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W SKROCIE

WAZNY M.: Metoda w kresu przebywania wybranego urzadzenia systemu
igacyjno-celowniczego w sy ie uzytkowania; EiN 2/2008, s. 4-11.

W opracowaniu przedstawiono metode umozliwiajaca wyznaczenie czasookresu przebywania

glowicy celowniczej w systemie uzytkowania w oparciu o analiz¢ wartosci parametrow dia-

gnostycznych zarejestrowanych w trakcie jej eksploatacji. Przedstawiona metoda ma charakter

uniwersalny pozwalajacy na jej zastosowanie w szerokim gronie systemow technicznych, ktorych

stan okre$lany jest na podstawie analizy warto$ci parametrow diagnostycznych.

STRZELECKI S., KUSMIERZ L., PONIEWAZ G.: Deformacje termiczne wahliwych plytek
w 5-segmentowym $lizgowym lozysku poprzecznym; EiN 2/2008, s. 12-16.

Slizgowe tozyska poprzeczne z segmentami wahliwymi stosowane sa w wysokoobrotowych
sprezarkach oraz turbinach. Lozyska poprzeczne z ptytkami wahliwymi stanowia poprawne
rozwiazanie, poniewaz zapewniaja bardzo dobra stateczno$¢ hydrodynamiczna w zakresie
duzych predkosci oraz sa mniej wrazliwe na zmiany kierunku obciazenia oraz niewspotosio-
wos¢ walu. W artykule przedstawiono deformacje segmentow wahliwego 5-segmentowego
$lizgowego tozyska poprzecznego z podparciem symetrycznym wywolane polem ci$nienia oraz
rozktadem temperatury w warunkach adiabatycznego filmu olejowego. Deformacje segmentow
wyznaczone zostaly na podstawie rozkladu ci$nienia oraz temperatury w filmie olejowym.
Roéwnania Reynoldsa, bilansu energii, geometrii szczeliny olejowej oraz lepkosci oleju zostaty
rozwiazane metoda numeryczna przy zatozeniu wspotosiowoéci watu oraz panewki tozyska w
stanie rownowagi potozenia watu.

ZAJAC G., WEGRZYN A.: Analiza zmian parametrow pracy silnika o ZS zasilanego mie-
szaning oleju napedowego i estrow etylowych oleju rzepakowego; EiN 2/2008, s. 17-24.
W pracy przedstawiono analiz¢ wptywu mieszanin paliwowych zawierajacych estry etylowe oleju
rzepakowego (FAEE) na parametry pracy silnika o ZS. Badania przeprowadzono na silniku typu
2CA90 zainstalowanym na stanowisku dynamometrycznym. Na podstawie przeprowadzonych
badan stwierdzono, ze zastosowanie do zasilania mieszanek paliwowych zawierajacych 1-5%
estrow etylowych kwasow tluszczowych oleju rzepakowego powoduje zmiang parametrow
energetycznych pracy silnika wysokopreznego.

JUSCINSKI S., PIEKARSKI W.: Zarzadzanie logistyczne autoryzowanym serwisem ciag-
nikéw i maszyn rolniczych; EiN 2/2008, s. 25-33.

W artykule zaprezentowano zarzadzanie logistyczne Dzialem Serwisu w przedsigbiorstwie
handlowo — uslugowym prowadzacym autoryzowana sprzedaz ciagnikow i maszyn rolniczych.
Przedstawiono strukturg bazy danych o przegladach i naprawach ciagnikow. Oméwiono charakter
dziatan serwisowych w aspekcie kalendarza zabiegow agrotechnicznych. Opisano procedurg we-
ryfikacji awarii ciagnikow przez Dziat Serwisu i lokalizacji ustug naprawczych. Zaprezentowano
zadania logistyczne w procedurze dostawy czg$ci zamiennych na potrzeby biezacych napraw
realizowanych przez stacje serwisowe. Przedstawiono procedurg obstugi finansowej zlecenia
zatwierdzonego do realizacji przez Dzial Serwisu.

BIENIEK J., BANASIAK J., POGODA G.: Z ie sita wielopl yZ go do
kombajnowego zbioru zb6z w warunkach terenéw nachylonych; EiN 2/2008, s. 34-39.

W pracy przedstawiono wyniki badan eksploatacyjnych prototypowego sita wieloptaszczy-
znowego zastosowanego w kombajnie zbozowym NEW HOLLAND BIZON Z-058. Badania
przeprowadzone w warunkach terendw nachylonych wykazaly, ze badane sito polepsza prace
kombajnu zbozowego ograniczajac straty ziarna do 0,05% przy jego czystosci zawierajacej sig
w zakresie od 95,5% do 99,6% w zalezno$ci od ustawienia parametrow pracy sita.

KURANC A.: Ekologiczny aspekt zimnego i goracego rozruchu silnika spalinowego
o zaplonie iskrowym; EiN 2/2008, s. 40-44.

Artykut przedstawia analiz¢ wynikow pomiarow emisji wybranych sktadnikow spalin w po-
czatkowym okresie pracy silnika spalinowego o zaptonie iskrowym wyposazonego w wie-
lowtryskowy, posredni system zasilania oraz w trojfunkcyjny konwerter katalityczny. Pomiary
zostaty wykonane dla dwoch stanow cieplnych silnika, tj. dla rozruchu zimnego, gdy silnik
i wszystkie jego podzespoly oraz ptyny eksploatacyjne posiadaly jednakowa temperaturg,
rowna temperaturze otoczenia, a takze dla rozruchu goracego, uzyskiwanego bezposrednio po
majacym miejsce wezesniej okresie pracy silnika w warunkach rownowagi cieplnej. Odczyty
wynikow dokonywane byly z krokiem jednosekundowym i moga by¢ przedstawiane w postaci
przebiegdw czasowych obrazujacych charakter zmian emisji w obserwowanym okresie. Analiza
emisji w aspekcie ekologicznym uwzglednia w szczegdlnosci pordwnanie oraz oceng zimnego
i goracego rozruchu pod wzglgdem wielkosci emisji szkodliwych sktadnikow spalin.

JUSCINSKI S., SZCZEPANIK M.: Przeglady gwarancyjne ciagnikow rolniczych jako element
logistyki dystrybucji; EiN 2/2008, s. 45-52.

W artykule przedstawiono zagadnienia logistycznej obstugi klienta oraz zdefiniowano ptaszczy-
zny, na ktorych podlega ona realizacji. Wyjasniono funkcje logistyki i marketingu w obszarze
obstugi nabywcow wyrobow. Omoéwiono charakterystyki przegladow przed sprzedaza (P0)
i przegladow gwarancyjnych (P1-P4). Analiza obejmowata rozktady ilosci ustug w latach
2003-2005 przeprowadzonych w Dziale Serwisu przedsigbiorstwa handlowo — ustugowego
bedacego autoryzowanym dystrybutorem ciagnikow i maszyn rolniczych, m.in. marki JOHN
DEERE i ZETOR. Przeprowadzono analizg statystyczna badanych ustug serwisowych poprzez
wyznaczenie wartosci indeksow sezonowych dla badanego okresu. Ustugi serwisowe (P0)
i (P1-P4) analizowano w aspekcie kalendarza zabiegow agrotechnicznych.

SOOS L.: Spindle — system sztywnosci wrzeciona SBL 500 CNC:; EiN 2/2008, s. 53-56.
Obrotowy wrzeciennik (SH) obrabiarek odgrywa gltowna rolg w uzyskiwaniu wymaganej
doktadnosci eksploatacyjnej i wydajnosci produkeji. Radialne tozyska kulkowe z katowym
kontaktem sq obecnie coraz czg$ciej stosowane w oprzyrzadowaniu. Analiza systemu sztywno-
$ci wrzeciennika - Spindle (SHS) jest bardzo ztozona i skomplikowana. Kompleksowa analiza
wymaga glebokiej wiedzy z matematyki, mechaniki, czgsci maszyn, elastochydrodynamiki,
techniki ruchu obrotowego i umiejgtnosci programowania. Modut programowy (SW) - He-
adstock Spindle - zostat zweryfikowany na Wydziale Inzynierii Produkcji przy projektowaniu
precyzyjnego wrzeciona tokarki SBL 500 CNC.

WAZNY M.: The method of determining the time concerning the operation of a chosen
navigation and aiming device in the operation system; EiN 2/2008, s. 4-11.

The study presents the method of determining the time concerning the operation of an aiming
head in the operation system. The method is based on the analysis of the values of diagnostic
parameters which were registered during the operation of the aiming head. The method is of
universal character. It can be used for a wide range of technical systems whose condition is
described on the basis of analyzing the values of diagnostic parameters.

STRZELECKI S., KUSMIERZ L., PONIEWAZ G.: Thermal deformation of pads in tilting
5-pad journal bearing; EiN 2/2008, s. 12-16.

In high speed compressors and turbine drive trains, the tilting 5-pad journal bearings are applied.
Tilting-pad journal bearings are good option because they have very good hydrodynamic stability
at high speed and are less sensitive to load direction and shaft misalignment. The paper introduces
thermo-elastic deformations of tilting 5-pad journal bearing with symmetric support of pads and
operating at the conditions of adiabatic oil film. The deformations of pads were obtained based
on the oil film pressure and temperature distributions. Reynolds, energy, geometry and viscosity
equations have been solved numerically on the assumption of aligned orientation of bearing and
journal axis and at static equilibrium position of journal.

ZAJAC G., WEGRZYN A.: Analysis of work parameters changes of diesel engine powered
with diesel fuel and faee blends; EiN 2/2008, s. 17-24.

Analysis of influence of fuel blends containing rape oil esters (FAEE) on diesel engine work
parameters were presented in this paper. Research was conducted on engine type 2CA90
installed on dynamometric stand. Relying on undertaken research it was noted that utilization
of fuel blends containing 1-5% of fatty acids ethyl esters causes changes of energetic work
parameters of diesel engine.

JUSCINSKI S., PIEKARSKI W.: Logistic management of an authorized service for agricul-
tural tractors and machines; EiN 2/2008, s. 25-33.

The article presents the logistic management of the Service Department in a trade-service
company dealing with an authorized sale of agricultural tractors and machines. The structure of
the database concerning services and repairs of tractors is presented. The character of service
activities in view of the agricultural practices calendar is discussed. The verification procedure
of tractor breakdowns and repairs localization by the Service Department is described. Logistic
tasks are presented, concerning spare parts delivery for current repairs realized by the service
units. The financial service procedure for commissions authorized by the Service Department
is presented.

BIENIEK J., BANASIAK J., POGODA G.: Application of the multi-plane sieve for the harve-
ster-thresher cereals cropping under the conditions of sloping areas; EiN 2/2008, s. 34-39.
The paper presents the operational testing results of a multi-plane sieve prototype used on
a harvester-thresher model NEW HOLLAND BIZON Z-058. The testing performed under the
conditions of sloping areas showed that the sieve improved the harvester-thresher operation
limiting the losses to 0,05% - 0,3% range at grain purity ranging 95,5% to 99,6% depending
on the sieve adjustment.

KURANCA.: The ecological aspect of a cold and hot starting of a spark ignition combustion
engine; EiN 2/2008, s. 40-44.

This article presents analysis of measurement results of combustion gases chosen components,
obtained during initial phase of work of a spark ignition combustion engine, equipped with
multi-point indirect injection system and three way catalytic converter, work. Measurements
were conducted for two temperature states: for a cold start, when engine, all its components and
exploitation liquids were of the same, equal to its surroundings, temperature, and for a hot start,
which takes place right after proceeding it period of engine operation in conditions of thermal
cquilibrium. Readings were taken in one second intervals and can be presented as curves in
function of time, showing character of emission changes in a given time. Analysis of emissions,
with regard to its ecological aspects, embraces comparison and evaluation of the cold and hot
start effect on amount of harmful substances emitted.

JUSCINSKI S., SZCZEPANIK M.: Guarantee service of agricultural tractors as an element
of distribution logistics; EiN 2/2008, s. 45-52.

The article presents concepts of logistic service for a client and defines the planes of its reali-
zations. It explains the functions of logistics and marketing in the field of purchaser servicing.
The characteristics of pre-sale (PO) and guarantee (P1-P4) service are discussed. The analysis
includes service quantity distribution in 2003-2005 in the Service Department of an authorized
distributor of tractors and agricultural machines, among others of the JOHN DEERE and ZETOR
products. The statistical analysis has been carried out of the tested services by the determination
of season index values for the studied period. The services (PO) and (P1-P4) have been analyzed
in view of agricultural practices calendar.

SOOS L.: Spindle - housing system SBL 500 CNC; EiN 2/2008, s. 53-56.

Spindle Headstock (SH) of the machine tools play a major role in the fulfilling the required
working accuracy and productivity. Radial ball bearings with angular contact are still more and
more applied in an arrangement. The Spindle - housing system (SHS) complex analysis is very
difficult and complicate. The analysis requires deep knowledge from mathematic, mechanics,
machine parts, elastohydrodynamic theory, rolling housing technique and also programming
skill. Software package (SW) - Spindle Headstock - carried out at the Department of Production
Engineering has been applied for designing of the precise accuracy running spindle onto the
lathe SBL 500 CNC.
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Mariusz WAZNY

METODA WYZNACZANIA CZASOOKRESU PRZEBYWANIA WYBRANEGO URZADZENIA
SYSTEMU NAWIGACYJNO-CELOWNICZEGO W SYSTEMIE UZYTKOWANIA

THE METHOD OF DETERMINING THE TIME CONCERNING THE OPERATION
OF A CHOSEN NAVIGATION AND AIMING DEVICE IN THE OPERATION SYSTEM

W opracowaniu przedstawiono metode umozliwiajacq wyznaczenie czasookresu przebywania glowicy celowniczej
w systemie uzytkowania w oparciu o analize wartosci parametrow diagnostycznych zarejestrowanych w trakcie jej
eksploatacji. Przedstawiona metoda ma charakter uniwersalny pozwalajqcy na jej zastosowanie w szerokim gronie
systemow technicznych, ktorych stan okreslany jest na podstawie analizy wartosci parametrow diagnostycznych.

Stowa kluczowe: parametr diagnostyczny, czas zdatnej pracy, system nawigacyjno-celowniczy.

The study presents the method of determining the time concerning the operation of an aiming head in the operation
system. The method is based on the analysis of the values of diagnostic parameters which were registered during the
operation of the aiming head. The method is of universal character. It can be used for a wide range of technical systems
whose condition is described on the basis of analyzing the values of diagnostic parameters.

Keywords: a diagnostic parameter, the time of a suitable operation, the navigation and aiming system.

1. Wstep

Z uwagi na charakter srodowiska, w jakim nastgpuje uzyt-
kowanie statkow powietrznych, tzw. ,,technika lotnicza” cieszy
si¢ szczegblnymi wzgledami szerokiego grona osob poczawszy
od projektantéw a skonczywszy na cztonkach komisji badania
wypadkow lotniczych. Ich zainteresowanie i podejmowane
dziatania w glownej mierze sprowadzaja si¢ do jednego - za-
pewnienia nalezytego poziomu bezpieczenstwa uzytkowania
zarowno statkdw powietrznych, jak i wszystkich innych ele-
mentéw systemu wspomagajacego prawidtowe funkcjonowa-
nie lotnictwa. Wysoki poziom niezawodno$ci osiagany jest po-
przez konstruowanie mozliwie jak najbardziej niezawodnych
urzadzen oraz przyjecie wlasciwej strategii eksploatacji. Po-
wyzsze aspekty sprawiaja, ze urzadzenia stosowane w lotnic-
twie naleza do tzw. ,,techniki wysublimowane;j” oraz podlegaja
nieustannym pracom projektowo-modernizacyjnym majacym
na celu zwigkszenie ich niezawodnosci.

W trakcie eksploatacji statkdw powietrznych wystgpuje
szereg przyczyn, ktore oddzialywaja negatywnie na urzadze-
nia zainstalowane na ich poktadzie. W wyniku tego oddziaty-
wania urzadzenia te traca nominalne parametry swojej pracy,
skutkiem czego warto$ci ich parametrow roboczych wychodza
poza zakres przyjetych granic bledu. Zaistnienie takiej sytuacji
wymusza podjecie okreslonych dziatan obstugowych majacych
na celu przywrécenie nominalnych warunkow pracy urzadze-
nia. Najczgsciej dziatania te sprowadzaja si¢ do przeprowadze-

1. Introduction

Due to the character of the environment in which airships
are operated, “the aeronautical technology” enjoys favours of
a wide range of people, including both designers and the mem-
bers of the Air Accidents Investigation Commission. Their
interest and actions are reduced to the assurance of a suitab-
le safety level concerning the operation of both airships and
all other elements of the system supporting the correct fun-
ctioning of the air force. A high reliability results from the
construction of infallible devices and the implementation of
a correct operation strategy. The above mentioned aspects bring
about the fact that the air force devices belong to so-called
“highly sophisticated technology” and are constantly developed
(the devices are subject to continuous design and moderniza-
tion works aiming for infallibility increase).

During the exploitation of airships, there are several factors
which have a negative influence on devices which are installed
on board. The devices lose nominal parameters of their work.
Thus, the values of their working parameters exceed the limits
of error. This situation results in specific service actions whose
aim is to restore nominal conditions of a device operation. Ge-
nerally, the actions reduce to the adjustment of particular devi-
ces or the implementation of improvements levelling an error.

The accuracy of a device operation is especial-
ly important in the case of a combat mission with
the use of an airship. Very often aerial munitions are

4 EkspLoATACJA | NIEZAWODNOSC NR 2/2008




NAUKA | TECHNIKA

nia regulacji poszczegdlnych urzadzen lub tez wprowadzenia
poprawek niwelujacych powstaty btad.

Doktadnos¢ funkcjonowania urzadzen ma szczegdlne zna-
czenie w przypadku realizacji zadania bojowego z uzyciem
wojskowego statku powietrznego. W trakcie realizacji takiego
zadania niejednokrotnie nastgpuje uzycie lotniczych $rodkow
bojowych. Ich oddzialywanie na obiekt ataku ma zawsze cha-
rakter destrukcyjny, a stopien tego oddziatywania zalezy m.in.
od rodzaju uzytych $rodkow bojowych. Z kolei wybor srodka
bojowego jest wynikiem analizy sytuacji taktycznej, zwiazanej
m.in. z obiektem ataku, oddzialywaniem przeciwnika, warun-
kami atmosferycznymi itp. Proces uzycia lotniczych srodkow
bojowych jest wysoce sformalizowany poprzez okreslone
procedury. Ich realizacja poprzedzona jest lotem w rejon celu
i obejmuje tematycznie wykrycie celu oraz przeprowadzenie
celowania zakonczonego atakiem.

Wsrod ww. etapow lotu, najistotniejszym z punktu widzenia
poprawnie zrealizowanego zadania, jest proces celowania. Blg-
dy wystepujace na tym etapie realizacji misji, mozna powiazac
w sposob bardzo ogdlny z dwoma podmiotami, obejmujacymi:

- statek powietrzny - ktorego systemy, w oparciu informacjg

nawigacyjno-celownicza, wypracowuja potozenie siatki
celowniczej na reflektorze glowicy celowniczej, oraz

- pilota - zadaniem ktorego jest pokrycie znacznika celow-

niczego z celem w momencie uzycia srodkow bojowych.

Bledy zwiazane z tzw. ,,czynnikiem ludzkim” na obecnym
etapie rozwazan zostang pominigte. W niniejszym opracowa-
niu poruszona zostanie kwestia doktadnosci funkcjonowania
urzadzen wchodzacych w sktad systemu odpowiedzialnego za
wypracowanie informacji celowniczej, a doktadnie czasu po
uptywie ktorego informacja uzytkowa systemu obarczona bg-
dzie btedem przekraczajacym dopuszczalny poziom.

2. Schemat celowania

Rozwigzanie zadania celowania i ataku w ogolnej posta-
ci sprowadza si¢ do okreslenia takich warunkéw oddzielenia
srodka bojowego od nosiciela, aby $rodek bojowy podczas
swego autonomicznego lotu osiagnat cel. Proces celowania
podczas realizacji zadania bojowego mozna opisac jako proces
sterowania bronig lub statkiem powietrznym, w celu zapewnie-
nia odpowiednich warto$ci okreslonych parametrow, umozli-
wiajacych spotkanie $rodka bojowego z celem. W procesie tym
wyrdzni¢ mozna trzy podstawowe etapy, zwiazane z:

- okresleniem wymaganego kierunku broni wzgledem celu,

przy ktorym s$rodek bojowy po utracie fizycznej wigzi
z nosicielem trafi w cel;

- wyliczeniem dozwolonych parametréow uzycia $rodka bo-
jowego, tzn. okreslenie takiej strefy wokot celu, w ktorej
zapewniona jest odpowiednia doktadno$¢ procesu ataku
i jednocze$nie zapewnione jest bezpieczenstwo atakuja-
cego samolotu;

- sterownie samolotem lub bronia w procesie celowania,
ataku i podczas wyjScia z ataku.

Realizacja tych trzech etapéw w procesie celowania pod-
czas strzelania odbywa si¢ na podstawie przyjgtego wektoro-
wego schematu celowania (rys. 1), przy pomocy ktoérego wy-
znaczane jest wektorowe réwnanie celowania. Jego budowa
mozliwa jest gdy:

- ruch $rodka bojowego i celu jest znany (mozliwy do okre-

$lenia);

used uring such mission. Aerial munitions always have
a destructive influence on an object of attack. The level
of the influence depends on, among other things, the type
of munitions. On the other hand, the choice of a munition
is the result of analyzing a tactical situation concerning,
among other things, the object of an attack, a foe’s reaction,
weather conditions, etc. Certain specific procedures for-
malize the process of using aerial munitions. The procedu-
res follow the flight into a target region. The flight includes
a target detection and the aiming which ends up with an attack.

As far as a correctly conducted mission is concerned, taking
aim at a target is the most important flight stage. Generally, er-
rors occurring at this stage of a mission relate to two subjects
including:

- an aeroplane — whose systems work out the location of
an aiming grid on a searchlight of an aiming head (on the
basis of a navigation and aiming information), and

- a pilot — whose task is to make an aiming indicator coinci-
de with a target at the moment of munitions usage.

At the present stage of analyzing, all errors concerning so-
-called “human factor” are ignored. This study raises an issue
concerning the accuracy of functioning devices belonging to
the system responsible for working out an aiming information,
and more precisely, the time after which an operational infor-
mation of the system is burdened with an error exceeding an
admissible level.

2. Adiagram of aiming

The solution of a task concerning the timing and an attack
is reduced to the determination of specific conditions of sepa-
rating a munition from an carrier. The conditions shall enable
a munition (during its autonomous flight) to reach a target. The
process of aiming during a combat mission can be described as
a process of steering a weapon or an aeroplane. The aim of the
process is to ensure particular values of particular parameters,
which enables a munition to reach a target. The process inclu-
des three basic stages which are connected with:

- determining a required direction of a weapon towards

a target (the direction which enables a munition [after its
separation from a carrier] to hit a target);

- calculating permissible parameters of a munition use, i.e.
determining the zone around a target; the zone shall ensu-
re both a suitable accuracy of an attack and an attacking
airplane safety;

- steering a plane or a weapon in the process of aiming,
attacking and getting out of an attack.

The realization of these three stages in the aiming process
during shooting is based on an established vector diagram of
aiming (figure 1). The diagram is used for determining a vector
equation of aiming. The equation is possible if:

- the motion of a munition and a target is known (possible

to determine);

- the motion elements of a carrier, a target and a munition

are analyzed in the coordinate system whose beginning at
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- elementy ruchu nosiciela, celu i $rodka bojowego roz-
patruje si¢ w uktadzie wspotrzednych, ktorego poczatek
w chwili oddzielenia $rodka bojowego jest nieruchomy
wzgledem otaczajacego os$rodka.

the moment of a munition separation is motionless towar-
ds a surrounding medium.

Tor lotu
srodka  /
bojowego/

Rys. 1. Wektorowy schemat celowania: O - punkt w ktorym nastepuje oddzielenie srodka bojowego od nosiciela; G - punkt charakterystyczny uktadu
obserwacyjnego, zwiqzany z celownikiem; C - punkt potozenia celu w momencie oddzielenia srodka bojowego od nosiciela; C, - punkt potozenia

celu po czasie T lotu srodka bojowego - punkt wyprzedzonego potozenia celu; v

or - Wektor okreslajqcy polozenie broni podczas strzelania;

A - wektor okreslajqcy blad celowania; V' s - sumaryczna poprawka kqtowa celowania

Fig. 1. The vector diagram of aiming: O — the point in which a munition separates from a carrier; G — a distinctive point of an observation system;
the point is connected with a sight; C — the point of a target location at the moment of separating a munition from a carrier; C,— the point of a

target location after the T time of a munition flight — the point of a foreseen location of a target; VOT - the vector of a weapon location during

shooting; A - the vector of an aiming error; ¥ s - atotal and angular correction of aiming

Wyprzedzone potozenie celu C, okresla si¢ wzgledem
punktu, w ktorym znajduje sig pocisk, wektorem bledu A . Za-
ktadajac, ze tak dobrano wektor 1701 i czas T, ze wektor btedu
bedzie réwny zero ( A = (), wowczas z kierunku wektora 170,
, mozna wyznaczy¢ wymagany kierunek potozenia broni pod-
czas strzelania okreslony wektorem Vor [3]. Wektor ten mozna
wyznaczy¢ z robwnania (1), utozonego na podstawie przyjgtego

schematu celowania, przy zatozeniu, ze A =0:

Vié+b+i1-L-D-B=0 (1)
_ V4V B
gdzie: Vor = OV : , L = I7€T (przy zatozeniu V. = const

w przedziale (O,mT)), 170 - wektory predkosci poczatkowej
srodka bojowego wzgledem broni, V- wektor predkosci uno-
szenia rowny predkosci nosiciela, V; - wektor jednostkowy
bezwzglednej predkosci poczatkowej $rodka bojowego, 77 -
wektor obnizenia toru lotu srodka bojowego, b - wektor ba-
listycznego odchylenia srodka bojowego od kierunku 1701 po-
wstajacy w wyniku stabilizacji giroskopowej srodka bojowego
(tzw. efekt burtowy), ¢ - balistyczna odlegtos¢ lotu $rodka bo-
jowego, rowna modutowi wektora OA, D - wektor biezacej
odlegtosci do celu, L - wektor cigciwy toru celu, B - wektor
bazy - wektor odlegtosci miedzy punktami O i G.

Okreslenie kierunku wektora I70°1 w przyjetym uktadzie
wspotrzednych realizowane jest poprzez wyznaczenie jego
sktadowych: poziome;j i pionowej. Zgodnie z rysunkiem 1 kie-

runek wektora V| okreslany jest poprzez sumaryczna popraw-

The foreseen location of a target C, is determined towards
a point of a missile location with a vector of error A . Assu-
ming that the vector 1701 and the time 7 are selected in such
a manner that the vector of an error is zero (A = 0), then the di-
rection of the vector 1701 can be used for determining a required
location direction of a weapon during shooting (the vector V)
[3]. This vector can be determined with the use of the equation (1)
which is based on the established diagram of aiming, assuming that

A=0:
17(,°1§+l;+ﬁ—L_—15—§=0 (1)
o+ 7

where: 17(; = L= I7CT (assuming that I7C = const

over the range ((),mT)), 17;) - the vectors of an initial velocity of
a munition towards a weapon, 171 - the vector of floating velo-
city which is equal to a carrier velocity, V] - the unitary vector
of an absolute initial velocity of a munition, 77 - the lowering
vector of a munition flight track, b - the vector of a ballistic
deviation of a munition from the direction 17;)1 (resulting from
a gyroscopic stabilization of a munition — so called side effect,
¢ - a ballistic distance of a munition flight (it is equal to the mo-
dulus of the vector OA , D - the vector of an actual distance
from a target, L - the vector of a chord of a target track, B

- the base vector — the vector of a distance between two points:

O and G.
In the established coordinate system, the direction of the

vector 170‘{ is determined by determining its components: a ho-
rizontal component and a vertical component. According to the

6 EkspLoATACJA | NIEZAWODNOSC NR 2/2008




NAUKA | TECHNIKA

ke katowa ¥,. Zatem, wyznaczone warto$ci sktadowe: pionowa
Ae i pozioma A sumarycznej poprawki katowej, okreslaja war-
tosci pozioma i pionowa potozenia kierunku wektora ¥y, .

Sumaryczna poprawka katowa wyznaczana jest w syste-
mie nawigacyjno-celowniczym (SN-C) w postaci ruchomego
znacznika celowniczego zobrazowanego na reflektorze gtowicy
celowniczej (rys. 2). Zadanie pilota w trakcie celowania i ataku
sprowadza si¢ m.in. do pokrycia znacznika celowniczego z ce-
lem. Wydaje sig, ze czynnos$¢ ta nie powinna sprawia¢ wigk-
szych trudno$ci, jednakze oddzialywanie wielu czynnikow,
zardbwno wewngtrznych zwiazanych z praca SN-C, jak i ze-
wngtrznych, zwiagzanych z oddziatywaniem otoczenia na statek
powietrzny (np. podmuchy wiatru, turbulencje itp.), sprawia, ze
zadanie to wymaga od pilota zaréwno duzej wiedzy, jak i do-
$wiadczenia z zakresu funkcjonowania statku powietrznego
ijego systemow.

Negatywny wpltyw czynnikéw zewngtrznych na warto$é
wypracowanej informacji celowniczej ,,ostabiany” jest poprzez
réznego rodzaju filtry oraz algorytmy obliczeniowe zaimple-
mentowane w systemach funkcjonalnych statku powietrzne-
go. Z kolei jako$¢ pracy systemu nawigacyjno-celowniczego,
uwarunkowana jest doktadnoscia funkcjonowania urzadzen
wchodzacych w jego sklad i wzajemnie ze soba wspolpracu-
jacych. Stan techniczny tych urzadzen okreslany jest za po-
moca parametréw diagnostycznych, ktérych warto$ci rejestro-
wane sa w okreslonych odstgpach czasu. Procedury zwigzane
z realizacja takiego sprawdzenia sa zlozone, a co istotniejsze
— czasochtonne. Z tego tez wzgledu statek powietrzny podczas
realizacji powyzszych prac obslugowych zostaje wytaczony
z systemu uzytkowania, co w przypadku wojskowego statku
powietrznego przektada si¢ na obnizenie potencjatu bojowego
jednostki wojskowej. Ponadto, niejednokrotnie okazuje sig, ze
przeprowadzanie procedur obstugowych zwiazanych z kontro-

figure 1, the direction of the vector Vj, is established by a to-
tal angular correction ¥,. So, the component values: vertical
Ag and horizontal Af of the total angular correction determine
a horizontal and vertical values of the vector V] direction.

