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MACISZEWSKI W., SCHARF W.: Modern Accelerators for
Radiotherapy. A Critical Review: EiIN nr 4/2003, s.4-17.

The paper describes the development of the application of
particle accelerators in the treatment of cancer diseases over
the past fifty years. Special emphasis is put on the routine
application of conventional electron accelerators delivering
electron and photon beams. This is the largest group of devices
for radiotherapy (over 7500 machines operating worldwide).
The number of patients reaches 5 million per year. The medical

electron linacs have recently undergone considerable modifica-
tions of construction, in particular the systems of radiation
field shaping. Contemporary accelerators for radiotherapy are
equipped with dynamic multileaf collimators (MLC) which, in
conjunction with IMRT (Intensity Modulation Radiation
Therapy) technique and special system of therapy planning,
assure considerably higher precision, effectiveness and quality
of treatment. Recent applications of hadronic particles, such as
protons and heavy ions, are mentioned in the paper, too.

DUDEK K., BANASIAK J., BIENIEK J.: Diagnostyka
weztéw kinematycznych w kosiarkach rotacyjnych:
EiN nr 4/2003, s.18-22.

Przedstawiono wyniki kontroli stopnia zuzycia kosiarek
rotacyjnych metodami wibroakustyk i termografii. Potwier-
dzono przydatnos¢ obu metod w badaniach maszyn rolniczych
i mozliwos¢ zamiennego ich stosowania. Metoda diagnostyki
termowizyjnej ma szczegdlne znaczenie z uwagi na mobilng
eksploatacje maszyn rolniczych.

DROZDZIEL P.: Wplyw wybranych warunkéw eksploa-
tacji samochodowego silnika spalinowego na parametry
jego rozruchu: EiN nr 4/2003, s.23-32.

Jednym z nagjwazniejszych stanéw funkcjonowania samocho-
dowego silnika spalinowego jest rozruch, podczas ktérego jest
on doprowadzany do samodzielnego dziatania na biegu jato-
wym. Ze wzgledu na niekorzystne procesy fizyczne jakie
zachodza podczas kazdego rozruchu obserwuje si¢ w jego trakcie
wystgpowanie zwigkszonej emisji sktadnikéw toksycznych
spalin oraz znaczng intensywnos¢ zuzywania si¢ poszczegol-
nych zespotéw tribologicznych silnika. Skala tych negatyw-
nych proceséw zalezy od warunkéw eksploatacji samochodo-
wego silnika spalinowego. Warunki te dodatkowo wptywaja
takze na parametry samego rozruchu. Wydaje si¢ wigc ko-
nieczne okreslanie zwiazk6w pomigdzy parametrami rozru-
chu a warunkami eksploatacyjnymi silnika spalinowego. W celu
identyfikacji wpltywu czynnikdéw wewnetrznych i zewnetrznych
oddzialywujacych na silnik spalinowy przeprowadza si¢ trak-
cyjne badania eksploatacyjne pojazdéw w srodowisku ich pracy.
Niniejszy artykut prezentuje opis takich badan oraz
statystyczna analizg ich wynikow.

DZIUBAK T.: Stanowisko badawcze cyklonéw filtréw
powietrza pojazdéw eksploatowanych w warunkach
duzego zapylenia: EiN nr 4/2003, s.33-48.

W artykule przedstawiono niekorzystny wptyw parametréw
pytu drogowego na zuzycie wspoétpracujacych tarciowo
elementéw silnika. Wykazano, ze w krajowych osrodkach
badawczych, skutecznos¢ filtracji filtrow powietrza silnikow
spalinowych pojazdéw mechanicznych, okreslana jest metoda
masowa. Pokazano metode oceny jakosciowej filtrow
powietrza polegajaca na pomiarze ilosci i rozmiaréw ziaren
pytu w powietrzu przed i za filtrem. Przedstawiono problem
zastosowania tej metody do badan dwustopniowych filtrow
powietrza, gdzie pierwszym stopniem jest multicyklon (bateria
cyklonéw), a drugim przegroda filtracyjna. Dla tych filtrow
zaproponowano metode badan polegajaca na pomiarze ilosci
i rozmiaréw ziaren pytu tylko w powietrzu za filtrem.
Przedstawiono stanowisko badawcze pojedynczych cyklonéw
filtrow powietrza z wykorzystaniem licznika firmy Pamas.
Pokazano wyniki badan wstepnych cyklonu przelotowego
z wlotem osiowym.

DUDEK K., BANASIAK J., BIENIEK J.: Diagnosis of kine-
matic pairs in the rotary mowers: EiN nr 4/2003, s.18-22.

The paper presents the level of rotary mowers wear moni-
tored by vibroacoustics and thermography. Both methods have
been found suitable to be applied in agricultural machines and
can be used interchangeably. However, thermovision diagnosis
becomes particularly important due to a mobile operation of
agricultural machines.

DROZDZIEL P.: Impact of selected operation conditions
of a car combustion engine on its start-up parameters:
EiN nr 4/2003, s.23-32.

Engine start-up seems to be one of its most important func-
tional states. At the start-up the engine develops mechanic
energy (internally) to overcome resistance to motion and
then it is made to operate independently at idle running. Due
to unfavourable physical processes that take place during each
engine start-up there is an increased emission of toxic com-
pounds of exhaust gas and the wear of selected tribological
engine units is intensified. The extent of such negative pro-
cesses depends on service conditions of a combustion engine,
which also affect the engine start-up itself. Thus, it seems
necessary to estimate the relations between parameters of the
combustion engine start-up and service conditions. In order to
identify the impact of internal and external factors affecting
the engine there is a need to carry out traction operational
tests of the vehicles in their real operational environment.
The paper deals with a description of such tests and presents
astatistical analysis of their results.

DZIUBAK T.: The test stand of air filters cyclones of
vehicles operating in high dustiness conditions: EiN nr
4/2003, s.33-48.

Disadvantageous influence of parameters of road dust on wear
of tribologically mating engine elements is presented in the
article. One demonstrated that all homeland research centres
investigate efficiency of air filters of combustion engines ac-
cording to gravimetric method. One showed the method of
quality assessment of air filters, which method is based on
measurement of quantity and dimensions of dust grains in the
air from input and output of the filter. One described the
problem of application of this method for investigations of
two-step air filter comprising multicyclone as the first stage
and filter medium as the second stage. For two-step filters one
proposed the method, in which one carried out only the mea-
surement of quantity and dimensions of dust grains included in
the air of output of the filter. The test stand, comprising
particle counter Pamas, to investigate single cyclones of air
filters was presented. The results of preliminary investiga-
tions of pass cyclone with axial input were shown.
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MONIETA J.: Ocena niezawodnosci wtryskiwaczy
okretowych silnikéw spalinowych typu 6AL20/24: EiN
nr 4/2003, s.49-57.

