orbitales de satellite et compte tenu de la position de la 
station terrienne peut être omis effet Doppler. Par 
rapport à l'architecture de la radio traditionnelle, tel 
que défini par le logiciel offre une grande flexibilité, 
des économies de temps et est une solution efficace 
pour une gamme d'applications. 
 

 

Levineț N., Ilco V., Gîrșcan A., Secrieru N.   
Conception de l'architecture logicielle pour 

l'ordinateur de bord de microsatellites en utilisant 
un langage SysML. Le document présente 
l'expérience de processus de conception architecturale 
pour ordinateur de bord de microsatellite fondée sur la 
langue formelle SysML. La conception est réalisée par 
haut en bas, visant à définir les événements et les 
processus de fonctionnement des systèmes de satellites 
en dessinant des diagrammes SysML. Dans 
l'environnement de conception, avec des diagrammes 
est généré structure du programme, cette structure 
offre une grande fiabilité et une grande vitesse de 
fonctionnement. L'expérience accumulée montre qu'en 
raison de la conception inverse (reverse engineering) 
peut être réduit le temps de test et de l'environnement 
de conception permettra de rectification et de générer 
automatiquement des documents électroniques. 
 

 

Bostan I., Dulgheru V., Bodnariuc I. Aspects 
technologiques de transmissions planétaires 
précessionnelle cinématique avec roues en 
plastique. Ce travail décrit l'élaboration des 
transmissions planétaires précessionnelle cinématique 
avec roues dentées «plastique - acier». Pour réduire le 
frottement de glissement dans l’engrenage de 
transmission précessionnelle cinématique a été utilisée 
les matériau  plastique - acier. Cela a permis accroître 
l'efficacité et la solution des problèmes liés aux 
technologies de fabrication pour les couronnes dentées 
du bloc satellite. Les dents de la roue centrale ont le 
profile convexe-concave variables non standard décrit 
par équations paramétrique selon la théorie 
fondamentale de l'engrenage précessionnelle. Parce 
que les dents du satellite ont des profils circulaires 
cela permettre relativement simple fabrication. Cet 
ouvrage contient une large justification de la méthode 
de sélection des matières plastiques nécessaires pour 
fabrication des roues dentées. En outre, sont 
présentées les critères de sélection de la masse 
plastique et leur fonctionnant. Également est décrite 
une gamme de matériaux adéquats pour la fabrication 
de roues dentées. 
 

 

Bârsan, A. Optimisation de la cinématique de 
mécanismes de Malte. Cet article présente quelques 
solutions pour optimiser la cinématique des 
mécanismes de Malte. Ils sont présenter trois variantes 
des mécanismes optimisés: un mécanisme avec des 
chenaux curviligne, un mécanisme hybride avec de 
chenaux en forme de „Y” et un mécanisme de Malte 
classique entraîner par un mécanisme a cam. 
 

 

Paraschiv Dr., Merticaru V. jr., Creţu Gh. Résultats 
comparatifs regardant la rugosité obtenue sur des 
surfaces  processus par la méthode tourbillonnaire. 
Le papier contiens une présentation comparatif des 
résultats expérimentaux regardant la rugosité obtenue 
sur des surfaces processus par la méthode 
tourbillonnaire. 
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РЕЗЮМЕ 
 
Бэженеску Титу-Мариус. Фотоэлементы в 
переходном мире к возобновляемым источникам 
энергии. Приведен обзор современного статуса 
фотоволтаики, эффективности солнечных ячеек,  
ключевых компонентов силовой фотоэлектрической 
системы, роста глобального рынка PV, новых 
проектов фотоэлементов, тонких пленок, некоторых 
тенденций в промышленности фотоэлементов и 
проблема хранения энергии. 
 

 

Адаскалицей A, Секриеру Н., Тодос П. ООР MООК 
университетские курсы работающие с помощью 
платформы Moodle. Статья описывает i-
педагогически эффективной последовательности тем 
и методов для анализа смешанного обучения 
электрических цепей в MOOC структуры 
(Массивные Открытые Онлайн курсы). Эта статья 
представляет, как научить с помощью Интернет, 
открытых образовательных ресурсов (ООР), 
компоненты веб-сайта, конечно, и структуру 
учебного процесса. Эти виртуальные среды обучения 
позволит повысить производительность студентов в 
инженерных курсов Ясского технического 
университета и Технического университета 
Молдовы. Наша веб-методология направлена на 
обучение систематического решения проблем. 
Развитие компьютерных учебных программ 
материалов будет иметь большее влияние на 
инженерное образование для студентов-инженеров в 
Румынии и Молдове. Исследования и разработка 
интернет-материалов, посвященных развитию 
людских ресурсов и человеческого потенциала 
позволит ускорить процесс передачи технологий up-
to-date.  
 

 

Бостан И., Секриеру Н., Кандраман С., Маргаринт 
А., Барбовски А. Подключение инфраструктуры  
Национального Центра космических технологий 
к глобальной образовательной сети для 
эксплуатации спутников. В работе приведены 
инновационные способы подключения и передачи 
данных между спутником и наземными станциями. 
Авторы предлагают использовать распределенную 
сеть наземных станций, которые одновременно или 
раздельно получают данные со спутника. 
Представлены новые решения, позволяющие 
улучшить качество приема канала по сравнению с 
одной антенной решеткой. Впоследствии, 
предложена реализация распределенной системы 
наземной станции с описанием протоколов передачи, 
передачи и хранения данных, системы авторизации и 
устройств и операторов связи. Эта сеть является 
частью спутникового проекта, разработанного 
студентами Технического университета Молдовы. 
 

 

Крылов Е. А., Мартынов В.И. Aнализ влияния 
характера твердой фазы на свойства ячеистых 
бетонов. Высказана гипотеза, связывающая свойства 
материалов высокопористого строения с характером 
распределения его твердой фазы, представленной 

двумя структурообразующими элементами – 
частицами твердой фазы (межпоровых перегородок) 
и внутренними поверхностями раздела. Для 
подтверждения гипотезы пенобетон представлен в 
виде открытой самоорганизующейся системы, 
способной к организации структур. Приведены этапы 
образования элементов внутренних поверхностей 
раздела на ранних стадиях формирования структуры 
материала. Протяженность внутренних поверхностей 
раздела представлена в виде моделей. Также на 
моделях изучено влияние видов упаковок пор, их 
формы, пористости, водотвердого отношения на 
характер структуры твердой фазы. 
 

 

Солоненко И. обеспечение качества  покрытия из 
бетона для дорог, вследствие его модификации. 
Приведены результаты исследований влияния на  
эксплуатационные характеристики покрытий из 
бетона, предназначенного для автомобильных дорог, 
при модификации их составов пластифицирующей 
добавкой  и полипропиленовой фиброй. Рассчитаны 
математические модели, описывающие изменения 
физико-механических и эксплуатационных характе-
ристик исследуемого покрытия. Даны рекомендации 
по использованию результатов исследования при 
строительстве автомобильных дорог. 
 

 

Марина В., Марина Виорика. Mетодология 
матричного представления и анализ тензора 
констант эластичности восьмого порядка.  В 
работе представлен тензор восьмого порядка. 
Количество независимых констант эластичности 
анализирован в функции симметрии тензора 
напряжения/деформации и симметричности 
элементов происходящих из законов термодинамики. 
 

 

Полканов В.Н., Чебан О., Осадченко К.А. 
Реконструкция Собора "Рождение Пресвятой 
Девы Марии" в монастыре Курки. Большинство 
культовых сооружений, особенно в сельской 
местности, расположено на потенциально-опасной 
территории. Особая структура склонов региона 
предопределяет развитие медленных деформаций 
ползучести. Как следствие, наблюдается деформации 
зданий и сооружений, расположенных на них. В 
отдельных случаях подобного рода смещения 
заканчиваются катастрофическими последствиями: 
только за последние 10 лет в Молдове разрушено 17 
памятников археологии, 9 памятников истории 
культуры. Ниже представлен пример защиты 
памятника архитектуры XIX в. 
 

 

Калашникова В. Оптимизация элитного жилья в 
соответствии с показателями психологического 
комфорта. Общественные процессы, преобразования 
материально-пространственной среды городов и 
изменения образа жизни в Украине выдвинули новые 
требования к проектированию элитного жилья. 
Существует необходимость создания перспективных 
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моделей элитного жилья, которые могут обеспечить 
комплексный комфорт проживания, учитывая 
физиологические и психологические аспекты. 
 

 

Кучеренко А.А., Албу-Насан Ахмед Моуса 
Абдулхади. Oб элементах минерально генной 
инженерии в процессе гашения извести. Процесс 
гашения комовой извести создаёт газотурбулентную 
среду высоких температур (до 100o С) и щёлочности 
(рН до 12). Внедряя в неё, с водой для гашения,  
силикатсодержащие активизаторы (жидкое стекло 
или ГКЖ-94) можно вызвать изо- или полиморфизм 
или получить новые вещества с лучшими физико-
механическими характеристиками, чем Са(ОН)2. На 
основе модифицированного известкового теста 
получаем бетон, в котором наряду с кальцитом 
СаСО3  возникает  и арагонит (4СаСО3),  с 
повышенными прочностью и водостойкостью. 
 

 

Кандраман С., Секриеру Н. Исследование 
размещения магнитометра на борту 
микроспутника. Область исследования данной 
работы является определение оптимального 
положения датчика магнитного поля на спутнике 
жилья SATUM. Мы предлагаем два варианта 
исследованы для реализации, местоположения или 
наружу телескопической системы, которая 
срабатывает после запуска на орбиту. 
 

 

Илко В., Левинец Н., Гыршкан А., Секриеру Н. 
Прием и обработка телеметрических данных с 
программно-определяемой радиосистемой. В 
данной работе представлена архитектура станции 
приема данных спутниковой телеметрии на основе 
программной архитектуры, называемой Software 
Defined Radio. Таким образом, блоки коррекции 
эффекта Доплера, фильтрации, демодуляции и 
декапсуляции данных, полученных через протокол 
ax.25 создаются с помощью языков программиро-
вания. Переход от аппаратных средств к програм-
мному обеспечению предлагает возможность 
модификации работы телеметрической станции в 
зависимости от входных данных для каждого блока. 
Телеметрическая станция, основанная на “SDR”,  
может быть изменена  с целью модификации принци-
па работы демодулятора или реконфигурации метода 
декапсуляции данных в зависимости от протокола 
связи со спутником. В то же время при конфигурации 
орбитальных данных любых спутников и учитывая 
положение наземной станции можно 
скорректировать эффект Доплера. По сравнению с 
традиционной архитектурой радио, архитектура 
радио, реализованная с помощью программного 
обеспечения, обеспечивает высокую гибкость, 
экономию времени и является эффективным 
решением для широкого спектра приложений. 
 

 

Левинец Н., Илко В., Гыршкан А., Секриеру Н. 
Проектирование архитектуры программного 
обеспечения бортового компьютера 
микроспутников с помощью языка SysML. В 
данной работе представлен опыт процесса 

разработки архитектурного проектирования 
программного обеспечения для бортового 
компьютера микроспутника на основе формального 
языка SysML. Проектирование осуществляется при 
помощи метода “Top down”, направленного на 
определение событий и процессов работы систем 
спутника, путем разработки SysML диаграмм. В 
среде разработки с помощью диаграмм генерируется 
структура программы, эта структура обеспечивает 
надежность и высокую скорость работы. Опыт 
показывает, что посредством обратного 
проектирования (reverse engineering) может быть 
снижено время тестирования, а среда разработки 
позволит исправление и автоматическую генерацию 
электронной документации. 
 

 

Бостан И., Dulgheru В., Боднарюк И. 
Технологические аспекты планетарных 
прецессионных кинематических передач с 
пластиковыми колесами. Эта статья описывает 
разработку кинематической планетарной 
прецессионной передачи с зубчатыми колесами из 
пластика и стали. Для уменьшения трения 
скольжения в зацеплении планетарной 
прецессионной кинематической передачи была 
использована пара материалов «пластик – сталь». 
Это позволило повышение К.П.Д. и решение 
проблем, связанных с технологией изготовления 
зубчатых венцов сателлитного блока.   Зубья 
центрального колеса имеют нестандартный выпукло-
вогнутый переменный профиль, описываемый 
параметрическими уравнениями согласно 
фундаментальной теории прецессионного 
зацепления. Круговой профиль зубьев венцов 
сателлита позволяют сравнительно простое 
изготовление сателлита. Эта работа содержит 
широкое обоснование метода выбора пластмассовых 
материалов, необходимых для изготовления 
зубчатых колес. Кроме того, представлены критерии 
отбора пластмассов и их функционирования. Также 
описано ряд адекватных материалов для 
изготовления зубчатых колес. 
 

 

Бырсан А. Oптимизациy кинематики мальтийских 
механизмов.  В работе предлагаются несколько 
вариантов кинематики мальтийских механизмов. 
Представлены три механизма: мальтийский механизм 
с криволинейными канавками; мальтийский 
механизм с канавками типа „Y” и  классический 
мальтийский механизм, приводимый через 
кулачковый механизм.  
 

 

Параскив Др., Мертикару В. jr., Крецу Г. 
Сравнительные результаты шероховатости, 
полученной  на поверхностях, обработанных 
вихревым методом. Работа содержит сравнительное 
представление некоторых экспериментальных 
результатов шероховатости, полученной на 
поверхностях, обработанных вихревым методом, 
соответственно для цилиндрических червяков и и 
наружных трапецеидальных резьб. 



 Photovoltaics in a transition world toward renewable energies                                                                     11     
 

 

      PHOTOVOLTAICS IN A TRANSITION WORLD TOWARD 
RENEWABLE ENERGIES 

 

Titu-Marius I. Băjenescu, Dr.Prof. 
Switzerland 

 
 

1. INTRODUCTION  
 

 
Our sun is the only sustainable energy source 

large enough to supply carbon-neutral energy to 
meet humanity's entire energy demand. Since the 
fabrication of the first GaAs cell in 1956, with an 
efficiency of 4%, a steady effort to improve the 
efficiency of the cells has been undertaken 
achieving efficiencies in the range of 30-40% 
(Figure 1). The phase diagram in Figure 2 shows the 
relation of the bandgap and lattice constant for 
several III-V ternary and quaternary compounds, 
and the transitions between them for variations in 
the relative proportions in their elements, e.g. 
AlxGa1-xAs. An interesting idea is the insertion of a 
half-filled energy band inside the energy gap of a 
semiconductor, in order to allow also subgap 
photons to be absorbed in a double step process 
[1]. Superlattices of quantum dots can provide an 
effective formation of an intermediate band, and the 
first devices operating with the double photon 
absorption process have been demonstrated 
[2, 3]. Plasmonics is an emerging field in optical 
science, based on the resonance of light and charge 
oscillation modes on the surface of metallic micro- 
or nanoparticles. With different designs it allows to 
trap light, to enhance the electric field, or to guide it 
inside a semiconductor absorbing film, like a solar 
cell [4]. In this way just very thin layers of 
expensive but efficient semiconductors like GaAs 
can be used to produce cost-effective solar cells.  

Among renewable energies, the conversion of 
sunlight into electricity by photovoltaic (PV) 
devices is a reliable choice to tackle the growing 
global energy demand. From the beginning, the PV 
market was dominated by inorganic materials. 
Organic PV devices are instead in the state of 
advanced development and pilot production. Even if 
their commercialization started for indoor and low-
power applications, they show efficiency, stability, 
and lifetime not yet comparable with inorganic 
devices [5].  

In the last decade, the fast increase of the global 
energy consumption, mainly related to the strong 
economic growth in the Far East, and the 

progressive depletion of the fossil fuels induced a 
run-up in the world oil price. Both these economic 
concerns and the growing global pollution pointed 
out that a transition toward renewable energies is 
mandatory. Among renewables, the conversion of 
sunlight into electricity by photovoltaic (PV) 
devices is a reliable choice to cope the growing 
energy consumption, due to the huge potentially 
extractable power (up to 120000 TW).  

Harvesting solar energy using photovoltaic 
devices is being increasingly recognized as an 
essential component of future global renewable 
energy generation. The key economic factor for the 
production of conventionally used photovoltaic cells 
is the expensive investment in costly semiconductor 
processing technologies. The concept of fabricating 
photovoltaic elements on thin plastic substrates, 
manufactured by techniques such as roll-to-roll 
(R2R) printing, coating and lamination, is highly 
attractive from an economic standpoint. Thin film 
PV technologies have been under development 
in the last decades as a low-cost alternative to 
bulk c-Si. Incidentally, this technology is the 
most suitable for large-scale production since 
the module is the final stage of an in-line 
process that does not require the assembly of 
discrete smaller cells [6].  

Today, the vast majority of PV modules (85% to 
90% of the global annual market) are based on 
wafer-based crystalline silicon (c-Si). Crystalline 
silicon PV modules are expected to remain a 
dominant PV technology until at least 2020, with a 
forecasted market share of about 50% by that time. 
It is expected that a broad variety of technologies 
will continue to characterise the PV technology 
portfolio, depending on the specific requirements 
and economics of the various applications [7]. 

We’re continuing to see silicon as a significant 
technology, and thin film technologies are growing, 
but there are a number of other technologies are 
brewing, and we're starting to see them show 
promise for use later in this decade.
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Figure 1. Best research-cell efficiency (after [8]). 
 

 

 
Figure 2. Ternary and quaternary III-V compounds 
relation between lattice constant and bandgap (after 

[9]). 
 

Already carbon nanotubes (CNTs), nanowires, 
and quantum dots are showing promising results at 
the device-level, improving photovoltaic response. 
But there are less well-known nanoscale 
technologies that are just as exciting, such as 
quantum wells and 3D nano-composites. 

Global power consumption currently stands at 
approximately 15 TW (1 TW = 1012 W), the vast 
majority of which is generated by the combustion of 
fossil fuels. The associated release of CO2 from 
these anthropogenic sources has dramatically 
altered the composition of the atmosphere and may 
detrimentally impact global temperature, sea levels, 
and weather patterns.  All renewable resources will  

 
be utilized, but only solar can meet this level of 
demand. The practical global potential of other 
renewable energy sources such as wind, 
hydroelectric, biomass and geothermal is estimated 
to be less than 10 TW. 

Solar photovoltaics have great promise for a low-
carbon future but remain expensive relative to other 
technologies. An affordable electricity supply is 
essential for meeting basic human needs, and yet 
30% of the world population remains effectively 
without reliable or sufficient electricity [10]. With 
forecasts of over 30 TW of new power needed by 
2050, the carbon emissions associated with the 
expansion, or even continuation, of current fossil-
fuel-based electricity generation would make 
maintaining atmospheric CO2 concentrations near 
their current levels of 379 ppm an insurmountable 
challenge [10-12]. Solar photovoltaics (PV) are 
frequently cited as a promising but an economically 
unrealistic large-scale supply option for a low-
carbon future [13]. The clear expression of the value 
of PV energy, in terms of climate protection and 
other development challenges such as rural 
electrification is important for accelerated PV 
deployment. Benefits in terms of innovation, 
employment and environmental protection should be 
accurately quantified and shared with developing 
economy partners, particularly in terms of their 
ability to contribute towards the fundamental 
questions of adequate energy provision and poverty 
alleviation. 
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The global PV market has experienced vibrant 
growth for more than a decade with an average 
annual growth rate of 40%.  

A typical polycrystalline silicon PV cell 
produces electricity, amortized over a 20 year 
lifetime, at above 20¢/kWh (but variations in 
insolation may lead to costs as low as 16¢/ kWh) 
with life-cycle carbon emissions as low as 32 g 
CO2/kWh1 [9, 10].  

 
 
2. KEY COMPONENTS OF A PV 

POWER SYSTEM 
 

The key components of a photovoltaic power 
system are various types of photovoltaic cells 
(sometimes also called solar cells; the 
conversion of sunlight into electricity is a 
clean, abundant and renewable energy source 
(Figure 3)  interconnected and encapsulated to 
form a photovoltaic module2 – Figure 4 – (the 
commercial product), the mounting structure for the 
module or array, the inverter (essential for grid-
connected systems and required for most off-grid 
systems), the storage battery and charge controller 
(for off-grid systems but also increasingly for grid 
connected ones). PV cells represent the smallest 
unit in a photovoltaic power producing device, 
typically available in 12,5 cm, 15 cm and up to 20 
cm square sizes. In general, cells can be classified 
as either wafer-based crystalline3 (single crystal and 
multicrystalline silicon, compound semi-conductor) 
thin film or organic. A PV array consists of a 
number of modules connected in series (strings), 
then coupled in parallel to produce the required 
output power. 

There are six primary applications for PV 
power systems starting from small pico systems of 
some watts to very-large-scale PV plants of 
hundreds of MW: (i) Pico PV systems have 
experienced significant development in the last few 
years, combining the use of very efficient lights 
(mostly LEDs) with sophisticated charge  
controllers and efficient batteries. (ii) Off-grid 
domestic systems provide electricity to households 

                                                 
1 This is more than twice the average cost of the two fastest 

growing alternatives, namely, wind at 4-10¢/kWh (∼20 g 

CO2/kWh) and natural gas at 5-7¢/kWh (∼400 g CO2/kWh) [9, 
19]. 

2 Photovoltaic modules are typically rated between 50 W and 
300 W with specialized products for building integrated PV 
systems at even larger sizes. Quality PV modules are 
typically guaranteed for up to 25 years by manufacturers. 

3 Currently, crystalline silicon technologies account for about 
80% of the overall cell production. 

and villages that are not connected to the utility 
electricity network (also referred to as the grid). (iii) 
Off-grid non-domestic installations were the first 

 

 
 
 

Figure 3.  Generation of PV electricity (after [4]). 

 
Figure 4. Silicon PV module contains many 

commoditized raw materials including silicon, glass, 
and aluminium. The challenge will be to reduce the 

costs or utilization of these materials while 
improving module efficiency. (Graphic source: 

Hisco). 
 
commercial application for terrestrial PV systems. 
(iv) Hybrid systems combine the advantages of 
PV and Diesel hybrid in mini grids. (v) Grid-
connected distributed PV systems are installed to 
provide power to a grid-connected customer or 
directly to the electricity network. (vi) Grid-
connected centralized systems perform the 
functions of centralized power stations. 

Further research and development is being 
carried out to improve the efficiency of all the basic 
types of cells with laboratory efficiency levels of 
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25% for single crystal cells, and 20% for thin film 
technologies being achieved [15]. 

Looking at recent developments, the role of solar 
photovoltaic electricity in the future energy supply 
can be observed to increase constantly in present 
energy scenarios, policies and – above all – the real 
market4. The recent rapid growth of photovoltaic 
markets all around the world, together with 
dramatically reduced costs, provides the confidence 
that photovoltaics will be able to play the expected 
role. These times are thus crucial for the future 
development of this young energy technology 
which is facing the challenges of rapid 
implementation, fast industry growth, increasing 
market dynamics and fierce global competition. 

Very Large Scale Photovoltaic Power 
Generation (VLS-PV) systems have capacities 
ranging from several megawatts to gigawatts, and 
develop strategies toward implementing the VLS-
PV systems in the future. 

Ban Ki-Moon has right to say: “Energy will be a 
determining factor in whether the world can avoid 
dangerous climate change and make a transition to a 
sustainable, more inclusive global economy” [16]. 

The two main challenges to high penetration 
rates of PV systems are variability and uncertainty, 
i.e. the fact that PV output exhibits variability at 
all timescales (from seconds to years) and the fact 
that this variability itself is difficult to predict. 

The EU is expected to continue dominating the 
distributed solar PV market through 2015. India and 
China show strong growth potential due to their vast 
populations without electricity access. In the four-
year period ending 2015, the distributed solar PV 
value chain is expected to represent close to $600 
billion in revenue [17]. While other countries 
around the world have reached various PV 
installations levels (Figure 5), the total of these 
remains hard to quantify with certainty. Some 
could argue the 100 GW mark worldwide has been 
passed, but evidence remains limited [15]. 

With the current rate of progress, the cost of a 
utility‐sized photovoltaic (PV) system is likely to 
reach $2.20/watt by 2016, and $2.50/watt and 
$3.50/watt, for commercial scale and residential 
scale systems respectively. Reductions significantly 

                                                 
4 When the project Photovoltaic Power Systems (PVPS) of 

International Energy Agency (IEA) started in 1999, very large 
scale photovoltaic power systems were seen as a futuristic, 
long-term concept which many doubted would ever become 
reality. Today, only 15 years later, we can see many examples 
of large and very large scale photovoltaic power systems 
being planned and realized. The vision of Professor Kosuke 
Kurokawa who inspired the work of IEA PVPS Task8 has 
become reality much faster than expected. 

 

beyond that in the next four to eight years are 
unlikely absent dramatically new ideas and 
significant investment [18]. 

 
 

3. GROWTH OF PV MARKET 
 

 

 
Figure 5. The global PV market in 2012 (after [15]). 

 
With current market trends and cost reduction 

opportunities, utility scale system costs are expected 
to reach $2.20/watt by 2016 if no new program is 
launched. The $1/watt goal will require a major 
change in the rate of innovation (see Table 1). 

A major theme of 2012 was a further, significant 
reduction in the costs of solar photovoltaic 
technology. The levelised cost of generating a MWh 
of electricity from PV was around one third lower in 
2012 than the 2011 average. This took small-scale 
residential PV power, in particular, much closer to 
competitiveness. PV markets have significantly 
progressed outside Europe for the first time in 
2012. While the market stabilized globally, the PV 
industry was put  under  heavy cost pressure.  The 
price decrease of PV modules and system is 
opening new opportunities [15]. 

China was the dominant performer among the 
developing economies, raising its investment by 
22% to $64.7 billion, thanks to a take-off in its solar 
market. The surge in China’s solar development 
came as Beijing trimmed its national feed-in tariff, 
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Module 1.70 1.05 0.50 

BOS/Installation 1.48 0.97 0.40 

Power Electronics 0.22 0.18 0.10 

 3.40 2.20 1.00 

Cost of Energy ($/kwh) 
   

 
  2010    2016   $1/W 

Module  0.063   0.037   0.018    

BOS/Installation  0.055   0.034   0.014 

Power Electronics  0.008   0.006   0.004 

O&M  0.013   0.009   0.003 

$ $ $

but falling system costs enabled developers still to 
see a return. Also, manufacturers, faced with 
oversupply in the industry worldwide, opted to 
develop PV projects in their own country to take up 
some of the slack. Germany remained the third 
largest investing country in renewable energy 
worldwide. The country installed some 7.6 GW of 
solar capacity in 2012, the largest for any country, 
and most of it small-scale [19]. 

In 2012, global investment in research and 
development in renewable energy held up 
surprisingly well in difficult circumstances. 

 
 
4. NEW PROJECTS FOR PV CELL 

 
Massachusetts Institute of Technology 

developed a thin-film photovoltaic cell based on 
thin sulphide, which could cut costs because both 
tin and sulphur are abundant and can be processed 
at temperatures below 400°C. Another project at 
University of California Irvine has built a prototype 
cell from iron pyrite which the developers claim 
offers a clear pathway to meeting SunShot targets 
on cost, efficiency and terawatt scalability; and 
another by commercial developer Bandgap 
Engineering to produce a 36% efficient silicon cell 
using nanotechnology. 

 
Table 1. Potential utility scale system cost 

breakdown to reach $1/watt (note capacity factors 
assumed are 26% in 2010 and 28% in 2016). BOS: 

Balance of systems; O&M: Operation and 
maintenance (after [18]). 

 
    Installed system price ($/W) 

                  
2010            2016      $1/W        

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Historically, conventional solar cells were built 

from inorganic materials such as silicon. Although 
the efficiency of such conventional solar cells is 
high, very expensive materials and energy intensive 
processing techniques are required. 

Hybrid and photoelectrochemical (dye 
sensitized) solar cells have been the cheap 
alternatives for conventional silicon solar cells. A 
hybrid solar cell consists of a combination of both 
organic and inorganic materials therefore, 
combines the unique properties of inorganic 
semiconductors with the film forming properties of 
the conjugated polymers. Organic materials are 
inexpensive, easily processable and their 
functionality can be tailored by molecular design 
and chemical synthesis. On the other hand, 
inorganic semiconductors can be manufactured as 
nanoparticles and inorganic semiconductor 
nanoparticles offer the advantage of having high 
absorption coefficients and size tunability. By 
varying the size of the nanoparticles the bandgap 
can be tuned therefore the absorption range can be 
tailored5. 

A broad range of solar cell technologies are 
currently being developed, including dye-sensitized 
nanocrystalline photoelectrochemical solar cells, 
polymer/fullerene bulk heterojunctions, small 
molecule thin films and organic–inorganic hybrid 
devices. 

Hybrid solar cell research shall combine the 
advantages of organic semiconductors and 
nanoparticles with the properties of the inorganic 
semiconductors and nanoparticles. The parameter 
space to choose from is large and only a fraction of 
possible combinations has been realized. Even such 
limited efforts have attracted much attention due to 
the simple processability and low cost processing. 
Their power conversion efficiencies are still low 
compared with the conventional inorganic solar 
cells.  Further research and development for 
optimization is required for different types of hybrid 
solar cell devices [20]. 

 
5. THIN FILMS [7] 

 
Thin films are made by depositing extremely 

thin  layers  of  photosensitive  materials  in  the  μm  
 

range on a low-cost backing such as glass, stainless 
steel or plastic. The first thin film solar cell 
produced was a-Si. Based on early a-Si single 
junction cells, amorphous tandem and triple cell 
configuration have been developed. To reach higher 
efficiencies,  thin  amorphous  and  microcrystalline  

                                                 
5 All of the novel devices efficiency boosted by the presence of 

nanostructures have to deal with the problem of the additional 
costs needed by the fabrication of the nanostructures 
themselves. Of course self-assembly of quantum dots should 
be preferred to nanolithography in terms of time and steps of 
fabrication, and the same is for plasmonic antennas.  
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silicon cells have been combined to form 
micromorph cells (also called thin hybrid silicon     
cells) [13]. In the area of II-VI semiconductor 
compounds, other thin film technologies have been 

developed, including Cadmium Telluride (CdTe) 
and Copper-Indium-Gallium-Diselenide (CIGS). 

 

 
Table 2. Prospects and key R&D issues for CPV, emerging and novel technologies (after [7]). 
 