In the navigation and aiming system, the total angular cor-
rection is determined in the form of a moving aiming indicator
which is illustrated on the searchlight of an aiming head (fi-
gure 2). A pilot’s task is reduced to make an aiming indicator
coincide with a target during aiming and attacking. It seems
that this action shall not cause difficulties. However, the task
requires lots of knowledge and experience in respect of fun-
ctioning an aeroplane and its systems. The task is difficult be-
cause it is affected by lots of factors including both internal
factors connected with the work of the navigation and aiming
system, and external factors connected with the influence of the
surroundings on an aeroplane (for example, flurries of wind,
turbulences, etc.).

A negative influence of external factors on the aiming in-
formation is reduced by various filters and computational algo-
rithms which are implemented in the functional systems of an
aircraft. On the other hand, the work quality of the navigation
and aiming system depends on the accuracy of working and
cooperating devices which belong to the system. A technical
condition of these devices is determined with diagnostic para-
meters whose values are registered at particular intervals. The
procedures of checking the technical condition are complex
and time consuming. That is why, during service works the
operation system of an aircraft is switched off while checking
its technical condition, which in the case of a military aircraft
results in reducing a combat potential of a military unit. Moreo-
ver, very often the service procedures in respect of checking the
values of diagnostic parameters turns out to be futile because
the diagnostic parameter values are within the limits of a per-

Rys. 2. Widok kokpitu samolotu F-16 oraz siatki celowniczej

Fig. 2. The view of the F 16 aircraft cockpit and an aiming grid
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la wartosci parametréw diagnostycznych jest niecelowe, ponie-
waz wartosci parametréw diagnostycznych mieszcza si¢ w gra-
nicach dopuszczalnego btedu. Zatem, z uwagi na powyzsze,
nalezy zastanowi¢ si¢ czy mozliwe jest opracowanie metody
okreslania czasu po uptywie ktorego nalezy przeprowadzi¢ pra-
ce obslugowe majace na celu regulacje okreslonych urzadzen
wchodzacych w sktad SN-C.

Jednym z najistotniejszych elementow SN-C jest glowica
celownicza na ktorej wyswietlana jest informacja celownicza
w postaci ruchomego znacznika celowniczego. Jego potozenie
na reflektorze glowicy mozna okresli¢ przy pomocy dwoch
wspotrzednych: poziomej i pionowej. W trakcie trwania pro-
cesu eksploatacyjnego realizowane sa okre$lone prace obshu-
gowe w trakcie ktorych rejestrowane sa rowniez wartosci pa-
rametrow diagnostycznych. Parametry te okre$laja kontrolne
potozenie znacznika celowniczego. Dokonujac analizy zmian
wartosci tychze parametréw diagnostycznych mozna zauwa-
zy¢, ze przyjmuja one réozne wartosci, zatem ich rozmieszcze-
nie tworzy okreslone pole rozrzutu. Majac na uwadze losowy
charakter przyjmowanych wartosci do opisu ich zmian mozna
przyja¢ ponizsza zalezno$¢:

Z y’ \/27751 1/27ra2

gdzie: z, y - zmienne losowe parametréw diagnostycznych, b t,
b,t - warto$¢ srednia przyrostu odchytek parametrow diagno-
stycznych w przedziale czasu (0,¢), a t, a,t - wariancja przyrostu
odchyltek parametrow diagnostycznych zalezna od czasu.

Wprowadzajac nowe zmienne losowe:
z, =z-bt,
Ye=y-byt,

otrzymano nowa posta¢ funkcji gestosci:

(3)

I s B

Y, l) = ——
u(z g ) 27 ./ata,t

Powyzsza funkcja u (z* s Ve ,t) przyjmuje stala warto$¢, gdy:

2 2
P2 (5)

at  at

Roéwnanie (5) opisuje elipsg rozrzutu. Pole tej elipsy ozna-
czone zostato przez S. Zatem, prawdopodobiefistwo tego, ze
(z* Ve )E S mozna okresli¢ rozwiazujac rownanie:

[[%+%]dz*dy* (6)

P((z..)ES,) ffzﬂff

Przeprowadzajac zamiang zmiennych z, na U= Z*t
iy nav= i podstawiajac nowe zmienne do wzoruQES)
otrzymano zaleczlrzli)s'é:

wavi=xt =7 (7)

missible error. So, taking the foregoing into account, one shall
wonder if it is possible to develop the method of determining
the time after which the service works (whose aim is to regu-
late particular devices belonging to the navigation and aiming
system) shall be done.

One of the most important parts of the navigation and
aiming system is an aiming head displaying an aiming infor-
mation in the form of a moving aiming indicator. Its location
can be determined with the use of two coordinates: a horizon-
tal coordinate and a vertical one. Particular service works are
done during the process of exploitation. The values of diagno-
stic parameters are registered during the service works. These
parameters determine a control location of an aiming indicator.
While analyzing the changes of the parameter values, it can be
seen that the parameters have various values. Therefore, the
parameter location determines a particular dispersion field. Ta-
king a random character of the values into consideration, the
changes of the values can be described with the use of a depen-
dence presented below:

1 (Z_blt)2+(y_b2t)2 (2)
2 at a,t

where: z, y - random variables of diagnostic parameters, b ¢, b, - an

average value of the growth in deviation of diagnostic parameters
over the range of time (0,7), a ¢, a,t - the variation of the growth in
deviation of diagnostic parameters (depending on time).

Introducing new random variables:
z, =z-bt,
Ye=y=byt,

a new form of a density function was obtained:

(3)

e 2(011 ath (4)

1
o Yil)=———=
u(z g ) 27 Ja,ta,t

The above function u (z* , Vi ,Z) is constant if:

2 2
R (5)

at  at

The equation (5) describes the ellipse of dispersion. S - the
field of the ellipse. So, the probability that (Z* s Ve )E S canbe
determined by solving the following equation:

P((Z*,y* ES [[%+%]dz*dy* (6)

ffzﬂrr

Changing variables z, into U= and y, into
at
V= s and inserting new variables into the formula (5)
at the
following dependence was obtained:
wavi=kt =17 (7)
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Rownanie (7) jest rownaniem okrggu. Dla odréznienia pole
okregu oznaczono przez C. W wyniku zamiany zmiennych na-
stapito przeksztatcenie elipsy (5) w okrag (7). Stad zaleznos¢
(6) zapisano w postaci

((z*,y* €S, )——ff (8)

We wzorze (8) calkowanie wykonywane jest po okregu C,
zatem dla obliczenia tej catki wprowadzono wspotrzedne bie-
gunowe:

d/,tdv

U=pcos, V=psing 9)
dla ktorych to wspotrzednych jakobian bedzie miat postaé:
o o
J- aip  Jo _|cose -psing _ (10)
av  av| |[sinep pcos@
p 9

Uwzgledniajac powyzsze, zaleznos¢ (8) mozna zapisaé na-
stepujaco:

2n K

P((z..y.)ES,) —Lfd(pfe2pdp (11)

Wykorzystujac zamiang zmiennych obliczono catke:

z= P p=k=z=x") . B
dp = _ 2
fe P P ~2p =>pdp=—dz p=0m 220 {e
natomiast:
1 2 1
—— [do=——(2n-0)=1 (13)
2w 0 T
Stad:
P((z.0.)ES, )=1-¢* (14)

Zalezno$¢ (14) okresla prawdopodobienstwo tego, ze od-
chylki potozenia punktu centralnego z. i ). beda zawarte
w elipsie S, 0 potosiach kja,t i K+/a,! . Przyjmujac, ze:

ai = =

wowczas elipsa rozrzutu (15) przeksztalca si¢ w okrag:

2
j =k, 224y :(KJE)Z =2 (16)

(15)

2
Zy y*
—_ + —
( \at ] ( Nat
ktérego promien wynosi:

r
r=wat, x=—
Jar

Dokonujac podstawienia powyzszej zaleznosci do rowna-
nia (14) otrzymano:

(17)

e (18)

P((z*,y* )ECK ) =
gdzie: \/a_ - jest odchyleniem standardowym.

The equation (7) is the equation of a circle. C_ - means the
field of the circle. The change of variables resulted in the trans-
formation of the ellipse (5) into the circle (7). Thus, the depen-
dence (6) was written in the form

((z*,y* ES ——ffe (8)

In the formula (8) there is the integration of the circle C.. To
calculate the integral, polar coordinates were introduced:

U=pcos, V=psing 9)

Jacobi elliptic function for these coordinates will be as fol-
lowing:

d/,tdv

T
d d cos -psin

J=|0P OP|_[C%P PSP (10)
a_v 6_\/ sing  pcos®
i 0p

Taking the foregoing into account, the dependence (8) can
be written down as follows:

2 K

—fdwfe e pdp  (11)

Using the change of variables, the integral was calculated:

P((z*,y*)ES =

1 1 K 2 )
e [ (207 () LT 2)
whereas
Lzf”ahp=i(2n-o)=1 (13)
27 < 2
Thus:
P((z.0.)ES, )=1-¢? (14)

The dependence (14) determines the probability that the devia-
tions of central point location z, and y, will be included in the
ellipse S, with semi axes K+/@f and K/a, . Providing that:

Jar = Jayi =t (15)

then the ellipse of dispersion (15) changes into the circle:

2
j =x2,  z2+y? =(1<\/E)2 =r"(16)

IRt

whose radius is:

r=K+at =
\/at
Inserting the above dependence into the equation (14) the
following result was obtained:

(17)

P((z*yy*)ECK)=1_e'z% (18)

where: «/at - a standard deviation.
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Wykorzystujac powyzsza zalezno$¢ mozna wyznaczy¢
przedziat czasu, po ktorym nalezy dokona¢ kontrolnego spraw-
dzenia parametrow urzadzenia. Zapisujac funkcje (18) jako:

¢
P*((Z*)y*)eck)=l_e_2m (19)

gdzie: ¢ - dopuszczalna warto$¢ promienia okregu, ktorego
przekroczenie przez zmienna losowa powoduje utratg para-

metrow nominalnych pracy urzadzenia, P ((Z* Ve )E C. ) -
zatozone prawdopodobienstwo z jakim chcemy aby parametr
uzytkowy nie przekroczyt wartosci ¢ , oraz dokonujac poniz-
szych przeksztalcen wyznaczono zaleznosci na warto$¢ czasu
po ktorym nastapi przekroczenie przez urzadzenie dopuszczal-
nych warto$ci btedu granicznego. Logarytmujac rownanie:

¢’.’
P =1-¢ 2 (20)
otrzymano zaleznosci (21) i (22):
2
lnP*=ln1—(—¢—)lne (21)
2at
2
np =2 (22)
2at

W zalezno$ci (22) wyrazem niewiadomym jest parametr ¢,
doprowadzajac zatem do zlokalizowania go po jednej ze stron
réwnania otrzymano:

2atin P = ¢ (23)
2
S ; (24)
2aln P

Podstawiajac za zmienng P* okreslona wartos¢ mozna
okresli¢ parametr ¢* charakteryzujacy czas, po ktorym nalezy
wykona¢ sprawdzenie parametrow uzytkowych urzadzenia aby
unikna¢ sytuacji przekroczenia przez btad aparaturowy warto-
$ci dopuszczalnej. A zatem, czas uzytkowania urzadzenia bg-
dzie uwarunkowany parametrem ¢*:

T=t (25)

W sytuacji gdy wystepuje przesunigcie potozenia znaczni-
ka celowniczego, wzor (20) przyjmuje postaé

_(g-br)’ 26
P =l-¢ 2 (26)

Przeksztalcajac rownanie (26) tak, aby mozna byto wyzna-
czy¢ parametr z:

. ~bt)’

InP =Inl- —M Ine (27)

2at

2
wp - 8=0) (28)

2at

2atin P = (¢ -bt)’ (29)
2atin P = ¢*> - 2¢bt +b’t’ (30)
2atinP' - ¢* +2¢bt b =0 (31)

Using the above dependence, the period of time (after
which a control check of a device parameters shall be done) can
be determined. Writing down the function (18) as:

9
P*((Z*JJ’*)ECK)=1_6_ZM (19)

where: ¢ - a permissible value of the circle radius; if
a random variable exceeds it, nominal parameters are lost,

P ((z* s Ve )E C. ) - an assumed probability in the case of
which an operational parameter shall not exceed the value ¢
, and performing the below transformations, dependences con-
cerning the time were determined (the time after which a device
will exceed permissible values of the error limit). The logarithm
of the equation:

#
P =l-¢ 2 (20)
provides the dependences (21) and (22):
¢2
lnP*=lnl—(——)lne (21)
2at
2
np =2 (22)
2at

In the dependence (22) ¢ parameter is the unknown. Loca-
lizing the parameter on one side of the equation, the result was
as follows:

2atin P* = ¢2 (23)
2
P (24)
2aln P

Substituting P* with a particular value, it is possible to de-
termine #* denoting time after which the operational parameters
of a device shall be checked. So, the time of a device exploita-
tion will depend on ¢*.

T=( (25)

If there is a location shift of an aiming indicator, the formu-
la (20) has the following form

2

(9=bt)°

P =l-¢ 2 (26)

Transforming the equation (26) in such a manner as to de-
termine the parameter ¢:

. ~bt)’

InP =Inl- —M Ine (27)

2at

2
wp - 8=0) (28)

2at

2atin P = (¢ -bt)’ (29)
2atin P = ¢*> - 2¢bt +b’t’ (30)
2atinP' - ¢* +2¢bt b =0 (31)
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otrzymano rownanie kwadratowe:
b’ ~(2aln P' +29b)t +¢” =0 (32)

ktoérego rozwiagzaniem jest warto$¢ parametru ¢* warunkujaca
czas wykonania prac obstugowych.

3. Whnioski

Przedstawiona metoda moze w istotny sposob przyczynic¢
si¢ do usprawnienia procesu eksploatacyjnego nie tylko anali-
zowanej w opracowaniu gltowicy celowniczej, ale rowniez in-
nychurzadzen, ktérych stan techniczny okreslany jest w oparciu
o analizg warto$ci parametréw diagnostycznych. W przypadku
analizowanego urzadzenia zastosowanie przedstawionej meto-
dy moze skutkowa¢ wydhuzeniem czasu przebywania gtowicy
celowniczej w systemie uzytkowania. Nastgpstwem tej sytuacji
jest lepsze wykorzystanie urzadzenia i nie dopuszczenie do ob-
nizenia potencjalu bojowego jednostki wojskowe;.

Znajomo$¢ czasu, po ktérym nastapi przekroczenie do-
puszczalnej wartosci btedu moze stanowi¢ jeden z elementow
umozliwiajacych przejscie na eksploatacj¢ wg stanu technicz-
nego zaktadajac, ze diagnozowany parametr umozliwia okre-
$lenie stan techniczny urzadzenia. Powyzsze zagadnienie bg-
dzie analizowane w kolejnych publikacjach.

4. References

the following quadratic equation was obtained:
b’ ~(2aln P' +29b)t +¢* =0 (32)

whose result is the parameter t* value conditioning the time of
performing service works.

3. Conclusions

The method presented above can contribute to the impro-
vement of exploitation process concerning both an aiming head
which was analyzed in the study and other devices whose tech-
nical condition is determined on the basis of analyzing diagno-
stic parameters values. In the case of the device analyzed abo-
ve, the implementation of the method can result in prolonging
the time concerning the use of an aiming head. Consequently,
the device can be used in a better way and the reduction of
a military unit combat potential can be avoided.

The knowledge about the time after which there will be
the exceedance of a permissible error value can be one of the
elements enabling a transition to an exploitation according to
a technical condition, assuming that a diagnostic parameter
(which is being diagnosed) enables to determine a technical
condition of a device. The above mentioned issue will be analy-
zed in the following publications.
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DEFORMACJE TERMICZNE WAHLIWYCH PLYTEK W 5-SEGMENTOWYM SLIZGOWYM
LOZYSKU POPRZECZNYM

THERMAL DEFORMATION OF PADS IN TILTING 5-PAD JOURNAL BEARING

Slizgowe lozyska poprzeczne z segmentami wahliwymi stosowane sq w wysokoobrotowych sprezarkach oraz turbinach.
Lozyska poprzeczne z plytkami wahliwymi stanowiq poprawne rozwiqzanie, poniewaz zapewniajq bardzo dobrq sta-
tecznos¢ hydrodynamicznq w zakresie duzych predkosci oraz sq mniej wrazliwe na zmiany kierunku obciqzenia oraz
niewspolosiowos¢ watu. W artykule przedstawiono deformacje segmentow wahliwego 5-segmentowego slizgowego to-
zyska poprzecznego z podparciem symetrycznym wywolane polem cisnienia oraz rozktadem temperatury w warunkach
adiabatycznego filmu olejowego. Deformacje segmentow wyznaczone zostaly na podstawie rozktadu cisnienia oraz
temperatury w filmie olejowym. Rownania Reynoldsa, bilansu energii, geometrii szczeliny olejowej oraz lepkosci oleju
zostaly rozwiqzane metodq numerycznq przy zatozeniu wspolosiowosci watu oraz panewki tozyska w stanie rownowagi
polozenia walu.

Stowa kluczowe: slizgowe tozyska poprzeczne z segmentami wahliwymi, obliczenia symulacyjne, MES.

In high speed compressors and turbine drive trains, the tilting 5-pad journal bearings are applied. Tilting-pad journal
bearings are good option because they have very good hydrodynamic stability at high speed and are less sensitive to
load direction and shaft misalignment. The paper introduces thermo-elastic deformations of tilting 5-pad journal be-
aring with symmetric support of pads and operating at the conditions of adiabatic oil film. The deformations of pads
were obtained based on the oil film pressure and temperature distributions. Reynolds, energy, geometry and viscosity
equations have been solved numerically on the assumption of aligned orientation of bearing and journal axis and at
static equilibrium position of journal.

Keywords: tilting-pad journal bearings, numerical simulation, FEM.

1. Introduction condition of static equilibrium position of the journal.

Performances of turbomachines and compressors tilting-

pad journal bearings are affected by thermal and elastic defor- 2. Nomenclature

mation of pads[1,2,5,6]. These deformation affect the static and D bush diameter (m),
dynamic characteristics and the stability of the rotor. For the e  journal eccentricity (m),
failure-free operation of bearing, more information regarding h  oil film thickness (um),
thermo-elastic deformation should be available at the early de- H  dimensionless oil film thickness,
sign stage of the bearing. Thermo-elastic effects are important K, heatnumber, K, =w-n,/c-p Ty,
in the evaluation of oil film thickness, maximum oil film pres- L 4 bearing length, ’ ’
sure and temperature i.e. bearing characteristics deciding about 5 dimensionless oil film pressure, 5= p-y>/n-®
reliable operation of single bearing and the bearing system. Pe Peclet’s number ’ ’

Design variations of tilting-pad journal bearings [3] allow »  journal radius (I;l)
operation in modern, high speed, high output power turbounits R bush radius (m) ’
or turbine gear trains. High thermal loads that are caused by b ’

. .. . s number of pads,

operating conditions change the geometry of oil film and they So  Sommerfeld number
generate the thermo-clastic deformations of pads. The pad de- T temperature of oil ﬁ17m (°C)
fgrmatti‘(;n affects the bearing temperature and reduces the dam- T temperature of supplied ol ’("C)
ping of bearing. = . . . ’ =

The paper describes the procedure of the calculations of r d}mensmnless oil film temperature, T =T/T,,
thermo-clastic deformation of the tilting 5-pad journal bearing. r tlme, . . .
The ground of deformation calculation are the oil film pressure z  dimensionless axial co-ordlnalte,
and temperature distributions that were obtained from the nu- z, angleof th_e IOb? centre line ( )’, o
merical solution of Reynolds, energy and viscosity equations. R angular orllentat}on of (?entre po;nt of pad (%),
Incompressible laminar and adiabatic flow of oil in the bearing n dynam¥c V¥scos¥ty of oil, (Ns/m ): )
gap of finite length bearing was assumed. Aligned orientation (A d?fnam{c VISCOSI_ty at .amblen't teElperature (Ns/m?),
of bush and journal axis without deflections of pads and jour- M dimensionless viscosity of oil, 17 = n/m, ,
nal was considered too. Calculation have been performed at the ¢ circumferential co-ordinate (°),
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relative eccentricity, & = e/(R, -7),
bearing clearance (%o),

pad relative clearance,

angular velocity (1/s),
dimensionless time, ¢= wt.

sexs®

3. Pad thermal deformation

Geometry of considered tilting 5-pad journal bearings with
the load on the pad (LOP) and the load between pads (LBP), is
shown in Fig. 1. The geometry of lubricating gap determines
equation 1:

Wf—_l-cos((p—fl) ~&-cos(p-a) (1)

H(p)=vy,_ +
(0)=v., cos(t,-7,)

Pressure, temperature and viscosity distributions of the oil
film were determined on the basis of Reynolds, energy and vi-
scosity equations [5]. The generated oil film pressure field is
described by the following non dimensional form of Reynolds
equation:

3 2 2 347
O (H ap)| (DY 9 (H ap|_(oH ,0H ;)
dp\ n ap) \L) az\ n oz ap a¢

The oil film pressure distribution computed from equa-
tion (2) to obtain the oil film temperature and viscosity fields
[2,3,6]:

H
Pe

8T (DY o T
+H2
o> \L)oz®

[HSM_HFH
27o¢ 2|
—\2 2 —\2
(o) (2 (22
a2 L Jdz
The viscosity was described by exponential equation
[3,4,5]. Oil film temperature and viscosity distributions have

been found by iterative solution of equations (1), (6) and (8)
[3]. Temperature values 7(¢p, z) on the boundaries (z =+ L/2 )

(3)

L
H

+
L

DV H'opoT  H®
()1217520”2 1277

a) (pe

Pe
=

have been determined by means of the parabolic approximation
[3,6]. The boundary conditions for pressure and temperature
take into account the inlet pressure and temperature.

Examples of the results of oil film temperature calcu-
lations are given in Fig.2 and Fig.3. Turbine oil of viscosity
1, = 0,0487 Ns/m* at 40°C was used in this calculations. The
pressure boundary condition assumes the positive values only
and the ambient pressure on the sides of the pad. Calculation
of the temperature on the sides of the pad was determined by
means of parabolic approximation [2].

Elastic deformation of the tilting-pads of bearing loaded
uniformly by oil film pressure and temperature can be obtained
by analytical or by finite element method (FEM) [6]. The sy-
stem [-DEAS NX Series [7] was applied in this work. The load
of pad sliding surface in the form of oil film pressure and tem-
perature distribution in the bearing gap was modeled based on
the results obtained from the numerical calculation [2,5]. The
model of pad takes into consideration full length of pad. It was
assumed that: the temperature of bearing metal surface is equal
to the temperature of oil film, outer surface of pad contacts the
air, temperature state of the pad structure is steady (state ther-
mal analysis), the mixed boundary condition of heat exchange
according to Newton’s law (mixed boundary condition of Han-
kels) for the temperature calculation on the outer surface of pad.
Examples of deformation calculation LBP variant are shown in
Fig.4 (by pressure only) and Fig.5 (by temperature only).

In case of bearing with the length to diameter ratio L/D=0,4
and oil supplied temperature 50°C the results of displacements
calculations can be observed in Fig.6 and Fig.7. There are lar-
ger total displacement of pad No.4 but this pad is the most loa-
ded mechanically and thermally pad of the bearing. The radial
displacements are larger for the pad No.4, too.

The oil film temperature distribution on the pad can be
observed in Fig.8 and Fig.9, too. These temperatures were as-
sumed for the displacements calculations. The maximum dis-
placements in the middle plain of pads are shown in Fig.9 and
Fig.10.

Rys. 1. Schemat 5-segmentowego slizgowego toZyska poprzecznego a)obciqzenie na segmencie (LOP), b)obciqzenie pomiedzy segmentami (LBP)
Fig. 1. Layout of tilting 5-pad journal bearing: a) load on the pad (LOP), b) load between pads (LBP)
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Fig. 2. Oil film temperature distribution of 5-pad bearing LOP (dimen-

sionless)

Rys. 2. Rozktad temperatury w szczelinie olejowej 5-segmentowego

tozyska LOP

tozyska LBP

Fig. 3. Oil film temperature distribution of 5-pad bearing LBP

Rys. 3. Rozktad temperatury w szczelinie olejowej 5-segmentowego
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Fig. 4. Deformation of pad No.4 caused by pressure

Rys. 4. Deformacje segmentu Nr4 wywolane cisnieniem

DISPLAGEMENT Magnilude Unaveraged Top shell

mm

0.0333

Fig. 5. Deformation of pad No.4 caused by temperature

Rys. 5. Deformacje segmentu Nr4 wywolane polem temperatury
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Fig. 6. Maximum displacements (0,0333 mm) and radial one (0,0157 mm) of the Ist pad (least loaded one) generated by the oil film pressure and
temperature

Rys. 6. Przemieszczenia (0,0333 mm) oraz przemieszczenia promieniowe (0,0157 mm) segmentu Nrl (najmniej obciqzonego) wywolane przez film
olejowy i temperature
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Fig. 7. Maximum displacements (0,0613 mm) and radial one (0,0495 mm) of the 4th pad (most loaded one) generated by by the oil film pressure and

temperature

Rys. 7. Przemieszczenia (0,0613 mm) oraz przemieszczenia promieniowe (0,0495 mm) segmentu Nr4 (najbardziej obciqzonego) wywolane przez film

olejowy i temperature
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Fig.8. Oil film temperature on the Ist pad (T, =69,49°C)
Rys. 8. Rozktad temperatury w segmencie Nrl (T, =69,49°C)
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Fig. 10. Maximum displacement (0,0296 mm) in the middle cross-sec-
tion of 1st pad

Rys. 10. Przemieszczenia (0,0296 mm) w plaszczyznie srodkowej seg-
mentu Nrl

4. Conclusions

Program developed for calculation of tilting-pad bearing
static characteristics at the conditions of static equilibrium po-
sition of journal gives correct input data for determination of
the thermo-elastic deformation of pad.
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Fig.9. Oil film temperature on the 3rd pad (T, = 111,51°C)
Rys. 9. Rozktad temperatury w segmencie Nr3 (T, =111,51°C)

mm

00510
DISPLAGEMENT Magnitude Unaveraged Top shell e
Wi 00000 mm Meax: 0.0510 mm
DISPLACEMENT X¥Z Magniude
Min: 00000 mm Max: 0.0518 mm N
css 00414

00466

00300
o032
00236

00311
00205
0.02ED
00233
00207
o.0181
FESEE)
00129
00104
L.0070
00052

00026

oasoo

Fig. 11. Maximum displacement (0,0518 mm) in the middle cross-sec-
tion of 4th pad

Rys. 11. Przemieszczenia (0,0518 mm) w plaszczyznie srodkowej seg-
mentu Nr 4

The procedure of calculation consisting in application of
own developed thermo-hydrodynamic lubrication program and
finite-element one have been proved successfully.

Developed procedure of static characteristics and elastic
deformation calculation can be used for determination of defor-
mation of any realistic bearing form.
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ANALIZA ZMIAN PARAMETROW PRACY SILNIKA 0 ZS ZASILANEGO MIESZANINA
OLEJU NAPEDOWEGO | ESTROW ETYLOWYCH OLEJU RZEPAKOWEGO

ANALYSIS OF WORK PARAMETERS CHANGES OF DIESEL ENGINE POWERED
WITH DIESEL FUEL AND FAEE BLENDS

W pracy przedstawiono analize wplywu mieszanin paliwowych zawierajqcych estry etylowe oleju rzepakowego (FAEE)
na parametry pracy silnika o ZS. Badania przeprowadzono na silniku typu 2CA90 zainstalowanym na stanowisku
dynamometrycznym. Na podstawie przeprowadzonych badan stwierdzono, ze zastosowanie do zasilania mieszanek
paliwowych zawierajqcych 1-5% estrow etylowych kwasow tluszczowych oleju rzepakowego powoduje zmiane para-

metrow energetycznych pracy silnika wysokopreznego.

Stowa kluczowe: paliwa silnikowe, biopaliwa, olej rzepakowy, estry etylowe.

Analysis of influence of fuel blends containing rape oil esters (FAEE) on diesel engine work parameters were presented
in this paper. Research was conducted on engine type 2CA90 installed on dynamometric stand. Relying on undertaken
research it was noted that utilization of fuel blends containing 1-5% of fatty acids ethyl esters causes changes of ener-

getic work parameters of diesel engine.

Keywords: engine fuel, biofuel, rape oil, ethyl esters.

1. Wprowadzenie

Koniecznos¢ spetnienia coraz ostrzejszych wymagan do-
tyczacych ekologii zmusza z jednej strony do doskonalenia
rozwiazan konstrukcyjnych silnikow spalinowych, a z drugiej
do poszukiwan takich paliw, ktore ograniczaja emisj¢ szkodli-
wych substancji. Jednym ze sposobow jest wykorzystanie do
zasilania silnikow biopaliw w postaci czystej, badz jako bio-
komponentéw paliw konwencjonalnych. Pozwala to zmniej-
szy¢ zagrozenie dla srodowiska przyrodniczego, tak w ujgciu
globalnym jak i w miejscu eksploatacji pojazdu. Zastosowanie
biopaliw oprocz korzysci ekologicznych daje wymierne efekty
gospodarcze w postaci szerszego rynku zbytu dla produktow
rolniczych [5].

Powszechnie jako biokomponent olejow napedowych wy-
korzystuje sig estry wyzszych kwasow thuszczowych olejow ro-
$linnych otrzymywane z oleju rzepakowego, sojowego czy tez
palmowego w procesie transestyfikacji. Proces transestryfikacji
(przestryfikowania) polega na zastapieniu grupy glicerynowej
grupa alkoholowa, Alkohole, ktore moga zosta¢ uzyte w procesie
transestryfikacji to: metanol, etanol, propanol, butanol i alkohol
amylowy. Spo$rod wymienionych alkoholi najczgsciej wykorzy-
stywany jest alkohol metylowy, a rzadziej etylowy. Za stosowa-
niem alkoholu metylowego przemawia jego niski koszt i korzyst-
ne wiasciwosci fizyczne oraz chemiczne [4]. Wprowadzenie do
przemystowej produkcji estrow metylowych kwasow tluszczo-
wych oleju rzepakowego (FAME), wymagalo ujednolicenia ja-
kosci tego paliwa. W zwiazku z tym opracowano dla nich norme¢
europejska EN 14214:2004 [2].