W artykule przedstawiono wyniki badan eksploatacyjnych
niezawodnosci podzespotéw okretowych silnikéw wysokoprez-
nych produkowanych przez H. Cegielski Poznan S. A. na licencji
szwagjcarskig firmy Sulzer. typu 6AL20/24. Przedstawiono takze
badania kontrolne dla tego najbardziej zawodnego podzespotu
tych silnikéw w celu sprawdzenia wskaznikéw niezawodnosci
z ustalonymi dla nich wymaganiami. Do badan niezawodnosci
zebrano informacje o uszkodzeniach 1000 wtryskiwaczy silnikéw
pochodzacych ze statkéw armatoréw Szczecina, zgodnie
z wybranym planem badan. Analize niezawodnosci, przeprowa-
dzono na podstawie eksperymentu biernego: dane uzyskano
z zapisObw w dokumentacjach maszynowych, zapiséw
w komputerach pokitadowych i obserwacji silnikéw i ich
podzespotéw. Podjeto prébe wyznaczenia czestosci wiryskiwaczy
w okresie eksploatacji 0 ngjwigkszej ich zawodnosci. Oszacowa:
no wybrane wskazniki i charakterystyki niezawodnosci,
w zaleznosci od czasu poprawnej pracy do uszkodzen badanych
silnikéw spalinowych. Stosujac klasyczne reguty weryfikacji
hipotez statystycznych oraz program komputerowy Statgraphics
wykazano, ze rozktad czasu pracy do uszkodzen wtryskiwaczy
badanych silnikéw, jak wykazaly badania, mozna uzna¢ za do
rozktadu wyktadniczego. Srednia wartosé czasu zdatnosci do
pierwszego uszkodzenia wtryskiwaczy badanych silnikéw
wyniosta 1562 h z odchyleniem standardowym 1179 h.
Najwigcej uszkodzen wtryskiwaczy stwierdzono w przedziale
pierwszych 0,100 h pracy. Wskazuje to na niedostateczna jakosé
wytwarzania.

PIERNIKARSKI D.: Quo vadis, diesel — czyli postep przez
synergi¢: EiN nr 4/2003, s.58-70.

Artykut stanowi rozwazania dotyczace czynnikow warunkuja-
cych najblizsze kierunki rozwoju przemystu pojazdéw
uzytkowych, ze szczeg6lnym uwzglednieniem produkc;ji
jednostek napedowych. Przeanalizowano mozliwosci rozwoju
silnikéw jako jednostek uniwersalnych lub przeznaczonych do
konkretnych zastosowan. Ocenie poddano takze aktualng
sytuacje rynkowa, oméwiono tendencje zmierzajace do
globalizacji produkcji oraz mozliwosci wyko-rzystania zjawiska
synergii w przemysle motoryzacyjnym, jako element wspot-
dziatania producentéw, dostawcow i odbiorcow.

BANASIAK J, BIENIEK J., DETYNA J.: Stan naprezenia
i tarcie wewnetrzne materialu przesiewanego jako
determinanty skutecznego procesu separacji sitowej:
EiN nr 4/2003, s.71-78.

Rozpatrzono wptyw sit masowych, tarcia zewngtrznego
i wewnetrznego na proces przesiewania grawitacyjnego.
Stwierdzono, ze naprezenia $cinajace (styczne) decyduja
o wzglgdnym ruchu masy przesiewansj.

MONIETA J.: Estimation of reliability of injectors of
marine diesel engines type 6AL20/24: EiIN nr 4/2003,
s.49-57.

In article one introduced results of operational researches of reli-
ability of sub-assembles of the marine diesel engines type 6AL20/
24. One introduced also control research for these most deceptive
of sub-assembles, these of engines, in am of check of coefficients
of reliability with settled for them with requirements. To researches
of religbility one assembled information's about damages 1000 of
injectors of engines exploited by shipowners of Szczecin, in accor-
dance with select plan of researches. Analysis of religbility, one
passed on the ground of passive experiment: given one obtained
from recordings ship's papers, recordings in computers deck and of
observation of engines and their of sub-assembles in during halts of
ships in ports and shipyards. One undertook test of delimitation of
frequency of damages of injectors in period of exploitation about
greatest deceptive. One estimated select function and numerical
coefficients of reliability, in dependencies from time of correct
work to failures of injectors investigated of combustion engines.
Using classical rules of verification of hypothesises statistical and
computer programme one showed that schedule of failures of in-
jectors investigated of the engines one can acknowledge for con-
vergent to exponentia distribution. Average value of correct work
to failures of injectors investigated of engines lofty 1562 h with
standard deviation 1179 h. The most of al of failures of injectors
one ascertained in section 0 100 h of work. Shows this on insuffi-
cient quaity of production and/or insufficient persistence of injec-
tors.

PIERNIKARSKI D.: Quo vadis, diesel — development
through the synergy: EiN nr 4/2003, s.58-70.

The paper is a set of considerations on the factors that influ-
ence the nearest trends in the development of the utility cars,
with particular attention to the production of power units.
The development possibilities for engine as a universal unit or
prepared for the specific applications were analysed. The pa-
per includes also the evaluation of the actual market situation,
discussion of the trends towards the production globalisation
and the possihilities for using the synergy, as an element of co-
operation between the producers, suppliers and clients in mo-
tor industry.

BANASIAK J.,, BIENIEK J., DETYNA J.: The state of ten-
sion and internal friction of material being sieved as
the determinants of forceful sieve separation process:
EiN nr 4/2003, s.71-78.

The matter of the present work is the influence of mass power,
external and internal friction on the gravitational sieve pro-
cess. It was stated that cutting tensions decide about relative
movement of sieved material.
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Wiestaw MACISZEWSKI
Waldemar SCHARF

MODERN ACCELERATORS FOR RADIOTHERAPY.
A CRITICAL REVIEW

The paper describes the devel opment of the application of particle accelerators in the treat-
ment of cancer diseases over the past fifty years. Special emphasisis put on the routine appli-
cation of conventional electron accelerators delivering electron and photon beams. This is
the largest group of devices for radiotherapy (over 7500 machines operating worldwide). The
number of patients reaches 5 million per year. The medical electron linacs have recently
undergone considerable modifications of construction, in particular the systems of radiation
field shaping. Contemporary accelerators for radiotherapy are equipped with dynamic multi-
leaf collimators (MLC) which, in conjunction with IMRT (Intensity Modulation Radiation
Therapy) technique and special system of therapy planning, assure considerably higher pre-
cision, effectiveness and quality of treatment. Recent applications of hadronic particles, such
as protons and heavy ions, are mentioned in the paper, too.

Stowa kluczowe:

1. Prevalence of radiotherapy accelerators

There are, unfortunately, no current world stati-
stics on particle accelerators. Therefore, we have to
resort to some more or less accurate estimation. The
authors have estimated the total world accelerator
population as for the year 2002 at about 17 400 as
listedin Table 1.