  CPV   Emerging technologies6  Novel technologies7 
Type of cell High cost, super high Low cost, moderate performance Very high efficiency 
  efficiency      Full spectrum utilization 
 
Status & potential 23% AC system efficiency Demonstrated level (e.g. polymer  Wide variety of new conversion 
  demonstrated  PV, dye PV, printed CIGS) principle & device concepts at 
         lab level 
  Potential to reach over First applications expected in  Family of potential breakthrough 
  30% in the medium-term niche market applications   technologies 
 
Selected R&D  Reach super high  Improvement of efficiency and Proof-of-principle of new 
areas    efficiency over 45% stability to the level needed for  conversion concepts 
     first commercial applications    
  Achieve low cost, high- Encapsulation of organic-based Processing, characterization and 
  performance solutions for concepts    modelling of especially nano- 
  optical concentration and     structured materials & devices 
  tracking 

 
 

6. CONVENTIONAL ENERGY RESOURCES: HOW MUCH IS LEFT? [21] 
 
Oil: 40 –125 years  
Natural Gas: 65 -210 years 
Coal: 250 –360 years 
Nuclear: 80 –300 years 

 
 

7. RENEWABLE ENERGY RESOURCES 
 
Hydroelectric 
Wind 
Biomass        Global potential: Current ~2 TW; Practical: ~10 TW. 
Geothermal        
Ocean / tides 
Solar                     Solar energy potential: Solar flux = 1.1 x 105 TW; practical potential: 600 TW;  

   1 h sunlight = annual global consumption. Infinite supply. 
                                                 
6 Comprise advanced inorganic thin film technologies (e.g. Si, CIS) as well as organic solar cells. Within the organic cells area, there 

are different technology branches such as the dye sensitised solar cell (a hybrid approach of an organic cell retaining an inorganic 
component) and fully organic approaches. 

7 Novel PV concepts aim at achieving ultra-high-efficiency solar cells by developing active layers which best match the solar 
spectrum (or which modify the incoming solar spectrum), utilizing nanotechnology and nanomaterials. Quantum wells, quantum 
wires and quantum dots are examples of structures introduced in the active layer. 
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8. SOME TRENDS IN PV INDUSTRY 
[15] 

 
Most of major manufacturers adopt 

conventional technologies such as Siemens and 
FBR processes, which were used to supply 
silicon for the semiconductor industry.  To 
address lowering price, major manufacturers are 
working on improvement of production 
efficiency. New technology such as metallurgical 
process has not yet become a major technology, 
mainly due to impurity issues. Some companies 
in IEA PVPS member countries that worked on 
new process closed their plant or exited from the 
business because of the overcapacity in 2012. 

In 2012, polysilicon for PV cells was mainly 
manufactured in China, the USA, Korea, 
Germany and Japan. Canada and Norway also 
reported activities of polysilicon producers. China 
produced 71,000 tons of polysilicon, with 
190,000 tons/year of production capacity in 
2012. The production volume in China accounts 
for about 30% of global polysilicon production. 
Meanwhile, China imported 8,700 tons of 
polysilicon in 2012, a 28% increase from the 
previous year. Affected by the polysilicon price 
falling in the global market, most of Chinese 
enterprises with smaller production capacity have 
stopped production in 2012. 

 
 

9. STORAGE PROBLEM 
 
EnStorage flow batteries [22] utilize HBr and 

H2 as storage chemicals. Abundance of these 
materials reduces the chemical cost by 95% 
compared to other batteries, making it the most 
affordable flow battery in the market. Moreover, 
the battery’s proprietary conversion stacks has 
demonstrated over 3 times the power densities 
compared to other batteries, making it smaller and 
lower in cost. Following the recent success of the 
50 KW unit, EnStorage is now moving forward 
with the next milestone of a 150 KW, 6 hours of 
storage, commercial unit. 
 

 
10. CONCENTRATOR 

TECHNOLOGIES (CPV) 
 

As an alternative to flat-plate technologies – 
which use the naturally available sunlight – direct 
solar radiation can be concentrated by optical 
means    and   used   in    concentrator   solar   cell  

 
 

technologies8. Low and medium concentration 
systems work with high efficiency silicon solar 
cells. Beyond 500 suns, III-V compound 
semiconductors are being used for the CPV solar 
cells and efficiencies beyond 40% have been 
achieved in the laboratory. The prospects and key 
R&D issues for CPV as well as emerging and 
novel technologies are summarized in Table 2. 

 
 

11. WHAT WE NEED 
 
We need new materials and a better optics, a 

better use of sunlight, and a easier cell fabrication. 
With this end in view, we must have a smarter 

optics, self-healing materials, self assembling 
procedures and solar paint. 
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1. GENERAL PRESENTATION OF 

OPEN EDUCATIONAL RESOURCES 

AND MOOCS 
 
The Technical “Gh. Asachi” University Iaşi, 

România, (Faculty of Electrical Engineering and 
Department for Teacher Education ─ DPPD; 
http://moodle.ee.tuiasi.ro/) and Technical University 
of Moldova, Chișinău, Republic of Moldova 
(http://elearning.utm.md/moodle/), have initiated a 
multimedia research and development program to 
develop engineering courseware using various 
multimedia technologies. An important incentive 
was the success of the realization inter-university 
network during CRUNT project [26-27]. 

 
 

2. GENERAL PRESENTATION OF 

OPEN EDUCATIONAL RESOURCES 

AND MOOCS 
 
Open Educational Resources (OER) have the 

potential to broaden access to education and to 
improve the quality and cost-effectiveness of 
teaching and learning in Europe. The best way to put 
OERs into practice is through Massive Open Online 
Courses (MOOCs). MOOCs are large-scale courses 
that represent one of the latest developments in open 
education, an initiative that is always trying to 
improve quality, access and equality in education 
and training. 

MOOCs can be implemented in formal, informal 
and non-formal learning, and make learning 
ubiquitous.  

Project will use leading-edge technology to 
create a combined Moodle MOOC platform– based 
on individual platforms and resources provided by 
project partners – making it possible to combine and 
transfer pilot activities in all the hubs involved. 

Project will contribute to increasing awareness of 
the advantages of open education in Europe. The 
project will prove the potential of MOOCs (courses 
and communities) for breaking down technological 
barriers in learning across people with special needs 
or at risk of exclusion. 

MOOCs adopted definition: MOOC is an online 
course designed for large number of participants that 
can be accessed by almost anyone anywhere as long 
as they have an internet connection, is open to 
everyone without entry qualifications and offers a 
full/complete course experience online for free.  

A MOOC includes educational content, 
facilitation interaction among peers (including some 
but limited interaction with academic staff), 
activities/tests, including feedback, some kind of 
(nonformal) recognition options and a study guide / 
syllabus. 

 
 

3. MOODLE PLATFORM USED IN 

DELIVERING MOOCS 
 

MOODLE is an open-source learning 
management system (LMS) that allows users to 
build and offer online courses. It was built for 
traditional online classrooms rather than MOOCs, 
which attract a large number of students. Moodle is 
suited for organizations that want a full-featured, 
customizable LMS. The platform offers educational 
tools, analytics and SCORM compliance. The trade-
off is that the platform is over 10 years old. The 
number of configuration options can be daunting, 
and system performance suffers with larger numbers 
of students. 

 
 

4. I-PEDAGOGICAL 

CHARACTERISTICS OF MOOCS 
 

1. People learn by association, building ideas or 
skills step-by-step. For example by mnemonics, 
training drills, imitation, instruction. Associative 
learning leads to accurate reproduction or recall. The 
dominant approach in Content-MOOCs is 
associative learning. 

2. People learn by constructing ideas and skills 
through active discovery. For example by 
exploration, experimentation, guided discovery, 
problem-solving, reflection, etc. Constructive 
learning leads to integrated skills and deep 
understanding. The task-based MOOCs lay 
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emphasis on active discovery by learners. Some 
assignments are still based on associative learning 
but most are based on the approach of Constructive 
learning. But perhaps we should not use term Task-
based MOOCs because in all approaches the 
learners have tasks and assignments. The difference 
depends how open, how complex and authentic such 
a task is. 

3. People learn by constructing ideas and skills 
through dialogue. For example by discussion, 
debate, collaboration, shared knowledge-building, 
etc. Social constructive learning also leads to 
integrated skills and deep understanding. The main 
approach of the original MOOCs is Social 
constructive learning although elements of 
constructive learning are also present (i.e., 
exploration is more important than any particular 
content). 

4. People learn by participating in a working 
community. For example by apprenticeship, work-
based learning, legitimate peripheral participation, 
learning networks, etc. Situated practice leads to the 
development of habits, values and identities. Hence 
MOOCs using the approach of situated practice are 
missing. MOOCs to be developed under this 
approach can be linked to massive simulation and/or 
games to networked learning i.e. learning in massive 
online learning networks or to concepts like Virtual 
Internship and Virtual Business Learning (Jansen et 
al., 2003). 

 
 

5. LEARNING SYSTEM STRUCTURE 
AND WEBSITE ORGANIZATION 

 
A modular and hierarchical structure was 

incorporated in designing the organization of the 
learning system. Five levels were maintained to 
hierarchically structure contents. The learning 
material was classified into modules at each level to 
ease the content and course management by 
providing flexibility for reuse. The structure of the 
learning system is shown in Figure 1. on moodle 
platform at http://moodle.ee.tuiasi.ro/course/ 
view.php?id=55. 

The structure was designed in close relationship 
to that of an academic curriculum. Each level can be 
compared relatively to a traditional education 
system. The top level in the system structure was 
broadly divided into categories called “modules”; 
this stage is similar to the different streams and 
majors in the academic curriculum that a student can 
take. As there may be different courses available in 
each stream that make them unique, the modules 

consists of individual “lessons” that supplement 
information on related topics. 
 

 
Figure 1. Learning System Structure. 

 
The lessons were further divided into 

“objectives” to provide a fundamental learning 
experience for the students with explicit material 
focusing on specific topics. 

These objectives, which are the building blocks 
for the entire learning system, and are comparable to 
the different chapters in a textbook followed for a 
course. 

The last level in the learning system was the 
content organization and presentation in each 
objective. The contents in the objective were 
displayed by segregating into frames. This level in 
the system is similar to the pages of each chapter in 
the textbook. As each chapter may vary in the 
number of pages, the objectives were also designed 
to vary from 1–20 frames depending on the volume 
of content. Though each frame displayed specific 
content, they were made self-contained in a single 
environment for an objective. 

This was done to maintain continuity in learning 
and minimize waiting time to load each frame. This 
frame-based structure was designed to display small 
chunks of material and help the user to grasp 
concepts gradually before proceeding to the next 
one. 

 
 

6. MOOCS ELECTRICAL CIRCUIT 

THEORY COURSE ORGANIZATION 
 

Course organization is based on Bloom's 
taxonomy of education objectives applied to e-
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learning of electric circuit theory, see Tables 3 and 
4. 

As engineering curricula and courses continue to 
be restructured due to emerging technologies and 
ideas, it has become difficult to decide what body of 
knowledge to be retained and what is to be left out, 
given that the length of time for undergraduate 
education is limited to four years.  

The selection of e-learning technologies should 
involve the assessment of course content, learning 
outcomes, and interaction needs.  Olcott (1999) 
provides what he calls five “Five I’s” of effective e-
learning: interaction, introspection, innovation, 
integration, and information. 

Interaction refers not only to the communication 
that should occur between the student and the 
instructor and the student with other students but 
also the interaction between the students and the 
content of the course.  Thus, asynchronous and 
synchronous communications as well as the 
presentation of print materials and links to the 
Internet from the technology needs of interaction.  
Introspection is the interpretation, revision, and 
demonstrated understanding of concepts.  
Discussion boards and graphics can be effective 
technologies to encourage introspection.  Innovation 
refers to the ability of instructors to experiment with 
technologies to address various learning styles.  
Thus, combination of audio, video, and 
asynchronous discussion can provide various 
opportunities for students to learn.  Integration 
reflects the integration of facts, concepts, theories, 
and practical application of knowledge.  Using case 
studies, print exercises, and role-play can create a 
setting in which integration can occur.  Information 
refers to the knowledge and understanding that is a 
prerequisite for students to move to the next level of 
learning.  

The instructional objectives provide the basis for 
instructional activities in and outside of the 
classroom. For each class, the students come in with 
different learning styles and capabilities. Variation 
in learning styles of the students can be addressed 
through course organization. At this point, course 
organization is generally at the prerogative of the 
instructor who teaches the course.  However, there is 
a general consensus and effort is being mounted by 
all faculty members to adapt instructional techniques 
that enhance student learning in and out of the 
classroom.  It is therefore the instructor who is 
required to take into consideration the different 
learning styles and the teacher builds the class 
presentations around a hybrid of pedagogical 
techniques so as to accommodate all the students 
enrolled in the course.  

Shown in Table 1 is a sample of course objective 
for Circuit Analysis.  It is obvious from the 
objectives that this is not the traditional first circuit 
course in a typical Electrical Engineering program. 
Also note worthy is that only the first two sets of 
objectives are written out in detail.  The objectives 
indicate things that the student must be able to do at 
the end of the course. 

 
Table1: Sample Instructional Objective for Circuit 

Analysis  
Nr. Instructional Objective 

1. Be able to explain basic concepts in 
electrical engineering: 
- Give a descriptive definition of an 
electric circuit. 
- List electrical and magnetic 
quantities, their units, and symbols. 
- Use scientific and metric unit 
notations. 
- Describe the relationship among the 
basic quantities in electric circuit theory:  
charge, current, potential, voltage, work 
(energy), and power 
- Distinguish between passive and 
active circuit elements 

2. Be able to explain experimental and basic 
laws: 
- Explain Ohm’s law 
- Calculate current, voltage, and 
resistance in a circuit; for elements in 
series, parallel and combinations of both. 
- Derive the conditions for voltage and 
current division. 
- Explain Kirchhoff’s current and 
voltage laws. 
- Apply Kirchhoff’s current law to 
determine an unknown branch current. 
- Apply Kirchhoff’s voltage law to 
determine an unknown voltage drop. 

3. Be able to apply methods of network 
(circuit) analysis 

4. Be able to apply circuit theorems to 
analyze circuit. 

5. Be able to use operational amplifiers as 
active circuit components 

6. Be able to describe the structure and 
characteristics of energy storage elements 
(capacitors and inductors) 

7. Be able to relate sinusoids, phasors, and 
complex numbers to circuit elements and 
variables.  

8. Be able to apply Ohm’s law and 
Kirchhoff’s laws in AC circuits 
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9. Be able to determine sinusoidal and pulse 
response of RC circuits. 

10. Be able to determine sinusoidal and pulse 
response of RL circuits. 

11. Be able to analyze basic RC and RL filters.
12. Be able to explain the concept of 

electromagnetism, magnetic induction, and 
mutual inductance. 

13. Be able to describe the construction and 
operation of transformers.   

14. Be able to analyze circuits with 
transformers. 

 
It is pertinent to call the reader’s attention to the 

entries in the instructional objective Table 1. The 
writing of instructional objectives or course 
objectives is an elaborate exercise that takes a lot of 
time. Generally, the instructional objectives are 
divided into weekly activities and entered into the 
course calendar. 

The basic outline of the course consists of 
Content Building Blocks (see Table 2). 

 
Table 2. Course Content Building Blocks.  

 

Content Circuits 
Analysis 

AC Fundamentals BK/ AP 
DC Fundamentals BK/ AP 
Circuit Theorems BK/ AP 
Complex Numbers BK/ AP 
Energy Storage Elements BK/ AP 
Transients BK/ AP 
AC Power Analysis BK/ AP 
Three-Phase Circuits BK/ AP 

 
 

Magnetically Coupled 
Circuits 

BK/ AP 

AC Steady-State Analysis BK/ AP 
Analog Filters BK/ AP 
Fourier Transforms BK/ AP 
Laplace Transforms BK/ AP 

BK =  Basic Knowledge  
AP =  Application  

 
Some helpful strategies for establishing 

education objectives for on line courses are:  
a) Establishing online threaded discussions that deal 
specifically with assignments and projects;  
b) Establishing course projects that:  
 require problem finding and problem solving, not 
only the rote memorization of facts and 
information; and  
 challenge everyday thinking to address diverse 
perspectives on issues;  
c) Establishing learning outcomes that translate to 
and have lasting benefit to real-world practice.  

Create conditions for a knowledge sharing 
community to emerge and create as many 
opportunities for others to learn your infrastructure 
for knowledge sharing. 
The numbers in parentheses are based on the six 
categories of learning from Bloom's Taxonomy of 
Education Objectives. 
Traditionally, categories (4)-(6) are considered 
more challenging, requiring higher level thinking 
skills.  

As examples we considered: 
 the objectives for chapter ac power analysis (1 
introduction; 2 instantaneous and average power; 3 
maximum average power transfer; 4 the effective  
 
 

Table 3. Bloom's Taxonomy of Education Objectives. 
 

Six categories of 
learning   

(1) Knowledge /  
Remembering  

(2) Comprehension /  
Understanding  

(3) Application  

Student Simple 
Memory/General 
knowledge 
 

Student knows and 
understands 
information. 
 

Student knows, 
understands, and uses 
information.  

Computer Tool: Drill and Practice. Visualization software, 
tutorials 
 

Internet research, 
Databases, Spreadsheets, 
Simulations 
 

Internet Task: As students read 
articles and triangulate 
to determine the 
accuracy of facts, they 
learn the facts. 

In order to avoid 
plagiarism, students 
must summarize 
information and relay it 
in their own words. 

The use of an Internet 
based simulation / game 
would be useful here.  
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Table 4. Bloom's Taxonomy of Education Objectives 

  
value; 5 apparent power and power factor; 6 
complex power; 7 conservation of ac power; 8  
 the objectives (see Table 4) for the review of 
single-phase power and power factor correction, (• 
solve for the real, reactive, apparent, and complex 
power of a circuit and determine the power factor  
(leading or lagging);  

• use the power triangle to relate the power 
components of a given circuit;  
• explain the purpose of performing power factor 
correction;  
• determine the reactive power and capacitance 
required to obtain a specified power factor, see 
figure 2).  

Six 
categories 

of 
learning   

(4) Analysis (5) Synthesis /  
Creating   

(6) Evaluation  

Student Student knows, 
understands, uses and 
critically examines 
information.  

Student internalizes information to 
generalize about and beyond what 
is known.  

Student judges known 
and/or hypothesized 
information 

Computer 
Tool: 

Presentation Software, 
Visualization Software, 
Databases, Spreadsheets, 
Simulations  

Presentation Software, Word 
Processing 

Presentation Software, 
Word Processing, Internet 
Research  

Internet 
Task: 

During the process of 
triangulation, students 
must examine, compare 
and test information and 
ideas for accuracy and 
logic 

When students write their report, 
they create a new piece of work 
compiling ideas and facts as well as 
generating conclusions. 

When students write a 
conclusion for their report 
they judge among 
competing ideas and draw a 
conclusion. 

4

Engineering Circuit Analysis

Power FactorPower Factor
 Consider A Complex 

Current Thru a Complex 
Impedance Load

 The Current and Load-
Voltage Phasors
(Vectors) Can Be 
Plotted on the Complex 
Plane

 By Euler

 in the Electrical Power 
Industry Z is the Power 
Factor Angle, or Simply 
the Phase Angle
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Engineering Circuit Analysis

Example Example -- Complex PowerComplex Power
 For the Circuit At Right

• Zline =0.09 + j0.3
• Pload = 20 kW

• Vload = 2200°
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Engineering Circuit Analysis

Power Factor CorrectionPower Factor Correction
 As Noted Earlier, Most 

Industrial Electrical 
Power Loads are 
Inductive
• The Inductive 

Component is Typically 
Associated with Motors

 The Motor-Related 
Lagging Power Factor 
Can Result in Large 
Line Losses

 The Line-Losses can 
Be Reduced by Power 
Factor Correction

 To Arrive at the Power 
Factor Correction 
Strategy Consider A 
Schematic of A typical 
Industrial Load
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Engineering Circuit Analysis

Power Factor Correction cont.2Power Factor Correction cont.2
 Find new  

• Cap is a Purely 
REACTIVE Load

 The Vector Plot Below 
Shows Power Factor 
Correction Strategy
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Figure 2. Power Factor Correction. 
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Table 4. Objectives for chapter AC power analysis.  
 

 (2) 
Comprehension 

(3) Application (4) 
Analysis 

Describe (2) how 
the power 
triangle for a 
given circuit 
relates to the 
impedance 
components on 
the complex 
plane.  
Describe (2) how 
the power 
triangle for a 
given circuit 
relates to the 
impedance 
components on 
the complex 
plane.  
Explain (2) the 
purpose of doing 
power factor 
correction.  

Solve (3) for the 
instantaneous 
power p(t), 
average (or real) 
power P, reactive 
power Q, 
apparent power 
S, complex 
power S, 
and power factor 
for any of the 
elements of an 
AC circuit.  
Use (3) the 
power triangle to 
describe the 
power 
components of a 
given circuit or 
element.  

Explain 
(4) the 
physical 
meaning 
of 
instantane
ous power, 
average 
power, 
reactive 
power, 
apparent 
power, 
complex 
power and 
the power 
factor 
(leading or 
lagging).  
 

 
 

7. CONCLUSIONS 
 
This paper is a synthesis that presents the 

conception of a project devoted to use moodle 
Virtual Learning Environment for the development 
of MOOC courses which mainly contains OER 
materials in order to educate the Engineering 
Students. 

We developed a framework to teach systematic 
problem-solving skills and allow students to 
complete interactive exercises at their own pace.  
Conventional web-based exercises tend to take two 
major forms: multiple-choice questions and short 
problems asking students to fill in numerical 
answers. The multiple-choice question format, even 
in a regular classroom, tends to encourage guessing 
or elimination to arrive at the correct answer.  

While the ability to guess or to eliminate 
incorrect answers is desirable, the lower-level 
courses need to teach students how to use basic 
theory to arrive at the correct answer. The 
implementation of this format on the web leads to 
another undesirable learning characteristic: students 
can get to the correct answer after several wrong 
clicks without even guessing. There is essentially no 
learning involved in this fast-click exercise. The 
short-problem format, with filled-in boxes, avoids 
these drawbacks but fails to teach students how to 

proceed step-by-step from the problem statement to 
the correct solution. The systematic problem-
solving skill is the major learning outcome of low-
level engineering courses, and web-based 
instruction needs to provide methods to teach this 
skill. 

Our web-based instructional methodology 
focuses on teaching these systematic problem-
solving skills.  
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1. INTRODUCTION  
 

      The primary role of space technology in driving 
the development of different branches of science 
and technology is growing, especially for 
agriculture, geodesy and surveying, ecology and 
environment monitoring, etc. The idea of sending 
extremely small satellites into space originated from 
educational institutions and then adopted in diverse 
application fields. The paradigm of microsatellites 
development involved the use of commercial of-the-
shelf components, designed for restricted lifetime, 
but at affordable prices. Recently a lot of 
universities have nano- and pico- satellite 
development projects and many of these pico- and 
nano- satellites were already brought into orbit. 
Small satellites coupled with ground stations, built 
with minimal costs, may allow an intense exchange 
of data. Typically, ground stations are isolated and 
used occasionally because of a limited period of 
visibility between the station and a satellite radio. 
One solution is that such stations to be used to 
support satellites from other universities, namely 
the creation of a network of ground stations what 
would allow remote communication. The 
development of such a network is not an easy task 
and requires the construction of ground stations 
with a proper antenna in order to ensure a good 
quality connection. 
 It is suggested the idea of connecting these ground 
stations via a computer network, which would allow 
their wider use. Such a mechanism would allow 
extension of the period of visibility of the satellites, 
and at the same time, an increase in the amount of 
received and sent data. To increase the number of 
stations available, the authors also propose to 
extend the network of educational ground stations 
because it has appropriate hardware and Internet 
access. Another idea is a simultaneous reception of 
satellite data from several ground stations, and then 
send them to the control system, which will merge 
the data packets.  

     This paper presents the design of a distributed 
ground station network development and detailed 
proposal for its practical realization. Clusters 
formed at Center of Space Technologies TUM with 
other research centers at the faculties of 
Radioelectronics and Telecommunications, 
Computers and Information Technology and 
Mechanical Engineering aimed at extending 
directions of activity and research at the intersection 
of areas such as flight dynamics of spatial objects, 
orientation and stabilization, design of satellite 
attitude control systems, capturing images, satellite 
communications and data transmission to ground 
stations. 

Regarding the connection to a network of ground 
stations, common infrastructure will provide a new 
level of operational research and satellite 
communication for an unlimited number of 
researchers and PhD students, which will allow a 
more efficient implementation and promotion of 
space technologies.  

 

2. STRUCTURE OF SPACE 

TECHNOLOGY EXCELLENCE 

CENTRE 
 

  The Centre of Excellence for Space Sciences and 
Technologies, (NCST) has been established by a 
consortium from Technical University of Moldova, 
academic institutions and some high-tech SMEs in 
order to take advantage of the benefits of space 
technologies and applications in Earth observations, 
meteorology and astrophysics. The goal of the 
NCST is to exclude the lack of scientists, engineers 
and technicians on the area of space research and 
development  by dissemination of experiences in 
the space domain to contribute   building of long-
term partnerships between peoples from different 
European countries to run sustainable outreach 
activities which can act as a catalyzers, motivating 
pupils and students at different ages and education 
levels. The RTD activities of NCST are focused on 
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medium resolution interactive remote sensing and 
creation of flying missions by involving in these 
projects most students at different ages and 
education levels. These goals are supported by the 
concurrent development of micro- and nano- 
satellite platforms, an advanced ground control 
infrastructure and satellite integration facilities, as 
well as a series of multidisciplinary laboratories for 
developing and testing of satellite systems and 
components in simulated space environments. This 
Centre of Excellence for Space Sciences and 
Technologies provides students, early career 
engineers and enthusiasts educational resources in 
many aspects of space engineering.  

Center of Excellence for Spatial Technologies 
was created to promote laboratories of space 
technology for students from many specialties from 
the Technical University of Moldova. Then it was 
done for other universities, colleges and high 
schools as a common center with the following 
structure: Laboratory of satellite components 
development; Laboratory of simulation and testing 
of the satellite attitude; Center of Excellence 
Information Technologies and Communications; 
Laboratory for processing data and images from 
satellites; Telemetry ground station; Ground station 
for receiving satellite images;  Astronomical 
observatory. 
  The Laboratory of satellite components 
development was the starting point that was 
founded to promote the concept of space 
technologies. Here the idea of creating a 
nanosatellite designed to stimulate the enthusiasm 
of young people, to encourage them to get 
acquainted with the most advanced technologies in 
electronic communications space. Laboratory are 
well equipped with computers and equipment for 
design and development of nano- and micro- 
satellite components such as electric power systems, 
on-board computers, data transmission equipment 
systems, remote sensing (satellite image capture) as 
well as structural elements of satellites.  

Laboratory of data processing and imagery 
is aimed for familiarizing students and doctoral 
students with processing methods and application of 
these results in various fields. Remote sensed 
images are generally obtained for different 
purposes. A peculiarity of images obtained from 
microsatellites is capture during the satellite’s 
movement. This factor causes geometric distortions 
as well as radiometric ones. The laboratory of 
satellite data processing deals with the research on 
methods of pre-processing of distorted images 
obtained from microsatellites. There were analyzed 
and processed concrete examples of images for each 

type of distortion in software environment based on 
the methods of processing remote sensed images in 
spatial domain processing as well as in frequency 
domain processing and compares theirs efficiency. 
Remote sensing brings together a multitude of tools 
for better analysis of the scope and scale of different 
environmental problems that are an important issue 
of our country. In order to meet the needs, image 
processing procedures should make it easier than 
ever to read, explore, prepare, analyze and share 
information from imagery. 
  The Excellence Center of Information 
Technologies and Communications was created as a 
promising infrastructure for hosting a strong cloud 
computing computer network, research laboratories, 
simulation and design of various information 
systems, communications, including satellite data 
processing, aerodynamic calculations, etc. 
Everything in this place is a multi-purpose hall for 
assuring the various academic meetings, inter-
universities and international. This Center will 
conduct lectures and practical work not only by 
TUM professors, but will favor those invited to 
promote the most advanced information and 
communication technologies. A successful 
collaboration are workshops conducted by IBM 
Romania which, under the Academic Initiative 
IBM, are familiar with the type design technologies, 
Model Driven Systems Development with IBM 
Rational Rhapsody, ILOG OPL - Operations 
Research, mathematical optimization, mathematical 
programming, Mathematical Programming and 
Constraint Programming, etc.  In future, the 
researches are expected with the effective 
participation of students in projects GNSS / LPS 
based Online Control and Alarm System (GOCA) 
on base of  Mathematical Models and Technical 
Realization of a Scalable System for Natural and 
Geotechnical Monitoring Analysis, Numerical 
modeling in CFD framework with CFD applications 
in renewable energy conversion systems design, 
aerodynamics, CFD applications for structure 
strength, etc. 
 

3.  MICROSATELLITE IN 

EDUCATION AND RESEARCH 
 

The research, design and manufacture of 
functional components of the microsatellite 
Republic of Moldova (MS RM) were performed 
during some projects and funded by the State 
Program. Following the carried out research, there 
have been developed and manufactured the basic 
functional components of MS RM experimental 
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sample shown in Fig 1. After assembling of  the 
functional components inside the case and the PV 
panels which would provide the conversion of 
electricity necessary budget, the sizes of MS RM 
became 285x285x285 (mm) and weight ≤ 9.5 kg. 
Research on constructive-technological 
modernization and adjustment of all components of 
MS RM according to the specification requirements 
is in continuous development. The changes to be 
made following the experimental research in 
laboratory conditions will be taken into account in 
the manufacture (upgrading) of MS flight sample. 