Alternatywg dla estrow metylowych moga stanowi¢ estry
etylowe (FAEE) wytwarzane w oparciu o alkohol etylowy. Jego
wykorzystanie jest jednak do tej pory ograniczone, co wynika
glownie z ceny etanolu, jak réwniez z koniecznosci jego glg-
bokiego odwodnienia (< 0,2% H,0) wymaganego w procesie
transestryfikacji [3].

1. Introduction

Necessity of fulfilling more and more strict regulations
concerning ecology forces improvement of internal combustion
engines construction on one hand, and on the other search for
fuels which limit emission of harmful substances. Combustion
of biofuel in engines both in its pure form or as bio-components
added to conventional fuels is one of the methods of obtain-
ing this goal. It enables decrease of threat to environment, both
globally and on site where machinery is operated. Utilization of
biofuel creates not only significant ecological benefits but also
economical effect — market for agricultural products [5].

The most commonly used bio-components in diesel fuel
(DF) are higher fatty acids esters obtained form rape, soy or
palm oil in process of transesterification, which is the process
of exchanging the glycerine group of an ester compound by an-
other alcohol group. Alcohols which can be used in this process
are: methanol, ethanol, prophanol, buthanol and amyl alcohol.
Among all these, methanol is the most commonly used one,
while ethanol is used less frequently. Reasons for methanol uti-
lization are its favourable physical and chemical properties and
low cost [4]. Introduction of rape oil fatty acid methyl esters
(FAME) into industrial production required standardization of
this fuel, therefore, European norm EN 14214:2004 was elabo-
rated [2].

Fatty acid ethyl esters (FAEE) can be considered an alterna-
tive for FAME, however, their utilization is limited by the price
of, used during their production, ethyl alcohol and by neces-
sity of, required during transesterification, its deep dehydration
(£0,2% H,0) [3].

Ethyl esters fulfil all requirements set for FAME as fuel for
diesel engines. Moreover, they have slightly grater than FAME
heat value, which results from presence of one more carbon
atom in their particle. Products of incomplete combustion of
FAEE do not contain formaldehydes formed during FAME in-
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Estry etylowe w pelni spetniaja wszystkie wymagania ja-
kie stawiane sa estrom metylowym jako paliwom do silnikow
o ZS. Ponadto posiadaja nieco wyzsza od estrow metylowych
warto$¢ opatowa ze wzgledu na obecno$¢ w jego czasteczce
jednego wigcej atomu wegla. Produkty niepelnego spalania
estrow etylowych nie zawieraja formaldehydu tworzacych si¢
podczas procesow spalania estrow metylowych. Ponadto estry
etylowe charakteryzuja si¢ nizsza od estrow metylowych tem-
peratura krzepnigcia, co ma wplyw na wlasciwosci niskotem-
peraturowe paliwa.

Paliwa estrowe rdznia si¢ od oleju mineralnego wlasciwo-
$ciami fizykochemicznymi, dlatego w przypadku ich mieszania
beda zmienialy si¢ parametry tych paliw. Zmiana wlasciwosci
fizykochemicznych paliwa wiaze si¢ rowniez ze zmiana para-
metréw pracy silnika [1]. Prezentowane w ro6znych publika-
cjach wyniki stosowania estrow metylowych oleju rzepakowe-
20 w postaci czystej lub w mieszaninie z olejem napgdowym do
zasilania silnikow o ZS sa na ogét zblizone. Badania przepro-
wadzone na silnikach rozniacych si¢ systemami spalania, moca
predkoscia i obrotowa wykazaty, ze dodatek biokomponentu do
oleju napgdowego wywiera wptyw na moc efektywna silnika,
powodujac redukcje wskaznikow pracy w calym zakresie pred-
kosci o ok. 5-15% i znaczacy wzrost zuzycia paliwa ok. 15%
[3,6,7]. Brak natomiast danych dotyczacych skutkow stosowa-
nia mieszanin o udziale biokomponentu ponizej 5%.

Celem prezentowanych badan jest ocena wptywu zastoso-
wania mieszanin paliwowych zawierajacych 1-5% objgtoscio-
wo estrow etylowych oleju rzepakowego (FAEE) na parame-
try pracy silnika zasilanego takim paliwem.

2. Metodyka badan

Obiektem badan eksperymentalnych byly mieszaniny mi-
neralnego oleju napgedowego z estrami etylowymi kwasow
thuszczowych oleju rzepakowego. Estry mieszano z olejem na-
pedowym ustalajac odpowiednie udziaty objgtosciowe w mie-
szaninie paliw, dzigki czemu otrzymano paliwa o nastgpujacym
sktadzie i oznaczeniu:

D1 — mieszanina 1% FAEE, 99% ON;
D2 — mieszanina 2% FAEE, 98% ON;
D3 — mieszanina 3% FAEE, 97% ON;
D4 — mieszanina 4% FAEE, 96% ON;
D5 — mieszanina 5% FAEE, 95% ON.

Mieszaniny, po analizie fizykochemicznej potwierdzajacej
zgodnos$¢ z normg PN EN 590, zostaly wykorzystane na stano-
wisku dynamometrycznym do zasilania silnika 2CA90 celem
wyznaczenia jego parametrow energetycznych.

Do przygotowania mieszanin wybrano olej napgdowy handlo-
wy Ekodiesel Ultra F oraz ester etylowy kwasow thuszczowych ole-
jurzepakowego (FAEE) pochodzacy z instalacji doswiadczalnej.

Olej napedowy Ekodiesel Ultra F jest paliwo o niskiej za-
warto$ci siarki, charakteryzujace si¢ wysokim wskaznikiem
jakosci spalania i wysoka liczba cetanowa. Paliwo to nalezy
do gatunku F paliw zimowych. Paliwo to odpowiada wymaga-
niom ZN/ITN-ORLEN/NF-229/2004 oraz wymaganiom normy
PN-EN 590 (,,Paliwa do pojazdéw samochodowych. Oleje na-
pedowe. Wymagania i metody badan.”). Ze wzgledu na brak
normy dotyczace] wymagan jakosciowych estrow etylowych,
okreslono tylko najwazniejsze parametry i odniesiono je do nor-
my PN-EN 590. Wymagania oraz wyniki badan probek oleju na-
pedowego i estrow zostaly przedstawione w tabeli 1.

cineration. Moreover, ethyl esters characterise with lower then
methyl esters solidification temperature, what affects fuel’s low
temperature properties.

Ester fuels has different than mineral oil physicochemical
properties, therefore, mixing these two changes parameters of
fuel, which results in changes of engine work conditions [1].
Presented in various publications results of utilization of FAME
or their mixtures with diesel fuel and combusted in diesel en-
gines are usually similar. Research conducted on engines us-
ing various combustion systems, characterizing with various
power and working with various RPM showed that addition
of biocomponent into diesel fuel influences engine’s effective
power, causing reduction of work parameters in whole range of
speeds from 5 to 15% and significant, about 15%, increase of
fuel consumption [3,6,7]. However, there is no data concerning
results of utilization of fuel mixtures containing less than 5%
of biocomponent.

Assessment of influence of fuel blends, containing from 1
to 5% of rape oil methyl esters (FAEE), on work parameters of
engine powered with such fuel is goal of presented research.

2. Material and methods

Object on which research was conducted were blends of
mineral diesel fuel and rape oil fatty acids ethyl esters (FAEE).
Ethyl esters were mixed with diesel fuel, proportions were set
by volume of each, and following blends were obtained:

D1 —1% FAEE, 99% ON;
D2 2% FAEE, 98% ON;
D3 —3% FAEE, 97% ON;
D4 —4% FAEE, 96% ON;
D5 —5% FAEE, 95% ON.

Blends, after undergoing physicochemical analysis confir-
ming conformity with PN EN 590:2006 norm, were used on
dynamometric stand as fuel for 2CA90 engine in order to deter-
mine its energetic parameters.

Blends were prepared on basis of, available in trade, die-
sel fuel Ekodiesel Ultra F and rape oil fatty acids ethyl esters
(FAEE) obtained from experimental installation.

Ekodiesel Ultra F is diesel fuel which contains little sulphur
and characterizers with high indicator of combustion quality
and high cetane number, and is classified to group F winter fuel.
It fulfills requirements stated in ZN/ITN-ORLEN/NF-229/2004
and PN-EN 590 norms (“Fuels for vehicles. Diesel fuels. Re-
quirements and research methods™). Due to lack of standards
concerning ethyl esters quality, only their most important pa-
rameters were determined and referred to PN-EN 590 norm.
Requirements and results of diesel fuel samples analyses were
presented in table 1.
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Badania parametrow energetycznych zrealizowano na
stanowisku badawczym w laboratorium Katedry Energetyki
i Pojazdow AR w Lublinie. Stanowisko badawcze sktadato si¢
z nastgpujacych urzadzen:

- silnika spalinowego o ZS typu 2CA90;

- hamulca elektrowirowego AMX 210;

- uktadu kontrolno-pomiarowego AMX 201, AMX 211;

- zestawu pomiarowego zuzycia paliwa;

- uktadu pomiarowego stanu silnika: temperatury spalin -

., temperatury oleju silnikowego - £ , ci$nienia oleju -
P,

- uklladu pomiarowego stanu otoczenia: temperatury oto-
czenia - ¢, ci$nienia atmosferycznego — p, i wilgotnosci
powietrza - ¢.

Schemat stanowiska badawczego zawierajacego poszcze-

goblne urzadzenia, przedstawiono na rys. 1.

Badania parametréw energetycznych polegaty na wyko-
naniu zgodnie z PN dla kazdego z badanych paliw pomiarow,
ktore pozwalaly na opracowanie danych niezbgdnych do wy-
kreslenia charakterystyk zewngtrznych w zakresie od predko-
$ci obrotowej minimalnej silnika do prgdkosci nominalnej. W
badaniach pomiarami objgto parametry kinematyczne i dyna-
miczne silnika: moment obrotowy — M , predkos¢ obrotowa —
n, czas zuzycia dawki pomiarowej paliwa — 7. Dawka pomia-
rowa paliwa przy sporzadzaniu charakterystyki wynosita 50 g.
Metodyke pomiardw i sposob redukeji parametréw mocy i mo-
mentu obrotowego dostosowano do norm: PN-78/S-02005, PN-
-88/S-02005, BN-79/1374-03 i BN-74/1340-12.

Analiza statystyczna wynikow badan obejmowata oceng
zmienno$ci parametrow energetycznych, analizg istotno$ci r6z-
nic pomigdzy warto$ciami tych parametrow oraz wyznaczenie,

The marking of energetic parameters was performed in the
test bench of the research laboratory in the Department of Pow-
er Engineering and Vehicles of the Agricultural University of
Lublin. The test bench included following apparatuses:

- diesel engine 2CA90;

- electro whirl brake AMX 210;

- control and measurement system AMX 201, AMX 211;

- fuel consumption measurement system;

- engine’s measurement system: fume’s temperature tsp,

oil’s temperature and oil’s pressure p_;

- surroundings measurement system: surroundings temper-

ature ¢, atmospheric pressure and air humidity ¢.

Fig. 1. presents a diagram of the test bench containing the
particular apparatuses.

Investigation of energetic parameters was based on set of
measurements conducted for each of investigated fuels with re-
gard to PN norm, which enabled elaboration of data essential
for determining external characteristics with engine’s rotation
speed ranging from minimal to nominal. In this research fol-
lowing kinematic and dynamic parameters of engine: torque —
M, rotation speed — n, time in which set amount of fuel was
used — 7. Amount of fuel used in determination of this param-
eter was 50 g. Methodology of measurements and methods
of torque and power reductions were conformed to following
norms: PN-78/S-02005, PN-88/S-02005, BN-79/1374-03 and
BN-74/1340-12.

Statistical analysis of research results embraced assessment
of variation of energetic parameters, significance analysis of
differences between value of these parameters and determina-
tion, based on curvilinear regression method, of function de-
pendencies. Analysis of biocomponent addition influence on

Tab. 1. Wiasciwosci oleju napedowego Ekodiesel ultra F i estréw etylowych w odniesieniu do normy PN EN 590:2006
Tab. 1. Properties of Ekodiesel Ultra F diesel fuel and ethyl esters and their reference to PN EN 590:2006 norm

Wartosé Wartosé
Jednostka | Wymagania wg normy oznaczona oznaczona
Parametr miary Requirements by norm dla ON dla FAEE
Property Unit PN-EN 590:2002 Marked Marked value
value to DF to FAEE
Liczba cetanowa / Cetane number - min. 51,0 53,1 -
Indeks cetanowy / Cetane index - min. 46,0 54,0 n.d.
Gestos¢ w temp. 15°C / Density at 15°C kg-m-3 820-845 835 873
Lepkos¢ w temp. 40°C / Viscosity at 40 °C mm?.st 2,04,5 2,8 4,16
Sktad frakcyjny:
do 250 °C destyluje / Distillation recovered at 250 °C % obj. max 65 33 n.b.
do 350 °C destyluje / Distillation recovered at 350 °C % obj. min. 85 95
95% obj. destyluje do temperatury / 95%(V/V) recovered at °C max 360 350
Temperatura zaptonu / Flash point °C min. 55 61 60
ZawartoS¢ siarki / Sulphur content mg - kg max 350 9,6 n.d.
Zawartos¢ WW A / Polycyclic aromatic hydrocarbons % masy max 11 2,1 n.d.
Smarnosé (Srednica $ladu zuzycia) / Lubricity, corrected wear scar
diameter (évsd 14) 0160 °C " g pm max 460 351 n.d.
Odpornosé na utlenianie / Oxidation Stability g-m3 max 25 6,0 n.d.
Pozostatos$¢ po spopieleniu / Ash content % masy max 0,01 0,001 -
Badanie dziatania korodujacego na ptytce miedzi, w 50°C, 3 h / Cop- stopien -
per strip corrosion (3 hours at 50°C) korozji Nrl 1
Pozostatos¢ po koksowaniu (z 10% pozostatosci po destylaciji, ar- n.d.
bon residue Z)n 10% distillai(ton ?es:%ue) g yiaclh /¢ % masy max 0,30 0,01
Zawartos¢ wody / Water content mg - kgt max 200 65 80
ZawartosS¢ zanieczyszczen / Total contamination mg - kgt max 24 11 8

ExsPLOATACJA | NIEZAWODNOSG NR 2/2008 19




NAUKA | TECHNIKA

Rys. 1. Schemat stanowiska badawczego: 1 — silnik 2CA90, 2 — serwomechanizm polozenia organu sterowania silnikiem, 3 — hamulec elektrowirowy
AMX 210, 4 — tensometr, 5 — zbiornik paliwa, 6 — waga do pomiaru zuzycia paliwa, 7 — czujnik temperatury oleju silnikowego, 8 — czujnik
predkosci obrotowej, 9 — czujnik temperatury spalin, 10 — pulpit kontrolno-pomiarowy

Fig. 1. Test bench diagram: 1 — 2CA90 engine, 2 — engine control, 3 — AMX 210 electro whirl brake, 4 — tensometer, 5 — fuel tank, 6 — scales for measu-
ring fuel consumption, 7 — oil temperature sensor, 8 — engine speed sensor, 9 — exhaust emission temperature sensor, 10 — control measurement

panel

w oparciu o metodg analizy regresji krzywoliniowej, zalezno-
sci funkcyjnych. Analiz¢ wplywu dodatku biokomponentu na
parametry energetyczne przeprowadzono metoda jednoczynni-
kowej analizy wariancji (ANOVA), a oceng istotnosci réznic
migdzy badanymi paliwami a olejem napedowym, dokonano
przy uzyciu najmniejszych réznic Tukey’a (NIR) na poziomie
istotnosci a = 0,05.

3. Wyniki badan i dyskusja

Wptyw dodatku biokomponentu na parametry energetycz-
ne oceniano na podstawie wykonanych charakterystyk ze-
wnetrznych przy zasilaniu silnika przygotowanymi do badan
mieszaninami. Zmiany odnoszono do charakterystyk wykona-
nych dla silnika zasilanego ON. Dla celow poréwnawczych
wykonano pomiary dla silnika zasilanego czystymi estrami,
jednak wyniki te nie sa prezentowane na charakterystykach,
a wykorzystano je tylko do oceny wzglednej zmiany parame-
trow energetycznych.

Wplyw dodatku estrow etylowych do oleju napgdowego na
moment obrotowy, moc, jednostkowe i godzinowe zuzycie paliwa
zostal przedstawiony na rysunku 2.

Analizujac przebiegi krzywych momentu obrotowego
przedstawionych na rys. 2a mozna stwierdzi¢, ze wprowadzenie
biokomponentu do oleju napgdowego powoduje zmniejszenie
jego warto$ci przy zachowaniu zblizonego charakteru przebie-
gu. Najwigksze straty wartosci momentu wida¢ dla paliwa o naj-
wigkszym udziale biokomponentu.

Wzrost zawartoéci biokomponentu w mieszaninie powodu-
je spadek mocy silnika, co wida¢ na charakterystykach przed-
stawionych na rys. 2b. Straty mocy rosna wraz ze wzrostem
predkosci obrotowej. Najmniejsze straty sa widoczne przy ma-
tych predkosciach, za§ najwigksze przy predkosciach maksy-
malnych.

Krzywe godzinowego zuzycia paliwa dla mieszanek pa-
liwowych maja podobny przebieg jak dla oleju napedowego
(rys. 2¢). Zauwazono tylko przesunigcie krzywych w kierunku
wigkszych warto$ci. Zmiany sa najbardziej widoczne od 2%
dodatku biokomponentu. Dla paliwa D1 w zakresie predkosci
obrotowej 1500-2700 obr - min™ krzywa pokrywa si¢ z krzywa
oleju napgdowego, natomiast powyzej tej predkosci zaobser-

energetic parameters was conducted by means of univariate
variance analysis (ANOVA), and estimation of differences sig-
nificance between investigated fuels and diesel fuel by means
of Tukey’s least significant difference (LSD) with significance
level o = 0.05.

3. Results and discussion

Effects of biocomponent addition on energetic parameters
were assessed relying on external characteristics determined
during operation of engine powered with investigated fuel
blends. They were referred to characteristics elaborated during
operation of engine powered with pure esters, however, these
results are not presented in characteristics, but used only in re-
lative evaluation of energetic parameters change.

Influence of ethyl esters addition into diesel fuel on torque,
power, fuel consumption, both unitary and in an hourly, were
presented in figure 2.

It can be stated, after analysis of torque curves presented on
fig. 2a, that introduction of biocomponent into diesel fuel caus-
es decrease of torque value, while shape of its curves remains
similar. Greatest losses of torque are observed when sample
with highest content of biocomponent is investigated.

Increase of biocomponent content in a blend causes de-
crease of engine power. Presented on fig. 2b curves of power
show its decrease positively related to increase of rotation
speed. Lowest losses were observed with engine operating with
low rotation speeds, and the greatest when engine operated with
its maximum speed.

Curves of hourly fuel consumption for fuel blends got simi-
lar shape as one for diesel fuel (Fig. 2c). However, their shift
towards greater values was noted. This shift is especially no-
ticeable for blends containing 2 or more % of biocomponent.
For D1 fuel and rotation speeds from 1500 to 2700 RPM the
fuel consumption curve is similar to the one for diesel fuel, while,
after the rotation speed exceeded these values differences of about
1% occur.

Presented on figure 2d curves of unitary fuel consumption
suggest that introduction of biocomponent into diesel fuel caus-
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Rys. 2. Charakterystyka zewnetrzna silnika 2CA90 zasilanego olejem napedowym i mieszaninami estru etylowego i oleju napedowego: a) momentu
obrotowego, b) mocy, c) jednostkowego zuzycia paliwa, d) godzinowego zuzycia paliwa

Fig. 2. External characteristics of 2CA90 engine powered with diesel fuel and blends of ethyl ester and diesel fuel: a) torque, b) power; ¢) unitary fuel

consumption, d) hourly fuel consumption

wowano roznice ok. 1%.

Z przedstawionych na rys. 2d charakterystyk jednostkowe-
go zuzycia paliwa wynika, ze wprowadzenie biokomponentu do
oleju napgdowego powoduje zmiang ich przebiegu. Jednostkowe
zuzycie paliwa dla estrow wzrasta gwattowniej, niz w przypadku
oleju napedowego, szczegdlnie powyzej 2300 obr - min™. T tak
dla oleju napgdowego od ok. 2300 do 3000 obr - min™ wzrost jed-
nostkowego zuzycia paliwa jest niewielki i wynosi 8 g - kWh',
natomiast dla mieszanek paliwowych dla tego samego zakresu
predkosci obrotowej wzrost tego zuzycia jest wigkszy i dla mie-
szanki D5 wynosi 13 g - kWh',

Analiza statystyczna wynikow wptywu dodatku biokompo-
nentu na moment obrotowy silnika wykazata, ze zmiany mo-
mentu obrotowego przebiegaja z rozna dynamika w stosunku
do ON, tzn. znalezione krzywe regresji nie byly réwnolegle
(stosujac odpowiedni test odrzucono hipotezy o ich réwnole-
glodci). Stwierdzono, ze zmiany mocy i zmiany zuzycia paliwa
dla wszystkich badanych paliw, r6znia si¢ istotnie od ON na po-
ziomie istotnosci 0,05. Zmiany godzinowego zuzycie paliwa nie
r6znia si¢ istotnie od ON dla paliwa D1, za$ dla paliw D2, D3,
D4, DS rézna sig istotnie od ON na poziomie istotnosci 0,05.
Modele regresji dla momentu obrotowego, mocy jednostkowe-
go 1 godzinowego zuzycia dla poszczegodlnych paliw, opisane
zostaly rdwnaniami zamieszczonymi w tabeli 2, w tabeli tej
uwzgledniono rowniez wspotczynniki determinacji R2.

es change of their shape. Fuel consumption in case of esters in-
creases more rapidly than in case of diesel fuel, especially when
RPM exceed 2300. Increase of fuel consumption for diesel fuel,
when RPM increases from 2300 to 3000, is small and reaches
8 g - kWh'!, while for fuel blends and the same RPM range is
greater and for D5 blend reaches 13 g - kWh''.

Statistical analysis of results of biocomponent addition ef-
fect on engine’s torque showed that dynamics of torque chang-
es, when compared to diesel fuel, characterized with variety,
i.e. obtained regression curves were not parallel (utilization of
proper test led to discarding hypothesis that they are parallel).
It was noted that changes of power and fuel consumption for all
investigated fuels significantly differed from diesel fuel with
significance level 0.05. Hourly fuel consumption changes were
not significantly different when diesel fuel and D1 blend were
taken into consideration, while in case of D2, D3, D4 and D5
blends differences were significant — with significance level
0.05. Regression models for torque, power and fuel consump-
tion, both hourly and unitary, were described with equations
presented in table 2, in which determination coefficients R?
were also included.

Maximal torque delivered by engine running on blends was
decreasing with increase of biocomponent share, reaching fol-
lowing values: D1 —47.6 Nm, D2 — 47.6 Nm, D3 — 47.4 Nm,
D4 — 472 Nm, D5 — 47.1 Nm. These values were observed for
same RPM as for diesel fuel.
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Tab. 2. Réwnania regresji dla zmiennych obliczone na podstawie wynikéw badan
Tab. 2. Regression equations for variables calculated relying on research results

Zmienna Wspoétczynnik
zalezna Paliwo Rownanie regresji determinacji
Dependent . g ." Coefficient of deter-
| Fuel Regression equations C
variable mination
y R2
ON y =-0,000006-n% + 0,0253-n + 20,848 0,9931
D1 y =-0,000006-n? + 0,0246:n + 21,439 0,9833
Mo [Nm] D2 y =-0,000006:n% + 0,0272:n + 18,450 0,9728
D3 y =-0,000007-n% + 0,0277-n + 18,062 0,9879
D4 = -0,000006:n? + 0,0264-n + 18,886 0,9901
D5 y =-0,000006:n* + 0,0267-n + 18,594 0,9754
ON y =510%°n% + 2.10%n? + 0,003638n - 1,036471 0,964398
D1 y =5.10"n% + 2.10%n?+ 0,003638n - 1,296151 0,954915
Ne [kW] D2 y =510%%n% + 2.10%n? + 0,003638n - 1,227761 0,999118
e
D3 y =510"°n%+ 2.10%n? + 0,003638n - 1,190391 0,976491
D4 y =5.10%n3 + 2.10°%n? + 0,003638n - 1,173441 0,998382
D5 y =510%°n%+ 2.10%n? + 0,003638n - 1,124681 0,998014
ON y =7-10°n®+ 8,1.10%n? - 0,257178n + 465,911 0,728238
D1 y =710°n°+ 8,1.10%n? - 0,257178n + 469,854 0,826484
D2 y = 710°n°+ 8,1:10%n? - 0,257178n + 473,163 0,917897
ge [g-kWh?]
D3 y=710°n®+8,1.10%n? - 0,257178n + 474,579 0,919912
D4 y =710°%n° + 8,1.10%n? - 0,257178n + 476,226 0,862449
D5 y =710%n° + 8,1.105n% - 0,257178n + 478,273 0,644621
ON y =0,0009n + 0,360898 0,967544
D1 y =0,0009n + 0,383957 0,999614
D2 y=0,0009n + 0,420931 0,984426
Gp [kg-h*]
D3 y =0,0009n + 0,408693 0,992986
D4 y=0,0009n + 0,427295 0,995485
D5 y =0,0009n + 0,435303 0,953390

Maksymalny moment osiagany przez silnik przy zasilaniu
mieszaninami, zmniejszat si¢ wraz ze wzrostem udziatu biokom-
ponentu, osiagajac warto$ci odpowiednio dla D1 — 47,6 Nm, D2
— 47,6 Nm, D3 — 47,4 Nm, D4 — 47,2 Nm, D5 — 47,1 Nm. War-
tosci te byly uzyskiwane przy takiej samej predkosci obrotowe;j,
jak i w przypadku oleju napgdowego. Wzgledne zmiany maksy-
malnego momentu zaprezentowane zostaly na rys. 3a. Pokazuje
on, ze spadek momentu dla paliw D1 1 D2 jest niewielki i wynosi
0,8%. Niewiele wigcej (1%) wyniost dla D3, a nieco wigksze
zmiany zaobserwowano dla mieszanek D4 i D5, ktore wyniosty
odpowiednio 1,7% i 1,9%. Przy zasilaniu silnika czystymi estra-
mi etylowymi spadek ten wyniost ok. 5%.

Moc maksymalna dla poszczegolnych rodzajow paliw wy-
nosita odpowiednio: D1 — 13,6 kW, D2 — 13,5 kW, D3 — 13,4
kW, D4 — 13,4 kW, D5 — 13,3 kW. Wzgledne zmiany mocy
przedstawione zostaly na rys. 3b. Wynika z niego, ze najwigksza
zmiana wyniosta 3,2% dla oleju napgdowego zawierajacego 5%
biokomponentu, natomiast najmniejsza byta dla mieszanki D1 —
1,2%. W przypadku zasilania silnika czystym estrem spadek ten
wyniost ok. 7,1%. Wzrost ilosci biokomponentu powoduje row-
niez wzrost minimalnego jednostkowego zuzycia dla paliwa, wy-
noszac odpowiednio: D1 —215,4 g - kWh'!, D2 —216,8 g - kWh'!,
D3 -219.4 g - kWh', D4 —220,7 g - kWh'!, D5 —221,2 g - kWh'!.
Wzgledne zmiany jednostkowego zuzycia paliwa wynosity od
1,9% dla mieszaniny D1 do 4,7% dla D5 (rys. 3¢), natomiast dla
czystych estrow wyniost on 17%.

Relative changes of maximal torque were presented in fig.
3a. It shows, that decrease of torque for blends D1 and D2 is
small — 0.8%. Slightly higher decrease (1%) was observed in
case of D3, and for blends D4 and D5 observed decrease was
1.7 and 1.9% respectively. Decrease of 5% occured when en-
gine was powered with pure ethyl esters.

Maximal power for particular fuel types was: D1 —13.6 kW,
D2 — 13.5 kW, D3 — 13.4 kW, D4 — 13.4 kW, D5 — 13.3 kW.
Relative power changes were presented in fig. 3b, which shows
decrease from 3.2% to 1.2% noted in case of diesel fuel con-
taining 5% of biocomponent and D1 blend respectively. When
engine was powered with pure ethyl esters the decrease reached
7.1%.

Increase of biocomponent share in fuel causes also increase
of minimal unitary fuel consumption: DI —215.4 g - kWh'!, D2
~216.8 g-kWh', D3 -219.4 g - kWh', D4 - 220.7 g - kWh', D5
—221.2 g - kWh'', Relative changes of unitary fuel consumption
ranged from 1.9% to 4.7% for D1 and D5 blends respectively (fig.
3c), while for pure esters it reached 17%.

Increase of biocomponent content in diesel fuel blends
causes increase of average fuel consumption: D1 —2.408 kg- h!,
D2 — 2433 kg h', D3 — 2.445 kg- h', D4 — 2.452 kg - h',
D5-2.460kg - h'.

Relative changes of average hourly fuel consumption were
presented in figure 3d. Increase of fuel consumption for D1 blend
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Rys. 3. Wzgledne zmiany: a) maksymalnego momentu obrotowego silnika, b) maksymalnej mocy silnika, c¢) minimalnego zuzycia paliwa, d) Sredniego
godzinowego zuzycia 2CA 90 przy zasilaniu silnika mieszaninami paliwowymi i czystym estrem etylowym

Fig. 3. Relative changes of: a) maximal torque, b) maximal power, ¢) minimal fuel consumption, d) average hourly fuel consumption for 2CA 90 engine

powered with fuel blends and pure ethyl ester

Wzrost zawartosci biokomponentu w oleju napgdowym
powoduje wzrost $redniego zuzycia paliwa odpowiednio: D1 —
2,408 kg- h', D2 — 2,433 kg h!, D3 — 2,445 kg h'', D4 — 2,452
kg -h',D5-2,460 kg - h'.

Wzgledne zmiany $redniego godzinowego zuzycia zapre-
zentowane sa na rys. 3d. Wzrost zuzycia dla mieszaniny D1 jest
niewielki i wynosi 1%, natomiast ro$nie dla mieszaniny D2 —
2%. W przypadku paliw D3 i D4 wyniést on odpowiednio 2,5
12,8%, za$ dla D5 —3,1%. Przy zasilaniu czystym estrem $rednie
zuzycie godzinowe wzrosto az do 10,7%.