Tab. 1. Total world accelerator population asfor 2002

CATEGORY OF NUMBER

ACCELERATORS IN USE
High Energy Acc. (E>1GeV) ~ 120
Radiotherapy Acc. >7500
Research Acc. Incl.
Biomedical Research 1000
Medical Radioisotope _
Production 200
Accelerators for Industrial
Processing and Research >1500
lon Implanters, Surface
Modification Centers >7000
Synchrotron Radiation >100
Sources
TOTAL IN 2002 ~17420

accelerator, radiotherapy

In some industrial countries the fraction of radio-
therapy acceleratorsin the total number of particle ac-
celerators has considerably exceeded world average
(~43%, Table 1). Japanisthe best example of thistrend,
for which accurate statistical dataare availablefor many
years[1]. Japan’s medical establishment for the popu-
lation of ~125million peoplehasatotd of 787 accelera-
tors: 724 linacs, 25 microtrons, 31 cyclotronsand 5 be-
tatrons. These 787 machines congtitute about 69% of
all particle acceleratorsin operation in Japan (1,144 in
2001). What isespecialy interesting isthetrend in de-
velopment and rate of growth. Table 2 showsthisrate
for all Japanese medical accelerators and for radiothe-
rapy linacsonly (1987 —2001). Theyearly ratesof growth
for the period of 1987 —2001 are 6.35% and 6.85%, re-

Tab. 2. Number of medical acceleratorsin usein Ja-
pan [1]

Year | 1987 | 1993 | 1998 | 2001
416 | 590 | 700 | 787
(100%) | (142%) | (168%) | (187%)
370 | 541 | 649 | 724
(100%) | (146%) | (175%) | (196%)

Total

Linacs
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spectively. Annual mortality rate caused by cancer is
on increase in Japan. The number of deaths caused by
cancer was 223,604 in 1991 and the number of new can-
cer patientsis about 500,000 in 2000. At present nine
million Americans, or 3 percent of the population, are
living with adiagnosis of cancer [2].

About one person of threeis confrontedin hislife
with cancer and out of five dies from this disease. In
a society with health-care services comparableto the
United States, Japan or Western Europe, the average
person has a one in eight chance of being treated on
alinear accelerator in hisor her lifetime. Table 3lists
data on the number of patientstreated with radiation.
Detailed statistical data are not available for conven-
tional or routine radiotherapy (electron and photons)
and the number of ~30 million patients have been ob-
tained from the knowledge of existing radiotherapy
accelerator potential. Far more accurate dataare ava-
ilable for unconventional therapies, especialy those
with charged particles. Such dataare published every
six monthsinthejournal Particles[3]. It can easily be
seen that unconventional therapy constitutes only
afew tenth percent of the conventional therapies. Ho-
wever unimpressivein numbers, unconventional the-
rapy hasits great prospective value [5].

Tab. 3. Accelerator patient totals worldwide (as of
Jan 1, 2002)

ROUTINE RADIOTHERAPY
(ELECTRONS + PHOTONYS)

>30,000,000 patients

>200,000 patients treated daily

(no statistics available, estimation only)
>5,000,000 patients treated per year [4]

UNCONVENTIONAL THERAPIES—
CHARGED PARTICLES"Y

1Jan 1Jan Annualy
1996 2002 growth
Pion
beams 1100 1100 0
Heavy ion
beams 2542 3510 138
Proton
beams 16506 30837 2047
Neutron 10000 | ~32000
beams

Y Statistics after J. Sisterson, Particles, no. 17 (1996) and
no. 29 (2002); ? No statistics available, estimation only

2. Clinical requirements

Theaim of radiation treatment isto specify an opti-
mum and well-determined dose of ionizing radiation
for an areaor areasto beirradiated so that the dose is
asuniform as possible over atarget areaand aslow as
possible outside it.

At present, in radiotherapy, the upper energy ran-
geof 15to 20 MeV isconsidered optimal. The lower
limitin photon therapy isdetermined by clinical requ-
irements of thetreatment of head and neck tumorsfor
which the energies of 4 to 6 MeV are optimal. The
routine clinical applications of the electron therapy
encompass the same energy range from 4 to about
18 MeV. Thisled themanufacturersto the higher ener-
gy limitintherange 22-25 MeV (Table4 and 6).

Theradiotherapy is administered to the patient in
daily fractions. In asingle treatment, thefield areaiis
irradiated with arelatively small dose of 1.7t0 2.5 Gy,
5 days aweek over 4-6 weeks (total dose 45-70Gy).
The patient is subsequently positioned and the gan-
try can befixed in apredetermined position (field the-
rapy) or can be rotated (rotational or arc therapy).

The dose rate is controlled over awide range and in
lower energy accelerators(4to 6 MeV), itsmaximumvaue
for an X-ray beamrangesfrom 200to 300cGy/min. Inhigher
energy accelerators reaches 600 cGy/min for photonsand
1000cGy/min for dectrons. Somemoreimportant parame-
tersof modern acceleratorsarelisedin Table®6.

3. Fundamental systems

A simplified scheme of an electron RFlinac is
showninFig. 1. The basic parts of the linac are elec-
tron gun and accel erating structure. The electron gun
isof diode or, more often, triode type. Electronsfrom
the gun areinjected into the accel erating system. Itis
the structure consisted of a chain of microwave cavi-
ties, precisely tuned to the same resonant frequency,
usualy around 3GHz. The structure is energized by
RF power generator operating at the same frequency,
and at the output power level of several MW in pulse.
For this purpose microwave tubes of magnetron or
klystrontype are used. The RF power isapplied to the
structure by transmission line and the ceramic vacu-
umwindow. Inresult axial RFfieldiscreated and elec-
trons move a ong the axisand gain energy. Two kinds
of accelerating structuresare used in RF linacs: trave-
ling wave type and standing wave type. In traveling
wave system only incident wave exists and excess of
RF power not used in the acceleration processis dis-
sipated in the load installed at the end of the structu-
re. In standing wave system, some part of RF power is
reflected at the end of the structure and creates re-
flected wave. So, in this case both, incident and re-

EkspLoATACJA | NIEZAWODNOSG NR 4/2003 5
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Fig. 1. Smplified block diagram of radiation thera-
py linac

flected wave exist, and their superposition creates
standing wave. More detailed description of the sys-
temsisgivenin[17 and 19].

Thetraveling wave accelerating systemisused in
Elekta(former Philips) accelerators. Thestanding wave
system is more popular: it isused in Varian and Sie-
mens accelerators.

The about 7500 el ectron linacs used for radiothe-
rapy in the world [14] run at 3 GHz. The choice is
dictated by the fact that the higher the frequency, the
larger the allowed accelerating gradient and, conse-
quently, the shorter the linac.

Fig. 2isaview of amodern traveling-waveradio-
therapy accelerator manufactured by Elekta. A sys-
tem of thiskind can best discussed with the example
of this accelerator whose major subsystems are

in igocentric plane
| X-ray bosen: 40 x 40 em
Election beam: 25x25cm
|
|
F’i

E:

Fig. 2. View of radiotherapy Precise linac manufac-
tured by Elekta

shown on Fig. 3. On the left side is located magne-
tron (MG 63663) and modulator without a separate
stationary cabinet. No extrafloor spaceis required
as the magnetron is mounted on the gantry with co-
nvenient access for rapid maintenance when neces-
sary. The accelerating structure is installed diago-
nally. The structure is adopted to accelerating
electrons to the energy up to 25MeV. These elec-
trons are delivered to the slalom bending system,
which provides achromatic beam bending. The spe-
cially profiled three-piece magnet is truly achroma-
tic, in both the radial and transverse planes, and pro-
duces an electron spot size of only 1 mm (FWHM).
The distance between X-ray target and the axis of
rotation is 100 cm and that above floor is 124 cm.

