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W SKROCIE - ABSTRACTS

DROZDZIEL P., KRZYWONOS L.: Ocena niezawodnosci pierwszego dziennego
rozruchu silnika o zaplonie samoczynnym w warunkach uzytkowania pojazdu; EiN
nr 1/2009, s. 4-10.

W artykule zaprezentowano opracowany przez autoréw stochastyczny model przebiegu
rozruchu silnika samochodowego o zaptonie samoczynnym. Przedstawiono zatozenia,
ktdre w oparciu o analiz¢ zmian predkosci obrotowej watu korbowego silnika i natezenia
pradu pobieranego przez rozrusznik, pozwolity wyrézni¢ w przebiegu rozruchu silnika
spalinowego charakterystyczne etapy i zredukowac ciagta przestrzen stanéw procesu rze-
czywistego do zbioru skoniczonego. Ogélny model wykorzystano do opisu przebiegu tzw.
pierwszego dziennego rozruchu silnika. Przyjmujac zalozenie, ze prawdopodobienstwo
znalezienia si¢ w przysztosci w okreslonym stanie zalezy jedynie od stanu, w ktérym
obiekt znajduje si¢ w chwili obecnej, do opisu matematycznego zastosowano jednorodny
dyskretny proces Markowa. W dalszej czgsci artykutu pokazano sposdb wyznaczenia
macierzy intensywnosci przejscia tego procesu na podstawie wynikéw badan eksploata-
cyjnych przebiegu rozruchu silnika samochodowego o zaptonie samoczynnym. Ponadto
przedstawiono rozwiazania réwnan Chapmana-Kotmogorowa, ktore pozwalaja oceni¢
prawdopodobienstwo zaistnienia udanego pierwszego rozruchu dziennego po uptywie
zatozonego czasu jego trwania. W uwagach koficowych zasygnalizowano kierunki dal-
szej ewolucji prezentowanego modelu oraz mozliwosci jego zastosowan praktycznych
w diagnostyce silnikéw samochodowych.

HLAVNA V.: Struktura systemu pomiarowego niekonwencjonalego obwodu ener-
getycznego; EiN nr 1/2009, s. 11-14.

W artykule oméwiono automatyczny systemu pomiarowy, ktéry zastosowano w niekon-
wencjonalnym obwodzie energetycznym. Podstawa niekonwencjonalnego obwodu ener-
getycznego jest uktad tréjzmienny, w ktérym silnik spalinowy o zaptonie samoczynnym
jest podstawowym zrédtem energii. System ten produkuje energie elektryczna i energie
ciepta na trzech poziomych termicznych. Opisany system jest niekonwencjonalny po-
niewaz zastosowano niekonwencjonalny obwdd chtodzenia silnika spalinowego, ktéry
zaprojektowano jako termokompresor dla absorpcji ciepta z tego obwodu.

CELKO J., DECKY M., KOVAC M.: Analiza oddzialywania miedzy pojazdem
a nawierzchnia dla celéw klasyfikacji IR1 w ramach slowackiego PMS; EiN nr
1/2009, s. 15-21.

R6éwnos¢ jest jednym z podstawowych czynnikéw jakosci nawierzchni. Stanowi ona
charakterystyke stanu drogi, jak réwniez bezpieczenstwa na drodze i komfortu jazdy.
Nieréwnosci podiuzne powoduja niedogodnosci w ruchu drogowym i niebezpieczen-
stwo zmniejszenia oddziatywania migdzy kotami a nawierzchnia. Wymienione aspekty
zostaly wzigte pod uwage w analizie pozioméw klasyfikacji w ramach Stowackiego
PMS. Symulacje réznych warunkéw brzegowych podczas diagnostyki nawierzchni
miaty na celu przede wszystkim zbadanie wptywu nieréwnosci na pojazd, a co za tym
idzie, na komfort jazdy. Z drugiej strony, wptyw nieréwnosci na oddziatywanie mig-
dzy nawierzchnia a kotem stanowit podstawowe Kryterium oceny z punktu widzenia
bezpieczenstwa. Przedmiotem artykutu jest obserwacja i ocena opisanych parametréw
podczas przeprowadzonych symulacji i pomiaréw eksperymentalnych. Do symulacji
uzyto dynamicznych charakterystyk prawdziwych pojazdéw.

TIMOFIEJCZUK A.: Kodowanie cech sygnaléw w systemie wnioskowania diagno-
stycznego; EiN nr 1/2009, s. 22-27.

W referacie opisano czes¢ badan, ktérych celem jest zastosowanie wnioskowania diagno-
stycznego z uwzglednieniem kontekstu. Zgodnie z opracowanym podejsciem konteksty
dziatania obiektu moga by¢ identyfikowane z zastosowaniem algorytméw ewolucyjnych.
Jednym z najistotniejszych czynnikéw zastosowania tych algorytméw jest odpowiednie
przygotowanie danych wejsciowych. W referacie opisano opracowane sposoby kodo-
wania dla trzech rodzajéw cech sygnatéw. Przyklady zastosowania opisanych sposobéw
kodowania zastosowano dla sygnatéw zarejestrowanych podczas dziatania stanowiska
modelujacego dziatanie maszyny wirnikowej.

JURKIEWICZ A., MICEK P., APOSTOL M., GRZYBEK D.: Kompleksowe badania
elementéw systemu sprezajacego jako podstawa bezpieczenstwa sprezonej kon-
strukgji; EiN nr 1/2009, s. 28-32.

Artykut jest kontynuacja problematyki prezentowanej w artykule ,,O potrzebie moni-
torowania procesu sprezania konstrukcji mostowych”. Opisany system monitorowania
i rejestracji przebiegow sit sprezajacych i wydtuzen byt przeznaczony do pracy w fazie
wytwarzania konstrukcji (podczas procesu sprezania). Zapewnienie jakosci i bezpieczen-
stwa sprezonej konstrukcji wymaga réwniez prowadzenia badan elementéw systemu
sprezajacego. Kazdy z elementdw sprezajacego systemu ma wplyw na jakosé konstruk-
cji, ale niektdre z tych elementéw maja decydujace znaczenie. Rodzaje i metodologia
takich badan sa prezentowane w ETAG 13. Jednak prowadzenie takich badan wymaga
skomplikowanego stanowiska badawczego. Artykut prezentuje konstrukcje elementéw
systemu sprezajacego ASIN oraz szczeg6towe badania wynikajace z instrukcji zawartych
w ETAG 13. Instrukcje te obejmuja badania zakotwien: badania wytrzymatosci statycznej,
badania wytrzymatosci zmeczeniowej, badania poslizgu, badania strat sity sprezajacej
wynikajacych z tarcia. Oprécz badan zakotwien, badania powinny obja¢ réwniez: ciggna,
ostony kanatéw, specjalne materialy do wypelnienia wewnetrznych przestrzeni kanato-
wych. Stanowisko badawcze zostato zbudowane do prowadzenia takich badan. Wytyczne
zawarte w ETAG 13 okreslaja oceng przydatnosci systemu sprezajacego. Na tym polu
istotnymi czynnikami sa: wytrzymatos¢ mechaniczna, bezpieczenstwo z zapewnieniem
bezpieczenstwa pozarowego, ochrona zdrowia, ochrona srodowiska, 0szczednosé¢
energii. System sprezania ASIN, ktéry zostal opracowany przez pracownikéw Katedry
Automatyzacji Proceséw spetnia wymagania ETAG 13. Przykladowe wyniki badan tego
systemu z ich oceng sa prezentowane w artykule.

DROZDZIEL P., KRZYWONOS L.: The estimation of the reliability of the first daily
diesel engine start-up during its operation in the vehicle; EiN nr 1/2009, s. 4-10.
This article presents the mathematical model of the course of the diesel engine start-up
which is worked out by the authors. The analysis of the course of the changes of the engine
crankshaft angular velocity, as well as of the current consumed by the starter at the stage of
meshing the starter with the crankshaft flywheel allows to enumerate some characteristic
stages and to reduce the continuous space of the real start-up process to the finite set in
the course of the engine start-up. The general model can be used to describe the course
of the first daily engine start-up. The authors accept the assumption, that the probability
that the object will occur in the future in the definite state depends only on the state in
which the object is at present. The homogeneous continuous time Markov process can
be used for the mathematical description. In the next part of the article the authors show
the manner of determination of the transition intensity matrix of this process basing on
the empirical research of the vehicle diesel engine start-ups. Furthermore the solutions
of the Chapman-Kolmogorov equations, which can allow to estimate the probability of
the successful first daily engine start-up after the definite time of its duration, are shown in
the paper. In the summary the directions of the evolution of the presented model and the
possibility of its practical apply in the vehicle engine diagnosis are mentioned.

HLAVNAV.: Astructure of the measurement system for a non-conventional energetic
circuit; EiN nr 1/2009, s. 11-14.

The paper deals with an automated measuring system implemented in a non-conventional
energetic circuit. The basis of a non-conventional energetic circuit is a trivalent system in
which the ignition combustion engine is the source of primary energy. The system produces
electric and thermal energy at three thermal levels. The system is referred to as non-co-
nventional because of the non-conventional cooling circuit of the combustion engine which
has been designed as a thermo compressor for absorptive cooling circulation.

CELKO J., DECKY M., KOVAC M.: An analysis of vehicle—road surface interaction
for classification of IRI in the frame of Slovak PMS; EiN nr 1/2009, s. 15-21.

Road evenness is one from basic factors of the pavement quality. It represents the charac-
teristic of the road serviceability but also road safety and comfortable. The longitudinal
unevenness causes the traffic discomfort and danger of the wheel-pavement interaction
decreasing. Listed aspects were taken into account for analyze of classification levels
in frame of the Slovak PMS. The simulations of different boundary conditions during
pavement surface diagnostics were oriented above all to the response of unevenness to
the vehicle and to the ride comfort consequently. On the other hand an effect of uneven-
ness to interaction between surface and wheel was the basic criteria of evaluation from
safety point of view. The paper is oriented to the observation and evaluation described
parameters during realized simulations and experimental measurements. For simulations
were used dynamic characteristics of real vehicles.

TIMOFIEJCZUK A.: Signal feature encoding in an inference diagnostic system;
EiN nr 1/2009, s. 22-27.

In the paper a part of research focused on context based diagnostic inference has been
presented. According to the elaborated approach contexts of machinery operation can
be identified with the use of evolutionary algorithms. One of most important factors of
the application of such algorithms is a proper form of input data. In the paper encoding
of three different types of signal features have been discussed. Examples of elaborated
notations have been applied to signals recorded during operation of a model of rotating
machinery.

JURKIEWICZ A., MICEK P., APOSTOL M., GRZYBEK D.: Complex testing of
the prestressing system elements as the base of prestressed structure safety; EiN
nr 1/2009, s. 28-32.

This article is a continuation of the problem presented in article “About the need of the
monitoring of the bridge construction prestressing process”. The described system of the
monitoring and registration of a prestressing forces and elongations courses was destined
to the building stage (during prestressing process). A quality and safety assurance of the
prestressed structure require also a leading of the testing of prestressing system elements.
Each of the elements of prestressing system have influence on the structure quality but
some of it have main meaning. A kind and a methodology of such testing are presented
in ETAG 13. The leading of such complex research requires a sophisticated laboratory
stand. This article presents the elements structures of ASIN prestressing system as well
as the detailed researches according to ETAG 13 instructions. This instructions contain
a anchorage testing: static strength researches, fatigue strength researches, a slop resear-
ches, a researches of force losses from friction. Apart from anchorage testing, researches
should also contain a testing of the cable, a testing of the canals shields, a testing of the
shield pipes, a testing of the special material to a filling of internal canals space. The
laboratory stand was built to the leading of such complex testing. The instructions of
ETAG 13 define the assessment of the suitability of the prestressing system. In this field
the most important factors are following: a mechanical strength, a system safety with
fire safety assurance, a health protection, a environment protection, a energy saving.
ASIN prestressing system, which was elaborated by employees of Department of Process
Control, fulfil ETAG 13 requirements. A exemplary researches results with its assessments
are presented in this article.
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W SKROCIE - ABSTRACTS

KATUNIN A., MOCZULSKI W.: Koncepcja metodologii oceny stopnia degradacji
laminatéw; EiN nr 1/2009, s. 33-38.

Praca dotyczy detekcji i identyfikacji uszkodzef w elementach maszyn z laminatéw oraz
prognozowania ich propagacji podczas pracy elementu. Rozpatruje si¢ dwa przypadki
uszkodzen: delaminacje i nieciagtos¢ widkien zbrojacych. Przy modelowaniu rozpartuje
si¢ dwa przypadki modeli: ptyte kotowa utwierdzong na brzegu oraz belke wspornikowa.
Materiatem modeli oraz prébek jest transwersalnie izotropowy laminat. W piewszej
fazie badan sa budowane modele matematyczne dla identyfikacji cz¢stosci podstawowej
drgan dla plyty i belki i weryfikowane na podstawie modeli MES oraz eksperymentu.
W kolejnej fazie badan najpierw jest przeprowadzana analiza zmeczeniowa belki dla
okreslenia parametréw obciazenia i liczby cykli do wystapienia uszkodzen. Budowany
jest takze model numeryczny do termomechanicznej analizy sprz¢zonej w celu identy-
fikacji optymalnej czgstosci wymuszenia w tescie zmeczeniowym z uwzglednieniem
temperatury samowzbudnej powstajacej migdzy warstwami na skutek tarcia. Podczas
testu zmeczeniowego jest mierzona sita wymuszenia, przemieszczenia i temperatura
samowzbudna, a tazle zliczana jest liczba cykli. Na podstawie badan mozna wnioskowaé
o wplywie uszkodzen i ich propagacji na cykl zycia laminatu.

KYUREGHYAN K.: Hamowanie bezpieczenstwa gorniczego urzadzenia wycia-
gowego z zastosowaniem liniowo narastajacej wartosci sity hamowania; EiN
nr 1/2009, s. 39-45.

Praca przedstawia analiz¢ dynamiki stanu pracy gérniczego urzadzenia wyciagowego
w warunkach hamowania bezpieczenstwa. Proces hamowania bezpieczenstwa przedsta-
wiono za pomoca modelu mechanicznego z uwzglednieniem liniowo narastajacej wartosci
sity hamowania zastosowanej do kota pednego. Na podstawie modelu mechanicznego
zapisano uklad réwnan falowych dla przemieszczen i odksztatcen dowolnych przekrojéw
poprzecznych lin nosnych i wyréwnawczych. Rozwiazanie analityczne ukiadu réwnan
pozwala na wyznaczenie zaleznosci opisujacych naprezenia w ustalonych przekrojach
lin, warto$ci obciazenia liny nosnej w miejscu jej zejscia z kota pednego oraz minimalny
przedziat czasu te<0;t ), w ktérym nastepuje wzrost wartosci sity hamowania.

SEMOTIUK L.: Analiza cech eksploatacyjnych innowacyjnych konstrukcji narzedzi
wykorzystywanych w procesach frezowania zgrubnego z wykorzystaniem technologii
HSM; EiN nr 1/2009, s. 46-53.

Rozwoj systeméw narzedziowych determinuje zmiany w doborze strategii obrébkowych
wykorzystywanych w procesach obrébki skrawaniem. Jednym z przyktadéw jest frezo-
wanie czolowe. Pojawienie sie frezéw do obrébki wgtebnej wymusito na dystrybutorach
oprogramowania typu CAM wprowadzenie do odpowiednich modutéw nowej strategii
obrébkowej, a co za tym idzie coraz czgstszego wykorzystywania frezéw czotowych
w procesach obrébkowych. Artykut ma na celu poréwnanie procesu skrawania z wy-
korzystaniem frezéw jednolitych palcowych walcowo-czotowych i frezéw wgtebnych
z zastosowaniem technologii HSM oraz ocene ich wiasciwosci eksploatacyjnych na
podstawie sit generowanych w strefie skrawania.

JUSCINSKI S., PIEKARSKI W.: Outsourcing jako funkcja logistyki w dystrybucji
czesci zamiennych do ciagnikéw i maszyn rolniczych; EiN nr 1/2009, s. 54-62.

W artykule przedstawiono funkcje logistyki w procesie sprzedazy czesci zamiennych do
ciagnikéw i maszyn rolniczych. Zaprezentowano problemy transportu czgsci zamiennych.
Oméwiono warunki stosowania outsourcingu oraz kryteria wyboru firm przewozowych.
Opisano badania wptywu zjawiska sezonowosci na wartos¢ ousourcingu w ustugach
przewozowych czesci zamiennych do ciagnikéw i maszyn rolniczych, wykonywanych
przez firmy kurierskie. Wyznaczono wartos¢ indekséw sezonowych dla badanego okresu
i poddano ocenie rozkiad ich zmian w aspekcie zespotu upraw polowych wykonywanych
zgodnie z kalendarzem zabiegéw agrotechnicznych.

KORDOS P., HUNICZ J., NIEWCZAS A.:Stanowisko do przyspieszonych badan
zmeczeniowych materialéw stomatologicznych; EiN nr 1/2009, s. 63-69.

W artykule zaprezentowano budoweg i zasad¢ dziatania stanowiska badawczego do sy-
mulowania obciazen mechanicznych i cieplnych jakie wystepuja w jamie ustnej podczas
procesu zucia. Przedstawione urzadzenie pozwala na przyspieszone badania materiatéw
wykorzystywanych do wypetnien stomatologicznych. W pracy zamieszczono takze
przyktadowe wyniki badan uszkodzen z¢héw podczas symulowanej eksploatacji.

HROMADKO J., MILER P., HONIG V.: Wykorzystanie modelu ruchu pojazdu do
wyznaczania wplywu poszczegélnych pojazdéw na gospodarke i srodowisko; EiN
nr 1/2009, s. 70-72.

Gléwnym tematem pracy jest wykorzystanie modelu ruchu pojazdu do obiektywnego wy-
znaczania oddziatywania poszczegdlnych pojazdow na gospodarke i srodowisko. Pomiar
rzeczywistej emisji substancji szkodliwych i zuzycia paliwa dla pojedynczego pojazdu
moze wigzac si¢ ze zbyt duzymi kosztami. Ceny analizatoréw emisji spalin ksztattuja
si¢ na poziomie okoto 150 000 EU. Istnieje jednak mozliwos¢ posredniego wyznaczenia
rzeczywistej emisji substancji szkodliwych i zuzycia paliwa. Omawiana metoda opiera si¢
na wyznaczaniu przebiegu zmiennosci stopnia obciazenia silnika, jaka mozna przypisa¢
danym wartosciom emisji substancji szkodliwych i zuzycia paliwa. Charakterystyki emisji
silnika i zuzycia paliwa musza by¢ wstgpnie znane. Model ruchu pojazdu wykorzystuje
si¢ do wyznaczania przebiegu zmiennosci stopnia obciazenia silnika.

KATUNIN A., MOCZULSKI W.: The conception of a methodology of degradation
degree evaluation of laminates; EiN nr 1/2009, s. 33-38.

This paper aims at recognizing and classifying faults in laminate elements of machines
and predicting propagation of faults during operation of the element. In the pre-processing
phase we built mathematical models of identification of the first natural frequency for
the plate and beam and then verified it using the frequency numerical analysis based on
FEM and the experiment. During the processing phase the fatigue test must take place.
First the element is analysed in the fatigue numerical analysis in order to identify the
parameters of loading and the number of cycles before crack initialization. Also at this
time we are able to analyse the thermal mechanical coupling. This analysis is needed to
identify the optimal loading frequency in the fatigue experimental test whilst considering
the self-activating temperature between laminas in the laminate evoked by friction. In
fatigue test the loading force, displacements and self-activating temperature are measured
and the number of cycles is counted. Also we can conclude about the influence of the
faults and its propagation to the life cycle of laminate.

KYUREGHYAN K.: Emergency braking of mining hoisting device with the use of
linearly growing value of braking force; EiN nr 1/2009, s. 39-45.

The project presents an analysis of operating condition dynamics of a mining hoisting
device during emergency braking. The emergency braking process has been presented
with the use of mechanical model with consideration to a linearly growing value of
braking force used for Koeppe pulley. On the basis of the mechanical model there was
written a system of wave equations for dislocations & strains of optional cross-sections
of hoisting & balance ropes. The analytical solution of the equations system allows to
determine dependences describing stress in fixed rope sections, value of hoisting rope
load in the point of its aborting the Koepe pulley and minimum time interval te<0;t ) in
which occurs increase of the braking force value.

SEMOTIUK L.: An analysis of the operational characteristics of innovative tool
structures used in high speed rough milling processes; EiN nr 1/2009, s. 46-53.

The development of tooling systems determines changes in the selection of machining
strategies used in machining processes. One example is face milling. The appearance on
the market of plunge cutters has forced the distributors of CAM-type software to introduce
into the appropriate modules a new machining strategy, thus leading to an ever more
frequent use of face cutters in machining processes. The aim of this paper is to compare
the processes of high speed machining that use integral-tooth end milling cutters to those
using plunge milling cutters and to evaluate their operational properties on the basis of
the forces generated in the machined zone.

JUSCINSKI S., PIEKARSKI W.: Outsourcing as a logistics function in distribution
of spare parts for tractors and farm machines; EiN nr 1/2009, s. 54-62.

This article presents the functions of logistics in the process of sale of spare parts for
tractors and farm machines. Problems connected with transport of spare parts have
been described. The conditions of employing outsourcing and the criteria for choice
of transport companies have been discussed. The research concerning the influence of
seasonality on the value of outsourcing in transport services of spare parts for tractors
and farm machines carried out by courier companies have been presented. The value of
seasonal indices for the investigated period has been determined and the distribution of
their changes in the context of soil cultivation carried out according to the calendar of
agricultural operations has been evaluated.

KORDOS P,, HUNICZ J., NIEWCZAS A.:The station designed for accelerated fatigue
tests of dental materials; EiN nr 1/2009, s. 63-69.

The article presents the structure and the principle of operation of the research post
used for the simulation of mechanical and thermal loads which occur in the oral cavity
during the process of chewing. The presented apparatus guarantees accelerated tests of
the materials used in dental fillings. The article additionally presents the examples of
results of the tests the aim of which was to determine the degree of damage in the teeth
during the simulated mastication.

HROMADKO J., MILER P., HONIG V.: The vehicle movement model’s usage to deter-
minate economic and environmental impacts caused by separate vehicle; EiN nr 1/2009,
s. 70-72.

The main topic of the paper is usage of vehicle movement model for objective determina-
tion of economic and environmental impacts caused by separate vehicles. Measurement
of the real production of harmful emissions and fuel consumption on a vehicle might
be too expensive. The price of car emission analyzers are app. around 150 000 EU.
But it is possible to determine the real production of harmful emissions and the fuel
consumption indirectly. A principle of the method is based on determination of engine
load course that is possible to be assigned to the production of harmful emission and the
fuel consumption. Characteristics of the engine’s emissions and the fuel consumption
must be known preliminary. The model of the vehicle movement is used to determine
the engine load course.
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Pawet DROZDZIEL
Leszek KRZYWONOS

OCENA NIEZAWODNOSCI PIERWSZEGO DZIENNEGO ROZRUCHU SILNIKA
0 ZAPLONIE SAMOCZYNNYM W WARUNKACH UZYTKOWANIA POJAZDU

THE ESTIMATION OF THE RELIABILITY OF THE FIRST DAILY DIESEL ENGINE START-UP

DURING ITS OPERATION IN THE VEHICLE

W artykule zaprezentowano opracowany przez autoréw stochastyczny model przebiegu rozruchu silnika samocho-
dowego 0 zapfonie samoczynnym. Przedstawiono zafozenia, ktére w oparciu o analizg zmian predkosci obrotowej
wafu korbowego silnika i natezenia prgdu pobieranego przez rozrusznik, pozwolify wyréznié w przebiegu rozruchu
silnika spalinowego charakterystyczne etapy i zredukowac ciggfg przestrzes stanéw procesu rzeczywistego do zbioru
skosiczonego. Ogoélny model wykorzystano do opisu przebiegu tzw. pierwszego dziennego rozruchu silnika. Przyjmujgc
zafozenie, ze prawdopodobiesistwo znalezienia si¢ w przyszfosci w okreslonym stanie zalezy jedynie od stanu, w ktérym
obiekt znajduje si¢ w chwili obecnej, do opisu matematycznego zastosowano jednorodny dyskretny proces Markowa.
W dalszej czesci artykufu pokazano sposob wyznaczenia macierzy intensywnosci przejscia tego procesu na podsta-
wie wynikow badasi eksploatacyjnych przebiegu rozruchu silnika samochodowego o zap/onie samoczynnym. Ponadto
przedstawiono rozwigzania réwnazi Chapmana-Ko/mogorowa, ktdre pozwalajg oceni¢ prawdopodobieristwo zaist-
nienia udanego pierwszego rozruchu dziennego po upfywie zafozonego czasu jego trwania. W uwagach kosicowych
zasygnalizowano kierunki dalszej ewolucji prezentowanego modelu oraz mozliwosci jego zastosowar: praktycznych
w diagnostyce silnikéw samochodowych.

Stowa kluczowe: rozruch silnika spalinowego o zap/onie samoczynnym, pierwszy dzienny rozruch
silnika, proces Markowa.

This article presents the mathematical model of the course of the diesel engine start-up which is worked out by the
authors. The analysis of the course of the changes of the engine crankshaft angular velocity, as well as of the current
consumed by the starter at the stage of meshing the starter with the crankshaft flywheel allows to enumerate some
characteristic stages and to reduce the continuous space of the real start-up process to the finite set in the course of the
engine start-up. The general model can be used to describe the course of the first daily engine start-up. The authors
accept the assumption, that the probability that the object will occur in the future in the definite state depends only
on the state in which the object is at present. The homogeneous continuous time Markov process can be used for the
mathematical description. In the next part of the article the authors show the manner of determination of the transition
intensity matrix of this process basing on the empirical research of the vehicle diesel engine start-ups. Furthermore the
solutions of the Chapman-Kolmogorov equations, which can allow to estimate the probability of the successful first daily
engine start-up after the definite time of its duration, are shown in the paper. In the summary the directions of the evolution
of the presented model and the possibility of its practical apply in the vehicle engine diagnosis are mentioned.

Keywords: diesel engine start-up, first daily start-up, Markov process.

1. Wstep

Rozruchowi samochodowego silnika o zaptonie samoczyn-
nym towarzysza procesy fizyko-chemiczne, ktére prowadzg do
stopniowej degradacji stanu technicznego silnika oraz nega-
tywnie oddziatujg na srodowisko. Z powodu niedostatecznego
smarowania (spowodowanego przede wszystkim bezwtadno-
$cig ukladu olejenia), duzej lepkosci oleju smarujacego (szcze-

1. Introduction

During the start-up of the vehicle diesel engine, numer-
ous phenomena and processes may be observed which conduct
to consistent worsening of the engine technical state and have
a negative impact on its surroundings. While the engine starts
up, due to the insufficient lubrication caused by inertia in the
lubrication system, the high viscosity of the lubricating oil (par-
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g6lnie w obnizonych temperaturach) oraz zbyt matej predkosci
wzglednej przemieszczajacych si¢ elementéw nastepuje wzrost
intensywnosci zuzywania w parach tribologicznych silnika
[5,6]. Z kolei stabe rozpylenie i odparowanie w cylindrach
silnika pierwszych dawek paliwa wywotuje wypadanie samo-
zaptondéw, a takze niecatkowite i niezupeine spalanie bogatej
w paliwo mieszanki palnej (czego efektem jest zwigkszenie
emisji toksycznych sktadnikéw spalin do atmosfery) [7,8].

Pogarszanie si¢ stanu technicznego silnika wraz z uptywem
czasu eksploatacji prowadzi do wydtuzenia czasu trwania roz-
ruchu, szczegdélnie gdy rozruch wykonywany jest w obnizonej
temperaturze otoczenia. Czas trwania rozruchu jest sygnatem
diagnostycznym, ktdry moze by¢ stosowany w analizie nieza-
wodnosci. ,,Najczystsza” informacje diagnostyczng niosg tzw.
pierwsze dzienne rozruchy silnika. W warunkach eksploata-
cyjnych pierwszy dzienny rozruch silnika wystepuje po trwa-
jacym co najmniej 8 godzin postoju pojazdu na otwartej prze-
strzeni lub w pomieszczeniu garazowym. Temperatura silnika
spalinowego jest wowczas taka sama jak temperatura powietrza
otaczajacego pojazd [1].

W niniejszym artykule przedstawiono model matematycz-
ny przebiegu pierwszego dziennego rozruchu silnika samocho-
dowego o zaptonie samoczynnym oraz pokazano zastosowanie
tego modelu w analizie wynikéw badan eksploatacyjnych roz-
ruchu silnika 4CT90 samochodu LUBLIN. Wynikiem obliczen
jest empiryczna zaleznos¢ prawdopodobienstwa zaistnienia
udanego rozruchu w funkcji dtugosci czasu jego trwania, cha-
rakteryzujaca stan techniczny silnika badanego samochodu.

2. Stochastyczny model przebiegu pierwszego dziennego
rozruchu silnika samochodowego

W opracowanym modelu zatozono, ze w procesie przebie-
gu pierwszego dziennego rozruchu silnika o zaptonie samo-
czynnym mozna wyroznié 6 zasadniczych standw. Stany te opi-
sano kolejnymi liczbami catkowitymi nieujemnymi 0, 1, ..., 5,
w taki sposdb, ze stan ,,0” jest stanem, w ktorym silnik znaj-
duje si¢ w spoczynku, lecz trwaja dziatania przygotowawcze
zwigzane z rozruchem (np. nagrzewanie swiecy zarowej), stany
217,27, .37 1,47 odpowiadaja opisanym w monografii [1]
etapom 1—4 rozruchu, za$ stan ,,5” jest stanem samodzielnego
dziatania silnika. Stan ,,1” rozpoczyna si¢ w chwili sprzegnie-
cia zgbnika rozrusznika elektrycznego z kotem zamachowym
watu korbowego silnika i trwa az do osiggnigcia przez wat sil-
nika niemal statej predkosci obrotowej. Okres napgdzania watu
korbowego silnika przez rozrusznik z prawie stata predkoscia
jest sklasyfikowany jako stan ,,2”. Stan ,,3” to etap wystepo-
wania nieregularnego spalania mieszanki w cylindrach silnika
wraz z przerywang praca rozrusznika. W stanie ,,4” wystepuja
juz tylko same zaptony mieszanki, zas predkos¢ katowa watu
korbowego, po poczatkowym szybkim wzroscie i osiagnieciu
maksimum lokalnego, stabilizuje sie. Przejscie do stanu ,,5”
klasyfikuje si¢ jako udany rozruch silnika [1].

W omawianym modelu przyjeto dopuszczalne przejscia
pomiedzy stanami zgodnie z grafem przedstawionym na rys. 1.
Zatozono ponadto, ze proces przebiegu zmian stanu w czasie
trwania rozruchu spetnia kryteria jednorodnego dyskretnego
procesu Markowa z czasem ciagtym [4].

Zbidr S standw tego procesu jest zbiorem szescioelemen-
towym:

$={0,1,2,3,4,5} (1)

ticularly at low temperatures), as well as too low relative veloc-
ity of its moving parts and the intensity of wear and tear of its
tribological pairs increase [5,6] . During the engine start-up, the
atomizing and vaporization of the fuel may also be too little,
which causes misfiring of the self-ignition, as well as incom-
plete combustion of the air-fuel mixture rich in fuel within the
combustion cylinders. It causes an increased emission of the
toxic components in the exhaust gases to the atmosphere [7,8].

The deterioration in the engine technical state, connected
with the time of the vehicle operation time, conducts to the in-
crease of the time of the engine start-up particularly in lower
temperature of the surrounding. The time of the start-up is a di-
agnostic signal which can be used in the reliability analysis.
The first daily start-up carries the ,,clean” diagnostic infor-
mation. During the vehicle operation the first daily start-up of
the diesel engine takes place after minimum 8-hours vehicle
standstill in the open air or in a building. The temperature of the
first daily start-up of a diesel engine equals the vehicle ambient
temperature [1].

This article presents the mathematical model of the course
of the first daily diesel engine start-up and the application of
this model in the analysis of the results of the empirical research
of the LUBLIN vehicle and its 4CT90 diesel engine. The result
of the calculation is the empirical relationship of the probability
of the appearance of the successful start-up in the function of
its duration, which characterises the technical state of the tested
engine.