4. Wnioski

Zastosowanie mieszanek paliwowych, zawierajacych 1-5%
estrow etylowych kwasow tluszczowych oleju rzepakowego
FAEE, do zasilania silnikow o ZS powoduje zmiang parame-
trow energetycznych pracy silnika. Analiza wynikow przepro-
wadzonych badan na silniku 2CA90 pozwala stwierdzi¢, ze:

a) Wprowadzenie FAEE do ON istotnie wptyngto na zmia-
n¢ mocy efektywnej silnika. Zaobserwowano zmniejsze-
nie mocy maksymalnej dla mieszanek ON i FAEE w za-
kresie 1,2-3,2%. Straty mocy rosly wraz ze wzrostem
udziatu biokomponentu w mieszaninie.

b) Przy zasilaniu silnika mieszaninami nastgpowata zmiana
maksymalnego momentu obrotowego o 0,8-1,9%. Wraz
ze wzrostem udzialu biokomponentu w mieszaninie mo-
ment obrotowy wykazywat tendencje¢ malejaca.

(1%) is small however for blend D2 reaches 2%, while in case of
D3, D4 and D5 blends was 2.5%, 2.8% and 3.1% respectively.
When engine was powered with pure ester average hourly fuel
consumption increased 10.7%.

4. Conclusions

Utilization of fuel blends containing 1-5% of rape oil fat-
ty acids ethyl esters FAEE for powering diesel engine causes
change of energetic parameters of engine work. Analysis of
results of research conducted on 2CA90 engine justifies follo-
wing statements:

a) Introduction of FAEE into diesel fuel significantly in-
fluenced change of effective power delivered by engine.
Decrease of maximal power for DF and FAEE blends
ranging from 1.2 to 3.2% was noted. Losses were increa-
sing with increase of biocomponent share in blends.

b) Powering engine with blends caused change of maximal
torque ranging from 0.8 to 1.9%. Torque was showing
tendency to decrease with increase of biocomponent
share in blends.
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¢) Dodatek biokomponentu powoduje istotny wzrost godzi-
nowego zuzycia paliwa dla mieszanin zawierajacych 3,
4 i 5% estrow, natomiast dla mieszanin zawierajacych
1 1 2% nie stwierdzono istotnych zmian. Dla mieszanin
srednie godzinowe zuzycie paliwa wzrosto o 1,0-3,1%.

d) Dodatek biokomponentu powoduje istotny wzrost jed-
nostkowego zuzycia paliwa. Dla mieszanek minimalne
jednostkowe zuzycie paliwa wzrosto o 1,9-4,7%.

Zastosowanie biokomponentu do 5% nie powoduje ra-
dykalnego obnizenia parametréw energetycznych silnika, tj.
zmiany maksymalnej mocy, momentu obrotowego, jednostko-
wego 1 godzinowego zuzycia paliwa. Zmiany tych parametrow
sa trudne do zaobserwowania przez uzytkownikow.

5. References

¢) Addition of biocomponent causes significant increase of
hourly fuel consumption for blends containing 3, 4 and
5% of esters, while for blends containing 1 and 2% no
significant changes were noted. Average hourly fuel con-
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d) Addition of biocomponent causes significant increase
of unitary fuel consumption, which, in case of blends,
reached from 1.9 to 4.7%.

If biocomponent addition do not exceeds 5%, no radical
decrease of engine energetic parameters, i.e. maximal power,
torque, unitary and hourly fuel consumption, occurs. It must
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ZARZADZANIE LOGISTYCZNE AUTORYZOWANYM SERWISEM
CIAGNIKOW | MASZYN ROLNICZYCH

LOGISTIC MANAGEMENT OF AN AUTHORIZED SERVICE
FOR AGRICULTURAL TRACTORS AND MACHINES

W artykule zaprezentowano zarzqdzanie logistyczne Dziatem Serwisu w przedsiebiorstwie handlowo — ustugowym pro-
wadzqcym autoryzowangq sprzedaz ciqgnikow i maszyn rolniczych. Przedstawiono strukture bazy danych o przeglqdach
i naprawach ciggnikow. Omowiono charakter dziatan serwisowych w aspekcie kalendarza zabiegow agrotechnicznych.
Opisano procedure weryfikacji awarii ciqgnikow przez Dziatl Serwisu i lokalizacji ustug naprawczych. Zaprezentowano
zadania logistyczne w procedurze dostawy czesci zamiennych na potrzeby biezqcych napraw realizowanych przez stacje
serwisowe. Przedstawiono procedure obstugi finansowej zlecenia zatwierdzonego do realizacji przez Dzial Serwisu.

Stowa kluczowe: logistyka, systemy logistyczne, obstuga serwisowa ciqgnikow i maszyn rolniczych.

The article presents the logistic management of the Service Department in a trade-service company dealing with an
authorized sale of agricultural tractors and machines. The structure of the database concerning services and repairs of
tractors is presented. The character of service activities in view of the agricultural practices calendar is discussed. The
verification procedure of tractor breakdowns and repairs localization by the Service Department is described. Logistic
tasks are presented, concerning spare parts delivery for current repairs realized by the service units. The financial

service procedure for commissions authorized by the Service Department is presented.

Keywords: logistics, logistic systems, services for agricultural tractors and machines.

1. Wprowadzenie

Przedsigbiorstwa handlowo — ustugowe prowadza szereg
dziatan, majacych na celu ksztattowanie procesu dystrybucyj-
nego, zgodnie z potrzebami i oczekiwaniami klientow. Waznym
elementem decydujacym o ciagto$ci i wzroscie poziomu sprze-
dazy jest realizacja zadan potransakcyjnych. Zaliczamy do nich
w pierwszym rzedzie ustugi $wiadczone przez autoryzowana
stacjg serwisowa [3,6,10].

Poziom obstugi realizowanej w Dziale Serwisu decyduje
o zadowoleniu klienta, a jednoczesnie jest warunkiem do ponow-
nego korzystania z pakietu ustug bedacych w ofercie przedsig-
biorstwa. Pozytywna realizacja powyzszych dziatan w diuzszym
okresie czasu, prowadzi do powstania lojalnosci, ktora klient re-
prezentuje w stosunku do firmy. Nalezy zaznaczy¢, ze serwis wy-
robow posiada duze znaczenie z uwagi na wielokrotny kontakt
z klientem w czasie calego procesu uzytkowania. Cykliczno$é¢
$wiadczonych przegladéw gwarancyjnych i pogwarancyjnych,
wystepuje przez caly okres eksploatacji ciagnika w przeciwien-
stwie do pracy Dziatu Handlowego, w ktorym klient jest obstugi-
wany tylko w momencie zakupu wyrobu [6,9,14].

Efektywno$¢ systeméw logistycznych przy wykonywaniu
obstugi serwisowej powoduje, ze nabywcy nawiazuja dlugo-
trwala wspolprace z firma, w ramach ktorej [5]:

- realizuja zakupy czgséci zamiennych i ptynow eksploatacyj-

nych na przestrzeni calego okresu uzytkowania wyrobu;

- podejmuja decyzje o zakupie dodatkowych produktow:
maszyn lub specjalistycznego osprzetu, korzystajac z po-
$rednictwa przedsigbiorstwa;

- uczestnicza w dziataniach jako bezinteresowni ambasado-
rowie, dajac pozytywna rekomendacj¢ organizacji firmy
oraz produktom z oferty handlowe;j.

1. Introduction

Trade-service companies deal with a number of activities
aiming at an adjustment of the distribution process in accor-
dance with the clients’ needs and expectations. An important
element deciding on the continuity and increase of the sales
level is the realization of post-purchase tasks. The most impor-
tant of these are the services provided by an authorized service
unit. [3,6,10].

The level of a service realized by the Service Department
decides on a client’s satisfaction and at the same time deter-
mines if the client will make use of the service package on of-
fer. A satisfactory realization of the above-mentioned tasks in
a longer run leads to the creation of the client’s loyalty to the
company. It must be mentioned that the products’ servicing is
of great concern due to multiplicity of the client’s contacts with
the provider during the whole product’s exploitation period.
The cyclical character of the provided guarantee and post-gu-
arantee services is present during the whole period of a tracto-
1’s exploitation contrary to the activity of the Sales Department
which deals with the client only at the moment of a product’s
purchase [6,9,14].

The effectiveness of logistic systems at servicing makes
the purchasers continue their co-operation with the company in
a long run and during this co-operation they [5];

- realize purchases of spare parts and exploitation fluids du-

ring the whole period of a product’s use,

- make decisions concerning the purchase of additional pro-

ducts: machines or specialist equipment via the company,

- participate in the activities as voluntary ambassadors, gi-

ving a positive recommendation of the company’s organi-
zation and the products on offer.
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2. Struktura ustug realizowanych w dziale serwisu

Badaniom i analizie podlegaty procesy realizowane w Dzia-
le Serwisu przedsigbiorstwa handlowo — ustugowego prowa-
dzacego sprzedaz ciagnikdw 1 maszyn rolniczych.

Drziat Serwisu zgodnie z podpisang umowa dealerska, zo-
bowiazany jest do zapewnienia sprawnego i fachowego wspar-
cia ustugowego nabywcom produktéw danej firmy. Producenci
oferuja wspotpracujacym firmom cykliczne pakiety szkolen
obejmujace personel wybranych dziatow, szczegdlng uwage
przyktadajac do podnoszenia kwalifikacji pracownikoéw stacji
serwisowych. Obecny poziom techniczny i technologiczny
oraz ciagly proces unowocze$niania produktow stawiaja wyso-
kie wymagania przed zespotami serwisowymi [13,15].

Proces obstugi wyrobow na poziomie Dziafu Serwisu, obejmu-
je szereg zadan przedstawionych na schemacie blokowym (rys. 1).

Proces uzytkowania ciagni-

2. Structure of the services realized in the service department

The research and analysis concerned the processes realized
at the Service Department of a trade-service company dealing
with the sale of agricultural machines and tractors.

The Service Department, according to the signed dealer’s
contract is obliged to ensure an efficient and competent service
support for purchasers of a given company’s products. Produ-
cers offer the co-operating companies cyclical training pac-
kages involving the staff of selected departments and special
attention is put to the up-grading of qualifications of service
units’ workers. The present technical and technological level as
well as permanent products’ modernization contribute to high
expectations of clients from service units [13,15].

The process of products’ servicing at the Service Depart-
ment level involves a range of tasks presented in the block dia-
gram (Fig. 1).

kow rolniczych przez nabywecg,

Naprawy ciggnikow 1 maszyn
Repairs of tractors and machines
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napraw planowanych, ktéorych

tractors’ use by a purchaser in-
volves an occurrence of plan-

struktura ilosciowa na prze- i |

strzeni roku moze by¢ szaco- ]\“E’r““wpl“m”f‘"m
. Planned repairs

wana w oparciu o prowadzone

bazy danych z uwzglednieniem

Przeglady serwisowe

w tym napraw losowych. Services
Obstuga wyrobow obejmuje:
- przeglqd przed sprzedazq Gwarancyjne
(P0); Guarantee services

- szkolenia w  zakresie
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Post-guarantee services

Remonty
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Fig. 1.

Wszystkie opisane procesy generuja zbiory zadan logistycz-
nych, ktérych wykonanie powinno przebiega¢ z zachowaniem
uzgodnionych termindéw pomigdzy ustugodawca i nabywca.
Stad wynika, ze systemy logistyczne w strukturze zaopatrzenia,
odpowiadaja za sprawna realizacj¢ dostaw dla serwisu czgsci,
podzespotéw i ptynéw eksploatacyjnych oraz materiatéow do
obstugi technicznej i napraw [2,8].

3. Bazy danych ustug serwisowych

Dziat Serwisu prowadzi bazg¢ danych dla catej populacji
ciagnikéw i maszyn rolniczych, ktore po sprzedazy objgte zo-
staly obshuga przegladu przed sprzedaza (P0). Powstaje dzigki
temu struktura rodzajowa i iloSciowa wyroboéw na obstugiwa-
nym obszarze. Zakres danych, ktore podlegaja archiwizacji
przedstawia schemat blokowy (rys. 2).

Uzupehianie zasobow bazy danych Dziatu Serwisu naste-
puje podczas catego okresu uzytkowania wyrobu. W przypadku
maszyn uzywanych zakupionych przez klientow na lokalnym
rynku lub poprzez import prywatny albo w obiegu wtéornym
poza siecia dealerska ich dane nie sa dostgpne w bazie. Uzu-

Rys. 1. Struktura naprawy ciqgnikow i maszyn rolniczych w stacji ob-
stugi [opracowanie wlasne]

Structure of agricultural machines and tractors’repair at a se-
rvice unit [the author's own work]

| ned repairs, the number struc-

Naprawy losowe ture of which in a year’s span
Random repairs . .

can be estimated on the basis of

the created databases, including

Awarie ‘
Breakdowns random repairs.
The products’ service inc-
Wypadki ludes:
Accidents

- pre-sale service (PO);

- training on the use and ope-
ration of agricultural tractors
and machines;

- guarantee services (P1-P4)
and guarantee repairs (NG);

- technical services after the gu-
arantee period (PP) and post-
guarantee repairs (NP);

-main repairs, products’ mo-
dernization and an installation
of additional equipment

All the above-described processes generate sets of logistic
tasks, the supply of which should occur within the terms nego-
tiated between the service provider and purchaser. Hence, lo-
gistic systems in the catering structure account for an efficient
delivery of parts, subsystems and exploitation fluids as well as
materials for technical servicing and repairs [2,8].

3. Databases of services

The Service Department maintains a database for the whole
population of agricultural tractors and machines, which, after
their purchase, were included in the pre-sale servicing (PO).
This gives rise to the genre and number structure of products
serviced in a particular area. The range of the stored data is
presented in the block diagram (Fig.2).

The storage of the Service Department database archives
occurs during the whole period of a product’s use. However, the
data on second-hand machines purchased by clients on a local
market, by private import or on the secondary market outside
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pelnianie zbioru informacji dla danego
wyrobu, nast¢puje od momentu zglosze-
nia pierwszej ustugi do stacji serwisowej
przez nabywcg.

Firmowe systemy logistyczne ko-
rzystaja z baz danych, pozwalajacych na
gromadzenie i analiz¢ informacji o wy-
robach. Procesy takie daja rozne wyniki,
zalezne od pozycji rozpatrywanej marki.
W przypadku generalnego dystrybuto-
ra wyrobow posiada on pelny przeglad

Y 2D

—

M)~ < T

Dane nabywcy
Purchaser’s data

Data sprzedazy
Date of sale

Rodzaj i model ciagnika
Tractor’s genre and model

Nr fabryczny, nr silnika
Company No., engine No.

Przeglady gwarancyjne

the dealers’ network are not availa-
ble in the database. The information
on a given product is added at the
moment of the first service com-
mission by its purchaser at a service
unit.

Logistic systems of a company
use databases, which enable to sto-
re and analyze information on their
products. Such processes render va-

==

struktury obstugiwanego rynku. Logi-

rious results depending on the status

Guarantec services of'a given model. A general distribu-

styka zaopatrzenia w pozycje zwiazane
z cykliczna wymiang eksploatacyjna

Przeglady pogwarancyjne
Post-guarantee services

tor of products has got a full survey
of the serviced market’s structure.

czgsci moze by¢ wowczas budowana

m v W

W oparciu o poziom sprzedazy ciagni-

==

Naprawy gwarancyjne

The delivery logistics of items in-

Guarantee repairs volved in the cyclical exploitation

kow i maszyn w Dziale Handlowym.

exchange of parts can then be cre-

Szczegbdlnie wazna rolg logistyka

R R O

Naprawy pogwarancyjne

marketingowa odgrywa podczas dystry-

ated on the basis of sale levels in the
Post-guarantee repairs

bucji wykonywanej na obszarze, ktory
obstuguje wielu autoryzowanych przed-
stawicieli. Stawia to wysokie wymagania
zardbwno przed shuzbami zaopatrzenia
poszczegdlnych firm na etapie analizy
rzeczywistych potrzeb rynku, jak i stwo-
rzenia konkurencyjnej oferty handlowej w stosunku do pozosta-
tych podmiotow logistycznych pracujacych dla danej branzy.

Obecnie realizowany jest przez koncern JOHN DEERE
proces budowy wysokiej populacji firmowych ciagnikow i ma-
szyn rolniczych w Polsce. Nalezy nadmienié, ze rynek wyroboéw
o stosunkowo krotkim okresie pracy, generuje przede wszyst-
kim zapotrzebowanie na materiaty eksploatacyjne i zwiazane
z nimi grupy ustug.

Zrédtem odmiennego pakietu potrzeb na rynku ustug sa
ciagniki marki ZETOR. Obecno$¢ tych wyrobow na krajowym
rynku od potowy XX wieku, daje bardzo duzy zbidér maszyn
uzytkowanych w rolnictwie, ktore reprezentuja wszystkie prze-
dziaty wieckowe. Ponadto nastgpuje zasilanie rynku nowymi
ciagnikami, w sprzedazy ktorych ZETOR jest liderem. Nale-
zy rozpatrywac jednoczesnie powyzsze parametry sprzedazy
w powiazaniu z duzym rozdrobnieniem obszarow ustug serwi-
sowych, co zdecydowanie utrudnia analizg i poprawnos¢ wnio-
skowania o popycie na wybranym fragmencie rynku.

Analiza baz danych o przeprowadzonych naprawach i wy-
niki diagnostycznej oceny stanu technicznego wyrobow, stano-
wia wazna informacj¢ logistyczng dla poszczegdlnych produ-
centow. Koncern DEERE & COMPANY prowadzi monitoring
wystgpowania powtarzalnos$ci awarii czg¢sci i podzespotow we
wszystkich przedsigbiorstwach na $wiecie, nalezacych do fir-
mowej sieci dealerskiej. W przypadku czgstego wystapienia
podobnej awarii w reprezentatywnej dla danej populacji grupie
maszyn, przekazywane jest zalecenie do firmowych serwisow,
aby dokonaly nicodptatnej wymiany wytypowanych elemen-
tow we wszystkich maszynach na terenie swojej dziatalnosci.
System logistyczny producenta zabezpiecza w potrzebne czegsci
i podzespoty zlecenia profilaktycznych napraw serwisowych.

Logistyka jest narzedziem pomocnym w dazeniu do opty-
malnego poziomu obstugi wyrobow, ktory przez uzytkowni-
kow traktowany jest rownorzednie z poziomem obstugi klienta
i znaczaco wptywa na ksztattowanie opinii o przedsigbiorstwie
produkcyjnym [1,9,11].

Rys. 2. Struktura bazy danych prowadzonej przez
Dzial Serwisu [opracowanie wiasne]

Fig.2. Structure of the data base maintained by the
Service Department [the author s own work]

Sale Department.

Marketing logistics during di-
stribution in an area where a lot of
authorized dealers operate plays
an especially important role. High
standards are then expected from
catering staff of particular compa-
nies both at the stage of an analysis of actual market needs and
during the creation of a competitive sale offer compared to the
other logistic subjects operating in a given business.

At the moment the company JOHN DEERE is realizing the
process of creation of a high population of the company agricul-
tural tractors and machines in Poland. It should be mentioned
that the market of products characterized by a relatively short
working period first of all generates a demand for exploitation
materials and the related services.

Tractors of the ZETOR Company are a source of a different
needs package on the market. The presence of this model on the
national market since the 1950-ties has provided a huge collec-
tion of machines of very different ages, exploited in agriculture.
Moreover, the market is continually provided with new tractors
sold by ZETOR, as the main tractor supplier. It is best to simul-
taneously consider the above-mentioned sale parameters in re-
lation to the great dispersion of service areas, which makes any
market analyses or correct demand estimates really difficult.

An analysis of databases as to the provided repairs and the
results of diagnostic assessment of the products’ technical state
are important logistic information for particular manufacturers.
The concern DEERE & COMPANY conducts the monitoring
of recurrent breakdowns of in parts and subsystems at all the
companies included in its dealers’ network all over the world.
In case of recurrent occurrence of a similar fault in a represen-
tative for a given population group of machines, an order is
passed to the company’s service units to provide free exchange
of the indicated elements in all the machines in their area. The
manufacturer’s logistic system provides the required parts and
subsystems to cater for preventive service repairs.

Logistics is a helpful tool on the way to the optimum level
of products’ servicing, which is regarded by users as equally
important as clients’ servicing and significantly affects the opi-
nion concerning a manufacturing company [1,9,11].
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4. Struktura rodzajowa ustug dziatu serwisu

Przeglady gwarancyjne ciagnikow rolniczych ze wzgledu
na utrzymanie gotowosci technicznej, powinny by¢ wykony-
wane w okreslonych przedziatach czasu wyrazonych iloscia
przepracowanych motogodzin. Eksploatacja ciagnikdéw w go-
spodarstwach krajowych, ktorej $redni poziom sigga kilkuset
motogodzin w skali roku, podlega znacznym wahaniom na
przestrzeni kolejnych miesigey. Stanowi to przeszkodg w moz-
liwie $cistym prognozowaniu popytu na ustugi, nawet w przy-
padku znanej populacji nowych maszyn. Dodatkowo utrud-
niona jest ocena liczby przegladow pogwarancyjnych, ktore
moga by¢ zgloszone do wykonania w prognozowanym okresie.
Liczba ustug zwiazanych z naprawami i remontami obiektow
technicznych, podlega wahaniom sezonowym oraz zalezy od
zmieniajacej si¢ struktury wiekowej wyrobow na danym rynku.
Biorac pod uwagg fakt jednoczesnego wystgpowania opisanych
zjawisk, ustugi serwisowe wymagaja wielu intensywnych prac
logistycznych.

Zagadnienia realizowane przez logistyke w obszarze ustug
serwisowych sa ztozone, stad koszty logistyczne powinny pod-
lega¢ biezacej kontroli. Struktura dzialalno$ci w obszarze obstu-
gi 1 naprawy sprzgtu rolniczego, podlega wyraznym zmianom
rodzajowym i ilo§ciowym w poszczegdlnych okresach roku, co
przedstawia schemat (rys. 3). Nalezy tutaj wyrdzni¢ szczegol-
nie okresy zabiegdéw agrotechnicznych, do ktorych zaliczamy
wiosenne prace polowe, zniwa, zespot upraw pozniwnych oraz
jesienny zbioér plonow.

W opisanych przedziatach czasu z uwagi na zwigkszone za-
potrzebowanie na ustugi wykonywane poza siedziba przedsig-
biorstwa Dzial Serwisu nie umieszcza w harmonogramie pla-
nowanych zlecen remontowych. Dzialania takie maja na celu
racjonalne wykorzystanie posiadanych mocy przerobowych
stacji obstugi. Stan osobowy wykorzystywany jest wowczas do
wzmocnienia ekip serwisowych i skrocenia do minimum prze-
stoju ciagnikow 1 maszyn wykorzystywanych do sezonowych
prac polowych. Zlecenia kompleksowych remontow ciagnikow
i maszyn rolniczych w warsztatach firmy, stanowia podstaweg
prac w okresach pomig¢dzy sezonami zabiegoéw agrotechnicz-
nych.

Procedurg logistyczna realizowana przy otwieraniu zlecenia
na naprawg ciagnika rolniczego, przedstawia schemat blokowy
(rys. 4). Przy ustalaniu kolejnosci zlecen dla poszczegoélnych
zespotow naprawczych, istotne jest biezace obciazenie Dziafu
Serwisu wynikajace z harmonogramu realizowanych prac. Za-
rzadzanie trasa wyjazdow poszczegodlnych ekip opiera si¢ na
analizie miejsca lokalizacji ciagnikow i maszyn oraz okolicz-
nosci wystapienia awarii. Koniecznos$¢ redukeji kosztow powo-
duje taczenie niektorych zadan, gdy pozwalaja na to warunki
czasowe niezbgdne do wykonania zadania i bliskie potozenie
geograficzne gospodarstw.

Status zadan priorytetowych, otrzymuja naprawy polowe
w szczytowym okresie zabiegdw agrotechnicznych, aby do
niezbgdnego minimum skroci¢ przestoje maszyn. Identyfika-
cja uszkodzenia w wyniku wizualizacji lub demontazu podze-
spotow, pozwala podja¢ decyzje o lokalizacji, w ktorej bedzie
mozliwe przeprowadzenie naprawy. Konieczno$¢ wykorzysta-
nia specjalistycznego wyposazenia stacjonarnego wyklucza
przeprowadzenie prac w gospodarstwie uzytkownika. Zachodzi
wowczas potrzeba transportu lub holowania ciagnikéw i ma-
szyn do warsztatu serwisowego (rys. 4).

4. Genre structure of the service department activities

Guarantee services of agricultural tractors for technical
readiness maintenance should be provided at particular time
periods expressed by the number of performed moto-hours. Ex-
ploitation of tractors in home farms, the mean level of which
reaches a few hundred of moto-hours yearly, undergoes signi-
ficant changes during the consecutive months. It makes it diffi-
cult to accurately predict demand for services even in the case
of a well-known population of new machines. Furthermore, an
estimation of the post-guarantee services number that can be
commissioned in the above-mentioned period is not easy. The
number of services related to repairs and overhauls of technical
items depends on season fluctuations and on the changing age
structure of products on a particular market. Considering the
fact of simultaneous occurrence of the above-discussed pheno-
mena, service activities require a lot of intensive logistic work.

The tasks realized by logistics in the field of services are
complex, so logistic costs should be continually controlled. The
structure of activities in the field of service and repair of agri-
cultural equipment undergoes distinct genre and number chan-
ges in particular seasons of the year, which is presented in the
diagram (Fig. 3). Here, special attention should be put to the
particular seasons of cultivation works including spring field
works, harvesting, post-harvest cultivation’s as well as autumn
crops collection.

In the above-mentioned time periods, due to an increased
demand for services provided outside the company venue, the
Service Department does not include the planned overhaul
commissions in the agenda. Such an approach aims at a rational
exploitation of a particular service unit’s working potential. The
staff is then delegated to complement servicing crews and to
minimize the standstills of tractors and machines used for sea-
son cultivation works. Commissions for complex overhauls of
agricultural tractors and machines in the company workshops
are the basis of service work in the periods between the seasons
of intensive cultivation works.

The logistic procedure realized when opening a commission
for the block diagram (Fig. 4) presents an agricultural tractor’s
repair. While deciding on the order of commissions for particu-
lar repair crews, an important consideration is the current loa-
ding of the Service Department resulting from the realized task
agenda. Management of delegation routs of particular crews is
based on an analysis of the tractors’ and machines’ locations
and the circumstances of the breakdown. The necessity of cost
reduction results in the combination of some tasks if time con-
ditions necessary for service delivery and close geographical
location of the farms in question allow.

The status of priority tasks is given to field repairs at the
peak of the cultivation works season, in order to minimize ma-
chine standstills. An identification of fault by visualization or
subsystems’ disassembly allows for a decision about the site
where a repair can be done. The need for application of statio-
nary specialist equipment excludes a possibility of repair work
on a user’s farm. It is necessary then to haul or transport tractors
or machines to a service workshop (Fig.4).

The concern DEERE & COMPANY has worked out the
program ‘Service ADVISOR’ for the needs of computer dia-
gnostics of their agricultural tractors. Using this program a se-
rvice assistant can promptly diagnose a vehicle’s technical con-
dition by reading the parameters from the built-in sensors. The
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Struktura dzialalnosei Dzialu Serwisu
Structure of activity of the Service Department
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Rys. 3.

Planned overhauls of
the own machine park

Struktura dziatalnosci Dzialu Serwisu w poszczegolnych okresach roku [opracowanie wiasne]

Fig.3. Structure of the Service Department activities in particular seasons of the year [the authors own work]

Koncern DEERE & COMPANY dla potrzeb diagnostyki
komputerowej swoich ciagnikow rolniczych opracowal pro-
gram ,,Service ADVISOR”. Pracownik serwisu przy jego po-
mocy uzyskuje mozliwos¢ szybkiego zdiagnozowania stanu
technicznego pojazdu poprzez odczyt parametrow z wbudowa-
nych czujnikow. Powyzszy program proponuje rowniez rozwia-
zania, ktore maja na celu usunigcie awarii eksploatacyjnych.

Szybkos¢ wykonania ustugi przez Dziat Serwisu w proce-
sie naprawy, oprocz czasoéw technologicznych niezbgdnych dla
przeprowadzenia poszczegélnych operacji, zalezy rowniez od
dostepnosci czg$ci zamiennych, co przedstawia schemat blo-
kowy (rys. 5).

Baza danych tworzona przez Dzial Serwisu umozliwia
identyfikacj¢ historii napraw dla poszczegdélnych ciagnikoéw
oraz pozwala na okreslenie, czy bedzie to naprawa gwarancyj-
na. Wszystkie zakupione maszyny w sieci handlowej produ-
centa wyposazone sa w katalogi czg$ci zamiennych. W przy-
padku awarii polowych w okresie zabiegow agrotechnicznych,
gdy priorytetem jest brak przestojow, katalogi posiadane przez
uzytkownika sg podstawa do szybkiej systemowej identyfikacji
uszkodzonych elementoéw juz w momencie przyjmowania zgto-
szenia telefonicznego przez pracownika serwisu.

Zlozenie zamowienia wymaga okreslenia numeru katalo-
gowego, ktory identyfikuje wszystkie niezbgdne parametry
czegsci lub podzespotu, zalezne od daty produkcji i zmian kon-
strukcyjnych zastosowanych w danym wyrobie. System dystry-
bucji przedsigbiorstwa bezposrednio po kontakcie telefonicz-
nym i okresleniu przedmiotu dostawy, umozliwia wystanie za
posrednictwem firmy kurierskiej czg¢$ci zamiennych z hurtowni
lub ewentualne uzgodnienie terminu przyjazdu zespotu ser-
wisowego. Nastegpuje wowczas skrocenie procedury naprawy
o jeden wyjazd zespotu serwisowego. Dzial Serwisu w przy-
padku powaznych awarii, kieruje zespot mechanikow w pierw-
szej kolejnosci w celu identyfikacji uszkodzenia, a nastgpnie do
jego usunigcia (rys. 5).

System logistyczny zabezpiecza dostawe niezbednych do
naprawy czg$ci zamiennych lub podzespotow w trzech etapach,
zaleznie od ich biezacej lokalizacji. Najkrotsza droga do reali-
zacji, to pobranie elementéw z magazynu w hurtowni firmowej

above-mentioned program also offers solutions aiming at a fast
repair of an exploitation breakdown.

The promptness of service delivery by the Service Depart-
ment in the repair process is dependent not only on technolo-
gical time periods needed to carry out particular operations but
also on an availability of spare parts, which is presented in the
block diagram (Fig. 5).