Mammrum feld e

tsocentie height

Y

Fig. 3. A schematic of a Elekta traveling wave radiation therapy accelerator
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Chronology of development. The subsequent de-
velopment of radiation therapy linacs is shown in
Fig. 4. Shaded partsrepresent accelerating structures
drawn to the same scale, the distance of the isocentre
tothefloor isgivenincm.

The design of the first generation of linacs in the
mid -1950s was based on the so-called in-line position
of theaccelerating wave-guide (Fig. 43). Thelinear ener-
gy gradient was4 MeV/m, which madeit impossibleto
be rotated round the table, with rotation axis placed
rather low, at 112 cm abovethefloor. In the 1960s, ma-
chines appeared featuring a horizontally mounted fair-
ly long accelerating structurethat generated high-ener-
gy beams (Fig. 4b). Such amachine, manufactured in
1964 wasthe SL 75 Philips|inac equi pped with 90° ben-
ding magnet, suitable for full rotation therapy. In the
early 1970s a new generation of compact accelerators
was devel oped, which used 270° bending magnets (Fig.
4c). In mgjority of designs mentioned above, traveling
wave accelerating structure was replaced by standing
wave structure. Thismadeit possibleto increase linear
gradientsupto 18 MeV/m, which, in turn, led to consi-
derably shorter accelerating structures with compara-
ble energies. Short (30-35 cm length) standing wave
structure became the base for design of simple, com-
pact low energy acceleratorswith the structure on beam
axis (Fig.4d), without bending magnet. Such a machi-
nes cover the energy range of 4to 6 MeV.

In consequence of the above development, the
maximum treatment fiel dswere considerably increased,
up to the presently available 40x40 cm? or more, at the
rotation axis plane. The photon dose rates have been
increased fromtheinitial valuesof 100-200 cGy/minto
400-600 cGy/min. Inthisway, the exposuretimes be-
came much shorter even for wedgefilters. In order to

achieve optimum treatment of both thin and thick lay-
ers, theinitia energy range of 4-5MeV hasbeen exten-
ded to 4-25 MeV. At the same time, multiple-energy
mode of operation has been implemented, that is the
possibility of using two photon energies and awide
electron energy range (Table 4) has been attained.

X-ray Production. Whenthemachineisinan X-ray
mode, ametal target isextended into the electron beam
near the point whereit leavesthe bend magnet (Fig. 5).
When the beam strikesthetarget, el ectrons slow down
asthey pass closeto positively charged atomic nuclei
in the target, causing them to give up energy in the
form of x rays (bremsstrahlung).

If an electron exposure isdesired, thetarget isre-
tracted from the electron beam, allowing the el ectrons
to pass directly to the beam shaping system (Fig. 5).
Inall electron modes, thetarget isfully retracted from
the beam path. In low energy X-ray mode, the thin
area of the target is inserted directly into the beam
path. In high energy X-ray mode, thethick areaof the
target isinserted directly into the beam path.

The purpose of the beam shaping system isto defi-
neprecisaly thefield size of the X -ray or electron beam
applied to patient and to ensure uniform dose distribu-
tion across thefield. The beam isdirected trough a se-
riesof tungsten collimatorsand jaw blocksthat confine
theradiation field to the size of their apertures.

Asshownin Figure5, the X-ray beamis confined
to aprojected 30° cone by theprimary collimator. Then
it passes trough a flattening filter that attenuates
the x raysalong the central axisof the beam morethan
those near the edge, making the beam moreuniformin
intensity acrossitswidth. After crossing theion cham-
ber, the beam passes through the secondary collima-
tor, then through two pairs of movable collimator jaws,

Fig. 4. Different arrangements of medical linac’s construction. Description in text. The distance of the isocenter

fromfloor isgivenincm
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Fig. 5. Beam shaping system (Varian)

which are set at right anglesto each other. The collimator
jawsmay be opened to match thefield sizeand rotated to
align the beam with the treatment field. They give the
X-ray beam itsfina shape, which can be any square or
rectanglefrom 0.5x0.5 cm? t0 40x40 cm?. Varioustypes of
wedges, blocks and compensators are used to protect
sensitive organs that do not need to be exposed and to
assure that all parts of atreatment site receive the same
dose. These accessories are installed in mounts affixed
to the head. For eectron radiotherapy applicators come
infivesizesfrom 6x6 cm?to 25x25 cn? (Varian).

Multi-ener gy accelerators. A characteristic featu-
re of the present-day radiation therapy is that ever
more precise treatment fields are generated with va-
ried energies and types of radiation employed. Accor-
ding to the published data for a large city area on
casel oad on beam preferences, 71% of patients were
treated with low energy X-rays and 23% with high
energy X-rays. Electron therapy wasappliedin atotal
of 18% of patients, of which 12% were treated with
mixed therapy (electrons and X-rays) and the rema-
ining 6% with electronsonly. It would be most conve-
nient for both the therapist and the patient if one co-
uld have a one-session radiation therapy by means
of one accelerator. That iswhy, accelerator designers
have long been trying to build amachinewhichwould
operate over awide energy range and have a capabi-
lity of fast switch over from X-ray to electron modality
or vice versa. Whereas energy switch is arelatively

easy thing to accomplish in electron modality due to
thevery small currentsinvolved (typical average cur-
rent 100-500 nA), the X-ray modality, with beam cur-
rents higher by two orders of magnitude than thosein
electron modality (typica averagecurrent 20-150 mA)
involves considerable difficulty. The large energy
switchinthe X-ray modeload usually resultsin beam
energy degradation, i.e. deterioration of the beam
monoenergetic character. Manufacturers of medical
accelerators use different technical resolutions for
switching the energy of output beam.

In Varian Clinac 1800 machine, the accelerating
structure is divided into two sections. bunching sec-
tion and accelerating section, 0.4 and 1.0 m long, re-
spectively (Fig. 6). Theenergy switch couples both of
them. Theenergy control isperformed by aside cavi-
ty with adjustable coupling, located between rf co-
upler and the accelerating structure. The accelerator
isintended for generating two X-ray beamswith ener-
gies of 6 and 18 MeV and five electron beams with
energiesof upto 20 MeV. The buncher section, which
isaways supplied with 0.4 MW regardlessthe X-ray
output energy, operates under optimum conditions
with ensurethat the accel erating gradientis10 MV/m.
In the buncher, electrons are bunched and accelera-
tedto4MeV. If 18 MeV beamisdesired, theaccelera
ting field in the second section isinduced by 2.0 MW
rf power, which resultsin the accel erating gradient of
14 MV/m. On the other hand, when a 6 MeV X-ray
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beam is generated, the above gradient is reduced to
2 MV/m1, which correspondsto the power of 0.1 MW.
Both beams are highly monoenergetic (3%FWHM),
as measured with a magnetic spectrometer equipped
with 1% energy dlits. The Varian Clinac 2500 uses
a 1.9 m structure which features X-ray beam separa-
tion in the range between 6 and 24 MeV.