In order to solve efficiently the problem of image 
capture, compression and coding, this being the 
most important aspect of the microsatellite mission, 
there appeared the need for research and 
development of the module and operation 
algorithms of the given subsystem. Following the 
research and analysis carried out, it was proposed a 
functional structure for the class MS (Fig. 1). The 
process of image capture is running at the command 

and under the control of the onboard computer. Was 
designed the protocol of interactions and the 
instruction set between the onboard computer and 
image sensor that are interpreted and executed via 
the local microcontroller (MCU) with ferroelectric 
memory (FRAM) MSP430FR57xx of the image 
sensor, and others - via entities implemented in the 
programmable circuit PLD MAX II ALTERA. The 
distinct side of a FRAM-microcontroller consists in 
radiation tolerance. For communication with the 
local MCU two RS-232 channels are planned. In the 
developed sample [7], the integrated circuit 
OV5633 is used as image sensor. We mention the 
following features of this sensor: image size 2592 x 
1944 pixels (px); frame rate 60 fps@ 752H × 

480W; data rate 27 Mpx/s; clock frequency (master 
clock) 6 ... 27 MHz; size of a pixel 1,75 μm × 1,75 
μm and rolling shutter. The image sensor is 
configurable and this procedure is carried out via 
the I2C mainline. Setup instructions can be 
generated by the local MCU and by the onboard 
computer from the exterior. The instruction to start 
image capture, StartImageCapture, is transmitted 
from the CBS via the programmable device MAX II 
ALTERA to the image sensor. When receiving the 
this instruction, the entity concerned (implemented 
in PLD) is synchronized in time with the start of a 
new image capture, which it transmits and records 
pixel by pixel into the operative memory SRAM. 
There have been developed the algorithms and the 
testing software of the image sensor. Captures were 
carried out in order to certify the quality of the 
image. 

Determination, orientation and stabilization 
systems of microsatellites attitude are considered 
among the most important and expensive board 
components. The correct orientation of 
microsatellite flying on the orbit defines mostly the 
opportunity to achieve mission objectives, 
particularly those relating to capturing the image of 
the earth’s surface. Modern systems of 
microsatellite orientation are often based on 
technologies and constructive solutions that 
generate force couples through the interaction of 
actuators with the Earth’s geomagnetic field. Such 
systems provide angular positioning with 
satisfactory precision with small dimensions, 
limited mass and energy budget.  

The architecture of the onboard computing system 
(OCS) of a satellite is determined by the mission 
objectives and performances appropriate to 
technical specifications. In the case of a 
microsatellite (MS), tasks (OCS) are individualized, 
including: orientation in space, telemetry and power 
supply control, communication with ground 
monitoring stations. Our concept of OCS requires 
the “specialization” of processors on cosmic 
mission issues involving the inclusion of a number 
of processors with diverse architecture, performance 
and memory capacity. In this case, does not occur 
the “migration” of processors’ functions, but their 
“stationing”, which would reduce reliability in case 
of a processor’s failure. However, the specialization 
of processors requires the development of 
applicative software of modules distributed on 
specific processors and the development of an 
operation system of reduced complexity (compared 
to the simple variant) for the management of 
onboard computer resource. This concept is less 
expensive both in terms of hardware, since each 

Figure 1. General view of MS „Republic of 
Moldova”. 
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processor is optimized for its task and in terms of 
software, since it requires a smaller volume of 
complex verification. There is an architectural 
variant consisting of a local network of 
microcontrollers with one or two processors of high 
performance, the others can have performance 
enough to fulfill the mission requirements. In this 
case all microcontrollers must be compatible at the 
soft level. In terms of hard costs, there will be an 
intermediate cost between the two previous versions 
(based on the optimal distribution of tasks per 
processor), and in terms of software - the 
complexity and the cost will be closer to the first 
architecture analyzed. Thus, the onboard computer 
may be optimized based on cost and reliability. 

Given the requirements in the specification of MS 
RM project, there was proposed a structure of the 
local network of microcontrollers that includes the 
core microcontroller (MCU) and a set of auxiliary 
microcontrollers. These MCU perform the 
following specialized functions: image capture 
control, regulation and distribution of electricity, 
telemetry control, thermal regime control, satellite’s 
attitude, orientation and stabilization control. In 
developing the architecture of the onboard computer 
with maximum reliability (for a lifetime of 3-5 
years) and based on cheap processors without 
spatial destination, it was decided to choose a 
family of compatible microcontrollers. Another 
aspect of the development of the onboard computer 
system lies in the need to process multiple 
concurrent data streams and real-time control of 
applications, which can create conflicts, which in 
turn may cause the collapse of the entire system. 

      The communication subsystem includes an 
innovative radio solutions for nano- and micro 
satellites which were investigated and verified 
within the context of the L-COM for the telemetry 
data changing at frequencies 145/435 MHz and 
leading edge C-COM, which use corresponding C-
band frequencies much more effectively than 
schemes known so far, therefore allowing effective, 
cost-efficient and broadband radio communication 
with such satellites in future. 

 

4. CONCEPTION OF THE 

NATIONAL CENTRE OF SPACE 

TECHNOLOGIES GROUND 

STATION INFRASTRUCTURE 
 
Ground stations for transmitting and receiving of 

telemetry data and satellite images represents the 
terrestrial infrastructure of microsatellite project. 
This infrastructure is located in the park - Museum 

of Technics, which enables all TUM’s specialties 
students to familiarize with these problems. It has 
developed two distinct nodes: the telemetry 
communication located in NCST with antennas on 

the roof of the building, and the second node is 
receiving station for digital images located in a 
building with a special architecture (fig. 2). This 
infrastructure is widely used for promoting space 
technologies. Primarily to development and their 
design involved a large number of students for 
undergraduate thesis, master, including PhD 
students. Secondly, it is used to perform practical 
work and laboratory for smart grid related 
disciplines, radio and satellite communications. 
Were developed software for parabolic and 
telemetry antennas control, and a graphical user 
interface (GUI) for satellite position monitoring. 
      In order to extend the promoting possibilities of 
space technologies, an Astronomical Observatory 
was decided to build as the ground infrastructure 
component of the Space Technologies Center of 
Excellence.  With the financial support of the 
Ministry of Education, there was purchased 
astronomical equipment with remote computer 
control, based on the telescope Celestron C14 Edge 

 Figure 2.  CNTS ground station. 
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HD model with CGE-PRO mount, which was 
mounted in a specially constructed building located 
in the previously mentioned park and connected to 
the Space Technology Centre, which enables to 
track the moon, the sun, all the planets, objects in 
low Earth orbit, such as the International Space 
Station orbit, aircrafts and others. The telescope and 
its infrastructure will be used for educational 
purposes for the study of planets, sun, moon and 
other objects, including astral phenomena and Earth 
bodies (satellites). Recently, there has been 
performed some work on the connection of the 
Astronomic Observatory and Ground Station with 
the Space Technology Center, a complex that will 
facilitate more efficient observation and 
identification of the astral phenomena and Earth 
space bodies (satellites). Presently practiced 
solutions most often make use of a single ground 
station. If such a solution is used for communicating 
with the satellites located at the Low Earth Orbit 
(LEO), the station has a poor visibility of a satellite, 
which results in the station being operated merely 
10-20% during the day. Since many institutions 
(e.g. universities) send small satellites and build 
their own ground stations, the potential of the 
available mechanisms remains unfulfilled. 
     At the current stage space technologies has 
advanced extremely high in many areas, including 

satellite communications, which can be viewed 
from several points of view. One of them is creating 
global networks of communication, both in space 
segment and the terrestrial. These networks are 
usually specialized for special transmissions, 
navigation, etc. Many of the satellites, belonging to 
different countries and universities, are monitored 
in most cases from the area of corresponding state 
or institution. Not every country can afford to build 
ground stations in various places of the world. This 
refers in particular to educational satellites, those 
budget allocations are minimum. There are two 
ground stations built up at the Center of Space 
Technologies from Moldova, which are able to 
communicate with satellites in a limited area. 
Currently it is possible to put a basis to achieve a 
goal as this one: creating a global network for 
monitoring a wide variety of satellites, including 
educational. Although at the conceptual level there 
are different possible solutions, it is necessary to 
describe and solve a number of issues, including 
organizational, technical (hard and soft), standards 
and protocols of communication. The main problem 
consists in diversity of architectures and 
configurations of ground stations. It is necessary to 
find such solutions that will allow this diversity to 
be connected into one global network. For the 
future missions, new technologies to meet the 

 
 

Figure. 3. Ground stations network conception.
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challenges of higher performance, reduced costs 
and new concepts such as autonomous space are 
required. It is proposed the concept of a ground 
station network (fig. 3), with applying advanced 
technologies to improve the design and performance 
of our ground systems, just like with satellites. 
Having the experience in the engineering of 
complex hardware and software systems  and with 
the support of  the European Space Agency will be 
developed the ground segment that will serve as a 
gateway to access, control and exploit these new 
space systems and provide services and return on 
investment for students, scientists, industry 
engineering. 

 

5.  GROUND STATION REMOTE-
CONTROL PROGRAM 

 
      The ground station network is designed to 
communicate between ground stations located all 
around the world via the Internet. Ground stations 
by means of client applications communicate with 
Server components through the protocol layer based 
on TCP (fig. 4). This architecture allows the 
centralization of the data received from a satellite 
by various ground stations in the Data Base. The 
Client applications are able to communicate with 
the server only. Thus, the Server components plays 
the administrative role. This is the only part of the 
system that has access to Data Base and is able to 
communicate with all the client applications in the 
system.  
      Ground station consists of RF side and tracking 
side. On tracking side we have a rotor that can 

move on 2 axes, and a custom developed driver for 
rotor motors with IMU module on rotor. The 
inertial measurement unit is used for calibrating the 
position of antenna hooked on rotor. The antennas 
need to be pointed to north and parallel with 
horizon. The calibration is performed before every 
satellite pass. The RF side consists of a stack of two 
by two cross-polarized Yagi antennas on 2 m and 
70 cm, each connected to a LNA. The receiver is a 
SDR front-end device called USRP B200 connected 
to a PC via USB (fig. 5).  

Server side is based on Ubuntu Server 14.04. All 
data about satellites, radio frequencies on satellites 
transponders, modulation types is staked in a Sqlite 
type database. All scripting and executing is done 
by python and bash scripts. The web interface, from 
which we can access all the schedules, received RF 
data, decoded data and which allow to add an 

 
Figure 4. OSI layer references for educational small satellite missions. 

Figure 5. Overall architecture of the ground 
station system. 
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observation of a satellite is based on Django 
framework. For decoding data from weather 
satellites such as NOAA, it is used a console 
version of ”Wxtoimg” decoding software, that 
provides more than 15 images processed from the 
received RF data. 

 
6. DATA MANAGEMENT FOR 
INFORMATION  RECOVERY IN 

GROUND NETWORKS 
 
Typically ground station parallel tracking is not 

performed because the satellite beam is relatively 
narrow and reserving several ground stations from a 
space agency can be very expensive. Educational 
ground station networks can share their resources 
without commercial interest and promote the 
parallel reception of a data stream from a single 
satellite. Receiving downlinks from a satellite in 
parallel contains opportunities as well as challenges: 
The opportunity is to take advantage of redundant 
ground station links. The challenge is the realization 
of such a system, using proper data management 
and synchronization methods. The data 
management evolved from the idea to combine 
several data streams from the same satellite, 
received at geographically distributed ground 
stations. Theoretically, these data streams received 
in parallel on terrestrial stations should be identical, 
but in reality received data differs mainly due 
following factors:  1. The interaction time between 
the satellite and each  ground stations differs for 
traces overlaid. When two traces overlaid, but 
geographically distant ground stations are taken into 

account, there is still a small period of time where 
only one of these will be in contact with the 
satellite. This result in different sets of data frames 
received at the individual stations. 2. The received 
data can be corrupted, resulting in bit errors or even 
missing packets. They are caused by atmospheric 
disturbances, low signal to noise ratio or 
inaccuracies at the receiver side. This leads to the 
situation that the received data streams are in a large 
fraction identical for traces overlaid ground stations, 
only a small portion differs in corrupted or lost 
information. 
      The idea was to develop a system which can 
automatically combine different data streams 
received in a ground station network to one single 
data stream using proper data management. A 
satellite operator would then monitor only a single 
data stream, composed from the information of the 
streams received in the network. Combining several 
data streams from the same satellite received at 
geographically distributed, overlapping ground 
stations opposes the following challenges: 
- Bringing data frames in the correct order on a 

global timescale. Due to unsynchronized clocks 
on the ground stations and transmission delays in 
space and on Earth, the temporal ordering of the 
packets can be altered; 

- Identifying identical data packets, if redundant 
packets were received from the ground network; 

- Reconstruct data gaps with redundant 
information. 

The problem of data management can be divided in 
two separated sub-problems, which are handled 
separately: 
First, participating ground stations of the network 
have to be synchronized with each other. 
Synchronicity between participating ground stations 
is required to order the received data frames on a 
global timescale. Synchronization is here related to 
synchronizing computer clocks, as well as 
synchronizing data streams.  
Second, the information from the synchronized data 
streams has to be combined to reconstruct data 
gaps. 
 

7.  INTERNATIONAL 

COOPERATION AND FUTURE 

PROJECTS 
The concept of ground station network was 

promoted as project ”Connecting the infrastructure 
of National Centre of Space Technologies to Global 
Educational Network for Satellite Operations” for 
competition call ”Connecting of Excellence Centers 
in R. Moldova to the European Research 

 
Figure 6. Data management in ground station 

network. 
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Infrastructure in accordance with the EC” Grant 
Contract Nr.2014/346-992: "Financial support to 
the participation of the Republic of Moldova in the 
EU program Horizon 2020". This project aims to 
connect ground stations that are part of the Center 
of Spatial Technologies infrastructure in a common 
network together with the partners from ESA and 
ROSA, to control systems for Earth areas capturing 
and transmission of the obtained data to the 
destination ground system, to control data exchange 
to minimize geometric/radiometric distortion of the 
satellite images, as well as increasing research level 
at such level that it will meet the rigors of 
competition and collaboration with leading research 
institutions from Europe. The project aims the 
procurement, development, synthesis, adjustment 
and implementation based on the equipment, 
together with partners from ESA and ROSA, of the 
systems of control of connection of the ground 
stations of microsatellites in a common network, 
which will allow remote reception, analysis, 
research, application of data downloaded from 
microsatellite and their testing in the network. 
Purchased equipment will be available for collective 
use by other universities originating not only from 
Moldova, but also from Europe and worldwide, 
connected to common network, for research and 
educational purposes. Realizing this project through 
connection with GENSO can solve successfully 
these problems for Centre of Space Technologies, 
as well for rest of centers connected to ESA’s 
GENSO: 
- The ground stations will be able to monitor a 

range of satellites, not just its own, which in 
turn will increase the level of their yield; 

- It will be possible to monitor each satellite one 
by one from various ground stations, thus 
accumulating data over a larger segment of the 
orbit. 

The project will expand the research infrastructure 
in space technologies at all participating centers, 
creating conditions for much higher level of 
practical applications. At the same time it will open 
new perspectives for broadening the diapason of the 
interdisciplinary research works and development 
of technologies and products, new missions will be 
realized with educational satellites. It will deepen 
interaction between specialists from different fields 
and from different research institutions and 
industries. Will be synthesized control systems for 
parabolic/telemetry antennas and receive channels 
in various frequency bands VHF, research of the 
microsatellite’s attitude influence on images taken 
by it, for the purpose of testing of the systems for 

the microsatellites developed at UTM and ground 
stations. 

Connection of the ground stations into one 
network, common infrastructure will provide a new 
level of research and communication with 
operational satellites for an unlimited number of 
researchers, PhD, students and enable more efficient 
implementation, promotion of space technologies, 
streamline the exchange of experience and access to 
medium to high-scale infrastructure in order to 
stimulate long-term development of scientific 
collaboration and research in Centre of Space 
Technologies from R. of Moldova and Centers of 
Excellence from Europe, will give the opportunity 
to participate and organize international scientific 
events during the project. 

Connecting the Centre of Space Technologies to 
the European research infrastructure within 
European Space Agency (ESA) will create a 
foundation for continuing cooperation with other 
European research centers after finalizing the 
project. Realization of the project will expand 
tremendously the research infrastructure in the field 
of spatial technologies at all of these centers, will 
create conditions for realizing tasks at a much 
higher theoretical and applied level, will open 
perspectives for considerable broadening of 
diapason of researches with interdisciplinary 
character and development of technologies and 
products, will be implemented new missions for 
educational satellites. 

 
 

8.  CONCLUSIONS 
 

The field of small satellite formations and 
constellations attracted growing attention, based on 
recent advances in small satellite engineering. The 
utilization of distributed space systems allows the 
realization of innovative applications and will 
enable improved temporal and spatial resolution in 
observation scenarios. On the other side, this new 
paradigm imposes a variety of research challenges. 
This contribution proposes new networking 
concepts for space missions, using networks of 
ground stations. The developed approaches combine 
ground station resources in a coordinated way to 
achieve more robust and efficient communication 
links.  

The implementation of this ground station 
concept will expand the research infrastructure in 
space technologies at all participating centers, 
creating conditions for much higher level of 
practical applications. At the same time it will open 
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new perspectives for broadening the diapason of 
the interdisciplinary research works and 
development of technologies and products, new 
missions will be realized with educational satellites. 
It will deepen interaction between specialists from 
different fields and from different research 
institutions and industries. Connecting the Centre of 
Space Technologies to the European research 
infrastructure within European Space Agency 
(ESA) will create a foundation for continuing 
cooperation with other European research centers 
after finalizing the project. Realization of the 
project will expand tremendously the research 
infrastructure in the field of spatial technologies at 
all of these centers, will create conditions for 
realizing tasks at a much higher theoretical and 
applied level, will open perspectives for 
considerable broadening of diapason of researches 
with interdisciplinary character and development of 
technologies and products, will be implemented 
new missions for educational satellites.  
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INTRODUCTION 
 

Cellular concrete properties are traditionally 
associated with their average density. Therefore, 
e.g. if we increase concrete density, the strength 
will increase as well. However, even in concretes of 
equal densities properties vary quite significantly. 
Cellular concrete experts attribute the dependency 
of such nature to the nature of material porosity and 
the strength of the matrix material [1]. However, the 
structural pattern is the primary cause of variability 
in properties of composite construction materials, 
including cellular concretes. Since air inclusions 
cannot cause significant impact on the bearing 
capacity of cellular concrete frame (as well as on 
other properties), it was hypothesized that cellular 
concrete properties might be determined by solid 
component distribution pattern. 

 
1. MAIN BODY 

 
The innovative and distinctive feature of the 

above suggestion is that cellular concrete properties 
are associated with its porosity and porosity patterns 
by virtually all cellular concrete experts and 
researchers. No doubts appear with respect to the 
first assumption, since general porosity is directly 
related to material saturation with solid components 
that act as the bearing frame in cellular concretes. 
Therefore, the more the material is saturated with 
solid matter, the bigger its bearing capacity would 
be. A multitude of experimental results demonstrate 
that given the same concrete densities, the strengths 
will still vary quite significantly, which is also 
attributed to changes of material porosity properties. 
[2] shows that the nature of material porosity is not 
the primary determinant of its properties in the 
cause-and-effect linkage. It is also doubtful that a 
pore, which is essentially an empty space, can affect 
strength and other material properties. For example, 
heat conductivity. This is due to heat flow 
propagation speed being much higher in solid 
medium than in the air. Thus, it is more reasonable 
to associate the properties of highly-porous 
materials with the composition of their solid phase.    

In order to support the above hypothesis, 
foam concrete, as a subcategory of cellular 
concrete, is represented as an open self-organizing 
system at all stages of its structure formation. The 
openness of the system lies in its ability to exchange 
energy, matter and information with the 
surrounding systems. Foam concrete can also be 
considered as a self-organizing system, capable of 
structure formation. For that purpose an organizing 
system has a formative “principle” represented by 
solidifying binding matter. The second essential 
condition to structure formation is presence of 
dissipation - spreading. The dissipating “principle” 
is ensured by system openness. The fact that foam 
concrete is a self-organizing system is additionally 
confirmed by presence of self-excited oscillations, 
typical for dissipative systems [3].  

Cellular concrete in solid state can be 
regarded as a well-organized system. A. Merkin 
was the first to relate cellular concrete properties to 
the structural characteristics [4,5]. He recognizes 
two structure-forming elements in cellular concrete 
— “pores” and “interior” partitions. Qualitative 
properties were additionally determined for each of 
the elements. Thus, the pores are characterized by 
pore shape, size and pore size distribution. The 
interior partitions are characterized by thickness, 
density and strength. Various methods were 
developed to quantify these properties. Based on 
processing of the information on relation of these 
characteristics to physical and mechanical 
properties of cellular concretes, the author gives the 
following definition: “The optimum cellular 
structure should be characterized by heterogeneous 
porosity distribution within the material in the form 
of polydisperse, closed pores shaped into regular 
polygons, separated with thin and dense interior 
partitions with identical sections and glazed pore 
surface. Pore shape must approximate regular 
dodecahedron”. The highlighted words demonstrate 
that cellular concrete properties are mostly 
attributed to the nature of porosity. 

[6] suggests that the solid components of 
cellular concrete (interpore partitions) are reduced 
to two structure-forming elements - solid-phase 
particles (blocks, clusters and elements) and internal 
interfaces. It is shown that internal interfaces 
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emerge in cement stone due to objective contraction 
processes caused by cement stone hydration. Solid 
phase elements and internal interfaces form a 
dialectic interconnected unity of the two opposites. 
Their interconnection and indivisibility ensure 
integrity of the object. In such state “cement stone” 
or “cellular concrete” satisfies all system criteria, 
which allows it to be considered as an object-
system. While material properties can be thus 
reduced to quantitative and qualitative 
characteristics of system interconnections 
represented by internal surfaces of phase interfaces.  

Internal interfaces evolve in cement stone of 
interior partitions of cellular concrete at early stages 
of material structure formation. The system is 
initiated in cellular concrete upon introduction of 
porophore into the cement mix. Since that moment 
the gas inclusion starts playing an active role in 
elaboration of the future interior partition 
configuration. Geometry of interior partition in its 
turn depends on the shape of the gas inclusion. In 
normal conditions a gas bubble has a spherical 
shape and a minimal surface. Upon introduction to 
the cement mix, which is “alien” and 
“uncomfortable” to it due to the density differential, 
it is forced to change its shape. During this period 
of system self-organization intense reshaping of air 
inclusions takes place, accompanied by dynamic 
transformation of the nature of system porosity. The 
process is slowed down as the binder becomes 
hydrated and the cement mix becomes more 
viscous. Duration of the period depends on stability 
of the cellular concrete mixture and the time needed 
for the plastic strength of the cement mix to 
accumulate. Formation period of the so-called 
primary structure of cellular concrete is completed 
upon cement mix reaching the condition when the 
air inclusions no longer can change their shape. 
This is where the structure forming role of air 
inclusions ends. The role is limited to formation of 
geometry of the interior partition. The next stage of 
cellular concrete structure formation occurs during 
the period of intense hydration of the binder and 
strengthening of cellular concrete frame. The 
process affects directly the interior partitions. First 
fissures start appearing in the interior partitions 
during this period. Later they develop into internal 
interfaces. The internal interfaces emerge due to 
contraction of the system volume caused by 
hydration of the binder. Locations of the first 
fissures are determined by configuration of the 
interpore partition. It is virtually impossible to 
quantify length of the internal interfaces in real-
time, since their visualization is problematic. This 
task can be solved by modeling. Physical and 

computer modeling was used to study the solid 
phase structure of materials with cellular porosity. 
Examples of such models are shown in Figure 1.  

 

 

a.  
 

 

b.  
 

Figure 1. Models of materials  
with cellular porosity: a) computer model; b) 

physical model. 
 

Similar models were used to study the 
influence of pore packing, their shape, porosity, 
water/solid ratio on structural characteristics of the 
solid phase (interior partitions). Figure 2 shows the 
bar chart describing the influence of pore shape on 
the lengths of internal interfaces and confirming 
that structural characteristics of the interior  
partitions can be affected by the pore shape.  

Internal interface length was measured in 
pixels on the overall length of interface surfaces. 
 

 
 

Figure 2. Influence of the shape of gas inclusions. 
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The conclusion provides experimental results 

confirming the correlation between foam concrete 
strength and rheological properties of the structure-
forming medium.   

The figure shows photo fixations of foam 
concrete structures of equal densities (600 kg/m3) 
with x50 zoom. 

a. 

 
 

b. 

 
 

Figure 3. Photo fixations of foam concrete 
structures a) W/S 0.35; b) W/S=0.55. 

 
Foam concrete was obtained under different 

initial rheological conditions of structure formation, 
i.e. under water-to-solid ratios of 0.35 and 0.55. It 
can be seen from the photos that the pore shape is 
closer to spherical, when the W/S ratio is greater. 
Interior partitions have smooth surface. In the first 
case foam concrete strength was equal to 1.1 MPa, 
whereas in the second case it was equal to 2.3 MPa. 

 
 
 
 
 
 

2. CONCLUSION 
 

The analysis undertaken has shown that 
qualitative properties of cellular concrete are 
formed as per the following sequence: cellular 
concrete mixture - porosity - pore shape – interior  
partition configuration - solid component 
characteristic - property. Solid component 
characteristics are crucial to formation of cellular 
concrete properties. Development and improvement 
of evaluation methods for solid component 
properties of cellular concretes with subsequent 
seeking for correlations with the properties 
“sensitive” to material structure characteristics may 
appear as one of the directions for improvement and 
streamlining of cellular concrete processes. 
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INTRODUCTION 
 

The results of studies of the effect on the per-
formance of the coatings of concrete intended for 
roads, with modification of their compositions plas-
ticizer XTC-6 and polypropylene fibers 
MAPEFIBRE NS 12/NS 18 calculated mathematical 
models describing changes in physical-mechanical 
and operational characteristics, coatings, are consid-
ered. Recommendations on the use of research re-
sults in the construction of highways. 

 
 

1. ACTUALITY OF THE RESEARCH 
 

One of the urgent problems of the develop-
ment of roads is to improve their performance and 
increase durability. One of the main elements of the 
road affecting its performance and durability - this is 
the road surface. Covering roads not-mediocre, bears 
the load of the vehicle and provides the necessary 
performance indicators such as the estimated vehicle 
speed, calculated load, bandwidth, as well as indica-
tors of traffic safety, in addition, they protect the 
road base on the effects of weathering [1]. It stresses 
the need to improve the quality of the road surface 
of concrete, due to their modification. 

 
 

2. AIM OF THE RESEARCH 
 

The aim is, to develop a modified formulation for 
cement concrete pavement by introducing into its 
composition additives XTC-6 and polypropylene fi-
bers. 

The experiment conducted according to the rec-
ommendations [2, 3]. The factors and their range of 
variation was chosen based on the results of prelimi-
nary experiments, comrade [4, 5, 6]: 

х1 – amount of Portland cement 500 (С), from 
370 to 570 kg/m3. 

х2 - the amount of plasticizer XTC-6, 0 to 1,5% 
by weight of cement.  

х3– the amount of polypropylene fibers 
MAPEFIBRE NS 12/NS 18 (diameter – 0,34 mi-
crons, a fiber length of 12-18 mm, density – 0,91 

g/m3, tensile strength - 700 MPa), from 0 to 0,6 
kg/m3. 

 
3. MAIN PART 

 
The experiments conducted by the author in the 

following sequence: 
- Estimated mobility of the concrete mix (CM) 

according to [7], using a normal cone. In the exper-
iments for all compositions mobility of CM it was in 
the range of 16 to 18 cm; 

- Concrete samples were kept in conditions of 
hardening for 28 days (t = 200C, W = 80%); 

- Then 10x10x10 cm samples were tested for 
compressive strength at 100 ton press TESTING PL 
100 [8], and on samples 4х4х16 cm-determined etc. 
of flexural [9]; 

- On samples determined 7х7х7 cm abrasion of 
concrete on the device LCI-3 [10] and its impact re-
sistance [11]. 

Studies of the properties of modified concrete 
paving performed using the methods of experimental 
design [12]. The experiment carried out of 27 points 
plan (Table). 

The calculation results are water-cement ratio 
(W/C), the compressive strength of the samples 
(fck.cube), Tensile strength in bending (fctk.), anti-shock 
performance (T) and attrition (G) yielded mathemat-
ical models (1-5): 

 

 

W/C = 0,487- 0,052х1 +0,008 х1х2 -0,107 
х2 -0,032 x2

2 +0,006 x3 -0,021x3
2 

 

(1) 
 

fck.cube. (МPа)= 49,786+ 4,291 х1 -0,806 x1
2  

+0,851х1х2  -1,067 х2х3 +2,026 х2  +1,639 
x2

2 + 0,739 х1х3 -1,026 х3  

 

(2) 
 

fctk. (МPа)= 5,349 + 0,344 х1  + 0,218 х1х2  

+ 0,248 х2 + 0,793 x2
2  + 0,156 х3 

 

(3) 

Т (J/cm2)= 5,085 + 0,611 х1 + 0,310x1
2  -

0,250 х1х2 + 0,500 х2  + 0,310 x2
2 

 

(4) 

G (g/cm2) = 0,627 – 0,046 х1 + 0,019х1х2 

+ 0,017 х2х3 -0,038 х2 
(5) 
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Table.  Experimental design (x1.. x3) and  
formulations studied concretes (X1 … X2) 

 
№ X1 X2 X3 x1 x2 x3 

C XTC F C XTC F 
1 370 0 0 -1 -1 -1 
2 370 7,5 0 -1 0 -1 
3 370 15 0 -1 1 -1 
4 470 0 0 0 -1 -1 
5 470 7,5 0 0 0 -1 
6 470 15 0 0 1 -1 
7 570 0 0 1 -1 -1 
8 570 7,5 0 1 0 -1 
9 570 15 0 1 1 -1 

10 370 0 0,3 -1 -1 0 
11 370 7,5 0,3 -1 0 0 
12 370 15 0,3 -1 1 0 
13 470 0 0,3 0 -1 0 
14 470 7,5 0,3 0 0 0 
15 470 15 0,3 0 1 0 
16 570 7,5 0,3 1 -1 0 
17 570 0 0,3 1 0 0 
18 570 15 0,3 1 1 0 
19 370 0 0,6 -1 -1 1 
20 370 7,5 0,6 -1 0 1 
21 370 15 0,6 -1 1 1 
22 470 0 0,6 0 -1 1 
23 470 7,5 0,6 0 0 1 
24 470 15 0,6 0 1 1 
25 570 0 0,6 1 -1 1 
26 570 7,5 0,6 1 0 1 
27 570 15 0,6 1 1 1 

 
For ease of analysis model (1-5) presented in 

graphical form (Figure 1, 2, 3, 4, 5). 
 

 
 

Figure 1. The effect of the amount of C (x1) addi-
tives XTC-6 (x2) and F (x3) to the W/C. 