The database created by the Service Department allows
for an identification of repair history for particular tractors and
enables to determine if the repair will be a guarantee one or
not. All the machines purchased within the producer’s network
are provided with spare parts catalogues. In case of field bre-
akdowns during cultivation works when avoiding standstills is
a priority, the catalogues owned by the user serve as a basis of
prompt systematic identification of the faulty elements already
at the moment of reporting a breakdown to a service assistant
on the phone.

Placing an order needs a description of a catalogue number,
which identifies all the necessary parameters of a part or sub-
system depending on the production date, and the construction
changes applied to a given article. The distribution system of
the company allows for sending spare parts from a warehouse
by a courier firm directly after the phone talk or for possible
negotiating of the term of service crew arrival. In such a case
the repair procedure is by one service crew delegation shorter.
If a breakdown is serious, the Service Department delegates
a crew of mechanics twice: first to identify a fault and then to
repair it (Fig.5).

A logistic system secures a delivery of the necessary spare
parts or subsystems in three phases depending on their current
localization. The shortest route to the realization is getting the
elements from a company warehouse of the dealer. The pro-
cedure of ordering from the National Logistic Centre ensures
a delivery within 24 hours and from the European Logistic Cen-
tre — within 48 hours.

The control of logistic costs includes a maximum reduction
of financial risk for a company during the realization of a di-
stribution process [12]. The initial evaluation of repair range
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dealera. Procedura zamowie-
nia z Krajowego Centrum
Logistycznego zapewnia
dostawe czeSci w czasie 24
godzin, a z Europejskiego
Centrum Logistycznego re-
alizacja nastgpuje w ciagu 48
godzin.

Kontrola poziomu kosz-
tow logistycznych, obejmuje
minimalizacj¢ ryzyka finan-
sowego dla przedsigbiorstwa
przy realizacji procesu dys-
trybucji [12]. Wstepne okre-
Slenie zakresu naprawy oraz
kompletacja czg$ci zamien-
nych i podzespotow, stanowi
podstawg do wyceny zgtlo-
szonego zlecenia. Akceptacja
przez ustugobiorcg sporza-
dzonej kalkulacji jest warun-
kiem koniecznym do otwar-
cia zlecenia naprawczego.
Procedurg obstugi finansowe;j
zlecenia naprawy ciagnikéw
i maszyn rolniczych przedsta-
wia schemat blokowy (rys. 6).
Naprawa ciagnikow i maszyn
rolniczych z uwagi na wysoki
koszt czg$ci zamiennych i ich
bardzo duza ro6znorodno$é
pod wzgledem odmian kon-
strukcyjnych, zwiazana jest
z ryzykiem finansowym dla
przedsigbiorstwa. Wycofanie
si¢ nabywcy po uruchomieniu
procedury zakupu stanowi
ewidentna strate dla dealera
z uwagi na zwigkszenie sta-
nu zapasOw magazynowych
o pozycje, ktore czgsto maja
stosunkowo niski wskaznik
rotacji. Stad forma zabezpie-
czenia finansowego dla firmy
ustugowej jest zadatek wyso-
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Commission of a tractor’s repair

Termin naprawy serwisowej
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Term of repair service
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Rys. 4. Procedura weryfikacji uszkodzenia ciqgnika rolniczego przez Dzial

Fig.4. Verification procedure of an agricultural tractor s fault by the Servi-

ce Department [the author’s own work]

kosci 30% warto$ci brutto zlecenia (rys. 6).

Procedura zakupu czgsci niezbednych do naprawy, jaka
w imieniu klienta wykonuje hurtownia, obarczona jest pozio-
mem kar umownych wowczas, gdyby uruchomiono ich zwrot.
Producent w przypadku odestania zamowienia przez dealera
z powodu rezygnacji klienta, pobiera prowizjg w wysokosci
30% jego wartosci. Catkowite koszty, ktorymi obciazony jest
uzytkownik naprawy oprocz wartosci czgsci i naleznosci za
wykonang ustuge, zawieraja rowniez koszty dojazdu i ewentu-
alnego transportu ciagnika lub maszyny rolniczej do warsztatu
serwisowego. Procedura poboru zaliczki, a nast¢pnie pelnej
ptatno$ci za wykonana naprawe zwiazana jest z wystawieniem
stosownych dokumentow ksiggowych (rys. 6).

and completion of spare parts
and subsystems is a basis of
cost assessment of an order.
Acceptance of the cost calcu-
lation by the service receiver
is a necessary condition for
an opening of repair com-
mission. The procedure of
financial servicing of a repair
commission for agricultural
tractors and machines is pre-
sented in the block diagram
(Fig. 6).

Repairs of agricultural
tractors and machines invo-
Ive a financial risk for a given
company due to high prices
of spare parts and their great
constructional variety. Resi-
gnation of a purchaser after
the sale procedure has been
launched results in an evident
dealer’s loss since the orde-
red items of relatively low
rotation index stay in stock.
Hence a form of financial in-
surance for a service compa-
ny by requesting an advance
payment worth 30% of the
commission’s gross value
(Fig. 6).

The procedure of the pur-
chase of parts necessary for
a repair, performed by a wa-
rehouse on a client’s behalf,
is loaded with a particular li-
mit of stipulation penalties in
case their return is launched.
A manufacturer takes a pro-
vision of 30% of an order’s
value if it is sent back due to
a client’s resignation. The to-
tal cost imposed on a service
receiver includes not only the
price of parts and payment

for the repair work but also costs of delegation and possible
transport of a tractor or machine to a service workshop. The
procedure of advance payment and then of the full payment for
the performed repair involves a provision of adequate accoun-

ting documents (Fig. 6).
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Zgloszenie awarii
Breakdown report

Ciagnik kupiony w sieci dealerskiej Ciagnik kupiony poza w siecia dealerska
[ | Tractor bought within the dealer’s network Tractor bought outside the dealer’s network
| 5 Naprawa gwarancyjna B Import prywatny ]
Guarantee repair Private import
Naprawa odplatna
Paid repair
Naprawa pogwarancyjna Rynck wtorny
> " — 2 —
Post - guarantee repair Secondary market
Identyfikacja ciagnika w bazie danych| | > Brak ciagnika w l?azie danych
Tractor’s identification in a data base Lack of the tractor in the data base
Identyfikacja uszkodzenia NIE NO _| Wyjazd ckipy serwisowej
Fault identification 7| Service crew delegation
TAK YES _ [Numer katalogowy czesci | Identyfikacja uszkodzenia
" |Catalogue number of parts| - Fault identification

'

Magazyn cz¢sci dealera
Dealer’s spare parts stock
Dostepnosé czesci | TAK YES
Availability of parts

NIE NO

A

Krajowe Centrum Logistyczne
National Logistic Centre

s

Dostepnos¢ czgsci
Availability of parts

TAK YES | Dostawa 24 godz.
» Delivery within
24 hours

NIE NO

A

Europejskie Centrum Logistyczne
European Logistic Centre

:

Dostgpnosc czgsei
Availability of parts

TAK YES | Dostawa 24 godz.
> Delivery within
48 hours

Pobranie czgsci z magazynu
Getting parts from a warehouse

v

Naprawa ciagnika
Tractor’s repair

AAA

Rys. 5. Zadania logistyczne w procedurze dostawy czesci zamiennych na potrzeby napraw serwisowych [opracowanie wiasne]

Fig.5. Logistic tasks in the procedure of spare parts delivery for repair services [the author’s own work]
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5. Podsumowanie Opracowanie zakresu naprawy 5. Conclusion
. . . . Evaluation of repair range . L.
Analiza dziatalnosci rynkowej !L An analysis of market activities
wykazata, ze pelny zakres ustug showed that a full range of services

Wstepny kosztorys naprawy ciagnika
Initial cost calculation of a tractor’s repair

uuz NO

TAK YES

serwisowych realizowany przez au-
toryzowanego dystrybutora w opar-
ciu o systemy logistyczne, umozli-
wia uzyskanie poziomu obslugi
spelniajacego oczekiwania klienta.

Na podstawie przeprowadzo-

realized by an authorized distributor
with the support of logistic systems
allow for a service level fulfilling
the client’s expectations.

On the basis of the conducted
research the following features sho-

Brak zlecenia naprawczego
No repair commission

, . sz Zlecenie naprawy ciggnika .
nych .badan nalezy podkresli¢ na- “Fractor's penair Conmissin uld be stressed: .
stgpujace cechy: 1 1) The worked-out block diagrams
1) Opracowane schematy blo- s - - of the procedures realized by the
. Zamowienie czedei zamiennych Zadatek . .
kowe procedur podlegajq- Spare parts order Advance payment Service Department concerning:
cych realizacji w Dziale Ser- I - verification of an agricultural
wisu w zakresie: |"1bf“_1"lt‘ '—'Z'x‘*'-'i\l’- magazynu (WZ) Faktura VAT na zadatek tractor’s fault,
- weryfikacji uszkodzenia cia- Getting parts from a warchouse VAT invoice for - spare part delivery for repair
gnika rolniczego, v advance payment services,
- dostawy czgéci zamiennych | 'f“ﬂl “lf'Pf""r'k' - - financial servicing of the reali-
: ‘ost of repair . S
na potrzeby napraw serwiso- = zed repair commissions,
wych — - ensure reliable servicing of
- obslu’ i finansowej realizowa- — Wik ot roducts and maximum re-
g d Price of parts p R o .
nych zlecen naprawczych, duction of the awaiting time
- zapewniaja niezawodna ob- | Wartosé ustugi for a repair of an agricultural
stuge wyrobow i minimaliza- Service price tractor or machine in case of
cje czasu oczekiwania na na- a sudden breakdown.
prawg ciagnika lub maszyny B r')(‘;“‘l:‘i‘;lr:“d‘”t 2) The management of service ac-
X X I elegation cos e . . .
rolniczej w przypadku awarii. tivities takes into consideration
2) Zarz?(dzame dmfalalnoscw[ L[ Koszt transportu ciagnika the sp§c1ﬁc seasonal gharacter
serwisu uwzglednia specy- Cost of a tractor’s transport of agricultural production. Ap-
fikg 1 sezonowos$¢ produkcji ‘ % plication of logistic procedures
rolniczej. Stosowanie proce- Py : and control of the costs involved
. . Platnosé za naprawe (gotowka) ROZIICZCIII% zat?a(ku . . .
prawe o
dur logistycznych i kontrola Paymentfor regal (cash) | Accounting for in the work of service crews is
kosztow zwiazanych z praca - 7 advance payment an indispensable condition for
eklp.serw1sow.ych jest wa- Wplsta gotowld w i successful competition on the
runkiem koniecznym dla Payment of cash at the till market of agricultural tractors
uzyskania przewagi konku- ¥ Przekazanie oryginalu and machines.
rencyjnej na rynku ciagni- I{'\lfp:;'\\‘:(\: > _ili_ikl"fiy' ph}qﬁku?-i 3) Information Technology (IT) ap-
4 M H £ OICE ransicr ol nvoice . . . . .
kow i maszyn rolniczych. p m_mmﬁ Oihe I“!:r':l' plied in the creation of specialist
3) Technologie informatyczne ————— - = databases as well as electronic
PII(!.‘-L[I'IIQLI.C magazynowe . . .
(IT) wykorzystywane w bu- pobranych czesci (sprzedaz) data identification (EDI) serve
dowie specjalistycznych baz Stock lm]?fl.l-tc:::lallguc fken to prepare the services for the
danych oraz elektroniczna growing food producers’ de-
wymiana danych (EDI), mands. Users of agricultural

Rys. 6. Procedura obstugi finansowej zlecenia realizowanego

. . to-
maja za zadanie przygoto przez Dzial Serwisu [opracowanie wlasne]

waé obstuge serwisowa do
rosnacych wymagan ze stro-
ny producentdéw zywnosci.

vehicles, basing on their expe-
riences with motorization indu-
stry, will expect a services range
comparable to that provided for

Fig.6. Procedure of financial servicing of a commission re-
alized by the Service Department [the author’s own

Uzytkownicy pojazddéw rol- work] automotive vehicles’ owners. A
niczych, czerpiac wzorce z przemystu motoryzacyjne- standard procedure in case of
g0, beda oczekiwaé w przysztosci zapewnienia zakresu a serious car breakdown is a sup-
obstugi poréwnywalnego z tym, jaki §wiadczony jest dla ply of a replacement vehicle. At
wiascicieli samochodow osobowych. Standardem dla ta- the moment there is no agricul-
kiego serwisu jest dostarczanie w przypadku powaznej tural tractors manufacturer who
awarii pojazdu zastgpczego. Obecnie zaden z producen- would include in their service
tow ciagnikow rolniczych nie informuje w swojej ofercie offer a possibility of providing
serwisowej o mozliwosci otrzymania ciagnika zastgp- a replacement tractor for the
czego na czas ewentualnej naprawy wyrobu w okresie time of a potential repair of their
ochrony gwarancyjne;j. product under the guarantee pro-

tection.
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ZASTOSOWANIE SITA WIELOPLASZCZYZNOWEGO DO KOMBAJNOWEGO ZBIORU ZB0Z
W WARUNKACH TERENOW NACHYLONYCH

APPLICATION OF THE MULTI-PLANE SIEVE FOR THE HARVESTER-THRESHER CEREALS
CROPPING UNDER THE CONDITIONS OF SLOPING AREAS

W pracy przedstawiono wyniki badan eksploatacyjnych prototypowego sita wieloptaszczyznowego zastosowanego
w kombajnie zbozowym NEW HOLLAND BIZON Z-058. Badania przeprowadzone w warunkach terenow nachylonych
wykazaty, ze badane sito polepsza prace kombajnu zbozowego ograniczajqc straty ziarna do 0,05% przy jego czystosci
zawierajqcej sie w zakresie od 95,5% do 99,6% w zaleznosci od ustawienia parametrow pracy sita.

Stowa kluczowe: kombajn zbozowy, sito sekcyjne, czystosé, straty.

The paper presents the operational testing results of a multi-plane sieve prototype used on a harvester-thresher model
NEW HOLLAND BIZON Z-058. The testing performed under the conditions of sloping areas showed that the sieve
improved the harvester-thresher operation limiting the losses to 0,05% - 0,3% range at grain purity ranging 95,5% to

99,6% depending on the sieve adjustment.

Keywords: harvester-thresher, sectional sieve, purity, losses.

1. Wstep i cel pracy

Rozwdj konstrukeji kombajnéw zbozowych zmierza do ich
uniwersalizacji polegajacej na przystosowaniu tych konstrukeji
do zbioru réznych roslin w zréznicowanych warunkach tereno-
wych. Duza liczba gatunkow roslin zbieranych ta sama maszyna
sprawia, ze kombajny zbozowe staja si¢ maszynami skompliko-
wanymi w budowie oraz w obstudze [9], z duza iloscia ztozonych
zespotow roboczych, z ktorych kazdy z osobna ma inny wplyw
na strumien przemieszczajacego si¢ ziarna, wplywajac na jego
czystos$¢, straty i uszkodzenia [7]. Zastosowanie kombajnow
o klasycznej konstrukcji w terenach nachylonych powyzej 5°,
powoduje pogorszenie wskaznikow czystosci i wzrost poziomu
jego strat nawet do 13% [2, 4]. Nalezy nadmieni¢, ze podczas
pracy kombajnu zbozowego w nachyleniu bocznym i wzdtuz-
nym uktadem generujacym najwigksze straty sa sita [11]. Po-
twierdzity to badania Gasperetto i Nevberry [5, 8]. W Polsce
ograniczenie ponadnormatywnych strat ziarna zbieranego z p6l
o nachyleniu wigkszym od 5° moze skutkowa¢ wzrostem glo-
balnej masy plondw o okoto 250 tys. ton wptywajac na efek-
tywno$¢ produkcji rolniczej na terenach o ogélnej powierzchni
1,26 miliona hektaréw. Problem uszkodzen jest rozpatrywany
oddzielnie w odniesieniu do zbioru ziarna przeznaczonego na
material siewny. Wedlug badan amerykanskich autorow [3, 8,
10, 13] uszkodzenia moga wynosi¢ do 2,1% i sa one powodowa-
ne glownie przez zesp6t zniwny i zespot mtdcacy [12].

W ostatnich latach pojawily si¢ konstrukcje kombajndéw
zbozowych wyposazonych w zespoty poziomowania catej bry-
ly kombajnu lub zespolu omtotowo-czyszczacego ograniczajac
w ten sposob straty ziarna podczas pracy w terenach nachylo-
nych. Jako$¢ pracy tych maszyn wynika jednak z zastosowa-
nia bardzo drogich systeméw hydrostatycznych potaczonych
z funkcjonowaniem komputeréw poktadowych. Zdecydowanie
tanszym i skutecznym rozwiazaniem moze by¢ zastosowanie

1. Introduction

The development of harvesters-threshers design tends to-
wards their versatility consisting in making them suitable to
harvesting various plants under differentiated field conditions.
High number of plant species cropped with the same machine
results in harvesters-threshers becoming increasingly compli-
cated regarding their construction and operation [9] with a mul-
titude of complicated working units and each of them differen-
tly effecting on the flow of grain being moved, determining its
parity, loses and damages [7]. The use of harvesters-threshers
of a conventional design in the areas of above 5° inclination re-
sults in the worsening of purity indexes and increased loss level
even up to 13% [2, 4]. Moreover during the operation of the
harvester-thresher in a slide slope and up hill, the sieves con-
stitute the system generating the highest losses [11]. This was
confirmed by the testing carried out by Gasperetto and Nevber-
ry [5, 8]. In Poland, reduction in over standard losses of grain
collected from the fields featuring the slope of more then 5° can
result in the increase in total yield weight by about 250.000t,
which effects agricultural efficiency on the areas amounting
1,26 mln ha. The problem is considered separately in relation
to grain harvested and destined as sowing material. According
to American authors of the testing [3, 8, 10, 13], other losses
can range up to 2,1%, mainly the harvesting unit and harvester-
-thresher [12].

In the last years there appeared harvesters-threshers limi-
ting grain losses during the work in sloping areas, provided
with units to level the whole harvester-thresher body or the
threshing-cleaning unit. The effectiveness of those machines
results, however, from the application of very expensive hydro-
static systems combined with the operation of board computers.
A considerably cheaper and effective solution can be the use of
roof sieve separator with a tillable curtain section mounted at
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daszkowego separatora sitowego z zaluzjowa sekcja uchyl-
na zamontowana w miejsce sita klosowego, ktoérego schemat
przedstawiono na rysunku 1 [1].

Do powyzszego stwierdzenia upowazniaja uzyskane wyni-
ki badan stanowiskowych przeprowadzonych w Instytucie In-
zynierii Rolniczej Uniwersytetu Przyrodniczego we Wroctawiu
[2]. Z uwagi na to, Ze biologiczne cechy zbieranych roslin cha-
rakterystyczne dla danego gatunku podlegaja znacznej zmien-
nosci [6], autorzy artykutu przeprowadzili polowe badania we-
ryfikacyjne na dwoch rodzajach upraw.

Celem pracy bylo wyznaczenie wskaznikow jakosciowych
pracy (czystosci i strat ziarna) uzyskanych w czasie badan eks-
ploatacyjnych sita wieloptaszczyznowego przy zbiorze pszeni-
cy i mieszanki zbozowe;.

2. Metodyka badan

Zesp6t separatora kombajnu NEW HOLLAND BIZON
Z-058 wyposazano zamiennie w wieloptaszczyznowe sito pro-
totypowe z sekcja uchylna wychylona pod katem ¢ wzgledem
ptaszczyzny gldwnej, wykonane w Instytucie Inzynierii Rol-
niczej UP we Wroctawiu (rys. 2) oraz ptaskie jednoptaszczy-
znowe sito stanowiace fabryczne wyposazenie kombajnu. Na
tej podstawie mozliwa byta ocena efektdow zastosowania sita
wieloptaszczyznowego w poréwnaniu do sita ptaskiego.

Wszystkie proby pobierano w czasie jazdy kombajnu pod
goreg, opisujac je ilosciowa i masowa charakterystyka zbiera-
nych roélin (tab.1, 2).

Dla okreslenia czysto$ci zbieranego ziarna, probki pobiera-
no z wylotu przenos$nika podajacego materiat do zbiornika kom-
bajnu. Masa pobranej probki wynosita 1 kg. Pobrane proby pod-
dano analizie masowej wyznaczajac czystos¢ wedtug wzoru:

C=(M_~M_)/M_-100% (1)

gdzie: M — masa calkowita pobranej probki, M, — masa zanie-
czyszczen zawartych w probce.

Dla wyznaczenia strat ziarna pod gardziela wylotowa mto-
carni kombajnu zainstalowano foli¢ nawinig¢ta na bgben. Rozwi-
janie folii nastgpowato w trakcie pracy maszyny w miejscach,

Rys. 1. Schemat kinematyczny wieloptaszczyznowego sita sekcyjnego.
1- plaszczyzna glowna sita daszkowego, 2- zawiasy, 3- sekcja
uchylna sita, 4- rolki, 5- sprezyny, 6- mocowanie sprezyn, 7-
naped uktadu wychylania dodatkowej sekcji, 8- ciegno, 9- prze-
gub, 10- podpora, 11- ciegno, 12- rama

Fig. 1. Kinematic diagram of the multi-plane sectional sieve; 1- main
plane of the roof sieve, 2- hinges, 3- tiltable section of the sieve,
4 - rollers, 5 - springs, 6- mounting of the springs, 7 — drive of
the swing system of an additional section, 8- string, 9- articu-
lated joint, 10- support, 11- string, 12- frame

the place of the cereal ear sieve, schematic picture presented in
Figure 1 [1]. Bench testing results justify such a statement [2].
Regarding the fact that some biological features of plants to be
cropped, characteristic for particular species, considerable va-
riability [6], field verification tests were undertaken involving
two kinds of cultivation.

The aim of the paper was to determine the qualitative coef-
ficients (related to grain purity and losses) of multi-plane sieve
applied for field testing regarding wheat and cereal composition

cropping.

2. Testing methodology

The separation set harvester-thresher model NEW HOLLAND
BIZON Z-058 was equipped, interchangeably, with a prototype
multi-plane sieve with a tiltable section inclined at the angle of ¢
in relation to the main plane, made in the Institute of Agricultural
Engineering, Wroctaw University of Environmental and Life Sci-
ences (Fig. 2), and the factory-installed flat single-plane sieve of the
harvester-thresher. As a result it was possible to evaluate the effects
of a multi-plane sieve as compared to those of a flat sieve.

All the samples were collected while harvester-thresher was
moving “up the hill”, and there were determined quantitative
and weight characteristics of the plants cropped (Tables 1, 2).

In order to determine the purity of harvested grain, the samples
were collected from the outlet of the conveyor that fed the material
to the harvester-thresher tank. The weight of the collected sample
was 1 kg. The samples collected were subjected to weight analysis,
while the purity was determined according to the formula (1):

C=M_~M_)/M_-100% (1)

where: M, — total sample weight, M_ — weight of impurities in
the sample.

Rys. 2. Widok wieloplaszczyznowego sita sekcyjnego. o- kqt nachylenia
sekcji uchylnej

Fig. 2. View of the multi-plane sectional sieve used for the field testing;
0 — angle of inclination of the tiltable section
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Tab.1. llosciowa i masowa charakterystyka pszenicy odmia-
ny Zyta zbieranej w miejscowosci Wiry

Tab. 1. Quantitative and weight characteristics of wheat of
Zyta variety cropped in the locality of Wiry

Tab.2. lloSciowa i masowa charakterystyka zbieranej mie-
szanki zbozowej w miejscowosci Lutomierz

Tab.2. Quantitative and weight characteristics of the cereal
composition cropped in the locality of Lutomierz

w ktorych wezesniej ustalono plon miejscowy, dla pszenicy -
6,7t+ha'i3,7t- ha' dla mieszanki zboz. Po zwazeniu ziarna
zebranego z rozwinigtej folii wyznaczono straty generowane
praca separatora sitowo-pneumatycznego. W literaturze [14]
straty te nazywane sa stratami powodowanymi przez mtocarni¢
i nie powinny przekroczy¢ poziomu 1,5% plonu ziarna. Straty
ogoblne S okreslono odnoszac je do $redniego plonu z pola, na
ktorym prowadzone byty badania. Straty miejscowe S, wyzna-
czono odnoszac je do plonu uzyskanego z miejsca pobierania
prob o powierzchni 34 m? (folia o wymiarach 4m x 8,5m).

W miejscowosci Wiry miejsca pobierania prob wyznaczono
w terenie o nachyleniu od 7,8° do 9,3°, przy wilgotnosci zbie-
ranego ziarna, ktora zawierata si¢ w przedziale 11,9%+13,3%.
W miejscowosci Lutomierz nachylenie zbocza w miejscach
pobierania préb wynosito od 9,1° do 11,5° a wilgotno$¢ ziarna
12,3%+14,7% (tab. 3).

Lp. Pszenica L Mieszanka
1l0S¢ roslin n_[sztm?] i > Pszenica| Jeczmieri| Owies
1 Number of pi ants, n_[pcs. per sq.mt.] 1 | los¢ roslin n_[sztm?] / Number of plants, n_[pcs. per sq.mt.]
2 | $rednia / Averag rf 455.3 2 | Srednia / Average X 53,0 84,0 | 1317
rednia / Average : -
3 Odchylenie standardowe S, 219 3 ggc:g:iglzes‘f;rzgirgowe S 7,5 43,4 15,0
Standard deviation S, ’ Weod! i — v
- - - — 'spotczynnik zmiennosci V. o o o
4 vWai?:;?ligw?;létZTtsnnosc: v, 4,8% 4 Variability factor V. 14,2% | 51,7% |11,4%
— x 5 | llosé ziama w Kosie n, [szt]/ Amount of grain in a cereal eye, n, [pcs.]
5 llos¢ ziarna w ktosie n, [szt] 6 | Srednia /A — 200 187 310
Amount of grain in a cereal eye, n, [pcs.] rednia / Average X ) , ’
P — Odchylenie standardowe S
. 2 7 X
6 | Srednia/Average X 32, 7 | Standard deviation s, 2,6 0,6 36
Odchylenie standardowe S - . . .
7| Standard deviation S 25 g | Wspotczynnik zmiennosciV, | 43 59, | 319 | 11,6%
x Variability factor V.
Wspétczynnik zmiennosci V, : - p —
8 Variability factor V. 7,6% 19 Masa ziarna w klosie m, / Weight of g;am in a cereal eye, m, [g2]
0 i X ,7 3,0 5,
9 Masa ziarna w klosie m, [g] Srednia / .Average X
Weight of grain in a cereal eye, m, [g] 11 | Odchylenie standardowe S, 03 20 17
Standard deviation S ! ! ’
10 | Srednia/ Average X 14 Wspétczynnik zmienr:o§ci %
14 | Odchylenie standardowe S 0.4 12\, riability factor V. * | 194% | 657% |33,4%
Standard deviation S, ! — - 9
- - - — 13 Plon miejscowy ziarna z hektara m, [tha?]
12 ‘V/VSPO;C’ZYH?IK zm\:/ennosc: v, 28.6% Local crop of grain from one hectare m,_[tha?]
ariability factor ! p —
Y * 14 | Srednia / Average X 0,9 11 1,7
Plon miejscowy ziarna z hektara m__ [tha] :
13 . ha # Odchylenie standardowe S_
Local crop of grain from one hectare, m,_[tha?] 15 Standard deviation S 0,3 3,4 31
14 S i ¥ 6,7 < . . < :
Srednia / Average X 16 Ws;_)of?z.ynmk zmiennosci V, 32,6% | 111,7% | 44,5%
15 Odchylenie standardowe S 17 Variability factor V,
Standard deviation S_ i 17 | Masa tysigca ziaren / Weight of 1,000 grains [g]
16 Wspétczynnik zmiennosci V, 26.2% 18 | Srednia / Average X 32,3 34,2 38,7
Variability factor V, 19 Odchylenie standardowe S_ 33 46 85
17 Masa tysigca ziaren [g] Standard deviation S, ! ! !
Weight of 1,000 grains, [€] Wspotczynnik zmiennosci V
) — 20 o x| 10,3% 13,5% |22,1%
18 | Srednia / Average X 43,3 Variability factor V,
Odchylenie standardowe S
19 o x 11,3 ) )
Standard deviation S In order to determine grain losses, under the final tunnel
20 Wspétczynnik zmiennosci V, 26.1% shaft of threshing-machine of the harvester-thresher there was
Variability factor V, =7 collected a foil wrapped round the attached drum. The foil un-

winding took place during the machine operation at those spots
where the local plumb-line was pre-determined for wheat, 6,5
t - ha' and 3,7 t * ha' for corn mix. After weighing the grain
collected from the unwound foil, there were determined total
losses due to pneumatic-sieve separation set. In the literature
[14] those loses are described as the ones caused by thresh-
ing machine and they should not exceed 1,5% of grain yield.
General losses were determined through relating them to the
average crop from the field under testing. Local losses were de-
termined through relating them to the crop from the testing site
of an area of 34 sq.mts. (foil of 4 m x 8,5 m dimensions).

In Wiry sample collection took place in the sites of slope
area from 7,8° to 9,3° and grain moisture ranged 11,9% to
13,3%, in Lutomierz the sites of sample collection charactensed
9,1° to 11,5° sloping, whereas grain moisture measured ranged
12,3% to 14,7% (Table 3).
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Tab. 3. Nachylenie terenu oraz wilgotnos¢ ziarna oznaczona podczas zbioru

Tab. 3. Land inclination and grain moisture contents occurring during the testing

Wiry Lutomierz
Lp Nachylenie terenu Wilgotnos¢ ziarna Nachylenie terenu Wilgotnos¢ ziarna
Land inclination Grain moisture contents Land inclination Grain moisture contents
| % % 10 | % %
1 Ustawienie sekcji uchylnej / Adjustment of the tiltable section & = 0°
93 | 165 | 13,3 | 9,8 | 173 | 13,3
5 Ustawienie sekcji uchylnej / Adjustment of the tiltable section & = 5°
82 | 144 | 12,9 | 10,5 | 185 | 13,7
3 Ustawienie sekcji uchylnej / Adjustment of the tiltable section 6 = 10°
84 | 150 | 11,9 | 9,8 | 173 | 13,8
4 Ustawienie sekcji uchylnej / Adjustment of the tiltable section & = 15°
78 | 138 | 12,3 | 9,1 | 16 | 14,7
5 Sito ptaskie (fabryczne) / Flat (factory-made) sieve
8.4 | 150 | 12.8 | 11,5 | 20.4 | 12,3

3. Oméwienie wynikow badan

Na rysunku 3 przedstawiono wyniki badan eksploatacyj-
nych kombajnu zbozowego pracujacego na polu w miejsco-
wosci Wiry. Najnizsza czysto$¢ ziarna pszenicy (C=96,6%)
uzyskano przy wykorzystaniu sita plaskiego zamontowanego
fabrycznie. Dla sita wieloplaszczyznowego najnizsza czystosé
uzyskano przy ustawieniu czesci uchylnej separatora pod katem
0=0° (C=99,44%). W miare zwiekszania kata J do 10° zwiek-
szala sig tez czysto$¢ zebranego materiatu do wartosci 99,58%.
Dalsze zwigkszenie kata nachylenia uchylnej ptaszczyzny do
15° powoduje nieznaczny spadek czystosci do C=99,47%.
Narastal wtedy stopien aerodynamicznej fluidyzacji cienkiej
warstwy ziarna przy postgpujacym stopniowym przesiewaniu
zanieczyszczen kategorii cigzkiego podziarna.