Inthe SiemensMevatron MD and KD medical linacs,
output beam energy is controlled by theway of changing
RF power ddlivered to the Structure in conjunction with
beam loading effect. The Mevatron MD produces 6 MV
and 10 MV X-ray beams, whereasthe Mevatron KD ma-
chine, besdes a range of eectron beam energies, may
generate five different dual energy photon combinations
withamaximum separationof 6MV and20M V.

Accelerators manufactured by Elektaarebased on
traveling wave accel erating structures. Such asystem
alows for relatively simple control of output beam
energy, by the way of detuning RF source from reso-
nant frequency of the structure. The rf field in the
structure reaches maximal value when the rf genera-
tor’s frequency is equal to the structure's resonant
frequency. Detunning of rf generator decreases the rf
field in the structure, what in consequence decreases
the output beam energy. Basic parameters of modern
multi-energy medical linacsarelistedin Table4.

In view of the rapid development of multienergy
X-ray therapy, aswell asthat of using the dual moda-
lity, both X-raysand electrons, multi-energy accelera-
tors have become aviable alternative for oncological
hospitals, as compared with the older single X-ray
energy only machines.

energy switch

Linacsfor radiotherapy arecommercialy manufactu-
red by Varian [F1] (~3500 units), Semens[F2], Elekta[F3]
(over 800 units), Mitsubishi [F4], and other companies.

4. Advanced systems

During thelast twenty years considerable progress
in methods of radiotherapy was observed. The deve-
lopment of classical techniqueswas aimed onimpro-
vement of precision treatment of defined tumor volu-
me. Such an approach enables for limiting the dose
absorbed in healthy tissue, in the vicinity of the tu-
mor. This trend was stimulating the development of
treatment planning systems and enforced special re-
quirements for radiation devices, especialy for irra-
diation field shaping systems.

Concerning the treatment planning systems, pro-
gress in diagnostic methods, as Computer Tomogra-
phy (CT), Magnetic Resonance Imaging (MRI) and
Positron Emission Tomography (PET), was of essen-
tial meaning. Tree dimensional imaging makesit po-
ssible to define specific target volume. It is then po-
ssibleto design atreatment, where particular levels of
radiation dose are delivered to these volumes as
afunction of fractionation scheme. Thisisthe aim of
more advanced technique of radiotherapy, known as
Three Dimensiona Conformal Radiotherapy (3D-CRT).
It allows increasing the dose on target volume, ma-
king thetreatment process more effective|[6, 7].

For better conformity of irradiation field shapeand
thetarget volume, multileaf collimators (ML Cs) have
been devel oped. The multileaf collimator (Fig. 7) con-
sistsof several tenths of |eaf pairs, being driven inde-

S —
I:' bunching section accel. section
clectron
gun
0,4m 1,0m
I I |
I T 1
E X-ray 18 MV
10 MV/m (0.4 MW) 14 MV/m (2,0 MW)
Z
E
X-ray 6 MV
2 MV/m (0,1 MW)
10 MV/m (0,4 MW) | |
Z

Fig. 6. 6 MV/18 MV energy switch of Varian Clinac 1800 accelerator
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Tab. 4. Fundamental Parameters of Radiation Therapy Multi-Energy Accelerators

) . Electron energies[MeV] and
Manufacturer and X-ray energies [MV] their number (in brackets)
accelerator type
low high

Varian Clinac 2100 4(6)(8) | 100r160r 23 0r 25 Group I: 6, 9, 12, 15 18 (five)

and 210C/D Group1V: 4, 6, 9, 12, 16
(five)

Varian Clinac 2300C/D 6 160r 23 or 25 Group 1:4, 6, 9, 12, 15, 18
(six)
Group lll: 4,6, 9, 12, 16, 20
(six)

Varian Clinac 21EX 4(6) 10 Group I: 6, 9, 12, 15, 18 (five)

only Group IV: 4, 6, 9, 12, 16 (five)

Varian Clinac 21EX, 6 160r 23 Group 1V: 6, 9, 12, 15, 18

23EX (five)
Group1? 4,6, 9, 12, 15, 18
(six)

Siemens Primus 4 10 510 15 (six)

6 100r 15 5tol4or6to21
6 18 or 23 or 25° 6to21
Siemens Mevatron K 4(6) 10or150r180or230r25 | 6t0 21 (six)
Elekta Precise” ® 6or8 | 100r150r18or 25 4, 6, 8, 9, 10, 12, 15, 18,
or 10 20, 22

(up to nine)

Philips SL 18 6 5 410 18 (seven)

Philips SL 20” 6 18 410 20 (eight)

Philips SL 25” 6 25 410 22 (nine)

Y For 21EX, ?The 23EX offers electron groups with higher electron energy available (22 MeV) and with a greater number of
electrons per group, six, vs. the 21EX (five electrons per group), ?Not available in USA/Japan, “These accelerators provide
X-ray radiation at up to three energy levels and up to ten discrete levels of electron energy, ® Traveling-wave accelerating

structure

pendently by separate motors. The radiation field to
be set up isdefined by therapy planning system. Some
parametersof different MLCsarelistedin Table5.
Multileaf collimator became a base of Intensity
Modulated Radiation Therapy (IMRT or MLC- IMRT)
system, up to date the most advanced system of radio-
therapy. General schemeof theIMRT processisshown
onFig. 8[8]. Thetechniqueisextensively describedin
theIMRT CollaborationWorking Group Report[7].The-
rearethreebasicformsof MLC-IMRT technique:

() Dynamicmultileaf collimator (DMLC)[9],[10]. For
a fixed gantry position the opening formed by
each pair of opposing ML C leavesis swept across
the target volume under computer control, with
the radiation beam on, to produce desired fluen-
ce profiles. This IMRT approach is also known
asa“diding window”.

@

©)

A second form of the MLC IMRT approach uses
a series of multiple segment fields, in which each
field consistsof aseriesof multilayer shapes(seg-
ments or subfields) delivered from the same gan-
try angle, sothat intensity-modulated field isdeli-
vered[11, 12, 13]. Theradiationisturned on only
whenthe ML Cleavesare stopped in each prescri-
bed position. This IMRT method has been refer-
red to as step-and-shoot, stop-and-shoot, or seg-
mental multileaf collimator (SMLC). At present the
term SMLC-IMRT should replace step-and-sho-
ot, stop-and-shoot, move-and-shoot and other
similar permutations used for thistype of IMRT.

A third form of MLC IMRT isintensity-modul a-
ted arc therapy (IMAT). Instead rotating a dlit
field around the patient as done with tomothera-
py, IMAT procedureuses multipleirregular fields
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Tab. 5.Basic parameters of different multileaf collimators

Manufacturer '\fl;n:(g? Width of leaves projected a isocenter | Over-rundistance | Maximd fidd am?