 

 
 

Figure 2.  Influence of the amount of С (x1), XTC -6 
(x2) and F (x3) to the concrete compressive strength 

(MPa). 
 

 
 

Figure 3.  Influence of the amount of С (x1), XTC-6 
(x2) and F (x3) Tensile Flexural concrete (MPa). 

 

 
 

Figure 4. Effect of the amount of С (x1), XTC-6 (x2) 
and F (x3) on the impact resistance (MPa).  
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Figure 5. Influence of the amount of С (x1), ХТС -6 
(x2) and F (x3) abrasion concrete (g/cm2). 

 
 

CONCLUSIONS 
 

- By increasing the amount of Portland cement 
(from 370 to 570 kg/m3) increased levels of com-
pressive strength from 45 to 55 MPa (22%) and al-
most proportionally increases tensile strength of 
Gibe from 5 to 7 MPa (20%). 

- The introduction of concrete plasticizer XTC-
6 in an amount of from 0,75 to 1,5% by weight of 
the cement concrete mix increases the mobility and 
allows lower W/C ratio of 0,5 to 0,3 (15%). 

- Application of the polypropylene fiber 12 
MAPEFIBRE NS/NS 18 0,3 to 0,6 kg/m3, tensile 
strength increases flexural 10-15%. Increases re-
sistance to impact factor of 1,5. Reduces abrasion of 
cement concrete from 0,7 to 0,4 g/cm2 (25%). 

Thus, the studies suggest that the introduction of 
the Portland cement concrete up to 500 kg/m3, to-
gether with plasticizer XTC-6 and polypropylene fi-
bers (MAPEFIBRE NS 12/NS 18) leads to improved 
physical and mechanical properties of concrete 
pavements. 
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 METHODOLOGY OF MATRIX REPRESENTATION AND ANALYSIS OF 
TENSOR OF ELASTICITY CONSTANTS OF EIGHT ORDER   

 

V. Marina, dr.hab.Prof., Viorica Marina, PhD, assoc. Prof. 

Technical University of Moldova 

  

 
 INTRODUCTION 

  

With eight order tensors we meet in the study of 

behavior of anisotropic materials. The governing 

equation in case of reversible processes is written 

   

klpqnmijnmpqklpqnmijnmpqnmijnmij dddcddcdct 

(1) 

 The matrix presentation of forth ijnmc  and 

six ijnmpqc  order tensors were presented in papers 

[1,2].  

 Further we will refer to matrix representation 

of eight order tensor ijnmpqklc  and will analyze the 

number of independent components in function of 

symmetry of stress, strain tensor and those 

symmetry elements which results from 

thermodynamic principles and material symmetry. 

 

 

1. THE MATRIX REPRESENTATION 
OF EIGHT ORDER TENSOR 

  

 Will pass from two indexes notations at one 

single index after Voight convention, starting from 

stress strain tensors symmetry [3] 
,4~23,3~33,2~22,1~11 ,5~13 6~12 .  

 The eight order tensor will present like 

composed matrix, adopting this convention 

KMFLijnmpqkl Cc  ,  

were small letters have values 1,2,3, big letters 

1,2,...,6. In base of thermodynamic principles can 

be proved that composed matrix KMFLc  is total 

symmetric   

 LFKMMKLFKMLFMKFLKMFL CCCCC

...cccc FKLMFLMKFLKMLFMK   

 Thus, the elasticity constants of third order 

can be presented like composed matrix 

                    FLKMKMFL CC  .                    (2) 

 The composed matrix  FLKMC  has 1296 

components. From symmetry  

                          FLMKFLKM CC  .              (3) 

the number of independent constants is reduced at 

756, but from symmetry  

                     LFKMFLKM CC  ,                  (4) 

 

at 441. 

 From that mentioned that composed matrix is 

total symmetric one relation take place 

                      KLFMFLKM CC  .                  (5) 

 

 The number of independent elasticity 

constants is reduced under 125, which will 

represent under column matrix – column 125x1. In 

that case the matrix of elasticity constants as 

developed will be (6) 
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2. THE RATIONAL FORM OF 
RELATION AMONG STRESS AND 

STRAIN 
  

 In base of matrix representation of tensor of 

2,4,6,8 order the (1) expression can be presented  

   MNNMININI ddBdAt  

                      KMNNMIK dddC ,             (7) 

were  

,tt,tt,tt 333222111   

          ,tt,tt 135324  ;tt 126               (8) 

,dd,dd,dd 333222111   

     ,dd,dd 135324 22  ;dd 126 2    (9) 

 

Matrixes INA , NMI )B( , NMIK )C(  are 

expressed from: 

 21 of independent constants of elasticity 

 2121 a,...,a,a  of fourth order tensor 4;  
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 56 of independent constants of elasticity 

5621 b,...,b,b  of six order tensor and   

 125 of independent constants of elasticity 

12521 c,...,c,c  of eight order tensor;  

 

     



























7

812

101419

11152021

913171816

235641

a.....

aa....

aaa...

aaaa..

aaaaa.

aaaaaa

A ,   

(10) 
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   (11) 

 The number of constants will describe, if 

material has some symmetry elements. The law of 
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components transformation of system of 

coordinate’s rotation is written 

     
IGTULUFTMGKIKMFL CRRRRC  ,        (12) 

in which the R matrix expresses by rotation matrix 

[4] 

































211222112311211322133221231322122111

113212311331113312333123133312321131
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323131333332
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R
. 

        (13) 

 The rotation matrix has the following 

components if material has the symmetry plan 

21 xx  




















100

010

001

r . 

 For this case the rotation matrix will be 
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R
. 

 Will establish that the number of 

independent constants is reduced to 81 from the 

values of R matrix in (12) express.  

 If material has one more 31 xx  symmetry 

plan, that rotation matrix will be 


















100

010

001

r . 

 We obtain the components of R matrix in 

base of r matrix components and (13) express  
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R
. 

 Taking into account those values in (12) 

relation, we will describe the number of 

independent constants of third order to 47.  

 If the eight order tensor is total symmetric, 

the following relations take place 

 1235123412331244125511441123 ccccccc  

 1444145613461344134613661236 ccccccc

 2456235623552366225514461445 ccccccc

 3666356634563366255624452455 ccccccc

5566456645564466445644554366 ccccccc 

 In that case the number of elasticity 

constants is reduced to 33, (14) relation. 

 If material has one symmetry axes of 

forth order the rotation matrix will be (15) 

   

 

 

 

 

          

 

 

 

 

 

Figure 1. 1x  

1x  

2x  

2x  3x  

3x  
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 Taking into account the R matrix in (12) 

relation deduce that, the number of elasticity 

constants is reduced to 18. If material has two 

symmetry axes of forth order, the number of 

independent constants is reduced to 9.  

 

 

3. CONCLUSIONS 
 

 The matrix representation of high order 

tensors considerably simplifies the analyze of 

nonlinear behavior of anisotropic materials. The 

forth order tensors are expressed from 81 of 

components, the six order tensors from 36=729, 

eight order tensor from 38 =6561 components.  

 The total number of components in calculus 

ramain unchanged, althought the number of 

independent components is reduced in base of 

symmetry relations.  

 The matrix reprezentation is simplified 

radically the posibilities of analyze of nonlinear 

behavior of anisotropic materials being accessible 

for engineers. 

 Was proved that eight order tensor can be 

presented like composed matrix 6x6, each element 

of which is represents the same a matrix 6x6. Was 

shown, that in case of lake of central interaction and 

material symmetry the number of independent 

constants is 125. For orthotropic materials the 

number of independent constants is reduced to 33. 

If material has two symmetry axes of forth order 

that number of independent constants is reduced to 

9. 
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BRIEF HISTORICAL BACKGROUND 
 

According to the legend, the monastery was 
founded in 1765. The construction of the "Birth of 
the Blessed Virgin Mary" Cathedral has begun in 
1810 and concluded in 1872 (Golubi 2000). This is 
the only building - the representative of pure baroque 
style, built on the territory of the Republic of 
Moldova (fig. 1). 
 

 

Figure 1. The main facade of the Cathedral. 

 
The fate of the monastery is tragic: it has been 

closed several times and has faced fire and 
earthquakes. Only since 1995, it again became an 
active friary and was opened to the public. 

 
 

1. STATUS OF THE ISSUE AND 
FORMULATION OF THE RESEARCH 

PURPOSE 
 

The opening of the monastery has required the 
reconstruction of the buildings and structures, and at 
first instance – of the Cathedral. 

For a period of over 150 years, the Cathedral 
has endured various environmental impacts, 
including seismic. Because of these effects, damages 
reducing the overall strength and stability of the 
building appeared in the structures. In the north and 
south facade lateral walls, full-height through cracks 
were observed: from the foundation up to the bottom 
of the dome cylinder; 

Cracks were also located on the axes of the 
apertures of the windows, with their maximum 
openings in Northern and Southern part (respectively 
1,5 and 2,0 сm). 

In the Eastern and Western walls, slight 
disappearing throughout the height splits were 
observed. 

All over all the types of apertures, on the 
bottom side of the Cathedral and dome drum, in V-
shape   breastplates splits and shifts of its organizing 
stones existed. 

In the outer layer of the bottom ring of the 
drum, built of stones, the weakening of the mortar 
and the fall of the masonry stones were observed.  

 From the four designed belfries, two were 
dismantled. The rest came to the state of failure. 

The plaster decoration, paintings were all over 
damaged.  

The main goal of this work was development 
of the structural conception with a view to ensure the 
required strength and stability of the Cathedral. 

To clarify the causes of the observed 
deformations the following tasks were set: 

 - to perform a detailed geological and hydro 
geological study of the monastery grounds and the 
adjacent slope; 

 - to assess the status of the bases and the 
carrying capacity of a base; 

 - to assess the stability of the slope; 
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 - to determine the composition and strength of 
the load-bearing walls. 

 
 
2. THE RESULTS OF THE CARRIED 

RESEARCH 
 

Analysis of specific sources and archive 
materials (Polcanov 2006, Osadcenco & 
Dombrovan, 2006) and the conducted measurements 
of the building revealed: 

Cathedral is presented in the plan as an 
octagonal shape with a round projecting altar. The 
central part is covered with a dome on a high drum 
cupola (fig.2). 

 

Figure 2. Plan of the Cathedral at level 0.000 

 
At the level 0.00, constructively, the building 

is determined by four 5.62 x 7.08 m pillars. The 
pillars –  
hollow, cavity diameter 3.1 m. 

The outdoor maximum building dimensions 
31.73×23.39 m, the height to the top of the dome - 
40.34 m, the height of the Cathedral with the cross - 
42.84 meters. 

The foundations of the building walls with the 
width of 33.0 m and depth of – 2.6 m are made of 
sandstone masonry on mortar.  

Walls - multilayered masonry. The inside of 
the walls and outside corner areas - of rectangular 
limestone ashlar; intermediate part of the layered 
horizontally laid sandstone rocks on a sand-lime 
mortar. 

Domed drum - from sandy limestone rocks; 
dome – of red brick; outside at the level of the dome, 
in 1977 was made a reinforced-concrete band with a 
section of 40×40 cm. 

Weight of aboveground parts – 5824 t; 
foundations – 1285 t. 

In order to solve these tasks, 4 prospecting 
shafts were laid on the perimeter of the building at 

characteristic points, with the depth exceeding the 
depth of the location of the foundations base. Probing 
was carried out manually. Using a hand drill, from 
the depth of the prospect holes 4 wells were drilled 
(fig. 2), with the depth from 2.2 to 5.5 m. The depth 
of the explored strata is from 4.7 m to 8.5 m. 

On the geological structure of the site, at a 
drilling depth up to 8,5m, from the surface the 
following are involved: filled soil (layer No.1), with 
a capacity of 0,5 to 1,2 m; soil-plant layer (layer 
No.2) with a capacity of  0,7m; the sediments of the 
Quaternary age, presented with sand clays (layer 
No.3), with a capacity of 1,5 to 3,0m, clayey sands 
(layer No.4) with a capacity of 1,2 to 1,5m; clay 
(layer No.5) with the explored capacity of 1,7 to 
4,2m. 

Manner of occurrence of the selected layers is 
presented in the Fig. 4-7. 

Groundwater was discovered by the wells 1 
and 4 at depths of 4,0 and 3,6m accordingly. The 
depth of occurrence of the water table in the storing 
well, located below the Cathedral on the territory of 
the Monastery, was 6,8m in June 2006.  

At the depth of the foundation base samples of 
ground were taken from each prospect hole. In the 
laboratory, on samples of the natural structure, 
according to standard procedures, values of the basic 
physical strength and deformation characteristics 
have been determined. 

The strength properties (the strength 
parameters С and φ) were studied in box shear 
apparatus with one given slide plane, under the 
conditions of the unconsolidated shift with a vertical 
pressure of 100, 200 and 300 kPа. The results of the 
shearing tests were corrected after making a 
connection τ = f(λ), where λ – the deformation value 
of the sample under the shear. 

Strain characteristics (module of the structural 
strains Е) – in consolidometers. Altogether, 24 
samples of natural structure were tested. The results 
of the tests are summarized in Table 1. 

 
Table 1. Physico- mechanical characteristics of the 
analyzed soils. 
 

Name of 
soil 

ρn, 
g/cm3

Сn ,
кPа

φn , 
grad 

Ip IL we 
E, 
МPа

Low-
plasticity 

loam 
1.84 42 19 0,14 0,28 0,26 13 

Semisolid 
clay 

2.05 54 22 0,19 0,02 0,25 22 

Semisolid 
loam 

1.93 30 28 0,16 0,12 0,23 14 

Plastic 
sandy loam

1.81 40 26 0,17 0,17 0,19 10 
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Figure 3. Schema of placement for the well-holes.

. 

Figure 4. The scheme of the foundation and the 
geologic column for well-hole 1. 

 

 

 

 

 

 

 
 

Figure 5. The scheme of the foundation and the 
geologic column for well-hole 2. 
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Figure 6. The scheme of the foundation and the 

geologic column for well-hole 3. 

 
Figure 7. The scheme of the foundation and the 

geologic column for well-hole 4. 

 

The received data have shown that the 
Cathedral foundations on four sides on a relatively 
small site are placed on mixed grounds with different 
properties. 

The average ground strength (S), that is lying 
directly under the bottom of foundation was 
determined by the well-known Couloumb’s 
expression: 

 
S tg C         (1) 
 
where  σ – vertical stress, кPа; 
  φ – angle of internal friction, grad; 
  С – specific cohesion, кPа. 
With respect to the open prospecting shafts 1-

4, its values were, respectively: for brown semisolid 
sand clay (prospecting shaft hole 1) - S1=76 kPa; for 
pale grey semisolid clay (prospecting shaft hole 2) - 
S2 = 94 kPа, for dark-brown semisolid sand clay with 
carbonate inclusions (prospecting shaft hole 3) - S3 = 
83 kPа, for soft sandy loam (prospecting shaft hole 
4) - S4 = 97 kPа. A little higher values of soft sandy 
loam strength in comparison with semisolid sand 
clay and clay, are explained by the presence of 
carbonate inclusions in the displacement zone.    

In view of the discovered geological structure 
of the strata of the base and the considerable mass of 
the Cathedral, it can be assumed that, as in the 
construction process and also in the subsequent 
years, because of non-uniform deformations of the 
base in the walls of the building primary stress was 
accumulated. 

In conjunction with occurred earthquakes, 
determining seismic fault, formation and 
development of the splits have occurred in weaken 
places of the Cathedral structures.   

The calculations have shown, that a negative 
factor which was contributing to ruptural 
deformation of the Cathedral walls, could serve 
rheological processes, which are taking place in 
adjacent old landslide slope. 

Taking into consideration the uniqueness for 
Moldova of the restored Cathedral, 
geomorphological complexity, geological and hydro-
geological conditions, researches were continued on 
the monastery’s territory and the adjacent slope. On 
the basis of the performed land survey and prospect 
boring an outline of the existing profile of the slope 
was received and an assessment of its stability was 
conducted. The calculations were made on the basis 
of N.N. Maslov’s provisions of physical-technical 
creep theory and were based, inter alia, on the results 
of numerous studies of potentially dangerous slopes. 

In the Northern and Central parts of Moldova 
slopes are composed of hidden layers with 
Quarternary Neogene clay mineral. Thus, their long-
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term resistance is determined to a large extent by the 
regional features of these solids, suggesting the 
presence in them of natural micro and macro zones 
of weakness, including also inclined mirrors of slip. 
The presence of these zones has an effect on the 
nature and speed of percolation in time of rheological 
processes and determines the calculated values of 
parameters of lasting properties with a 
comprehensive assessment of developed slopes 
sustainability. The main indicators which 
characterize the process of reducing the strength in 
time under projecting the stableness, according to 
Professor  N.N. Maslov’s physico-technical creep 
theory, as well as the views of Professor M.N. 
Goldstein and their  learners, are: residual strength 
(Slim), structural cohesion (Cc), “threshold creep” 
(τlim) and viscosity grade (η). 

According to main provisions of the physic-
technical creep theory (N. Maslov, 1984) 
development in the clay rock formation on the slopes 
of sliding surfaces is associated with the fall of 
strength as a result of several primary deformations, 
resulting in surface discontinuity of the solid and 
their additional moisture in the shear zone.  

The forecast of long-term resistance is based 
on a well-known expression, given by Professor 
N.N. Maslov, for the description of the clayey soil 
(N. Maslov, 1941). 

 

,   pw n w wS P tg C                (2) 
 

where:  w c wC C   

nP  - normal stress, kPа; 
φw – true angle of internal friction, grad 
Сс -  rigid structural cohesion of irreversible 

character; 
∑w – coupling connection of water-based – 

colloidal nature of reversible behavior (cohesion 
bond); 

The appearance of crawling is possible with 
the simultaneous observance of conditions 

 

max

max

       
     

n w w c

n w c

P tg C

P tg C
      (3) 

 

where  max  - maximum shear stress at a point of 
foundation, kPа. 

In other words, deformation of crawling is 
possible under mobilization of cohesive property of 
soil (w ) in conditions of a secured general stability 
of the slope under the condition: 

 

max lim ,      n w cP tg C     (4) 
 

where  lim  - “threshold creep”, kPа. 

In other words, when 
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threshold creep is impossible and the general 
stability of the slope is ensured. 

Provided that 
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1.0





 
 

w w

w c

C

C

K

K
    (6) 

 

the insurance of overall stability is carried-out under 
the conditions of appearance of threshold creep and, 
therefore, disbonding of the firm structural strength  
( 0cC ). 

Under circumstances where 
 

1.0

1.0





 
 

w

w

K

K
    (7) 

 

The slope is also stable, but is experiencing the 
threshold creep. 

And finally, under 
 

1.0  
w w

K     (8) 
 

the harsh  breakdown of the stability of the slope 
occurs. 

In terms of 5-8 indexes with assurance 
coefficients correspond to strength properties, 
included in the calculation. 

During the evaluation of the stability of the   
considered slope horizontal forces method was used, 
also known as “Maslov-Berer” method (fig.8). Main 
formula is presented below. 

 

Figure 8. Calculation’s scheme for “Maslov-Berer” 
method. 
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where  arctgр рF  , 
 

 tg  /р nF c        (11) 
 

Fp – angle of shear resistance; 
Pi – weight of the selected block; 
αi – inclination to the horizon of the selected 

block; 
In view of the foregoing, for determination of 

factor safety the following functions were use 
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where KφwCw – coefficient of resistance, 
corresponding to the total coupling Cw; 

KφwCс – coefficient of resistance for structural 
cohesion Cс; 

 Analysis of the calculations showed that the 
slope has some stability margin (KφwCw = 1.6), but 
also is exposed to creep deformation (KφwCс = 0.98), 
with offset on the slope with a velocity of v0. 

Unfortunately, for some reasons, beyond the 
control of the authors of the work, detailed studies 
regarding the estimation of the speed of the 
deformation in time were not held.  

However, taking into account early conducted 
researches  (Polcanov et al. 2012), it was proved that, 
rheological processes, laying on the slopes of the 
republic have a very negative impact on operating 
conditions of the buildings and constructions.   

In the majority of cases in the walls of the 
buildings even with rigid structural scheme, 
numerous splits can be observed. Destruction of 
separate buildings can be seen. 

Given the nature of the observed deformations 
on the slope, for stabilization a suite of anti 
deformation measures were proposed. In developing 
of the suite was taken into consideration that the raise 

of soil dampness on the slope may affect the 
reduction of   «threshold creep» and viscosity grade 
and thereby increase the speed of the massif 
downhill. Thus, in the suite of anti-deformation 
measures the drainage system was included in 
conjunction with the use of easy-to-hold construction 
bored piles. Along with this measures for 
improvement of natural conditions on the slope 
(partial redevelopment, planting of trees, bushes, 
perennial grass) were recommended. 

 
 

CONCLUSIONS AND 
RECOMMENDATIONS 

 
The performed studies have shown that the 

main load bearing structures of the Cathedral – 
groundwork, pillars, walls, etc. are, in general, in fair 
condition and can be restored.     

In the restoration work has been included: 
- preliminary stressed structure framing of the 

bottom stone ring of the drum;  
- general concrete shell throughout floor 

structure, over the choirs and the altar, at the base of 
the belfries, harmonized with build-up preliminary-
stressed bottom ring of the dome drum; 

- the shell is designed to create a rigid disk to 
ensure the joint movement of the top of the pillars, 
separated by formed splits. 

- the proposed solutions must ensure the joint 
work of the bottom and crestal area of the Cathedral 
(fragment of the proposed restoration is presented in 
figure 9). 

 

 
Figure 9. Restoration's schema of the Cathedral. 

- the execution of the cast reinforced concrete 
preliminary-stressed horizontal insertions at the 
plinth wall levels, bottom and top windows, joists. 
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The screed coats should draw together the walls, 
existing through – wall splits; 

- construction of the cast reinforced concrete 
horizontal insertions, harmonized with bottom and 
top rings of the dome drum; 

 - drafting of the map of splits with its further 
broaching cementation with polymer solutions. 

-  for stabilization of slowly developing creep 
deformations a suite of anti-deformation measures 
was proposed. 

- taking into consideration the possible 
negative impact of the Cathedral construction of 
rheological processes, it is recommended to provide 
stationary geodetic observations of the adjacent 
slope behavior. 

The proposed project was implemented. 
"Birth of the Blessed Virgin Mary" Cathedral is 
opened for service and visitors. 
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INTRODUCTION 
 

Relevame of the topic: social processes, 
material-space transformations of cities and lifestyle 
changes in Ukraine have put forward new 
requirements for elite dwelling designing. There is a 
need to create perspective models of elite dwelling 
which can provide a complex comfort of living, 
including physiological and psychological aspects.  

Designing a dwelling is very complicated 
optimization problem. How can conflicting 
physiological, psychological, social and other 
human demands be considered against the 
background of numerous external factors and 
financial restrictions? How, at least, to assess the 
impact of each of these factors, different in quality, 
into the general state of comfort? 

The use of standard optimization methods, 
similar to the one described above, is quite difficult 
here. 

The only way is to use an evolutional 
approach based on the systems’ self-organization 
laws. In this case a compromise, quite viable in 
various situations, can be reached.  

Analysis of latest research: J.N.Kovalev and 
N.M.Mkhitaryan developed a design methodology 
psychologically comfortable residential property for 
various psychotypes, but not treated task of 
determining links between social groups and 
psychological types, therefore, it is required to 
design a comfortable elite dwelling in various 
categories.  

Aim: testing opportunities for application of 
methods for determining psychological comfort to 
find dependence between specific psychological 
needs and architectural and design solutions for 
elite dwelling, which should contribute to meeting 
the needs of people of different psychotypes.  

Tasks: refinement of psychological 
characteristics of various psychotypes; definition of 
psychotypes prevailing for each social group; 
written of specific recommendations for 
architectural and design decisions, that are 
favorable for providing psychological comfort.  

Expected scientific novelty: to determine 
terms of psychological, physiological and 

biorytmical comfort at all levels of living 
environment for elite dwelling.  

Expected practical implementation: the 
results can be used in the formation of elite 
psychologically comfortable of elite dwelling in the 
city and outside it, with the development of 
normative documents, teaching handbooks for 
designing different types of elite dwelling. 

 
 

1. MAN, ENVIRONMENT, DWELLING 
 

Let us look at the entire set of man-
environment interactions. Evidently, the dwelling - 
a manmade system - can become effective only 
being in harmony with the connections developed 
over thousands of years between the man and the 
environment, not destroying, but refining them, 
adjusting them in accordance with the man’s needs 
and his self-regulation possibilities [2].  

Level 1 – integrity. Here a man and the 
environment are not isolated from each other as 
separate parts yet; however, the possibility of their 
separation already exists as some potential of free 
resources which can be used for this. Physically, the 
unity of the man and the environment is expressed, 
for example, in the fact that the man’s body consists 
of the same elements and follows the same laws as 
the Universe. Mathematically, this unity is 
expressed through self-similarity, different 
symmetries and corresponding to them conservation 
laws, harmonic relations based on the “golden 
section” and Fibonacci numbers etc. If such 
relation did not exist, no interactions with the 
environment would be possible.  

Level 2 – isolation. Here human self-
awareness as the integral and self-sufficient whole 
separated from the world, his “inner self”, or ego 
appears. The integrity manifests itself not only in 
psychic sensation, but also in the unique laws of a 
human body structure, its internal environment 
constant character, etc. Analogically, the Universe 
also represents a certain wholeness regulated by the 
laws of nature, rather than just a sum of separate 
objects. 
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Level 3 – actions and reactions. The 

existence of not only oneself, but also of the envi-
ronment is realized, as well as impacts on it and 
feeling its feedback. For a man the reaction may be 
favorable and unfavorable, which is perceived in 
categories “good” and “bad”. The “knowledge of 
good and evil” takes place with the natural need to 
make and fulfill decisions, regulate wishes, etc., for 
which decisiveness and will are needed. For this 
level, generally, binary divisions are characteristic. 
Thus, for a man, there is a distinction between 
bodily and psychic components, left and right 
halves, male and female sex. For the Universe, 
substance and field, attraction and repulsion, space 
and time, etc. are distinguished. 

Level 4 – space and time. Appearance of 
actions and reactions is followed by their 
arrangement in two categories (inheriting 
characteristics of the previous level, linked with 
number 2) which are generally called space and 
time. Based on the self-organization theoretical 
scenario, three parameters should be given to each 
of them. So it is indeed: space is three-dimensional; 
time includes past, present and future. Ternary 
divisions are just as characteristic for our 
consciousness as the binary ones. For instance, we 
distinguish energy, information and entropy, three 
months of summer, three social estates, etc. 

Level 5 – receptors and sensations. On the 
basis of the same scenario, one should assume the 
existence of three organs of sense perception 
consisted of five elements. Indeed, we distinguish 
internal receptors, causing the feelings of hunger 
and thirst; interfacial receptors defining the 
equilibrium sense and coordination of movements; 
and external receptors – sight; hearing; the sense of 
touch, smell, and taste. Nobody knows exactly how 
many internal or interfacial receptors exist, 
however, as to the external ones, there are definitely 
five of them. Nature also includes phenomena and 
processes which have a quinary division, for 
example, five states of a substance five fundamental 
interactions. 

Level 6 – nuances. Here each of the 
receptors distinguishes eight levels of one and the 
same action. It is done approximately. For example, 
we distinguish 7 colors (in ergonomics the eighth 
color, yellow-green, is added to them), 7 sound 
tones corresponding to 7 notes, etc. Experimentally 
stated Miller numbers, 7-9, are known. They 
characterize the number of similar objects that can 
be perceived simultaneously by an average man. In 
the same way, the perception of nuances of color 
and sound is quite individual, and it is quite difficult 
to generalize here. It should be mentioned that octal 

structures occur quite rarely in nature, for example, 
for a small number of crystals. It looks as if at this 
level self-organization is not completed, and there 
are no other levels of interaction.Now let us 
examine the distribution of potentials. If we follow 
the law of harmonic relation (the whole relates to 
the bigger part similar-ly as the bigger part relates 
to the smaller one, i.e. in the proportion of 1:0,618), 
expressing the wholeness of the system, then the 
distribution of potentials among the levels will be 
the same as shown in fig. 1.  

1

0,618 

0,382 

0,236 
0,146 

0,09 

 
Figure 1. Distribution of potentials among the 

levels. 
 

But let us heed the following. If we count the 
sum of the potentials of levels 2-6, it will be equal 
to 1,472, i.e. bigger than the potential of the first 
level, on the basis of which the further self-
organization occurs. Everything falls into place if 
we recall that self-organization is impossible 
without external impacts. Thus, a missing potential 
is taken from the external environment, and its 
value is determined by the need to make up for the 
deficiency of the potential (Fig. 2). At that, it also 
obeys the law of harmonic relation. 

 
0,618+0,382=1 

0,382+0,236=0,618 

0,236+0,146=0,382 

0,146+0,09=0,236 

0,09+0,056=0,146 

0,056+0,034=0,09 

 
 

Figure 2. The influence of the external environment 
on the system’s self-organization. 

 
Let us have a closer look at fig. 4 to make the 

conclusions which will be important further on. 
Weight coefficients of each of the levels should be 
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taken proportional to their potentials, i.e. 1, 0,618, 
0,382, 0,236, 0,146, 0,09. 

Based on the fact that the potential of any 
previous level is greater than the compound 
potential of all elements of the next level, it can be 
derived that its characteristics cannot be reduced to 
the characteristics of the elements of the following 
level.  

To put it simple, these characteristics will be 
qualitatively different. Actually, it is the transfer of 
the part of the previous level’s “quality-colored” 
potential to the following level that conditions the 
above mentioned inheritance of the previous level’s 
characteristics. The same is true for the appearance 
of new features conditioned by the external 
influences. 

There is an exception from this rule: the 
interaction at resonance frequencies can change a 
potential very strongly. It can have both positive 
and negative results. For instance, the presence of 
art objects or religious symbols may radically 
transform featureless interior – and it is a plus. But 
if the vibration frequency of the window blocks 
coincides with the noise frequency of a tram passing 
outside, the windows will tinkle and chatter and 
quite soon will deteriorate. 
 
 

2. PERCEPTION AND COMFORT  
 

Let us generalize the concept of perceptions 
at fig. 3, by which we understand the methods of 
interaction with outside world. Let us also group 
perceptions according to the levels shown in fig. 1 
and 2. 