Najwyzsze straty ogolne i miejscowe odnotowano przy za-
stosowaniu oryginalnego sita fabrycznego (S =5,9%, S =6,1%).
Po zatozeniu prototypowego sita z sekcja uchylng ustawiona
pod katem 6=0° poziom strat zmniejszyt si¢ do 0,13% dla S,
ido 0,14% dla S . Przy zwigkszaniu kata 6 do 5° straty ogol-
ne zmalaly do wartoséci 0,12%, a miejscowe do 0,13%. Dal-

1%
Rys. 3. Zmiana czystosci ziarna C i strat ziarna ogolnych S oraz miej-
o

scowych S, w zaleznosci od kqta ustawienia ptaszczyzny uchyl-
nej o sita daszkowego podczas badan w miejscowosci Wiry

Fig. 3. Variation of grain purity C and of general losses S, and local
losses S of grain in function of the tiltable plane adjustment
angle 6 of the roof sieve in the locality of Wiry

3. Discussion

Figure 3 shows the operational testing results of the harvest-
er-thresher in the locality of Wiry. The lowest purity of wheat
grain (C=96,0%) was obtained while using a factory-mounted
flat sieve. For the roof sieve with a tiltable section, the lowest
purity of grain was obtained when that part of the separator was
set at the angle 6=0" (C=99,44%). As the angle J increased up
to 10°, the purity of the collected material also rose to 99,58%.
A further rise in the inclination angle of the tiltable plane up to
15° resulted in a slight drop in grain purity down to C=99,47%.
Then higher degree of aerodynamic fluidization of a thin grain
layer with gradual screening of heavy contaminants could be
observed. Both highest general and local losses were recorded
using the original factory-made separator (S =5,9%, S, =6,1%).
When mounting the prototype sieve with the tiltable section set
at the angle 0=0" the level of losses decreased to 0,13% for S,
and down to 0,14% for S . When raising the angle 6 to 5 gen-
eral losses diminished to 0,12%, and local losses to 0,13%. The
increase an the angle o value to 10" produced a further reduction
of losses to 0,09% for general losses and 0,10% for local losses.
Further increase in the angle of tiltable section to 15° resulted in
a slight rise of losses. Yet the increase in grain loses remained
close to the determined limit of statistic error. Figure 4 shows

Rys. 4. Zmiana czystosci ziarna C i strat ziarna ogolnych S oraz
miejscowych S, w zaleznosci od kqta ustawienia plaszczyzny
uchylnej o sita daszkowego podczas badan w miejscowosci Lu-
tomierz

Fig. 4. Variation of grain purity C and of general losses S, and local
losses S of grain in function of the tiltable plane adjustment
angle 0 of the roof sieve in the locality of Lutomierz
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sze zwigkszanie kata § do 10° spowodowato zmniejszenie strat
ogoblnych do 0,09% i miejscowych do 0,10%. Zwigkszanie kata
cze$cei uchylnej do 15° spowodowato nieznaczne zwigkszenie
strat. Widoczny wzrost strat jest jednak bliski wyznaczonej gra-
nicy biedu statystycznego.

Rysunek 4 przedstawia wyniki badan eksploatacyjnych
kombajnu zbozowego pracujacego na polu w miejscowosci Lu-
tomierz. Podobnie jak w przypadku zbioru pszenicy w miejsco-
wosci Wiry, najnizsza czystos¢ (C=94,6%) zebranej mieszanki
uzyskano stosujac oryginalne sito ptaskie-fabryczne. Po zasto-
sowaniu sita z sekcja uchylna ustawiona pod katem §=0° odno-
towano wzrost czystosci do C=95,43%. Wzrost kata nachylenia
sekcji uchylnej powodowat zwigkszenie czystosci ziarna. Dla
0=5" wynosita ona C=95,83%, dla 6=10° - C=95,91% i 6=15°
- C= 96,68%. Zastosowane oryginalne sito generowalo straty
ogoélne na poziomie 7,4%, a miejscowe 7,8%. Zbierajac mie-
szank¢ kombajnem z sitem wieloptaszczyznowym zauwazono
zmniejszanie si¢ strat w miar¢ zwigkszania kata nachylenia do-
datkowej czg$ci separatora. W tym przypadku, przy kacie 0=0°
odnotowano najwyzszy poziom strat ogdlnych (0,2%) oraz
miejscowych (0,32%). Natomiast przy kacie 0=15° zanotowa-
no najnizszy poziom strat zardwno ogdlnych jak i miejscowych
- ponizej 0,08%.

Roznica w czystosci ziarna pszenicy i mieszanki zebranej
kombajnem zbozowym z sitem fabrycznym jest nieznaczna
i wynosi 2,0%. Po zastosowaniu sita wieloptaszczyznowego
najwyzsza czysto$¢ ziarna uzyskano dla kata nachylenia sekcji
uchylnej 6=10° (C=99,53%) w miejscowosci Wiry i dla kata
0=15° (C=96,68%) w miejscowosci Lutomierz.

W wyniku przeprowadzonych badan zarowno w miejsco-
wosci Wiry jak i Lutomierzu mozna stwierdzié¢, ze najlepsze
efekty pracy sita wieloptaszczyznowego wystapily przy nachy-
leniu sekcji uchylnej 6=10°. W miejscowosci Wiry dla takiego
ustawienia, najmniejsze straty ziarna (okoto 0,1%) wystapily
przy najwyzszej czystosci 99,58% (rys. 3). Zaobserwowano tez
wplyw jakoS$ci zbieranego materiatu na straty ogdlne kombajnu
zbozowego (ilosciowa i masowa charakterystyka zbieranych
zb6z w trakcie badan polowych — tab. 1, 2). W miejscowosci
Wiry (tab. 1) zbierana pszenica byla dobrej jakosci o masie
tysiaca ziaren 43,3 g, a $redni plon materiatu celnego z pola
wynosil 6,5 t - ha'l. Natomiast w miejscowosci Lutomierz plon
$redni z pola wynidst 3,5 t - ha''. Tak niski plon spowodowany
byt odmiennoscia kazdego zboza w mieszance.

4. Wnioski

1) Badane sito wicloptaszczyznowe zastosowane w zespole
separujacym kombajnu zbozowego pracujacego w wa-
runkach polowych na zboczach o nachyleniu do 12°,
zmniejsza straty ziarna w porownaniu do sita fabryczne-
g0z 7,8% do 0,1%.

2) Zastosowanie sita wicloptaszczyznowego w kombajnie
zbozowym w czasie jazdy pod gore, pozwolito na utrzy-
manie wysokiego wskaznika czystosci zbieranego ziarna
(okoto 99,4%) przy poziomie strat ponizej 0,2%.

3) Najlepsze efekty pracy sita wieloptaszczyznowego zaob-
serwowano przy nachyleniu sekcji uchylnej 6=10°, przy
ktorym byly najmniejsze straty ziarna a czysto$¢ byta
najwigksza.

the operational testing results of the harvester-thresher in the
locality of Lutomierz. Concerning wheat harvest, the lowest
purity (C=94%) of the harvested composition was obtained
using an original factory-made flat sieve. After application of
the sieve with the tiltable section set at the angle 6=0" a rise in
purity up to C=95,43% was recorded. Increased tiltable sec-
tion inclination resulted in higher grain purity amounting for
0=5" to C=95,83%, for 0=10" to C=95,91% and for J=15" to
C=96,68%, respectively. The original sieve applied produced
general losses of 7,4%, and local losses of 7,8%. There was ob-
served significant decrease in loses when the harvester-thresher
with multi plane sieve was applied and at simultaneous increase
in additional part of separator. In that case, for =0, the highest
level of general losses (0,2%) and of local losses (0,32%) were
recorded. On the other hand, at the angle =15°, the lowest level
of both general and local losses below 0,08% was noticed. The
difference in grain purity obtained during the wheat and cereal
composition harvest for the operation of the harvester-thresher
with the factory-made sieve is insignificant and amounts 2,0%.
After mounting a multi-plane sieve the highest grain purity in
the locality of Wiry was obtained for the inclination angle of the
tiltable section 0=10" (C=99,53%), whereas in the locality of
Lutomierz for the angle 6=15" (C=96,68%). The impact of the
quality of harvested material on general losses of the harvester-
thresher was also observed (quantitative and weight character-
istic of cereals harvested during the field testing — Tables 1,
2). In the locality of Wiry (Table 1) the cropped wheat was of
a good quality, with a weight of 1,000 grains of 43,3 g, and the
average crop of the prime material was 7,0 t per hectare. On
the other hand, in the locality of Lutomierz (7able 2) the aver-
age crop was 4,2 t per hectare. Such a low crop was due to the
diversity of each cereal in the composition.

4. Conclusions

1) The tested multi-plane sieve used on the separating unit
of the harvester-thresher operating in a field of an incli-
nation up to 12° reduces grain losses, as compared to the
factory-made sieve, from 7,8% to 0,1%.

2) The use of the roof sieve with the tiltable section on the
harvester-thresher during its drive up hill allowed to
maintain a high purity index of harvested grain (circa
99.4%) at the level of losses below 0.2%.

3) The best effects of the multi-plane sieve operation were
observed at the inclination of the tiltable section 0=10", at
which inclination grain losses were the lowest and grain
purity the highest.
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Andrzej KURANC

EKOLOGICZNY ASPEKT ZIMNEGO | GORACEGO ROZRUCHU SILNIKA SPALINOWEGO

0 ZAPLONIE ISKROWYM

THE ECOLOGICAL ASPECT OF A COLD AND HOT STARTING OF A SPARK IGNITION

1. Introduction 12

COMBUSTION ENGINE

Artykut przedstawia analize wynikow pomiarow emisji wybranych sktadnikow spalin w poczqtkowym okresie pracy
silnika spalinowego o zaptonie iskrowym wyposazonego w wielowtryskowy, posredni system zasilania oraz w trojfunk-
cyjny konwerter katalityczny. Pomiary zostaly wykonane dla dwoch stanow cieplnych silnika, tj. dla rozruchu zimnego,
gdy silnik i wszystkie jego podzespoly oraz plyny eksploatacyjne posiadaly jednakowq temperature, rownq temperatu-
rze otoczenia, a takze dla rozruchu gorqcego, uzyskiwanego bezposrednio po majqcym miejsce wczesniej okresie pracy
silnika w warunkach rownowagi cieplnej. Odczyty wynikoéw dokonywane byly z krokiem jednosekundowym i mogaq by¢
przedstawiane w postaci przebiegow czasowych obrazujqcych charakter zmian emisji w obserwowanym okresie. Ana-
liza emisji w aspekcie ekologicznym uwzglednia w szczegolnosci porownanie oraz ocene zimnego i gorqcego rozruchu
pod wzgledem wielkosci emisji szkodliwych sktadnikow spalin.

Stowa kluczowe: silnik ZI, zimny rozruch, pomiary emisji, emisja spalin, zanieczyszczenie srodowiska.

This article presents analysis of measurement results of combustion gases chosen components, obtained during initial
phase of work of a spark ignition combustion engine, equipped with multi-point indirect injection system and three way
catalytic converter, work. Measurements were conducted for two temperature states: for a cold start, when engine, all
its components and exploitation liquids were of the same, equal to its surroundings, temperature, and for a hot start,
which takes place right after proceeding it period of engine operation in conditions of thermal equilibrium. Readings
were taken in one second intervals and can be presented as curves in function of time, showing character of emission
changes in a given time. Analysis of emissions, with regard to its ecological aspects, embraces comparison and evalu-
ation of the cold and hot start effect on amount of harmful substances emitted.

Keywords: SI engine, cold start, emission measurement, exhaust emission, environment pollution.

The challenge in recent years and for future is constant re-
duction of harmful substances emission into environment. Uti-
lization of conventional fuels limits absorption and adaptation
capacity of ecosystems in a very fast pace. Unavoidable, as it
seems, is a shift of world’s economies towards ecological and
renewable sources of energy. Care for an environment leads to
introduction of new fuels and construction of new and better
engines, but also puts emphasis on improvement of exploita-
tion of already used machines. Therefore, there was a research
carried out in Department of Power Engineering and Vehicles,
Agricultural University in Lublin concerning exhaust gases
emission during initial period of internal combustion engines
work in both farm machinery and in typical car vehicles.

Usually research concerning start-up is focused mainly on
possibilities of cold start in low temperatures, what enables de-
termination of such start characteristics.

However, ecological aspect of cold starts seems to be an in-
teresting matter as well. Review of previous research concerning
this subject [1, 4, 6, 10] and previous own studies allow statement
that low ambient temperature, which in fact determines tempera-
ture of an engine, all his components and liquids, favours incre-
ase of pollution emissions during initial phase of engine work.

In order to analyse this phenomenon one must realise how
significant is a character of vehicle exploitation, especially fre-
quency of a cold start and conditions in which it takes place.
For example exploitation of a vehicle for everyday commuting
to work leads to two starts which can be treated as cold. Howe-
ver, it is often that other, additional but short trips occur, during

Time [s]

Fig. 1. Petrol feeding SI engine's (899 cm’) staritng capability [3]

which the engine and exhaust system work most of the time in
temperature below optimal, thus, the processes of air-fuel mi-
xture preparation, combustion and conversion of exhaust gases
are not effective.

Temperature of exhaust gases emitted by spark ignition com-
bustion engine varies from 300-400°C (573-673 K) for idle spe-
eds of an engine up to approximately 1100°C (1373 K) for full
loads. However, during cold starts in ambient temperature below
0°C (273 K), temperature of exhaust system, especially catalytic
converter remains to low for its proper functioning. Relying on
results of research conducted during driving tests FTP75 and
NEDC it was noticed that almost 90 % of hydrocarbons and
carbon oxides are emitted while engine operates in sub-optimal
temperatures hence catalytic converter does not work.

To fully present the situation it can be assumed that in case
of most of the cars equipped with petrol engines, distance of
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1,5 — 3 km is enough to heat up the catalytic converter and to
start its functioning.

An example of research confirming such thesis might be
one during which volumetric participation of CO, CO,, and O,
in exhaust gases emitted by petrol engine installed in a vehicle
undergoing NEDC test was established, what was presented in
fig. 2. Correlation between CO and CO, which is clearly visible
during the initial 50 seconds of the test, and confirmed by, pre-
sented in fig. 3, research conducted on engine working with idle
speeds, should be noticed.

o CO:

Time [s]

Fig. 2. Volumetric concentration changes for CO, CO,, O, after the
catalytic converter in NEDC drive test [5]

2. Engine’s starting process in aspect of exhaust gases emis-
sion

One of many criteria used for evaluation of an engine usabi-
lity is its reliability, which can be positioned next to low exploita-
tion costs and low emission of exhaust gases containing harmful
substances. Reliability may also be considered as a wider pro-
blem, but without a doubt one of its most important parameters
is ability to undertake work, what becomes especially important
when temperature of surroundings is low (blow 0°C (273 K)).

Low temperature is a source of many negative phenomena
occurring during startup. In most cases it causes prolongation
of time necessary to start an engine. Internal resistance which
increases with increase of, temperature related, density of en-
gine oil, is a very important factor [10]. Calculations based on
Newtonian model of liquid prove that losses related to friction
between piston and cylinder may range from couple watts to
couple kW [3]. Moreover, these aren’t the only places responsi-
ble for the friction occurrence. Among other, friction in crank-
shaft bearings must be taken into consideration.

Prolongation of engine starting has also its cause in changes
of fuel properties such as loss of liquidity, turbidity and preci-
pitation of aromatic and paraffin hydrocarbons as well as water
dissolved in fuel. All that affects negatively fuel flow through a
fuel system, fuel spray and hence quality of air-fuel mixture.

Greater resistance of an engine movement and decrease of
battery capacity causes also slows crankshaft’s rotational speed
while starting. That leads to prolongation of compression time
in cylinders which, potentially increases losses of pressure cau-
sed by blow-byes, and at the same time lowers temperature of
the last stage of compression, speed of air flow and degree of it
turbulence. All these, together with mentioned above, changes
of fuel quality lead to improper preparation of fuel-air mixture
and impede its ignition [11].

It shows that engine’s starting is an energy consuming process,
which requires increased amount of fuel to be injected, to enable
absolute increase of smaller drops number, required for a success-

ful start-up. Furthermore, greater amounts of fuel delivered into
cylinder, only part of which is properly prepared for combustion,
implicate creation of significant amounts of harmful substances,
which during initial phase of engine work, cannot be in converted
because of low catalytic reactor temperature [1, 4, 8].

3. Methodology

With the end of 1998, the directive 98/69 was accepted in
Europe. It introduced measurement of emission in temperatures
below 0°C (273 K) into homologation process. It is conducted
with dynamometer testbed in climatic chamber enabling measu-
rements in temperature -7°C (266 K). The test comprises of four
basic cycles of European NEDC cycle, embracing determination
of CO and HC emissions during cold starting and heating of an
engine [8]. It should be noticed that such method of carrying out
the measurements is expensive, therefore, own research utilized
simplified method, not embracing the climate chamber. Howe-
ver, in order to take such an important factor as temperature into
account, investigation of exhaust emissions were conducted after
prior period of temperature stabilization on exterior stand. Stan-
dards concerning starting procedures serve various temperature
stabilization periods, from 6 hours (norm FIAT 7.11063/01) up
to 12 hours (BN-74/1345-09 and BN-81/1374-10). It is assumed
that shorter periods are adequate for car engines characterizing
with lower weight and heat capacity [9].

Therefore, the engine (vehicle) had undergone the thermal
stabilization process, which lasted not less than 8 hours. It can
be assumed that all elements of the engine and of the exhaust
system had same temperature as surroundings. Temperature of
surroundings and engine oil was determined, both for cold and
hot start, prior to each of measurement. Research was conduc-
ted with the engine working with idle speed, and directly after
its startup. Measurements for hot start were conducted right
after completion of cold start ones. Warmed up engine, which
temperature stabilized, was stopped and started again in surro-
unding conditions the same as for the cold start.

Time of measurement duration was chosen so that, engine
working with idle speed, reached stable level of particular compo-
unds of exhaust gasses and stable work temperature. Throughout
this time, engine oil temperature, crankshaft rotational speed as
well as volumetric participation of: carbon oxide (CO), carbon
dioxide (CO,), hydrocarbons (HC), nitrogen oxides (NOX) and
oxygen (O,) in emitted gases were determined and registered.

Exhaust gasses composition was investigated by means of
exhaust gasses analyzer Multigas 488 Plus, which is classified
to class I analyzers according to OIML (Organization Interna-
tionale Metrology Legal). Analysis of carbon dioxide, carbon
oxide and hydrocarbons were conducted by means of method
based on infrared radiation absorption (NDIR), while content of
oxygen and nitrogen oxides was conducted by means of elec-
trochemical method. Characteristic, for this research, is utili-
zation of typical diagnostic analyzer, which software enables
registration of results on a personal computer.

Object, on which the research was carried out, was GA-
16DE spark ignition combustion engine installed in a vehicle
which mileage reached 50 thousand km, in a very good con-
dition, right after periodical check-up. Chosen characteristics
of the engine were presented in table 1.

During work of an engine in road conditions, its control
system receives signals from various sensors (position and
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Tab. 1. Chosen technical data of a GA16DE engine

Number and cylinders layout,

valves per cyl.y 3 4, row, 4

Engine cubic capacity 1597 cm?®

Maximal power 73 kW (100 KM)/6000 min-t
Maximal torque 136 Nm/4000 min~*
Compression ratio 98:1

Camshaft DOHC

Ignition SlI, distributor
Feeding system multi-point injection system EGI
Exhaust gas treatment three way catalyst

Fuel petrol, EUROSUPER 95
Lubricant oil Mobil 1 (5W/40)

rotational speed of camshaft, weight of fresh air, coolant tem-
perature, oxygen content in exhaust gasses, throttle position,
vehicle speed etc.). Relying on simultaneous comparisons to
data in memory, proper duration of injection and moment when
signal is sent to ignition coil are chosen. In case of an engine
working with idle speed, sudden acceleration and during engine
startup and its heating, ignition angle is set according to separa-
te data gathered in memory of a control unit. In these situations
readings from lambda sensor are not considered by the control
unit, which steers without feedback.

4. Analysis of GA16DE engine exhaust gasses emission

Initial period of the engine work, when maximal rotational
speed is reached, should be presented more closely. For cold
start temperature of —5°C (268 K), maximal rotational speed
is reached after approximately 65 seconds from the start-up.
Delay is dependent on temperature in which engine is to be
started [6]. It is caused by increased internal resistance of an
engine and non optimal process of combustion in low tempe-
ratures. For temperatures below +5°C (278 K) an idle air valve
is fully open, therefore crankshaft rotational speed, right after
starting an engine, greatly depends on inner movement resistan-
ce, decreasing with subsequent work cycles. Therefore, initially
increase of rotational speed is observed. Gradual increase of the
engine temperature and decreasing resistance cause changes of
signals sent from control unit and closing idle air valve hence
reduction of, delivered to cylinder, amount of air-fuel mixture
and decrease of rotational speed.

In order to present the emission differences related to hot
and cold start, rough results of measurements were shown in
fig. 3 and 4. The figure presents volumetric concentrations of
particular compounds (carbon oxide, carbon dioxide, hydrocar-
bons, nitrogen oxides, engine rotational speed), registered for
both cold and hot start in ambient temperature —5°C (268 K).

As it is visible in fig. 3, during a cold start and process of
investigated engine heating, volumetric participation of particu-
lar compounds have been changing significantly for initial 800
seconds, while later, their values remained constant. When hot
engine is started (fig. 4) period of increased emission is ten times
shorter. Moreover, observed peak values are several, and in case
of CO even a dozen or so, times lower than for a cold start [6].

Period of increased emission noticed for a cold start can be
divided into two sub-periods. During first one, emission of in-
vestigated compounds is especially high, what results from two
appearing simultaneously factors. Initially, cold walls of cylin-
der, according to its significant heat capacity, absorb heat. Low
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Fig.3. Volumetric concentrations of CO, COZ, HC, NOx in fumes &
shaft’s speed for the cold starting and idling of a GA16DE en-
gine at ambient temperature —5°C
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Fig.4. Volumetric concentrations of CO, CO,, HC, NO_in fumes & sha-
ft’s speed for the hot starting and idling of a GA16DE engine at
ambient temperature —5°C

temperature impeding fuel vaporization, as well as wall and gap
effects are significantly affecting combustion during this initial
period thus conditions are unfavourable for creation of homo-
geneous air-fuel mixture. Additional factor, resulting from too
low temperature, is lack of catalytic converter operation.

With increase of cylinder walls temperature formation of
air-fuel mixture becomes more effective and CO emission dec-
reases to 0,7 % and in case of HC level of 200 ppm is reached.
Almost simultaneously emission of nitrogen oxides decreases
to 70 ppm. It results from a fact that, as engine heats up, less
air-fuel mixture is delivered, thus initially higher combustion
temperature decreases. Lower energy of CO and HC oxidation
reaction activation, when compared to reaction of nitrogen and
oxygen, is related to decrease of volume of oxygen, which cold
be bonded with nitrogen.

Emission of presented compounds is not yet at its minimal
level, which is reached when catalytic converter is heated up
to proper work temperature (so called ‘light-oft”) [8], which in
case of engine working in road conditions should be reached
after approximately 3 minutes [7]. In the research this moment
is delayed because engine works with idle speeds and with no
external load. After approx. 9 minutes participation of CO and
HC lower reaching 0,01 % and 15 ppm respectively. Decrease of
nitrogen oxides is also observed than. However, after less than a
minute a slight increase of these values, resulting from a change
in steering mode, is noticed. Control unit sets parameters as for
idle speed with no exterior loads, but for a hot engine. In such
conditions signals from lambda sensor are not used, an engine
works without feedback combusting air-fuel mixture, which is
leaner than required by a catalytic converter (4 = 1,037). Thus,
incomplete conversion of NO, takes place. Proportions of par-
ticular substances in exhaust gasses (CO, CO, and NO,) result
from availability of oxygen and can be easily observed in fig 3.

Figure 4 presents the course of investigated compounds
emissions for the hot start taking place in surroundings condi-
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tions same as for the cold start. In this case, similar character of
emission as in case of the cold start can be observed, except for
clear influence of the catalytic converter, which is fully heated
and hence do not affect increased emission. On the other hand,
starting an engine itself, right after a start, is bonded to a delive-
ry of rich starting mixture into a cylinder and leads to occurren-
ce of local extremes of investigated compounds. In such case
distinct becomes a stage when control unit shifts from starting
settings to ones for idle speed with no load. As it was mentio-
ned above, it is bonded with an engine working in open system
(with no feedback from A sensor) on slightly leaner mixture. It
is expressed through decrease of carbon dioxide participation,
which right after startup reaches 14,3 %, and dozen or so se-
conds later stabilizes on about 13,9 %. Oxygen, not bonded with
carbon, reacts with nitrogen
thus decrease of air-fuel mi-
Xture amount expresses in

Cold startT,, =T,, = - 5C

started with analysis of carbon oxide emission. Great, not ob-
served in such degree in case of other compounds, difference
concerning the hot start can be noticed here.

Reduction of over 99 % of CO, when compared to emission
during corresponding period during the cold start, is observed.
One cold start in temperature —5°C (268 K) is a source of CO
amount equal to CO produced during almost 140 hot starts in
same conditions. Putting it in other words, 13 minutes of he-
ating an engine is equivalent to almost 29 hours of an engine,
which reached stable work temperature, operation.

Same analogy could be used in order to present hydrocar-
bons emission (fig. 4) hence differences noticed for them were
not that great. Observed during the cold start amount of HC
emitted in temperature —5°C (268 K) is almost 18 times greater
than during the hot start, for
which reduction of emis-
sion reaches almost 95 %.
For emission of hydrocar-
bons, 13 minutes of an en-
gine’s work after cold start
are similar to 3 hours and 50
minutes of a thermally sta-
ble (wormed up) engine’s
operation.

For the cold and hot
start in ambient tempera-
ture —5°C (268 K) and 800
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seconds period of engine
heating, while idling, 31,4
and 0,23 dm? of CO were
emitted respectively.

The fact of the cold start

results is similar, neverthe-
less, one can notice signi-
ficantly higher emission
during initial stage of the
engine work, related to in-
creased fuel consumption
and greater rotational speed
of the engine, what, when
only volumetric participa-
tion is taken into considera-
tion, is not clearly visible.

Results  representing
total emission of chosen
compounds of the exhaust
gasses, both for the cold
and hot start, expressed in volumetric units and corresponding
to initial 800 seconds from the engine start, were presented in
following figures (fig. 5).

Period of 800 seconds was chosen for this comparison be-
cause it was time after which emission levels of particular com-
pounds had stabilized. This period was interesting because of
variations in emission and for purpose of this research can be
considered as time of the engine heating, however such state-
ment is not entirely precise. After investigated period, emission
of exhaust gasses is not different from one observed for the en-
gine which reached fully stable temperature, and limiting only
to 800 seconds enables more distinct comparison of the cold
and hot start, taking harmful substances into consideration.

Discussion of particular compounds comparison can be

cold hot

ture —5°C

Fig. 5. Total emission of CO, HC, NO, and CO, for the cold starting and wor-
ming up of the GA16DE engine and for the hot starting and idling du- For
ring the same time as worming up (800 seconds) at ambient tempera-

350000 causes increase of nitrogen

oxides emission, although it
is smaller than in above de-
scribed, but the difference
is significant as well. Emis-
sion of NO, is bonded with
a temperature and pressure
in a combustion chamber,
therefore ‘only’ partial re-
duction for the hot start is
observed.
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Fig. 6. Reduction ratio of total emission of CO, HC, NO, and CO, for
the hot starting and idling of the GAI16DE engine compared
with the cold starting and worming up (800 seconds) at am-
bient temperature —5°C
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hot start, when compared to the cold one, reaches approx. 26 %.
It must be noticed that this value approximately corresponds to
a difference in fuel consumption. Absolute difference between
the cold and hot start amounts to 83 dm’ of CO, (in normal con-
ditions). Fact of a cold start has also a great importance when
CO, emission is considered. However, it is hard to say how it
affects fuel consumption during everyday exploitation because
the research focused only on measurements conducted while
engine was working with idle speed. Fuel consumption in cor-
responding period of time, but during driving, would be seve-
ral times higher. However, absolute difference resulting form a
cold start would be similar. Therefore, relative change in carbon
dioxide emission for a driven car is less, when one compare it to
observed for an engine’s work with idle speed.

5. Summary

Relying on obtained results it can be said that, when CO
emission is taken into consideration, it would be better not to
turn the engine off for a night, so that there would be no need to
heat it up again. Naturally it applies to the engine working with
idle speed and to the CO emission.

This type of analyses are undertaken more and more often,
although equipment used in such research is greatly speciali-
zed, thus utilization of a diagnostic exhaust gases analyzer con-
nected to a personal computer with proper software installed on
it should be noticed.
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PRZEGLADY GWARANCYJNE CIAGNIKOW ROLNICZYCH
JAKO ELEMENT LOGISTYKI DYSTRYBUCII

GUARANTEE SERVICE OF AGRICULTURAL TRACTORS
AS AN ELEMENT OF DISTRIBUTION LOGISTICS

W artykule przedstawiono zagadnienia logistycznej obstugi klienta oraz zdefiniowano ptaszczyzny, na ktorych podlega
ona realizacji. Wyjasniono funkcje logistyki i marketingu w obszarze obstugi nabywcow wyrobow. Omowiono charak-
terystyki przegladow przed sprzedazq (P0) i przegladow gwarancyjnych (P1-P4). Analiza obejmowata rozktady ilosci
ustug w latach 2003-2005 przeprowadzonych w Dziale Serwisu przedsigbiorstwa handlowo — ustugowego bedqcego
autoryzowanym dystrybutorem ciqgnikow i maszyn rolniczych, m.in. marki JOHN DEERE i ZETOR. Przeprowadzono
analize statystycznq badanych ustug serwisowych poprzez wyznaczenie wartosci indeksow sezonowych dla badanego
okresu. Ustugi serwisowe (P0) i (P1-P4) analizowano w aspekcie kalendarza zabiegow agrotechnicznych.