Vaian Millennium 26 10 165 40x26

40 10 40x40

60 05 40x40
BranLabn?s 52 03,045and 1.0 40x40
BHektaMLG 40 10 125 40x40
SemensMed. Lab. Max 135 Min0.2
Gengrd Hedric K7 125 40x40

I |I
I

Fig. 7. An example of anterior chest field shaped by
multileaf collimator

shaped with a conventional ML C during gantry
rotation. IMAT is planned as a sequence of sta-
tic fields, every 5-10° apart, but delivered with
multiple superimposing arcs. Within each arc, the
MLC shape is continuously changed as a func-
tion of gantry angle as a result of optimization,
such that the cumulative dose distribution leads
to desired dose distribution.

The implementation of IMRT requires the use of
other technology for determine the conformal dose di-
stributions and the subsequent calculation of the MLC
leaf trajectories. With conventional therapy the beam
weights (dose per beam), field size and beam direction
are proposed based on clinical experience then the re-
sulting dosedistribution is calculated by computer pro-
grams. A few iterations are madeto obtain amore desi-
rable dose distribution. This is the so-called
conventional Forward Treatment Planning Process.

IMRT has ushered in anew approach and atechni-
quecalled Inverse Treatment Planning. Herethe dose
distribution isdescribed by aset of macro-clinical para-
meters, which includesthe number and direction of the
beams, regions to be protected and volumes to reach
aminimum tumorcidal dose. Then an Inverse Planning
computer agorithm determinesthe beam shapeand beam
weights. Thesealgorithmsutilizevariousmultidimensio-
nal optimization techniques. Once the beam shapes are
known the leaf trgjectories can be calculated and from

‘ Immobilization Set-up ‘

‘ CT-Stimulation/Imaging

‘ Target/Organ Delineation

—> ‘ Specify objective function l

Optimalication

Leal sequence generation }—

Dose mstribution Caleulation

Redo

Plan Evaluation

Approve

MLC Controller

EPLD Portal

Treatment ‘

Fig. 8.A schematic illustrating the IMRT process

this information and from the beam weights the IMRT
treatment can be determined.

Now 98% of all accelerators delivered by Elekta
are equipped with MLCs. Modern construction of
medical linacs should have the ML C integrated with
therapeutic head. This postulate isfulfilled in machi-
nes manufactured by Siemens, Elekta, and Varian (mo-
del EX Platinum) aswell.
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Theclinical use of IMRT is generdly motivated by
the desire to conform the high-dose region to the target
without inflicting unacceptable normal tissue complica
tions. In generdl, the high-dose region is shaped to con-
form to the geometry of the target in three dimensions
withrapidfdl-off inal directionsoutsdethetarget vol u-
me. Thus, the dose ddlivered to tissue outside the target
volumecan besignificant if setup error or tumor motions
aregrester than the all owed treatment planning margins.
In addition, because each IMRT segment treats only
aportion of the target volume at a time, there may be
significant dosimetric consequences if the patient and/
or the target moves during treatment. Hence, it is clear
that IMRT imposes amore stringent requirement than
conventiond RT intermsof accounting for patient posi-
tion-related organ motion. All technical and clinical
aspects of the trestment planning process must be re-
evaluatedinlight of thisrequirement [7].

5. Survey of commer cial radiother apy linacs

Beam ener gy and doser ate. Fundamental parame-
ters of some of the radiotherapy rf linear accelerators
available on theworld market in 2002 are presented in
Table6. Thefirst group of machines comprises acce-
lerators of singleenergy 4to 6 MeV. They aregeneral -
ly intended solely for X-ray therapy, and do not incor-
porate el ectron beam extraction.

The basic group of accderators is made as multi-
energy machines, that isthose whichmakeit possibleto
use photons of at least two energies and electrons with
four to ten different energies during asingle treatment.

Thedoserateisusualy controlled over awideran-
geand inlinacswith lower energy, e.g. 4to 6 MeV, its
maximum value for an X-ray beam range from 200 to
600 cGy/min. In higher energy accelerators, the up-
per limit of the X-ray dose rate is as high as 500 or
600 cGY /min. Ontheother handfor multi-energy acce-
leratorsintended a so for producing €l ectron beams, the
doseupper limitis1000 cGy/min.

At present, maximum energiesin any of the high-
energy accelerators do not exceed 25 MeV, although
in the 1970s machines were manufactured in which
the maximum energy wasashighas50 MeV.

M echanical parameter s. The maximum sizeof the
photon fields40x40 cnm?, isstandardized in all types of
linacs. Thesize of atreatment field isdetermined with
pre-collimatorsand collimating digphragms (Fig. 5). As
for electronfields, their maximum dimensionsare usu-
aly dightly smaller and do not exceed 20x20 cm? or
25x25 cm?. The dimensions and shapes of individual
fields are determined by the applicators used.

Typically, therotation angle of the treatment head
is370°, that isirradiation can be carried out with a cer-
tain margin or overlap. Maximum rotation values for

al typesare 1.0 rpm (rev/min) and minimumvaluesare
0.1 or 0.2 rpm. In some designs, the speed is control-
led continuously up from the value close to zero.

I socentric clearancesfor Varian (Clinac EX), Sie-
mens (Primus) and Elekta (Precise) accelerators are
compared on Fig. 9. All sizes, (a) gantry to isocenter,
(b) head to isocenter, (c) head size, and (d) —floor to
isocenter, aregivenincm.

Accderator sysemshavedifferent floor require-ments.
The Elekta linac can be ingtalled in aroom with atotal
length8.0m(min. 6.5m) andawidth 7.5m(min. 6.5m).

Patient thr oughput. Thanksto the high doserate
of both electron and X-ray beams, the linac through-
put can be 50-70 patientsdaily or even more (max 100).
The throughput is, of course, not only dependent on
the type of radiotherapy procedures, but also on the
kind of tumorsirradiated.

For conformal radiotherapy and IMRT techniques
possibility of high-speed changes of beam parame-
tersisessential. Full rated doserate, flatness and sym-
metry are achieved in lessthan 500 milliseconds (Va-
rian Clinac). For Elekta Precise accelerator the
inter-segment re-start time in IMRT step-and-shoot
procedureisls.

Reliability of Accelerators. The radiotherapy li-
nacs are impressive in their reliability and they are
quite robust with very long operational lifetimes (20
to 30 years). More than 97% of Clinac’s accelerators
(Varian) ever produced are still treating patients.

What ismost essential isthereliability of the acce-
|erator operation. Any unforeseen break-down may gre-
atly interfere with treatment schedules. The reliability
of accel erator operation hasgreatly improved. For some
critical parts such as electron guns, microwave tubes
(magnetrons, klystrons) and thyratronsit isup to seve-
ra years. Trough magnetron and RF circuit optimiza-
tion Varian have extended the life of magnetron thre-
efold: from 2.1 year (1989) to 7.1 year (1999). Warranties
for so key component as waveguide at present range
from 10year (Varian) to 20 year (Elekta). Asyet, Elekta
has never replaced awaveguide on a clinical system.
These accelerators use traveling wave design with no
moving partsin the waveguide.

Electron guns intended for cooperation with mo-
dern accelerators are usually dismountable. Easy re-
placement in 2 hoursincluding timeto reset the vacu-
umispossible (Elekta).