2. The stochastic model of the course of the first daily engine
start-up

In this model, it was supposed that in the process of the
course of the first daily diesel engine start-up we can indicate
six essential states. These states describe consecutive non-neg-
ative integers: 0, 1, ..., 5. The state ,,0” is a state of the engine
standstill but some preparatory activities connected with the
start-up last (for example the heating by the pre-ignition plug).
The states ,,1”, ,,2”, ,,3” and ,,4” match the stages of the engine
start-up process which are described in the monograph [1]. The
state ,,5” is the state when the engine works on its own.

The state ,,1” begins when the pinion of the electric starter
couples with the engine crankshaft flywheel. It puts the engine
movable mechanism into motion. The period when the crank-
shaft turns with nearly constant angular velocity with the help
of the starter is classificated as the state ,,2”. During the state
»3”, irregular combustion of air-fuel mixture in the engine cyl-
inders may be observed, as well as the misfiring of the starter
work. The state ,,4” consists of the air-fuel mixture ignitions
alone, as well as the angular velocity of the crankshaft which,
after an initial rapid increase and achieving local maximum,
stabilizes at the constant level [1]. The transition to the state ,,5”
is classified as the successful engine start-up.

In the discussed model the allowed transitions between
states are shown on the graph on the figure 1. The authors as-
sume that the process of the course of the states changes during
the engine start-up meets the criteria of the time-homogeneous
continuous time Markov chain [4].

The set S of possible values of this process consists of six
elements:

$={0,1,2,3,4,5} (1)

MAINTENANCE AND RELIABILITY NR 1/2009 5




NAUKA | TECHNIKA

Niezawodno$¢ rozruchu okreslaja rozktady zmiennych lo-
sowych X(t), t>0 (t-— czas), ktdre moga przyjmowac wartosci
ze zbioru S standw procesu. W jednorodnym procesie Markowa
intensywnosci przejs¢ pomigdzy stanami nie zaleza od czasu.
Zatozenie jednorodnosci jest uzasadnione, jesli rozpatruje si¢
pierwsze dzienne rozruchy silnika w trakcie eksploatacji samo-
chodu. Macierz intensywnosci A procesu pokazanego narys. 1
jest macierza liczbowa:

The reliability of the engine start-up is defined by the di-
stributions of the random variables X(t), t>0 (t— time), which
can receive the values from the S set of the state process. In the
time-homogeneous Markov process the intensity transitions be-
tween states don’t depend on the time. The transition intensity
matrix A of the process, which is shown on the figure 1, is the
numerical matrix:

Rys. 1. Graf przejs¢ jednorodnego dyskretnego procesu Markowa (iij — intensywnos¢ przejscia ze stanu i-tego w stan j-ty, i,j € S, i#]) [2]
Fig. 1. The digraph of the transition of the homogeneous Markov chain (4; — the transition intensity from state i to state j; i,j € S, i#]) [2]

@
ktdrej elementy diagonalne spetniaja zaleznosci:
ieS. 3)
Stad:
}VOO = )01’ 1" = (/‘L 12 13 /114)' /122 ( 20 + /123 +124)’

__(’1 +)” ’134)Y "= (’140 )”45)’ 55

Silniki znajdujace sie w bardzo dobrym stanie technicznym
maja udany pierwszy dzienny rozruch z prawdopodobienstwem
rownym 1. Oznacza to, ze wowczas nie obserwuje si¢ powro-
tow do stanu ,,0” ze stanéw ,,1”, ,,2”, ,,3” i ,,4”. W tym przypad-
ku mozna zatozy¢ a priori, 2 A,,=4, =1, =4,,=0.

Macierz A intensywnosci przejs¢ zawiera wszystkie in-
formacje o probabilistycznych charakterystykach dyskretnego
procesu Markowa {X(t); t>0}, ktorego graf pokazano narys. 1.
W opisywanym modelu przebiegu rozruchu silnika o zaptonie
samoczynnym mozna przyjaé, ze czas T przebywania obiektu
w stanie j-tym przed bezposrednim przejsciem do stanu k-tego
posiada rozktad wyktadniczy z parametrem Ay dla kazdej pary
wskaznikow (j, k) € S2 i j=k. Wartos¢ parametru rozktadu wy-
ktadniczego mozna wyznaczy¢ estymujac wartos¢ oczekiwana
zmiennej losowej Ty gdyz:

O]

the diagonal elements of this matrix (2) perform the formula:
ieS. 3)
S0:

}“00: )01’ 11 (j' +/‘L +/1 +)'14)

Ay =~y + 2 +A3A)

Ay ==+ Ayt 1),
=L+ Ay, 7 2o.

144 77785

The engines which are in very good technical state have the
successful first daily start-up with the probability equal one. It
means that we can’t observe the returns to the state ,,0” from the
states ,,1”, ,,2”, ,,3” and ,,4”. In this case we can assume a priori,
that &, =4, =2, =1, =0.

The transition intensity matrix includes all informations
about the Markov chain probabilistic characteristic {X(t); t>0}
what is shown on the graph from the figure 1. In the considered
model of the diesel engine start-up process we can accept that
the time Ty of the object being in the state j before immediate
transition to the state k is exponentially distributed with the pa-
rameter 2., , for every pair (j, k) € S? and j=k. The value of the
A, can be assigned from the estimation of the expectation value
of the random variable T, because:
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(4)

(E - operator wartosci oczekiwanej). Estymatorem wartosci
oczekiwanej jest srednia arytmetyczna z préby. Stad:

®)

gdzie n jest liczebnoscig préby losowej, zas tjk@ — zmierzonym
w s-tej realizacji czasem przebywania obiektu w stanie j-tym
przed przejsciem bezposrednio do stanu k-tego.

W rozwazanym modelu, wektor prawdopodobienstwa:

P(t) = (P,(t), P,(1), P,(1), P,(), P, (1), Py(1)) (6)

ktorego sktadowe P (t) = Pr{X(t) =i}, i € S, okreslaja prawdo-
podobienstwo przebywania obiektu w stanie i-tym w ustalonej
chwili czasu t (t>0), spetnia réwnanie Chapmana-Kotmogo-
rowa:

U]
przy warunku poczatkowym:
P0)=(1,0,0,0,0,0). (8)

Ponadto w kazdej chwili t>0 czasu trwania rozruchu skta-
dowe wektora P(t) spetniajg warunek normujacy:

©)

Postepujac zgodnie z procedura podang w artykule [2],
otrzymuje si¢ rozwigzanie réwnania (7) w postaci:

P(t) = [B - exp(rt)]", (10)

gdzie symbol MT oznacza transponowana macierz M,

(1)

jest wektorem wartosci wiasnych macierzy A, za$

(12)

jest macierza statych wspdtczynnikéw, jednoznacznie okreslo-
nych przez sktadowe wektora r oraz warunek (8).

(4)

(E - the operator of the expected value). The estimator of the
expected value is average from the trial. That is why:

®)

where n is the number of the random test and t,© is the time
when the object is in the state j before immediate transition to
the state k measured in s realization.

In the considered model the vector of the probability:

P(t) = (P,(1), P,(1), P,(1), P,(0), P, (1), Py(1)) (6)

which components P (t) = Pr{X(t) = i}, i € S, determinate the
probability that the object is in the state i, in the fixed point of
the time t>0, which performs the Chapman-Kolmogorov equ-
ation:

(7
with the initial condition:
P(0)=(1,0,0,0,0,0). (8)

Moreover the components of the vector P(t) in every point
of the start-up time t>0 perform the standard condition:

©)

According to the procedure described in the publication [2],
we can receive the solution of the equation (7) in the form:

P(t) = [B - exp(rt)]", (10)

where the notation MT denotes the transposed matrix M,

(1)

is the eigenvector of the matrix A, whereas

(12)

is the matrix of the constant coefficients, explicitly defined by
the elements of the vector r and condition (8).
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3. Ocena niezawodnos$ci pierwszego dziennego rozruchu
silnika o zaptonie samoczynnym

Zaprezentowany model przebiegu pierwszego dziennego
rozruchu silnika samochodowego o zaptonie samoczynnym
zastosowano do opisu przebiegu rozruchu silnika 4CT90 sa-
mochodu dostawczego marki Lublin. Dane do obliczen uzy-
skano na podstawie nadzorowanych badan eksploatacyjnych
samochodu uzytkowanego w przedsiebiorstwie Poczta Polska
w Lublinie, majacego przebieg 400 000 km [3].

Empiryczng macierz A intensywnosci przejscia procesu
Markowa wyznaczono z zaleznosci (3) i (5). W rozwazanym
przypadku uzyskano macierz:

(13)

(przy liczebnosci préby losowej n = 56 realizacji). Wektorem
wiasnym macierzy (13) jest wektor:

(14)

natomiast macierz B statych wspdtczynnikéw jest rowna:

(15)

Zgodnie z zaleznosciami (9) i (10) prawdopodobienstwo
zaistnienia udanego rozruchu po uptywie czasu t wyraza si¢
wzorem:

P.(t) = 1 —1,089-0% + 0,001-e333% —
—0,001-e-5685 + (,089.-0557t (16)

Wykres zaleznosci (16) przedstawia rys. 2.

Z wyrazenia (16) i wartosci macierzy (13) wynika, ze o dtu-
gosci trwania rozruchu decyduje czas przebywania obiektu
w stanie ,,0” przed bezposrednim przejsciem do stanu ,,1”, de-
cydujacy o intensywnosci 4. Dla badanego pojazdu LUBLIN
czas ten zalezy od czasu podgrzewania silnika przy pomocy
Swiecy zarowej, ktory jest znaczaco dtuzszy niz sumaryczny
czas trwania pozostatych wyrdznionych etapdw rozruchu. Tym

3. Theestimation of the reliability of the first daily diesel engine
start-up

The presented model of the course of the diesel engine start-
up process was applied to describe the first daily engine 4CT90
start-up of the delivery truck LUBLIN which has 400 000 km
mileage. The data for calculation were obtained by the author
during the empirical researches in the Polish Post Branch in
Lublin [3].

The empirical matrix A of the transition intensity of the
Markov process was defined from the equations (3) and (5). In
the considered case the following matrix was obtained:

(13)

(when the numbers of the random sample are n = 56 realiza-
tions). The eigenvector of the matrix (13) is the vector:

(14)

and the matrix B of the constant coefficients is equal:

(15)

According to the relations (9) and (10) the probability of
the appearance of the successful engine start-up after the time
tis equal:

P.(t) = 1 - 1,089-0% + 0,001-e34%3% —
—0,001-e-5685t + (,089.--0557t (16)

The figure 2 shows the graph of the relation (16).

The time of the engine standstill before the direct transi-
tion to the state ,,1” determines the value of the start-up time
what is the result of the relation (16) and the value of the matrix
(13). This time decides on the intensity /. For the investiga-
ted vehicle this time depends on the time of the heating by the
pre-ignition plug of the engine before its start-up. This time is
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nalezy ttumaczy¢ przekroczenie wartosci 0,85 prawdopodo-
bienistwa zaistnienia udanego rozruchu dopiero po 50 sekun-
dach od wigczenia $wiecy zarowej, co mozna zobaczy¢ na
rys. 2.

more significant than the summary times of the other stages of
the engine start-up which occur in the exceed of the 0,85 of the
probability of the successful diesel 4CT90 engine start-up 50 s
after the moment of the pre-ignition plug inclusion (fig. 2).

Rys. 2. Prawdopodobieristwo zaistnienia udanego pierwszego dziennego rozruchu silnika 4CT90 samochodu LUBLIN w funkcji czasu trwania rozruchu

w warunkach nadzorowanej eksploatacji

Fig 2. The probability of the first daily successful diesel 4CT90 engine start-up of the delivery truck LUBLIN in the function of the start-up duration in

the empirical conditions

4. Uwagi koicowe

Opisany w artykule model pierwszego dziennego rozruchu
silnika samochodowego o zaptonie samoczynnym pozwala
na wyznaczenie empirycznej zaleznosci prawdopodobienstwa
udanego rozruchu w zaleznosci od czasu jego trwania dla
obiektdw znajdujacych sie¢ w dobrym stanie technicznym. Uzy-
skana w ten sposéb charakterystyka umozliwia poréwnywanie
stanu technicznego obiektéw tej samej populacji na podstawie
wyrywkowej kontroli czasu trwania rozruchu. W ten sposéb
mozna budowa¢ system oceny stanu technicznego silnikow sa-
mochoddéw tej samej marki, eksploatowanych w tym samym
przedsiebiorstwie transportowym.

Model pierwszego dziennego rozruchu mozna dostosowaé
do opisu sytuacji, w ktorej istnieje niezerowe prawdopodobien-
stwo wystapienia nieudanego rozruchu. Wymaga to wprowa-
dzenia dodatkowego stanu pochtaniajacego, reprezentujacego
nieudany rozruch silnika.

Z naukowego punktu widzenia interesujacym zagadnieniem
jest okreslenie zmian prawdopodobienstwa udanego pierwsze-
go dziennego rozruchu w funkcji czasu trwania rozruchu i tem-
peratury otoczenia. Zaprezentowany w artykule model mozna
zastosowaé do analizy wynikéw doswiadczalnych odpowied-
nio zaplanowanego eksperymentu.

5. References

4. Final remarks

The model of the first daily vehicle diesel engine start-up,
which is described in this paper, allows to determine the empiri-
cal relationship between probability of the successful start-up
in the dependence of its duration for the engines in the proper
technical state. The characteristic obtained in such way allows
to compare the technical state of the object in the same popu-
lation basing on the random control of the time of the engine
start-up. This way we can build the system of estimation of the
technical state of the identical types of engines, which are oper-
ated in the same transport firm.

The model of the first daily engine start-up can be adjusted
to the description of the situation in which the nonzero prob-
ability of the appearance of the unsuccessful engine start-up
exists. It demands that we introduce the additional absorb state,
which represents the unsuccessful engine start-up. The changes
of the value of the probability of the successful first daily en-
gine start-up in the function of its duration and its surrounding
temperature are scientifically very interesting. The model de-
scribed in this paper can be also used for analysis of the results
of the special planned scientific experiment.
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Vladimir HLAVNA

STRUKTURA SYSTEMU POMIAROWEGO NIEKONWENCJONALEGO
OBWODU ENERGETYCZNEGO

A STRUCTURE OF THE MEASUREMENT SYSTEM FOR
A NON-CONVENTIONAL ENERGETIC CIRCUIT

W artykule oméwiono automatyczny systemu pomiarowy, ktéry zastosowano w niekonwencjonalnym obwodzie energe-
tycznym. Podstawg niekonwencjonalnego obwodu energetycznego jest ukfad tréjzmienny, w ktérym silnik spalinowy o za-
pfonie samoczynnym jest podstawowym Zrodfem energii. System ten produkuje energie elektryczng i energie ciep/g na
trzech poziomych termicznych. Opisany system jest niekonwencjonalny poniewaz zastosowano niekonwencjonalny obwad
ch/odzenia silnika spalinowego, ktory zaprojektowano jako termokompresor dla absorpcji ciep/a z tego obwodu.

Stowa kluczowe: niekonwencjonalny system energetyczny, system pomiarowy, niekonwencjonalny
silnik spalinowy.

The paper deals with an automated measuring system implemented in a non-conventional energetic circuit. The basis
of a non-conventional energetic circuit is a trivalent system in which the ignition combustion engine is the source of
primary energy. The system produces electric and thermal energy at three thermal levels. The system is referred to as
non-conventional because of the non-conventional cooling circuit of the combustion engine which has been designed
as a thermo compressor for absorptive cooling circulation.

Keywords: non-conventional energetic system, measurement system, non-conventional combustion engine.

1. Introduction

The aim of using energy contained in fuel in a more effec-
tive way together with the aim of reducing negative impact of
“waste heat” produced by a combustion engine on the environ-
ment have led to the use of cogeneration and three-generation
equipment.

Within the framework of the basic research task funded by
the Agency for Support of Research and Development of Slo-
vakia we have been solving the problem of a more efficient
non-conventional usage of the part of energy taken away by the
combustion engine cooling system for the production of cold.
This type of combustion engine is simply referred to as the
cooling engine. The preliminary scheme of the solved adsorp-
tion refrigerant system is illustrated in Fig. 1 and a view of an
actual functional laboratory sample can be seen in Fig. 2.

Fig. 2. A view of an actual functional laboratory sample

2. Measurement system

Construction work of the energetic plant with a non-conven-
tional combustion engine has already started. The measurement
system of the equipment is to be assembled soon. All important
quantities on parts of the energetic system will be measured in order
to evaluate the engine working state, temperature distribution, pres-
sure distribution and thermal balance of the system [5]. The quanti-
ties measured on the combustion engine are as follows:

- torque by a strain-gauge sensor of the force,

- rotational speed of the combustion engine crankshaft by
the incremental sensor position (which has 3600 impulses
per revolution),

- temperatures measured by thermocouples of K and J ty-

Fig. 1. Preliminary scheme of the solved adsorption refrigerant system pes: temperature of intake air, temperature of oil, tempe-
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rature of cooling liquid in the inlet and outlet, tempera-
ture of compressed air behind the blower, temperature of
exhaust gasses in front of and behind the turbine,

- pressures: atmospheric pressure, air pressure behind the
blower, pressure differences on the flow meter diaphragm
in the inlet piping, pressure in the lubricating system,

- the fuel pump control rod position,

- fuel consumption measured by the mass method (measu-
rement of consumption time).

The quantities measured on the refrigerant circuit are fol-
lowing [3]:

- flow of the LiBr cooling liquid,

- temperatures in all important places for evaluation of the
thermal balance using thermocouples of K type,

- under-pressure in the desorber that functions of a vapo-
rizer,

- pressure of cooling liquid in the engine in a place behind
the electric pump.

A scheme of the measurement system of the non conven-
tional energetic unit is illustrated in Fig. 3. The basic scheme of
the non-conventional energetic unit with a cooling combustion
engine is illustrated in Fig. 4.

The special software for computer measurements and con-
trol of the test bench was developed. The work was divided into
two stages [5]:

1%t stage (debugging of the problems regarding data acquisi-
tion). To begin with it was necessary for the measurement
software to be able to record at least the following data:

- analog inputs on measurement cards (engine torque, tem-
peratures, pressures, voltage),
- digital input from the incremental sensor of rotation.

Fig. 3. Scheme of the measurement system of a non conventional ener-
getic unit [5]

Fig. 4. Basic scheme of excellent laboratory unique sample of the non-conventional energetic unit with marked locations of sensors [5]
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In the first stage the software has to meet the following
more detailed specifications:

1.1. The software must allow for choice of a suitable sampling
rate in order to enable the following:
- measurement of steady modes of the engine
where a low sampling rate is sufficient,
- measurement of very fast dynamic modes, such as an en-
gine run down, engine run up where a high sampling rate
is necessary.

The sampling rate would be optional for instances in an in-
terval from 0.2 Hz to 20 kHz.

1.2. There must be a choice of the impulse number for evalua-
tion of the crankshaft running speed. The used sensor has
3600 impulses per one revolution. This demand is similar
to the one mentioned above.

- When unevenness of the crankshaft running will be me-
asured, the running speed must be evaluated very fast.

- For measurement of the steady state a higher impulse
number would be sufficient for the engine speed evalu-
ation.

1.3. The software must allow for defining ranges of measured
temperatures, pressures and so on.

1.4. The software must allow for saving measured data on the
disk in a suitable format, for instance “xIs” or
“csv”, to enable additional manipulation with
data.

1.5. The software would enable to determine appro-
priate quantities from the measured data.

For instance, the engine power from the torque and
rotational speed, air flow from the measured pressure
difference on diaphragm, reduction of the measured
parameters onto normal conditions, etc.

2" stage (debugging of the problems regarding con-
trol). After the first stage has been successfully
completed the issue of control is to be dealt with:

2.1. Evaluation and control of fuel consumption
measurement (measurement of the consumption
time on the base of impulses from weight, fuel
valve control, change of the fuel mass for mea-
surement). On the base of the fuel heat value the
software will directly calculate a specific fuel
consumption and overall efficiency of the en-
gine.

maintain the constant engine speed (on the base
of the real measured value),

maintain the constant engine torque.

2.3. The software should be able to control and mea-
sure the pump fuel rod.

2.4. The software should be able to statistically pro-
cess the quantities.

2.5. The software should be able to control the whole
test by the given procedure. The modes and their
duration will be defined before the measure-
ment.

3. Experiment

For the purpose of further analysis and verification of spre-
ading and distribution of temperatures not only in parts of the
cooling engine but also in the all non-conventional energetic
system some comparative measurements on the laboratory
sample were carried out under the following conditions:

- the whole system was filled with the original cooling liquid,

- the sampling frequency was 2 Hz,

- the fixed testing regime of the engine in the interval of

650-5800s,

- the specific engine output in the interval of 5900 -6 100,

- the maximum engine torque in the interval of 6 180 —

6270s,

- the engine idle run in the interval of 6 300 -6 630 s,

- the stopping of engine in 6 650 s,

- the system inertia observed in the interval of 6 650 —

12 000s.

The basic time characteristics of revolutions and torque as
well as of some temperatures and sub- pressures taken in the
marked locations according to Fig. 4 are shown in Fig. 5. For
the purpose of identification of temperatures in different loca-
tions of the system some shots made by a thermo camera were
recorded during the experiment, see an example illustrated in
Fig. 6.

Fig. 5. Time characteristics of parameters during experiment [6]
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Fig. 6. Athermo camera shot of the cooling engine and part of energetic circuit and of evaporator [6]

4.Conclusion

The experiment has shown that the designed and construc- rification of the non conventional energetic system parameters
ted diagnostic system is reliable. The fact that the system is but, due to its adaptability, also for diagnostics of other energe-
open allows for its extension or reduction in compliance with tic machinery and equipment.

requirements and tests. The system can be used not only for ve-
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ANALIZA ODDZIALYWANIA MIEDZY POJAZDEM A NAWIERZCHNIA
DLA CELOW KLASYFIKACJI IRI W RAMACH SLEOWACKIEGO PMS

AN ANALYSIS OF VEHICLE-ROAD SURFACE INTERACTION
FOR CLASSIFICATION OF IRI IN THE FRAME OF SLOVAK PMS

Réwnos¢ jest jednym z podstawowych czynnikéw jakosci nawierzchni. Stanowi ona charakterystyke stanu drogi, jak
réwniez bezpieczesistwa na drodze i komfortu jazdy. Nieréwnosci podfuzne powodujg niedogodnosci w ruchu dro-
gowym i niebezpieczerstwo zmniejszenia oddzialywania migdzy kofami a nawierzchnig. Wymienione aspekty zostasy
wzigte pod uwage w analizie poziomow klasyfikacji w ramach sfowackiego PMS. Symulacje réznych warunkéw brzego-
wych podczas diagnostyki nawierzchni miafy na celu przede wszystkim zbadanie wp/ywu nieréwnosci na pojazd, a co
za tym idzie, na komfort jazdy. Z drugiej strony, wpfyw nieréwnosci na oddziafywanie migdzy nawierzchnig a kofem
stanowi# podstawowe kryterium oceny z punktu widzenia bezpieczeristwa. Przedmiotem artykuZu jest obserwacja i oce-
na opisanych parametréw podczas przeprowadzonych symulacji i pomiaréw eksperymentalnych. Do symulacji uzyto
dynamicznych charakterystyk prawdziwych pojazdéw.

Stowa kluczowe: stan drogi, nawierzchnia, réwnos¢, bezpieczeristwo na drodze, niedogodnosci.

Road evenness is one from basic factors of the pavement quality. It represents the characteristic of the road serviceabi-
lity but also road safety and comfortable. The longitudinal unevenness causes the traffic discomfort and danger of the
wheel-pavement interaction decreasing. Listed aspects were taken into account for analyze of classification levels in
frame of the Slovak PMS. The simulations of different boundary conditions during pavement surface diagnostics were
oriented above all to the response of unevenness to the vehicle and to the ride comfort consequently. On the other hand
an effect of unevenness to interaction between surface and wheel was the basic criteria of evaluation from safety point
of view. The paper is oriented to the observation and evaluation described parameters during realized simulations and
experimental measurements. For simulations were used dynamic characteristics of real vehicles.

Keywords: road serviceability, pavement, evenness, road safety, discomfort.

1. Introduction possibility to determine modulus of pavement layers to
calculate residual pavement life and overlay.

- The technology of pavement rehabilitation is chosen ac-
cording to all the parameters. Evaluation of these variable
parameters (except surface failures) in scope of the Slo-
vak PMS and basic principles of PMS are presented in the
next part of the paper.

In the next part of the paper are presented correlations of
international established dynamic quantifiers of longitudinal
unevenness. Following ascertained correlations of parameter C
and IRI (International Roughness Index) and new legal regu-
lations has been modified a classification scale of IRI used in

The Slovak Pavement Management System (PMS) [7] is
a tool for effective dividing of budget for the management of
road rehabilitation. The system includes processes for effective
maintenance, repairs and renewal of the road surface and struc-
ture. The processes are based on diagnostics of the pavement
surface parameters (serviceability level of pavement) and bear-
ing capacity. These parameters input into PMS as follows:

- Surface failures - input by Index of surface deterioration
(ISD) describing ratio of failures area to surface area.
Evaluation criteria include five levels of quality (from ex-
cellent to emergency).

- Longitudinal unevenness - input by International Rough- Slovakia.
ness Index (IRI) describing longitudinal unevenness qual-
ity in five levels. 2. International Roughness Index - IRI

- Transversal unevenness - input by RUFS d_epth represents Parameter IRI is obtained using the Reference Quarter Car
the transversal unevenness. The quality is evaluated in Simulation (RQCS) according to [5] and Fig. 1.

five levels scale as for longitudinal unevenness.

- Skid resistance - input by Skid Resistance Index (SRI)
describing skid resistance in relation to microtexture and
macrotexture quality. The methodology of quality evalua-

This mathematical model is defined mathematically by two
second-order differential equations:

tion uses three levels of assessment. @
- Bearing capacity uses deflection bowls measured by FWD
Kuab as an input for the program CANUV that gives the 2
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Fig. 1. The Reference Quarter Car Simulation

This system we can express:
®)
(4)

Where: ms, My — weight of the sprung mass and the unsprung
mass [kg], ks ki — constant of the linear spring and the tire
[KN.m"]: C¢ - * coefficient of linear damper [kN.s.m]: Zg, 7 -
dlsplacement of the sprung and he unsprung mass [m]

, - vertical velocity of the sprung/
unsprung mass [m.s], — ver-
tical acceleration of the sprung/unsprung mass [m.s?], y(t) —
profile elevation input [m]

Equations (1) - (4) apply for temporal domain. We solve this
model in linear domain, know real longitudinal profile per 0.25
m, Whereupon we must find a vector of spatial derivations -Z'(x)

= (2, 2, 25, 2,). The values of this vector are calculated as:

®)
(6)
)
®)

The presented system can be expressed in the following
matrix form:

Z(X) i :§'Z(X) G-y T R- Y('i) (9)

Where.zT(X) (Z Ji? 2|’ 3|’ 4|) (Z’SI; ”3|’ u|’ )_(dZ /
dx; d’z_/dx; dz /dx dzz /dx) vector of spatial derlvatlons
S- state transmon matr|x4 4, R — partial response matrix 1 x4,
Yy, — slope input, i — present step, i-1 — previous time step.

The differential equations (7) - (10) can be expressed in the
following matrix form:

(10)

Where: =(dz /dt,d?z /dt,dz /dt,?z /dt)
-vector of temporal derivations

- additive vector of temporal deriva-
tions.

(1)

(12)

For a constant length of the step, on which y’(i) is a con-
stant, the S and R matrices can be computed from the A and B
matrices:

(13)
(14)
Where:
dt(s)=dx(m).3600(s/h).0,001(km/m)/ v(kph)  (15)
1 - identity matrix 4 x4

The algorithm for evaluation of longitudinal unevenness —
IRI KCS, according to original methods [5], has been created in
Microsoft Excel 97. This program goes out equations (1)-(15)
and one consists of next steps:

Calculation of profile slope input - the profile slope input
is computed for every measuring point (we must known eleva-
tions of longitudinal profile per 0.25 m):

Yo=(y -y )ld i=23...N (16)
@-1) (i)

Where: y'(i)— smoothed profile slope input, Yo - elevation of
longitudinal profile [m], dx — measurement interval dx = b =
0,25 m.

Computation of the vector of spatial derivations Z(x)
the computatlon of vector ZT(x)( @,:7,52,:,)=(@ 7
1z .i ) 1s realised by equation (15):

s,i

UI’

Where:
S — state transition matrix 4 *4, R — partial response matrix 1 x4,
i — present step, i-1 — previous time step

Determination of the corrected profile slope
Ti=(@ -z) i=2,3,...,N @17
3i 1i
Calculation of the parameter IRI - IRI represents arith-
metic average of the corrected slope. Values of parameter IRI

can be appreciated for window of a discretionary length (conve-
niently 1, 10, 20, 100 m - Fig.2 right).

(18)

16 EkspLoaTAcJA | NiIEZAWODNOSC NR 1/2009




SCIENCE AND TECHNOLOGY

Fig. 2. Corrected profile slope per 0,25 m and original parameter IRI
(left) and IRI appreciated for window 10, 20 and 100 m (right)

3. Verification of RQCS model

The measuring set called the Single-Wheel Vehicle of the
University of Zilina (Slovak abbr. JP VSDS) was designed on
the DMS (double-mass measuring set) principle. This equip-
ment represents a model of a quarter of the passenger vehicle
and its basic parts are presented in Fig.3. The equations of mo-
tion for dynamic model JP VSDS according to Fig. 3 are as
follows:

(19)
(20)

In the case of small vibrations (4,, ¢, < 5°) the vertical di-
splacements are given by relations x, = .4, and x, = L,¢,. The
force f, in Eq. 19 means the force effect of suspension spring
and damper onto the mass m, in the direct of its vertical axle.
On the base of moment equation to the cardan joint, the force f,,
could be expressed as follows:

1)

Similar, the force f, in Eq. 20 presents the force reduction
effect on the mass m, in direct of its vertical axle:

(22)

The equations of motion for small vibrations are given after
substituting the Egs. 21, 22 into Egs. 19,20 by:

Fig. 3. Single-Wheel Vehicle of the University of Zilina

(23)

(24)

In fact, we do not measure acceleration on the mass m, but
on the accelerometer placed on the sprung mass in the distance
of tyre vertical axle, see Fig. 3. From this point of view it is ne-
cessary to rewrite the equations of motion. The vertical displa-
cement (velocity, acceleration) of mass m, can be expressed as a
function of geometry and displacement (velocity, acceleration)
of accelerometer as follows:

(25)

After substituting Eq. 25 into Egs. 23 and 24 we can rewrite
these relations as:

(26)
@)

Following the equations (19) — (27) were calculated dyna-
mic responses of sprung mass of JP VSDS indicated by speed
control bump — type CZ 8 — Fig.4.

The simulated responses were calculated in the algorithm
IRI - KCS. The measured accelerations were obtained by trans-
ducer B 12/200 of the HBM company (intensive by circle in
Fig.3) - an inductive type of a scanner of a working frequency
0 - 100 Hz and sensibility of 0 - 200 m.s2. The comparison me-
asured and simulated accelerations can be seen in Fig.5.
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Fig. 4. Measuring set JP VSDS and speed control bump — type CZ 8

Fig. 5. Comparison of measured and simulated dynamic response of
sprung mass of JP VSDS indicated by speed control bump —
type CZ 8

4. Power spectral density of longitudinal unevenness

The discretionary evaluated road sections, which are homo-
genous from the point of view of construction and degradation
conditions, can be evaluated through the medium theory of sta-
tionary random process. This type of random process can be
best characterized by a correlation function or power spectral
density (PSD). The correlation function K (2) for this type of
process is expressed in linear domain by equation

(28)

Where: A - linear lag [m], E, - expected value of stochastic
unevenness; E, =0, h(l) - stochastic unevenness, f,(h,,h,) - com-
bination density of expectation.

Stochastic unevenness is computed as a difference betwe-
en a real and theoretical profile. In our case we must identify
elevations of longitudinal profile per 0.25 m and longitudinal
unevenness are evaluated through the standardized correlation
function p, (4) (left hand side of Fig.6).