 
Intuition 

Ego 

Will, mind 

Intellect 

external: sight, hearing, etc. 
internal: hunger, thirst, etc. 
interface: equilibrium, etc., 
perceptions 

objects of 
perception 

1             2                3                4                   5  and 6 

Colors/shades, 
Sounds/tones, etc. 
Space-time 
relations 
Incentive, 
differentiation 
 
Self-sufficiency, 
safety 
Unity, integrity, 
harmony of the 
world 

levels

operating zones of perception  

 
Figure 3. Structure, succession, and characteristics 

of perceptions. 

Let us comment on Fig. 3. 
1. The perception of any object goes not only 

"bottom-up", from individual signs to a 
generalization, but, more importantly, in the reverse 
order. The perceptions of the first levels create a 
certain context, and it is only in this context that 
special characteristics can be perceived; 

2. In a similar way, ego, will, mind and intellect 
are not merely the analyzing structures, but they are 
also the sense organs with their specific objects of 
perception, without which individual experiences do 
not give the overall picture of the object. By ego we 
mean the person's perception of oneself as a whole; 
by will – one’s desire to influence the world around, 
in accordance with the decision whether it is good 
or bad for the person; by intellect - the perception of  

spatial and temporal forms and relations.  
3. The importance of separate kinds of 

perceptions is determined by their belonging to 
different levels, and the weight coefficients are 
determined according to fig. 3. 

4. Within each of the levels, certain kinds of 
perception may have a greater weight coefficient 
than others. For example, a man is believed to 
obtain up to 90% of information by sight – so it is 
sight that must be distinguished comparing to 
hearing, smell, etc. The conditions of perception 
must also be taken into account. 

5. Let us also note that no specific sense organs 
correspond to the sixth level, thus in future it must 
be regarded together with Level 5, as shown in fig. 
3 by uniting them in one structure. 

Let us continue our analysis and try to correlate 
those psychological characteristics which can be 
tested to determine the individual characteristics of 
a personality with the kinds of perception. 

Usually one and the same term implies multiple 
characteristics reflecting different degrees of 
development of any kind of perception. For 
example, by a general term "intuition" we also 
mean mystical inclinations (this is from the 
category of extrasensory powers), as well as the 
insight and simply "the ability to feel the state of 
affairs."  

At that, the degree of their development 
depends on the absolute value of the potential, 
characteristic for a specific person, and, partly, on 
external conditions. 

Thus, let us show which characteristics will be 
used to describe each of the perceptions, and what 
sensations will each perception cause depending on 
its development .Note that the list of characteristics 
is not a dogma here; they can be replaced by the 
synonymous ones or supplemented. 
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Correction for temperament and age. 

Temperament is one of the most popular 
characteristics of a person, known since the 
Antiquity. Back then 12 temperaments were 
distinguished. Today only four are distinguished; 
psychologists call them as follows: sanguine, 
choleric, phlegmatic, and melancholic persons. It is 
obvious that the temperaments can be linked to the 
value of the potential of a man, or the man’s vital 
energy. Then the influence of temperament on the 
state of comfort/discomfort can be represented 
graphically (fig.4). 

To a certain extent, the same pattern can be 
traced in the age-related changes: "sanguine" energy 
of children is eventually followed by melancholy 
inherent in many elderly people. 
 

energetic, active, optimistic  
calm with flashes of emotions,  
 
thirst for activity, etc. followed by 
the feeling of void 
 
calm, patient, predictable, 
conservative  

 
sad, pessimistic, underactive 

Mainly,  
discomfort 

 

 
 

Mainly, 
comfort 
 
 

 

Potential 
Sanguine  
Choleric  

Phlegmatic  
Melancholic  

Characteristic of the psychic state 

 
 

Figure 4. Influence of temperament on the 
sensation of comfort/discomfort. 

 
To a certain extent, the same pattern can be 

traced in the age-related changes: "sanguine" 
energy of children is eventually followed by 
melancholy inherent in many elderly people. 

 Recognition and decision making. 
Decision making is an important point in assessing 
the level of comfort. Along with the generalized 
decision, there are specific and compromise ones. 
Making decisions is associated with various forms 
of pattern recognition and information processing 
mechanisms. These are complex and largely 
unsettled issues belonging to the sphere of 
psychology, cybernetics and many other sciences. 
For us, it is important to state the following [3]: 

1. The human psyche is a complex system, 
where each of the levels (we have already clarified 
their composition) reacts to external stimuli in a 
specific way. There can be different ways of 
making decisions - intuitive, strong-willed, rational, 
and emotional - each of which is a specific form of 
interaction with the environment, corresponding to 
one or the other type of perception, so it requires 
some corresponding information and is 
characterized by certain duration. 

2. The sequence of information processing in 
the course of the recognition and decision-making, 
according to the recent data, is shown in fig. 5. 

 

 
Organs of 
sense 
perception 

 
 
 
Filters 

Short-term 
memory  

Central organ of 
information 
processing 

Long-term 
memory 

Organizers of 
motor activity 

 
Figure 5.Information processing in the course of 

recognition and decision-making 
 
3. As it is seen from figure 5, the central organ of 
information processing receives data either directly 
perceived, or from short-term or long-term memory. 
Since they are either inborn, or are the products of 
the same perceptions, only in the earlier period of 
time, they are structured in the same way as the 
perception considered above. Consequently, their 
impact on the assessment of comfort/discomfort 
state is analogical. 

 
 

3. PERSONALITY TYPES 
 

Having examined the characteristics of a 
personality, let us turn to the definition of 
psychological types. Knowledge needs, 
motivations, emotions, and other characteristics for 
each of them will make it possible to identify 
specific sets of requirements for a dwelling. Thus, 
the dwelling will be comfortable not "generally", 
which is impossible in principle, but "specifically" 
in accordance with the peculiarities of each of the 
psychological types. The classification will once 
again be based on the types of interaction with the 
outside world – the perceptions. 

So, we have the following six psychological 
(personality) types [1]: 

1. A “Balanced Personality". Here, the 
potential distribution among the levels is perfect; 
such person does not experience inner conflicts and 
health problems. He has various demands with 
distinct priorities for his dwelling, on the whole, 
forming a harmonious unity. We can say that the 
dwelling built in accordance with his demands will 
be perfectly balanced as well, which will allow us to 
trace the entire chain of relations among 
perceptions, motivations, needs and requirements 
for the dwelling, and in future to deduce "formulas 
of comfort". In reality, such harmonious 
personalities can rarely be met. 

2. "Contemplator" (purple color). Here, the 
same as for the other types, the balance between the 
levels is already broken. Since the total value of the 
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potential is constant, the increase of certain qualities 
- in this case, intuition - will be at the expense of 
others - above all, the ego and will. Therefore, 
contemplators are inclined to have a quiet way of 
life. As for the dwelling, their requirements are 
minimal: it should be located in a quiet, beautiful 
and, if possible, deserted place and meet their 
biological needs. 

3. "Egoist" (blue color). Enhancing ego, will 
and mind takes place at the expense of intuition and, 
to a lesser extent, of intellect and senses. It is 
fraught with health problems - mental and physical. 
Priority demands for dwelling are prestige, self-
sufficiency and, to a lesser extent, transformability. 

4. A "Fighter" (green color) is characterized 
by high inclination for self-realization, also by 
conflict character and aggression (will prevails over 
mind), which cannot but lead to both physical and 
mental disorder, because intuition, ego and intellect 
are oppressed. This is the "Martian" type, whose 
motto, like that of Porthos, is "I fight because I 
fight". The vigorous and varied activity puts excess 
demands for the dwelling’s transformability. The 
corresponding emotional state should also be 
encouraged - for example, by bright colors in the 
interior, etc. 

5. An “Up-and-coming Researcher" (yellow 
color) is not inclined for such escapades. He rather 
likes predictability, order and stability: "Money 
loves peace and quiet." But within these limits, he 
can be quite vigorous, energetic and intelligent 
(mind prevails over will), both in business and in 
science. "Strengthening of the mind" takes place 
mainly at the expense of the senses, and some 
people even know how, consciously or not, to 
sublimate sexual energy for "creative goals", which 
was noted by Freud. Demands for the dwelling are 
as follows: a strict and conservative style, clear and 
time-tested solutions, and calm tones of the interior 
– however, the wealth and social status must 
certainly be manifested. 

6. A “Artistic Personality" (orange color) is 
prone to certain exaltation, cultivation of his 
emotional states and sensory experiences. All these 
can coexist with extreme commercialism. 
Sometimes such people have good intuition, but 
more often they are inclined to take various 
superstitions for the truth. This implies that the gain 
of sensory feelings occurs at the expense of mind, 
will, and the analytical part of the intellect. A 
dwelling may have eccentric, outré and even 
provoking solutions, under the essential condition to 
provide a refined sensor comfort and the 
atmosphere of glamor. 

Now let us check our classification – are the 
marked types really fundamental and universal? For 
this purpose let us turn to a totally different source, 
the history of human societies. The development of 
mankind shows that in those societies where the 
social organization was not defined by some “idée 
fixe”, but developed in the natural way, the estate, 
and then the caste structure was formed. Moreover, 
the social division took place depending on the 
motivations determined by the dominant forms of 
communication with the outside world. Take, for 
example, India, where the caste system has been 
preserved almost till today. Thus, 

• those who are inclined to serve gods and 
tend to self-denial and contemplation (intuition) 
belong to the priests, the Brahmins; 

• those who crave power and can override 
others in cruel fight (ego, will, mind) belong to 
rulers and warriors, the Kshatriyas; 

• those who are entrepreneurial and looking 
for wealth (intellect) belong to free traders, farmers 
and artisans, the Vaishyas. 

Note that all of the above are able to make 
important decisions independently.Beyond this 
boundary are the service workers and slaves, the 
Shudras, whose primary goal is to obtain sensual 
pleasures, as well as the outcasts, the Chandalas.  

If we take a look at the feudal Europe, Russia 
and the Muslim countries, we can observe a similar 
picture there as well. The same applies to most 
countries of the ancient world. Thus, the 
fundamental and universal character of the selected 
psychological types is confirmed by the historical 
experience. 

 
 

4. IDENTIFICATION OF 
PSYCHOLOGICAL COMFORT 

 
The level of the dwelling’s comfort is a 

subjective indicator. However, the professional 
literature focuses on ensuring the physiological 
comfort while the psychological component is often 
ignored. A typical example is the book by Robert 
Leroux [6], where the psychological components 
are presented on one page only. The list of 
discomfort factors given there include: 

 an unpleasant internal or external 
appearance of the house;  

 unpleasant or noisy neighbors; 
 living on a high floor that brings a feeling 

of isolation. It is easy to see that the list is very 
controversial and far from being complete. The 
mechanisms of influence of the listed factors on the 
psychological state are not disclosed, and the author 
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mentions the list only in the chapters on the design 
of the exterior, as well as ensuring security and 
safety.  

Particular information on the impact of 
separate factors on a condition of a man can be 
learned from the works on acoustics, coloristics, 
etc., as well as from the dwelling exterior and 
interior design. In the latter case, the authors often 
do not present quantitative estimation. On the 
contrary, in the works regarding ergonomics there 
are numerical estimations but their applicability is 
limited by the area of machine operator’s activity. 

The received data, in its turn, is the basis for 
the selection of certain compensating measures. 

While determining psychological comfort 
and its components, we should base on the fact that 
a man, being a complex system and a subject to the 
laws of self-organization, remains at the same time 
a part of the man – dwelling - environment system. 
Let us introduce the concept of comfort and 
discomfort, and consider how they are manifested at 
different levels of personality organization and how 
they relate to perceptions, states of consciousness 
and various forms of decision-making. Then let us 
show the effect of the dwelling on the nature of the 
processes in view. 

The concepts of comfort and discomfort. 
We shall call a comfortable state of a man the state 
which is characterized by the following features:  

 the harmony between the man, the, 
dwelling and the environment; 

 physical and mental health; 
 presence of sufficient stamina for the 

adaptation; 
 “youth” of all components of the man-

dwelling-environment system.  
Let us consider each of these characteristics 

separately. The harmony between man, dwellings 
and the environment. Since the cause of the 
immutability of the body’s internal environment, 
the ability to regenerate, and the exchange processes 
between the system’s components is the need to 
preserve the system’s integrity, its violation would 
inevitably lead to significant physiological and 
mental disorders that will be perceived as 
discomfort. And such condition can become chronic 
if for a long time the integrity of the system cannot 
be restored. This is the most important sign 
belonging to the first level of the system 
organization. 

Specific signs of integrity violation are: the 
lack of symmetry at some or all levels of 
organization; inharmonious distribution of 
potentials between the levels and elements; inability 
to adapt. 

The health is restored due to those influences 
of the environment or the dwelling that help to 
restore the man’s integrity. It is impossible to 
achieve comfort without the presence of external 
factors and their harmonization with internal 
factors. 

The man’s physical and mental health is 
interpreted as a simultaneous state of constancy of 
physiological characteristics and mental 
equilibrium. This feature emphasizes the 
importance of the internal factors. It should be 
noted that disequilibrium in the peace of mind is 
sometimes useful for launching certain activities 
("throes of creation"), but it is still perceived as 
discomfort. This contradiction can be removed by 
the differentiation of various rooms of the dwelling. 
In some of the rooms, the conditions of targeted 
discomfort may be created deliberately. 

The presence of sufficient stamina is 
absolutely necessary to adapt to changing external 
conditions, such as seasons, atmospheric pressure, 
time of day, etc.   

And finally, the “youth” of all components of 
the system implying the presence of both flexibility 
and the ability to change, as well as the existence 
time reserve, is also a sign of the state of comfort.  

On the contrary, we shall call a state of 
discomfort the condition characterized by one or a 
set of the following features:  

 lack of harmony between a man, dwelling, 
environment;  

 physical and mental illness;  
 insufficient stamina to adapt;  
 “old age” of the system components; 
The psychological component of comfort and 

discomfort correlates with the types of perceptions 
and states of consciousness. 

For the 1st level an indicator of comfort is a 
feeling of good fortune, being lucky, favorable 
course of events, harmony with the environment. 

For the state of discomfort, a sense of "streak 
of bad luck", being unlucky and disharmony is 
typical. 

For the 2nd level of comfort an indicator of 
comfort is a sense of self-sufficiency, health, peace, 
joy, optimism, faith in the future. This is the 
consequence of inner harmony and the sense of 
beauty and eternity of the outer world.  

For the state of discomfort, a feeling of 
illness, internal conflict, frustration, pessimism, 
approaching death, ugliness of the surrounding 
landscape, people, evanescence of the world, etc. is 
typical. 

For the 3d level the comfort is characterized 
by the sense of freedom and the sense of 
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superiority, confidence in the achievability of goals, 
in other words, the "the winner’s mindset". The 
man’s will plays the dominant role in such feelings. 

For the state of discomfort, the feelings of 
weakness and self-doubt, the fear of failure in 
reaching goals are typical. At the 4th level, there are 
two groups of parameters corresponding to the 
sensory perception and intelligence. Therefore, the 
feeling of comfort will include both the sense of 
time-space order, "rightness" of the outer and inner 
world, as well as the intellectual recognition of 
these as logical and cognizable. 

The feelings of chaos, incognizability, 
chance, danger, depression, anxiety, worry, 
insecurity, and weakness will bring the state of 
discomfort. 

For the 5th level the number of comfort 
indicators increases. A comfortable state is 
characterized by the sense of balance, stamina, 
sensory comfort, “harmony of the elements” at the 
level of intellectual constructions and direct 
perception of the outer world.  

The sense of imbalance, burnout, sensory 
weariness, "hostility of the elements", etc. brings 
discomfort. 

For the 6th level and subsequent levels we 
should talk about the contribution of certain feelings 
and nuances of differentiation of their separate 
elements. If the sight and hearing are healthy, the 
feeling of this is a contribution to the overall feeling 
of comfort and, on the contrary, poor sight and poor 
hearing are the source of anxiety, feelings of 
inferiority and other related feelings of discomfort. 

Since each level has the corresponding 
calculated potential, it is possible, knowing the 
priority and the ratio of perception conditions, to 
identify quantitatively the contribution of any 
indicator in the sense of comfort/discomfort [4]. 

Evaluation of the relative importance 
(weight) of various indicators of 
comfort/discomfort. 

A. The locality or globality of the indicator 
action is determined by the fact that it describes 
either several levels or only one of them. 
Accordingly, the importance of the indicator is 
estimated as the sum of the potentials of the 
involved levels of man-environment interactions, 
expressed in relation to the potential of the first 
level. Specifically, the weight of the indicator is 
expressed by k1 coefficient, for each of the layers 
involved. Here there is an alternative – to use k1 = 
0,618 for a "Balanced Personality", or choose it 
based on the results of the testing; 

B. The perception conditions coefficient k2 

expresses the degree of difficulty of the indicator 
perception; for each of the layers it is in the range of 
0 ... 1; 

C. When summing up, the sign "+" should be 
ascribed to the indicators if they are the indicators 
of comfort, and the sign "-" in the opposite case.  

Considering all stated above, the "formula of 
comfort" that characterizes the sum of the comfort 
indicators of all the levels of p expressed in 
conventional units is the following: 
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where n is a number of levels; mi - the number of 
indicators of the i-th level. Here the greater value of 
p corresponds to the better comfort. 

The correction to the “formula of 
comfort.” In conclusion, we shall show the 
correction made by the physiological indicators to 
the general assessment of comfort. Obviously, they 
can only affect the sensations perceived by 
receptors and reaching the central nervous system, 
i.e., they correspond to levels 4, 5, 6. But these 
components are already included in the formula (1). 
Thus, the correction is not required. But it is 
possible to estimate the contribution of all these 
parameters in general sense of comfort: it will be 1 
* Ф3 = 0.236 for a “Balanced Personality” with 
relevant corrections to other psychological types. 

What other conclusions derive from the 
material provided above? Evidently, there exist the 
means to improve the dwelling quality, yet not used. 
These are the means capable of endowing the 
dwelling with new characteristics: enhancing the 
“vital force”, increasing efficiency, preventing 
stresses and diseases. Also, there exists an 
instrument that allows analyzing the indicators 
attained and developing measures for their 
improvement. Its effective use can bring significant 
competitive advantages. 

Let us also note the analogy between the 
activities designed to improve the psychological 
comfort and means of increasing the physiological 
comfort. However, the greatest effect will be 
achieved through joint performance of these 
activities. 

 
5. CLASSES OF THE ELITE 

DWELLING 
 

There are two classes of the elite dwelling   
„De lux”  and „Premium”.  Table 1. details the 
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Table 1. Classes of the elite dwelling. 

 

 

 
characteristics of each class of the elite dwelling 
(buyers, priorities ,region, location, building type, 
style, color range, spatial organization, furniture). 

 
 

6. OPTIMIZATION OF THE ELITE 
DWELLING  

 
Contemporary construction possibilities extend 

far beyond the achievements of the still recent past: 
providing a dwelling with heating, water supply, 
safety and communication systems is just the 
background against which new targets stand out: 
compensation of disharmony of vital rhythms; 
disease prevention, and creation of conditions for 
self-improvement. Here, we should also pay 
attention to the idea of “a dynamic home”, which 
implies the use of state-of-the-art technologies and 
computer facilities [5]. 

Thus, following the given recommendations, 
any person can reasonably choose a location, ensure 
independence and security of a dwelling, determine 
the number, shape and size of rooms, select the 
control means for mood.  

However, even having defined his wishes 
exactly, a reasonable person should not stop. It is 
necessary to check whether the selected company 
can implement those wishes. Of course, first of all, 

external factors must be taken into account, such as 
the ability to help the client in the course of the 
interview to specify the order, using a rich arsenal 
of systems methods, traditional ideas and latest 
achievements in psychology. However no less 
important is the design culture. Do the designers 
know about the “formula of comfort”? Do they have 
adequate skills to find the best solution satisfying 
the priority requirements of the customer at 
reasonable cost? This is a multi-criteria 
optimization itself, information about which might 
be rather dry, but very useful for selecting a 
construction agency. Every person decides for 
himself whether to delve into the intricacies of the 
concept of comfort and the questions of 
construction, or withdraw entirely, entrusting it to 
the professionals. However, as the dwelling is 
chosen for years to come, and the state of health and 
the possibilities of self-realization depend largely on 
its quality, serious consideration must be paid to 
this question.  

Consider (figure 6) the distribution by particles 
in % personality types for customers of the elite 
dwelling.  

Preliminary results indicate that among buyers 
of elite residential property dominate personality 
that relate to psychotype "egoist", is also a notable 
proportion psychotypes "resouceful researcher" and 
"fighter". 

№  Feature Characteristic 
class „De lux” class „Premium” 

1. Buyers Politicians, businessmen, pop stars. Patrimonial aristocracy, rich artists, 
businessmen. 

2. Priorities Uniqueness, prestige, transformation. Uniqueness, prestige, transformation. 

3. Region Capital, city-millionaires, resort 
regions. 

Capital, city-millionaires, resort 
regions, regional centers 

4. Location Administrative center, historic center, 
resort zones. 

Prestigious area,  historic center. 

5. Building type Row houses, cottages, penthouse. Row houses, cottages, penthouse. 

6. Style Baroque, Classical, Empire, Rococo Classicism, modernism, 
functionalism. 

7. Color range Bright colors, play on the contrast, the 
active use of gilding, which causes a 
feeling of luxury, wealth, solidity, 
stability. 

Bright, warm, neutral colors. 

8. Spatial 
organization 

The organization of the space 
environment reminiscent of the royal 
palaces and castles. 

Functionality. 

9. Furniture Volume static sculptural furniture with 
richly upholstered, furniture of 
mahogany. 

Simple, rectangular. 
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Figure 6. Distribution by particles in % personality 
types for customers of the elite dwelling  

 
 

Testing opportunities for application of 
methods for determining psychological comfort to 
find correlation between certain psychological 
needs and architectural and design solutions for the 
elite dwelling,  which should contribute to meeting 
the needs of people of different psychotypes and 
publication of preliminary results in table 2.   

 
 

CONCLUSION 
 

The elite dwelling ideal to one person may 
not appeal to another. Therefore, to make a sound 
choice, you need to know your psychological 
(personality) type, the needs and priorities 
conditioned by it. The article offers the 
characteristics of personality and present them in 
the understandable and visual form. All 
characteristics are correlated with the specific for 
each psychological type requirements for dwelling 
 

Table 2. Correlation between personality types and architectural solutions. 

 
which, in this way, acquire a personality-grounded 
nature. And they do not depend on such volatile 
factors as the influence of fashion or a well-
organized advertising campaign. 

We all desire for harmony between our 
dwelling and the environment. At the same time, we 
want it to be expressive, to emphasize our social 
status, to create the feeling of space, but to be 
comfortable, to please the eye with its colors, but 

not to annoy with too bright colors. Experts know 
what architectural and design techniques should be 
used to meet certain wishes. But, as we can see, 
these wishes may be contradictory, and to achieve 
the universal satisfaction is impossible in principle. 
Therefore, an architect designs a house “for an 
average person”, “for eternity”, “as it is required 
by the modern style”, in the end, according to his 
personal preferences. However, it would be better to 

№  Personality 
types 

Characteristic 

Environment Style Transformation Design Comfort 

1. Balanced 
Personality 

Completeness Eclecticism The smooth 
change of house 

Integrity space Harmony 

2. Contemplator Harmony with 
nature 

Ecostyle damping Openness 
nature 

Tranquility 

3. Egoist Background 
for the 
manifestation 
ego 

Baroque, 
Classical, 
Empire, 
Rococo 

System 
 «clever house» 

Many different 
rooms 

Richness 

4. Fighter Environment 
for unity and 
struggle 

Japanese 
style, 
minimalism 

System  
«dynamic house» 

Transfor- 
mation 

Security  

5. Up-and-
coming 
Researcher 

Space for 
finding ideas 
and problems 

Classicism, 
modernism 

Spatial temporal 
organization 

Rationality Wisdom 

6. Artistic 
Personality 

Environment 
for creativity 

Create your 
own unique 
style 

Changes to the 
creation of 
masterpieces 

Space to find 
inspiration 

Freedom 
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build the elite dwelling in accordance with 
preferences and needs of its future owner! But for 
this, the customer must be able to explain the 
designer his demands, with clear awareness of what 
styles and decisions correspond to his own 
psychological type. Based on the need to prepare 
the reader for such a talk, I present the information 
on choosing the construction location, architectural 
styles, space planning features, creating the interior, 
service organization, constantly correlating the 
requirements defined by certain psychological types 
with specific design solutions and trends in the 
development of the elite dwelling.  

How to assess the current level of comfort? 
How to correlate it with spending, to determine the 
effectiveness of investments? Can the dwelling lose 
its attractiveness in the foreseeable future? What 
advice can be given if we consider the dwelling in 
the context of real estate?  

The techniques and recommendations 
answering these very important questions are given 
in this article. 

Based on the reasonable recommendations of 
this article, the terms of psychological, 
physiological and biorytmical comfort at all levels 
of living environment for the elite dwelling (ensure 
harmonic relations with surrounding world; self-
sufficiency; transformation; space-planning 
excisions; sensory comfort) are determined. The 
results are verified by analyzing complex 
counterparts. This article has formed specific 
recommendations for architectural and design 
decisions, that are favorable for providing 
psychological comfort of owners of the elite 
dwelling. 
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Practical implementation of the foundations 
for mineral energy engineering [1] should be better 
kept on monomineral lime binder. The process of 
lump lime slaking with water creates environment 
favourable for chemical reactions with high thermal 
dynamic indicators of alkalinity (рН≥12), high 
temperatures (up to 1000С and higher) and heat 
release (65,5 kJ /mol). This environment with 
important thermodynamic characteristics can be 
called “the waste” of production as it is almost not 
used as secondary useful resources. Meanwhile, 
alkaline environment is  able to transform 
electrically neutral particle (molecules, crystals, 
etc.) into active (electrically charged, amorphous). 
Temperature increasing is also acceleration of 
chemical reactions in the environment lump lime 
extinction. Heat release at limp slaking is a 
volumetric heat treatment, causing chain reaction of 
reactants, not from the surface inside for a long time 
as during the usual heat treatment of products. 
Ability to control these processes ideally means air 
binder on the basis of which low strength and water 
resistance concrete is received, as well as to 
transform it into hydraulic, more durable and water 
resistant. 

Our task is to introduce a substance, changing 
thermodynamic characteristics of a system, into the 
system of these processes, and to obtain new 
formations, increasing strength and water resistance 
of concrete with the lime binder. Such substance 
does not need to be active, as  environment 
(alkalinity, temperature, heat), into which it is 
introduced and which activates it, is active. Two 
main requirements are as follows: the substance 
must be highly soluble in water, and water solution 
must have sufficient homogeneity of its distribution, 
and energy of its interatomic bonds must be higher 
than the energy of interatomic bonds  СаО (CaO is 
about 1062 kJ/mol) and  Н2О (H-O is about 459 
kJ/mol). Water solution of a chosen substance must 
extinguish lump lime. Silicon atom with the bond 
energy Si–O of 1861 kJ/mol corresponds to these 
requirements. It is widely spread: organosilicon 
liquids, aqueous solutions of sodium silicate, 
sodium fluorosilicate etc.  

In our work we used sodium waterglass, 
Na2SiO3, as water modifier. It gives strong alkaline 
medium [2] and acidfied SiO2: 

Na2SiO3+H2O=2NaOH+SiO2. Its concentration in 
water changes the degree of ionization (according to 
data of electrical resistivity) and рН medium, fig. 
1a. Changing its concentration it is also possible to 
regulate speed of lime slaking, fig. 1b.  

a. 

b. 
 

Figure 1. Influence of concentration of water 
solution on the values: a) pH medium (x) and its 
electrical resistance (•)  and b) change of speed of 
hydration while slaking lump lime with water (the 
upper curve), water solution with concentration of 
1% (medium) and 3% (the low curve).  

 
Due to this fact the structure of control and 

studied limestones, having solidified for 4 months, 
was examined. Control samples were prepared on 
the basis of lime putty received after slaking the 
lump lime with water. Examined samples, as 
opposed to the control ones, were prepared with the 
use of analogue putty, but it was received by slaking 
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lump lime with water solution of waterglass with 
the concentration of 6%. Analysis of advantages and 
disadvantages of examined material was compared 
with analogue control samples. X-ray analysis was 
carried out with the use of diffractometer, X-ray 
DRON-4.0.  

Quality phase analysis was carried out by 
comparison with tabular data about interplanar 
spacings and their intensity received when 
interpreting the diffraction patterns, fig. 2. 
Reliability of identification of a phase is provided 
by the coincidence of not less than its three the most 
intensive line on diffraction patterns. Diffraction 
patterns in the interval of angles from 5 to 650  were 
taken in researches. Diffraction patterns with 
saturated number of new forms in the range of 
angles rotation of 15-500 were chosen for analysis. 
It let us determine the kinds and quality of new 
forms. New forms appeared in the control samples: 
portlandite Са(ОН)2  and calciteСаСО3, fig. 2a. 
Moreover, the new substance, the aragonite, appears 
in examined samples, fig. 2b. 

а. 

b. 
 

Figure 2. Diffraction patterns of new forms of a 
stone, prepared from a lime slaked with water (a) 

and water solution of waterglass (b). 
 

Qualitative and quantitative composition of 
new forms as the minerals are given in Table 1. 
Here lime binder in the form of Са(ОН)2 is 
considered as an unreacted substance, and 
portlandite having the chemical formula also in the  

 

Table 1. Qualitative and quantitative composition of 
new forms of limestone. 

form of Са(ОН)2, but having brucite structure of 
flat sheets with a dense hexagonal packing strength 
up  to 3,5 MPa [3], is considered as solid substance. 
The distinguishing feature is such that modification 
of water with waterglass changes its ratio, namely, 
while slaking with water the number of portlandite 
is higher, and with water solution of waterglass the 
number of Са(ОН)2 is higher.  

The effectiveness of water modification for 
slaking lime is noticeable and 1,6 times higher than 
occurrence of calcite. But the most important thing 
is such that slaking of lump lime with water 
solution of waterglass and its further mixing with 
water let us obtain limestone, in which composition 
the new substance, aragonite, appeared. This fact 
corresponds to literature data[4], according to which 
its characteristics were determined, and, in 
comparison with traditional new formation, calcite, 
is indicated in the Table 2.  

 

Table 2. Distinguishing features of new formations 
of lime binder.  