RF linear accel erator applicationsin radiation the-
rapy aredealt with in two monographs[17 and 19].

6. Future accelerator development

Theclinical useof IMRT isinitsbeginning phase
and hasbeen implemented in asmall number of medi-
cal centers around the world. Much research and de-
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Tab. 6. Basic Parameters of Some Radiotherapy Linear Accelerators

Radiation Energy, MeV Doserate, . .
Manl_:_f;\;ieurer, <Gy (or MU)/min X-raygtral]d Sze,
X e X e X e

VARIAN
Clinac 600C + | - 40r6 - |50-250/80-400 0.5x0.5 t0 40x40
Clinac 600C/D& 6EX 40r6 80-400/100-600 0.5x0.5 t0 40x40
VARIAN

Clinac 2100C + | + | 41028 | 4to20” 100-600 1001000 | 0.5x0.5to 40x40
Clinac 2300C/D 61025 | 4to22 100600 1001000 | 0.5x05 to 40x40
VARIAN

Clinac 21EX + | + |4t023 4t020° | 100600° |100-1000 | 0.5x05 to 40x40
Clinac 23EX 61025 | 41022 100-600 |100-1000 | 0.5x0.5 to 40x40
PHILIPS

925 + | + | 6t025 4t022 25-300 max.40x40
ELEKTA

PreciseLow Energy | + - 40r6 25-230/25-500
ELEKTA

PreciseMidEnergy | + + |60r8or10| 4t010 25500 upto 4007
ELEKTA 100r 150r

PreciseHighEnergy| + | + | 18ar25Y | 4to22 25-600 upto 4007 | 1x1to40x40
SEEMENS

ME® - |+ 61018 300t0 900 K
SIEEMENS

KDS + | + | 6t018 | 6to0 18 max 300 3007
SEEMENS

Primus 4 MV + | - 4 max 250

MV + | - 6 max 200

SIEMENS

Primusdud energy| + | + | 4to25 | 5t021 200/300” 300/900 Ox0 to 40x40

YFour energy dectron groups, 2 Three energy eectron groups, 2 For 4 MV version 50-250 MU/min, “Dose, rate 25-500 cGy/min, Adjustable
in five fixed steps up to 400 cGy/min for dl energies, ®Dedicated for intraoperative irradiations, ”Depending on the el ectron applicator size,

90ptionally to 900 meGy/min, PDose rates of 300/500 are optiond

velopmental work remainsto be doneto help makethe
application of this new technology straightforward
and easy to perform. The number of patients treated
with IMRT isdramatically increasing every year. Itis
entirely conceivable that eventually most conformal
and/or curative patientswill be treated with some ver-
sion of IMRT techniques. Therefore, the estimates of
the percentage of patients treated with IMRT should
range from 50% to almost 100%[7].

Facility planning and r adiation safety.

The principal facility shielding issue for IMRT is
that significantly more machine beam-ontimeisrequ-
ired for IMRT techniques. Conventional RT treatments
with non-IMRT fields generally encompassthe entire
planning target volume (PTV) with most fields, while
IMRT techniques, using the equivalent number of
machine MUs asthe conventional treatment fraction,
would ddliver doseto only apart of the PTV. Therefo-
re, depending on the complexity of the IMRT intensi-

ty pattern chosen, a potentially much larger number
of additional MUs may be needed to cover the entire
PTV. Theincreased workloads associated with IMRT
can be represented by using a multiplicative factor,
M, whichisdefined astheratio of the number of MUs
required for IMRT treatments divided by the number
of MUsrequired when conventional-shaped fieldsare
used. TheratioM rangefrom 2.8 (SMLC-IMRT tech-
nigues) to 8 (serial tomotherapy) [7].

This increase in MUs has a serious consequence
in two primary areas of concern, namely the recom-
mended workload associated with the use of linacsin
shielding design, and the increased whole-body dose
to patient that may occur because of increased |eaka-
geresulting fromthelarge MU setting. For 10 MV X-
raysfor treatment of 50 patientsthe daily workload at
theisocenter, recommended by the National Council
on Radiation Protection and Measurements Report 49
[15] is 100,000 R/wk. Itislikely that for the present
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VARIAN - CLINAC ELEKTA - PRECISE SIEMENS - PRIMUS

VARIAN — CLINACEX | ELEKTA - PRECISE SIEMENS - PRIMUS
a— gantry to isocenter 104 cm 124 cm 97.3 cm
b — head to isocenter 41cm (30 cm with wedge) 45 cm 43 cm
¢ —head size 90 cm 62 cm 75 cm
d — floor to isocenter 130 cm 124 cm 131cm

Fig. 9. Isocentric clearances for Varian, Semens and Elekta radiotherapy accelerators

technology, one needs to increase the recommended
valuesof workload from Reports49and 51[15, 16] by
at least afactor of 2 and possibly ashigh as5[7].

High dose rate values. During the past decade,
linear accel erator designshaveimproved so that much
higher dose rates are available from many machines.
Although the dose rates were typically limited to be-
tween 200 and 300 MU/min on many machines[17],
manufacturers have provided machinesthat can treat
patients with dose rates of 600 MU/min (photons,
Table 7) or more. Driven by the desireto treat IMRT
cases (requiring many MUsin shorter time), thisdose
rate improvementsis expected to continue. Although
older shielding regulations depended more on the to-
tal MU delivered than the dose rate, there are now
states that consider the instantaneous dose rate as
well. The new and higher dose rates must be conside-
red for these situations.

Calibration changes. A second effectiveincrease
in both workload and dose rateisthetrend to calibra-
temodern accel erators at adepth of 10 cm. Beforethe
past decade, it was clearly standard practice to cali-
brate most accelerators so that 1 machineMU delive-
red 1 cGy for a 10x10 cm? field at source-surface di-
stance (SSD) 100 cm at adepth of d _ (1.5-3cm) in
water. However, in recent years, the concentration on
CRT, increased knowledge of electron contamination
and head scatter effect, and various other issues led
tothe general acceptance of calibrationsadepth of 10

cm. In such cases, 1 MU now correspondsto 1.0 cGy
at a10-cm depth, which tranglatesto between 1.3 and
14cGy atd .. This means that effective dose rate
delivered through the machineis afactor 1.3 or 1.4
larger than before. Again, for those states that consi-
der instantaneous dose rate al so, this becomes a fac-
tor that must be considered [7].

Transmission/leakage. Transmission/lea-kage is
thepart of the shielding calculationinwhich IMRT most
dramatically changes the results of norma methods.
The leakage issue is directly related to the MUs run
through the machine. If theincreasein MUsisaratio
of 5from the normal workload, then all the parts of the
shielding design that depend on leakage transmission
must beincreased by afactor of 5. Thisis equivalent to
theMU per week changing from 50,000t0 250,000 MUAwk
or toincreasing the | eakage specification for amachine
from 0.1% to 0.5%. Thus, treatment machine vendors
areencouraged to add shielding inthe accelerator head
to avoid costly room shielding additions.