Fig. 6. Standardized correlation function and PSD of stochastic une-
venness

For the purpose of unevenness assessment it is more appro-
priate to use power spectral density (PSD) S,(€2) (right hand
side of Fig.6), which can be expressed from the correlation
function by means of Wiener Chinchine equation:

(30)

Where: D, - dispersion of an stochastic unevenness [m?],
Q - angular spatial frequency [rad.m],

)

L - unevenness wavelength [m].

The unevenness degree C [rad.m.10€] of an evaluated road
section is expressed from the basic relation [9] that was modi-
fied for our mode of unevenness identification by JP VSDS.

(32)

Where: D, - dispersion of sprung mass acceleration — left hand
side of Fig.3 [m2.s-4], | - parameter of dynamic transfer [rad-
153], C - unevenness degree — right hand side of Fig.3 [rad.m],
v, - digital values of a measured velocity — right hand side of
Fig.3 [m.s-1]
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Fig. 7. Vertical acceleration indicated by speed control bump and ride
speed (left hand side of Fig.7) and parameter C evaluated by JP
VDS

4. Correlations between unevenness parameters C and IRI

The correlations between unevenness parameters C and IRI
(International Roughness Index) have been determined for a
consideration of theoretical dynamical response of RQCS (Re-
ference Quarter Car Simulation) [8] and experimental measure-
ments (Fig. 8 and 9).

Fig. 8. Correlations of unevenness parameters C and IRIC a IRI for
ride speed 90 kph

Fig. 9. Correlations of unevenness parameters C and IRIC a IRI for
ride speed 130 kph

The comparison of our correlation dependences (roads -
ride speed of 90 kph and highways of 130 kph) with results of
the Second International PIARC-WRA experiment (including
FILTER programme) [3,8] can be seen in Fig. 10.

Fig. 10. Comparison of Slovak and World-wide correlation dependen-
ces between unevenness degree C and IRI

5. The criteria of unevenness evaluating by IRI

The criteria are base on described theoretical principles,
and on the request of traffic safety and ride comfort assurance.
The ride comfort described by vertical acceleration of sprung
mass of vehicle a, and the safety described by vertical dynamic
strength F, on the contact of the wheel with pavement surface
are described in next. The simulation of the crossing of a half
car model on generated harmonized unevenness as a random
unevenness on real roads, measured by Profilograph GE, were
realized for determination of the relation between longitudinal
unevenness and ride comfort (safety, respectively). The values
of maximal acceleration of the vehicle body characterizing ride
discomfort occasioned by unevenness were compared accor-
ding to Slovak standard STN ISO 2631-1.

The calculations and simulations were executed by using of
the special software developed in University of Zilina [1] and
with the CarSim Education program developed in University
of Michigan [9]. The vehicle parameters correspond to Skoda
Felicia car what is widespread in Slovakia.

The response depended on amplitude and wavelength by
three ride speeds were detected for harmonized unevenness
generated by simulation and described by IRI. Three maximal
speeds permitted on the Slovak roads were used. The results
for speed 90 kph will describe. From Fig.11 is definite, which
wavelength activated maximal oscillation of the vehicle.

There are the wavelengths that are the most unfavourable
for passenger comfort. For declared vehicle and speed 90 kph,
itis 2.3 mand 18 m. For 60 kph speed, itis 2.1 mand 12 m and
for 130 kph speed 3.3 m and 27 m. The model response on har-
monize unevenness is linearly depending on amplitude value.
The relation between vehicle response and IRI was evaluated in
next. The relation between acceleration a, and IRI, correspon-
ding presented wavelengths with amplitude A=1 cm and speed
90 kph are showed in Fig. 12.

Following to analyze we can claim the values of the ve-
hicle body acceleration increases with growing of IRI only to
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Fig. 11. The dependency between acceleration, wavelengths and am-
plitudes for 90 kph speed

Fig. 12. The dependency between acceleration, wavelength, and IRI
for 90 km/h speed

specific point. This point corresponds to specific wavelengths
depended on the speed. Decreasing tendency despite of IRI
growing was observed after this point. On the Fig. 7 are these
relations extensive about next points, which responsive higher
amplitudes. The relation tendency shows a basic trend of points
that delimited an area of maximal discomfort by minimal IRI
values. The line by basic points group was interleaved for de-
termination of the relation between IRl and a,. The other points
lying below tendency are irrelevant from comfort evaluation
point of view. The upper values of IRI respond the lower values
of the response. The points above this group (by speed 60 kph)
respond the great wavelengths (more than 30 m), which do not
exist on the roads with maximal speed 60 kph. Therefore, we
can ignore them.

The Fig. 13 shows determined relation between IRI and ve-
hicle response characterized by vertical acceleration a,, found
from a fitted line equation of basic tendency of the points.

The points out of basic tendency confirm that equal value of
IRI can describes more unevenness evocated different respon-
se. These points have identical amplitude but different wave-
length, what means lower value of acceleration for higher IRI.
The visible is also that during high speeds a shining oscillation
of the vehicle origins for low IRI value. This fact is determined
by overvaluation of the short wavelengths and undervaluation
the longer wavelengths by reference model of a car quarter. In
addition, IRI is calculated for speed 80 kph so for higher spe-
ed the differences are more (Fig. 14). However, we must take
into consideration that the simulation was realized for harmonic
unevenness that occur in real condition in minimal range.

Fig. 13. The relation of acceleration on IRI for 90 kph

Fig. 14. The comparison of response for different speeds of reference
and real model

According to obtained relations, the scale of IRI evaluation
depends on safety and comfortable was analyzed. The results
show that critical rank of evaluation of real response to uneven-
ness is wavelengths corresponding with resonant frequency of
car unsprung mass. The reference model declares lower values
of acceleration of the sprung mass as real car model. The values
are two times more for speed 90 kph and four times more for
speed 130 kph. Depend on analysis of the harmonic uneven-
ness, the simulations realized on the real road sections was ta-
king into account for design of IRI classification scale.

The important characteristic of ride safety from point of
view of longitudinal unevenness is the vertical strength F, on
the contact between vehicle and surface. The moment of mini-
mal value was observed. The determined relation is presented
on Fig. 15.

Fig. 15. The dependency of dynamic strength F, on IRI for speed 90
km/h
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The strength F, has decreasing tendency with increasing of
IRI. The different values of F, for identical IRI value are po-
ssible to achieve alike for acceleration. During simulation of
harmonic unevenness and speed 60 kph the loss of contact does
not occur. On the other hand, during speed 90 kph and 130 kph
the F, achieved the zero value yet for low IRI values. The dan-
ger is not only a loss of contact but a low intensity of F, too. An
intensity of the vertical strength has influence to the stability of
a car in horizontal curve and to the breaking distance, too. The
differences are determined by characteristics of the reference
model. In this case, the generally valid relation is not possible
to establish because each vehicle has different weight so also
different press strength of axle to the road surface. Depend on
presented results the new classification scale for IRI evaluation
in frame of Slovak PMS was proposed (Table 1).

Tab.1 The proposal of classification scale of IRI

IRl [m/km]
Classification scale Urban roads Roads Highways and
expressways
1 <5 <4 <3
2 5-10 4-8 3-6
3 > 10 >8 >6

7. Preferences

6. Conclusions

Presented results are based on the data sample that contents
the real conditions. The research activity on problems of the
interaction between vehicle and surface continues. The analy-
ses of unevenness and skid resistance are in process for results
improving. The verification of the models is verified by next
measurements and simulations. The aim of the research is gene-
ralization of relation between IRI and vehicle response.
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Anna TIMOFIEJCZUK

KODOWANIE CECH SYGNALOW W SYSTEMIE WNIOSKOWANIA DIAGNOSTYCZNEGO

SIGNAL FEATURE ENCODING IN AN INFERENCE DIAGNOSTIC SYSTEM

W referacie opisano czes¢ badari, ktdrych celem jest zastosowanie wnioskowania diagnostycznego z uwzglednieniem
kontekstu. Zgodnie z opracowanym podejsciem konteksty dziafania obiektu mogg by¢ identyfikowane z zastosowa-
niem algorytméw ewolucyjnych. Jednym z najistotniejszych czynnikéw zastosowania tych algorytméw jest odpowiednie
przygotowanie danych wejsciowych. W referacie opisano opracowane sposoby kodowania dla trzech rodzajoéw cech
sygnafow. Przykfady zastosowania opisanych sposob6w kodowania zastosowano dla sygna/ow zarejestrowanych pod-
czas dziafania stanowiska modelujgcego dziafanie maszyny wirnikowe;.

Stowa kluczowe: kodowanie, algorytm genetyczny, analiza sygnaZow.

In the paper a part of research focused on context based diagnostic inference has been presented. According to the
elaborated approach contexts of machinery operation can be identified with the use of evolutionary algorithms. One
of most important factors of the application of such algorithms is a proper form of input data. In the paper encoding
of three different types of signal features have been discussed. Examples of elaborated notations have been applied to

signals recorded during operation of a model of rotating machinery.
Keywords: encoding, genetic algorithm, signal analysis.

1. Introduction

Data acquired during observation of a technical object
(e.g. vibration, noise) can be analyzed by means of different
methods. As results one usually obtains huge sets of features.
To extract the knowledge enclosed in the features different ap-
proaches are possible to be applied. Examples are evolutionary
algorithms. In this case results of vibration analysis have to be
encoded in forms of individuals.

In the paper a part of research focused on context based dia-
gnostic inference has been presented. According to the elabo-
rated approach contexts of machinery operation (e.g. particular
properties, states or conditions) can be identified with the use of
evolutionary algorithms.

It is important that results of analysis can be gathered in
form of different functions. They are often not directly com-
parable. In the paper three types of features have been taken
into account. They are respectively time functions (e.g. rms or
mean values estimated in time), trajectories representing displa-
cements of the centre of a shaft and time-frequency characteri-
stics (e.g. spectrograms or scalograms). All of them are repre-
sented by means of series of elaborated approaches and they are
considered and encoded within given time periods. The main
assumption of elaborated algorithms was to preserve values of
the features as well as characteristic changes.

In the paper procedures of signal feature encoding have
been presented. Examples of encoding have been based on
experiments performed with the use of signals recorded during
operation of a laboratory stand that models operation of rotating
machinery. Some ways of evaluation of encoding, its correct-
ness as well as sensitivity to different phenomena have been
indicated. Presented algorithms have been based on known
approaches described in the next point. The applied encoding
required special ways of evolutionary operations, which have
been discussed in the last point.

2. Related encoding applied in evolutionary algorithms

In evolutionary algorithms individuals representing input
data and potential solutions are encoded by individual genoty-
pes (Fig.1). In most cases the genotype has a structure of a sin-
gle chromosome. Such encoding is called haploidal [3,5,6,7].
Encoding of one genotype by means of two or more chromoso-
mes is called diploidal.

Fig. 1. Structure of a diploidal genotype

In case of simple genetic algorithms the most applied way
of encoding is binary one. Data are replaced by values of two
element set <0,1>. There are also different manners of encoding
that are based on sets of real numbers or symbols. The follo-
wing procedure of transformation of data into binary codes are
being commonly applied [1-3, 6-8]:

1. binary notation being often used for natural number;

numbers are transformed according to the following
relation [8]:

where: x; is a value being encoded, such as x.e[a,b,]€R,
n, is a number of bits used for encoding, and s; repre-
sents consecutive bit numbers,
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2. according to the following relation [8]:

where: [a,4,bin] represents the code, o is a bit represen-
ting the sign of the logarithmic function, g is the sign of
a power of the power function and bin is a value of the
power encoded in the form of binary notation.

The logarithmic encoding is usually applied in order to de-
crease the length of genotype chains. Among other approaches
one should enumerate:
- permutation encoding; data are represented by numbers
and symbols included in an alphabet (e.g. [1,4,*,+,]) [7],

- encoding by means of real numbers; data are transformed
into genotypes without any special processing; such ope-
ration can be expressed by, x,=v,eR" where: x; is a value of
asingle gene and v, is a value of given data.

A way of data encoding depends on a kind and quantity of
data as well as required accuracy of encoding. Genetic operations
are strongly related to the applied notation. The more complica-
ted encoding the more advanced genetic procedures are required
to be applied. Taking into account these procedures one can state
that the simplest notation is the binary one. However, in many
examples such notation can not be applied because of huge sets
of parameters that are necessary to be encoded. The application
of the binary notation causes that genotypes are being very long.
Decrease of encoding accuracy (lower number of bits used to en-
code a given value) leads to the loss of information about data. In
the bibliography [1, 2, 7] there are two rules of data encoding:

- a notation should be selected in such the way that reflex
data properties and genotypes of different data are signi-
ficantly different,

- an alphabet used for coding should be possibly the smal-
lest one; elements of this alphabet should express encoded
data without changing their nature.

3. Types of input data

The data, which have been put through encoding were re-
sults of analysis of vibration signals. The analysis have been
based on different methods. Three different types of signal fe-
atures have been considered (Fig. 2):

- | type — one parameter function (e.g. time); features repre-

sented by means of vectors;

- 1l type — two parameter function (e.g. time and frequen-
cy); features represented by means of matrix,

- 111 type — trajectories of motion of a point in the establi-
shed space; the trajectory is estimated within time func-
tion; feature recorded as two column matrix.

4. Encoding algrotihms

According to some assumptions, the way of encoding sho-
uld let us to process obtained codes with the use of evolutionary
algorithms. In case of the research related to analysis of signals
by means of different domain methods, the fundamental diffi-
culty is to elaborate one consistent notation of genotypes. Three
individual approaches to estimated signal features have been
elaborated. Their codes are elements of genotypes. Examples
of elaborated procedures have been presented for features of
signals recorded during operation of a laboratory stand which is
a simple model of rotating machinery.

4.1. | type feature encoding

Examples of the | type feature are time functions. In this
case, depending on the signal analysis as well as signal type
(variability and non-stationarity) different encoding procedures
are possible to be applied. This data encoding is described in
the bibliography [1, 2, 8]. Two examples of features (mean va-
lues in time function) of this type have been shown in Fig. 3.

They are differ in a change character and range of values hey
are equal to. The left plot is an example of two state signal. In
such case the simplest form of binary notation can be used, such
as [b1,b2] where: bl is the first and b2 the last value within se-
lected interval and [b1,b2]e<1,0>. Taking into account results
of analysis of vibrations recorded during operation of rotating
machinery one may state that signal features of two state signal
type appear very rarely. Such signal are often observed during
observation of different objects, especially such machines that
were also a subject of investigations described within the first
point. The binary notation presented above is often not enough
to encode some data. In the previous point there have been pre-
sented more advanced cases of data transformation into binary
chromosomes. The notation in the form of two values can be
only applied in the case of two state signals or signals that can
be transformed to such signals without significant loss of infor-
mation. However, in this case of encoding lengths of consid-
ered intervals was crucial.

Fig. 2. Signal feature encoding
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Fig. 3. Examples of | type features

In case of the signal shown on the right side of Fig. 3 more
complex notation was necessary to be applied. The most impor-
tant thing was to determine such notation that reflex change char-
acter and tendency within encoded interval of signal feature.

As a result of the investigations related to numerous ways
of data encoding a notation based on four real values has been
accepted. A general scheme of such notation has been shown
in Fig. 4. In this case the first, second, maximal and minimal
values have been assumed to be consecutive gene values of the
chromosome representing the considered interval. Some exam-
ples of such encoding have been presented in Fig. 5.

Fig. 4. Scheme of real numbers based encoding

Fig. 5. Examples of real number based encoding of mean values esti-
mated as time functions

Such notation makes it possible to preserve the information
about the magnitude of the change as well as it character. The chro-
mosome has the following form [r1=x(0), r2=x(T), r3=max(x),
r4=min(x)] where r1, r2, r3, r4eR. Such notation did not exhaust
all possibilities to be applied. However, the performed encoding
study has shown that such code is the shortest from different nota-
tion which are able to reflect characteristics of analyzed data.

4.2. |l type feature encoding

Examples of the I1 type signal features are results of short
time Fourier transform. They are usually presented in the form

of time-frequency characteristics [11, 13] (Fig. 6). Such featu-
res are being represented by means of matrix in which the row
number corresponds to spectra, and column number is equal to
frequency bands.

Fig. 6. Example of 1l type feature

The interpretation of time-frequency characteristics leads ma-

inly in identification and estimation of such particular areas as:

- narrowband harmonics characterized by constant frequen-
cies (e.g. components generated by elements rotating with
constant rotation speed),

- broadband harmonics characterized by varying frequen-
cies (e.g. components generated by elements rotating with
varying rotating speed)

- narrowband noise (e.g. effect of operation of other objects
within neighborhood of the observed one),

- resonances appearing as increases of magnitudes of nar-
rowband harmonics,

- periodic impacts appearing as several regular wideband
components,

- random impacts that appear as single wideband compo-
nents.

Identification of enumerated areas can be based on two ap-

proaches:

- quantitative procedures, which result in estimation of va-
lues of frequencies and magnitudes of identified compo-
nents,

- qualitative procedures that lets us only to identify the
presence of these components and a degree of their do-
minance within the set of all distinguished areas of the
characteristics.

In most cases the second approach can be applied in order
to determine changes of technical state of the object. It was as-
sumed that the time-frequency characteristics has been treated
as an image [12]. According to this assumption all procedures
are aimed at identification of lines and some areas that fulfill
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determined requirements. Placement and orientation of the lines
and areas have been also estimated. In order to make it possible
to apply methods of image analysis some additional procedure
of image processing had to be applied. They were equalization
of histogram of color resolution (in order to distinguish unclear
components; the left side of Fig. 7) and transformation of the
characteristics into black and white image (threshold operation
were applied; the right side of Fig. 7). The threshold value was
established experimentally and was equal to 80% of maximal of
power determined for whole characteristics.

Images being results of listed procedures were put thro-
ugh three different methods of image analysis. Results of the
methods are three different sets of features. The methods have
been based on scanning operation. Directions of scanning have
been shown in Fig. 8.

Scanning was performed along:

- time axis; arrow number 1,

- frequency axis; arrow number 2,

Fig. 7. Results of processing and transformation of Il type features

- sections whose ends were point laying on time axis (the
point have been indicated by markers); arc number 3.

4.2.1. Algorithm |

In case of this algorithm the following results have be ob-
tained (Fig. 9):
- averaged intersection of characteristics (arrow number 1),
- averaged intersection of characteristics (arrow number 2),
- averaged intersection of characteristic estimated along
sections determined by the arc number 3.

In order to determine numbers of narrow and wide compo-
nents these intersections have been analyzed A chromosome re-
sulting from this algorithm has the following form [t1, t2, f1, f2,
s1,s2] t1,t2, f1, f2, s1, s2 e<0,N> where: t1, f1, s1 are numbers
of wideband components, and t2, f2, s2 numbers of narrowband
components estimated on the basis of intersection from Fig. 9.

4.2.2. Algorithm I

The algorithm has been also based on the same scanning
operations. However, in this case only two intersections (1 and
2) have been taken into consideration. Basing on them some
statistical measures have been estimated. Series of values such
as change, shape, kurtosis, pick, impulse coefficients as well

Fig. 8. Schema of scanning procedures

Fig. 9. Results of scanning application Algorithm |
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as standard deviation have been tested. They are often used to
estimate a degree and kind of variability. The sensitivity ana-
lysis has been performed. On the basis of its results the set of
enumerated coefficients has been decreased into four values es-
timated for one intersection. Exemplary result of such analysis
has been shown in Fig. 11. Values of non-dimensional measures
have been presented as bar plots. Standard deviation has been
placed above corresponding plots.

In this case a chromosome has the form of the code: form
[k1, s1, krl, osl, k2, s2, kr2, 0s2] k1, s1, krl, osl, k2, s2, kr2,
0s2 R where: K, s, kr, 0s are shape, pick, kurtisis factors and
standard deviation values, numbers 1 and 2 are related to two
analyzed intersections.

Fig. 10. Variability measures estimated according to Algorithm 11

4.2.3. Algorithm Il

According to the algorithm results of scanning have been
not averaged intersection but distinguished intersection. Exam-
ples of intersections which correspond to dominant components
and areas have been presented in such Fig. 11.

Fig. 11. Distinguished intersection of the characteristics

Number 1 indicates a narrowband components of constant
frequency which has been encoded be means of two values,
frequency and mean magnitude. Broadband components (result
of impact) has been indicated by number 2. It is encoded by me-

ans of time moment, and mean magnitude. Number 3 indicates
component of varying frequency, which has been represented
by initial and final values of frequency and men magnitude. A
chromosome which is composition of the notation has the fol-
lowing form [f1, a1, t2, a2, f31, f32, a3], f1, al, t2, a2, 31, f32,
a3eR where: (f1,al), (t2,a2) and (f31,f32,a3) are values cor-
responding to consecutive components. Consideration of only
one components in each intersection can not make it possible to
determine all phenomena which are reflected in characteristics
(e.g. periodic impacts, resonances). However, taking into acco-
unt high number of components such codes lead to significant
decrease of the length of chromosomes.

4.3. lll type feature encoding

An example of the Il type feature is a trajectory of move-
ments of a point estimated as time functions. The trajectory was
evaluated on the basis of values of displacements recorded as
two channel signal. Displacements were reiterated in two mutu-
ally perpendicular directions. Trajectories are being interpreted
by means of different measures. Typical estimators are [4, 14]
dimensions, spin direction, angular placement related to assu-
med axes, period and shape.

Trajectories estimated during observation of rotating ma-
chinery are usually averaged. An approach proposed in the
paper assumed that they were not averaged what makes po-
ssible to reveal some additional changes in machinery opera-
tion. Trajectories have been represented by four values, which
correspond to diagonals (the shortest and longest) for each of
two perpendicular directions. In order to estimate these values
trajectories were put to operation shown in Fig. 13. Numbers
1-4 carry information about trajectory dimensions and shape.
The chromosome representing a trajectory has the form of four
number code [al, a2, b1, b2] al, a2, b1, b2 R where: (al,a2),
(b1,b2) are the longest and shortest diagonals in horizontal and
vertical positions.

Fig. 12. Examples of the 11l type features and their notations

5. Final genotype structures and their further processing

During the experiments two vibration signals were registe-
red. The signals were analyzed within selected time periods. For
these intervals mean values as time functions, time-frequency
characteristics and trajectories were evaluated. Signal features
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were encoded by means of algorithms described in the paper.
The final genotype structure has the following form:

OV=[FI1| FI2| FII1| FI2|FIl], where OV means ob-
servation vector, FI1 and FI2 are codes of the | type features
obtained for two signals, FII1 and FI12 are codes of the Il type
feature and FIlI is a code obtained for trajectories, which is an
example of mutual feature of two signals. In this case the length
of the whole genotype is 24 genes. It should be stressed that
such notation let us to preserve specific characteristic changes
and trends of estimated features as well as extract them out of
the features.

The genotypes, in the form presented above, are put through
clasterization, which is based on PCM (Possibilistic C-Means)
algorithm [8]. As results fuzzy clusters are being obtained that
are treated as exemplary observations and are gathered within
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an example base. According to the assumption related to con-
text identification and consideration [9, 10], these examples can
be treated as associations which are most specific contexts of
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tion, especially crossover and mutation had to be elaborated.
Identified contexts provide us with the information about so
called “about context” knowledge and “in context” knowledge
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types processing briefly described above have been subjects of
further works.
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KOMPLEKSOWE BADANIA ELEMENTOW SYSTEMU SPREZAJACEGO JAKO PODSTAWA

BEZPIECZENSTWA SPREZONEJ KONSTRUKCII

COMPLEX TESTING OF THE PRESTRESSING SYSTEM ELEMENTS AS THE BASE
OF PRESTRESSED STRUCTURE SAFETY

Artykuf jest kontynuacjq problematyki prezentowanej w artykule ,,O potrzebie monitorowania procesu sprezania konstruk-
cji mostowych™. Opisany system monitorowania i rejestracji przebieg6w sif sprezajgcych i wydfuzer by/ przeznaczony do
pracy w fazie wytwarzania konstrukcji (podczas procesu sprezania). Zapewnienie jakosci i bezpieczeristwa sprezonej kon-
strukcji wymaga réwniez prowadzenia badasi elementow systemu sprezajgcego. Kazdy z element6w sprezajgcego systemu
ma wp#yw na jakos¢é konstrukcji, ale niektore z tych elementéw majg decydujgce znaczenie. Rodzaje i metodologia takich
badasi sq prezentowane w ETAG 13. Jednak prowadzenie takich badaz wymaga skomplikowanego stanowiska badawcze-
go. Artyku/ prezentuje konstrukcje elementow systemu sprezajgcego ASIN oraz szczegdfowe badania wynikajgce z instruk-
cji zawartych w ETAG 13. Instrukcje te obejmujg badania zakotwies: badania wytrzyma/osci statycznej, badania wytrzy-
ma/osci zmeczeniowej, badania poslizgu, badania strat sify sprezajgcej wynikajgcych z tarcia. Oprdcz badas zakotwier,
badania powinny objg¢ réwniez: ciggna, osfony kanaZow, specjalne materiafy do wypeZnienia wewnetrznych przestrze-
ni kanafowych. Stanowisko badawcze zosta/o zbudowane do prowadzenia takich badasi. Wytyczne zawarte w ETAG 13
okreslajg oceng przydatnosci systemu sprezajgcego. Na tym polu istotnymi czynnikami sg: wytrzyma/osé mechaniczna,
bezpieczeristwo z zapewnieniem bezpieczeristwa pozarowego, ochrona zdrowia, ochrona srodowiska, 0szczednos¢ energii.
System sprezania ASIN, ktory zostaZ opracowany przez pracownikéw Katedry Automatyzacji Procesow speZnia wymaga-
nia ETAG 13. Przykfadowe wyniki badasi tego systemu z ich oceng sq prezentowane w artykule.

Stowa kluczowe: konstrukcje sprezone, system sprezania, monitorowanie.

This article is a continuation of the problem presented in article “About the need of the monitoring of the bridge con-
struction prestressing process”. The described system of the monitoring and registration of a prestressing forces and
elongations courses was destined to the building stage (during prestressing process). A quality and safety assurance of the
prestressed structure require also a leading of the testing of prestressing system elements. Each of the elements of prestres-
sing system have influence on the structure quality but some of it have main meaning. A kind and a methodology of such
testing are presented in ETAG 13. The leading of such complex research requires a sophisticated laboratory stand. This
article presents the elements structures of ASIN prestressing system as well as the detailed researches according to ETAG
13 instructions. This instructions contain a anchorage testing: static strength researches, fatigue strength researches,
a slop researches, a researches of force losses from friction. Apart from anchorage testing, researches should also contain
a testing of the cable, a testing of the canals shields, a testing of the shield pipes, a testing of the special material to a filling
of internal canals space. The laboratory stand was built to the leading of such complex testing. The instructions of ETAG
13 define the assessment of the suitability of the prestressing system. In this field the most important factors are following:
a mechanical strength, a system safety with fire safety assurance, a health protection, a environment protection, a energy
saving. ASIN prestressing system, which was elaborated by employees of Department of Process Control, fulfil ETAG 13
requirements. A exemplary researches results with its assessments are presented in this article.

Keywords: prestressing, post-tensioning system, monitoring.

1. Introduction

Works on sliding and prestressing of pre- and post-ten-
sioned concrete constructions original technology are leading
in Department of Process Control since 1992. Intensive basic
researches resulted in creating of system which includes both
tensioning and transporting units as well as interacting with
them grips and anchorage series of types. In connection with si-
gning by Poland, European Committee association agreement,
as a precondition of prestressing technology development is
existence of research laboratory allowing to carrying out static
and fatigue tests of all system components. Because testing of

anchor blocks of one type in laboratories of Western Europe
concerns are very expensive, so that there were decision about
making proper research laboratory.

2. Research of the elements of prestressing system
2.1. Static load tests

The anchored tendon (fig. 1) is stressed at one end with repre-
sentative equipment comparable to the one used on construction site
in steps corresponding to 20%, 40%,60% and 80% of the character-
istic tensile strength of the tensile elements. The load is increased at
a constant rate corresponding to about 100 MPa per minute.
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At 80% level, the load is transferred from the equipment
to the anchorage and test rig. It is then held constant at 80%
level for one and two hours for internal and external tendons,
respectively.

Subsequently, the load is gradually increased for both ten-
don types with the test rig to failure at a maximum strain rate of
0.002 per minute till tendon scarifying [4].

Fig. 1. Slides in the anchorage: a) anchorage before prestressing,
b) anchorage after prestressing

2.2. Fatigue tests

The test shall be performed in a tensile testing machine with
the pulsator at a constant load frequency of not more than 10
Hz, and with a constant upper load of 65% of the characteristic
strength of the tensile elements.

Range of loads 4F = max F - min F shall be maintained con-
stant throughout the testing, at levels corresponding to 80 MPa
stress amplitude in the tensile elements for 2 million cycles.

2.3. Load transfer to the structure

Specimen (fig. 2) is loaded by steps: 0.2 Fpk, 0.4 Fpk, 0.6
Fpk, and 0.8 Fpk.

Fig. 2. Test specimen for load transfer test

Fig. 3. Course of specimen load

After reaching the load 0.8 Fpk at least ten slow load cycles
are to be performed, with 0.8 Fpk and 0.12 Fpk being the upper
and the lower load limits, respectively (fig. 3).

Following cyclic loading, the specimen shall be loaded con-
tinuously to failure [4]. Measuring set-up for load transfer test
is shown in fig. 4.

2.4. Test forfriction losses in anchorages

The test specimen shall consist of a prismatic concrete beam
(or another device) including the tensile elements, anchorage
components including bearing plate, anchor head, wedges or as
applicable for other methods of anchoring the tensile elements,
etc as well as the jacks and manometers.

The test specimen is assembled in the rig machine accor-
ding to the envisaged application using the components neces-
sary for anchoring the tendon.

At least three successive loading and unloading cycles will
be done, with the jack in its open/middle/closed position, re-
spectively. The linear regression shall be determined from the
20% load level to the maximum load [4].

3. Elements of ASIN system ASIN

3.1. Anchors and anchor blocks

On the basis of Ayre model of contact effect of system
string — anchoring jaw — bushing(disc) using the MES environ-
ment series of anchors and grips adjustment for post-tensioned
technology for series of strings &7.8, &12.5, &15.5 [6]. Exem-
plary anchoring block is shown in fig. 5 and its application in
the bridge construction building is shown in fig. 6.

Fig. 4. Measuring set-up for load transfer test
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3.2.

Fig. 5. Anchor blocks

Fig. 6. Application in bridge construction

Tensioning and transporting devices

Exemplary prestressing device is shown in fig. 7 and its appli-

cation i

n the bridge construction building is shown in fig. 8 [6].

Fig. 7. Multi-cables press: 1 — major piston, 2 — cylinder, 3 — succor

3.3.

pistons, 4 — front block, 5 — front rosette, 6 — back rosette, 7 —
disc of disanchor pistons, 8 — disc of inner jaws, 9 — pistons of
the anchor external jaws (in the anchor  block), 10 — respite,
11 - sensor of the protrusion of piston

Hydraulic driving and control unit

Requirements and assumptions:

w

Fig. 8. Application in bridge construction

ability of steering of tensioning speed,

ability of stabilizing of the force in the tendon at a given
level,

ability of choosing the way of steering, e-g: manual,
servo-automatic, automatic (depending on the require-
ment),

ability of the registration of the selected parameters of
work.

The hydraulic unit, which fulfill mentioned above assump-

tion is shown in fig. 9 and its application in the bridge construc-
tion building is shown in fig. 10 [6].

Fig. 9. Hydraulic unit

1. ability of fluent steering of the aggregate’s efficiency,

2. ability of steering of the working sequences from aggre- ) o )
gate UNTM 13, Fig. 10. Application in bridge construction
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4. Laboratory stand

Taking assumptions of fulfilling conditions included in va-
lid standards during project stage for laboratory stand were the
basic problem. Those requirements apply not only to construc-
tion of the stand but also stand working conditions. In accor-
ding with recommendations of research institutes looking after
laboratory certification assumptions and working conditions
were established:

- construction should transmit force of ca. 8000kN, what is
imposing by the force needed to break full cable (in our
case for 19 strings with maximum breaking force 350kN),

- maximum linear displacement of the stand during maxi-
mum load shouldn’t exceed 0.8mm,

- stand driving system (hydraulic unit) should be charac-
terized by chokeless type of work (energy saving system
—according to 1SO 14000),

- stand construction and instrumentation should allow to
lead static and dynamic (fatigue) tests of prestressing sys-
tems with needed precision.