 

Description of qualities  Calcite  Aragonite 
Chemical formyla    СаСО3 4[СаСО3] 
Density, g/сm3 2,71 2,95 
Firmness  2,7 – 3,2 3,5 – 4,0 
Crystal structure  Cubic  Rhombic  

 
Comparing with calcite, density of aragonite 

is 9% higher, and firmness is 25-30% higher [4]. It 
is known that reducing of porosity (increasing of 
density) of 1% leads to increasing concrete strength 
of 5%. Taking into consideration the importance of 
these numbers, it's possible to understand the 
actuality of work, especially in the part of these 
processes control.  

Quantitative difference in atomic content of 
crystals of calcite and aragonite causes certain 
changes in energy potential of interatomic bonds. 
Chemical formula of aragonite, including four 
crystals of СаСО3, like single solid body, has 
separation surfaces almost 4 times smaller than the 
sum of separation surfaces of 4 single crystals of 
calcite. This advantage is to increase the density of 
concrete, as it is determined by the density of 
limestone, filler and their contact, and the contact 
here is on the molecular level.  

Qualitative characteristics of aragonite were 
studied using its structural formula, which we have 
developed and shown in Fig. 3. 

Structure of aragonite is similar to the 
structure of calcite. Aragonite was obtained in an 
environment characterized by a high degree of 
alkalinity, high temperature and acidic SiO2. Due to 
combination of there parameters the new  

Lime slaking  Kind and number of new forms 
Calcite Arago-

nite 
Portlan-

dite 
Са(ОН)2

With water 8 – 3 2 
With solution  11 2 1 4 
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calcite                                                    
 
 
 
 
aragonite 

 
 

Figure 3. Structural formula of new formations. 
 

environment appears. It is favorable for 
isomorphism СаСО3, due to which aragonite 
appears. Its structural formula indicates the 
“linking” of four crystals СаСО3, which confirms a 
hypothesis developed by us. In our researches 
waterglass Na2SiO3 with strong binding energy Si–
O and increased alkaline medium, cleaves double 
rigid connection С=О, fig. 2, in crystals СаСО3, 
which leads to isomorphism, i.e. creation of mixed 
group  compounds of calcite crystals. 

We know that the higher the value of the 
interatomic bonds, the shorter the length of 
interatomic bonds, the denser the rigid body and the 
stronger it is. That is why it is important to compare 
thermodynamic characteristics of aragonite and 
calcite. The calculation of the energy of interatomic 
bonds of minerals of solidified lime binder is given 
in Table 3. 

Total energy of interatomic bonds of 
aragonite crystals is 176 kJ/mil, i.e. 1% higher, that 
the one of calcite. This energy is high enough, 
considering that 1 g/mol of  quicklime at slaking 
generates 65,5 kJ of heat  which is sufficient for 
increasing of environment temperature above 
1000С. Moreover, in accordance with the data of X-
ray diffraction analysis total energy of interatomic 
bonds of all new appeared formations, having other 
constant parameters, is 1,9 times higher (89672 
against 47014 kJ/mol) when lump lime is slaked 
with water solution of waterglass, not with water.  

In the case of stabilization or hybridization of 
energy of interatomic bonds in new formations 1 
bond in average has (4014:60=783,6 kJ/mol) at 
slaking of lime with water and (89672:123= 729 
kJ/mol) at slaking with water solution of waterglass.  

Thus, slaking of lump lime with water 
solution of active substances causes isomorphism of 
СаСО3: in our case to formation of mixed group 
polymorphic compounds of calcite crystals in the 
form of aragonite with the best physical and 
mechanical qualities. Structural formula of 
aragonite was developed. Working hypothesis was 
confirmed. Total energy of interatomic bonds of 
new formations with aragonite is 1,9 times higher 
that with calcite only. Secondary “raw material” in 

Table 3. The calculation of the total energy of the 
interatomic bonds of new formations of lime binder.  

 

Description 
of minerals

Interatomic 
bonds 

Number, 
pcs 

The 
total 
energy 
of  
bonds 
kJ / mol 

Kind 

ener
gy, 
kJ/m
ol 

Kind
s of 
bond
s 

Mi
ner
als 

Slaking of lump lime with water 

Са(ОН)2 
Са-О 1140 2 5 11400 
Н-О 459 2 5 4590 

Total energy of interatomic bonds 
Са(ОН)2 

15990 

Са(СО)3 
Са-О 1184 2 8 18944 
С–О 383 2 8 6128 
С=О 744 1 8 5952 

Total energy of interatomic bonds of 
calcite 

31024 

Total energy of interatomic bonds of 
new formations 

47014 

Slaking of lump lime with water solution of 
waterglass 
Са(ОН)2    5 15990 
Са(СО)3    11 42658 

4[Са(СО)3]
Са-О 1184 8 2 18944 
С–О 383 16 2 12256 

Total energy of interatomic bonds of 
aragonite 

31200 

Total energy of interatomic bonds of 
new formations 

89672 

 
the form of high heat effect of slaking lump lime 
and alkalinity, which medium is favourable for 
polymorphism of reactants, was used rationally.  
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1. INTRODUCTION 
 

Currently the research area requires to 
determine the implementation and development 
vector of SATUM’s satellite attitude system. 

To solve this global problem, under research 
purpose were developed several algorithms of 
absolute position determination in tridimensional 
space using the theory of sensor fusion [3]. 

In previous works were presented models of 
software ,figure 1, and hardware, figure 2, which 
were realized during my research [1]. 

 

 
 

Figure 1. Graphical User Interface developed 
for IMU(Inertial Measurement Unit). 

 
Software models mentioned above represent 

the algorithms already implemented in 
microcontrollers which allow us to adjust, fusion 
and solve the problem of attitude determination. 
Labview is used as GUI(Graphical User Interface) 
for visualizing every idea in short time. Hardware 
models represents the PCB (Printed Board Circuits) 
with all sensor mounted needed for solving the 
problem of attitude determination, PCBs with 
controllers which make the acquisition of data and 
prepare data for calculation inside the main 
microcontroller, and in the last are the PCBs which 
are controlling the moving our spacecraft, this 
means motors, reaction wheels and magnetorquers. 

Learning and using the Labview software were 
developed the GUI which allowed to make a list of 
tests and experiments with the sensors of absolute 
position determination. And also allowed to another 
colleagues from our laboratory to make theirs tests 
with minimum time to get the result. 

 
 

Figure 2. 3DOF(degree of freedom) 
Laboratory gyroscope. 

 
Based on the tests made in Labview models 

and in real time systems such as quadcopter where 
determined the limits where the sensors works in 
best conditions, the main tests were made on the 
magnetometer HMC5883L, which is a sensor 
widely used as in commercial area as in cubesats or 
other flying crafts.  

 

 
 

Figure 3. HMR2300 intelligent 3DOF 
magnetometer. 
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This work also rely on researches on other 
sensors, such HMR2300 which a ready to use 
sensor, Figure 3. 

The HMR2300 sensor is a sensor realized from 
3 one axis sensors, 3 ADCs and a microcontroller 
which is analyzing and then puts everything on the 
RS232 BUS. Also this module has an already 
programmed controller which cannot be 
reprogrammed by our needs. For tests the module 
were connected to a PC using a RS232 terminal and 
then connected to Labview, figure 4, also where 
made another diagram in labview which works with 
this sensor and puts the data on 3D graph in the 
same way which is makes the diagram for the 
HMC5883L sensor. All this were made on purpose 
to compare the data from both sensors. 

 

 
 

Figure 4. The HMR2300 Module and its 
connection to PC. 

 
 

2. ORIENTATION SYSTEM 
DEVELOPMENT 

 
The HMC5883L sensor has a high sensibility as 

the HMR2300 sensor, and based on this, were made 
the conclusion that this is good sensor and then the 
decision to realize the attitude determination system 
on the HMC5883L magnetic sensor. 

After installation works of housing satellite 
magnetic sensor was determined that there is an 
influence from the housing and from some active 
components inside the satellite on the magnetic 
field sensor, in this context was started the research 
area of housing the magnetic field sensor on board 
of the satellite.  

The influence of the materials on the magnetic 
field sensors can be seen on the picture in the figure 
5, which represents the distortion of the ideal 
magnetic field around the sensor, if the magnetic 
field is close to the ideal form then is possible to 
apply the algorithm of attitude determination. 

If around the sensor is a piece of metal or some 
active components the sensor starts to draw an 
ellipsoid or an egg if we are making the map of the 
sensor. This map is made rotating the sensor by 
every axe by 360 degrees. Also the distortion of the 

magnetic field could be seen when the center of the 
sphere is not equal to the ideal center of the sensor. 

 

 
 

Figure 5. The distortion of the magnetic field 
around a metal body. 

 
This work determined us to test different sensor 

locations in housing to reduce the maximum 
possible the influence of the metals and active 
components, based on this we made a conclusion 
that the sensor could be installed in two ways on the 
satellite. 

The first variant and the most commonly used 
by manufacturers of satellites is to find a place 
within the satellite housing where the magnetic field  
is less polluted by reaction wheels and 
magnetorquers. The placement of the sensor inside 
the satellite could be in two ways: 

 On the navigation system PCB, figure 6. 
 

 
 
Figure 6.  Placement of the magnetic sensor on 

the navigation system PCB. 
 

 On an additional PCB connected with 
copper flexible wires which allows the 
placement at a specific distance from the 
active components on the satellite, figure 7. 
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Figure 7. The magnetometer module prepared 

to be installed in a less polluted place. 
 
In this research was proposed to find the 

minimum noise that the sensor does not use or 
cannot see [3]. 

The second option are the experiments result of 
the minimal noise determination of the 
magnetometer sensor. The experiments inside the 
research work showed that the sensors now are 
more intelligent and can compensate some 
fluctuations, this means that inside the sensor are a 
microcontroller that can apply some filters [5]. The 
final scope is to make a module that will be able to 
position the satellite with a high precision. And here 
appeared an idea to put the sensor outside the 
housing o the satellite at a distance of more than 
30cm. When we were working on solving the 
problem we developed a device specially designed 
to see the magnetic field, we’ve named the device 
“MAGCAM” the tridimensional diagram is 
presented in figure 8 [7]. 

 
 

Figure 8. The magnetic fields around a step-
down converter. 

 
 

3. STUDY OF A COMPASS ON THE 
QUADCOPTER 

 
The experiment on a quadcopter needed to 

make a module with all sensors on the PCB and that 
the sensors to be the same used in our research 
before in the lab [2]. Here the thoughts where to 
develop a brand new PCB or to find something 
ready on the market. On the marked we’ve found 
some modules based on Atmega 2560, which is a 
good choice because the first module we’ve used 
was based on a atmega 328, mainly is the same 
controller, the same program to upload, so the 
experiment was easy to make based on this [2]. 

The advantages of this selection is that this 
module could be programmed in two ways, by SPI 
port, or by USB using the bootloader which reduces 
the development time. 

The selected module is presented in figure 9, is 
a complete flight module with the same 
magnetometer HMC5883L and 8PWMs available, 
the single difference is that the accelerometer and 
gyroscope is different, but this is not a problem 
because the algorithm is concentrated on the 
HMC5883L sensor [4]. 

 
 

Figure 9. The selected module for tests on 
quadcopter 

 
Another advantage of the selected module is 

that on the board of the PCB is available an I2C 
port where could be connected an external 
magnetometer, which represents exactly that we can 
test the external sensor, the main scope of this 
research, figure 10. 
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Figure 10.  The external magnetometer on the 

quadcopter flight controller. 
 
 

4. FEAUTURES OF ATTITUDE 
SYSTEMS 

 
Were  tested both versions, and in this context 

we have to put the advantages and disadvantages of 
each of the ideas. 

The first option has the advantage of not 
requiring the installation of mobile modules in 
housing the satellite. But the disadvantage is that 
there may appear an error which will give a low 
resolution to the whole navigation system. The 
resolution here could be 1 to 5 degrees. 

The second option is superior to the first option 
if we are looking at the quality of calculations made 
by navigation system. But here the main problem is 
the deployment system of the sensor, there is a 
possibility that the sensor will stick to the frame 
when the satellite will be launched and then the 
whole mission will be aborted, because the sensor 
will give wrong position [6]. 

 
 

5. STUDY OF THE COMPASS WHEN 
THE SATELLITE IS LAUNCHED 
 
Study of the compass in space behavior at the 

moment is just an analysis of telemetry data from 
other educational satellites and a model of earths 
magnetic field on the LEO orbit. This could be done 
in several ways. Is modeled the magnetic field on 
the orbit according on the data posted on specialized 
sites or the orbit is modeled according to data 

posted from another educational satellites, which 
are uploading this data as a telemetry part of their 
communication. 

For the second option were made calculation of 
the deployment system and the period of one cycle 
of the satellite, this is presented in figure 11 [5]. 

 

 
 
Figure 11.  Deployment time of the antennas 

and magnetic sensor 
 
Analysis of the compass deployment system is 

still in a nascent stage because of the main 
deployment structure. This could be a telescopic 
system opened by a spring or a motor that opens 
this module. 

Another option is to place the sensor as do 
many manufacturers, figure 12. 

 

 
 
Figure 12. Installation of the magnetometer on 

the VHF antenna. 
 
As is seen from the picture the HMC5883L 

module is located on the VHF antenna, the material 
is made from a elastic material which acts like a 
spring when the satellite is launched in space. 

Some deployment systems are deploying at the 
time when the satellite is launched and some are 
held by an arm which could be controlled by a 
motor that is auctioned after some in order to be at a 
distance from another satellites, Figure 11. 
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6. CONCLUSION 
 

The development in LabView of the graphical 
module for testing of different sensors is an 
important strategic step in this area for allowing to 
the whole team in the laboratory to investigate 
several areas such as modeling the behavior of 
magnetic field sensor on the orbit. 

This work second scope was to design another 
GUI in another program such as Phyton or 
Processing which allows to make calculations faster 
and with less computational resources. 
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1. INTRODUCTION 
 

Satellites have become an indispensable part of 
today's technology, being used for different 
purposes, from providing long distance telephone 
connections, to direct broadcasting of television and 
radio, and obtaining geological information or other 
facilities. Satellites also present a particular interest 
in terms of academic. 

A satellite can be logically seen as a set of 
integrated subsystems. Aimed at monitoring the 
satellite and its health each subsystem has a set of 
sensors for measuring the satellite states and 
conditions. These measurements are transmitted to 
the ground stations in each satellite pass and are 
called telemetry data [1]. 

Telemetry is the highly automated 
communications process by which measurements 
are made and other data collected at remote or 
inaccessible points and transmitted to receiving 
equipment for monitoring [2]. 

 Satellite telemetry data reception is performed 
by a radio architecture. Ensuring the functionality of 
a traditional radio architecture, in a satellite 
communications is based primarily on hardware, 
with minimal software configurability. 

  A traditional radio architecture is shown in 
Fig. 1. 

The software part is used for network 
communication interfaces.  Considering that in this 
model prevails hardware components, any system 
upgrade would mean actually complete system 
redesign. As a solution for this problem was 
developed Software Defined Radio (SDR) 
Software-defined radio is a radio communication 
system where components that have been typically 
implemented in hardware (e.g. mixers, filters, 
amplifiers, modulators/demodulators, detectors, 
etc.) are instead implemented by means of software 
on a personal computer or embedded system [3].  

A telemetric station based on SDR, such as 
Universal Serial Radio Peripheral (USRP) can be 
programmed to transmit and receive any signal in 
the corresponding frequency The USRP is usually 

controlled by GNU Radio software, that present a 
free software development toolkit that provides 
signal processing blocks to implement software-
defined radios and signal processing systems. It can 
be used with external RF hardware to create 
software-defined radios, or without hardware in a 
simulation-like environment. Within this 
environment may be created applications using 
graphical toolkit GNU Radio Companion (GRC).  

This toolkit uses a signal processing functional 
blocks that make up a flow chart. GRC allows the 
design of a radio system using ”drag and drop” 
interface. After finishing of the design, GRC 
converts flowchart to a Python file containing the 

  

Figure 1. Traditional radio architecture.  
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corresponding description of the system. GNU 
Radio also allows the creation of new functional 
blocks that would implement new signal processing 
operations.  

 
 

2. SDR TELEMTRY STATION 
 

The goal that we set was to design a telemetry 
station based on SDR and GNU Radio. We used 
USRP B200 from Ettus Research, which is fully 
integrated USRP device with continuous RF 
coverage from 70 MHz –6 GHz with full duplex 
operational and with up to 56 MHz of real time 
bandwidth. The proposed architecture for telemetry 
base station using USRP and GNU Radio is shown 
in Fig. 2. 

 

 

Figure 2. Software Defined Radio Architecture. 
 

In the above architecture is distinguished 
analog subsystem (feed block) and digital 
subsystem (GNU Radio, USRP and PC). Analog 
subsystem acts as an interface for radio frequency 
environment. USRP, based on the FPGA (Field 
Programmable Gate Array), in terms of hardware, it 
has a modular construction, consisting of a base 
plate (motherboard) to which can be attached 
daughters boards. USRP is connected to a PC via a 
Gigabit port or USB. On the PC, GNU Radio 
operates with further signal processing by digital 
processing blocks. Conceptually, these blocks  
performs endless processing of data streams from 
input ports to output ports.  

The basic attributes that characterize a digital 
processing block are: type of data and number on 
input/output ports. The GNU Radio package 
includes about 100 digital signal-processing blocks.  

Conventional diagram in the GNU Radio to 
receive telemetric information is presented in Fig. 3. 

USRP block source presents a interactive way 
to interconnect hardware model. This block also 

allows interface configuration of SDR’s reception, 
while ensuring configuration of key parameters 
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Figure 3. The reception of telemetry information in 
GNU Radio. 

 

such as reference signal source, the number of 
acquisition channels, center frequency, sampling 
rate and others. Doppler correction block is used to 
adjust the frequency variation on satellite 
movement,    being directly influenced by the 
satellite orbit data. This correction will be explained 
in the next section.  

 
 

3. DOPPLER CORRECTION 
 

The Doppler effect (or Doppler shift) is the 
change in frequency of a wave (or other periodic 
event) for an observer moving relative to its source. 
[4] 

This effect appears at achieving 
communication with a satellite as carrier frequency 
increases when the source approaches the receiver 
and decreases when the source moves away from 
the receiver. Since the frequency deviation is 
variable it is necessary to make an adjustment for 
received signal frequency. Frequency adjustment 
can be achieved so as hardware or through GNU 
Radio. Hardware method can be excluded because it 
has a drawback expressed by the additional cost and 
additional equipment. Using GNU Radio toolkit, 
Doppler correction may be received with the same 
precision and speed but with lower budget 
spending. The software and hardware accuracy 
correction is the same, but for both methods, time 
procession is big, because it measures the current 
frequency then it adjusts the required frequency.  

To increase the accuracy of correction we used 
a method with prediction of the possibility of an 
error. If we know the current path of the satellite 
and its coordinates, it is possible to predict the 
frequency deviation at a certain time. 
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GNU Radio does not have digital signal 

processing blocks for satellite coordinates and 
trajectory, but these data can be received from 
Predict toolkit via UDP.  

Predict is an open-source, multi-user satellite 
tracking and orbital prediction program written 
under the Linux operating system. Data such as a 
spacecraft's sub-satellite point, azimuth and 
elevation headings, Doppler shift, path loss, slant 
range, orbital altitude, orbital velocity, footprint 
diameter, orbital phase (mean anomaly), squint 
angle, eclipse depth, the time and date of the next 
AOS (or LOS of the current pass), orbit number, 
and sunlight and visibility information are provided 
on a real-time basis. 

To receive Doppler correction, has been 
developed a script, as shown in Fig. 4. The script is 
used for interconnection between GNU Radio 
software and Predict toolkit. 

 

RTL-SDR BPF Demod-FSK

Doppler 
Correction

GNURadio

Predict

UDP

 

Figure 4. Doppler correction diagram. 

 
The implemented system consists of filtering 

and demodulation blocks and using Predict it is 
realized necessary Doppler correction.  

The prediction data is calculate based on 
satellite TLE information. A two-line element 
(TLE) is a set of two data lines listing orbital 
elements that describe the state (position and 
velocity) of an Earth-orbiting object. In the Fig. 5 is 
represented Predict toolkit that displays the list of 
satellites and orbital parameters. This list can be 
modified by the renewal TLE data. 

 

Figure 5. Orbital parameters of satellites. 

 
After software Predict is ran, we start 

developed script required for sending data about 
Doppler correction to GNU Radio. It have to be 
mentioned that Predict was start in server mode. It 
made possible to Doppler acquisition. The results 
are shown in the next figure (Fig. 6). 

 

 

Figure 6. Developed script for Doppler acquisition. 
 

Figure 7. Doppler correction send to GNU Radio. 
 

Data transmission correction is carried out after 
entering name and frequency of the desired satellite. 
After entering the data, the script performs a request 
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to Predict. This one transmits correction data to 
GNU Radio. Also, these data are displayed on the 
terminal, like is shown in Fig. 7. 

 The correction data displayed on the terminal 
may be transmitted to GNU Radio block due to use 
XMLRPC Server.  

Therefore, thanks to prediction data, 
communication frequency can be adjusted more 
quickly compared with Doppler correction 
performed by hardware. 

 
 

4. IMPLEMENTATION 
 

After writing classes in C++ for digital 
processing blocks, and using Python language for 
organizing and interconnecting them were created  
following digital processing blocks for GNU Radio: 
AX.25 Decoder, Doppler Correction. 

After Doppler correction it will be presented 
receiving architecture in GNU Radio for telemetry.  
 
 

The first process is general noise levels reduction.  
Since the signal normally is not centered at the 

expected frequency, even Doppler-corrected, a 
setting must be present that re-centers the frequency 
and modifies the parameters of all filters to match 
the new characteristics of the signal.  

In the bellow flow graph we have following 
blocks: Low Pass Filter block that represents a low 
pass filter for signal adjustment. The next three 
blocks in the diagram below are used to analyze the 
signal shape and form logical levels. The block 
decoding the telemetry gives information created by 
the protocol AX.25 frame structure described 
above. Sink File module enables real time data 
storage on a local storage environment or in a space 
shared on the network that has access to the 
workstation. Writing is done in binary format (as 
standard float 32), and saved data can be processed 
further either GNU Radio using a block read (File 
Source) or in other programming environments. The 
whole diagram is shown in Fig. 9. 

  

Figure 9. Implementation of created digital signal processing block 

 
 

5. CONCLUSION 
 
 SDR provides a new approach to designing a 

network of ground stations satellite, an approach 
that brings primarily significant reduction in design 
complexity and cost and offers a flexible 
environment, versatile radio architecture 
development. 

Digital processing modules created (AX.25 
decoder) in the development environment GNU 

Radio,  offers a range of possibilities because the 
encapsulation and decoding blocks based on 
adaptive communication protocol AX.25 are  used 
by other microsatellites. Also these modules would 
find implementing in a network of earth stations for 
more effective communication with microsatellites. 

On receipt of telemetry, configuring orbital 
data of any satellite and taking into account the 
position of the earth station may be omitted Doppler 
effect. It applies for any satellite. 
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Therefore, SDR and especially GNU Radio 

creates a number of possibilities that go far beyond 
the limits of traditional radio architecture. 

In the designing process we were able to 
continuously improve the software implementation 
in stages with subsequent iterative correction of 
errors that occur during operation.  

The results from this work are implemented in 
TUM Space Technologies Center.  
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INTRODUCTION 
 
The term “On Board Computer” indicates, 

rather obviously, any unit flying on board a satellite 
which provides processing capability. For a satellite, 
board computer controls all subsystems, as 
positioning system, communication subsystem, 
power system and payload (camera). To manage with 
a satellite systems usually is used a microcontroller 
which is programmed. The program is necessary for 
supervision and monitoring resolved tasks by of all 
peripheral systems. To develop a program with high 
reliability is required to design an overall 
architecture. This structure is divided per blocks to 
highlight tasks and to detect errors that may appear 
in software development process.  

Detection and correction of errors at the 
planning stage will reduce software development 
time essentially. In some cases to correct errors in a 
program, is necessary to change the subprograms and 
operation logic. The number of modification cycles 
depends on the programmer experience and on the 
algorithms planning correctness. Therefore, it is 
rational to design algorithms in the form of diagrams, 
and based on these diagrams to design board 
computer program or any embedded system.  

The diagrams can be produced through an 
artificial language Unified Modeling Language 
(UML) for describing models and software 
specifications. UML was developed to represent 
object-oriented programming, whose purpose 
consists in structuring classes and instances (called 
objects). For software development of computer 
board are created diagrams reflecting the 
requirements of the each system. The diagrams 
represent the operating principles of the software for 
board computer of the satellite.   

After modelling class and sequence diagrams, 
design environment allows automatically to create  
activity diagrams. These diagrams will be changed 
according to the running algorithms. The activity and 
class diagrams will enable the generation of ”body” 
of the program. The program will be completed with 
the appropriate syntax and finally reverse design can 
be achieved, based on software designed   

automatically update diagrams. 
Documentation and diagrams submitted 

electronically will allow to detect the error in a 
shorter time. After correcting the error, using design 
environment will be possible to regenerate the 
program code. The technical documentation 
designed diagrams can be used in the testing stage, 
and validation phase. 

 
 

1. TASKS OF THE BOARD 
COMPUTER 

 
Board computer is autopilot that is leading 

satellite systems. The main functions of the computer 
is to transmit commands to peripheral devices and 
process control to achieve these commands.  

To charge batteries it is necessary to position the 
satellite toward the sun. And for capturing and 
sharing images, positioning takes place towards the 
earth station antennas. Depending on the location of 
the satellite, the computer transmits positioning 
coordinates to Attitude Determination and Control 
System (ADCS). Positioning data are stored in a 
memory board computer. Capture system is 
connected only when the satellite is in the mapping 
zone. Board computer connects capture system and 
send command that the image have to be transmitted 
to earth station.  

To receive data from any earth station, the 
telemetry must be transmitted without interruption. 
Board computer, in case that the batteries reach the 
minimum level of stored energy, stops this process. 
Therefore, at different stages of operation of the 
satellite in orbit, board computer transmits 
commands and receives responses after considering 
whether the task was executed correctly.  

On board computer memory is stored grid of 
commands and responses for each system. To send 
commands is necessary to establish an algorithm 
selection and transmission of commands under the 
communications protocol.   Next algorithm analyzes 
fairness of orders execution. If an error occurs, the 
computer attempts to resolve this situation. 
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These errors with the telemetry collected from 
satellite devices are stored in memory by the board 
computer. In the below image are presented tasks 
that are realized by board computer. At architectural 
design we have a task description as SYSML 
diagrams. 

 

 
 

Figure 1. Diagram of algorithms for board 
computer. 

According to algorithms generated by UML 
diagrams, board computer operates these functions at  
different stages depending on orbital position of 
satellite. 

 
 

2.  BOARD COMPUTER SOFTWARE 
ARCHITECTURE 

 
For each algorithm is developed SysML 

diagrams that reflect the operation of each task. In 
Figure 2 is shown diagram that presents the process 
of selection and transmission commands from stored 
grid. The list of functions is developed based on 
technical documentation of each satellite system. 
The search of a function is made following an 
algorithm and after this data is extracted in a 
temporary buffer. These data will be used to carry 
out the message that will be sent to the system. Since 
processing method of responses is similar with 
functions generation architecture, it is reasonable to 
modify existing diagrams. This data is processed  

 

 
 

Figure 2. Class diagram for satellite system commands.
 



 

Software architecture design for microsatellite computer board using SYSML language                               79                     
 

 
 

Figure 3. Sequence diagram for onboard computer 
communication satellite systems.  
 
according to designed algorithms based on operating 
methods for each system. Therefore, other diagrams 
may represent some diagrams, in the case that 

encapsulation occurred. Telemetry is collected from 
the peripheral systems. 

Based on structure diagrams shall be designed 
activity diagrams. After this will be developed 
program for board computer. 

At the stage of drafting structure diagrams, is no 
way to see the execution state of a task at a time. 
Therefore, the next step is to develop sequence 
diagrams and state diagrams. 

From class diagrams, we found that 
communication and system work algorithms would 
be most called subprograms. 

Communication between the onboard computer 
and satellite systems is achieved according to a 
established protocol. Send or received data are sent 
to the Hamming error-correcting algorithm and to the 
checksum calculate algorithm. These data are 
encapsulated in the final message. The algorithms 
return variables, that will describe the fairness of 
received message. If errors are detected, the 
computer will send a non-acknowledgment message. 
After this, ”slave” resends the message. In figure 4 is 
shown the process for the control of received data.  

According to the activity diagram, is developed 
software that will be implemented on MSP430 
family controller. When data is received via UART 
interface, byte shall be entered in a unidimensional 
array, and data counter is incremented.  If the counter 
exceeds the length of transmitted data, the data is 

 
 

Figure 4. Control packet reception subprogram.
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neglected and counter resets. The reception flag is set 
after checking several conditions.   

The length of the data must be equal to the 
counter. Initialization and addressing must match the 
system address. If the flag is set in ”1”, the data 
packet moves forward for data reception checking 
and eventually data correction. 

Board computer software stores telemetry and 
errors collected from peripheral systems.  

Statistics of errors occurred is required to 
determine the operation of the satellite in space, and 
to correct operating parameters of the satellite. The 
correction of parameters is achieved by changing 
variables from programs for each block.  

Errors may occur in communication processes, 
at the watchdog reset, or malfunctioning of each 
module. Telemetry is collected from peripheral 
modules, after this it is found the average acquired 
magnitudes at different moment of time. 
 
 

3. CONCLUSIONS 
 

SysML diagrams are needed to model the 
structure and behavior of the software concept. Due 
to algorithms developed at the initial design stage of 
the program, we obtain a reliable structure and 
minimum code length.  After detecting errors, using 
reverse design engineering, the diagrams can be 
regenerated based on the correct program.  

Therefore, electronic documentation is changed 
automatically immediately. Documentation is 
necessary to exchange ideas with members of a team, 
or teams that designs peripheries "slaves". If it is 
required, the documentation can be used to design 
other types of systems, considering that first 
diagrams will provide a general overview of 
functional blocks.  

Therefore, for software architecture design of 
the power supply system of the satellite were used 
structure diagrams of onboard computer. That 
minimized design time a lot. 

 Making the block diagrams lead to restricting 
of problems and focus attention on some issues. 