Stowa kluczowe: logistyka, systemy logistyczne, obstuga serwisowa ciqgnikow i maszyn rolniczych.

The article presents concepts of logistic service for a client and defines the planes of its realizations. It explains the
functions of logistics and marketing in the field of purchaser servicing. The characteristics of pre-sale (PO) and gua-
rantee (P1-P4) service are discussed. The analysis includes service quantity distribution in 2003-2005 in the Service
Department of an authorized distributor of tractors and agricultural machines, among others of the JOHN DEERE
and ZETOR products. The statistical analysis has been carried out of the tested services by the determination of season
index values for the studied period. The services (PO) and (P1-P4) have been analyzed in view of agricultural practices

calendar.

Keywords: logistics, logistic systems, services for tractors and agricultural machines.

1. Wprowadzenie

Zarzadzanie logistyczne w podmiotach gospodarczych pra-
cujacych na rzecz rynku rolniczego modelowane jest pod ka-
tem specyficznych potrzeb i oczekiwan producentéw zywnosci.
Prowadzona w ostatnich latach restrukturyzacja krajowego sek-
tora produkc;ji roslinnej i zwierzgeej ma charakter dynamiczny.
Finansowe programy operacyjne, preferencyjne kredyty, do-
ptaty obszarowe oraz doptaty do poszczegdlnych produktow,
umozliwiaja wsparcie ogromnej rzesz rolnikow, w tym réwniez
prowadzacych gospodarstwa tradycyjne, a ten segment rynku
generuje najwigkszy popyt na ciagniki i maszyny rolnicze. Po-
woduje to unowoczesnienie parku maszynowego, a czgsto pro-
wadzi do catkowitej zmiany technologii produkc;ji.

Skala zachodzacych procesow w produkcji rolniczej rodzi
potrzebg badan i analizy zjawisk logistycznych zachodzacych
na krajowym rynku pojazdow i maszyn rolniczych. Wyroby
oferowane poprzez dystrybucje selektywna winny otrzymacé
pelny pakiet ustug realizowanych przez firmowe stacje serwi-
sowe. Bardzo waznym elementem dziatalnosci dystrybucyjnej
jest polaczenie rynku producentdéw maszyn z rynkiem klien-
tow w rolnictwie. Autoryzowane firmy dealerskie przyjmowa-
ne sg do sieci dystrybucji danego producenta po zapewnieniu
okreslonych standardow w kontaktach z klientami w ramach
wlasnych systemow organizacyjnych. Postgpowanie takie jest
konieczne z uwagi na zadania w dziedzinie obstugi technicznej
i ekonomicznej nabywcow ciagnikow i maszyn rolniczych.

1. Introduction

Logistic management in economic units working for the
agricultural markets is modeled in view of specific needs and
expectations of food producers. The restructuring of the natio-
nal sector of plant and animal production, carried out in recent
years, has had a dynamic character. Financial operation pro-
grams, preferential credits, area subventions as well as subven-
tions to particular articles allow for a support of a great num-
ber of farmers, including those running traditional farms, and
this market area generates the greatest demand for tractors and
agricultural machines. This gives rise to the modernization of
machine stock and often leads to fundamental change in pro-
duction engineering.

The scale of the processes occurring in agricultural pro-
duction makes it necessary to study and analyze the logistic
phenomena arising on the national market of agricultural ve-
hicles and machines. Articles offered by selective distribution
should obtain a full range of services realized by company
service points. A crucial element of distribution activity is the
fusion of machine producers market with the market of agricul-
tural clients. Authorized dealers are accepted to the distribution
network of a given producer after they ensure certain defined
standards in contacts with clients within their own organization
systems. This procedure is necessary in view of the challenges
in the field of technical and economic services for the purcha-
sers of tractors and agricultural machines.
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Obecnie produkowane ciagniki rolnicze to pojazdy bar-
dzo zaawansowane pod wzglgdem rozwiazan konstrukcyjnych
i technologicznych. Nowoczesne jednostki napgdowe, wypo-
sazone w mikroprocesorowe uktady sterujace i monitorujace
parametry pracy, wielozakresowe bezstopniowe przekladnie,
systemy hydrauliki, a takze kabiny kierowcy z ergonomicznym
wyposazeniem i komputerem poktadowym, powoduja obowia-
zek zapewnienia niezawodnej i1 szybkiej obshugi serwisowe;j,
zarowno gwarancyjnej jak i pogwarancyjnej [14,16].

2. Elementy logistycznej obstugi klienta

Zagadnienie logistycznej obstugi klienta jest pojeciem wie-
lowymiarowym i czgsto jest postrzegane jako szerokie spektrum
dziatan, ktore firma przy okazji zakupu zapewnia nabywcom jej
produktéw lub ustug. Definiujac obstuge klienta z perspektywy
czynnoS$ci, mozna stwierdzié, ze jest to zdolnos¢ systemu logi-
stycznego przedsigbiorstwa do zaspokojenia potrzeb klientow
pod wzgledem nastgpujacych czynnikow [5,10,11]:

- czasu — dlugosci cyklu dostawy,

- niezawodnosci — bezpieczenstwa i prawidtowosci wyko-

nania zamowienia,

- komunikowania si¢ — dwustronnych partnerskich relacji,

- wygody — elastyczno$¢ systemu w dostosowaniu si¢ do

potrzeb klientow.

W nowoczesnej strategii dziatalno$ci przedsigbiorstwa, lo-
gistyczna obstuga klienta realizowana jest na trzech ptaszczy-
znach [8,9]:

1) Dziatania zwiazane z cyklem zamawiania produktu reali-
zowane na poziomie zarzadzania i poziomie wykonaw-
czym:

- przygotowanie firmy do przyjecia i realizacji zamowie-
nia,

kontakt z klientem i obstuga informacyjna,

obstuga wewngtrzna zamowienia,

kompletacja produktu,

dostawa do klienta,

obstuga platnosci,

ushugi w zakresie instalacji i niezbednego szkolenia,

serwis gwarancyjny i pogwarancyjny,

- przyjmowanie ewentualnych reklamacji i zwrotow,

- wymagania ochrony srodowiska (ekologisyka).

2) Zapewnienia przez dostawcg okreslonych standardow
(jakosci) obstugi lub dotrzymania poziomu wykonania
podstawowych jej elementow.

3) Traktowania obstugi klienta jako gltownej filozofii zarza-
dzania i misji firmy.

W procesie zarzadzania powyzsze zagadnienia winny by¢
traktowane kompleksowo, stad obstuga klienta jest najwaz-
niejszym zadaniem catego systemu logistycznego, a wszystkie
dziatania i procesy logistyczne ukierunkowane sa na spetnienie
oczekiwan nabywcow [12].

Nowoczesne przedsigbiorstwa dbaja o swoj pozytywny
wizerunek, stawiajac na wartosci i korzysci osiagnigte przez
klienta, jako efekt strategicznej dziatalnosci logistycznej, a to
mozna uja¢ w formule ,,7R”: wlasciwy produkt, wtasciwa ilosc,
wlasciwa jakosé¢, wlasciwe miejsce, wlasciwy czas, wlasciwy
odbiorca, wlasciwa cena. Nalezy podkresli¢, ze w osiaganiu
powyzszych celow pomaga strategia biznesowa, ktora glowna
uwagg skupia na zarzadzaniu relacjami z klientem (CRM). Ta-

The currently produced agricultural tractors are really ad-
vanced in their constructional and technological solutions.
Modern driving units equipped with microprocessor steering
systems and monitoring the work parameters, multi-range to-
othless gears, hydraulic systems as well as the driver’s cabins
with ergonomic design and on-board computer, make the quick
and reliable service assistance really indispensable, both in the
guarantee and post-guarantee period [14,16].

2. Elements of a logistic service for a client

The problem of logistic service for a client is a multi-di-
mensional concept and is often seen as a wide range of acti-
vities that a company ensures for purchasers of its articles or
services. When we define servicing a client from the perspec-
tive of an activity, it is possible to state that it is an ability of
a system of a logistic company to satisfy its clients’ needs as to
the following [5,10,11]:

- time — length of delivery cycle,

- reliability — security and correctness of order realization,

- communication — bilateral partnership,

- convenience - flexibility of the system in adaptation to the
needs of a client.

In the modern strategy of a company’s work the logistic
service of a client is realized in three planes [8,9]:

1) Activities related to the cycle of product ordering reali-
zed on the levels of management and execution:

- preparation of a company for the reception and realiza-
tion of an order,

- communication with a client and information service,

- inner servicing of an order,

- product completion,

- delivery to the client,

- payment service,

- services concerning installation and necessary trai-
ning,

- guarantee and post-guarantee service,

- reception of potential complaints and returns,

- environmental requirements (ecology),

2) Provision by the supplier of the defined standards (qua-
lity) of service or maintenance of the proper level of its
basic elements’ realization,

3) Treatment of service for the client as the main manage-
ment philosophy and mission of the company.

In the management process the above-mentioned issues
should be treated in the complex way, so service for the client is
the most important task of the whole logistic system and all the
activities and logistic processes are directed at the fulfillment of
purchasers’ expectations [12].

Modern companies take good care of their positive image,
investing in the values and benefits provided to the client as the
effect of their strategic logistic activity and this can be expres-
sed in the*7P’ formula: proper product, proper quantity, proper
quality, proper place, proper time, proper receiver, proper price.
It should be stressed that business strategy helps to achieve the
above-mentioned aims, and its main focus is placed on the ma-
nagement of relationships with the client (CRM). Activities like
this enable to maximally reduce the cost of keeping the current
clients and winning new ones [7,15].
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kie dzialania umozliwiaja minimalizacj¢ kosztoéw utrzymania
obecnych i zdobywania nowych klientow [7,15].

Obstuga klientow podczas procesu dystrybucji jest obsza-
rem wspotdziatania logistyki i marketingu. Gtéwnym zadaniem
marketingu jest wygenerowanie popytu poprzez oddzialywanie
na rynek, a zadaniem logistyki jest zagwarantowanie, zeby ten
popyt byt zaspokojony. Obydwie koncepcje zarzadzania i kie-
runki dziatan powinny si¢ wzajemnie uzupetniac [5,6].

Dla prawidtowego przebiegu procesu obstugi klienta najle-
piej, gdy faza dystrybucji jest realizowana w trzech przedzia-
tach czasowych, w ktorych wypehiane sa:

- funkcje poprzedzajace transakcje,

- funkcje zwiazane z realizacja kupna — sprzedazy wyrobu,

- funkcje potransakcyjne.

Systemy logistyczne zapewniaja koncepcyjna i instrumen-
talng rolg w budowaniu satysfakcji wspolczesnego klienta.
Dostarczaja do swojego produktu podstawowego dodatkowo
warto$ci w postaci autoryzowanego i efektywnego serwisu ob-
stugowego [4].

3. Analiza przegladéw przed sprzedaza i przegladéw gwaran-
cyjnych ciggnikow rolniczych w latach 2003-2005

Podczas trzyletniego okresu badan poddano obserwacjom
ustugi zrealizowane przez Dzial Serwisu przedsigbiorstwa bg-
dacego autoryzowanym dystrybutorem ciagnikéw i maszyn,
m.in. koncernu DEERE & COMPANY oraz fabryki ZETOR.
Firma handlowo — ustugowa, bgdaca miejscem badan, pracuje
od konca lat 80-tych ubiegtego wieku w sektorze obstugi rol-
nictwa na terenie wojewodztwa lubelskiego.

3.1. Charakterystyka przegladow przed sprzedaza (PO) w latach
2003-2005

W badanym okresie wykonano ogétem 406 przegladow
przed sprzedaza. Strukturg ilosci przegladow PO ciagnikow
w latach 2003-2005 przedstawia histogram (rys. 1).

Porownanie struktury ilosci ustug wykonywanych przed
sprzedaza wyrobu w kolejnych trzech latach potwierdzilo
wspolne cechy, pomimo wplywu réznych warunkow zewngtrz-
nych na popyt w analizowanym okresie. Szczegdlny wplyw
na strukturg rozktadu obstugi serwisowej miata akcesja Polski
do Unii Europejskiej dnia 01.05.2004 roku. Zauwaza si¢ wy-
stgpowanie prawidtowosci, polegajacej na $cistej zaleznosci
poziomu ustug (PO) od ilosci sprzedanych nowych ciagnikow.
Zadania logistyczne zwiazane z wykonaniem tego typu prac re-
alizowane byty rownolegle z pracami Dziafu Handlowego.

W poréwnywanym okresie dominowata ilos¢ zlecen wyko-
nanych w 2004 roku. Przewyzszaty one poziom w 2003 roku
0 36,6%, a w 2005 roku o 46,1%. W ujgciu okresowym lata
2003 12005 potwierdzity najnizszy poziom ushug w pierwszym
kwartale, odpowiednio 18,7% i 17,4% zapotrzebowania rocz-
nego. Szczegodlnie niski popyt miat miejsce w styczniu i lutym.
W miesigcach wiosennych dynamika wzrostu i generowany
poziom popytu na ustugi zalezal od realizacji wiosennych za-
biegow agrotechnicznych, z jednoczesnym ukierunkowaniem
na strukturg sprzedazy realizowana przez Dzial Handlowy.
Kolejne lokalne minimum wystapito w miesiacach sierpien
i wrzesien. Na przestrzeni trzech lat znalazta potwierdzenie ten-
dencja, ze maksymalny poziom przegladéw (P0) przypadat na
drugi kwartat roku i byt rowny w badanych latach odpowied-

Client servicing during the distribution process is the area of
co-operation between logistics and marketing. The main target
of marketing is generation of demand by impact on the market
and the task of logistics is to guarantee the satisfaction of that
demand. Both the above management concepts and directions
of activities should complement one another. [5,6].

For the correct course of the client servicing process the
optimum situation is the one

- when the distribution phase is realized in three time inter-

vals, in which there are fulfilled:

- functions preceding the transactions,

- functions connected with the realization of purchase-sale

of a product,

- post-transaction functions.

Logistic systems ensure the conceptual and instrumental
role in the creation of the modern client’s satisfaction. They
provide, in addition to their basic product, more values in the
shape of an authorized and effective service [4].

3. An analysis of pre-sale and guarantee services of agricul-
tural tractors in 2003-2005

During the three-year period of research observations
were made of services realized by the Service Department of
a company, which was an authorized distributor of tractors and
machines of, among others, the concern DEERE&COMPANY
and the factory ZETOR. The trade-service company, where the
research was conducted, has been active since the late 80-ties
of the previous century in the sector of services for agriculture
in the Lublin district.

3.1. Characteristics of pre-sale services (P0) in 2003-2005

In the study period altogether 406 pre-sale services were
performed. The structure of the number of PO services of
tractors in the years 2003-2005 is presented in the histogram
(Fig.1).

Comparison of the structure of a product’s pre-sale servi-
ces’ number in the consecutive three years confirmed certain
common properties, despite an influence of different external
factors on the demand in the analyzed period. A particular effect
on the structure of service distribution resulted from Poland’s
accession to the European Union on Januaryl, 2004. One can
notice regularities such as a strict dependency of the level of
services (PO) on the number of new tractors sold. The logistic
tasks connected with the realization of this type of work were
done simultaneously with the works of the Sales Department.

In the compared period a domination could be seen of the
number of orders realized in 2004. They exceeded the level
from 2003 by 36. 6%, and that from 2005 by 46.1%. In the
period classification the years 2003 and 2005 confirmed the lo-
west level of services in the first quarter, respectively 18.7%
and 17.4% of yearly demand. In January and February the de-
mand was particularly low. In the spring months the dynamics
of growth and generated level of demand for services depended
on the realization of spring agricultural practices, and was si-
multaneously directed at the sales structure in the Sales De-
partment. The subsequent local minimum occurred in August
and September. In the span of the three years the tendency was
confirmed that the maximum level of services (PO) fell into the
second quarter of the year and was equal in the tested years to,
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nio: 31,7%, 61,9% 1 31,3%. W trzecim kwartale zapotrzebowa-
nie na przeglady przed sprzedaza ulegto obnizeniu do poziomu:
21,1%, 10,7% i 26,1%. Natomiast ostatni kwartat roku charak-
teryzowal si¢ zmiennym zapotrzebowaniem na przeglady (PO).
W 2003 roku znaczaco wzrosty przeglady do 28,5% po zakon-
czeniu prac polowych. W 2004 roku, w zwiazku z drastyczna
redukcja sprzedazy w drugim potroczu, obnizyly sig zlecenia do
7,2%, a rok pozniej osiagnely sredni poziom 17,2%. Sumarycz-
ny rozktad ilosci przegladéw przed sprzedaza (P0O) ciagnikow
rolniczych w latach 2003-2005, prezentuje wykres (rys. 2).
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Rys.1. Rozkiad ilosci przeglqdow przed sprzedazq (P0) ciqgnikow rol-
niczych w latach 2003-2005 [opracowanie wlasne]

Fig.1. Distribution of pre-sale services number (PO) of agricultural
tractors in the years 2003-2005 [the author s own work]

3.2. Charakterystyka przegladow gwarancyjnych (P1-P4) w la-
tach 2003-2005

W badanym okresie wykonano ogoélem 675 przegladéw
gwarancyjnych (P1-P4). Zapotrzebowanie na przeglady gwa-
rancyjne na przestrzeni roku kalendarzowego zwigzane bylo
z poziomem wykorzystania ciagnikow rolniczych, jako zrodla
mocy napedowej i energii trakcyjnej w czasie zabiegdw agro-
technicznych. Przepracowanie przez ciagniki zalecanego przez
producenta poziomu motogodzin generowalo zapotrzebowanie
na ushugi serwisowe. Strukturg ilosci ustug przegladow gwa-
rancyjnych w latach 2003-2005 i pogwarancyjnych w 2005
roku ciggnikéw rolniczych, przedstawia histogram (rys. 3).

Analiza poréwnawcza poziomu ushlug w badanym okresie
dowiodta dominacji ilosci zrealizowanych zlecen przegladow
gwarancyjnych w 2004 roku nad pozostatymi latami i tak w po-
réwnaniu do 2003 roku bylto ich wigcej o 60,8%, a 2005 rok
przewyzszaly o 129,4%.

Minimalny poziom przegladow przypadt we wszystkich
badanych latach na miesiace styczen i luty. Pierwsze kwarta-
ly z lat 2003-2005 zamkngly si¢ uslugami na poziomie row-
nym odpowiednio: 7,8%, 9,5% i 19,6% obrotu rocznego. Po-
czatek wiosennych zabiegdw agrotechnicznych powodowat
dynamiczny wzrost popytu na przeglady. Wysoka ilo$¢ takich
ustug zrealizowana zostata na przestrzeni drugiego kwartahu,
z miejscowym maksimum w kwietniu. Uzyskaty one poziom
28% w 2003 roku, 31,1% w 2004 roku i 29,4% w 2005 roku.
Najwyzsza ilo$¢ zlecen wykonano w trzecim kwartale roku we
wszystkich analizowanych latach i byta rowna: 35,3%, 36,3%
1 28,7%. Miesiacem o szczytowym popycie na zlecenia byt
sierpief, czyli czas intensywnych prac polowych przy zbio-
rze zb6z i1 upraw pozniwnych. W ostatnim kwartale kazdego
z badanych lat wystapita wyrazna redukcja zapotrzebowania
na przeglady gwarancyjne, ktore obnizyty si¢ odpowiednio do

respectively: 31.7%, 61.9%, 31. 3%. In the third quarter the de-
mand for pre-sale services dropped to the level: 21.1%, 10.7%
and 26.1%. However, the last quarter of the year was characte-
rized by a varied demand for services (PO). In 2003 services
significantly rose up to 28% after the cultivation works fini-
shed. In 2004, due to the drastic reduction of sales in the second
half of the year, commissions dropped to 7.2%, and one year
later they reached the average level of 17.2%. Total distribution
of pre-sale services (PO) of agricultural tractors in the years
2003-2005 is presented in the chart (Fig.2).
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Rys.2.  Sumaryczny rozkiad ilosci przeglqdow przed sprzedazq (P0) ciq-
gnikow rolniczych w latach 2003-2005 [opracowanie wilasne]

Fig.2. Total distribution of pre-sale services (PO) of agricultural trac-
tors in the years 2003-2005 [the author s own work]

3. 2. Characteristics of guarantee services (P1-P4) in
2003-2005

In the tested period the total number of 678 guarantee servi-
ces (P1-P4) was provided. Demand for guarantee services du-
ring a calendar year was related with the intensity of agricultural
tractors’ exploitation as a source of driving power and traction
energy while performing cultivation works. The demand was
generated after the tractors had worked for the recommended
by the producer number of moto-hours. The histogram (Fig. 3)
presents the quantity structure of agricultural tractors’ guaran-
tee services in 2003-2005 and post-guarantee ones in 2005.

A comparative analysis of service intensity in the studied
period proved the prevalence of the ordered guarantee services
realized in 2004 over the other years and thus, in comparison
with 2003 there were 60.8% services more and with 2005 —
129.4% more.

The minimum services intensity occurred in all the tested
years in January and February. The first quarters of the years
2003-2005 closed with the services intensity equal to, respecti-
vely, 7.8%, 9.5%, and 19.6% of the annual turnover. The start
of spring cultivation works resulted in the dynamic growth of
demand for services. A large number of such services were re-
alized in the second quarters with the local maximum in April.
They reached the level of 28% in 2003, 31.1% in 2004 and
29.4% in 2005. The largest number of commissions was reali-
zed in the third quarters of all the analyzed years and it reached,
respectively: 35.3%, 36.3%, and 28.7%. The month of the hi-
ghest demand for services was August — the month of intensive
agricultural works at harvest and post-harvest cultivation. The
last quarters of those years were characterized by an intensive
reduction of demand for guarantee services, which dropped, re-
spectively, to 28.9%, 23.1% and 22.3%.

An additional element in the Service Department’s work
was an appearance of post-guarantee service offer (PP) in 2005,
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poziomu: 28,9%, 23,1% i 22,3%.

Dodatkowym elementem w pracy Dziatu Serwisu byto po-
jawienie si¢ ustugi przegladéw pogwarancyjnych (PP) w 2005
roku, ktorej podlegaty juz ciagniki zakupione na poczatku
badanego okresu. Zachodzita $cista zalezno$¢ pomigdzy po-
ziomem przegladow, a nat¢zeniem prac polowych zalecanych
w kalendarzu zabiegow agrotechnicznych [2,3].

Sumaryczny rozktad ilosci ustug przegladow gwarancyj-
nych (P1-P4) i pogwarancyjnych (PP) ciagnikow rolniczych
w badanym okresie, prezentuje wykres (rys. 4).
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Rys.3. Rozktad ilosci ustug przegladow gwarancyjnych (P1-P4) w la-
tach 2003-2005 i przeglqdow pogwarancyjnych (PP) w 2005
roku ciqgnikow rolniczych [opracowanie wlasne]

Fig.3. Distribution of the provided guarantee services (P1-P4) in
2003-2005 and of the post-guarantee services (PP) in 2005 of
agricultural tractors [the author’s own work]

4. Analiza statystyczna ustug serwisowych dla ciggnikow
rolniczych w latach 2003-2005

W przypadku obserwacji miesigcznych szeregi czasowe
przyjmuja czgsto formg wahan sezonowych. Wahania takie de-
finiowane sa jako powtarzajace si¢ w kolejnych latach i w tych
samych okresach, dos¢ regularne zmiany ilosciowe w ksztal-
towaniu si¢ danego zjawiska. Wymuszaja one odchylenia od
rytmicznego przebiegu procesow gospodarczych i sg przyczyna
nadmiernego wzrostu kosztow. Stad tego typu zjawiska moga
powodowac zarowno niepetne wykorzystanie potencjatu firm,
jak rowniez przeciazenie dziatow handlowych i obshugi w po-
szczegblnych okresach roku.

Przeglady gwarancyjne zrealizowane w badanym okresie
przez stacje serwisowe przedsigbiorstwa, miaty charakter pe-
riodyczny. W niniejszej pracy rozpatrywano ich podobienstwo
i zalezno$¢ od kalendarza zabiegdw agrotechnicznych, ktore
maja przebieg cykliczny i sa $cisle zwiazane z okre§lonymi se-
zonami na przestrzeni roku.

Do analizy badanych zjawisk wykorzystano model multipli-
katywny sktadowych szeregu czasowego, ktory mozna przedsta-
wi¢ jako iloczyn czterech sktadowych. Sezonowos$¢ okreslana
jest wowczas za pomoca metody nazywanej ,,metoda wspot-
czynnika do $redniej ruchome;j” [1,17]:

Yt=7;'St'Ct']t (1)

gdzie: Y, — warto$¢ szeregu, 7, — trend szeregu, S, — wahania

t

sezonowe, C, — wahania cykliczne, /, — wahania przypadkowe.

which involved the tractors purchased at the beginning of the
studied period. There was a strict relationship between the se-
rvices number and the intensity of cultivation works recom-
mended by the calendar of agricultural practices [2,3].

Total distribution of the provided guarantee services (P1-P4)
and of the post-guarantee services (PP) of agricultural tractors
in the studied period is presented in the chart (Fig.4).
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Rys.4. Sumaryczny rozkiad ilosci ustug przegladow gwarancyjnych
(P1-P4) w latach 2003-2005 i przegladow pogwarancyjnych
(PP) w 2005 roku ciggnikow rolniczych [opracowanie wlasne]

Fig.4. Total distribution of the provided guarantee services (P1-P4) in
the years 2003-2005 and of the post-guarantee services (PP) in
2005 of agricultural tractors [the authors own work]

4. A statistical analysis of services offer for agricultural trac-
tors in 2003-2005

In case of monthly observations the time series often accept
the shape of seasonal changes. They are defined as the recurrent
in consecutive years and during the same time, fairly regular,
quantitative changes in the shaping of a particular phenomenon.
They impose deviations from a rhythmical course of economic
processes and are the reason of an excessive cost growth. Hence
such phenomena can cause both an incomplete exploitation of
a company’s potential and an overloading of the sales and servi-
ces departments with work in certain periods of a year.

The guarantee services realized in the tested period by the
servicing units of the company were of periodic character. The
present article considers their similarity and dependency on the
calendar of cultivation works, which are cyclical and closely
related to particular seasons of a year.

The multiplicative model of time series components was
applied to the analysis of the studied phenomena. It can be pre-
sented as the product of four components. Seasonal character is
then described by the method called ‘the method of coefficient
to movable average’ [1,17]:

Y;:Z'St'ct']z (D

where: Y - series value, 7, - series trend, S, - seasonal changes,
C, - cyclical changes, 7, - random changes.
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Do obliczen indekséw sezonowych przyjeto srednia rucho-
ma oparta na 12 obserwacjach miesigcznych. Warto$¢ szeregu
sredniej ruchomej (MA) pozwolita na wyodrgbnienie z kolej-
nych oryginalnych obserwacji (Y) wahan sezonowych (S) i wa-
han przypadkowych (/) zgodnie z zalezno$cia:

L _LSGL gy @
MA T, C,

Warto$¢ wspotczynnikow w poszezegodlnych miesiacach
podlegata usrednieniu, aby wyeliminowaé¢ wahania przypadko-
we (1) i wyodrebni¢ wahania sezonowe szeregu (S). Obliczenie
indeksoéw sezonowych (S) nastgpowato w wyniku standaryza-
cji wspotczynnikow miesigeznych, nazywanych surowymi in-
deksami sezonowosci:

P

i d
Z Wi
i=1

gdzie: S,— indeks sezonowy dla i-tego podokresu (miesiaca),
W, — $rednia arytmetyczna warto$ci wspdtczynnika w kolej-
nych miesiacach, d — liczba miesigcy w roku.

-100% A3)

Proces korygowania surowych indekséw sezonowosci
przeprowadzono w celu ostatecznej eliminacji wahan przypad-
kowych. Suma otrzymanych indekséw sezonowych miesigcz-
nych w rozpatrywanym okresie rocznym, posiada wowczas
wartos¢:

i&:um )

i okreslana jest mianem oczyszczonych indeksow sezono-
wych.

Indeksy sezonowe opisuja ilosciowo efekty sezonowe
w szeregu czasowym dla ilosci wykonanych ustug. Przy ana-
lizie graficznej wptywu wahan sezonowych na rozktad zbioru
zmiennych wykorzystano pojecie poziomu odniesienia (pozio-
mu przecigtnego), ktory dla indekséw sezonowych w poszcze-
golnych miesiacach ma warto$¢ rowna 100% .

4.1. Analiza statystyczna przegladow przed sprzedaza (P0)

Warto$¢ indekséw sezonowych dla przegladow przed
sprzedaza (P0) ciagnikow rolniczych zrealizowanych w latach
2003-2005 pokazuje wykres (rys. 5). W wyniku wahan sezono-
wych w kolejnych pigciu miesiacach badanego okresu, indek-
sy sezonowe dla przegladow przed sprzedaza (PO) ciagnikoéw
rolniczych, przekroczyty poziom odniesienia, ktory ma wartos§¢
100%. Nalezy nadmieni¢, ze poczatek roku charakteryzowat sig
indeksami nizszymi o 60% w styczniu i 22,8% w lutym.

Miesiace wiosenne generowaty dynamiczny wzrost po-
pytu na ciagniki rolnicze, a poziom ten przektadat si¢ na ilos¢
przegladow wykonanych przed sprzedaza nowych pojazdow.
Najwyzszy poziom indeksow sezonowych przypadt na miesia-
ce kwiecien i maj, majace odpowiednio ilo$¢ zrealizowanych
przegladow wyzsza o 154,4% i 86% od poziomu odniesie-
nia. Druga potowa roku, na przestrzeni czterech miesigcy od
sierpnia do listopada, posiadata niski popyt na przeglady, dla
ktorego indeksy nie przekraczaty wartoéci 50% poziomu od-
niesienia w analizowanym okresie. Badane ustugi przegladow
przed sprzedaza (P0) ciagnikow rolniczych posiadaty zaleznosé
pomigdzy warto$cia indeksow sezonowych, a wiosennymi pra-
cami polowymi [2,3].