On the basis of the above assumptions laboratory stand,

which scheme is shown at figure 11 and 12, were design and
made [5].

Fig. 11. Schema of laboratory stand: 1- body,2- hydraulic cylinders,
3 —moving disc

Fig. 12. General view of the test stand for pre-tensioned

5. Laboratory research

Testing of force distribution in the cable is conducted by

individual sensors ts20 (fig.13).

Fig. 13. View of sensor localization

Strength researches of the anchoring block was conducted
at the design level of new anchoring blocks. Exemplary resear-
ched anchoring block is shown in fig. 14.

Fig. 14. Distribution of the force in cable

Individual anchorage of ASIN 45 with the force sensor of
TS20 were set up at active side of laboratory stand. Anchoring
block of ASIN 13 was set up at passive side of laboratory stand.
13 strand of characteristic load capacity of 279 kN were used in
this research. Jaws in grips were preliminary anchored by force
of 10 kN. Extensometers of EA-06-120LZ-120 were glued on
the anchoring block (fig. 15). The extensometers were connec-
ted to full bridge system and were connected with measurement
system of Spider 8. The value of stresses, which were obtained
in the research are presented in fig. 16.

Fig. 15. Research of the anchoring block

Fig. 16. Distribution of stresses in the anchoring block
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Obtained laboratory results of stresses were used to a verifi-
cation of a simulation model of the anchoring block, which was
made in FEM [2] (fig. 17).

Fig. 17. Distribution of stresses in the anchoring block

Tracing of the prestressing force losses, which were caused
by a friction between cable and shield, was made in real con-
struction (fig. 18), which enables a taking into consideration
real conditions during prestressing process.

Fig. 18. Research of the prestressing force losses

The researches include the measurements of the forces at pas-
sive and active sides. Coefficients of the frictions for a linear seg-
ments and bends were defined by iterative method [1,3] (fig. 19).

7. References

Fig. 19. Distribution of prestressing force losses

6. Conclusions

1. The quality of the prestressing system elements decides
about an operating characteristics of prestressed struc-
ture. This quality can be checked by specific testings:

- testing of the static strength of anchorage-jaw-tendon
system,

- fatigue testing

- testing of system characteristics such as: friction co-
efficients, slides, prestressing devices characteristics.

2. Testing of elements of prestressing systems (such as
static load testing ) can be a base of prestressed con-
struction safety if this testings are conducted in the
conditions simulating work of tested elements in real
constructions.

3. Creation of such conditions demand building special
stands. These stands have to enable an obtaining of
high values of parameters, for example: force needed to
testing anchorage is dependant on a number of tendon
which are anchored. The needed force to scarifying one
tendon amounts to 350 kN. Hence, if the research inc-
ludes the testing of anchorage of 31, the needed force
amounts to 31 x 350 kN = 10850 kN.
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KONCEPCJA METODOLOGII OCENY STOPNIA DEGRADACJI LAMINATOW

THE CONCEPTION OF A METHODOLOGY OF DEGRADATION DEGREE
EVALUATION OF LAMINATES

Praca dotyczy detekcji i identyfikacji uszkodzes w elementach maszyn z laminatéw oraz prognozowania ich propagacji
podczas pracy elementu. Rozpatruje si¢ dwa przypadki uszkodzesi: delaminacje i nieciggfosé widkien zbrojgeych. Przy
modelowaniu rozpartuje si¢ dwa przypadki modeli: p#yte kofowg utwierdzong na brzegu oraz belke wspornikowg.
Materiafem modeli oraz prébek jest transwersalnie izotropowy laminat. W piewszej fazie badas sq¢ budowane modele
matematyczne dla identyfikacji czestosci podstawowej drgas dla péyty i belki i weryfikowane na podstawie modeli MES
oraz eksperymentu. W kolejnej fazie badas najpierw jest przeprowadzana analiza zmeczeniowa belki dla okreslenia
parametréw obcigzenia i liczby cykli do wystgpienia uszkodzes. Budowany jest takze model numeryczny do termome-
chanicznej analizy sprzgzonej w celu identyfikacji optymalnej czestosci wymuszenia w tescie zmeczeniowym z uwzgled-
nieniem temperatury samowzbudnej powstajgcej migdzy warstwami na skutek tarcia. Podczas testu zmeczeniowego
jest mierzona sifa wymuszenia, przemieszczenia i temperatura samowzbudna, a tazle zliczana jest liczba cykli. Na
podstawie badaz mozna wnioskowac o wplywie uszkodzer i ich propagacji na cykl zycia laminatu.

Stowa kluczowe: diagnostyka laminatéw, modelowanie MES, temperatura samowzbudna.

This paper aims at recognizing and classifying faults in laminate elements of machines and predicting propagation of
faults during operation of the element. In the pre-processing phase we built mathematical models of identification of
the first natural frequency for the plate and beam and then verified it using the frequency numerical analysis based on
FEM and the experiment. During the processing phase the fatigue test must take place. First the element is analysed
in the fatigue numerical analysis in order to identify the parameters of loading and the number of cycles before crack
initialization. Also at this time we are able to analyse the thermal mechanical coupling. This analysis is needed to iden-
tify the optimal loading frequency in the fatigue experimental test whilst considering the self-activating temperature
between laminas in the laminate evoked by friction. In fatigue test the loading force, displacements and self-activating
temperature are measured and the number of cycles is counted. Also we can conclude about the influence of the faults

and its propagation to the life cycle of laminate.

Keywords: diagnosis of laminates, FEM modelling, self-activating temperature.

1. Introduction

The laminates are used in many different branches like
automotive, aerospace, shipbuilding etc. Nowadays, laminate
materials are used even for most responsible parts of machinery
and equipment, such as fan blades of turbojet engines, propeller
blades, basic parts of car bodies, and other. Therefore, their be-
havior in different conditions, especially in varying application
environment and workloads, must be predictable. This problem
becomes more complicated, when the part concerned contains
defects and faults. It is necessary to decide whether the part
must be repaired or it must be substituted. The decisions could
be made in situations, when the rheological properties and be-
havior of composite material and parts made of it are sufficien-
tly well known.

Therefore, we need to carryout a comprehensive research
involving several tests. In this paper we focus our attention on
modeling natural frequency of vibrations, fundamental fatigue
test and detecting the character of variability of self-activating
temperature in the laminate of exemplary design. These factors
are involved in the most important criteria for evaluating the
life cycle of investigated laminate.

The paper is organized as follows. In the next section we
deal with problem description, taking into account a particular

design of the laminate composite. Further on, we give an ove-
rview of techniques used to-date for detecting faults in lamina-
tes. Then we provide an outline of the own method of detecting
faults in the laminates, which combines two approaches: the
experimental one and the other complementary one taking ad-
vantage of modeling the behavior by means of FEM. Then we
present selected results obtained in the course of investigations
in the Department. Finally, we conclude and give some ideas
concerning future work.

2. Problem description

The subject of research is the 24-layered symmetric lami-
nate with epoxy matrix and glass fiber reinforcement. The ma-
terial model of it is transversal isotropic or “in-plane”: layers
of laminate can be described by structural formula [0/60/-60/-
60/60/0],. This model gives some mechanical and technolo-
gical advantages and permits to construct composite elements
easier with no loosing the stiffness and lightweight of construc-
tion. Also, the transversal isotropic model can be described by
comparatively simple mathematical model, which allows sim-
ply describing the behavior of the composite material..

The modern composite parts are becoming “intelligent
structures”, which can be understood as a structure capable of

MAINTENANCE AND RELIABILITY NR 1/2009 33




NAUKA | TECHNIKA

carrying out measurements, and actuating systems, sometimes
— operating systems, which gives the opportunity of autonomo-
us reaction to loading of the elements. The newest integrated
systems can even prevent the faults and its propagation using
the influence on material stiffness and even damping.

The research problem, which the authors are going to di-
scuss in this paper concerned answers to the questions as fol-
lows:

1. Which methods and techniques can be used for detec-

tion and location of faults in composite parts?

2. How the degradation degree of the investigated element

during its exploitation can be evaluated?

The subject of research is to try defining the methodology

with some additional conditions as follows:

- The methods and techniques used must give the opportu-
nity to detect the degradation of composite elements and
possibly must be non-destructive;

- The element under evaluation should operate in its normal
way.

3. Techniques used to-date

Mechanical degradation processes of polymer composites
are conduced to changing the material structure in local and
global ranges. These changes have different forms: cracks of
matrix and reinforcement, adhesive cracks, delaminations etc.
The plastic deformations, changing the properties of composi-
te elements can also take place. In case of degradation caused
by long-term static and fatigue loading with approximately ho-
mogenous distribution over the volume of the part, changes of
structure cover large areas. The propagation can be observed
in a macroscopic scale. Decrease of stiffness coefficients and
strength factors and increase of friction characteristics may take
place.

The degradation degree evaluation can be processed by [1]:

- measurement of values of material stiffness coefficients,

- measurement of geometrical characteristics of dominated

crack types,

- evaluation of permanent strength and fatigue.

The oldest method for controlling composite parts quality
is tap test consisting in knocking the composite by special hum-
mer and interpreting the obtained response. It gives the oppor-
tunity to detect voids in structure. The sensitivity of the method
decreases with increasing depth of fault [6].

The next group of methods, which is used for detection of
faults in composites, is created by ultrasound resonance techni-
ques based on resonance vibrations measurement of the inve-
stigated structure. A piezoelectric sensor is activated for vibra-
tions by sinusoidal tension and leads into material continuous
wave, which repulse from its surface and is being amplified
or damped. The amplitude and phase of vibrations on the sur-
face of material depends on stiffness module and thickness of
material under sensor. In case when delamination takes place
the effective thickness of material decreases, which changes the
amplitude and phase of the vibrations. These changes can be
observed by the measurement system as a change of electrical
impedance of the piezoelectric sensor. By scaling the system
on the specimens it could be possible to define the range of vi-
bration parameters for acceptable and inacceptable areas of the
composite. Sensitivity and accuracy of the method decreased
with increasing depth of faults under surface [6].

The newest techniques in composite research are thermo-
graphy and inteferometry. The thermography method is based
on impulse heating the composite surface and observing the
changes of temperature distribution on surface using termovi-
sion camera. Areas, which contain delaminations, loose heat
slowly. Based on distribution and dynamics of changes it can
be possible to localize dimensions and depth of delaminations
and other types of faults [6].

Interferometric techniques are based on laser light interfe-
rence for showing small deformations of material surface under
constraint mechanical loads influence. The typical method of
loading composite materials consists in creating an underpres-
sure on the surface using special suckers. In consequence pres-
sure differences between pressure inside delaminations and air
outside composite areas are swelled. Those deformations can
be illustrated on holographic images by series of interference
peaks around swelled areas. The thermographic and interfero-
metric techniques can be successfully applied for control me-
asurement. Its fundamental advantage is a possibility of quick
research of large single-sided available areas without the need
to breakup elements.

4. Conception of proceeding

The two types of models are considered: a thin circular
clamped plate and cantilever beam, which were made from
24-layered epoxy based composite whose layers have been ro-
tated according to the global coordinate system.

In investigated research the following algorithm of pro-
ceeding is proposed. In the pre-processing phase natural fre-
quencies of vibrations of the investigated models based on
a theoretical model (using Cauchy’s influence function method
for the plate and Timoshenko’s formulas for the beam) were
investigated. Then, obtained results were compared with the
ones obtained using the numerical model based on FEM and
the experimental results. FEM modeling was accomplished in
MSC.Patran/Nastran. The models were created using 2D shell
elements and material properties were defined in the Laminate
Modeler module, which transforms inputted material constants
and angles of rotating to the whole material. In the experiment
the natural frequencies of model were identified using piezo-
electric sensor placed in the center of the plate and on the ac-
tuation pipe in the beam case and computer vibrations analy-
zer KSD-400 with PC. Also in the experiment the problem of
detecting faults was investigated. The experimental faults are
assessed and if the first natural frequency value is near the the-
oretical value of the natural frequency it can be concluded that
the faults do not occur in the tested element. However, if the
values significantly differ then the research must be continued
to reveal reasons of the differences.

In the processing phase the fatigue test must take place.
Firstly, the fatigue numerical analysis was carried out in order
to locate the most subjected faults places. The fatigue module
from CosmosWorks was used for the analysis. The beam was
modeled as one solid, and material properties were averaged.
During the complete simulation corresponding to 107 cycles the
model was subject to the point load. The self-activated tempera-
ture in the laminate was also investigated. The respective model
was prepared and analyzed in MSC.Marc/Mentat. There were
24 deformable bodies (modeled as laminate laminas) with “to-
uching” contact, which allows to model displacements between
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the laminas and friction between them. Contact with friction
was based on the stick-slip method and Coulomb model. Ma-
terial properties were defined using the anisotropic model by
respective definition of the matrix of elastic coefficients. It al-
lows defining true transversal isotropic material for the model.
Then, the model was meshed using solid elements with shell
properties for eliminating big differences between element di-
mensions. Mechanical boundary conditions were defined as
a fixed displacement on the first side of the beam and a varying
sinusoidal force on the other side. Thermal boundary conditions
were defined as plastic heat generation. Then, initial conditions
were defined as the initial temperature 293 K for the whole
model. The analysis type was defined as thermo-mechanically
coupled and calculations were made using the full Newton-Ra-
phson iterative algorithm. After this research the fatigue test has
been carried out. In this test we measured the temperature conti-
nuously using a termovision camera, loading force measured by
a force gauge, and determined material properties using a laser
scanning vibrometer and modal analysis. A crack and its propa-
gation is discovered using ultrasound measurements.

In the post-processing phase we can conclude about and
evaluate degradation degree of the investigated laminate. The
data from modeling and experiments is the basis for creating
a new fatigue mathematical model with consideration of faults
propagation and self-activating temperature.

5. Results obtained to-date

In the research the analytical model of natural frequency
vibrations for transversal isotropic plate was developed. The
clamped circular plate with the radius R, flexural rigidity D,
and constant thickness was considered (in isotropic case) [3]:

)

v — Poisson’s ratio, E — Young’s flexural modulus.

The investigation of free axi-symmetrical vibrations of
a plate consists of the boundary problem [3]:

@)
uR)=0 u'(R)=0 (3)
(4)
where: u — flexural amplitude, u=u(r), p — density, w — frequen-
cy parameter.

In the transversal isotropy case the flexural rigidity (1) be-
comes a matrix (5) [2]:

®)

where [8]:
(6)
where z is a distance from the investigated lamina to the axis

of symmetry of the laminate. The elasticity matrix Q can be
displayed as:

U]

When angles of rotation were taken into consideration we
had to use the cosines matrix, which transforms material pro-
perties for tho layers into direction different that 0°.

®)

After taking into consideration formulas (5)-(8) it can be
possible to obtain the dependence for rigidity of a lamina (9):
©9)
and the rigidity of the whole laminate [4]:

(10)

which can be presented as a sum of averaged rigidities of lami-
nas. Finally, the first natural frequency can be calculated as:

(11)

For the cantilever beam the Timoshenko’s formulas were
used [7]:

(12)

where: L is a length of the beam. L = a.

(13)
(14)

Then, analytical models were verified using FEM.
Normal modes maps are shown in Fig. 1. and Fig. 2.

Then, results of the models were verified experimen-
tally using resonance method, computer vibration ana-
lyzer and FFT method. Results of comparison are shown
in Table 1.

Table 1. Comparison of obtained results

Units f., [Hz] f,, [Hz] f. [Hz] A[%]
Plate 213,46 220,91 218,95 2,57
Beam 17,824 17,534 17,996 0,96
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Fig. 1. Map of the normal mode of the laminate plate
In the experiment natural frequencies of samples with and
without faults were investigated. Results are shown in Table 2
and Table 3.

Tab. 2. Comparison of the experimental results of the plate

Without faults With faults Error
f, [Hz] f, [Hz] A[%]
218,95 236,94 822

Then, the results from fatigue numerical analysis were ob-
tained. The life cycle map is shown in Fig. 3.

The glass transition temperature of epoxy of a laminate was
obtained using DSC 822¢ Mettler Toledo by differential scan-
ning calorimetry method. An analysis showed, that the first
glass transition temperature of epoxy is equal to 54,09 °C.

Based on these results the numerical thermo-mechanical
coupled analysis was carried out. The aim of the analysis was
to investigate the character of increasing the self-activating
temperature to the glass transition temperature and to evaluate
the number of cycles to the transition. The number of time steps

Fig. 2. Map of the normal mode of the laminate beam

in the analysis was 4000, corresponding to 1000 seconds and
processed in 26090 computational cycles. In the Fig. 4. the map
of the self-activating temperature after 1000 seconds was pre-
sented and in Fig. 5. the temperature increasing of each lamina
was shown (node numbers are equaled to maximal temperature
in laminas).

After analysis an increase of the temperature to 293,08 K
was observed. As the results show, we cannot make any conc-
lusions based on this temperature. Furthermore, the analysis
itself requires very long time to complete, thus it is infeasible
for the computer resources available to the authors. Therefore,
an approximation of the obtained results was needed. For the
approximation the Optimization model from Maple was used.
We took into consideration the maximal obtained temperature
(in the 6" layer). Then, the obtained results were inputted to
Maple workspace and the approximation function was modeled
by formula (15) [5]:

T=a-bexp(-cn) (15)

where: a, b, ¢ — constants, n — number of cycles.

Tab. 3. Comparison of the experimental results of the beam

Without faults Delami-nation Fiber discontin. Errorf, - f,, Errorf, - f,,
f, [Hz] f,,[Hz] fo[HZ] A, [%] A, [%]
17,996 22,994 26,993 27,77 49,99

Fig. 3. Life cycle fatigue map of the laminate beam

Fig. 4. Map of self-activating temperature after 1000 seconds
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Fig. 5. Temperature increasing in laminas after 1000 seconds

After generation of residues the LLSolve function, was
applied, which approximates using least squares method. The
obtained characteristics was presented by formula (16) and il-
lustrated in Fig. 6.

T=327,04-34,04exp(-0,000024n) (16)

Then, the approximation results were compared with the
results obtained from numerical modeling. The maximal error
was near 0,02% (Fig. 7).

The glass transition temperature was achieved after appro-
ximately 560000 cycles based on approximation model.

6. Summary and conclusions

The subjects of research were two composite structures:
circular clamped plate and cantilever beam. Both the theore-
tical models and samples from transversal isotropic laminate
were investigated.

Comparison of natural frequencies of vibrations of the plate
and beam presented in Table 1. shows, that errors of comparison
between theoretical and experimental results are low: 2,57% in
the plate case and 0,96% in the beam case. Therefore, the pre-
sented theoretical model can be applied for obtaining natural
frequencies of the models. Also, it can be applied for detecting
faults in laminates, however, the theoretical model cannot be
applicable for microfaults, because it needs a different method
of signal processing, e.g. Wavelet transform.

The point of fatigue numerical analysis is to identify load
condition and the number of cycles when cracks initiation takes
place.

The results obtained from DSC analysis show that the first
glass transition temperature is approximately low for the inve-
stigated laminate. After the glass transition the rheological mo-
del changes from elastic to viscoelastic one. For the laminate the
transition point can be often a critical work border. However,
many parts of machines work in conditions, when the transition

Fig. 6. Self-activating temperature characteristics obtained by means of approximation
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Fig. 7. Approximation error

takes place. Therefore, it is necessary to know the behavior of
laminate during self-activating temperature increase, especially
during the transition and after transition.

By means of the thermo-mechanical numerical analysis of
the self-activating temperature we can obtain an approximative
number of cycles till transition. Based on this data we can col-
late the loading force in the experiment. Also, self-activating
temperature characteristics gives an opportunity to obtain a re-
alistic model, which can be applied in fatigue, crack and dela-
mination propagation numerical tests.

In the further research the numerical models of fatigue with
self-activating temperatures and crack growth will be develo-
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Khachatur KYUREGHYAN

HAMOWANIE BEZPIECZENSTWA GORNICZEGO URZADZENIA WYCIAGOWEGO
Z ZASTOSOWANIEM LINIOWO NARASTAJACE) WARTOSCI SItY HAMOWANIA

EMERGENCY BRAKING OF MINING HOISTING DEVICE WITH THE USE
OF LINEARLY GROWING VALUE OF BRAKING FORCE

Praca przedstawia analiz¢ dynamiki stanu pracy gorniczego urzgdzenia wyciggowego w warunkach hamowania bez-
pieczerstwa. Proces hamowania bezpieczeristwa przedstawiono za pomocg modelu mechanicznego z uwzglednieniem
liniowo narastajgcej wartosci sify hamowania zastosowanej do koZa pednego. Na podstawie modelu mechanicznego
zapisano uk/ad réwnas falowych dla przemieszczer i odksztafcerr dowolnych przekrojow poprzecznych lin nosnych
i wyréwnawczych. Rozwigzanie analityczne ukfadu réwnasi pozwala na wyznaczenie zaleznosci opisujgcych napreze-
nia w ustalonych przekrojach lin, wartosci obcigzenia liny nosnej w miejscu jej zejscia z kofa pednego oraz minimalny
przedziaZ czasu te<0;t ) w ktorym nastepuje wzrost wartosci sify hamowania.

Stowa kluczowe: Urzgdzenie wyciggowe, rdwnanie falowe, kofo pedne, lina nosna, lina wyréwnawcza.

The project presents an analysis of operating condition dynamics of a mining hoisting device during emergency brak-
ing. The emergency braking process has been presented with the use of mechanical model with consideration to a lin-
early growing value of braking force used for Koeppe pulley. On the basis of the mechanical model there was written
a system of wave equations for dislocations & strains of optional cross-sections of hoisting & balance ropes. The
analytical solution of the equations system allows to determine dependences describing stress in fixed rope sections,
value of hoisting rope load in the point of its aborting the Koepe pulley and minimum time interval te<0;t;) in which

occurs increase of the braking force value.

Keywords: winding gear, wave equation, Koepe pulley, hoisting rope, balance rope.

Wielkosci fizyczne

M, - masa zredukowana f:zgs’ci wirujqc_yc_:h \_Ny_ci;’;gu (wliczone
koto pedne, kota linowe, tworniki silnikdw elektrycz-

nych), [kg]

M, - masa naczynia skipowego z urobkiem (wliczona masa
krotkiego odcinka liny nosnej miedzy naczyniem a kotem
pednym), [kg] o o _

M, - masa pustego naczynia skipowego zqan_zlwa,cego_ sig
w okolicach rzapiu (wliczona masa krdtkiego odcinka
liny wyréwnawczej), [ka]

I, - dtugos¢ lin nosnych miedzy naczyniem gornym a kotem
pednym, [m]

y - gestodc liniowa liny, [kg-m™]

AE - sztywnos¢ na skrecanie, [N]

a - predkosé¢ rozchodzenia sie fali, [m-s]

Vv, - pre;dlfoéc' pocgqtkowa poruszania sig naczyn skipowych, [m-s?]

k - wspotczynnik sprezystosci, [N-m?]

t - czas, [s]

X - wspdtrzedna przekroju poprzecznego liny nosnej, [m]

y - wspdirzedna przekroju poprzecznego liny wyréwnaw-

czej, [m]
u(x,t) - przemieszczenie przekroju poprzecznego liny nosnej, [m]
v(y,t) - przemieszczenie przekroju poprzecznego liny wyréw-
nawczej, [m]
Q, (1) - sita hamujaca przytozona do masy M, [N]
Q, - maksymalna wartos¢ sity Q,(t), [N]

Oznaczenia indeksowe
W - wyréwnawcza (lina)
N - nosna (lina)

h - hamujaca (sita)

i - numer, ieN

Physical quantities

M, - reduced mass of rotary hoist parts (included Koepe pul-
ley, rope pulleys, electric motor armatures), [kg]
M, - mass of skip vessel with winning (included mass of a short

section of hoisting rope between the vessel and the Koepe

pulley), [kg]
M, - mass of the empty skip vessel situated near the shaft sump

(included mass of a short section of the balance rope),
[ka]

I, - length of hoisting ropes between the upper vessel and the
Koepe pulley, [m]

y - linear rope density, [kg-m]

AE - torsional rigidity, [N]

a - velocity of wave propagation, [m-s?]

V, - initial velocity of the skip vessels, [m-s7]

- coefficient of elasticity, [N-m]

time, [s]

- coordinate of hoisting rope cross-section, [m]

y - coordinate of balance rope cross-section, [m]

u(x,t) - dislocation of hoisting rope cross-section, [m]

v(y,t) - dislocation of balance rope cross-section, [m]

Q, () - braking force applied to mass M, [N]

Q, - maximum force value of Q,(t), [N]

X ~ x
1

Indicators

W - balance (rope)
N - hoisting (rope)
h - braking (force)
i - number, ieN
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1. Wprowadzenie

W pracy rozwazono fizyczny model wielolinowego urza-
dzenia wyciggowego (rys. 1), w skfad ktérego wchodza koto
pedne w uktadzie wiezowym, dwa naczynia skipowe, liny nosne
i wyréwnawcze. W cyklu normalnej pracy urzadzenia w cza-
sie zatadunku jednego ze skipoéw drugi jest roztadowywany
i odwrotnie, ponadto parametry kinematyczne uktadu w czasie
podnoszenia naczynia zatadunkowego sa identyczne jak przy
opuszczania naczynia pustego. Na cykl normalnej pracy opisa-
nego urzadzenia wyciggowego sktadaja sie nastepujace etapy:

1) zatadunek,

2) rozruch z podszybia naczynia zatadunkowego,

3) jazda ustalona naczynia petnego,

4) hamowanie przy dojezdzie do nadszybia,

5) wytadunek,

6) rozruch przy opuszczaniu pustego naczynia z nadszybia,

7) hamowanie przy dojezdzie do podszybia.

Normalna praca, ktorej schemat przedstawiono powyzej,
w swoim cyklu regularnym nie zawiera hamowania bezpie-
czenstwa, jednak jest ono pod wzglgdem niezawodnosci eks-
ploatacji urzadzenia wyciaggowego najwazniejszym procesem
stwarzajacym najwicksze zagrozenie, mogacym doprowadzié¢
do sprzezenia ciernego liny na kole pednym [2,6,11]. Zasto-
sowanie takiego hamowania nastgpuje w przypadku réznego
rodzaju awarii w szybie gérniczym i ma na celu jak najszybsze
zatrzymanie ruchu naczyn skipowych. Jako poczatek procesu
technicznego uwaza si¢ moment przytozenia sity hamujacej
Q, do kota pednego wiezy, proces trwa w trybie ciagtym do
momentu catkowitego zatrzymania naczyn skipowych, oraz
wszystkich elementéw wyciagu znajdujacych si¢ w ruchu. Jak
wynika z powyzszego opisu proces hamowania bezpieczenstwa
jako proces techniczny powinien by¢ przewidziany do przepro-
wadzenia w kazdej chwili normalnej pracy urzadzenia, nieza-
leznie od potozenia naczyn ski-
powych, jednak, jak wskazano
w [3,6,7] naprezenia i odksztat-
cenia powstajace w przekro-
jach poprzecznych elementow
wyciagu nie sg takie same [12].
Z technicznego punktu widze-
nia przeprowadzenie hamowa-
nia bezpieczenstwa jest najtrud-
niejsze w chwili powstawania
najwiekszych odlegtosci mie-
dzy naczyniami skipowymi M,
i M,, czyli gdy jedno z naczyn
( z urobkiem) znajduje sie
w okolicy nadszybia a drugie
(puste) w okolicy podszybia.
Od momentu rozpoczecia ha-
mowania bezpieczenstwa stan
pracy urzadzenia wyciagowego
nazywamy awaryjnym.

Rozwazania  teoretyczne
zawarte w niniejszej pracy ba-
zujg gtéwnie na modelu mecha-
nicznym gérniczego urzadzenia
wyciggowegozaproponowanym
przez S. Wolnego [11,13,15]
uwzgledniajacym réznorodnosé

Rys 1. Model urzgdzenia wyciggowego

1. Introduction

In the project the physical model of multi-rope hoisting de-
vice has been considered (Fig. 1). It consists of the Koepe pul-
ley in tower system, two skip vessels, hoisting & balance ropes.
In normal cycle of the device work during loading one skip, the
second is being unloaded and the other way round. Moreover
kinematic parameters of the system during lifting the loading
vessel are identical like during lowering the empty vessel. The
cycle of normal work of the mentioned hoisting device consists
of the following stages:

1) loading,

2) starting from pit bottom of the loading vessel,

3) fixed run of the full vessel,

4) braking while approaching the shaft top,

5) unloading,

6) starting while lowering the empty vessel from the shaft top,
7) braking while approaching the pit bottom.

Normal work, which scheme is presented above, in its regu-
lar cycle does not contain emergency braking. However regard-
ing reliability of the hoisting device operating it is the most im-
portant process which makes the biggest threat and may lead to
the rope frictional contact in the Koepe pulley [2,6,11]. Usage
of this kind of braking occurs in case of various breakdowns in
a pit shaft and its goal is to stop the skip vessels’ movement as
quickly as possible. The moment of applying braking force Q,
to the tower’s Koepe pulley is considered as the beginning of
the technical process. The process lasts in constant mode until
the moment of complete stopping of skip vessels and all hoist
elements being in motion. As results from the above description
the emergency braking process as a technical process should be
expected to carry out the normal device work at any time, re-
gardless of the skip vessels location. However like it was stated
in [3,6,7] stresses & strains appearing in cross-sections of the
hoist elements are not identical
[12]. From the technical point
of view, carrying out emergen-
cy braking is the most difficult
while appearing the biggest dis-
tances between skip vessels M,
and M,, so when one vessel (the
one with the winning) is situ-
ated near the shaft top and the
second one(empty) is near the
pit bottom. From the starting
moment of emergency braking
the work condition of the hoist-
ing device is called emergency.

Theoretical ~ deliberations
included in this work are based
mainly on the mechanical model
of a mining hoisting device sug-
gested by S. Wolny [11,13,15]
which takes into consideration
diversity of mass distribution of
the hoist elements (the discrete-
constant model) and the ele-
ments keeping wave character
of the examined technical pro-
cess [4,15]. Moreover, the Wol-
ny’s model allows to examine

Fig. 1. Model of the windig gear
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roztozenia masy elementéw wyciagu ( model dyskretno-ciagty)
oraz zachowujacym falowy charakter badanego procesu tech-
nicznego [4,15]. Ponadto model Wolnego pozwala na rozpatry-
wanie procesu hamowania bezpieczenstwa na wyprostowanym
schemacie modelowym (rys. 2) w dwdch ruchomych uktadach
wsp6trzednych. Srodki uktadow w momencie rozpoczecia pro-
cesu hamowania (t=0) pokrywaja sie z masami skupionymi M,
i M,, odpowiednio i poruszaja sie stata predkoscia V, (predkos¢
poczatkowa naczyn skipowych).

the emergency braking process on the straight model scheme
(Fig.2) in two moving co-ordinate systems. At the starting point
of the braking process (t=0) the centres of the systems overlap
with the concentrated masses M, & M, accordingly and they
move with the constant velocity V, (initial velocity of the skip
vessels).