Actuality of the problem of developing software 
architecture is expressed by the advantages offered 
by this method: 

1. Reduce design time and system validation 
testing. 

2. Increasing software reliability. 
3. Generating documentation automatically. 
4. Exchange of ideas between team members. The 

thoughts are clearly expressed using the diagram that 
are evident in terms of intuitive. Understanding 
program time for another person is shorter, because 

we spend time just to understand diagrams instead of 
program code; 

5. It emphasizes the weakness of the system and 
it delimits system problems. As the program is 
divided into blocks, there is a concentration of 
attention on certain aspects of the details without 
taking into consideration other problems. Therefore,  

from the ”chaos” of questions and problems, step 
by step is approached software architecture. 

6. Due to instrumentation, the designer returns to 
previous diagram and has the opportunity to make 
the necessary changes.  

7. Body program generating is possible by 
structure diagrams. If the program code is structured, 
then there is a decrease in the number of errors. 

8. Thanks to reverse engineering, it is possible to 
modify and improve documentation automatically. 
That will decrease the test time. 

9. After validation based on electronic 
documentation can be performed technical support. 
It means that using SysML diagrams it is possible to 
change functioning of the system. 

10. Using the current architecture for developing 
other types of systems. This advantage will decrease 
design time for other systems. 
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1. MATERIALS USED TO 
MANUFACTURE GEAR WHEELS 
FOR KINEMATICAL GEARINGS 

 
The materials used to manufacture gear wheels 

are very different. In machine building, gear wheels 
are made of  carbon steel and alloy steel, cast iron; 
in equipment manufacturing, gear wheels are made 
of bronze, titanium, aluminium alloys, metal 
powders,  in addition to steel. Plastics are used most 
often in small power kinematical transmissions. 
There are also examples of the use of plastics in 
medium load transmissions. In the production of 
unique plastic wheels, they are 50% more expensive 
than steel ones. Use of plastic wheels is more 
rational and efficient in terms of production in large 
series by replacing non-ferrous metals and cast 
(pressed) ferrous metals with plastic wheels in heavy 
tonnage production [1]. 

In selecting the material for gear wheels it 
should be considered the following: destination of 
transmission, duration of operation and working 
conditions, type and character of lubrication, 
technology requirements, existing equipment, and 
cost of material.  

Plastics.  
As a result of extensive study of plastics, a 

range of types of materials suitable for making 
kinematical gear wheels was established (Table 1. 
[1, 2, 3]). 

 
 

2. MECHANICAL PROPERTIES OF 
PLASTICS 

 
Plastics and polymer composites presents itself a 
class of polymer based materials, which differ from 
traditional building materials with low density, 
elasticity, high strength per unit mass, high corrosion 
resistance in various environments, favourable and 
easy machinability. In addition to these basic 
properties, plastics are characterized by relatively 
low module of elasticity, creep and relaxation, low 
diathermancy, high coefficient of thermal 

expansion, as well as strongly emphasized 
deformation properties and resistance to temperature 
[1]. 

As construction materials the following items 
are used: universal plastics, which are produced in 
large quantities (hundreds of thousands of tons per 
year) and has low cost, and special plastics, 
produced in small quantities (up to several tens of 
thousands of tons) and costs more than the universal 
ones. 

To assess the effectiveness of polymeric 
materials used in required construction is reasonably 
to be considered two types of plastics – 
thermoplastic materials and thermosetting plastic 
materials, which differ not only by their behavior on 
repeated heating of the material, but also by various 
indices of strength and deformation. 
The specific property of crystalline structure of 
thermoplastic polymers is their high failure, until 
appearance of completely non-crystalline sectors 
(amorphous). Among thermoplastic polymers there 
are amorphous or hard crystallizing polymers 
(Polysulphones, polycarbonate, phenol ether resin, 
polyacrylate, fenilon - crystallization degree 10 to 
25%), which are by themselves rigid elastic 
materials – polymer glass with the limiting 
maximum operating temperature, appropriate to 
temperature Tc. Also, there are crystalline polymers 
with average crystalline degree (polyamides 50-
75%) and high crystalline degree (polyacetal, 
polyethylene - 75-96%), with the limiting maximum 
operating temperature which can range from Tc of 
the amorphous phase to the melting temperature Ttop.  

Gauze structure of high density thermosetting 
plastic materials provides higher hardness indexes, 
modulus of elasticity, heat resistance and high 
fatigue resistance, compared to thermoplastic 
materials; they are characterized by low thermal 
expansion coefficient, allowing a high degree of 
filling up from 80 to 85% (by mass). Phenol 
formaldehyde and epoxide resins are used as binders 
for thermosetting plastic materials applied to 
manufacture gear wheels [1, 2, 3]. 
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Table 1. Materials recommended for making kinematical gear wheels 
 

 
Name and conventional marking 

of material 
Density, 
Kg/m3 

Production mark 

1 2 3 4 

1 High density polyethylene  960 
PE – Schkopau, Baylon, Alkathene, Moplen, 
Lupolen, Vestolen, Hostalen LD, Naten 

2 Low density polyethylene 920 Liten, Vestolen, Hostalen 
3 High molecular polyethylene 916 Hostalen GUR, Lupolen 

4 Polypropylene  905...910 
Hostalen PP, Moplen, Mosten, Noblen, Novolen, 
Vestolen P, Napryl, Daplen 

5 
Polyamide 6 and its composite 
materials 

1120...1150
Degamid, Durethan, Ultramid B, Miramid, 
Akulon, Grilon, Grodnamid, Etamid, Capron 

6 Polyamide 66) 1120...1150
Ultramid A, Maranyl A, Zytel E, Leona, Sylamid, 
Spalamid 

7 Polyamide 11 1020...1040 Rilsan B 
8 Polyamide 12 1010...1020 Rilsan A, Grilamid, Vestamid 
9 Polyamide 610 1070...1090 Ultramid S 
1
0 

Polyamide 6 with glass filling (PA 6 
+ 30% glass filling) 

1350 Renyl, Zytel, Orgamide 

1
1 

Polyamide 66 with glass filling (PA 
66 + 30% glass filling) 

1350 Durethan, Aculon R, Catalin, Verton RF 

1
2 

Polycarbonate and its composite 
materials 

1070...1230 Makrolon, Orgalan, Lexan, Merlon 

1
3 

Polyoxymethylenes and its 
composite materials 

1340...1430 Delrin, Celcon, Hostaform, Duracon 

1
4 

Polyoxymethylenes with glass 
filling (POM + 30% glass filling 

1700 Kematal, Tenac, Ultraform 

1
5 

Polybutylene terephthalate 1300 Pocan, Deroton, Ultradur, Dynalit 

1
6 

Polybutylene terephthalate with 
glass filling (PBT + 30% glass 
filling) 

1550 Pibiter, Orgater, celanex, Snialen 

1
7 

Polyethylene terephthalate 1370 
Arnite, Crastin, Tenite, Vestodur, Rynite, 
Hostadur, Pocan, Ultradur, Lavsan 

1
8 

Polyethylene terephthalate with 
glass filling (PETF + 30% glass 
filling) 

1650 Rhodester 

1
9 

Phenol ether resin 1060 Noril 

2
0 

Polysulphones  1240...1250 Bakelite P, Udel, Polisulfon 

2
1 

Polyethersulfone  
1370 Poliathersulfon, Victrex 

2
2 

Polyphenilsulphide 
1340 Ryton 

2
3 

Polyimide 
1430 Kapton, Vespel, Kinel 

2
4 

Polyether ether ketone 
1320 Victrex 

2
5 

Thermoplastic polyurethane 
1250 Desmopan, Elastollen, Vulkollan, Resistifol 
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3. RATIONALE OF  PLASTIC 
MATERIALS SELECTION FOR 

MAKING GEAR WHEELS 
 
 

Certain requirements, determined by 
operating conditions compared with thermal and 

mechanical properties of thermoplastic materials, 
have to be followed in selecting the material for gear 
wheels manufacture. Safe operating condition of the 
gear transmission is provided by the maximum 
coincidence of the operating requirements with the 
chosen material properties. But in majority of cases, 
practically all imposed conditions cannot be met.  

 
Table 2. Qualitative comparison of polymer materials properties. 
 

 

NOTE:● very good,▲ satisfactory, ■ good, х insatisfactory 
 
Criteria for material selection 

Necessary spectrum of tasks is the most 
important criterion in selecting material that 
determines the bearing capacity of gear wheel. High 
load capacity defines the selection of tough and rigid 
plastics. Tooth loading is determined by the 
frequency of rotation. The main criteria for choosing 
the material for such machine parts are the 
admissible temperature on long-term operation and 
thermal resistance. Higher noise and vibration levels 
are expected at light loads and high angular speeds. 
In this case it is necessary to use high damping 
materials. High shock elasticity materials are used in 
transmissions, characterized by shock load [1]. 

Tribological characteristics of the 
transmission are determined by the lubricant 
properties. When selecting the material the following 
factors are taken into account: influence of the 
environment (temperature, humidity, presence of 
chemicals and abrasives, etc.), mode of operation, 
load capacity of the transmission. Potential changes 
in the size of gear wheels, which influence the 
accuracy of transmission, are previously calculated 
in accordance with specified deviations of 
temperature and humidity of the environment. In 

addition we must take into account that there are 
active chemicals, under which thermoplastic 
materials usually resist in unstressed state, but under 
load they are sources of micro cracks, conditioned by 
the existence of high remanent stresses in the 
material. Qualitative comparison of some properties 
of polymeric materials is shown in Table 2 [1].  
Operating criteria 

Choosing the right material for gear wheels 
supposes knowledge of defects encountered in 
plastic gear wheels exploitation and reasons of their 
occurrence. Loss of functioning capacity of the 
thermoplastic polymer gears is more often subject to 
the following defects: broken tooth at the base, in the 
dangerous section zone; cracks on the working side 
of the tooth surface; tooth breaking in the gearing 
pole zone; remanent bending of tooth due to material 
plastic flow; appearance of pitting on lateral surfaces 
of teeth; wear as a result of seizure; wedging – 
common for kinematical pairs.  
Most failures are caused by material properties and 
are subject to certain operating restrictions. At the 
polyamides gear wheels operation, a small remanent 
bending of the tooth occurs, which increases rapidly 
before the destruction of the gear crown. Tooth 

Properties Poly-amided 
Polyamide +% 

filling glass 
Polyacetal 

Polybutylene 
terephthalate 

Polycarbo-
nate 

Rigidity  ▲ ● ■ ■ ■ 
Mechanical strength ■ ● ■ ■ ■ 
Sliding friction wear ● ■ ● ■ х 
Stability of creep ■ ● ● ■ ■ 
Resistance to fatigue ■ ● ● ■ ▲ 
Temperature resistance ■ ● ■ ● ■ 
Resistance to chemicals ● ● ● ● х 
Dimensional stability ▲ ■ ■ ■ ● 
Density ■ ▲ ▲ ▲ ■ 
Water absorption х х ● ● ● 
Molder ■ ■ ■ ■ ▲ 
Properties at 
temperatures below 0°C 

■ ● ■ ■ ● 

Stability to atmospheric 
influences 

▲ ■ ▲ ■ ● 
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breaking at its basis is common for polyacetal gear 
wheels. 

Studying wear, subject to mutual sliding of the 
side surfaces of the teeth, two types of wear can be 
distinguished: wear due to relative slip that occurs in 
any transmission (including transmission with ideal 
geometry); wear caused by contact of the outer edge 
of the metal wheel gear tooth with the root of the 
distorted tooth of the plastic gear wheel beyond the 
theoretical line of gearing - contact on the edge. In 
the first case (typical of metal wheels) wear may be 
even or uneven depending on the working conditions 
of transmission. In the second case, a wear channel 
appears on the tooth root that can spread on the tooth 
to the gear pole. This type of wear does not destroy 
the tooth but creates places with high concentration 
of stresses. Indicated type of wear depends 
considerably on the load and is most common in 
polyamide PA12 gears wheels, and less – in 
polyamide PA6 and PA66 gear wheels.  

Wear channels on the teeth of polyacetal gear 
wheels are smaller than on the polyamides gear 
wheels. Wear subject to seizure is typical for gearing 
operating without lubrication and lubricated with 
plastic material of the polymer - metal and polymer - 
polymer pairs. Wear occurs as a result of local 
heating at side friction of the teeth. Wear area is the 
region with the highest relative velocities of sliding 
on head and foot of plastic wheel tooth. 

Figure 1 shows the schedule of energy 
consumption and material utilization coefficient for 
three types of processing: sintering, molding and 
cutting. Material utilization coefficient is about 0.95 
of the initial material and energy costs are 35% of 
product cost at processing by sintering. Material 
utilization coefficient is 0.95 as of the initial material 
and energy costs are 30% of the product at molding 
processing. Material utilization coefficient is 0.5 of 
the semi product and energy costs up to 80% of the 
product at material machining. As shown in the 
diagram analysis most rational in terms of costs are 
sintering and casting methods. And cutting is used 
only in unique cases, when a few parts are needed 
and it is not rational to execute a mold. 
 
 

4. CONSTRUCTION OF PLASTIC 
GEAR WHEELS 

 
Construction of gear wheels must meet 

requirements concerning its destination, and satisfy 
operational capacity of the wheel in given 
circumstances. An important requirement is 
construction workability, which saves material, 
simplifies tools construction and molding 

equipment, decreases manufacturing cost. Strength, 
reliability and durability of transmission depends on 
the material used, the size of the gear, the execution 
accuracy and other factors. Obtaining a structure to 
meet all imposed requirements is possible only if all 
specific physico-mechanical and technological 
properties of polymeric materials are taken into 
account. 

 

 
Based on the analysis of operating conditions, 

wheel construction, polymer material and basic 
parameters of the wheel are established. In addition, 
plastic properties must be respected such as high 
flexibility, mechanical strength, low diathermancy, 
temperature dependence of resistance and load 
speed, load relaxation. 

Sections homogeneity and wall thickness 
uniformity of the gear must be respected so as the 
difference between maximum and minimum 
dimensions does not exceed 25 - 30%. Correlation of 
constructive parts’ dimensions is indicated taking 
into account the possibility of wheel molding and use 
of rational schemes for casting systems with the 
distribution of splashing points. In addition, the 
principle of successive filling of mold with smelt 
polymer must be respected, beginning with sections 
of larger sizes. 

When removing gear wheels with small 
thickness of the walls out the forms the risk of their 
bending arises. To remove it, the wheel disc is 
reinforced with stiffening ribs, which should have 
uniform thickness and technological inclinations. In 
addition it should be taken into account that per a 
small number of stiffening ribs polyhedral surfaces 
may occur on the gear crown, because radial 
contraction of wheels sectors, where stiffening ribs 
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Figure 1. Comparative diagram „cost-gear 
wheel manufacture. 
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are located, differs from areas where the stiffening 
ribs are missing. 

 
 

5. CHOICE OF METHOD AND 
DESIGN OF MANUFACTURING 
FORMS FOR GEAR WHEELS OF 
PRECESSIONAL GEARING BY 

CASTING 
 
Based on the analysis of molding methods for 

plastic gear wheels according to certain selection 
criteria (simplicity and technological design, 
production volume, etc.) to manufacture the wheel, 
the method of casting under stress was chosen, which 
is one of the most widespread methods for  

 

manufacturing plastic products and composites 
based on them. Its advantages are: high productivity, 
possibility of process automation, safe consumption 
of material, comparatively high accuracy of obtained 
products, technological simplicity, and high quality 
of molded products [1]. 

Design of manufacturing molds for gear 
wheels of precessional gearing by casting under 
stress: Based on careful analysis of the construction 
of casting molds and according to the casting method 
selected construction and technical documentation 
was developed under which the mold was made. The 
process of tooth mold (core of mold) manufacture is 
protected by a patent [4]. The casting mold for plastic 
gearwheels of kinematical precessional transmission, 
shown in Fig. 2, is composed of three parts: one 
fixed, the intermediary and the mobile parts. 

 

 
In the developed technical documentation 

("Sigma"  factory, Chisinau) the metal mold of the 
wheel satellite was executed (Fig. 2) with a set of 
molds (Fig. 3), which allowed the casting of satellite 
wheels with various geometrical parameters, 

presented in Table 3. A set of satellite wheels with 
different geometrical parameters (Table 3) was 
produced from plastics using the mold). Samples of 
cast wheels are show in fig. 4. 

 
Table 3. Geometrical parameters of the satellite wheels.  

 
 

 

Parameters Symbol Satellite wheel 

Number of teeth 
Z2 30 31 30 31 30 31 
Z3 20 20 22 22 25 25 

Conical axoid angle, 
o 

�1 22,5 22,5 22,5 22,5 22,5 22,5 
�2 0 0 22,5 22,5 22,5 22,5 

Figure 2. Mold of plastic gear wheels in the precessional gear. 
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SOME OPTIMIZATION POSSIBILITIES REGARDING THE KINEMATICS 
OF THE GENEVA MECHANISMS 
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INTRODUCTION 
 

 A number of different mechanisms can be 
used to convert the uniform rotary motion into 
intermittent rotary motion. The simplest of these 
mechanisms is the Geneva mechanism. The major 
disadvantage of the conventional Geneva 
mechanism is that the output motion starts and ends 
with nonzero values of acceleration. This problem 
limits the usefulness of the Geneva mechanism to 
low speed applications. In order to eliminate the 
shock of loading caused by these nonzero initial and 
final accelerations, two directions can be considered 
in the existent literature: 

 transforming the straight radial slots into 
curved slots; 
 using an intermediary mechanism to 
rotate non-uniformly the driving pin. 
 
 

1.GENEVA MECHANISM WITH 
CURVED SLOTS 

 
 Based upon the geometry and the kinematics 
of the Geneva mechanism with curved slotted 
wheel, studied by R.G. Fenton in [2], this paper 
presents the main characteristics of this mechanism. 
 
1.1. Modeling parameters 
 
 The following parameters are used to 
characterize the Geneva mechanism with curved 
slots (see Figure 1): 
 N – number of slots in the wheel; 
 0 – the half angle between the axes of 
symmetry of any two consecutive slots, 0 = 180/N; 

 )0(
1  - the initial position angle of the crank, 

0
1  [110o, 160o]; 

 1 - the current position angle of the crank; 

 )0(
2  - the initial position angle of the wheel; 

 2 - the current position angle of the wheel; 
 0 – the supplement of the initial position 
angle of the crank, freely selected by the designer, 

within certain practical limits, 0 = 180o - 0
1 ; 

 tm – the motion time of Geneva wheel at a full 
rotation of the driving crank; 
 tp – the pause time of Geneva wheel at a full 
rotation of the driving crank; 
  - the indexing ratio,  = tp/tm, or if the 
angular velocity is constant, the indexing ratio can 
be also expressed as  = (180 - 0)/0; 
 L – the distance between the driving crank 
and the wheel axis, O1O2; 
 R – the driving crank radius, O2P; 
 Rd – the wheel radius; 
 0 – one half of the offset between the entry 
point, A, and the exit point, C, of the slot. 
 
1.2. Aspects concerning the geometry and 
the kinematics 
 
 The geometry of the curved slotted Geneva 
mechanism was studied by Fenton in [2]. In order to 
define this mechanism, it is necessary to impose the 
fulfillment of the geometrical conditions by the 
displacement function, as it follows: 
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and the kinematical conditions: 
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Figure 1. Fenton’s Geneva Mechanism 
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 To diminish the acting shocks of the 
mechanism, it is recommended that the maximum 
acceleration value to be as small as possible. In (1), 
the most representative displacement functions are 
studied. In Table 1, the corresponding maximum 
acceleration values for each studied displacement 
function is presented, considering the same 
configuration for the Geneva mechanism. All the 
mentioned displacement functions fulfill the 
imposed geometrical and kinematical conditions (1) 
and (2). After analyzing these maximum 
acceleration values, it can be concluded that the 
modified trapezoidal displacement function ensures 
the lowest acceleration peak. 
 
Table 1. Displacement functions. 
 

The displacement 
functions 

max
2

2

dt

d 
 

Cycloidal 2
0

0




  

Modified trapezoidal 2
0

0444,2



 

Modified sine 2
0

0764,2



 

Polynomial 3-4-5 2
0

0886,2



 

Polynomial 4-5-6-7 2
0

0756,3



 

 
 By changing the slot shape from a straight 
radial line to a curved line, a Geneva mechanism 
with improved kinematical characteristics is 
obtained. 
 
1.3. The “Y” type Geneva mechanism 
  
 Analyzing the Fenton’s Geneva mechanism, 
it can be seen that the pressure angle reaches the 
value of 90o [1], fact that renders the transmitted 
force, zero. 
 The “Y” type Geneva mechanism represents 
a hybrid mechanism between the conventional 
Geneva mechanism and the Fenton’s one, This new 
mechanism was designed with aim to extend the 
optimization criteria, considering, also, the 
minimizing of the pressure angle, in order to 

improve the force transmitting properties of the 
mechanism. 
 According to Figure 2, the supplementary 
modeling parameters are (the previous presented 
remain available): 

 )1(
1  - the position angle of the driving crank 

at the entrance of the linear zone of the slot; 

 )1(
2 .- the position angle of the wheel, when 

the driving crank enters the linear zone of the slot. 
 The proposed Geneva mechanism is named 
of type “Y” according to the shape of the slot in the 
wheel. The characteristic profile of the slot is 
represented by the line ABB’BA (see Figure2). 
Three zones characterize this profile: 
 AB – curvilinear zone of the slot, on which 
the driving pin enters the slot (Figure 2, a); 
 BB’B – radial linear zone of the slot, similar 
to the conventional mechanism, which corresponds 
to the middle of the motion period (Figure 2, b); 
 BC - curvilinear zone of the slot, on which 
the driving pin leaves the slot. 
 These three zones of the slot are imposed by 
the optimization criteria, as it follows: 

 the kinematical optimization criteria 
(zero values for acceleration at the beginning and at 
the end of the Geneva wheel motion) fulfilled by 
adopting the curvilinear zones of the slot. These slot 
zones will be modeled by 5th degree polynomial 
displacement functions; 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

b. 
Figure 2. “Y” Geneva mechanism. 

a. 

(3)
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 considering the qualities of the 
conventional Geneva mechanism regarding the 
efficiency of power transmission, reflected by zero 
values of the pressure angles, a straight radial zone 
of the slot replaces that curvilinear slot zone of the 
Fenton’s mechanism, characterized by important 
values of the pressure angle. 
 Therefore, the displacement function of the 
proposed mechanism is a compound function with 
three different analytical expressions, corresponding 
to the three zones of the slot. This compound 
displacement function is presented in Table 2. 
 The values of the polynomial coefficients of 
the displacement function characteristic for the 

entering and leaving zones of the slot will be 
established by considering premises: 

 the displacement, velocity and 
acceleration functions are continuous; 

 the displacement, velocity and 
acceleration functions have to fulfill the geometrical 
and the kinematical conditions, modeled by the 
relations (1) and (2). 
 The “Y” type Geneva mechanism represents 
a generalization the different types of external 
Geneva mechanisms, being a hybrid solution 
between the conventional Geneva mechanism with 
straight radial slots and Fenton’s mechanism with 
curvilinear slots. 

 
Table 2. The displacement function for a “Y” type Geneva mechanism. 
 

Slot zone Profile type 1 2 

AB Curvilinear )1(
1

)0(
1 ...  615

2
14

3
13

4
12

5
112 aaaaaa    

BB’B Rectilinear )1(
1

o)1(
1 360...    

1

1

2

cos
L

R
1

sin
L

R

atg






  

BC Curvilinear )0(
1

o)1(
1

o 360...360   615
2
14

3
13

4
12

5
112 bbbbbb    

 
 

2. GENEVA MECHANISM DRIVEN 
BY A CAM MECHANISM  

 
 The obtained advantages by using an 
appropriate intermediary driven mechanism, in 
order to rotate non-uniformly the driven crank of a 
conventional Geneva mechanism are: 

 the nonzero acceleration values at the 
beginning and at the end of the motion of the 
Geneva wheel can be eliminated; 

 the acceleration peak of the Geneva 
wheel is decreased in comparison with the Geneva 
wheel without driven mechanism; 

 the dwell to motion time ratio can be 
freely selected by the designer, therefore the using 
flexibility of this mechanism is increased; 

 the input and the output elements of the 
compound mechanism can be coaxial assembled. 
 
2.1. Modeling parameters of the 
compound Geneva mechanism 
 
 The compound Geneva mechanism, studied 
in this chapter, is obtained by a serial connection of 
a conventional Geneva mechanism with an 
intermediary driven cam mechanism. The main 

geometrical modeling parameters are presented in 
Figure 3.  
 The supplementary notations are the following: 
 1a - the current position angle of the driving cam; 

 )0(
a1  - the position angle of the cam which 

corresponds to the entering of the pin in the slot of 
the Geneva wheel. 
 
2.2. Kinematical considerations regarding 
the compound Geneva mechanism 
 

 Considering that the displacement function of 
the intermediary driven mechanism is 1 = 1(1a), 
depending on the chosen displacement function of 
the cam mechanism, and the displacement function 
for the conventional Geneva mechanism, imposed 
by the mechanism construction, 2 = 2(1),for the 
compound mechanism the displacement function 
becomes:  

2 = 2(1a). 
 

 After successive differentiation of the 
displacement function (4), the velocity and the 
acceleration of the mechanism are obtained, as it 
follows: 

a1

1

1

2

a1

2

d

d
















 ;

(4)

(5)
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 Considering the kinematical optimization 
criteria imposed to the compound mechanism (zero 
acceleration values at the beginning and at the end 
of the Geneva wheel motion), and after analyzing 
the relation (6), for the driven mechanism the 
following conditions are imposed: 
 

0;0
)2N3(

N2
a1

1

)2N(
N2

a1

1

11















 





.  

 
 The displacement function for the driven cam 
mechanism may be any of the displacement 
functions recommended in the literature, such as: 
the linear displacement function, the harmonic 
displacement function, the cycloidal displacement 
function etc. From all of these, considering in the 
same time the geometrical acting conditions and the 
kinematical criteria (7), the most appropriate are the 

cycloidal and the polynomial displacement 
functions. 
 
 

3. CONCLUSIONS 
 
 All the proposed solutions, for improving the 
kinematical characteristics of the conventional 
Geneva mechanism, fulfill the imposed criterion to 
ensure zero acceleration values at the beginning and 
at the end of the Geneva wheel motion. 
 The “Y” type Geneva Mechanism represents 
a generalization of the different types of Geneva 
mechanisms with modified slots, rendering also a 
better transmission of the forces in the mechanism, 
due to optimum values for the pressure angle. 
 The compound Geneva mechanism driven by 
a cam mechanism doesn’t need a complex 
technology to obtain the wheel, as the other 
proposed solutions, ensuring in the same time the 
possibility of coaxial assembling for the input and 
output elements. 
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1. GENERAL CONSIDERATIONS 
 

For controlling a complex manufacturing 
process as whirling thread-cutting, the influence of 
the cutting regime, respectively of the cutting speed 
v and of the feed rate per cutting tooth fz upon the 
roughness obtained on the flank of the processed 
helical surface it is very important to be established 
and to be known, for different kind of mechanical 
parts with helical surfaces, as threaded shafts, 
cylindrical worms etc. 

The two above-mentioned parameters of the 
cutting regime, v and fz, are not independents, so 
that the study of their individual influence upon the 
surface roughness is not possible.  

The bi-dimensional equations describing 
the dependence of the roughness parameter Ra by 
the cutting regime parameters imposed to be 
determined. 

For determining such dependence 
equations, it was necessary to fix the other process 
parameters at certain values, which established the 
limits of the validity domain of the respective 
models. 

2. EXPERIMENTAL CONDITIONS 

The experimental samples reffered bellow 
have been realized on a whirling thread-cutting 
device installed on a normal lathe SNA 560x1000, 
in the Department of Machine Manufacturing 
Technologies from TU “Gh. Asachi” of Iasi. 

 Gh. Creţu, Ph.D, [1], have developed 
experimental researches concerning the influence of 
the cutting regime’s parameters upon the surface 
roughness on the flank of the cylindrical worms 
processed by whirling method.  

The technological conditions of the 
experiments mentioned above were, as following: 
 the number of rotations per minute for the 

whirling head, ns:  614 rot/min; 878 rot/min; 1070 
rot/min; 
 the number of rotations per minute for the 

processed part, nm: 2,4 rot/min; 3 rot/min; 3,76 
rot/min; 4,74 rot/min; 6 rot/min; 7,52 rot/min; 

 the diametrical coefficient of the processed 
worm, q: 11; 12; 
 the module of the worm, mx: 2; 3; 4, 

For all the experimental samples, realized 
of OL60 and OLC45 steel, the roughness parameter 
Ra  was measured with a SURTRONIC instrument 
produced by TAYLOR-HOBSON Co., following a 
measuring principle as it is shown in figure 1. 

 
 

 
 
Figure 1. The schema for measuring the roughness 
parameter Ra on the flank of cylindrical worms [1]. 
 

V. Merticaru jr., Ph.D, [4], have developed 
similar experimental researches, but concerning the 
influence of the cutting regime’s parameters upon 
the surface roughness on the flank of some external 
trapezoidal threads processed by whirling method.  

For these experiments, some of the process 
parameters were fixed at certain values, as 
following:  
 the pitch of the processed trapezoidal external 
threads p=10 mm;  
 the major diameter of the processed threads 
d=48 mm;  
 the diametrical coefficient, respectively the 
ratio between the diameter of disposing the cutting 
teeth and the major diameter  kd=1.1. 
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In these stipulated conditions, the value of 
the cutting speed v was modified through the value 
of the number of rotations per minute for the 
whirling head nc and the value of the feed rate per 
cutting tooth fz was modified both through nc and 
through the number of rotations per minute for the 
processed part, np. 

These researches were developed following 
an experimental plan as it is presented in table 1, for 
each of the steel materials submitted to study, 
respectively: OL60, OLC45. 

The applied measuring methodology is 
illustrated in figure 2. In this sense, the threaded 
sample was fixed into a positioning system 
consisting from an α-vice, set on the plate of a 
milling machine FUS-22, existing in the 
Department of Machine Manufacturing Technology 
from the “Gh. Asachi” Technical University of Iasi. 

  

For measuring, a Surtronic 3+ instrument, 
produced by Taylor-Hobson Co., was used and this 
apparatus was integrated with TalyProfile software, 
installed on a computer linked to the measuring 
instrument. 
 For allowing the access of the 
measuring pick-up, a groove was executed by 
milling on the threaded surface. 