To calculate season indexes a movable average was assu-
med based on 12 monthly observations. The value of movable
average series (MA) allowed for a separation from the conse-
cutive original observations (Y) of seasonal changes (S) and
random changes (/) according to the dependency:

L _LSGL g @
MA T, C,

The values of coefficients in particular months were ave-
raged in order to eliminate random changes (/) and to separate
seasonal changes of the series (S). The calculation of season
changes (S, followed as a result of the standardization of mon-
thly coefficients, called the raw season indexes:

=
oY

S =1 -100% A3)

i

Mﬁ.
=

i=1
where: S, - season index for the i-th sub-period (of the month),

W; — arithmetical mean of the coefficient’s value in consecutive
months, d - number of months in a year.

The process of raw season indexes’ adjustment was carried
out in order to finally eliminate random changes. The total sum
of the obtained monthly season indexes in the considered annu-
al period has then the following value:

i&:um )

and is called the purified season indexes.

Season indexes describe quantitatively the season effects
in time series for the number of the provided services. During
a graphical analysis of seasonal changes’ influence on the distri-
bution of the set of variables the concept was used of the re-
ference level (average level), which for the season indexes in
particular months has the value equal to 100%.

4.1. A statistical analysis of pre-sale services (P0)

The chart in Fig. 5 presents values of season indexes for
pre-sale services (PO) of agricultural tractors performed in
2003-2005. Due to seasonal changes in five consecutive months
of the studied period, the season indexes for pre-sale services
(PO) of agricultural tractors exceeded the reference level of the
value 100%. It should be mentioned that the beginning of the
year was characterized by 60% lower indexes in January and
22.8% lower ones in February.

The spring months generated a dynamic growth of demand
for agricultural tractors, which resulted in the growing number
of the provided pre-sale services of the new vehicles. The hi-
ghest level of season indexes was recorded in April and May,
when the number of the realized services was, respectively, hi-
gher by 154.4% and 86% than the reference level. During the
second half of the year, in the span of four months from August
to November, the demand for services was low — the indexes
did not exceed 50% of the reference level. The tested pre-sale
services (PO) of agricultural tractors were characterized by the
dependency between the season indexes values and spring cul-
tivation works [2,3].
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Rys.5. Indeksy sezonowe dla przeglqdow przed sprzedazq (P0) ciqgni-
kow rolniczych w latach 2003-2005 [opracowanie wlasne]

Fig.5. Season indexes for pre-sale services (PO) of agricultural trac-
tors in 2003 — 2005 [the author s own work]

4.2, Analiza statystyczna przegladow gwarancyjnych (P1-P4)

Warto$¢ indeksow sezonowych dla przegladow gwaran-
cyjnych (P1-P4) ciagnikéw rolniczych wykonanych w latach
2003-2005 przedstawia wykres (rys. 6). Z analizy danych wy-
nika, ze pierwszy kwartal roku na skutek wahan sezonowych
wykazat bardzo niskie zapotrzebowanie na realizacj¢ przegla-
doéw gwarancyjnych. W styczniu i lutym osiagnal minimalna
wartos¢, nizsza odpowiednio o 72,8% 1 82,2% od poziomu
odniesienia. W drugim kwartale nastapit wzrost ilos$ci wyko-
nanych przegladow gwarancyjnych (P1-P4) ciagnikéw rolni-
czych o ponad 20% powyzej poziomu odniesienia w zwiazku
z zakonczeniem wiosennych prac polowych. Najwyzsza ilo§¢
przegladow gwarancyjnych wykonano na przestrzeni trzeciego
kwartalu. W miesiacu sierpniu indeks sezonowy przekroczyt
0 82,3% poziom odniesienia i bylo to maksimum w catym ba-
danym okresie. Ostatnie dwa miesiace roku charakteryzowat
spadek ilo$ci wykonanych zlecen ponizej poziomu przecigtne-
go.

Realizacjg przegladow gwarancyjnych (P1-P4) generowato
przepracowanie okreslonego poziomu motogodzin przez cig-
gniki rolnicze przy wykonywaniu wiosennych prac polowych
siewu zbdz i sadzenia roslin okopowych oraz zbiorze plonéw
w miesigcach letnich i wykonywaniu zespotu zabiegéw po-
zniwnych [2,3].

5. Podsumowanie

Logistyka dystrybucji, oferujac pakiet przegladéow przed
sprzedaza i przegladow gwarancyjnych, dazy do pozyskania
zaufania klientow, a jednocze$nie zabezpieczenia ich praw
do niezawodnej eksploatacji zakupionych produktow. Misja
realizowana przez producenta jest takie wykonanie wyrobow,
aby przy prawidlowej eksploatacji i zgodnym z przeznacze-
niem uzytkowaniem pojazdow i maszyn rolniczych posiadaty
wysoka sprawnos¢ funkcjonalna. Systemy zapewnienia jako-
$ci obiektow technicznych, a w tym ciagnikow i maszyn rol-
niczych, podczas wytwarzania i montazu powinny zapewnié¢
eliminacje btedow materiatowych i wykonawczych, natomiast
okres gwarancyjny stanowi uzupelnienie tego procesu. Auto-
ryzowane punkty dealerskie maja za zadanie wykona¢ napra-
we zgodnie z warunkami gwarancji, a producent i dystrybutor
partycypuja w zaistniatych kosztach. Warunkiem sprawnego
funkcjonowania systemu przegladow jest gruntowna wiedza na
temat potrzeb producentéw rynku rolniczego.
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Rys. 6. Indeksy sezonowe dla przegladow gwarancyjnych (P1-P4) cig-
gnikow rolniczych w latach 2003-2005 [opracowanie wlasne]

Fig.6. Season indexes for guarantee services (P1-P4) of agricultural
tractors in the years 2003 — 2005 [the author s own work]

4.1. A statistical analysis of guarantee services (P1-P4)

The values of season indexes for guarantee services (P1-P4)
of agricultural tractors provided in 2003-2005 are presented in
the chart (Fig. 6.). The analysis of the data shows that the first
quarter of the year, as a result of seasonal changes, showed
a very low demand for the realization of guarantee services.
In January and February it reached the minimum value, lower
respectively by 72.8% and 82.2% than the reference level. The
second quarter showed an increase of the number of provided
guarantee services (P1-P4) of agricultural tractors by over 20%
above the reference level, related to the end of spring cultiva-
tion works. The highest number of guarantee services was pro-
vided in the third quarter. In August the season index exceeded
the reference value by 82.3% and that was the maximum during
the whole tested period. The last two months of the year were
characterized by a drop in the number of the realized commis-
sions below the average level.

The realization of guarantee services (P1-P4) was gene-
rated after the agricultural tractors had worked for the deter-
mined number of moto-hours at spring cultivation works such
as wheat sowing and root crops planting or crop harvesting in
the summer months as well as the completion of post-harvest
works [2,3].

5. Conclusion

Distribution logistics, by offering a package of pre-sale and
guarantee services, aims at an achievement of their clients’ trust
as well as at the securing of their right to an efficient exploita-
tion of the purchased products. The target, realized by the pro-
ducers, is the reliability of their products and their high func-
tional efficiency - if put to proper uses and exploited according
to the user’s manual. The systems of technical items’ quality
protection, including agricultural tractors and machines, should
ensure the elimination of material and assembly errors during
the production phase and the guarantee period helps to comple-
te the process. The authorized dealer units are obliged to provi-
de repairs according to the guarantee contract conditions. Both
the producer and distributor participate in the generated costs.
An efficient functioning of the service system is dependent on
the well-grounded knowledge on the needs of producers for the
agricultural market.
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Badania rozktadu przegladow gwarancyjnych ciagnikow
rolniczych, zrealizowanych przez Dzial Serwisu w latach
2003-2005, pozwolity na sformulowanie tezy o istnieniu przy-
porzadkowania poziomu ushug przed sprzedaza (P0) do ilosci
sprzedanych nowych ciagnikow. Poziom przegladow gwaran-
cyjnych (P1-P4) w poszczegolnych miesiacach zalezat od ilosci
prac polowych zalecanych w kalendarzu zabiegéw agrotech-
nicznych.

Przeprowadzona analiza statystyczna, w oparciu o obli-
czong warto$¢ indekséw sezonowych dla trzyletniego okresu
badan, potwierdzita zalezno$¢ poziomu popytu na ustugi prze-
gladéw ciagnikdéw rolniczych od rozktadu prac polowych reali-
zowanych zgodnie z sezonami zabiegdw agrotechnicznych.
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Lubomir SOOS

SPINDLE - SYSTEM SZTYWNOSCI WRZECIONA SBL 500 CNC
SPINDLE - HOUSING SYSTEM SBL 500 CNC

Obrotowy wrzeciennik (SH) obrabiarek odgrywa glowng role w uzyskiwaniu wymaganej doktadnosci eksploatacyjnej
i wydajnosci produkcji. Radialne toZyska kulkowe z kqtowym kontaktem sq obecnie coraz czesciej stosowane w oprzy-
rzqdowaniu. Analiza systemu sztywnosci wrzeciennika - Spindle (SHS) jest bardzo ztozona i skomplikowana. Komplek-
sowa analiza wymaga gtebokiej wiedzy z matematyki, mechaniki, czesci maszyn, elastochydrodynamiki, techniki ruchu
obrotowego i umiejetnosci programowania. Modut programowy (SW) - Headstock Spindle - zostat zweryfikowany na
Wydziale Inzynierii Produkcji przy projektowaniu precyzyjnego wrzeciona tokarki SBL 500 CNC.

Stowa kluczowe: Wrzeciennik, system sztywnosci wrzeciona, tozyska kulkowe z kqtowym kontaktem,
przyrzqdy maszyn, tokarka, analiza statyczna, analiza dynamiczna, modele matema-
tyczne, doktadnosé, wydajnosé produkcji.

Spindle Headstock (SH) of the machine tools play a major role in the fulfilling the required working accuracy and
productivity. Radial ball bearings with angular contact are still more and more applied in an arrangement. The Spindle
- housing system (SHS) complex analysis is very difficult and complicate. The analysis requires deep knowledge from
mathematic, mechanics, machine parts, elastohydrodynamic theory, rolling housing technique and also programming
skill. Software package (SW) - Spindle Headstock, Rel. 2.8 - carried out at the Department of Production Engineering
has been applied for designing of the precise accuracy running spindle onto the lathe SBL 500 CNC (Fig. 6).

Keywords: Headstock, spindle-housing system, ball bearings with angular contact, machine tools,

lathe, static analysis, dynamic analysis, mathematical models, accuracy, productivity.

1. Introduction

The quality, quantity and effectiveness of production vo-
lume enhancing are considerably depending on technical and
technological parameters of machine tools. The headstock
plays the most important role in force flow of machine tool with
principal rotating motion.

The headstock like tool or workpiece carrier has direct re-
lationship to static and dynamic properties of cutting process,
[1]. The spindle-housing system (SHS) stiffness has influence to
surface quality, profile and dimension accuracy of production
parts. It also has direct relationship to machine tool productivi-
ty, because ultimate cut width characterized by initialization of
self-exciting vibration is directly proportional to machine tool
stiffness and damping [4, 6].

The SHS complex analysis is very difficult and complicate.
The analysis requires deep knowledge from mathematic, me-
chanics, machine parts, elastohydrodynamic theory, rolling ho-
using technique and also programming skill [3].

2. Theoretical research

The main goal of theoretical research is to gain informations
about headstock working conditions loaded by forces, which with
their values and configuration are modeling real cutting forces.
Creation of the mathematical models, which suitable define SHS
static and dynamic characteristics was affected in past by compu-
ting technique level [5]. The most real judging of given housing
already in construction design phase has increasing important in
present time. It will reflect as in design quality as in economical
cost of new machine developing. From given reasons, the requ-
estion to carry out mathematical model arose, which as the most
real as possible can describe SHS working properties. The para-
meters, which are not in known models or which are taking into
consideration only partially, are implemented to calculation.

In the mathematical models creating, modular architecture
Fig.1 is applicated [6]. It enables to independently create ma-
thematical models relating to:

- single mounting elements - bearing nodes, spindle noses,

clamping elements, supporting elements,

- complete spindle - housing system - stiffness, durability,

running accuracy.

2.1. Static analysis

The static analysis describes the motionless spindle (n = 0
min') and with constant loading forces. Many static mathema-
tical models were created and factors which are usually taken
into analysis contain equation (1). Resulting static deflection of
the front-end spindle can be explicitly described [6] by multi-
parametrical equation in shape:

V.=flEF,F,F, (F,).alLb.)pC,C,DLVI,D2V2] (1)

Z1
and depends especially on:
- spindle material and dimensions (£, DI, D2, V1, V2),
- loading forces position, orientation and magnitude (¥, F,
FZI, (Fzz)’ s b),
- bearing arrangement configuration and stiffness (C,, C,),
- spindle and bearing arrangement space configuration (Z,

a),

- spindle box construction.
Resulting static deflection of the front-end spindle:
Y =V, vy, ty v, [um] 2)

is superposition of deflections from: bending moments (yMO),

bearing stiffness (yL), transversal forces (y ), axial force v,,)-
I a

Then radial stiffness and axial stiffness SHS equal to:

C=Ff,  C=F/f. [Num] 3)
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Fig.1. Modular structure of theoretical research [6]

The method of initial parameters in matrix shape - the me-
thod of transfer matrix was applicated in mathematical model
[9] created for static parameters calculation. The main method
advantage in computer form is possibility to repeat single cal-
culating algorithms in matrix shape. Software package (SW)
- Spindle Headstock, Rel. 2.8 - carried out at the Department
of Production Engineering Faculty of Mechanical Engineering
STU Bratislava [3].

The TRENS a. s. Trencin as a Slovak manufacturer of ma-
chine tools preferably - lathes, offers a new generation of the
lathes implementing a number of technological advances in
designing, production and control systems [2]. Department of
Production Engineering has been applied for designing of the
precise accuracy running spindle on to the lathe SBL 500 CNC
(Fig. 2a) [7,8]. All construction data and results of measure-
ments were gained from producer.

frequencies are not in the resonant zone. In that case vibration
amplitude of spindle could be considerably increased and spin-
dle total stiffness will decrease to unsuitable values.
The most frequent determining dynamic characteristics of
SHS are:
- spectrum of natural (resonant) frequencies (usually the
first three frequencies),
- amplitudes of vibrations along spindle in dependence
from revolving frequencies of spindle,
- resonant amplitudes of vibrations,
- dynamic stiffness of the spindle (at given revolving frequ-
ency of the spindle).

The SHS dynamic properties (dynamic deflection of spin-
dle front-end, natural frequencies spectrum) [5], are effected
with factors shown in Fig.4.

2.3. Mathematical models for determining of spindle dynamic
properties

Nowadays, only one reliable manner how to find dynamic
properties is experimental measurement and therefore is a very
useful to create reliable mathematical models for determining
of SHS dynamic properties.

In compliance with spindle mass reduction mathematical
models are dividing into:

1) discrete with 19, 20 and N© degrees of freedom,

2) continuous.
The discrete mathematical model coming out from revo-

lving vibration of spindles with NO degrees of freedom is wor-
ked out in [1, 5] . This mathematical model for spindle dynamic

Fig. 2. Headstock of SBL 500, a) original design, b) optimalized design
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Fig.3 Headstock of SBL 500

2.2. Dynamic analysis

While static analysis of spindle - housing system describes
spindle behavior in quiet, dynamic analysis describes spindle
in real running and so real state is represented better. The dyna-
mic characteristic is very important to know, especially at high-
speed headstocks. It must be ensured that working revolving

properties calculating enables to take into calculation effects
from rotating parts materials and dimensions, bearing arrange-
ments stiffness and radial forces from cutting process and drive
acting. The calculated results are spectrum of natural frequen-
cies and dynamic deflection of spindle under discrete masses.

The deflection of spindle yj loaded by concentrated forces
in i-th point can be expressed in shape
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Tab. 1. Results of static analysis Headstock SBL

Unit Value | Notice [%]

Total axial stiffness C_

[N/umm] | 372

Total radial stiffness C,

[N/umm] | 351

Total spindle displacement y,

- the bending moments y,,
- the bearing compliance y,
- the cross-acting y,

forces composed of displacement resulted by

[umm] | 18,45

[umm] | 9,79 | 530
[umm] | 616 33,5
[umm] | 2,49 | 135

Limited frequency of rotation n_

[min?] 2695 unfit

Life-time T,

[hour ] 5175 unfit

Distance between supports L

[mm] 327

| DYNAMIC DEFLECTION ]
Y

Y A

Spindle
mounting Spindle and rot. parts

Bearing nodes
sliffness

Spindle
material

Spindle and rotating
parts dimensions
Spindle and rot.parts
running inaccuracy

Gyroskopical
Spindle mat. whesls effect
damping

Spindle loading

External spindle
loading

Other influences

Bearings
damping

fness at individual revolving frequencies of the spindle. Given
mathematical model was verified on few spindles with programs
which enable to calculate natural frequencies (COSMOS) and
results were in good complianance [5].

The verified spindle in compliance with [7] was reduced
to three-masses discrete system. The dynamic mathematical
model described above was used for natural frequencies and
dynamic deflections calculations. Tab.2 gives comparing of cal-
culated and experimental values.

Tab.2 Experimental and calculated values of frequencies

Fig. 4. Factors effected of SHS dynamic properties
vi=ai]Flotaj2F2o+... tajFio+... tajnFyo [m] (4)

where a; (m/N) - Maxwell’s effecting factor and every mass is
acting on spindle by centrifugal force

Fip=mjyjo? [N] ©)

where: m; (kg) - mass of i-th discrete segment.

The application of given equations and their modifying for
n masses, will create system of homogenical algebraic equ-
ations and solving of determinant D of this equations system
are angular natural frequencies of transversal vibrations of the
spindle o, (rads™).

The calculating procedure for determining of dynamic de-
flections y, ,if spindle and rotating parts dimensions, bearing
arrangements stiffness and radial external forces are taking to
consideration, is very similar to previous. These calculating
procedures are described in [5].

Frequency Calculated Experimental Difference
f1 (Hz) 1201 940 +27,8 %
. | 1 fo (Hz) 1727 1610 +7,3 %
NATURAL FREQENCIES SPECTRUM | f3 (Hz) 10 605 - -

The results can be considered as correct, in spite of relati-
vely large difference of values (28 %) at the first frequency. It
is caused by the fact, that dimensions of supplementary rotating
parts was not in disposition. If these parts will take into calcula-
tion, values of theoretical natural frequencies will drop down.

The example of graphic output of calculated values is in
fig. 5 [7]. The chart shows dynamic deflection of the spindle re-
duced to three - masses, in dependence on revolving frequency
under separated masses. The first two resonant frequencies of
solving spindle are marked in the chart.

3. Conclusion

One of main requestions at new spindle - housing system
design is possibility of quick application in practice. The cre-
ated methodologies of calculation must be verified and models
must be digitalized to suitable user shape. These models must
really illustrate characteristics of spindle - housing system.

The calculated results of mentioned application programme

l—ail m @ -az2m®> ... —anmno>
—axiomi @ l-a2 m2®* ... —ammno?

A= =0 (6)
—anl m © -anm o’ l—am mn @

It is quite easy to transform this mathematical model to
computer comprehensive form and calculation of dynamic cha-
racteristics is quickly.

The most valuable is possibility to calculate dynamic stif-

(Headstock Version 2.8) were verified with other real results of
headstocks fy. TOS Lipnik, TOS Kufim and TOS Lipnik.

At the designing procedures there had been changed the
only one variable or parameter and the optimal mode has been
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DEFLECTIONS UNDER MASSES Y1=f(f), Y2=f(f), Y3=f(f)
deflections y1, y2, y3 (um)

radial part of cutting force Fr=1000N
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Fig.5. Dynamic deflections of the spindle in compliance with [5]

found out. The results calculated of static analysis Headstock
SBL are presented in Tab. 1 and Fig 3. The results dynamic
analysis is presented in Tab. 2 and Fig 5. The calculated results
were verified with experimental measuring. The different be-
tween measured and calculated values is relatively small.
There is no doubt that the re-design has been successful
story and proved high efficiency to find out the optimal mode.

spindle Lee

The more detailed information can be read in [7,8] and seen in
the application in the machine tool made in the TRENS Inc.,
The Lathes SBL has been presented at the Exhibition in Nitra
2000 and at the Exhibition in Diiseldorf.

The convergence of measured and calculated values gives
good presumptions for wider application of created programme
product in practise.

4.
[1]

(2]

(8]
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Improve your Competitiveness
and Effectiveness

— join your local Maintenance Society
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Professional Maintenance

is the Key Success Factor for
Every Company and Society

What is the Task of Maintenance?
- it’s Significance in Society?

In Europe every year, thousands of billions of Euros are invested
in new machines, factories, roads, etc. It is the task of the mainte-
nance people to take good care of these huge investments — to be
responsible for ensuring that they provide the service they were
designing for, at best possible profits for the investors.

The duty of maintenance is not only to repair and maintain the
machines. A professional maintenance person will keep the ma-
chines running safely and reliable. He or she will also try continu-
ally to improve the efficiency of the equipment.

The main task of maintenance is to make sure that the invest-
ments made will generate the best possible profit during the en-
tire lifetime of the machine.

Improving the availability, reliability, safety, and return on life
cycle cost are the foundation of profitability and competitive-
ness.

The better the Industry’s competitiveness and the communi-
ty’s ability to provide services, the more the assets’ efficiencies
are optimised.

A

How to maintain the productivity of the capital spent

With the right investment in maintenance
productivity will be maintained

L

When the equipment grows
older productivity will decline

>

Planning and implementation ~ Maintenance Time

Professional maintaenance practice
will improve the Efficiency of the Assets

Good maintenance
will generate improved
asets productivity

= =

Planning and implementation ~ Maintenance Time

A professional maintenance person will keep the machines running
safely and reliable. He will also constantly try to improve the
efficiency of the equipment.

The Business of Maintenance
is undergoing a complete
transformation

In the majority of European countries fewer in-
vestments are being made in new factories and
equipment, whilst many more investments are
targeted to Asia and other low cost countries.
The European companies must, if they want to
maintain their productivity and competitiveness,
keep the old machines and factories running at
maximum capacity. Hence, in the future the role
of maintenance and its importance will be empha-
sized significantly:

Concurrently, due to new and fast recur-
ring technical development, the requirements of
knowledge and know-how will increase with a
speed which is difficult to manage. The traditional
maintenance man, (who in the past only lubri-
cated the bearings and tightened the bolts) has
become a real maintenance specialist. He must be
continuously up to date and able to manage new
working methods, operation processes, new com-
puter programs and equipment such as for condi-
tion monitoring, etc. Modern professional mainte-
nance requires constant learning and hard study.

It is also a fact that the maintenance business
is carried out today by more elderly people. Many
companies are saving costs by not employing new
maintenance staff. Valuable maintenance know-
how is being lost on retirement of those elderly
people.
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Maximum Efficiency

The professional
network within
your local
Maintenance
Society will

help you to
manage the
evolution of
your

maintenance
program

Preventive Maintenance

The machine operators are empowered to “own” their machinery
identifying and communicating machine information to the plantwide
team who will keep the machinery up and running

Predictive maintenance is applied to to help identify the root
causes of machine and process problems.
Machines operate with no unplanned shutdowns.

Machine condition is assessed using condition monitoring
technologies and shutdowns are scheduled based upon
machine problems which are identified using sophisticated
condition monitoring equipment

Unplanned and planned shutdowns are scheduled to
overhaul equipment at pre-determined intervals.
Maintenance efforts are not based upon an assess-
ment of the machine condition while it operates

Reactive / Corrective Maintenance

Fix it when it breaks approach. Unplanned
shutdowns occur when the machine breaks

The Reactive - “lets fix it when it beaks” Maintenance, is still the most common practice in most countries. Is there room for

improvements in your maintenance operation?

In most countries there is also a shortage of professional main-
tenance staff. Unfortunately, youngsters do not see the challenges
offered by the maintenance business. There is not enough “glamour”
in the business.

The Maintenance Business
is developing with speed

In the past it was common practice to wait for equipment to fail,
and then repair it — known today as “fire-fighting”. Management re-
garded maintenance as a necessary cost of doing business.
Luckily this standard way of working and thinking is changing.
Fast developmentas are taking place in the Maintenance Business.
Today the goal is to optimize plant efficiency by shifting as much

Modern professional maintenance requires constant learning
and hard study.

as possible from traditional corrective activities to a fully integrated,
proactive approach to improving reliability. However, several stud-
ies made in different European countries show that corrective main-
tenance is still the most common practice, 35 to 50 % of the opera-
tion being still within the “lets fix it when it breaks” approach.

The chart above illustrates the range of different maintenance
practices.

There is a need for Networking
in Maintenance

The importance of maintenance, as well as the requirements of
maintenance knowledge, will increase with a speed that nobody
will be capable of managing alone. To ensure that the people, or-
ganizations, and companies, will benefit from the best know-how
and competitiveness that the maintenance knowledge can bring,
the existing barriers must be broken down. Human beings, as well
as the companies, must learn to build up networks, co-operate and
make use of the knowledge of others.

European National Maintenance Societies

In every European country, there exists a National Maintenance
Society which has been established for professional people and
companies associated with the business of maintenance. Within
these maintenance societies, professors, scientists, consultants,
maintenance managers and professional technicians, as well as stu-
dents, will meet and discuss common maintenance problems and
experiences with the intention of developing and improving the
know-how and image of the maintenance business in the country.
Networking, learning, benchmarking, training, and the distribution
of information are the main tasks of these societies.
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Improve your Competitiveness

— join your local Maintenance Society

The mission of the Maintenance Societies is to network people and companies which are oper-
ating within the maintenance business. As a member of a Maintenance Society you will obtain
information from companies as well as maintenance professionals on how they make use of and
implement maintenance services for improving the competitiveness of their business.

Come on and improve your competence in maintenance. You will soon be in a position to use your
maintenance expertise as a competing factor to the benefit of both your company and yourself.

By joining the Maintenance Society you will get the following benefits:

- You will join the network — have co-operation with the most professional maintenance ex-
perts

- Youwill be among the first to learn about the new research and development findings in main-
tenance business and technology advancements

- You may participate in discussions on how to manage safety, health and environmental issues.
Reflecting on practices and procedures in view of new legislation and standards

- You may participate on benchmarking projects and learn how the “best in class” companies
are running their maintenance operations

- You will have the opportunity to take part in the latest maintenance training and learn about
the future direction of education

- You may test your knowledge on maintenance and receive the certificate “European Expert in
Maintenance Management”

- You will have a say and may influence the planning and content of maintenance seminars and
exhibitions

- You will learn about useful web-sites, and how the internet can be used for developing main-
tenance operations

It is certain that if you are keen in learning about the latest developments in the maintenance busi-
ness and its processes you will find information on this from your local maintenance society.
You are most welcome to join the maintenance professionals!

From the table below you will find the contact information of your local Maintenance Society.

European
Federation
of National
Maintenance

Societies
(EFNMS vzw)

The European Federation of National
Maintenance Societies, FNMS vzw is
an official non profit organisation un-
der Belgian Law and is the umbrella
organisation for the National Mainte-
nance Societies in Europe.

The mission is to coordinate and
represent the National Societies sup-
porting a knowledge network and
providing means to improve the
know-how and direction of Mainte-
nance in the European Union. With
the aim, by means of Maintenance, to
raise the effectiveness and competi-
tiveness of Industry and Infrastruc-
ture of Europe thereby providing so-
cial, environmental and economical
sustainability.

For more information see: www.
efnms.org or contact your local Main-
tenance Society.

Maintenance Societies in Europe

i BELGIAN
BEMAS MAINTENANCE
o ASSOCIATION

Belgian Maintenance
Association
www.bemas.org

CSPU
Ceshia spoletrost pra ddritu
Ceska Spolecnost Pro Udrzbu

Czech Maintenance Society
www.udrzba-espu.cz

DO

HRYATSKO DRUSTVO ODRZAVATELJA
CROATIAN MAINTENANCE SOCIETY

Hrvatsko Drustvo Odrzavatelja
Croatian Maintenace Society
www.hdo.hr

DEMN DA NS KE
M VEDLIGEHOLDS

FOREN N G
Den Danske Vedligeholds

Danish Maintenance Society
www.ddv.org

VAl promaint

Kunnossapitoyhdistys ry
Finnish Maintenance Society
www.kupinet i

afi

Assosiation Francaise des
Ingénieurs et responsables
de Maintenance

French Maintenance Society
www.afim.asso.fr

SFIN

Gesellschaft fur
Instandhaltung

German Maintenance Society
www.gfinde

MEETA

[T R T —

Irish Maintenance Society
www.meta.ie

Associazione Italiana

di Menutenzione

Italian Maintenance Society
www.aiman.com
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Nederlandse Vereniging Voor
Doelmatig Onderhoud
Dutch Maintenance Society
www.nvdo.nl

NP

N

Norsk Forening for Produksjon
og Vedlikehold

Norwegian Society of
Maintenance Engineer

Polskie Naukowo-Techniczne
Towarzystwo Eksploatacyjne
Polish Maintenance Society
www.eksploatcja.waw.pl

aﬂﬂi
ASSOCIAGAD PORTUGUESA

DE M.ANLI?ENC.MJ INDUSTRIAL.
Associacao Portuguesa De
Manutencao Industrial
Portuguese Maintenance

Society
www.apmi.pt

Drustvo odrzavalaca
tehnickih sistema
Technical System
maintenance society
Serbia and Montenegro
www.dots.orgyu

Slovenska spolocnost udrzby
Slovak Maintenance Society
www.udrzba.sk

Drustvo Vzdrzevalcev
Slovenije
Slovenian Maintenance

Society
www.drustvo-dvs.si

LlJ-,

ASOCIACION ESPAROLA DE MANTENIMIENTO

Asociacion Espanola De
Mantenimiento

Spanish Maintenance Society
www.aem.es

Foreningen Underhallsteknik
Swedish Maintenance Society
www.utek.se

Maintenance and Facility
-Management Society of
Switzerland

www.mfs.ch

The Institute of Asset
Management
United Kingdom
www.iam-uk.org

Contact address:

EFNMS vzw — Chairman
Bd. A. Reyerslaans 8o
B-10 30 Brussels

Belgium

Telephone: +32 2 706 8715
chairman@efnms.org
www.efnms.org
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