Rys. 2. Model urzqdzenia wyciggowego: srodki ukfadow wspofrzednych x i y w chwili t=0 pokrywajg si¢ z masami M, i M, oraz poruszajq si¢ stalg

predkoscig V,

Fig. 2. Straight model scheme: At the starting point of the braking process (t=0) the centres of the systems overlap with the concentrated masses M, &

M, accordingly, and they move with the constant velocity V,

Odpowiednikiem matematycznym wyzej opisanego uktadu
mechanicznego jest uktad dwdch réwnan falowych zapisanych
dla przemieszczen i odksztatcen poprzecznych przekrojow lin
nosnych i wyréwnawczych u(x,t) i v(y,t), odpowiednio:

)

Do okreslenia warunkdw brzegowych ukfadu (1) oprocz
dynamicznej charakterystyki modelu mechanicznego wyciagu,
istotng role odgrywaja rozwazania dotyczace sity hamujacej Q,
zastosowanej do kota pednego. W modelowych rozwazaniach
teoretycznych najczesciej [2,3,6] sile hamujacej Q, przypisuje
si¢ usredniona warto$¢ stata ( przy badaniach parametréw ki-
nematycznych elementéw urzadzenia) oraz maksymalng (przy
badaniach wytrzymatosciowych) co pozwala na upraszczanie
obliczen matematycznych, jednak nie oddaje realnej charak-
terystyki procesu. W rzeczywistosci zastosowanie statej sity
hamujacej do kota pgdnego moze doprowadzi¢ do powstawa-
nia krytycznych wartosci momentow sit tarcia, przekraczania
wartosci dopuszczalnych obciazen w zawieszeniach oraz do
naruszenia sprzezenia ciernego liny na kole pednym [3,11].W
zwiagzku z powyzszym, w praktyce hamowanie bezpieczenstwa
odbywa sie przy zastosowaniu stopniowo narastajacej w czasie
sile hamujacej Q,(t). W niniejszej pracy rozpatrzono liniowe
narastanie wartosci sity Q, od momentu rozpoczecia hamowa-
nia bezpieczenstwa (t=0) do pewnej chwili t, w ktorej sita Q, (t)
uzyskuje wymagana wartos¢ maksymalna:

@

A mathematical equivalent of the above mentioned me-
chanical system is the system of two wave equations written
for dislocations and transverse strains of cross-sections of the
hoisting & balance ropes u(x,t) & v(y,t) accordingly:

)

In determining the system’s boundary conditions (1), apart
from the dynamical characteristics of the hoist mechanical mod-
el, the crucial role is played by deliberations about the braking
force Q, used for the Koepe pulley. In the model theoretical
deliberations most often [2,3,6] the braking force Q, is consid-
ered an averaging constant value (during research on kinematic
parameters of the device elements) and a maximum (during the
resistance research) which allows to simplify mathematical cal-
culations but does not render a real characteristics of the pro-
cess. In reality using the constant braking force for the Koepe
pulley might lead to occuring critical values of the friction force
moments, exceeding values of allowable loads in suspensions
and breach of the rope frictional contact on the Koepe pulley
[3,11]. That being so, in practice emergency braking takes place
while using the braking force gradually growing in time Q,(t).
In this project there is considered a linear growing of the force
value Q, from the starting point of emergency braking (t=0)
until some moment t;, when the force Q,(t) obtains a required
maximum value:

@
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natomiast po chwili osiggniccia wartosci (2) jest niezmienna
do zakonczenia procesu hamowania. Zatem mamy do czynienia
z funkcja:

@)

Zgodnie z powyzszym warunki brzegowe uktadu (1) przed-
stawiaja Si¢ nastgpujaco:

(4)

®)

(6)

U]
przy warunkach poczatkowych:

u(0,0)=v(0,0)=0

2. Wyznaczenie przemieszczen przekrojow poprzecznych lin
no$nych i wyréwnawczych

Rozwiazaniem uktadu (1) na mocy [4] jest para funkcji
0 postaci:

®)

Po uwzglednieniu funkcji (8) w warunkach brzegowych,
podobnie jak w [9,12] otrzymujemy rozwiazanie analityczne
W postaci:

gdzie wprowadzono nastgpujace oznaczenia:

(11)

(12)

Whereas after obtaining the value (2) stays constant until
ending of the braking process. Therefore we deal here with the
function:

@)

That being so, the system’s boundary conditions (1) present
themselves in the following way:

(4)

®)

(6)

)
with initial conditions:

u(0,0)=v(0,0)=0

2. Determining dislocations of cross-sections of the hoisting
& balance ropes

The system solution (1) by virtue of [4] is a pair of func-
tions in the form of:

®)

After considering the function (8) in boundary conditions,
just like in [9,12] we receive analytical solution in the form of:

©)

(10)

where the following designations were introduced:

(1)

(12)
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(13)

3. Wyznaczenie naprezeii w przekrojach lin no$nych i wyrow-
nawczych oraz analityczna konstrukcja funkcji hamowania

Naprezenia w przekrojach poprzecznych lin nosnych i wy-
rownawczych mozna obliczy¢ za pomocg standardowych wzo-
réw [11] otrzymujac odpowiednio:

gdzie:

(16)

Na mocy zaleznosci (15) site w linie nosnej w jej miejscu
zejscia z kota pednego opisuje zaleznos¢:

Minimalny czas t, potrzebny do stabilizacji wartosci linio-
wo narastajacej sity hamowania Q,(t) wyznaczymy z zalezno-
sci (17):

(18)

gdzie:

(19)

(20)

(1)

(22)

(13)

3. Determining stresses in sections of the hoisting & balance
ropes and the analytical structure of the braking function

Stresses in cross-sections of the hoisting & balance ropes
might be estimated with the use of standard formulas [11] ob-
taining accordingly:

(14)

(15)

where:

(16)

By virtue of dependence (15) the hoisting rope force in the po-
int of aborting the Koepe pulley is described by the dependence:

‘)

The minimum time t needed for value stabilization of the
linearly growing braking force Q,(t) we determine out of de-
pendence (17):

(18)

where:

(19)

(20)

1)

(22)
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Na podstawie powyzszych obliczen, ostatecznie mozna
przedstawi¢ wzor matematyczny wyrazajacy sitg hamowania
bezpieczenstwa zastosowana do kota pgdnego nastepujaco:

4. Wnioski

Analityczne zaleznosci na naprezenia i przemieszczenia
w przekrojach lin nosnych i wyréwnawczych goérniczego urza-
dzenia wyciagowego wyznaczone na podstawie modelu mecha-
nicznego Wolnego w petni zachowuja falows charakterystyke
procesu fizycznego, przy czym uzyskane wyniki istotnie r6znia
sie od zaproponowanych w pracach [2,3,4]. Roznice te w gtdw-
nej mierze uwarunkowane sg réznymi uproszczeniami mode-
lowymi dokonanymi w modelu mechanicznym oraz metodami
przyblizonymi zastosowanymi do réwnah modelowych, zatem
poréwnanie otrzymanych wynikéw mozna uzyska¢ jedynie dla
ekstremalnych wartosci naprezen, przemieszczen oraz innych
charakterystyk elementdéw urzadzenia wyciaggowego. Rozwa-
zania dotyczace liniowo narastajacej sity hamowania zastoso-
wanej do kota pednego sa zgodne z wynikami badan na obiek-
cie rzeczywistym (urzadzenie wyciggowe 4L-5500/2x3600
KGHM, Lubin) przedstawionym w pracach [7,13], dobrze
aproksymuje zachowanie elementéw urzadzenia wyciggowego
szczegOlnie w fazie srodkowej i koncowej procesu hamowania
bezpieczenstwa. Teoretyczne kalkulacje dotyczace sity hamo-
wania w obecnej pracy oprécz samego przebiegu, uwzgledniaja
réowniez maksymalne mozliwosci poduktadu hamowania bez-
pieczenstwa, wigcc beda szczeg6lnie przydatne w projektowa-
niu modelowym dotyczagcym pracy unowoczesnionych podu-
ktadéw hamowania bezpieczenstwa urzadzenia wyciggowego.

5. References

According to the above calculations, a mathematical formu-
la expressing the emergency braking force used for the Koepe
pulley can be ultimately introduced in the following way:

(23)

4. Summary

Analytical dependences on stresses and dislocations in sec-
tions of hoisting & balance ropes of the mining hoisting device,
determined on the basis of the Wolny’s mechanical model fully
maintain a wave characteristics of physical process. Moreover,
the obtained results significantly differ from those proposed
in works [2,3,4]. These differences are mainly determined by
various model simplifications made in the mechanical model
and approximate methods used for model equations. Therefore
a comparison of the obtained results one can obtain only for
extreme stress values, dislocations and other characteristic ele-
ments of the hoisting device. A model proposal concerning the
linearly growing braking force used for the Koepe pulley is in
accordance with the research results from the actual object pre-
sented in works [7,13], and approximates well the maintenance
of the hoisting device elements, particularly in the middle and
final phase of the emergency braking process. Theoretical cal-
culations concerning the braking force in the current work,
apart from the course itself, take also maximum capabilities of
the emergency braking subsystem into account. So they will
be particularly useful in model designing concerning work of
the modernized emergency braking subsystems of the hoisting
device.
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Leszek SEMOTIUK

ANALIZA CECH EKSPLOATACYIJNYCH INNOWACYJNYCH KONSTRUKCJI NARZEDZI
WYKORZYSTYWANYCH W PROCESACH FREZOWANIA ZGRUBNEGO
Z WYKORZYSTANIEM TECHNOLOGII HSM

AN ANALYSIS OF THE OPERATIONAL CHARACTERISTICS OF INNOVATIVE TOOL
STRUCTURES USED IN HIGH SPEED ROUGH MILLING PROCESSES

Rozwoj systeméw narzedziowych determinuje zmiany w doborze strategii obrébkowych wykorzystywanych w proce-
sach obrobki skrawaniem. Jednym z przyk/adow jest frezowanie czofowe. Pojawienie si¢ frezow do obrébki wgiebnej
wymusifo na dystrybutorach oprogramowania typu CAM wprowadzenie do odpowiednich modu/ow nowej strategii
obrébkowej, a co za tym idzie coraz czgstszego wykorzystywania frezow czofowych w procesach obrébkowych. Arty-
kuZ ma na celu poréwnanie procesu skrawania z wykorzystaniem frezéw jednolitych palcowych walcowo-czofowych
i frezow wgfebnych z zastosowaniem technologii HSM oraz oceng ich wfasciwosci eksploatacyjnych na podstawie si/
generowanych w strefie skrawania.

Stowa kluczowe: frezowanie wgfebne, frezowanie walcowo-czofowe, HSM, sify skrawania, eksploata-
cja narzedzi skrawajgcych.

The development of tooling systems determines changes in the selection of machining strategies used in machining
processes. One example is face milling. The appearance on the market of plunge cutters has forced the distributors of
CAM-type software to introduce into the appropriate modules a new machining strategy, thus leading to an ever more
frequent use of face cutters in machining processes. The aim of this paper is to compare the processes of high speed
machining that use integral-tooth end milling cutters to those using plunge milling cutters and to evaluate their opera-

tional properties on the basis of the forces generated in the machined zone.
Keywords: plunge milling, end milling, HSM, cutting forces, maintenance of machining tools.

1. Wstep

Wspdiczesnie pod pojeciem ,eksploatacja” rozumie sig
zespot celowych dziatan organizacyjno - technicznych i eko-
nomicznych ludzi z urzadzeniami technicznymi oraz wza-
jemne relacje wystepujace miedzy nimi od chwili przejecia
urzadzenia do wykorzystania zgodnie z przeznaczeniem, az
do jego utylizacji po likwidacji. Strategia eksploatacyjna po-
lega na ustaleniu sposobow prowadzenia, uzytkowania i obstu-
giwania maszyn, relacji migdzy nimi oraz oceny zwigzanych
z nimi procesdw wytworczych w wietle przyjetych kryteriow
[20]. Istotnym czynnikiem jest tutaj odpowiedni dobér kryte-
riow oceny procesdw towarzyszacych eksploatacji maszyn
i urzadzen. Przyktadowo specjalisci zajmujacy si¢ badaniem
eksploatacji pojazdéw z napedem elektrycznym do gtéwnych
kryteriow eksploatacyjnych zalicza: zasieg przebiegu w cyklu
jazdy miejskiej, predkos¢ maksymalna, przyspieszenie, zdol-
nos¢ pokonywania wzniesien, zuzycie energii na jednostke
przebiegu, odzyskiwanie energii podczas hamowania (reku-
peracja), koszty eksploatacji, czy tez niezawodnos¢ i trwatosé
uktadu napedu elektrycznego [10]. Naukowcy zajmujacy Sig¢
zagadnieniami eksploatacji narzedzi do skrawania skat w ukta-
dzie wieloostrzowym do kryteriow eksploatacyjnych moga
zaliczy¢ cechy konstrukcyjne gtowicy skrawajacej, wielkosé
sit wystepujacych w procesie skrawania, czy tez wartos¢ ener-
gii jednostkowej [8]. Podobnie technolog projektujac proces
technologiczny obrébki musi odpowiednio dobiera¢ narzedzia
skrawajace, majac na uwadze zardwno wzgledy ekonomiczne,
wiasciwosci eksploatacyjne, jak i nowoczesne rozwiazania

1. Introduction

Today the term ‘maintenance’ is understood as a set of goal-
oriented organ izational, technical, and economic actions that
people perform in using technical devices and the mutual rela-
tions that obtain between user and machine from the moment
of access to the device to its appropriate use until its recycling
after disposal. A maintenance strategy consists in determining
the ways of running, using and operating machines, the rela-
tions between them, and the evaluation of the production pro-
cesses associated with them in the light of the adopted criteria
[20]. A significant factor here is an appropriate selection of
criteria for the evaluation of the processes accompanying main-
tenance of machines and devices. For instance, specialists stu-
dying maintenance of electric-drive vehicles will count among
the main operational criteria the vehicle’s city mpg range, ma-
ximum speed, acceleration, the ability to drive up hills, con-
sumption of energy per unit of distance, recuperation of energy
while braking, operational costs or the reliability and durability
of the electric drive system [10]. For researchers dealing with
issues of maintenance of multi-tool sets for cutting rock mate-
rials, operational criteria may include the structural features of
the cutting head, the magnitude of the forces generated in the
cutting process, or the unit energy value [8]. Similarly, a tech-
nologist designing the technological process of machining has
to make a proper selection of machining tools taking into acco-
unt economic considerations, operational properties, as well as
the modern design solutions. One of the elements of machining
processes that a technologist has to design are roughing ope-
rations.
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konstrukcyjne. Jednym z elementdw projektowanych proceséw
obrébkowych sa zabiegi obrdbki zgrubnej.

Zasadniczym celem prowadzenia procesdw obrobki zgrub-
nej jest usunigcie jak najwiekszej ilosci naddatku obrébkowego,
w jak najkrétszym czasie. Dobor strategii obrébkowej determi-
nowany jest przede wszystkim rodzajami narz¢dzi obrébkowych
dostepnych obecnie na rynku. Producenci narzedzi co jaki$ czas
wprowadzajg nowe rozwigzania dotyczace nie tylko samej geo-
metrii, ale tez sposobu obrébki, majac na celu polepszenie ich
wiasciwosci eksploatacyjnych poprzez skrécenie czaséw ma-
szynowych obrdbki, oraz niezawodnosci, poprzez zwigkszenie
czasu trwatosci ostrza. Jednym z nowszych sposobéw prowa-
dzenia obrébki zgrubnej jest tzw. frezowanie wgtebne.

System frezowania wgtebnego stosowany jest w celu szyb-
kiego usuniecia materiatu z przedmiotu obrabianego w proce-
sach obrdbki zgrubnej lub ksztattujacej. W tym systemie narzg-
dzie obraca sie dookota swojej osi (0$ Z) a jednoczesnie wzdtuz
tej samej osi wykonuje ruch posuwowy az do uzyskania odpo-
wiedniej gtebokosci. Nastgpnie narzedzie wycofywane jest ze
strefy skrawania wzdtuz osi Z oraz pozycjonowane wzdtuz osi
X lub Y przed ponownym zagt¢bieniem si¢ w materiale obra-
bianym [17,18].

W poczatkowym okresie badania procesu frezowania czo-
towego skupiaty si¢ na doborze odpowiedniej geometrii narze-
dzia oraz odpowiednich parametréw skrawania. Wyniki badan
[19] wykazuja, ze zaréwno wydajnos¢ procesu frezowania czo-
towego jak i chropowatosci obrabianych powierzchni byty wyz-
sze od klasycznego frezowania frezami palcowymi. Pozostata
literatura [8,9,10,13,16] to w zasadzie opracowania komercyj-
ne oparte na katalogach firm produkujacych narzedzia. Wraz
ze wzrostem zainteresowania stosowania metody frezowania
wglebnego pojawity sie publikacje [5,6] doktadniej opisujace
sam proces frezowania czotowego oraz przedstawiajace mo-
dele matematyczne weryfikowane doswiadczalnie. Wykazuja
one migdzy innymi, ze gtéwna przyczyna powstawania drgan
w strefie skrawania oraz sit w ptaszczyznach prostopadtych
do kierunku posuwu jest niesymetryczne umieszczenie ptytek
w oprawce narzedziowej oraz podatnos¢ skretna narzedzia.

Literatura [1,2,11,12,15] podaje réwniez, ze czasy maszy-
nowe obrdbki detali z wykorzystaniem frezowania wgtebnego
moga zosta¢ zredukowane nawet 0 60% w poréwnaniu ze stra-
tegiami obrébkowymi stosowanymi dotychczas szczegdlnie,
jezeli wykorzystana zostanie w takim przypadku technologia
HSM. Ma to wymierne korzysci ekonomiczne dla prowadze-
nia procesu technologicznego zwigzane z bardziej optymalna
eksploatacja obrabiarki, wickszg trwatoscig i niezawodnoscia
narzedzi skrawajacych itp.

O tym, ze ten rodzaj obrobki staje sie coraz bardziej po-
pularny $wiadczy fakt, ze wielu producentow oprogramowania
typu CAM umiescito w swoim produkcie dodatkows strategie
w module odpowiadajagcym za planowanie obrébki zgrubnej,
wykorzystujaca frezy czotowe wiasnie do frezowania wgteh-
nego (frezowanie typu plunge). Mozna tutaj wymieni¢ takie
programy jak Unigraphics NX, TopSolid’CAM, Mastercam,
EdgeCAM i wiele innych [4,7,14].

Jak wynika z analizy prowadzonej przez Wakaoka i innych
[19], zabieg frezowania wglebnego charakteryzuje si¢ niewat-
pliwie dobrymi wiasciwosciami eksploatacyjnymi, jednakze
badania poréwnawcze tego procesu z klasycznym frezowa-
niem frezem walcowo-czotowym nie uwzgledniajg uzycia
technologii HSM dla narzedzia konwencjonalnego. Dlatego tez

The principal goal of roughing is to remove the largest po-
ssible volume of machining allowance in the shortest possible
time. The choice of the machining strategy is determined pri-
marily by the types of machining tools currently available on
the market. Once in a while, tool manufacturers introduce new
solutions, concerning not only the geometry of the tools but also
the methods of machining, aimed at improving their operational
properties by shortening machining times and enhancing their
reliability by extending cutter life. One of the newer roughing
methods is so-called plunge milling.

Plunge milling is used for fast removal of material from
a workpiece in roughing or profiling processes. In this system,
the tool revolves around its axis (the Z axis) and is at the same
time fed along the same axis until reaching the desired depth.
Subsequently the tool is retracted from the machining zone
along the Z axis and positioned along the X or Y axes before
plunging in the workpiece again [17,18].

Initially, studies of face milling focused on the selection of
an appropriate geometry of the tool and appropriate machining
parameters. Research results [19] show that in the face milling
process both the efficiency and the roughness of the machined
surfaces were higher than in conventional end milling. The re-
maining references [8,9,10,13,16] are, by and large, commercial
studies based on catalogues of tool manufacturing companies.
Together with the growth of interest in the use of the plunge
milling method, there appeared publications [5,6] which gave
more accurate descriptions of the very process of face milling
and presented experimentally verifiable mathematical models.
They show, among others, that the main cause of the formation
of vibrations in the cutting zone and generation of forces in
planes perpendicular to the feed direction is non-symmetrical
positioning of inserts in the tool holder and torsional flexibility
of the tool.

It has also been reported in the literature [1,2,11,12,15] that
machining times for plunge milling of parts can be reduced by
as much as 60% relative to the machining strategies used so
far, especially when HSM technology is used. This has notable
economic benefits for carrying out the technological process,
connected with a more optimal use of the machine tool, larger
durability and reliability of the cutting tools, etc.

That this type of machining is becoming more and more
popular is attested to by the fact that many manufacturers of
CAM-type software have included in their products, in modules
responsible for planning rough milling, an additional strategy
which makes use of face cutters for plunge milling. One could
mention programs such as Unigraphics NX, TopSolid’CAM,
Mastercam, EdgeCAM and many others [4,7,14].

As it follows from the analysis conducted by Wakaoka and
colleagues [19], the plunge milling operation is undoubtedly
characterised by good operational properties, however, studies
comparing this process with classical end milling do not take
into account the possibility of using HSM technology with the
conventional tool. That is why a decision has been taken to car-
ry out a comparative study of plunge milling and classical end
milling with the application of HSM technology to both tools
used. The results of this research are presented below.

The study concerns the operations of plunge milling and
end milling. Accordingly, the following machining tools have
been selected: a CoroMill 210 R210-025A20-09M face mill
and a CoroMill Plura R216 33-25040-AJ25U end mill. The to-
ols have been kindly provided by the Sandvik company. The re-
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zdecydowano si¢ przeprowadzi¢ badania poréwnawcze proce-
su frezowania wgtebnego i klasycznego walcowo-czotowego
z zastosowaniem technologii HSM dla obydwu uzytych narze-
dzi. Wyniki tych badan prezentuje ponizsza praca.

Badania dotyczy¢ bedg zabiegu frezowania wgtebnego
i walcowo-czotowego. Na tej podstawie dokonano wyboru
narzedzi obrébkowych (frez czotowy CoroMill 210 R210-
025A20-09M oraz frez palcowy walcowo-czotowy CoroMill
Plura R216 33-25040-AJ25U). Narzedzia udostgpnita firma
Sandvik. Wyniki badan powinny potwierdzi¢ celowos¢ sto-
sowania takich narzedzi jak frezy do frezowania wgtebnego
szczegOlnie ze wzgledu na skrdcenie maszynowych czaséw
obrdbki, a co si¢ z tym wiaze, skrocenie czasu eksploatacji ob-
rabiarki.

2. Metodyka badan

Gléwnym celem badan byto poréwnanie sit w strefie skrawa-
nia w przypadku frezowania zgrubnego frezem palcowym walco-
wo-czotowym i czotowym z wykorzystaniem technologii HSM.

Sity skrawania powodujg odksztatcenia uktadu OUPN,
co ma bezposredni wptyw na zmiang wzajemnego potozenia
narzedzia i przedmiotu obrabianego, czyli w zasadzie na do-
ktadnos¢ wymiarowo-ksztattowg oraz stan geometryczny po-
wierzchni. Ich wielkos$¢ decyduje o dynamice prowadzonego
procesu skrawania. Wszystko to §wiadczy o walorach eksplo-
atacyjnych narzedzi, a przede wszystkim o ich wptywie na pro-
ces eksploatacji obrabiarki. Umozliwia tez monitorowanie sa-
mego procesu skrawania, jak i stanu maszyny technologicznej.

Badania podzielono na dwa etapy. Pierwszy etap po-
legat na przeprowadzeniu proby frezowania frezem walcowo-
czotowym (rys. 1b) przy statej predkosci skrawania zalecanej
przez producenta narzedzia i zmiennym posuwem, w celu
wstepnego wyznaczenia zaleznosci zmiennosci sit skrawania
w funkcji zmiany posuwu, zgodnie ze schematem zamieszczo-
nym na rysunku 2.

Drugi etap badan polegal na poréwnaniu sit skrawania
w przypadku frezowania zgrubnego frezem wgtgbnym i wal-
cowo-czotowym (rys. 1a, 1b) podczas przebiegu rzeczywistego
procesu obrébkowego na pionowym centrum obrobkowym.
Poniewaz frez wgtebny ze wzgledu na geometri¢ ostrza nie

sults of the research should confirm the purposefulness of using
tools such as plunge milling cutters, particularly on account of
the shortening of machining times and the associated shorte-
ning of the time of machine operation.

2. Methods

The chief aim of the study was to compare the forces ari-
sing in the cutting zone during high-speed rough milling with
an end mill and a face mill.

Cutting forces cause deformations in the machine-holder-
workpiece-tool system, which has a direct effect on the change
in the mutual position of the tool and the workpiece that, in
turn, translates into the size-and-shape accuracy and the geome-
tric state of the surface. The magnitude of these forces determi-
nes the dynamics of the cutting process. All this testifies to the
operational qualities of the tools, and above all their influence
on the process of machine maintenance. It also enables monito-
ring of the cutting process itself as well as the condition of the
technological machine.

The study was divided into two stages. The first stage con-
sisted in running an end milling test (Fig. 1b), at a constant
cutting speed recommended by the manufacturer and a variable
feed, for preliminary determination of the variability of cutting
forces as a function of feed change, in accordance with the
schema in Figure 2.

The second stage of the study consisted in comparing the
cutting forces in rough milling with a plunge cutter and an end
milling cutter (Figs. 1a, 1b) in the course of an actual machining
process on a vertical machining centre. Since a plunge cutter,
due to its cutter geometry, cannot cut in solid material, a dril-

Rys. 1. Rysunki katalogowe frezow uzytych w procesie obrdbki zgrubnej [3]: a) frez czofowy CoroMill 210 R210-025A20-09M, b) frez palcowy walco-
wo-czofowy CoroMill Plura R216 33-25040-AJ25U, ¢) wiertfo CoroDrill 880

Fig. 1. Catalogue drawings of the cutters used in the roughing process [3]: a) the CoroMill 210 R210-025A20-09M face cutter, b) the CoroMill Plura

R216 33-25040-AJ25U end milling cutter, c) the CoroDrill 880 drill
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moze skrawaé w petnym materiale, dlatego tez w procesie tech-
nologicznym nalezato zaplanowaé zabieg wiercenia. Badania
przeprowadzone zostaty na pionowym centrum obrébkowym
FV 580A z systemem sterowania Fanuc 0iMC. Do pomiaru sit
zastosowany zostat sitomierz firmy Kistler 9257B i wzmac-
niacz 5017B.

Do obrdbki detali wykorzystano narzedzia udostgpnione
przez firmg Sandvik. Parametry technologiczne obrébki dla po-
szczegOlnych narzedzi zamieszczone zostaty w tabeli 1.

Badania przeprowadzone zostaty z wykorzystaniem przed-
miotu obrabianego, ktérego ksztalt przedstawiono na rysunku
3. Materiat, z ktérego wykonane zostaty prébki to stop alumi-
nium. Wymiary pétfabrykatu: 140x110x55 mm. Model oraz
proces obrébki zaprojektowano w systemie Unigraphics NX 5.0
z zastosowaniem technologii HSM. Detal obrabiano dwoma
rodzajami frezow: frezem palcowym CoroMill Plura R216
33-25040-AJ25U oraz frezem czotowym CoroMill 210 R210-
025A20-09M.

3. Wyniki badan orazich analiza

Wyniki badan z pierwszego etapu, czyli pomiar sit skra-
wania podczas obrobki detalu frezem palcowym zgodnie ze
schematem zamieszczonym na rysunku 2 zaprezentowane zo-
staty w tabeli 2 (uzyte wartosci posuwdw podczas pierwszego
etapu badan dostepne byty na pionowym centrum obrébkowym
FV580A w trybie ,,JOG™).

Na podstawie wynikéw badan wykonano wykresy zalez-
nosci sity od wartosci posuwu, ktére zamieszczone zostaty na
rysunkach 4 i 5.

Rys. 2. Schemat frezowania frezem palcowym walcowo-czo/owym
(pierwszy etap badari)

Fig. 2. Aschematic diagram of end milling (first stage of the study)

Tab. 1. Parametry technologiczne procesu obrobki
Tab. 1. Technological parameters of the machining process

ling operation had to be planned in the technological process.
The studies were carried out on a vertical machining centre FV
580A with the Fanuc 0i MC control system. Forces were me-
asured using a Kistler 9257B dynamometer and a 5017B charge
amplifier.

Tools provided by the Sandvik company were used for ma-
chining of parts. The technological machining parameters for
the individual tools are presented in Table 1.

The studies were conducted with a workpiece of the shape
presented in Figure 3. The material from which the specimens
were made was an aluminium alloy. The dimensions of the se-
mi-finished product were 140x110x55 mm. The model and the
machining process were designed in the Unigraphics NX 5.0
system using HSM technology. The part was machined with
two Kinds of cutters: a CoroMill Plura R216 33-25040-AJ25U
end-mill and a CoroMill 210 R210-025A20-09M face-mill.

3. Results and discussion

The results of the first stage of the study, i.e. measurement
of the cutting forces during machining of a part with an end-
mill in accordance with the schematic diagram in Figure 1 are
presented in Table 2 (the feed values used in the first stage of
the research were achieved on an FV580A vertical machining
centre in the JOG mode).

On the basis of the study results, graphs were drawn of the
relation between force and feed, which are shown in Figures 4
and 5.

Rys. 3. Model wykonany w UGS NX 5
Fig. 3. Amodel created using UGS NX 5

Symbol Narzedzia / Tool Symbol [m[:n] [m /\:;ﬂn] [n:rzn] [n?ren] [n?;n ]
CoroMill Plura R216 33-25040-AJ25U 25 500 0,15 12,5 6
CoroMill 210 R210-025A20-09M 25 500 0,15 8 6
CoroDrill 880 28 350 0,03
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Tab. 2. Maksymalne wartoSci sit zmierzone w procesie frezowania frezem palcowym walcowo-czotowym
Tab. 2. Maximum force values measured in the end-milling process

Frezowanie przeciwbiezne / Up-cut milling | Frezowanie wspétbiezne / Down-cut milling
Posuw / Feed -
. Sita / Force [N]
[mm/min] - - - - - -
0s X 0osY 0sZ 0s X 0osY 0sZ
1000 84,683 20,7 20,137 54,573 31,991 42,287
2000 137,374 18,818 54,369 107,265 37,637 44,301
2700 175,011 31,911 108,734 191,947 67,746 72,492
3700 212,647 31,991 138,943 263,457 80,919 114,779

Rys. 4. Wykres zmian wartosci si¢ w zaleznosci od posuwu dla frezowa-
nia przeciwbieznego

Fig. 4. A graph of force variation against feed in up-cut milling

Analizujac otrzymane wyniki badan nalezy stwierdzi¢, ze
wzrost wartosci posuwu przy statej szybkosci skrawania za-
lecanej przez producenta narz¢dzia (500 m/min, n=6400 obr/
min) powodowat wzrost sit skrawania zaréwno dla frezowania
wspotbieznego, jak i przeciwbieznego z jednym wyjatkiem.
Dla frezowania przeciwbieznego warto$c¢ sity Fy zmieniata si¢
minimalnie. Zalecany posuw dla tego rodzaju narzedzia okre-
slony przez producenta wynosi f=0,15 mm/ostrze (f  =2700
mm/min). Rzeczywisty proces obrobki charakteryzuje si¢ mie-
dzy innymi zmienna wartoscia posuwu wynikajaca ze zmiennej
geometrii przedmiotu obrabianego (szczegdlnie w przypadku
zastosowania technologii HSM), a jego wartos¢ oscyluje wzgle-
dem wartosci ustalonej przez technologa (czyli w zasadzie
wartosci ustalonej przez producenta). Wyniki badan pokazuja,
ze wzrost wartosci posuwu z 2700 mm/min (wartos¢ zalecana
przez producenta) na 3700 mm/min, czyli o 37% powodowat
maksymalny przyrost sit skrawania na poziomie 28% dla frezo-
wania przeciwbieznego i 58% dla frezowania wspdtbieznego.
Spadek wartosci posuwu 0 26% spowodowat spadek warto-
sci sit skrawania podczas frezowania przeciwbieznego nawet
0 50%, a dla frezowania wspotbieznego maksymalnie o 44%.
Dlatego tez ustalajac parametry skrawania technolog nie powi-
nien przekracza¢ wartosci posuwu zalecanej przez producenta
narzedzi. Nadmierny wzrost wartosci posuwu moze prowadzic¢
do zmniejszenia czasu trwatosci ostrza i nadmiernego wzrostu
sit skrawania w strefie obrobki. Ma to oczywiscie niekorzystny
wplyw na warunki eksploatacyjne narzedzia (skrdcenie czasu
trwatosci ostrza) oraz na dynamike samego procesu skrawania,
co bezposrednio wigze si¢ z przyspieszonym zuzyciem elemen-
tow eksploatowanej obrabiarki (zuzycie tozysk, prowadnic, po-
gorszenie doktadnosci pozycjonowania wrzeciona lub suportu
obrabiarki, pogorszenie doktadnosci wymiarowo-ksztattowej
obrabianego detalu).