 
Table 1. Experimental plan for studying roughness 
on trapezoidal threads cut by whirling, [4] 

 

3. EXPERIMENTAL RESULTS. 
CONCLUSIONS 

Gh. Creţu, Ph.D, [1], have determined the 
mathematical dependencies of the roughness 
parameter Ra through the parameters mx, vs and fz, 
for the cylindrical worms processed by whirling, as 
it is shown in table 2. 

On the base of the measured and 
registered results, Gh. Creţu, Ph.D, [1], also have 
graphically represented the bi-dimensional 
dependencies of the roughness parameter Ra 
through the cutting regime’s parameters vs and fz, as 
it is shown bellow in figure 3 for OL 60 steel and in 
figure 4 for OLC45 steel. 

 
 

 
 

Table 2. Mathematical dependencies of the roughness parameter Ra through the parameters mx, vs and fz, 
for the cylindrical worms processed by whirling [1] 

Sample’s 
material 

Mathematical dependencies of the roughness parameter Ra through the 
parameters mx, vs and fz 

OL60 

zsx
a fvm

R
0079,06863,759276,0

4323,0    [m] 

OLC45 

zsx
a fvm

R
03366,0056,27229,5

3029,1    [m] 

Exp. 
no. 

nc 
[rot/min]

np 
[rot/min] 

v 
[m/min] 

fz 
[mm/tooth]

1 614 2.4 111.5 0.15 
2 878 2.4 159.4 0.10 
3 1070 2.4 197.6 0.09 
4 1241 2.4 229.2 0.07 
5 614 3.76 111.5 0.23 
6 878 3.76 159.4 0.16 
7 1070 3.76 197.6 0.13 
8 1241 3.76 229.2 0.11 threaded sample Surtronic 

positioning system PC with TalyProfile

Figure 2. Roughness measuring methodology, for 
trapezoidal threads – image from laboratory, [4]. 
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Table 3. Mathematical dependencies Ra=Ra(fz,v) [m], for trapezoidal external threads, [4] 

Material Regression function R2 

OL60 vffR zza  32 104718,26636,264714,65098,0  0,9984 

OLC45 25107861,30114,01491,132080,0 vvfR za    0,9960 

 
 

 
Figure 3. Graphical representation of the 
dependency Ra=Ra(fz,v), for cylindrical worms, for 
OL60 steel, [1]. 
 

 
Figure 4. Graphical representation of the 
dependency Ra=Ra(fz,v), for cylindrical worms, for 
OLC45 steel, [1]. 

The obtained experimental results and their 
processing allowed to Gh. Creţu, Ph.D, [1], to 
formulate adequate conclusions and to establish 
that: 
 the surface roughness decrease when the cutting 
speed increases; 
 the feed rate per tooth and the module of the 
worm have a smaller influence upon the roughness 
values; 
 the mathematical models Ra=Ra(fz,v) are 
described by complex functions having polynomial 
expresions.  

V. Merticaru jr., Ph.D, [4], have processed 
the data obtained from experimental measurements, 
in computerized regime, using in this sense the 
informatic product DataFit 6.1. 

The regression functions found to 
approximate in the best way the dependence of the 
roughness parameter Ra on the cutting regime’s 
parameters fz and v, together with the corresponding 
values for the coefficient of multiple determination 
R2, are presented in table 3.  

 

 
Figure 5. Graphical representation of the 
dependency Ra=Ra(fz,v), for external trapezoidal 
threads, for OL60 steel, [4]. 
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In figure 5 and figure 6, the graphical 
representations of the response surfaces for the 
models from table 3 are illustrated.  

In these two figures, also the experimental 
points are represented on the diagrams, together 
with the distances from them to the response 
surfaces, for to visualize the models’ errors in the 
considered points.  
 

 
Figure 6. Graphical representation of the 
dependency Ra=Ra(fz,v), for external trapezoidal 
threads, for OLC45 steel, [4]. 
 
 

The results presented above allowed to 
formulate the following conclusions for the 
trapezoidal threads cut by whirling: 
 when the cutting speed’s value v increases, 
the value of the roughness parameter Ra slowly 
decreases; 
 when the value  fz of the the feed rate per 
tooth increases,  also the value of the roughness 
parameter Ra increases, the influence being bigger 
in this situation, comparative to the influence of the 
cutting speed; 
  the mathematical models Ra=Ra(fz,v) are 
described by complex functions having polynomial 
expresions.  

 
4. FINAL CONSIDERATIONS 

 
As final conclusion, it can be remarked 

that the obtained values for the roughness 
parameter Ra , both for the cylindrical worms and 
for the external trapezoidal threads, are similar to 
the values of this parameter corresponding to 
grinding operations. 

So, there result that whirling thread-cutting 
can be succesfully applied as final operation for 
processing such kind of helical surfaces. 

The methodology of measuring the 
roughness parameter Ra presented in the paper can 
be used also for other types of helical surfaces 
generated by whirling thread-cutting. 

The results of the paper are useful for the 
activities of repairing and machining the spare parts 
for the cam type pieces, which require to know the 
follower motion law. 
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HOW TO ENCOURAGE MORE CREATIVE THINKING (1) 
 

Creative individuals are remarkable for their 
ability to adapt to almost any situation and to make 
do with whatever is at hand to reach their goals. Of 
all human activities, creativity comes closest to 
providing the fulfillment we all hope to get in our 
lives. Call it full-blast living. 

When it comes to creativity, one of our biggest 
concerns is usually how we can be more creative, or 
how to come up with better ideas. Research in this 
area is all over the place, but I've gathered some of 
the most practical studies out there to help you utilize 
specific techniques that can boost your creativity. All 
of these studies are useful for everyday creativity in 
daily life, so try a few out for yourself and see which 
ones work best for you. 

Have you ever wished you were more 
creative? If you do creative work, have you ever 
suffered from a creative block and been stuck 
wondering what exactly is wrong, and how you can 
get yourself out of it? Of course you have, I mean, 
who hasn’t! 

Today, you’re in luck — you are about to read 
one of the most comprehensive posts on 
understanding creativity and spurring on creative 
thinking that’s ever been compiled. With over two-
dozen research studies and academic papers cited, 
you’ll finally get a clearer view on the creative 
process out of the muddy advice often found on un-
scientific takes on the subject. 

Let’s dig in! 
How to Boost Your Creative Thinking 
When it comes to creativity, one of our biggest 

concerns is usually how we can be more creative, or 
come up with better ideas. Research in this area is all 
over the place, but I’ve gathered some of the most 
practical studies out there to help you utilize specific 
techniques that can boost your creativity. 

All of these studies are useful for everyday 
creativity in daily life, so try a few out for yourself 
and see which ones work best for you. 

1.) Restrict yourself 
Later on I will show you how external 

restrictions can hurt creativity, but right now I’m 
talking about internal restrictions, which can actually 
be used to boost creativity! 

The research shows that an insidious problem 
that many people have is that they will often take the 
path of “least mental resistance,” building on ideas 
they already have or trying to use every resource at 
hand. 

The thing is, the research also suggests the 
placing self-imposed limitations can boost 

creativity because it forces even creative people to 
work outside of their comfort zone (which they still 
have, even if they are a bit “weirder” than most). 

One of the most famous examples is when Dr. 
Seuss produced Green Eggs & Ham after a bet where 
he was challenged by his editor to produce an entire 
book in under 50 different words. 

I’m no Dr. Seuss, but I’ve found (and I’m sure 
other writers can relate) that when I’m suddenly 
restricted to writing something in 500 words when I 
had planned to write it in 800 words, it can lead to 
some pretty creative workarounds. 

Try limiting your work in some way and you 
may see the benefits of your brain coming up with 
creative solutions to finish a project around the 
parameters you’ve set. 

2.) Re-conceptualize the problem 
One thing that researchers have noticed with 

especially creative people is that they tend to re-
conceptualize the problem more often than their less 
creative counterparts. 

That means, instead of thinking of a cut-and-
dry end goal to certain situations, they sit back and 
examine the problem in different ways before 
beginning to work. 

Here’s a candid example – as a writer who 
handles content strategy for startups, my “cookie 
cutter” end goal is something like “write popular 
articles.” The problem is, if I approach an article 
with the mindset of, “What can I write that will get a 
lot of tweets?” I won’t come up with something very 
good. 

However, if I step back and examine the 
problem from another angle, such as: “What sort of 
articles really resonate with people and capture their 
interest?” I’m focusing on a far better fundamental 
part of the problem, and I’ll achieve my other goals 
by coming up with something more original. 

So, if you find yourself stagnating by focusing 
on generic problems (“What would be something 
cool to paint?”), try to re-conceptualize the problem 
by focusing on a more meaningful angle (“What sort 
of painting evokes the feeling of loneliness that we all 
encounter after a break-up?”). 

3.) Create psychological distance 
While it’s long been known that abstaining 

from a task (again, more on that later) is useful for 
breaking through a creative block, it also seems that 
creating “psychological” distance may also be 
useful.  

Subjects in this study were able to 
solve twice as many insight problems when asked to 
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think about the source of the task as distant, rather 
than it being close in proximity. 

Try to imagine your creative task as being 
disconnected and distant from your current 
position/location. According to this research, this 
may make the problem more accessible and can 
encourage higher level thinking. 

4.) Daydream… and then get back to work! 
Although study after study confirms that 

daydreaming and napping can help with the creative 
thought process, there is one piece of research that 
everybody seems to leave out…One study in 
particular shows that the less work you’ve done on a 
problem, the less daydreaming will help you. 

That is, daydreaming and incubation are most 
effective on a project you’ve already invested a lot of 
creative effort into. So before you try to use naps and 
daydreams as an excuse for not working, be honest 
with yourself and don’t forget to hustle first! 

5.) Embrace something absurd 
While I’ll be covering the case for “weird” 

experiences in more detail later on, for now you need 
to know that the research suggests that 
reading/experiencing something absurd or surreal 
can help boost pattern recognition and creative 
thinking. (Subjects in the study read Franz Kafka, but 
even stories like Alice in Wonderland have been 
suggested by psychologists) 

The conclusion was that the mind is always 
seeking to make sense of the things that it sees, and 
surreal/absurd art puts the mind in “overdrive” for a 

short period while it tries to work out just exactly 
what it is looking at or reading. 

I like reading interesting short stories like The 
Last Question or browsing absurdist art at places 
like r/HeavyMind when I’m looking for some 
inspiration. 

6.) Separate work from consumption 
Also known as the “absorb state,” this 

technique has been shown to help with the incubation 
process (much more on that later) and is far more 
effective than trying to combine work with creative 
thinking. It makes sense too — we are often in two 
very different states of mind when absorbing an 
activity and when we are trying to create something. 

I’ve found that my writing breaks down when 
I try to handle research + writing at the same time, 
and I’m much better off when I just turn off my 
“work mode” and consume more inspiration in the 
form of reading, watching, and observing. 

7.) Create during a powerful mood 
For a long time, the research has pointed 

to happiness as being the ideal state to create in. 
Recently though, a relatively new study (2007) on 
creativity in the workplace made this bold 
conclusion: 

Creativity increased when both positive and 
negative emotions were running high… 

The implication seems to be that while certain 
negative moods can be creativity killers, they aren’t 
as universal as positive moods (joy, being excited, 
love, etc.) in that sometimes they may spur creative 
thinking rather than hinder it. 

I can not do it. 

I can not do it?

I Want!

What?

I know 
!

,

Trying! 

I can! 

I did it!
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I don’t want you to put yourself in a bad mood 

to create something, but next time you’re in a strong 
emotional state, try to sit down and focus that energy 
on creating something, the end result could be 
worthwhile. 

8.) Get moving 
Is there any wonder that ‘Exercising more” is 

one of the most desired good habits in the entire 
world? 

Some research even suggests that exercise can 
actually boost creative thinking as well, due to it’s 
ability to get the heart pumping and put people in a 
positive mood. It’s similar to how other 
research shows that thinking about love can produce 
more creative thoughts; it’s not necessarily the act, 
it’s the change in mood. 

If you’re stuck in a creative rut and want to 
take a break, try including exercise while your brain 
is subconsciously at work, it may help to speed up 
your “Aha!” moment. 

9.) Ask, “What might have been?” 
According to the research surrounding the 

process of counterfactual thinking, looking at a 
situation that has already occurred and asking 
yourself, “What could have happened?” can boost 
creativity for short periods of time. 

According to an analysis by Jeremy Dean: 
 Analytical problems are best tackled with a 

subtractive mind-set: thinking about what could have 
been taken away from the situation. 

 Expansive problems benefited most from an 
additive counterfactual mind-set: thinking about 
what could have been added to the situation. 
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Technical University “Gh. Asachi” of Iaşi  
 
 

1. GENERAL CONSIDERATIONS 
 

For controlling a complex manufacturing 
process as whirling thread-cutting, the influence of 
the cutting regime, respectively of the cutting speed 
v and of the feed rate per cutting tooth fz upon the 
roughness obtained on the flank of the processed 
helical surface it is very important to be established 
and to be known, for different kind of mechanical 
parts with helical surfaces, as threaded shafts, 
cylindrical worms etc. 

The two above-mentioned parameters of the 
cutting regime, v and fz, are not independents, so 
that the study of their individual influence upon the 
surface roughness is not possible.  

The bi-dimensional equations describing 
the dependence of the roughness parameter Ra by 
the cutting regime parameters imposed to be 
determined. 

For determining such dependence 
equations, it was necessary to fix the other process 
parameters at certain values, which established the 
limits of the validity domain of the respective 
models. 

2. EXPERIMENTAL CONDITIONS 

The experimental samples reffered bellow 
have been realized on a whirling thread-cutting 
device installed on a normal lathe SNA 560x1000, 
in the Department of Machine Manufacturing 
Technologies from TU “Gh. Asachi” of Iasi. 

 Gh. Creţu, Ph.D, [1], have developed 
experimental researches concerning the influence of 
the cutting regime’s parameters upon the surface 
roughness on the flank of the cylindrical worms 
processed by whirling method.  

The technological conditions of the 
experiments mentioned above were, as following: 
 the number of rotations per minute for the 

whirling head, ns:  614 rot/min; 878 rot/min; 1070 
rot/min; 
 the number of rotations per minute for the 

processed part, nm: 2,4 rot/min; 3 rot/min; 3,76 
rot/min; 4,74 rot/min; 6 rot/min; 7,52 rot/min; 

 the diametrical coefficient of the processed 
worm, q: 11; 12; 
 the module of the worm, mx: 2; 3; 4, 

For all the experimental samples, realized 
of OL60 and OLC45 steel, the roughness parameter 
Ra  was measured with a SURTRONIC instrument 
produced by TAYLOR-HOBSON Co., following a 
measuring principle as it is shown in figure 1. 

 
 

 
 
Figure 1. The schema for measuring the roughness 
parameter Ra on the flank of cylindrical worms [1]. 
 

V. Merticaru jr., Ph.D, [4], have developed 
similar experimental researches, but concerning the 
influence of the cutting regime’s parameters upon 
the surface roughness on the flank of some external 
trapezoidal threads processed by whirling method.  

For these experiments, some of the process 
parameters were fixed at certain values, as 
following:  
 the pitch of the processed trapezoidal external 
threads p=10 mm;  
 the major diameter of the processed threads 
d=48 mm;  
 the diametrical coefficient, respectively the 
ratio between the diameter of disposing the cutting 
teeth and the major diameter  kd=1.1. 
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In these stipulated conditions, the value of 
the cutting speed v was modified through the value 
of the number of rotations per minute for the 
whirling head nc and the value of the feed rate per 
cutting tooth fz was modified both through nc and 
through the number of rotations per minute for the 
processed part, np. 

These researches were developed following 
an experimental plan as it is presented in table 1, for 
each of the steel materials submitted to study, 
respectively: OL60, OLC45. 

The applied measuring methodology is 
illustrated in figure 2. In this sense, the threaded 
sample was fixed into a positioning system 
consisting from an α-vice, set on the plate of a 
milling machine FUS-22, existing in the 
Department of Machine Manufacturing Technology 
from the “Gh. Asachi” Technical University of Iasi. 

  

For measuring, a Surtronic 3+ instrument, 
produced by Taylor-Hobson Co., was used and this 
apparatus was integrated with TalyProfile software, 
installed on a computer linked to the measuring 
instrument. 
 For allowing the access of the 
measuring pick-up, a groove was executed by 
milling on the threaded surface. 

 
Table 1. Experimental plan for studying roughness 
on trapezoidal threads cut by whirling, [4] 

 

3. EXPERIMENTAL RESULTS. 
CONCLUSIONS 

Gh. Creţu, Ph.D, [1], have determined the 
mathematical dependencies of the roughness 
parameter Ra through the parameters mx, vs and fz, 
for the cylindrical worms processed by whirling, as 
it is shown in table 2. 

On the base of the measured and 
registered results, Gh. Creţu, Ph.D, [1], also have 
graphically represented the bi-dimensional 
dependencies of the roughness parameter Ra 
through the cutting regime’s parameters vs and fz, as 
it is shown bellow in figure 3 for OL 60 steel and in 
figure 4 for OLC45 steel. 

 
 

 
 

Table 2. Mathematical dependencies of the roughness parameter Ra through the parameters mx, vs and fz, 
for the cylindrical worms processed by whirling [1] 

Sample’s 
material 

Mathematical dependencies of the roughness parameter Ra through the 
parameters mx, vs and fz 

OL60 

zsx
a fvm

R
0079,06863,759276,0

4323,0    [m] 

OLC45 

zsx
a fvm

R
03366,0056,27229,5

3029,1    [m] 

Exp. 
no. 

nc 
[rot/min]

np 
[rot/min] 

v 
[m/min] 

fz 
[mm/tooth]

1 614 2.4 111.5 0.15 
2 878 2.4 159.4 0.10 
3 1070 2.4 197.6 0.09 
4 1241 2.4 229.2 0.07 
5 614 3.76 111.5 0.23 
6 878 3.76 159.4 0.16 
7 1070 3.76 197.6 0.13 
8 1241 3.76 229.2 0.11 threaded sample Surtronic 

positioning system PC with TalyProfile

Figure 2. Roughness measuring methodology, for 
trapezoidal threads – image from laboratory, [4]. 
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Table 3. Mathematical dependencies Ra=Ra(fz,v) [m], for trapezoidal external threads, [4] 

Material Regression function R2 

OL60 vffR zza  32 104718,26636,264714,65098,0  0,9984 

OLC45 25107861,30114,01491,132080,0 vvfR za    0,9960 

 
 

 
Figure 3. Graphical representation of the 
dependency Ra=Ra(fz,v), for cylindrical worms, for 
OL60 steel, [1]. 
 

 
Figure 4. Graphical representation of the 
dependency Ra=Ra(fz,v), for cylindrical worms, for 
OLC45 steel, [1]. 

The obtained experimental results and their 
processing allowed to Gh. Creţu, Ph.D, [1], to 
formulate adequate conclusions and to establish 
that: 
 the surface roughness decrease when the cutting 
speed increases; 
 the feed rate per tooth and the module of the 
worm have a smaller influence upon the roughness 
values; 
 the mathematical models Ra=Ra(fz,v) are 
described by complex functions having polynomial 
expresions.  

V. Merticaru jr., Ph.D, [4], have processed 
the data obtained from experimental measurements, 
in computerized regime, using in this sense the 
informatic product DataFit 6.1. 

The regression functions found to 
approximate in the best way the dependence of the 
roughness parameter Ra on the cutting regime’s 
parameters fz and v, together with the corresponding 
values for the coefficient of multiple determination 
R2, are presented in table 3.  

 

 
Figure 5. Graphical representation of the 
dependency Ra=Ra(fz,v), for external trapezoidal 
threads, for OL60 steel, [4]. 
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In figure 5 and figure 6, the graphical 
representations of the response surfaces for the 
models from table 3 are illustrated.  

In these two figures, also the experimental 
points are represented on the diagrams, together 
with the distances from them to the response 
surfaces, for to visualize the models’ errors in the 
considered points.  
 

 
Figure 6. Graphical representation of the 
dependency Ra=Ra(fz,v), for external trapezoidal 
threads, for OLC45 steel, [4]. 
 
 

The results presented above allowed to 
formulate the following conclusions for the 
trapezoidal threads cut by whirling: 
 when the cutting speed’s value v increases, 
the value of the roughness parameter Ra slowly 
decreases; 
 when the value  fz of the the feed rate per 
tooth increases,  also the value of the roughness 
parameter Ra increases, the influence being bigger 
in this situation, comparative to the influence of the 
cutting speed; 
  the mathematical models Ra=Ra(fz,v) are 
described by complex functions having polynomial 
expresions.  

 
4. FINAL CONSIDERATIONS 

 
As final conclusion, it can be remarked 

that the obtained values for the roughness 
parameter Ra , both for the cylindrical worms and 
for the external trapezoidal threads, are similar to 
the values of this parameter corresponding to 
grinding operations. 

So, there result that whirling thread-cutting 
can be succesfully applied as final operation for 
processing such kind of helical surfaces. 

The methodology of measuring the 
roughness parameter Ra presented in the paper can 
be used also for other types of helical surfaces 
generated by whirling thread-cutting. 

The results of the paper are useful for the 
activities of repairing and machining the spare parts 
for the cam type pieces, which require to know the 
follower motion law. 
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The text of the paper (R_Times, 11 points, normal) begins after chapter 
titles, after leaving a blank line ( 11 points). 

 (11 points) 
1.1.   Sample of subtitle with 2 indexes (R_Times 13 points, bold, 
justify) 

 (11 points) 
<Tab> In front of the text of each title of sub-chapter with two indexes 
leave a one line empty space. In the text, each new paragraph is 
marked by the introduction of a „<Tab>”.  
 (11 points) 
1.1.1.Sample of subtitle with 3 indexes (R_Times 12 points, bold, 
justify) 
<Tab> If the work contains subtitles with three indexes, their text 
begins directly after subtitle without space. To emphasize the 
importance of certain words within the text they can be entered only 
by marking them with bold text (without underlining). 

 (11 points) 
 (11 points) 

2. INSTRUCTIONS FOR PAPER TYPEWRITING 
 (11 points) 

2.1. General aspects 
 (11 points) 

<Tab> The works that do not comply with the instructions exactly will 
be rejected. Paper typewriting is binding in word processor Microsoft 
Word for Windows ’95 / ’97 / ’98 / ’2000, Version 6.0, Version 7.0, 
Windows NT. Only fonts R_ Times (normal, bold, italic, ALL CAPS, or 
ALL CAPS) are used for typewriting. The paper is submitted in one 
copy, laser or ink get printed, and is accompanied by a floppy disk that 
will contain „doc files” of the paper and summary.  

 (11 points) 
2.2. Page skeleton: 
 (11 points) 
<Tab> Page skeleton is the following: Top:  2,0 cm; Bottom: 2,0 cm; 
Left: 2,0 cm; Right: 2,0 cm; Header: 1,75 cm; Footer:  0 
 (11 points) 
2.3. Typewriting format of the paper text: 
2.3.1. Writing in two-column format. The paper text, computing 
relations, figures and tables are inserted on two columns under this 
sample: 
Number of Columns:  2; Width: 8.15 cm; Spacing: 0.7 cm. 
<Tab> Where the text must contain embedded tables or figures that 
exceed the column width specified above, to maintain their clarity, you 
can enter on the page a work area in a single column (between two 
„session break”).  
 (11 points) 
2.3.2. The format of writing paragraphs  
<Tab> Text of the paper is drawn at a single line (single), all 
paragraphs are left / right aligned (justify).  
2.3.3. Header  
<Tab> The „Header” contains the full title of the paper (R_Times, 11 
points, bold, italic, centered), unless it exceeds one line, situation in 
which the title is written partially followed by.... 

 (11 points) 
2.3.4. Fonts 
 <Tab> The text of the paper shall be written using only font R_Times,  

11 points, normal, (eventual R_Times, 11 points, bold, if special 
highlights of text passages are necessary). Font R_TIMES, BOLD, 
ALL CAPS are used only for the title and the chapter titles of the 
paper. 

 (11 points) 
2.3.5. Paper pagination 
<Tab> THE PAPER IS NOT PAGINATED, as it follows to be 
inserted in the journal. 
2.4. Figures, tables and mathematical formulas 
2.4.1. Figures 
<Tab> All figures are inserted in the file „paper.doc”. The maximum 
width of an inserted figure to the text (one column) cannot exceed the 
column width. All figures are numbered in Arabic numerals and 
presented according to the sample below. Before and after each figure 
inserted into the text leave one blank line. If images are inserted, they 
will be scanned with a minimum resolution of 300 dpi (600 dpi 
preferable), and will be edited such as to have good contrast. It is not 
allowed sticking photos or drawings on separate sheets. If the figures 
have annotations in the form of numbers or letters they should have a 
height of letters equivalent to font R_Times, 11 points, normal, and 
under the title of figure the legend is inserted with necessary 
explanations. 
 

Figure 1. Systematic unitary concept of „R1 integrated in the 
environment...”. 1 – unity; 2 – ensemble... 

 (11 points) 
2.4.2. Tables. Tables are numbered in Arabic numerals and presented 
according to the sample below. 
Table 1. Sample of titrating a table. 

 (6 points) 
Features 
/Measurements 

Determ. Nr.1 Determ. Nr.2 Determ. Nr.3 
 

 (11 points)  
<Tab> Before and after each table included in the text leave one blank 
line... All grid lines forming the table have the same thickness (1 point). 
In the Table the text/figures are written using R_Times font, 11 points, 
and normal, except the head of the table. 

 (11 points) 
2.4.3. Mathematical formulas. All mathematical formulas are written 
COMPULSORY with the equation editor of the word processor Micro-
soft Word for Windows ’95/, 97/, 98/, 2000, (Version 6.0, / Version 
7.0, 2000), bold, italic, centered according to the sample below. 
                                           (6 points) 

                                    A2+B2=C2                                                 (1)   
                                 (6 points)    
2.5. Reference.  Before Reference leave two blank lines... (11 points). 
Between the title „Reference” and bibliographic references themselves 
leave one blank line. References are written according to the sample 
below:  

Reference  
(R_Times, 11 points, italic (in bold only the surname and name of 
author), justify. Sources in Cyrillic characters will be 
transliterated) 

 (11 points) 
1. Nicolescu, A., Stanciu, M. Static capacity and elastic deformations 
of the guides // TCMM Conference, Chişinău, pages 141...148, 1996.  
2. Nicolescu, A., Enciu, G. Design of industrial robots. Meridian 
Ingineresc No.1, Chişinău, pag.11...20, 1995. 
3. Nicolescu A. Industrial robot // Patent no. 1344MD. BOPI no. 10, 
1999. 
 

ABSTRACTS                                  
<Tab> For each paper submitted to be published in the journal, it is 
mandatory to draw up an abstract in ROMANIAN, ENGLISH, 
FRENCH and RUSSIAN. The abstract should contain a maximum of 10 
lines and will be presented following the sample. 
Nicolescu A. Design of industrial robots. This paper..... 
<Tab> Abstracts are drawn SEPARATELY from the paper and are 
submitted all in one file.  



CALENDAR	–	ANNIVERSARIES	
 

 
11 March 1975  - 40 years since Eugen Bădărău death, was a Romanian physician, professor, director 

of the Institute of Physics from Bucharest, member of the Romanian Academy 
(1948). He is considered the founder of the Romanian school of electrical discharges 
in gases and plasma physics. (19 October 1887 – 11 March 1975). 

 
13 March 1865 – 150 years since Dragomir M. Hurmuzescu birth, was an Romanian physicist, 

inventor, professor at the University of Iaşi and the University of Bucharest, member 
of the Romanian Academy, founder of electrical engineering education in Romania, 
collaborator Marie and Pierre Curie spouses (13 March 1865–31 May 1954). 

 
27 March 1845 – 170 years since Vilhelm Conrad Röntgen birth,  was a German physicist, who, on 

8 November 1895, produced and detected electromagnetic radiation in 
a wavelength range known as X-rays or Röntgen rays, an achievement that earned 
him the first Nobel Prize in Physics (27 March 1845 – 10 February 1923) 

 
11 April 1830 – 185 years since Emanoil Bacaloglu birth, was a Romanian physicist, chemist and 

mathematician with the first Romanian scientific papers in mathematics, physics and 
chemistry, thereby contributing to Romanian language terminology in these areas. He 
was a professor of physics at the University of Bucharest and member of the 
Romanian Academy in 1879. (11 April 1830 - 30 August 1891). 

 
18 April 1955 - 60 years since Albert Einstein death, was a German-born theoretical physicist. He 

developed the general theory of relativity. Einstein's work is also known for its 
influence on the philosophy of science. He received the 1921 Nobel Prize in 
Physics for his “services to theoretical physics” (14 March 1879 – 18 April 1955). 

 
25 April 1840 - 175 years since Siméon Denis Poisson death, was a French mathematician, geometer, 

and physicist. He obtained many important results, but within the elite Académie des 
Sciences he also was the final leading opponent of the wave theory of light and was 
proven wrong on that matter by Augustin-Jean Fresnel (21 June 1781-25 April 1840).  

 
25 April 1900 - 115 years since Wolfgang Ernst Pauli birth, was, an Austrian-born Swiss theoretical 

physicist and one of the pioneers of quantum physics. In 1945, after having been 
nominated by Albert Einstein, Pauli received the Nobel Prize in Physics for his 
“decisive contribution through his discovery of a new law of Nature, the exclusion 
principle or Pauli principle”. The discovery involved spin theory, which is the basis 
of a theory of the structure of matter (25 April 1900 – 15 December 1958). 

 
16 May 1830 - 185 years since Jean-Baptiste Joseph Fourier death, was a French mathematician               

and physicist born in Auxerre and best known for initiating the investigation 
of Fourier series sand their applications to problems of heat transfer and vibrations. 
The Fourier transform and Fourier's Law are also named in his honour. Fourier is 
also generally credited with the discovery of the greenhouse effect (21 March 1768 
– 16 May 1830).  

 
19 June 1925 - 90 years since Anghel Saligny death, was a Romanian engineer, most famous for 

designing the Feteşti - Cernavodă railway bridge (1895) over the Danube, the longest 
bridge in Europe at that time. He also designed the storage facilities in Constanţa 
seaport (19 April 1854 – 17 June 1925). 

 

Column supported by Valeriu Dulgheru 
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