Rys. 5. Wykres zmian wartosci si/ w zaleznosci od posuwu dla frezowa-
nia wspd/bieznego
Fig. 5. A graph of force variation against feed in down-cut milling

When analysing the results obtained, it should be stated that
an increase in the feed rate at the constant cutting speed recom-
mended by the manufacturer of the tool (500 m/min, n=6400
rev/min) caused an increase in cutting forces both in down-cut
milling and in up-cut milling with one exception: for up-cut
milling, the value of the force Fy changed minimally. The re-
commended feed for this kind of tool as specified by the ma-
nufacturer is f=0.15 mm/tooth (f . =2700 mm/min). The actual
machining process is characterised, among others, by a variable
feed rate resulting from the variable geometry of the workpiece
(especially when HSM technology is used), whose value oscil-
lates relative to the value established by the technologist (that
is, in principle, the value established by the manufacturer). The
study results show that an increase in feed rate from 2700 mm/
min (the value recommended by the manufacturer) to 3700 mm/
min, i.e., an increase of 37%, caused a maximum increase in
cutting forces which equalled 28% for up-cut milling and 58%
for down-cut milling. A 26% fall in the feed rate caused a decre-
ase in the value of cutting forces during up-cut milling by up to
50%, and by the maximum of 44% for down-cut milling. This
shows that when specifying cutting parameters, a technologist
should not exceed the feed rate recommended by the tool ma-
nufacturer. An excessive increase in the feed rate may lead to
reducing cutter life and an excessive increase of cutting forces
in the machining zone. This, of course, has an adverse effect
on the operational conditions of the tool (reduction of cutter
life) and the dynamics of the overall cutting process, which is
directly connected with accelerated wear of the elements of the
machine used (wear of bearings and slideways, deterioration of
the positioning accuracy of the machine tool spindle or support,
deterioration of the size-and-shape accuracy of the machined

part).
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Drugi etap badan polegat na pomiarze sit skrawania pod-
czas prowadzenia rzeczywistego procesu obrobki detalu. Ob-
robione detale pokazane zostaty na rysunkach 6 i 7. Wyniki
pomiaréw zamieszczono w tab. 3 oraz w formie graficznej na
rysunku 8. Maszynowy czas obrobki detalu frezem palcowym
wyniost w tym przypadku 23 min 32 s, natomiast frezem czo-
tfowym 17 min 01 s.

Rys. 6. Detal po obrébce z wykorzystaniem narzedzia CoroMill Plura
R216 33-25040-AJ25U

Fig.6. A part machined using the CoroMill Plura R216
33-25040-AJ25U tool

The second stage of the study consisted in measuring the
cutting forces in the course of an actual process of machining
a part. The machined parts are shown in Figures 6 and 7. The
results of the measurements are tabulated in Table 3 and shown
in a graphical form in Figure 8. The machining times for end
milling and face milling of the parts were 23 min 32 s and 17
min 01 s, respectively.

Rys. 7. Detal po obrébce z wykorzystaniem narzedzia CoroMill 210
R210-025A20-09M

Fig. 7. A part machined using the CoroMill 210 R210-025A20-09M
tool

Tab. 3. Maksymalne wartoSci sil zarejestrowane w procesie obrébki zgrubnej detalu
Tab. 3. Maximum force values recorded in the process of roughing a part

) Sita / Force [N]
Narzedzie / Tool
Fx Fy Fz
Frez palcowy'w_alcowo-czolowy 60,219 60,219 34,232
End milling cutter
Wiertto / Drill 519,387 447,887 2130,465
Frez czotowy / Face cutter 2457,678 2512,251 1669,334

Analizujac wyniki badan zaprezentowane w tabeli 3 nalezy
zauwazy¢, ze maksymalne wartosci sit zmierzone podczas pro-
cesu obrébki kieszeni frezem palcowym znacznie r6znity sie od
sit zmierzonych podczas frezowania wglebnego. Wartosci sit
zmierzone dla frezu palcowego ksztattowaly sie na poziomie
okoto 2,5% wartosci dla osi X i Y i okoto 2% dla osi Z, w po-
réwnaniu z sitami zmierzonymi
podczas obrébki frezem czoto-
wym. Dosy¢ zaskakujgco wy-
chodzi poréwnanie rozktadu sit
powstatych w strefie skrawania
w przypadku wiercenia i fre-
zowania czotowego. Podczas
wiercenia sita maksymalna
zmierzona zostata wzdtuz osi
Z. Sity Fx i Fy stanowity okoto
21% wartosci sity Fz. Pomimo,
ze posuw roboczy dla frezu
czotowego ma identyczny kie-
runek, jak podczas wiercenia,
to proporcje sit podczas frezo-
wania wygladaty juz zupetnie
inaczej. Sity zmierzone w Kie-
runku osi X i Y byty wieksze

obrdébki detalu

of machining a part

Rys. 8. Pordwnanie maksymalnych wartosci si/ generowanych w stre-
fie skrawania podczas prowadzenia procesu technologicznego

Fig. 8. Acomparison of the maximum values of forces generated in the
cutting zone in the course of running the technological process

When analysing the study results presented in Table 3, it
should be noted that the maximum force values measured du-
ring pocket milling with an end mill differed significantly from
the forces measured during plunge milling. The values of the
forces measured for the end mill were running at about 2.5%
of the values for the X and Y axes and about 2% for the Z axis,
compared to forces measured
during face milling. Quite stri-
king is the comparison of the
distribution of forces generated
in the cutting zone in the case
of drilling and face milling.
During drilling, the maximum
force was measured along the
Z axis. Forces Fx and Fy con-
stituted about 21% of the value
of the force Fz. Despite the fact
that the direction of the wor-
king feed for the face mill was
identical to that for drilling, the
force ratios during milling were
completely different. The for-
ces measured in the direction of
the X and Y axes were larger by
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0 okoto 65% niz sita Fz. Taka rdznica w rozkladzie wartosci sit
dla poréwnywanych narzedzi ma bezposredni zwigzek z inna
charakterystyka geometrii ostrza.

Pierwszy etap badan prowadzony przy uzyciu frezu palco-
wego charakteryzowat sie statym przekrojem warstwy skrawa-
nej oraz stata szerokoscia skrawania (a,). Rzeczywisty przebieg
procesu obrébki charakteryzuje si¢ zupetnie odmiennymi wia-
sciwosciami. Charakterystyczne dla niego sa:

1. zmiennos¢ przekroju warstwy skrawanej w miejscach
zaglebiania si¢ narz¢dzia na zadang gtebokosé i szero-
kos¢ skrawania oraz zmienng geometria obrabianego
detalu,

2. zmienno$¢ szerokosci skrawania, ktéra w poczatkowej
fazie obrobki réwna jest srednicy uzywanego narzedzia
i zmniejsza sie do wartosci ustalonej przez technologa
(w przypadku obrdbki kieszeni zatozona wartos¢ a row-
nata si¢ potowie srednicy narzedzia, czyli 12,5 mm),

3. zmienna wartos¢ posuwu podczas zagtebiania sie narze-
dzia na zadang gt¢bokos¢ skrawania oraz w przypadku
obrébki miejsc o nagle zatamujacej sie geometrii (np.
narozniki).

Biorac pod uwage te cechy charakterystyczne dla prowa-
dzenia rzeczywistej obrobki detalu nalezalo spodziewaé sie
znacznego wzrostu sit generowanych w strefie skrawania,
w poréwnaniu do sit mierzonych podczas obrébki ze statym
posuwem i statym przekrojem warstwy skrawanej. Jednakze
wyniki badan pokazuja, ze maksymalne wartosci zmierzonych
sit ksztattuja si¢ na poziomie sit zmierzonych podczas prowa-
dzenia pierwszego etapu badan. Jest to oczywiscie zjawisko
bardzo korzystne i $wiadczy o bardzo dobrych wiasciwosciach
uzytkowych frezu CoroMill Plura.

4. Wnioski

Zastosowanie procesow obrobki wysokowydajnej w $wie-
cie dzisiejszej technologii jest juz zjawiskiem powszechnym.
Producenci narzedzi skrawajacych maja w swojej ofercie bo-
gata game narzedzi, umozliwiajacych prowadzenie procesu
skrawania z duzymi predkosciami skrawania i posuwu. O ile
zastosowanie ich w zabiegach obrobki ksztattujacej daje wy-
mierne efekty w stylu wysokiej jakosci obrobionej powierzchni
oraz duzej doktadnosci wymiarowo-ksztattowej, o tyle zastoso-
wanie ich w zabiegach obrdbki zgrubnej jest oczywiscie bardzo
pozadane, ale mato wymierne.

Ostatnio jednym z wazniejszych kryteriéw decydujacych
0 skutecznosci prowadzenia procesu technologicznego jest
czas maszynowy obrobki. Biorgc pod uwage takie kryterium
przebieg procesu obrdébki zgrubnej zaczyna mie¢ tutaj istotne
znaczenie. Opierajac si¢ na takim kryterium najlepszym na-
rzedziem bedzie takie, ktore moze pracowac z jak najwieksza
szybkoscia skrawania i predkoscia posuwu. Jedynym warun-
kiem zastosowania takiego narzg¢dzia wydaje si¢ by¢ wiasciwa
obrabiarka, ktora zapewni uzyskanie zatozonych parametrow
skrawania. Niestety producenci w zasadzie nie podaja, jakie
wartosci sit skrawania generowane sa podczas zabiegu obrob-
kowego, a co jest z tym zwiazane, czy obrabiarka bedzie posia-
data odpowiedni zapas mocy i dostateczna sztywnosc.

Jezeli jedynym kryterium doboru narzedzia bytby czas ob-
robki to biorac pod uwage wyniki prowadzonych badan niewat-
pliwie nalezatoby zastosowa¢ frez czotowy. Czas maszynowy
obrébki byt o 38% krétszy od czasu obrébki frezem walcowo-

about 65% than the force Fz. Such a difference in the distribu-
tion of force values for the tools under comparison is directly
related to the different characteristics of their cutter geometry.

The first stage of the study conducted with the use of an end
mill was characterised by a fixed cut form and a fixed width of
cut (a,). The actual course of the machining process is characte-
rised by completely different properties, which include:

1. variable cut form at sites where the tool is fed to a gi-
ven depth and width of cut and variable geometry of the
machined part,

2. variability of width of cut, which in the initial phase of
machining equals the diameter of the tool used and then
decreases to the value specified by the technologist (in
pocket machining the assumed a equalled half the dia-
meter of the tool, namely 12.5 mm),

3. variable feed rate in the course of feeding the tool to
a given depth of cut and in machining sites with abrup-
tly changing geometry (e.g., corners).

Taking into account these features, which are characteristic
of running an actual process of machining a part, a significant
increase should be expected in the forces generated in the cut-
ting area compared to the forces measured during machining at
a constant feed rate and a fixed cut form. However, the results
of the study show that the maximum values of the measured
forces are within the order of magnitudes of the forces measu-
red in the first stage of the study. This is obviously a very ad-
vantageous phenomenon which testifies to the very good usage
properties of the CoroMill Plura cutter.

4. Conclusions

High speed machining processes are commonly applied in
the world of today’s technology. Cutting tool manufacturers of-
fer a wide range of tools enabling running the cutting process at
high cutting and feed rates. While their use in profiling opera-
tions produces notable effects in the form of the high quality of
the machined surface and a high size-and-shape accuracy, their
use in roughing operations, though obviously highly desirable,
is not easily observable.

Recently, one of the more important criteria determining
the effectiveness of running a technological process has been
machining time. When this criterion is taken into account, the
course of the roughing process gains substantial significance.
On this criterion, the best tool is one that can work at the highest
possible cutting speed and feed rate. The sole condition for the
use of such a tool is the selection of an appropriate machine tool
which will ensure the achieving of the assumed cutting para-
meters. Unfortunately, manufacturers generally do not specify
what values of cutting forces are generated during a machining
operation, by the same token failing to state whether the ma-
chine tool is going to have an appropriate power margin and
a sufficient stiffness.

If machining time were the only criterion for tool selection,
then, considering the results of the conducted study, a face cut-
ter should be used. Its machining time was 38% shorter than the
machining time for end milling. Reduction of machining time
obviously has a measurable economic effect. A shorter machi-
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czotowym. Skrdcenie czasu maszynowego ma oczywiscie wy-
mierny efekt ekonomiczny. Krétszy czas obrébki gwarantuje
rowniez obrdbke wickszej partii detali przy statym okresie
trwatosci ostrza.

Jezeli jednak technolog zwracatby uwage réwniez na pro-
ces eksploatacji obrabiarki wybor nie bytby juz taki oczywisty.
Zaktadajac inne kryterium doboru narzg¢dzia do obrdbki zgrub-
nej, a mianowicie wielkos¢ sit generowanych w strefie skra-
wania, dobrym wyborem bytby oczywiscie wyboér frezu wal-
cowo-czotowego. Zmniejszenie sit powoduje mniejsze drgania
w strefie skrawania. Proces obrébki jest bardziej stabilny. Ma to
wymierny efekt w postaci przede wszystkim wydtuzenia czasu
eksploatacji obrabiarki.

Wyniki przedstawionych badan nie rozstrzygaja jedno-
znacznie, ktoére z badanych narzedzi nalezaloby zastosowaé
projektujac technologie obrébki. O wyborze decydowac bedzie
technolog wybierajac pomigdzy ekonomig prowadzonego pro-
cesu, a wiasciwosciami eksploatacyjnymi stosowanych narze-
dzi.
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ning time also guarantees machining of a larger batch of parts
over the same period of durability of the cutter.

If, however, a technologist also paid attention to the process
of maintenance of the machine tool, then the choice would no
longer be so obvious. Assuming another criterion for the se-
lection of a roughing tool, namely the magnitude of the forces
generated in the cutting zone, a good choice would obviously
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reduced vibration in the cutting zone. The machining process
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form of extending machine tool life.

The results of the presented studies do not give an une-
quivocal answer to the question of which of the studied tools
should be used in planning a machining process. The choice
is the technologist’s who has to choose between the economy
of the process being run and the operational properties of the
tools used.

[1] Budzynski A., Bachan M., Bieniaszewski W.: UGS NX CAM Express. Optymalne rozwigzanie CAM dla przedsigbiorstw sredniej

wielkosci. www.knse.pl/publikacje/67.pdf

[2] Cichosz P.: Obrébka skrawaniem. Wysoka produktywnos¢, Oficyna Wydawnicza Politechniki Wroctawskiej, Wroctaw 2007.

[3] ,.CoroGuide” Sandvik Coromant 2007.

[4] Edgecam —wydajny i szybki system CAM dla narzedziowni, http://www.nicom.pl/artykuly.php

(5]
(6]

[7]
(8]

(9]
[10]
(1]

[12]
[13]
[14]

[15]
[16]
[17]
[18]
[19]

[20]

Hoon Ko J., Altintas Y.: Time domain model of plunge milling operations, International Journal of Machine Tools & Manufacture
47/2007, 1351-1361.

Li Y., Liang S.Y., Petrof R.C., Seth B.B.: Force modelling for cylindrical plunge cutting, International Journal of Advanced
Manufacturing Technology, vol. 12, number 16/2000, 863-870.

Mastercam — Mill Poziom, http://www.mastercam.pl/?mod=2&id=7

Mazurkiewicz D.: Wplyw wybranych parametrow konstrukcyjnych ukfadéw wieloostrzowych na efektywnosé¢ skrawania
materiaZow skalnych, Eksploatacja i Niezawodnos¢ - Maintenance and Reliability, 4/2001, 31-37.

McPhail, E.M.: Inserts For Plunge Milling, Modern Machine Shop, June 1, 2000.

Morek R.: Wdrazanie HSM, Design News, Nr 4, 2006.

Michalski R., Janulin M.: Doh6r parametréw eksploatacyjnych pojazdu z napedem elektrycznym, Eksploatacja i Niezawodnosé
- Maintenance and Reliability nr 4/2008, 69-73.

Morek R.: Wpyw wysokowydajnych obrébek na przebieg procesu technologicznego, Design News, Nr 11, 2005.

Raun T.: Use Plunging to Increase Metal Removal Rates, Moldmaking Technology Magazine, 11/2007.

Stanistawski M.: Oprogramowanie CAD, CAM, CAE dla inzynierow projektantow branzy mechanicznej. http://www.
konstrukcjeinzynierskie.pl/archiwum_pdf/PiKIl_7-8(10-11)_raport_website_HQ.pdf

Tilton S.: Plunge Milling Saves Time on Big Mold Cavities, Moldmaking Technology Magazine, 05/2005.

Paynich, V., Simandl, A: Plunge milling add-on, CADalyst, August 1, 2002.

United States Patent 3811163 - Plunge milling tool

United States Patent 6929435 - Contour plunge milling

Wakaoka S., Yamane Y., Sekiya K., Narutaki N.: High-speed and high-accuracy plunge cutting for vertical walls, Journal of
Materials Processing Technology 127/2002, 246-250.

Z6ttowski B.: Podstawy diagnostyki maszyn. Bydgoszcz 1996.

Drinz. Leszek SEMOTIUK

Politechnika Lubelska

Wydziat Mechaniczny

Katedra Podstaw Inzynierii Produkcji

ul. Nadbystrzycka 36, 20-618 Lublin, Polska
tel. +48 081 5384240,

email: l.semotiuk@pollub.pl

MAINTENANCE AND RELIABILITY NR 1/2009 53




Stawomir JUSCINSKI
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OUTSOURCING JAKO FUNKCJA LOGISTYKI W DYSTRYBUCJI CZESCI ZAMIENNYCH

DO CIAGNIKOW | MASZYN ROLNICZYCH

OUTSOURCING AS A LOGISTICS FUNCTION IN DISTRIBUTION OF SPARE PARTS

1. Wprowadzenie 1.

FOR TRACTORS AND FARM MACHINES

W artykule przedstawiono funkcje logistyki w procesie sprzedazy czesci zamiennych do ciggnikéw i maszyn rolniczych.
Zaprezentowano problemy transportu czesci zamiennych. Oméwiono warunki stosowania outsourcingu oraz kryteria
wyboru firm przewozowych. Opisano badania wp/ywu zjawiska sezonowosci na wartos¢ ousourcingu w usfugach prze-
wozowych czesci zamiennych do ciggnikéw i maszyn rolniczych, wykonywanych przez firmy kurierskie. Wyznaczono
wartos¢ indeksow sezonowych dla badanego okresu i poddano ocenie rozkfad ich zmian w aspekcie zespo/u upraw
polowych wykonywanych zgodnie z kalendarzem zabiegéw agrotechnicznych.

Stowa kluczowe: logistyka, ousourcing w logistyce, dystrybucja czesci zamiennych.

This article presents the functions of logistics in the process of sale of spare parts for tractors and farm machines. Pro-
blems connected with transport of spare parts have been described. The conditions of employing outsourcing and the
criteria for choice of transport companies have been discussed. The research concerning the influence of seasonality
on the value of outsourcing in transport services of spare parts for tractors and farm machines carried out by courier
companies have been presented. The value of seasonal indices for the investigated period has been determined and
the distribution of their changes in the context of soil cultivation carried out according to the calendar of agricultural
operations has been evaluated.

Keywords: logistics, outsourcing in logistics, distribution of spare parts for tractors and farm machines.

Introduction

Systemy logistyczne odgrywaja obecnie wiodaca rolg w za-
rzadzaniu przedsiebiorstwami handlowo — ustugowymi, pracu-
jacymi na rzecz sektora rolniczego. Logistyka w istotny sposéb
przyczynia si¢ do podniesienia efektywnosci dziatania i opty-
malnego wykorzystania posiadanych zasob6w, wptywajac tym
samym na konkurencyjnos¢ firm. Droga do sukcesu w sferze
zarzadzania procesami logistycznymi, uzalezniona jest od pro-
fesjonalnej wiedzy kadry menedzerskiej. Istotna jest nie tylko
znajomos¢ metod, narzedzi i technik logistycznych, lecz réw-
niez skutecznych procedur aplikacyjnych. Logistyka w orga-
nizacjach gospodarczych, to przede wszystkim wiedza stoso-
wana, ktora ma sciste zwiazki z praktyka w danej branzy. Dla
liderow sektora zaopatrzenia i obstugi rolnictwa ciagtos¢ zmian
wywolanych restrukturyzacja obszaréw wiejskich w Polsce jest
zachetg do udoskonalania istniejacych i poszukiwania oryginal-
nych rozwiazan logistycznych.

Koncepcje i programy, ktore wspotczesnie sa tworzone
w zakresie systemow logistycznych, powstaja w wyniku badan
stosowanych i wdrozen, ktore pozytywnie oceniono w praktyce
gospodarczej. Obserwacje w zakresie transformacji czasowo —
przestrzennej wyrobdw, pozwalaja na podstawie praktycznych
doswiadczen przedsigbiorstw modelowa¢ nowe rozwiazania
organizacyjne [4,5,12].

2. Problem badawczy

Rynek obstugi produkcji rolniczej, ze wzgledu na jej cha-
rakter, wykazuje istotne réznice popytu na przestrzeni roku.
Skuteczne zabezpieczenie potrzeb wymaga stosowania metod

Logistic systems nowadays play a leading role in managing
trade and services enterprises_in the agriculture service sector.
Logistics contributes significantly to increasing effectiveness
of functioning and optimal exploitation of resources, at the
same time influencing competitiveness of companies. Success
in the sphere of managing logistic processes depends on the
professional knowledge of the managerial staff. The knowledge
of logistic methods, tools and techniques as well as familiarity
with effective application procedures is significant. Logistics in
economic organization is primarily applied knowledge, closely
connected with practice in a given branch. Leaders of the sup-
ply and agriculture maintenance sector, due to the continuity of
changes caused by restructuring rural areas in Poland, feel en-
couraged to improve the existing logistic solutions and search
for new original ones.

Ideas and programs that are created at present within the
sphere of logistics systems arise as a result of applied research
and implementation which have been positively evaluated in
economic practice. Observations concerning temporal and spa-
tial transformation of products enable to form new organizatio-
nal solutions on the basis of practical experience of companies
[4,5,12].

2. Research problem

The agricultural market, due to its characteristics, displays
significant differences in demand throughout the year. In order
to satisfy the needs efficiently, logistic methods and techniques
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i technik logistycznych w sprzedazy czesci zamiennych do cig-
gnikéw i maszyn rolniczych. Zasadniczym problemem, na kt6-
ry nalezy zwroci¢ uwage, jest sezonowos¢ popytu w aspekcie
kalendarza zabieg6ow agrotechnicznych.

Najwazniejszym zadaniem logistyki przy okreslonej wiel-
kosci sprzedazy wyrobow i czgsci zamiennych jest dobor ka-
natéw dystrybucji o odpowiedniej strukturze i mozliwosciach
transportowych. Zarzadzanie dystrybucja fizyczng powinno za-
pewni¢ oczekiwany poziom obstugi i satysfakcje klienta przy
jednoczesnej minimalizacji kosztow ponoszonych przez produ-
centa i dealera [3,8,11,14].

3. Outsourcing ustug w transporcie czesci zamiennych
3.1. Rolaizadania systeméw transportowych

Przedsiebiorstwa poprzez wtasciwg organizacje w posiada-
nych dziatach transportowych daza do przestrzennej oraz jako-
sciowej niezawodnosci dostaw czgsci zamiennych. Najczesciej
firmy handlowo — ustugowe posiadajac wtasne srodki przewo-
zowe, wykorzystuja gtéwnie transport drogowy do zabezpie-
czenia ciggtosci pracy dziatu handlowego i serwisu.

Charakterystyczne wymagania, ktore nalezy spetni¢ przy
realizacji zaopatrzenia w czgsci zamienne do ciagnikéw i ma-
szyn rolniczych, generuje argumenty ekonomiczne przemawia-
jace za wykorzystaniem outsourcingu w ustugach transporto-
wych. Biezace zlecenia realizowane w Centrum Logistycznym
producenta dla poszczegélnych autoryzowanych firm dealer-
skich nie stanowig z reguty przewozow wykorzystujacych cata
powierzchnie tadunkowa pojazdéw z uwagi na wysoki poziom
niejednorodnosci czasowej i ilosciowej oraz strukturg drobni-
cowg tadunkoéw z czeéciami zamiennymi.

Nalezy zaznaczy¢, ze przewozy czesci podlegaja wahaniom
sezonowym na przestrzeni roku i majg szczegdlnie w sezonie
agrotechnicznym wysokie wymagania pod wzgledem termino-
wosci dostaw. Rentownos¢ dziatu transportu w takich warun-
kach ulega radykalnemu obnizeniu.

Budowa przewagi konkurencyjnej i stworzenie wizerunku
firmy jako solidnego, godnego zaufania partnera dla sektora
rolniczego, wymaga stosowania rozwigzan, ktére zabezpiecza
niezawodna pod wzgledem ilosci i czasu ustuge transportowsa.

3.2. Analiza wptywu outsourcingu na modyfikacje strategii dziata-
nia przedsiebiorstwa

Szybkie zmiany otoczenia gospodarczego powoduja, ze
przedsiebiorstwa zmuszone sa do modyfikacji strategii dziata-
nia. Konkurencja ze strony innych podmiotéw gospodarczych
oraz presja rynku na dynamiczna zmiane i rozszerzanie oferty
wytwarzanych produktéw prowadzi do koncentracji wysitku
przedsiebiorstw na dziatalnosci podstawowej. Nastepuje wy-
odrebnienie z systemow logistycznych firmy obszaréw o ma-
tym znaczeniu konkurencyjnym. Outsourcing jest dziataniem
majacym na celu restrukturyzacje organizacyjna przedsigbior-
stwa polegajaca na ograniczeniu jego wielkosci i uproszczeniu
posiadanej struktury. W ramach outsourcingu podmioty go-
spodarcze zlecaja czes¢ wiasnych zadan, funkcji lub proceséw
zewnetrznym wyspecjalizowanym w danej dziedzinie operato-
rom. Firmy ustugowe maja mozliwos¢ realizacji zlecen zgod-
nie z potrzebami zamawiajacego. Rozwoj gospodarki rynkowej
powoduje szeroka podaz ustug w sektorze Transport-Spedycja-
Logistyka [6,9,13,16].

are required in the process of sale of spare parts for tractors and
farm machines. A principal problem that needs to be addressed
is the seasonality of demand in the aspect of the calendar of
agricultural operations.

The most significant aim of logistics within particular qu-
antity of sale of products and spare parts is the selection of
channels of distribution with proper structure and transport
capabilities. Managing physical distribution should ensure the
standards of services that meet expectations of the customers
and, at the same time, minimization of the costs incurred by the
producer and the dealer [3,8,11,14].

3. Outsourcing in spare parts transport services
3.1. The role and tasks of transport systems

Companies, by means of proper organization of their trans-
port sections, aim at reliability in terms of space organization
and quality of spare parts delivery. Most often trade and service
companies that own their means of transportation use mainly
road transport for securing the continuity of trade section and
service operation.

Special requirements that have to be met when providing
the delivery of spare parts for tractors and farm machines ge-
nerate economic arguments in favour of employing outsourcing
in transport services. Current orders realized in the Logistics
Centre of the producer for particular authorized dealers usually
do not constitute the transports that use the whole cargo spa-
ce of vehicles. This is due to a high level of inhomogeneity in
terms of time and space, as well as the fact that spare parts are
transported in general cargo shipments.

It should be pointed out that spare parts transport undergoes
seasonal fluctuations throughout the year and, especially in the
season of agricultural works, high expectations as to the delive-
ry punctuality are set. The profitability of the transport section
in such conditions is subject to a radical decrease.

Gaining a competitive advantage and creating the image of
a company as a solid and trustworthy partner for the agricul-
tural sector requires employing solutions that ensure transport
services dependable in terms of quantity and time.

3.2. The analysis of the influence of outsourcing on the modifica-
tion of a company’s action strategy

Rapid changes of the economic environment force compa-
nies to modify their action_strategy. Competition on the part of
other economic subjects and the pressure of the market towards
a dynamic change and broadening the offer of the manufactured
products leads to focusing the efforts on the core business. The
areas of a low competitive significance are separated from the
logistic systems of a company. Outsourcing is an action aimed
at restructuring the organization of a company as to reduce its
size and simplify its structure. Within outsourcing economic
subjects subcontract part of their tasks, functions and processes
to external operators specializing in a given field. Service en-
terprises have an opportunity to realize orders according to the
needs of the ordering party. The development of market econo-
my causes a wide supply of services in transport, dispatching
and logistics [6,9,13,16].
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Stosowanie outsourcingu w logistyce generuje szereg zalet:

- ograniczenie kosztéw i poziomu zatrudnienia;

- wyzsza efektywnos¢ w dziatalnoéci podstawoweyj;

- Wyzszg jakos¢ ustug i wykorzystanie potencjatu, wiedzy
i profesjonalizmu operatora zewngtrznego;

- mniejsze zaangazowanie Kapitatu i ograniczenie nakla-
déw inwestycyjnych w wybranych obszarach.

- Zwiazane jest rowniez z wadami:

- partnerstwo powoduje transparentnosé firmy,

- brak kontroli nad cze¢scia procesow,

- ryzyko i zagrozenia wynikajace z nieprzestrzegania wa-
runkow wspotpracy,

- koniecznos¢ monitorowania i oceny uzyskanych efek-
tow.

Stosowanie outsourcingu dla zabezpieczenia tej czesci po-
trzeb transportowych, ktore sa zwiagzane z dystrybucja czesci
zamiennych, wymaga zlecenia przewozéw w firmach kurier-
skich. Outsourcing w ustugach przewozowych daje szybkie
efekty finansowe dla firmy w wyniku uwolnienia powaznych
srodkow kapitatowych, ktére sa zamrozone w aktywach trwa-
tych zwiazanych z infrastruktura transportowa. Utrzymanie
zakupionych $rodkdw transportowych zwiazane jest z koniecz-
noscia ponoszenia wielu naktadow, do ktérych zaliczamy: wy-
nagrodzenie kierowcow, koszty paliwa, koszty obstugi serwi-
sowej i naprawczej taboru, utrzymanie zaplecza technicznego,
podatki oraz liczne optaty koncesyjne.

Przystepujac do wyboru operatora zewnetrznego nalezy
okresli¢ kryteria, ktére beda decydujace przy podpisywaniu
umowy z firma przewozowa. Procedura wyboru winna obej-
mowacg:

- poréwnanie odpowiedzi na rozestane zapytania ofertowe
do firm przewozowych ze szczeg6lnie wnikliwg analiza
kosztéw zwiazanych z wykonaniem ustug transporto-
wych;

- kontrolg jakosci realizowanych ustug na rzecz innych
podmiotéw gospodarczych przez danego operatora logi-
stycznego oraz posiadane referencje i certyfikaty;

- systemy organizacyjne funkcjonujace w firmie i ich moz-
liwosci w zakresie elastycznej reakcji na wystepujaca
zmiane obcigzen i tras przewozu oraz gwarancje czesto-
tliwosci i punktualnosci dostaw;

- gotowos¢ do ponoszenia kar umownych w przypadku nie
spetnienia warunkéw kontraktu;

- weryfikacje stosownych systemdw zabezpieczania prze-
wozOw oraz systemOw monitorowania i identyfikacji
przewozonych tadunkéw.

Rachunek ekonomiczny bilansujacy naktady na utrzyma-
nie dziatu transportowego oraz koszty wynajecia zewnetrznego
dostawcy ustug logistycznych powinien rozstrzyga¢ o wyborze
pomiedzy oferentami. Przedsigbiorstwo dystrybucyjne podpi-
sujac umowe o ditugofalowej wspotpracy w zakresie transportu
czesci zamiennych do ciagnikéw i maszyn rolniczych, korzy-
sta z upustow cenowych z uwagi na bardzo szeroki asortyment
i wynikajacy z tego wysoki poziom zlecen przewozowych. Za-
mowienie ustug kurierskich u wybranego operatora logistycz-
nego nastepuje réwnoczesnie z uruchomieniem kompletacji
czesci dla zlecenia przekazanego do Centrum Logistycznego
[4,12].

Using outsourcing in logistics generates a number of advantages:

- reducing the costs and level of employment,

- high efficiency of the core business,

- higher quality of services and using the potential, know-
ledge and professional skills of the external operator,

- lower capital engagement and limiting investment outlays
in chosen areas.

- Outsourcing also has drawbacks:

- partnership causes company transparency,

- lack of control over a part of the processes,

- risk and dangers resulting from not satisfying principles
of cooperation,

- necessity to monitor and evaluate the achieved results.

Applying outsourcing in order to secure the part of transport
needs that are connected with spare parts distribution requires
subcontracting the shipments to courier companies. Outsour-
cing in shipment services allows the company to profit quickly
due to releasing a large number of capital resources such as
frozen fixed assets connected with transport infrastructure. The
maintenance of the purchased means of transportation involves
a necessity to incur many expenditures such as remuneration of
the drivers, costs of the fuel, costs of service and repair of the
fleet, maintenance of technical resources, taxes and numerous
license fees.

Before choosing an external operator the criteria decisive
for signing an agreement need to be specified. The procedure of
the choice should include:

- a comparison of replies for the offer inquiry sent to ship-
ment companies with an especially in-depth analysis of
the costs connected with performing transport services,

- controlling the quality of the services provided to other
economic subjects by a given logistic operator, as well as
the references and certificates,

- organization systems functioning in the company and the-
ir capabilities concerning a flexible reaction to a change
in loading and delivery route as well as the guarantee of
frequency and punctuality of delivery,

- readiness to bear conventional penalties in case of not ful-
filling the terms of the contract,

- verification of proper shipment protection systems and
monitoring systems, as well as monitoring the transported
cargoes.

The economic calculation balancing the expenditures for
maintaining the transport section and the costs of hiring an
external supplier of logistic services should be decisive in the
choice between the bidders. A distributing company, when si-
gning an agreement for a long-term cooperation within the sco-
pe of transport of spare parts for tractors and farm machines,
receives discount due to a very wide range of products and, as
a consequence, a high level of shipment orders. Subcontracting
courier services to a chosen logistic operator takes place simul-
taneously to launching parts completion to an order sent to the
Logistics Centre [4,12].
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4. Analiza outsourcingu ustug przewozowych czes$ci zamien-
nych wykonanych w latach 2003-2005

Zbiorcze zlecenia zakupu czesci zamiennych, zrealizowane
w firmie bedacej autoryzowanym dystrybutorem maszyn i po-
jazdoéw rolniczych dwudziestu o$miu producentéw, poddano
badaniom na przestrzeni trzech lat. Przedsigbiorstwo handlowo
— ustugowe bedace obiektem badan, prowadzi od 1989 roku
dziatalnos¢ w sektorze obstugi rolnictwa na terenie wojewo6dz-
twa lubelskiego. Realizacja w czasie rzeczywistym zamowien
czesci w potaczeniu z outsourcingiem w ustugach transporto-
wych, miata na celu sprawne zabezpieczanie biezacych potrzeb
klientéw. Systematyczne utrzymanie niskich stanéw na maga-
zynie czesci zamiennych prowadzono réwnolegle z polityka
zdobywania satysfakcji klienta poprzez stosowanie systemo-
wych rozwiazan logistycznych.

Analizie poddano wartos¢ ustug przewozowych przesytek
drobnicowych z czg¢$ciami zamiennymi, wykonanych przez
ustugodawcéw zewnetrznych. Outsourcing obejmowat trans-
port czesci zamiennych z Centréw Logistycznych na terenie
Polski do autoryzowanego dealera wyrobow i czesci zamien-
nych. Badania wykonanych ustug przewozowych w latach
2003-2005, powierzono w sumie trzem firmom kurierskim.

4.1. Wartosc ustug przewozowych czesci zamiennych w 2003 roku

Analiza outsourcing w transporcie cze¢sci zamiennych obej-
mowata w badanym okresie ogbtem 462 ustugi przewozowe, wy-
konane przez dwie firmy kurierskie. Rozktad wartosci wykona-
nych ustug transportowych, prezentuje histogram na rysunku 1.

Pierwszy kwartat wykazat najnizszg wartos¢ wykona-
nych ustug przewozowych i miaty one poziom 12,3% obrotu
rocznego. Wysoki wzrost zapotrzebowania wystapit w kwiet-
niu, a obroty dla kolejnych trzech miesiecy osiagnety 27,4%.
Maksymalna warto$¢ przewozow Kurierskich, miata miejsce
w trzecim kwartale, gdy wykonano 41% obrotu rocznego. Mie-
sigcami z wysoka wartoscig ustug w ramach outsourcingu byt
okres od lipca do pazdziernika. Koniec roku charakteryzowata
duza redukcja wartosci zlecen przewozowych, a najnizszy po-
pyt w skali badanego okresu wystapit w grudniu. W ostatnim
kwartale zapotrzebowanie osiagn¢to poziom 19,3%.

Przebieg zmian oraz zrealizowany poziom wartosci ustug
kurierskich w 2003 roku, wynikat doktadnie z zalecanego cza-
su na wykonanie zabiegéw agrotechnicznych. Wiosenne prace
polowe, podczas ktérych wykonywane sg uprawy przedsiewne
pod rosliny jare oraz sadzenie roslin okopowych byly przyczy-
Na znaczacego wzrostu obrotow w przewozach czgéci zamien-
nych. Maksymalny poziom ustug kurierskich wystapit w okre-
sie zbioru zb6z, wykonywania zespotu upraw pozniwnych oraz
zbioru roslin okopowych [2,7].

4.2. Wartoscé ustug przewozowych czesci zamiennych w 2004 roku

Przewozy cze¢sci zamiennych do ciagnikdw i maszyn rolni-
czych obejmowaty w badanym okresie ogétem 698 ustug trans-
portowych, wykonanych przez dwie firmy kurierskie. Rozktad
wartosci zlecen transportowych w 2004 roku, pokazuje histo-
gram na rysunku 2.

Analiza rozktadu wartosci wykonanych ustug przewozo-
wych potwierdzita, ze poczatek roku, gdy nie byty wykonywa-
ne zabiegi polowe, wyznaczyt minimum kwartalne o wartosci
12,8%. Kolejne trzy miesiace byty okresem, w ktérym zlecono
przewozy o wartosci 25,4%, a miejscowa najwyzsza wartosé

4. Analysis of outsourcing of shipment services of spare parts
provided within the years 2003 - 2005

The cumulative orders for spare parts, purchase realized in
a company that is an authorized distributor of farm machines
and vehicles of twenty-eight producers, have been investigated
within three years. The trade and service enterprise that is the
object of the research operates in the agriculture service sec-
tor in the Lublin province. The real-time realization of orders
of spare parts connected with outsourcing in transport services
aims at efficient satisfying customers’ current needs. Systema-
tic maintaining low stocks on hand in spare parts stores was pa-
rallel to the policy of ensuring customer’s satisfaction by means
of systemic logistic solutions.

The value of transport services of general cargo shipments
containing spare parts done by external service providers has
been analyzed. Outsourcing has included spare parts transport
from Logistics Centres in Poland to the authorized dealer of
spare products and parts. The examination of provided ship-
ment services within the years 2003-2005 has been entrusted to
three courier companies in amount.

4.1. The value of spare parts shipment services in the year 2003

The analysis of outsourcing in spare parts transport inclu-
ded 462 shipment services at the period investigated, provided
by two courier companies. The layout of the value of transport
services is presented in the histogram on figure 1.

The first quarter of the year has shown the lowest value of
performed services; i.e. 12,3% of the annual turn over. A high
rise of demand took place in April and the turnover for the next
three months reached 27,4%. The maximum value of courier
shipments took place in the third quarter, when 41% of the an-
nual turnover was realized. The period from July to October
showed a high value of services within outsourcing. The end of
the year displayed a high reduction of the value of shipments
and the lowest demand throughout the investigated period was
in December. In the last quarter the demand reached the level
of 19,3%.

The course of changes and the value of courier services in
2003 followed exactly from the recommended time for agri-
cultural operations. Field works in the spring, during which
pre-sowing cultivation for spring crops and root crops planting
resulted in an increase of turnover in spare parts shipments. The
maximum level of courier services occurred during the harvest
time, post-harvest cultivation and root crops harvesting [2,7].

4.2. The value of spare parts shipment services in the year 2004

The shipments of spare parts for tractors and farm machines
included 698 transport services in general within the investiga-
ted period. Two courier companies performed them. The layout
of the value of transport services in 2004 is presented in the
histogram on figure 2.

The analysis of the layout of the value of performed ship-
ment services has confirmed that the beginning of the year, when
no field works were done, determined the quarter minimum at
the value of 12,8%. The following three months were the period
in which the value of shipments averaged out at 25,4%, while
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Rys. 1. Rozk/ad wartosci usfug przewozowych czesci zamiennych wyko-
nanych przez firmy kurierskie w 2003 roku

Fig. 1. The layout of the value of spare parts transport services per-
formed by courier companies in the year 2003

wystapita w kwietniu. Najwyzsza wartos¢ zlecen transpor-
towych na poziomie 37% odnotowano w trzecim kwartale.
Maksymalny popyt wystepowat w miesiacach od sierpnia do
pazdziernika. Wartos¢ przewozéw w czwartym kwartale byta
rowna 22,2%, a ostanie miesiace roku charakteryzowaty sig re-
dukcja popytu na czesci zamienne.

Charakter zmian wartosci zrealizowanych ustug przewozo-
wych czesci zamiennych w 2004 roku, wykazat zaleznos¢ od
natezenia prac polowych. Najwyzsza warto$¢ przewozéw wy-
konanych w ramach outsourcingu odwzorowywata czas reali-
zacji zespotu upraw wiosennych, prac przy zbiorze zbdz i roslin
oleistych oraz upraw pozniwnych.

4.3. Warto$¢ ustug przewozowych czesci zamiennych w 2005 roku

Outsourcing w przewozach czgéci zamiennych w analizo-
wanym roku stanowito ogdtem 886 ustug transportowych, wy-
konanych przez trzy firmy kurierskie. Rozktad wartosci zlecen
transportowych w 2005 roku, obrazuje histogram na rysunku 3.

W pierwszym i drugim kwartale przy obrotach odpowied-
nio 17,4% i 26,2%, najnizsza wartos¢ przewoz6w przypadia
na $rodek okresu, a najwyzsza na miesiac koncowy. Trzeci
kwartal wykazal tendencje wzrostu zaméwien i przy obrocie
34,2%, zrealizowano przewozy za maksymalna warto$¢ w mie-
sigcu sierpniu. Ostatnie trzy miesiace roku charakteryzowaty
si¢ gwattownym spadkiem wartosci zlecen kurierskich do po-
ziomu 22,2%, a w grudniu wystapito minimum w skali catego
2005 roku.

Struktura zmian wartosci ustug przewozowych czesci za-
miennych wykonanych przez firmy kurierskie w ramach outso-
urcingu byta w 2005 roku zalezna od rozktadu czasowego i li-
czebnosci zespotu upraw polowych zalecanych w kalendarzu
zabiegdw agrotechnicznych.

4.4. Charakterystyka poréwnawcza wartosci outsourcingu ustug
przewozowych cze$ci zamiennych w latach 2003-2005

Przewozy czgsci zamiennych w analizowanym okresie
objety ogotem 2046 zlecen. Rozktad wartosci przewozow ku-
rierskich czgsci zamiennych w latach 2003-2005, przedstawia
histogram na rysunku 4.

Badania rozktadu ustug na przestrzeni trzech lat dowiodty,
ze mial miejsce przyrost wartosci zrealizowanych przesytek
kurierskich. Outsourcing w latach 2003-2004 wykazat wzrost
wartosci 0 20%, a dla okresu 2004-2005 nastgpny przyrost
wartosci 0 33,7%. Zestawienie rozktadu wartosci zlecen prze-

Rys. 2. Rozk/ad wartosci usfug przewozowych czesci zamiennych wyko-
nanych przez firmy kurierskie w 2004 roku

Fig. 2. The layout of the value of spare parts transport services per-
formed by courier companies in the year 2004

the highest local value occurred in April. The highest value of
transport orders amounting to 37% could be noticed in the third
quarter. The maximum demand occurred within the period from
August to October. The value of shipments in the fourth quarter
equaled to 22,2% and the last months of the year showed the
reduction of demand for spare parts.

The character of changes in the value of provided spare
parts shipment services in the year 2004 has shown dependency
on the intensity of field works. The highest value of shipments
performed within outsourcing corresponds to the period of
spring agricultural works, crops and oily plants harvesting as
well as post-harvest cultivation.

4.3. The value of spare parts shipment services in the year 2005

Outsourcing in spare parts shipments within the investigated
year constituted 886 transport services in generally, performed
by three courier companies. The layout of the value of transport
orders in 2005 is illustrated by the histogram on figure 3.

In the first and the second quarter, when the turnover re-
ached 17,4% and 26,2% respectively, the lowest value of ship-
ments fell on the middle of the period while the highest value
was reached in the last month. The third quarter showed a ten-
dency towards a higher number of orders and with the turnover
amounting to 34,2% the maximum value of shipments was re-
ached in August. The last three months displayed a rapid decre-
ase in the value of courier orders to the level of 22,2% and in
December the value was the lowest per annum. The structure of
changes of the value of spare parts shipment services performed
by courier companies within outsourcing in the year 2005 de-
pended on temporal distribution and the number of agricultural
works recommended in the calendar of agricultural works.

4.4 Comparative description of the value of outsourcing of spare
parts shipment services in the years 2003-2005

Spare parts shipments in the analysed period included 2,046
orders in general. Figure 4 presents the layout of the value of
spare parts courier dispatches in the years 2003 — 2005.

The research services on the layout during three years have
proved that there was an increase of the value of fulfilled co-
urier dispatches. The outsourcing in the years 2003 — 2004 sho-
wed an increase value by 20% and for the period 2004 — 2005
a subsequent increase value by 33,7%. A juxtaposition of the
layout of the value of shipment orders allows to claiming that
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Rys. 3. Rozkfad wartosci usfug przewozowych czesci zamiennych wyko-
nanych przez firmy kurierskie w 2005 roku

Fig. 3. The layout of the value of spare parts transport services per-
formed by courier companies in the year 2005

wozowych, pozwala stwierdzi¢, ze maja one zblizong charakte-
rystyke na przestrzeni badanych okreséw. Udziaty procentowe
dla wybranych kwartatow zachowaty zblizony poziom przy
jednoczesnym wzroscie wartosci $wiadczonych zlecen prze-
wozowych. Pierwszy kwartat miat najnizszy popyt na zlece-
nia transportowe. W 2004 i 2005 roku posiadat warto$¢ odpo-
wiednio 12,8% i 12,3%. Natomiast w 2003 roku byt wyzszy
niz w kolejnych latach i wynosit 17,8%. Charakterystycznym
zjawiskiem, potwierdzonym w drugim kwartale kazdego roku,
byt skokowy wzrost wartosci ustug w kwietniu. Poczatek sezo-
nu wiosennych zabiegéw agrotechnicznych, w postaci upraw
przedsiewnych i siewu zho6z oraz sadzenia roslin okopowych,
generowat ponad dwukrotny wzrost obrotéw w poréwnaniu
do miesigcy zimowych. Obroty w drugim kwartale osiagnety
odpowiednio: 26,2%, 25,4% oraz 27,4%. Kolejna prawidto-
wos$¢ widoczna na strukturze wartosci, to rosnace w kolejnych
latach obroty trzeciego kwartatu. Okres zbioru zb6z, rodlin
oleistych i roslin okopowych oraz wykonanie prac z zespotu
upraw pozniwnych, znalazto odbicie w maksymalnej wartosci
ustug przewozowych czesci zamiennych w miesigcach od lipca
do pazdziernika. Trzeci kwartat zamknat si¢ wartoscia zlecen
przewozowych na poziomie: 34,2%, 37% i 41% w skali roku.
Ostatnie dwa miesigce roku stanowity okres zmniejszonego po-
pytu i redukcji obrotdw w przewozach, przy czym tendencja
taka szczego6lnie wyraznie zaznaczyta si¢ w 2005 roku. Czwar-
ty kwartat to przewozy o wartosci odpowiednio: 22,2%, 24,8%
oraz 19,3% .

Sumaryczny rozktad wartosci przewozoéw kurierskich, pre-
zentuje wykres na rysunku 5.

5. Analiza statystyczna outsourcingu ustug przewozowych
czesci zamiennych w latach 2003-2005

Przewozy czesci zamiennych zrealizowane przez opera-
toréw logistycznych na zlecenie przedsiebiorstwa handlowo
— ustugowego w badanym okresie, miaty charakter periodycz-
ny. Wahania sezonowe wymuszajg odchylenia od rytmicznego
przebiegu proceséw przemystowych. Zaktécajac ich wyréwna-
ny poziom sg przyczyng nadmiernego wzrostu kosztéw. Rozpa-
trywano ich podobienstwo i zaleznos¢ od kalendarza zabiegow
agrotechnicznych, ktére majg cykliczny przebieg i sg $cisle
zwigzane z okreslonymi sezonami na przestrzeni roku.

Przy analizie badanych zjawisk outsourcingu wykorzystano
model multiplikatywny sktadowych szeregu czasowego, ktéry

Rys. 4. Rozkfad wartosci usfug przewozowych czesci zamiennych wyko-
nanych przez firmy kurierskie w latach 2003-2005

Fig. 4. The layout of the value of spare parts shipment services done by
courier companies in the years 2003 — 2005

they are of a similar description throughout the tested periods.
The percentage shares for the selected quarters have maintained
a similar level with a simultaneous increase in the values of
shipment orders. There was the lowest demand for shipment or-
ders in the first three months. In 2004 and 2005 it had a value of
12.8% and 12.3% respectively. But in 2003 it was higher than
in the following years and was 17.8%. An abrupt increase in
the value of services in April was a characteristic phenomenon,
confirmed in the second quarter of each year. The beginning of
the season of spring agricultural works, i.e. pre-sowing culti-
vation, crop sowing and planting of bulb and root plants gene-
rated over double increase in turnover in comparison to winter
months. The turnover in the second quarter reached respective-
ly: 26.2%, 25.4% and 27.4%. Increasing turnover of the third
quarter in the following years is another regularity noticeable
in the value structure. The harvest time of crops, oleaginous
plants and bulb and root plants, as well as works of post-harvest
farming, reflected in maximum value of spare parts shipment
services from July to October. The third quarter closed with
the value of shipment orders at the level of: 34.2%, 37% and
41% throughout the year. The last two months were the period
of a lower demand and a reduction of shipment turnover. Such
a tendency was particularly marked in 2005. The fourth quarter
was marked with shipment: 22.2%, 24.8% and 19.3%.

The graph on figure 5 shows a summary layout of the value
of courier dispatches.

5. Statistic analysis of outsourcing of spare parts shipment
services in the years 2003-2005

Spare parts shipments done by logistic operators for the or-
der of a trade-service enterprise in the tested period were of a
periodic character. Seasonal fluctuations extort deviations from
a rhythmical course of industrial processes. They are the cau-
se of an excessive increase in costs by the disruption of their
balanced level. They have been analysed as far as their simi-
larity and dependence upon the calendar of agricultural works
are concerned. The works are of a cyclic course and are strictly
connected with particular seasons of the year.

Analysing the tested outsourcing phenomena, a multiplica-
tive model of elements of time line, which can be presented as

MAINTENANCE AND RELIABILITY NR 1/2009 59




NAUKA | TECHNIKA

mozna przedstawi¢ jako iloczyn czterech sktadowych. Sezono-
wos¢ okreslamy wowczas za pomoca metody nazywanej ,,me-
toda wspotczynnika do sredniej ruchomej”. [1,10,15,17]:

Y, =T,-S,-C, I, &

gdzie: Y, — wartos¢ szeregu, T, — trend szeregu, S, — wahania
sezonowe, C, — wahania cykliczne, |, — wahania przypadkowe.
Przy wyznaczaniu indekséw sezonowych, postugiwano
sie srednig ruchomg opartg na 12 obserwacjach miesiecznych.
Standaryzacje uzyskujemy poprzez obliczenie zaleznosci:

S, =——-100% @)

gdzie: S, - indeks sezonowy dla i-tego podokresu (miesiaca),
W, — $rednia arytmetyczna wartosci wspotczynnika w kolejnych
miesigcach, d — liczba miesiecy w roku.

Do analizy graficznej wptywu wahan sezonowych na roz-
ktad zbioru zmiennych, wykorzystano pojecie poziomu od-
niesienia (poziomu przecigtnego), ktéry w poszczegdlnych
miesigcach roku dla indekséw sezonowych ma warto$¢ réwna
100% .

Indeksy sezonowe dla wartosci przewozéw kurierskich
w latach 2003-2005, pokazuje wykres na rysunku 6.

Na skutek wahan sezonowych caly pierwszy kwartat, posia-
dat indeksy sezonowe ponizej poziomu odniesienia. W styczniu
i lutym deficyt uzyskat poziomy 50,2% i 48,7%. Kwiecien byt
tradycyjnie okresem realizacji wigkszej ilosci ustug przewozo-
wych, a indeks przekroczyt poziom przecigtny o 25,2%. Se-
zon zabieg6w agrotechnicznych od lipca do pazdziernika, miat
indeksy przewyzszajace wartos¢ odniesienia odpowiednio o:
30,2%, 64,1%, 56% i 22,8%. Redukcja indeksow na koniec roku
wyniosta 57,2% i byt to najnizszy poziom w catym badanym
okresie. Analiza indekséw sezonowych potwierdzita istnienie
scistego zwiazku pomigdzy wartoscia wykonanych przez firmy
kurierskie ustug transportowych czesci zamiennych, a zespo-
tem upraw przy siewie zb6z, sadzeniu roslin okopowych oraz
zbiorze tych roslin i realizacji zespotu upraw pozniwnych.

Rys. 5. Sumaryczny rozk/ad wartosci usfug przewozowych czesci za-
miennych wykonanych przez firmy kurierskie w latach 2003-
2005

Fig. 5. A summary layout of the value of spare parts shipment services
done by courier companies in the years 2003-2005

a product of four elements. Seasonality is defined by means of
the method called ‘method of a coefficient to a moving avera-
ge’. [1,10,15,17]:

Y, =T,-S,-C, I, &

where: Y, — value of time series, T, — time series trend, S, - seasonal
fluctuations, C, — cyclical fluctuations, I, — incidental fluctuation.

Seasonal indices were marked using a moving average ba-
sed on 12 monthly observations. Standardisation proceeds as
follows:

g
o

S =—1

:100% %)

=|

[iN

where: S, - seasonal index for its sub-period (month), W, — ari-
thmetic mean of coefficient’s value in ensuing months, d — the
number of months in the year.

For the graphic analysis of the influence of seasonal fluctu-
ations on the layout of the set of moving, the term ‘level of re-
ference’ (average level) was used, which in particular months of
the year for seasonal indices has the value that equals 100%.

The chart on figure 6 shows seasonal indices for the value
of courier dispatches in the years 2003-2005.

As a result of seasonal fluctuations, the whole first three
months had seasonal indices below the level of reference. In
January and February, the deficit reached levels of 50.2% and
48.7%. April was traditionally the period of a bigger number of
shipment services and the index exceeded the average level by
25.2%. The season of agricultural works from July to October
had indices exceeding the value of reference respectively by:
30.2%, 64.1%, 56% and 22.8%. The reduction of indices by
the end of the year was 57.2% and it was the lowest level in the
whole tested period. The analysis of seasonal indices confirmed
the existence of a close connection between the value of the
spare parts shipment services done by courier companies and
the cultivation unit while crop sowing, planting bulb and root
plants and harvesting these plants and carrying out post-harvest
cultivation unit.

Rys. 6. Indeksy sezonowe dla wartosci usfug przewozowych czesci za-
miennych wykonanych przez firmy kurierskie w latach 2003-
2005

Fig. 6. Seasonal indices for the value of spare parts shipment services
done by courier companies in the years 2003-2005
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6. Podsumowanie

Przedsigbiorstwa funkcjonujace w gospodarce rynkowej
zmuszone sg do permanentnej konfrontacji we wszystkich
obszarach dziatania. Misja wpisang w strategie firm jest cia-
gty rozwdj i stala adaptacja zaréwno do wymagan klientdw,
jak i zmian w otoczeniu branzowym. Analiza poszczegdlnych
funkcji podmiotu gospodarczego powinna by¢ prowadzona
w aspekcie organizacyjnym, ekonomicznym i technicznym.
Pozwala to wyodrebni¢ w obszarze procesow logistycznych
takie, ktore nalezy zleci¢ operatorom zewngtrznym w celu uzy-
skania przewagi konkurencyjnej. Outsourcing stuzy zaréwno
redukcji kosztow, jak i zmianie catej struktury kosztéw statych
w wybranych obszarach funkcjonalnych.

Przeprowadzone badania rynku sprzedazy czesci zamien-
nych do ciagnikéw i maszyn rolniczych potwierdzity wystepo-
wanie nastepujacych specyficznych cech:

- Wartos¢ ustug przewozowych zrealizowanych w latach
2003-2005 przez firmy kurierskie, wykazata niski popyt
na taki rodzaj zlecen zaréwno na poczatku, jak i na koncu
kazdego badanego roku.

- Wysoki wzrost wartosci przewozéw wystepowat w dru-
gim kwartale roku oraz w miesiacach od lipca do paz-
dziernika. Struktura zrealizowanych zlecen transporto-
wych byla zbiezna czasowo z okresami intensywnych
prac polowych, zalecanych w kalendarzu zabiegéw agro-
technicznych dla upraw na terenie Polski [2,7].

- Obliczone indeksy sezonowe dla kolejnych miesiecy po-
twierdzity, ze wartos¢ zleconych firmom kurierskim ustug
transportowych czesci zamiennych ma charakter perio-
dyczny. Zalezy ona bezposrednio od kalendarza zabiegéw
agrotechnicznych, a szczegdlnie upraw przy siewie zb6z,
sadzeniu roslin okopowych, a takze zbiorach tych roslin
i realizacji zespotu upraw pozniwnych .

Outsourcing ustug transportowych w ostatnich latach trak-
towany jest jako dziatanie standardowe przez wiele firm z bran-
zy motoryzacyjnej. Obszar obstugi i zabezpieczenie rynku rol-
niczego w czesci zamienne do ciggnikéw i maszyn rolniczych,
jak pokazaly przeprowadzone badania ma zmienny popyt na
przestrzeni roku. Operatorzy logistyczni traktuja ten sektor
jako perspektywiczny z uwagi na duze wolumeny zaméwien.
Aspekty ekonomiczne i organizacyjne korzystne zaréwno dla
firm dealerskich, jak i kurierskich w petni uzasadniaja stoso-
wanie formuty outsourcingu w obstudze krajowego rynku rol-
niczego.

7. References

6. Conclusions

Enterprises functioning in the market economy are forced
to permanent confrontation in every area of activity. A conti-
nuous development and a permanent adaptation both to custo-
mers’ requirements and to changes in the branch environment
are a mission written in companies’ strategies. The analysis of
particular functions of an economic subject should be carried
out in organizational, economic and technical aspects. It allows
to distinguishing in the area of logistic processes such proces-
ses, which should be contracted to external operators in order to
gain a competitive advantage. Outsourcing allows cost reduc-
tion and the change of the whole fixed cost structure in selected
functional areas.

The research of the sales market of spare parts for tractors
and agricultural machinery confirmed the following specific
features:

- The value of shipment services realized by courier com-
panies in the years 2003 — 2005 showed a low demand
for such contracts both at the beginning and at the end of
each tested year.

- A high increase in the shipment value was noticeable in
the second quarter of the year and from July to Octo-
ber. The structure of the realized transport contracts was
temporarily coincided with the periods of intensive field
works, recommended in the agricultural operation calen-
dar for crops on the area of Poland [2,7].

- Calculated seasonal indices for the following months con-
firmed that the value of spare parts transport services con-
tracted to courier companies was of a periodic character.
It depends directly on the calendar of agricultural opera-
tions, particularly cultivation while corn sowing, planting
bulb and root plants and harvesting these plants and reali-
zation of post-harvest cultivation.

In the recent years, outsourcing of transport services has
been treated as a standard activity by many motorization branch
companies. The research has shown that the service area and the
provision of the agricultural market for spare parts for tractors
and agricultural machinery has a changeable demand througho-
ut the year. Logistic operators treat this sector as a perspective
one due to a big volume of orders. Economic and organizational
aspects, profitable both to dealer and courier companies, fully
justify the application of the outsourcing formula within the do-
mestic agricultural market service.
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STANOWISKO DO PRZYSPIESZONYCH BADAN ZMECZENIOWYCH
MATERIALOW STOMATOLOGICZNYCH

THE STATION DESIGNED FOR ACCELERATED FATIGUE TESTS OF DENTAL MATERIALS

W artykule zaprezentowano budowe i zasade dziafania stanowiska badawczego do symulowania obcigzer mecha-
nicznych i cieplnych jakie wystepujg w jamie ustnej podczas procesu zucia. Przedstawione urzgdzenie pozwala na
przyspieszone badania materia/éw wykorzystywanych do wype/nies stomatologicznych. W pracy zamieszczono takze
przykfadowe wyniki badas uszkodzer z¢b6w podczas symulowanej eksploatacii.

Stowa kluczowe: symulator zucia, wype/nienia stomatologiczne, szczelina brzezna, badania zmecze-

niowe, szoki cieplne.

The article presents the structure and the principle of operation of the research post used for the simulation of mecha-
nical and thermal loads which occur in the oral cavity during the process of chewing. The presented apparatus guaran-
tees accelerated tests of the materials used in dental fillings. The article additionally presents the examples of results of
the tests the aim of which was to determine the degree of damage in the teeth during the simulated mastication.

Keywords: mastication simulator, dental fillings, marginal fissure, fatigue tests, thermal shocks.

1. Wprowadzenie

Podczas aktu zucia wypetnienia stomatologiczne poddawa-
ne sg ciaglym obciazeniom mechanicznym i cieplnym. Proces
zucia generuje ztozony uktad sit wywotywanych przez ruchy
przywodzenia, odwodzenia oraz ruchy boczne zuchwy [2,3,4].
Znaczne naprezenia spowodowane obcigzeniami mechanicz-
nymi sa dodatkowo potggowane przez naprezenia wynikajace
z cyklicznych zmian stanu cieplnego z¢ba.

Stosowane obecnie materiaty nawypetnieniastomatologicz-
ne sg coraz bardziej odporne na trudne warunki pracy wystepu-
jace w jamie ustnej cztowieka. Poza typowymi wymaganiami
stawianymi tym materiatom takimi jak wytrzymatos¢ mecha-
niczna i odpornos¢ na $cieranie, konieczna jest minimalizacja
skurczu polimeryzacyjnego oraz odpowiednia elastycznos¢.
Te dwie ostatnie cechy odpowiadaja za powstawanie szczeliny
brzeznej podczas dtugotrwatej eksploatacji uktadu wypetnienie-
twarda tkanka zeba [1]. Dotychczasowe badania nad szczelno-
$cig brzezna potwierdzaja, ze kazde wypetnienie jest nieszczelne
w sensie mikroprzecieku [10, 11, 12].Liczni badacze podejmu-
ja préby jakosciowej i ilosciowej oceny szczeliny brzeznej oraz
peknig¢ w obrebie twardych tkanek zgba i materiatu wypetnia-
jacego. Ze wzgledu na to, ze badania kliniczne charakteryzuje
dtugi czas realizacji oraz duza pracochtonnos¢, szeroko stosuje
si¢ metody laboratoryjne. W badaniach laboratoryjnych istnie-
je potrzeba opracowania testow i urzadzen, ktére w mozliwie
wierny sposob odtworza warunki jamy ustnej oraz mechanizm
zucia poza ustrojem.

Krejci i inni [7,13,14] opisali budowe i zastosowanie stero-
wanego komputerowo symulatora zucia odtwarzajacego obcia-
zenia mechaniczne i zmiany temperatur wystepujace w jamie
ustnej. Badania wykazaty, ze urzadzenie spetnialo wymagania
dotyczace parametrow procesu zucia i zmian cieplnych. Au-
torzy stwierdzili,ze symulator zucia moze stanowi¢ podstawe
testéw in vitro, ktére pozwolg na ocene trwatosci wypetnien

1. Introduction

During an act of chewing, a dental filling undergoes con-
stant mechanical and thermal loads. The very process of ma-
stication generates the complicated system of forces resulting
from motions of adduction and abduction as well as from lateral
movements of the mandible. [2, 3, 4]. Considerable stresses cau-
sed by mechanical loads are additionally intensified by stresses
resulting from the cyclical changes of a tooth thermal state.

The material used in dental fillings nowadays are becoming
more and more resistant to hard work conditions occurring in
the human oral cavity. Apart from typical requirements set for
such materials such as mechanical resistance, and abrasion re-
sistance it is also essential to minimize polymerization spasm
and guarantee appropriate elasticity. The two latter features are
responsible for the formation of the marginal fissure during lon-
g-lasting exploitation of the system: a filling — hard tissue of a
tooth [1].

Recent research on the marginal fissure confirm that all
kinds of dental fillings are not perfectly leakproof in a sense of
marginal fissure [10, 11, 12]. Numerous researchers carry out
tests of qualitative and quantitative evaluation of both marginal
fissure and cracks of hard tissues and filling materials. Conside-
ring that clinical examinations are labour and time consuming
in-vitro methods became very common. The most important
issue of laboratory research is to elaborate tests cycles and de-
vices which will simulate conditions in the oral cavity.

Krejci at. all [7, 13, 14] presented design and principles of
operation of a computer controlled mastication simulator which
is able to realize mechanical and thermal loads taking place in
a human oral cavity. Conducted research tests which proved
that the device fulfilled requirements concerning. The authors
concluded that mastication simulator can be successfully used
for evaluation of durability of human teeth with dental fillings.
However, it should be noticed that designed mastication simu-
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stomatologicznych. Warto jednak zwrdci¢ uwagg, ze symulator
w sposdb mato doktadny odtwarza trajektorie zucia.

Niektorzy autorzy stosowali do badan laboratoryjnych
prébek materiatéw stomatologicznych specjalnie dostosowane
urzadzenia trace [8, 9].

Jednak ze wzgledu na niejednorodnosé¢ budowy zebdw oraz
specyficzne srodowisko pracy jakim jest jama ustna cztowieka,
nie jest wiasciwe badanie potaczen oraz samych wypetnien na
prébkach innych niz rzeczywiste zeby ludzkie. Dlatego powsta-
ta potrzeba skonstruowania i wykonania stanowiska badawcze-
go dla prébek zgbdw ludzkich symulujacego obciazenia me-
chaniczne i cieplne wystepujace podczas aktu zucia.

2. Stanowisko badawcze

Stanowisko do przyspieszonych badan trwatosciowych ma-
teriatow stomatologicznych skiada si¢ z dwdch zasadniczych
elementow:

- modutu mechanicznego poddajacego probki zeb6éw ludz-
kich z wypetnieniami cyklicznym obciazeniom mecha-
nicznym, symulujacym sity zucia;

- modutu termicznego stanowiacego hydrauliczny uktad
szokowej zmiany temperatury kapieli prébek zghow .

Badaniu poddawane sg pary zehow ludzkich ze specjalnie
przygotowanymi wypetnieniami kompozytowymi. Stanowisko
badawcze zostato skonstruowane tak, aby spetniato wymagania
narzucone badaniom materiatéw stomatologicznych [5]:

- dwie prébki (wyekstrahowane zeby ludzkie) dociskane
sa W kierunku pionowym, z zadang sita, niezalezng od
potozenia,

- dolna prébka wykonuje ruchy w ptaszczyznie poziomej,
wzorowane na fizjologicznych,

- prébki zamocowane sg elastycznie, co symuluje osadze-
nie zgba w z¢bodole,

- prébki znajduja si¢ w wilgotnym srodowisku (kapieli),

- proébki podczas badan poddawane sg oddziatywaniu
zmiennej temperatury.

Modut mechaniczny stanowiacy symulator zucia skita-
da si¢ z pneumatycznego mechanizmu docisku oraz plotera
dwuosiowego. Takie rozwigzanie zapewnia matg bezwiad-
nos$¢ elementéw ruchomych oraz petng swobode doboru sit
i toru ruchu. Na rysunku 1 przedstawiono widok mechanicz-
nego uktadu napgdowego symulatora zucia. Pracg symulatora
kontroluje komputer osobisty wyposazony w specjalna karte
sterowania silnikami krokowymi oraz kart¢ przetwornikéw
analogowo-cyfrowych (rys. 2). Oprogramowanie kompute-
ra pozwala na wprowadzanie dowolnych przebiegéw cykli
zucia. Istnieje mozliwos¢ regulacji predkosci wzajemne-
go przesuwania si¢ probek wzgledem siebie, sity docisku
w Kierunku pionowym oraz dowolnos¢ konfiguracji trajek-
torii ruchu dolnej probki w plaszczyznie poziomej. Kaz-
dy symulowany cykl zucia skitada si¢ z opuszczenia gornej
prébki na dolng prébke i docisniecia jej z ustalong sitg, wy-
konania przez dolng probke ruchu wedtug zaprogramowanej
trajektorii oraz podniesienia gornej probki. Zainstalowane
w symulatorze zucia czujniki sity wraz z elektronicznym ukta-
dem pomiarowym pozwalaja na pomiar rozktadu sit w ptasz-
czyznie poziomej podczas symulowanego aktu zucia.

lator is able to produce thermal and mechanical loads without
simulation of mechanical load cycles exactly the same as in the
oral cavity.

Some of the authors used to apply shearing devices for la-
boratory research of samples of dental filling materials [8, 9].

However, due to non-uniformity of the teeth structure and
specific environment in the oral cavity, it is not possible to
conduct research on samples different from real human teeth.
Above arguments brought authors to design of test stand, which
will allow for examination of dental fillings in real human teeth
exposed to mechanical and thermal conditions the same as in
the oral cavity.

2. Test stand

The station designed for performance of accelerated tests of

dental material durability consists of two basic components:

- mechanical module in which the specimens consisting of
human teeth with fillings are submitted to mechanical lo-
ads simulating chewing forces,

- thermal module constituting hydraulic system of the shock
temperature change in the bath of teeth specimens.

The pairs of human teeth with specially designed composite
fillings were the subject of the test. The station has been desi-
gned in such a way, that it fulfills the requirements set for the
tests of dental materials [5]:

- two specimens ( extracted human teeth ) are pressed down
in vertical direction, with assigned strength independent
from the location,

- the lower performs movements in horizontal plane, imita-
ting physiological ones,

- the specimens are elastically fixed, which simulates the
placement of a tooth in the dental alveolus,

- the specimens are situated in wet environment (the bath),

- the specimens during tests are exposed to the influence of
changeable temperatures.

Technical module, which at the same time constitutes the
simulator of mastication, consists of the pneumatic mechanism
of pressure and the two-axis plotter. Such a structure allows for
the small inertia of mobile components and the full freedom
of force and trajectory selection. Figure 1 presents the view
of mechanical drive system of the simulator of mastication.
Its work is controlled by a personal computer equipped with
the special card steering stepper engine and the card of analog-
to-digital converter (fig. 2). The computer software guarantees
entering individual courses of chewing cycles. It is possible to
regulate the speed of correlated shift of the specimens , pressure
force in vertical direction and the freedom of configurations of
motion trajectory in the lower part of the specimen in horizontal
plane. Each simulated cycle of mastication consists of the act
of dropping the upper specimen onto the lower one, pressuring
them down with a fixed force, the performance of the motion
by the lower specimen according to the previously program-
med trajectory and lifting of the upper specimen. The sensors
of force installed in the simulator of mastication together with
electronic measurement system guarantee the measurement of
the force distribution in horizontal plane during the simulated
act of chewing.
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Rys. 2.

Rys. 1. Schemat modufu mechanicznego symulatora
zucia: 1-korpus, 2-sifownik pneumatyczny,
3-prowadnice, 4-fozyska liniowe, 5-ploter,
6-silnik krokowy, 7-probka gdrna, 8- prébka
dolna, 9-zestaw tensometréw pomiarowych

Fig. 1. The diagram of mechanical module of the si-
mulator of mastication: 1-body, 2-pneumatic
motor operator, 3-guides, 4- linear bearings,
5-plotter, 6-stepper engine, 7-upper speci-
men, 8-lower specimen, 9- set of measure-
ment tensometers

Fig. 2.

W sktad modutu termicznego (rys. 3) wchodza dwa ultrater-
mostaty, z ktdrych jeden stabilizuje temperature wody wyzsza od
temperatury otoczenia (1), a drugi temperature nizsza od tempera-
tury otoczenia (2). Pompy cyrkulacyjne (3,4) zamontowane w ter-
mostatach zapewniajg staty przeptyw wody przez dwa zasobniki
(5,6) zwoda o ustalonych temperaturach. Do przepompowywania
wody doiznaczynia(10), wktérymznajduje si¢ dolna probkazeba
zastosowanopompe perystaltyczna (9). Pomiedzy pompadozujaca
a zasobnikami wody znajduja si¢ dwa zawory odcinajace (7,8).

Cykl pracy modutu do realizacji szokéw cieplnych przebie-
ga w nastepujacy sposob:

- otwarcie zaworu odcinajacego przeptyw cieptej wody

oraz odpompowanie wody do zasobnika z ciepta woda,

- zamkniecie zaworu odcinajacego przeptyw cieptej wody

i otwarcie zaworu zimnej wody;,

- napetnienie naczynia z prébka zimna woda,

- opréznienie naczynia z probka do zasobnika z zimna

woda,

- zamkniecie zaworu odcinajacego przeptyw zimnej wody

i otwarcie zaworu cieptej wody,

- napetnienie naczynia z probka ciepta woda.

Przedstawiony cykl pracy urzadzenia realizowany jest
w sposob ciagly az do osiggniecia zaprogramowanej liczby
zmian temperatury w naczyniu z prébka.

Do sterowania urzadzenia wykorzystano programowalny
sterownik logiczny. Sterownik kontroluje otwieranie i zamyka-
nie zaworow odcinajacych oraz predkos¢ i kierunek pompowa-
nia pompy perystaltycznej. Widok catego stanowiska badaw-
czego (symulatora zucia) przedstawiono na rys. 4.

Schemat funkcjonalny symulatora zucia, 1 — komputer osobisty, 2 — karta

sterowania silnikami krokowymi, 3 — sterowniki silnikéw krokowych, 4 —
silniki krokowe, 5 — sruby napedowe, 6 — mechanizm plotera, 7 — sifownik
pneumatyczny, 8 — zawor rozdzielajgcy, 9 — zespd/ przygotowania powie-
trza, 10 — zasilanie sprezonym powietrzem, 11 — czujnik temperatury, 12
— czujniki siy, 13 — przetworniki pomiarowe, 14 — karta przetwornikow
analogowo-cyfrowych [5]

Functional diagram of the simulator of mastication: 1- personal computer,

2- steering card of stepper engines, 3 — programmers of stepper engines,
4- stepper engines, 5- power screws, 6-mechanism of plotter, 7- pneumatic
engine, 8- separating valve, 9- complex of preparation of air, 10- supply
by compressed air, 11-temeperature sensor, 12-force sensors, 13- measure-
ment converters, 14- card of analog-to-digital converter [5]

Thermal module (Fig. 3)) consists of two ultra thermostats,
one of them stabilizes water temperature higher than ambient
temperature (1), the other does the same for temperature lower
than ambient one. (2). Circulatory pumps (3, 4) are installed in
the thermostats and they ensure the constant water flow thro-
ugh two water magazines (5, 6) with fixed temperatures. The
peristaltic pump is used to pump the water into and out of the
vessel (10), in which there is a lower tooth specimen situated.
(9) Between the dozing pump and water magazines there are
two separating valves situated (7, 8).

The cycle of the module operation in the realization of ther-
mal shocks takes the following course:

- Opening the valve which closes water flow and pumping

the water out to the warm water magazine,

- Closing the valve cutting the warm water flow and ope-

ning the valve of cold water,

- Filling the vessel up with cold water,

- Emptying the vessel containing the specimen into the cold

water magazine,

- Closing the valve cutting cold water flow and opening the

warm water valve,

- Filling the vessel up with warm water.

The above presented cycle of the appliance operation is reali-
zed in constant way until the programmed number of temperatu-
re changes in the vessel containing the specimen is obtained.

Programmable logical controller was used to steer the equ-
ipment. The controller controls opening and closing cutting
valves and the speed and direction of pumping performed by
peristaltic pump. The view of the entire station ( the simulator
of mastication ) is presented in figure 4.
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Rys. 3. Schemat ukfadu hydraulicznego modufu szokéw termicznych symulatora zucia:
1,2 — ultratermostaty, 3,4 — pompy cyrkulacyjne, 5,6 — zasobniki, 7,8 — zawory
odcinajgce, 9 pompa perystaltyczna, 10 — naczynie z badang probkg zeba

Fig. 3. The diagram of hydraulic system of the module of thermal shocks of the simula-

tor of mastication: 1,2 — ultra thermostats, 3,4 circulatory pumps, 5,6 -water

magazines, 7,8- separating valves, 9-peristaltic pump, 10- vessel containing the

tested tooth specimen.

3. Metodyka badan

W prébkach do badan w postaci wyekstrahowanych ze-
bow ludzkich wykonywane sa wypetnienia o okreslonych wy-
miarach i geometrii. Tak przygotowane prébki mocowane sa
w uchwytach symulatora zucia w taki sposéb, aby ich poto-
zenie odpowiadato wspotpracy w warunkach fizjologicznych.

Wzajemne potozenie probek zebéw
podczas wspotpracy przedstawiono
na rys. 5. Badany zab z wypetnieniem
przedstawiono na rys. 6.

W prezentowanym cyklu badaw-
czym site w kierunku pionowym usta-
lono na 400 N, natomiast zakres wza-
jemnych przemieszczen probek — na
1,16 mm. Taka konfiguracja obciazen
symulatora pozwala na uzyskiwanie
maksymalnych wypadkowych sit tna-
cych na poziomie 50 N.

Cechg stosowanych prébek w po-
staci zebdw ludzkich jest nieregular-
nos$¢ oraz niepowtarzalnos¢ ksztattow
powierzchni zujacych. Ksztatt po-
wierzchni zujacej determinuje sposob
ich ,,zaguzkowania” czyli wzajemne
potozenie nieréwnosci  powierzchni
zujacych — wspotpracujacych  zebow.
W trakcie badan okazato sie, ze ksztatt
ten determinuje réwniez rozktad sit tng-
cych podczas aktu zucia. Na wykresach
(rys. 7 a i b) przedstawiono przebiegi
rozktadu sit tnacych podczas badan na
symulatorze zucia na tle zaprogramo-
wanej trajektorii. Pomimo, iz trajek-
toria wzajemnych przemieszczen przy
wspotpracy zebow jest podobna, po-
wstaje rozny rozklad sit tnagcych, a co

Rys. 4. Widok stanowiska do badasi zmeczeniowych

wype/nier stomatologicznych

Fig. 4. The view of the station designed for fatigue

tests of dental fillings

3. Research methodology

Rys. 5. Wzajemne pofozenie prébek zebéw podczas
symulowanej wspéZpracy

Fig. 5. Mutual location of tooth specimens in the
course of the simulated cooperation

In the specimens used in the tests composed of the extracted
human teeth the fillings of specific size and geometry were per-
formed. The specimens prepared in the above mentioned way
are fixed in the holders of the simulator in such a way that their
location correlates with the cooperation in physiological condi-

tions [6]. The mutual location of the spe-
cimens during the cooperation is presen-
ted in figure 5. The tested tooth together
with its filling is shown in figure 6.

In the presented test cycle, the for-
ce in vertical direction was determi-
ned as equaling 400 N, whereas the
range of mutual locations of the spe-
cimens amounted to 1,16 mm. Such
a configuration of the loads of the simu-
lator guarantees obtaining maximal resul-
tant of shearing force at the level of 50 N.

One prevailing feature of the used
human tooth specimens is irregularity
and uniqueness of the chewing surfaces
shapes. The shape of the chewing surfa-
ce determines the way of their “ nodule-
ness”, that is the mutual location of sur-
face irregularities of the interacting teeth.
In the course of the tests it turned out that
the shape also determines the distribution
of shearing forces during the act of ma-
stication.Diagrams 7a and b present the
distribution of shearing forces during the
tests in the simulator —the background,
an d their relation to the programmed
trajectory. In spite of the fact that the tra-
jectory of the mutual dislocations during
the teeth cooperation is similar, there oc-
curs a completely different distribution
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za tym idzie — uktad naprezen w bada-
nych prébkach.

Dziatanie uktadu symulacji szokéw
cieplnych nie jest zsynchronizowane
z dziataniem modutu mechanicznego
symulatora zucia. Okresy wymiany
cieczy roboczej dobrano tak, aby uzy-
ska¢ jak najwigksza amplitude zmian
temperatury. Nie moga one by¢ jednak
zhyt krétkie, ze wzgledu na czas po-
trzebny do ogrzania lub ochtodzenia
z¢ha z wypetnieniem w catej objetosci.
Praktycznie czas utrzymywania probek
w zadanej temperaturze okreslono na
15 sekund. Przebieg temperatury cie-
czy w naczyniu, w ktérym zanurzona
jest dolna prdbka wraz z przebiegiem
wypadkowej, sredniej sity tnacej w cy-
klu Zucia przedstawiono na rys. 8.

Przy ustalonej temperaturze wody niem
w ultratermostatach na 283 K oraz
343 K uzyskano dolna temperatur¢ na a filling

Rys. 6. Obraz radiologiczny probki zeba z wype/nie-

Fig. 6. Radiological image of the tooth specimen with

of shearing forces, and in consequence,
the system of stresses in the tested spe-
cimens.

The activity of the system of simu-
lation of thermal shocks is not synchro-
nized with the operation of mechanical
module of the simulator of mastication.
The periods of replacement of working
liquid were selected in such a way as to
ensure the highest amplitude of tempera-
ture changes. However, they cannot be
too short due to the time required for the
filled tooth to get warm and get cool in
its full volume. Practically, the time of
keeping specimens in the desired tem-
perature was determined as 15 seconds.
The course of temperature in the vessel,
in which there is the lower specimen situ-
ated, together with the course of average
resultant of shearing force in the mastica-
tion cycle is presented in Illustration 8.

At the fixed temperature of water

Rys. 7. Trajektoria ruchu (linia przerywana) oraz rozkfad sif (linia ciggfa) dla dwoch réznych par zgbow przedtrzonowych. Kolejne krzywe sq to rozk/a-
dy sif zmierzone przy réznych stopniach zaawansowania cyklu badaz zmeczeniowych

Fig. 7- Trajectory of motion (intermitted line ) and distribution of forces (full line ) for the two separate pairs of human premolars. The foregoing curves
represent the distributions of forces measured at different stages of advance of the cycle of fatigue tests

poziomie 298 K i gorng temperature ponad 323 K. Okres jed-
nego cyklu temperaturowego, przy takich ustawieniach trwa
okoto 40 symulowanych cykli zucia.

Typowy cykl badawczy jednej pary prébek skiada sie ze
100 000 cykli obcigzen mechanicznych oraz 2500 szokdw
cieplnych.

Po zakonczeniu realizacji cyklu badawczego analizowano
zmiany struktury materiatéw na ich powierzchni oraz uszko-
dzenia struktury wewnetrznej. Przeprowadzono rdwniez po-
miary szerokosci szczeliny brzeznej na powierzchni granicznej
migdzy wypetnieniem a $ciang ubytku w z¢bie.

Powierzchnig zujaca zgba wraz z wypetnieniem obserwo-
wano za pomocg kamery wewnatrz ustnej. Do oceny uszkodzen

inside ultra thermostats equaling 283 K and 343 K, the obtained
lower temperature remained at the level of 298 K and the upper
temperature amounted to 323 K. The period of one temperature
cycle, at such positions lasts approximately 40 simulated ma-
stication cycles.

The typical test cycle of one pair of the specimens consists
of 100 000 mechanical loads cycles and thermal shocks.

After finishing the test cycle realization, the changes of ma-
terials structure on their surface and the damages of internal
structure were analyzed. The measurements of width of margi-
nal fissure on the boarding surface between the filling and the
wall of defect in the tooth were also taken.

The tooth chewing surface together with the filling were ob-
served by means of intraoral camera. The evaluation of internal
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struktury wewnetrznej i pomiaru szerokosci szczeliny wyko-
rzystano mikroskop optyczny potaczony z komputerowym ana-
lizatorem obrazu. W tym celu zeby przecinano wzdtuz diugiej
osi a nastgpnie inkludowano. Do obserwacji zastosowano po-
wigkszenia 25x i 100x.

4. Wyniki badan

Na rysunku 9 przedstawiono przyktadowy obraz mikrosko-
powy przekroju prébki zgba po przeprowadzeniu cyklu badan
zmeczeniowych. Na przekroju mozna zaobserwowaé uszko-
dzenia struktury wewnetrznej zgba z wypetnieniem. Cykliczne
zmiany naprezen spowodowaty wzrost szerokosci szczeliny
brzeznej (szczegdt 4). Szczeline obserwuje sie na calej po-
wierzchni potaczenia materiatu kompozytowego i szkliwa. Za-
obserwowano réwniez pekniecia szkliwa zgba (szczeg6t 3).

Rys. 8. Przebieg temperatury w naczyniu, w ktérym znajduje si¢ dolna prébka oraz

przebieg sredniej wypadkowej siy tngcej

Fig. 8. The course of temperature inside the vessel with the lower specimen together

with the course of the average resultant of shearing force

5. Podsumowanie

Opisane w artykule stanowisko badawcze realizujace cy-
kliczne obcigzenia mechaniczne oraz cieplne prébek zebdw
ludzkich z wypetnieniami pozwala na realizacje przyspieszo-
nych badan zmeczeniowych wypetnien stomatologicznych przy
jednoczesnym odwzorowaniu warunkéw panujacych w jamie
ustnej cztowieka. W szczegolnosci stanowisko to odwzorowuje
trajektori¢ zucia, co stanowi zalete w stosunku do dotychczaso-
wych symulatoréw opisanych w literaturze. Istnieja takze nowe
mozliwosci regulowania prgdkosci wzajemnego przesuwania
si¢ probek zebow wzglgdem siebie oraz mozliwosci doboru
pionowej sity docisku w szerokim zakresie.

Badania umozliwiajg analiz¢ procesu propagacji szczeli-
ny brzeznej w zaleznosci od czasu eksploatacji (liczby cykli
obciazeniowych). Zgromadzenie wigkszej ilosci materiatu ba-
dawczego pozwoli na przewidywanie trwatosci zebdw leczo-
nych zachowawczo, w tych przypadkach w ktérych kryteriami
dyskwalifikacji uzytkowania wypetnienia sa: wielkos¢ szcze-
liny brzeznej oraz pojawienie si¢ peknigé w obrebie szkliwa
i materiatu wypenienia.

structure damages and measurement of the fissure width were
made by means of the optical microscope connected with the
computer image analyzer. In order to perform this task, the teeth
were cut along their long axis and next they underwent inclusion.
Magnification of 25x and 100x was used in observation.

4. Test results

Figure 9 shows the example of microscopic image of the to-
oth specimen cross-section after the performance of the cycle of
fatigue tests. In this cross-section one can observe the damages
of internal structure of the tooth with filling. Cyclical changes
of stresses caused the growth of the width of the marginal fis-
sure (detail 4). The fissure can observed on the entire surface
of the bond between composite material and the enamel. The
cracks in the tooth enamel could also be observed (detail 3).

Rys. 9. Przykfadowy obraz mikroskopowy szczeliny brzez-
nej po serii cykli zucia powigkszenie x25, 1- szkli-
wo, 2- zywica inkludujgca, 3- peknigcia w obrebie
szkliwa, 4- szczelina brzezna

Fig. 9. The example of microscopic image of the mar-
ginal fissure after the series of mastication cycles,
magnification x25, 1-enamel, 2-inclusive raisin,
3-cracks within enamel, 4-marginal fissure

5. Summary

The research station realizing cyclical mechanical and ther-
mal loads of human teeth specimens described in the above
article allows for the performance of accelerated fatigue tests
of dental fillings with the simultaneous recreation of the condi-
tions present in the human oral cavity.

The obtained results make the analysis of the marginal fis-
sure propagation process in relation to the exploitation time po-
ssible ( number of load cycles ). Collecting a bigger amount of
research material will enable the prediction of the durability of
teeth treated preventively, particularly in those cases, in which
the criteria of the filling classification are as follows: size of
marginal fissure and occurrence of cracks in the enamel and
filling material area.
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USE OF THE VEHICLE MOVEMENT MODEL TO DETERMINE ECONOMIC
AND ENVIRONMENTAL IMPACT CAUSED BY SEPARATE VEHICLES

WYKORZYSTANIE MODELU RUCHU POJAZDU DO WYZNACZANIA WPLYWU
POSZCZEGOLNYCH POJAZDOW NA GOSPODARKE | SRODOWISKO

Gownym tematem pracy jest wykorzystanie modelu ruchu pojazdu do obiektywnego wyznaczania oddziafywania po-
szczegOlnych pojazdéw na gospodarke i srodowisko. Pomiar rzeczywistej emisji substancji szkodliwych i zuzycia pa-
liwa dla pojedynczego pojazdu moze wigzaé sig ze zbyt duzymi kosztami. Ceny analizatoréw emisji spalin ksztaftujg
Si¢ na poziomie oko/o 150 000 EU. Istnieje jednak mozliwos¢ posredniego wyznaczenia rzeczywistej emisji substancji
szkodliwych i zuzycia paliwa. Omawiana metoda opiera Si¢ na wyznaczaniu przebiegu zmiennosci stopnia obcigzenia
silnika, jakg mozna przypisa¢ danym wartosciom emisji substancji szkodliwych i zuzycia paliwa. Charakterystyki emi-
sji silnika i zuzycia paliwa muszg by¢ wstepnie znane. Model ruchu pojazdu wykorzystuje sie do wyznaczania przebiegu
zmiennosci stopnia obcigzenia silnika.

Stowa kluczowe: predkosé pojazdu, opor nawierzchni, predkosé silnika, moment obrotowy silnika

The main topic of the paper is usage of vehicle movement model for objective determination of economic and envi-
ronmental impacts caused by separate vehicles. Measurement of the real production of harmful emissions and fuel
consumption on a vehicle might be too expensive. The price of car emission analyzers are app. around 150 000 EU. But
it is possible to determine the real production of harmful emissions and the fuel consumption indirectly. A principle of
the method is based on determination of engine load course that is possible to be assigned to the production of harmful
emission and the fuel consumption. Characteristics of the engine’s emissions and the fuel consumption must be known
preliminary. The model of the vehicle movement is used to determine the engine load course.

Keywords: vehicle speed, road resistance, engine speed, engine torque

1. Introduction

The model of the vehicle movement is applied on a cargo
truck Avia D70. Urban Dynamometer Driving Schedule is used
as a directive of the vehicle speed. It is possible to determine
the engine speed from the vehicle speed and the transmission
ratio. It is possible to determine the engine torque from the
road resistance and the transmission ratio. The production of
harmful emissions and the fuel consumption is assigned to the
engine speed and the engine torque.

2. Methods

The whole model of the vehicle movement is created in the
mathematical programme Mathcad. The road resistance is de-
termined for the course of the vehicle speed (see fig. 1). The
vehicle speed and the road resistance are subsequently recalcu-
lated for the engine speed and torque. The course of the instant
and accumulated production of individual emissions and the
fuel consumption are assigned to the engine speed and torque
from emissions characteristics.

Fig. 1 The course of the vehicle speed
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2.1. Road resistance

The total road resistance consists of the rolling resistance,

the aerodynamic drag and the acceleration resistance. The gra-
dient resistance is not included into model’s plan; it is assumed
a zero gradient. It was necessary to create the model of indivi-
dual gear shifting and to reduce the inertia moment of rotator
parties to sliding weight (see fig. 2) for determination of the
acceleration resistance.

We obtain the total road resistance influencing the vehicle

during its drive by the sum of the individual road resistances
in fig. 3.

2.2. Torque and power on vehicle wheels

We can determine the torque and the power acting on ve-
hicle wheels (see fig. 4) from the total road resistance, dynamic
radius of the wheel and the vehicle speed.

2.3. Determination of the course of engine speed and torque

It’s possible to determine engine speed from the vehicle
speed, the slip of driving wheels and the gear ratios. It’s possi-
ble to determine the engine torque from road resistances, gear
ratios and gearing effectiveness. Fig. 5 represents the course of

Fig. 2. Model of the gear shifting and sliding weight

Fig. 3. The course of the road resistance

Fig. 4. The course of the torque on wheels and power on wheels
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the engine speed and torque in the time of a drive. Fig. 6 repre-
sents the same values in the engine characteristic.

It’s obvious from the fig. 6 that the condition characterizing
idle speed of the engine was appropriately included in the co-
nversion of the vehicle speed to engine speed. The conversion
of the moment from wheels to the engine was appropriately
restricted by the engine loss torque.

3. Result

We can determine the course of the instant and accumulate
fuel consumption and emissions production for the course of
the engine load if we know the necessary engine characteristic.
Fig. 7 represents the characteristic of the hourly fuel consump-
tion. Fig. 8 represents the course of the instant and accumulates
fuel consumption. The instant and accumulate production of in-
dividual emissions components are determined by similar way.

Fig. 5. The course of the engine speed and engine torque

Fig. 6. Engine speed and engine torque in engine’s characteristic

Fig. 7 Characteristic of the hourly fuel consumption
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4. Discussion

It would be possible to supplement this computing model
to calculate the resistance of gradient and replace the model of
gear shifting by the real mode of gear shifting of the individual
gear extents for practical application of the computing vehic-
le movement model’s usage to determinate of economic and
environmental impacts caused by separate vehicles. It would be
necessary to equip the vehicle with a GPS receiver to determine
the angle of gradient for determination of the gradient resistan-
ce. It’s possible to determine the real course of shifting of gear
ratio from the course of the vehicle speed and engine speed
whose ratio is different for each gear ratio.

In the actual running the real fuel consumption and the pro-
duction of emissions will be higher than the fuel consumption
and the production of emissions determined from the compu-
ting model of the vehicle drive. It doesn’t comprise the influ-
ence of the accrual of the fuel consumption and the production
of emissions influenced by the engine acceleration. In case this

6. References

model was used to pay for the emissions production, moderate
benefit for a ratepayer is permissible.

5. Conclusion

By using the model of the vehicle movement it is possible
to determine the fuel consumption and the production of harm-
ful emissions. In this case the fuel consumption is 1,101 kg per
8,8 km, after recalculation it is 12,5 kg per 100 km. The pro-
duction of emissions of CO, is 3,331 kg per 8,8 km, (37,501 kg
per 100 km). The production of emissions of CO is 9,032 g per
8,8 km (101,709 g per 100 km). The production of emissions
of HC is 0,309 g per 8,8 km (3,477 g per 100 km). Production
of emissions of NO,_ is 20,35 g per 8,8 km (229,164 g per 100
km). The production of PM is 0,516 g per 8,8 km (5,805 g per
100 km).
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Komputerowy system monitorowania stanu zlgczy tasm przenosnikowych

Streszczenie. W przedsigbiorstwach stosujacych w swoich systemach transportowych przeno$niki tasmowe dazy
si¢ budowy uktadéw o wysokiej wydajnosci i niezawodno$ci, przy jednoczesnym zapewnieniu sprawnego przeniesienia
transportowanego materialu na duze odlegtosci. Prowadzi si¢ w tym celu szereg prac ........

Stowa kluczowe: zlgcza klejone, przenosnik tasmowy, monitorowanie

1. Wprowadzenie
Na przestrzeni ostatnich lat prowadzony byt szereg prac badawczych [1-3, 6, 10] zmierzajacych do wlasciwego
doboru konstrukcji i wytrzymalosci tasmy i jej elementow........

2. Metody laczenia tasm przeno$nikowych i ich badania

Tasmy przeno$nikowe produkowane sa w odcinkach o okreslonej dlugosci i tak dostarczane do odbiorcy.
Odbiorcy lub producenci tasm podczas zabudowy przenosnika dokonuja potaczenia wszystkich odcinkow tak, aby
uzyskac ciggno bez konca (rys. 1)....

3. Metoda monitorowania stanu zlaczy taSm przeno$nikowych
Zerwanie tasmy jest okoliczno$cig powodujaca dtugotrwate unieruchomienie urzadzenia, jak i catego systemu
transportowego ...

3.1. Wstepne badania laboratoryjne zlaczy tasm przenosnikowych
Opracowanie uktadu monitorujacego, zgodnie z przedstawiona powyzej idea wymagato odpowiednich badan,
analiz i prac konstrukcyjnych. .................

4. Podsumowanie
Majac na uwadze powszechno$¢ stosowania w przemysle przeno$nikéw tasmowych oraz brak efektywnych
systemOw monitorujaco-sterujacych przeciwdziatajacych awariom tych urzadzen w wyniku zerwania potgczenia
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