First-generation IMRT systems. Currently, most
IMRT approacheswill increasethetime and effort re-
quired by physicians, medical physicists, dosimetri-
sts, and radiation therapists, because IMRT planning
and delivery systems are not yet robust enough to
providetotally automated solutionsfor all disease si-
tes. Considerable research is needed to model the cli-
nical outcomes to allow truly automated solutions.
Current IMRT delivery systems are essentialy first-
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generation systems, and no single method stands out
asthe ultimate technique. But the new process of plan-
ning and treatment delivery shows significant poten-
tial for improving the terapeutic ratio. Also, although
inefficient today it is expected that IMRT, when fully
developed, will improve the efficiency with which
external beam RT can be planned and delivered, and
thus potentially lower costs. In addition, IMRT tech-
niques appear to place greater stress on the treatment
machines. Currently no articles about the effects of
IMRT use on machinerdiability, downtime, and failu-
rerate have been published. This could become a po-
tential issuein thefuture[7].

7. Proton radiotherapy accelerators

Protons deliver the dose at a relatively uniform
low level until they have lost asignificant fraction of
their energy, at which point the dose increases re-
aching a sharp peak close to the end of the proton
range. At present, two major applications of proton
beamsare encountered in clinical applications. These
are, firstly, the use of relatively low energy protons:
E,<80MeV or higher energy degraded beams, speci-
ficaly for the treatment of the ocular tumors using
field sizessmaller than 10 cm?, and secondly, the treat-
ment of large deep-seated Iesions(Ep: 150t0 250MeV)
with small or largefields. In ~ 25 Proton therapy facili-
ties over 30 000 patients have now been treated by
this method (Table 3 and [12]), and for a number of
tumors dramatic improvement in success rates have
been clearly demonstrated.

Proton therapy centers are located in the United
States, Japan, Russia, South Africaand Europe. The
present facilities are mainly equipped with isochro-
nous cyclotrons or proton synchrotrons. Some of
specialist and commercial companies are proposing,
or working on asystem specially dedicated to proton
radiotherapy. For details see [5]. The biggest issue
with proton machinesis shear cost that can easily be
morethan 25 timesthat of thelinac. Although proton
radiotherapy accel erators provide no global solution
totreating cancer, though they may make animportant
contribution in certain large treatment center and
university settings.

9. References

8. Conclusions

At present, the total number of accelerators em-
ployed in radiotherapy exceeds 7500 (Table 1), with
approximately half in the United States. Apart from
radiotherapy, alarge number of medical radioisotopes
arenow commercially produced with accelerators. The
number of machines used in the production of radio-
nuclides worldwide is about 200. Several hundred
other accelerators have been used worldwide in ra-
diobiological and medical research. Consequently,
biomedical acceleratorsare now thelargest group of
charged particle accelerators, about 8400 machines,
i.e. nearly 50% of all accelerators. On the other hand,
thetotal number of over 30 million patients (Table 3)
who have been treated by conventional accelerator
radiotherapy should be regarded asagreat successin
the use of accelerator techniquesfor theimprovement
and prolongation of human life. Many of existing ma-
chines are old and need to be replaced and thereisa
great need for new treatment facilitiestherefore there
is an enormous deficit of radiotherapy linacs today.
WHO statisticsindicate adoubling of cancer inciden-
ce and mortality by theyear 2020. Within twenty years
cancer will be the leading cause of death everywhere
with the exception of sub-Saharan Africa. Itisestima
ted that 14 million peoplefall victim to cancer annual-
ly, and ideally about 60 percent should receive radia-
tion treatment as either the primary treatment or asan
adjunct treatment to surgery or chemotherapy. Today
the death rate from cancer is about 7 million per year
and thisnumber could be reduced significantly by the
greater availability of radiotherapy linacs.

Median price of an electron radiotherapy linac is
about $1 to 2 million (machineonly), aprice affordable
for the health care providers in the developed world,
but very high for third-world hospitals. Thereis still
aneed for the devel opment of cheaper machines, which
must be a priority task to the world particle accelera-
tors community. If the present-day US number of 230
new patients per machine per year were accepted as
world’s standard, it could easily be calculated that
over 40,000 radiotherapy linacs would have to bein-
stalled worldwide, whichistotal ly unrealistic due both
to the high cost and lack of means (and qualified staff)
in devel oping countries. However, the estimate given
above can serve asagood illustration of the scope of
the problem and magnitude of needs.
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DIAGNOSTYKA WEZLOW KINEMATYCZNYCH
W KOS ARKACH ROTACYJNYCH

DIAGNOSIS OF KINEMATIC PAIRS
IN THE ROTARY MOWERS

Przedstawiono wyniki kontroli stopnia zuzycia kosiarek rotacyjnych metodami wibroaku-
styk i termografii. Potwierdzono przydatnos¢ obu metod w badaniach maszyn rolniczych
i mozliwosé zamiennego ich stosowania. Metoda diagnostyki termowizyjnej ma szczegélne
Znaczenie z uwagi na mobilng eksploatacje maszyn rolniczych.

Slowa kluczowe: diagnostyka, termowizja, wibroakustyka, maszyny rolnicze.

The paper presents the level of rotary mowers wear monitored by vibroacoustics and
thermography. Both methods have been found suitable to be applied in agricultural machines
and can be used interchangeably. However, thermovision diagnosis becomes particularly
important due to a mobile operation of agricultural machines.

Keywords: diagnosis, thermovision, vibroacoustics, agricultural machines.

1. Wstep

W maszynach rolniczych w wigkszosci napgdzar
nych od watka odbioru mocy ciagnika (WOM) lub
samojezdnych, kontroli wymagazuzycie uktadow prze-
niesieniamomentu obrotowego i ich tozyskowanie.

Cechy konstrukcyjne i mobilnos¢ maszyn rolni-
czych utrudnigja wykorzystanie podstawowsej techni-
ki, jaka jest wibroakustyka[4, 5].

Szczegblnego znaczenia nabieraja wigc metody
diagnostyki bezkontaktowsj. Jedna z nich jest diagno-
stykatermowizyjna[3]. Niecharakterystyczny rozktad
temperatury obiektu technicznego w fazach wstepnej
i petng jego eksploatacji pozwalawnioskowac 0 po-
prawnosci jego konstrukcji, wadach zastosowanych
materiatow, bledach w montazu a takze stopniu jego
zuzycia[1].

Celem opracowaniajest przedstawieniewynikow
badania stanu technicznego kosiarek rotacyjnych z za-
stosowaniem metody diagnostyki termowizyjnej i wi-
broakustycznej.

2. Metodyka badan

Do badan zuzyciaweztdéw kinematycznych wyty-
powano dwie kosiarki rotacyjne: czterobgbnowa
RzS-160 (rys. 1) po 224 godzinach eksploatacji i dwu-
bebnowa Z-070 (rys. 7) po 180 godzinach pracy. Oce-

1. Introduction

Agricultural machines that are mostly driven by
the power take-off shaft of thetractor (WOM) aswell
as self-propelled machines need to have the wear of
the systems transmitting a turning moment and their
bearings controlled.

The application of one of the simplest methods
such as vibroacoustics seems to be hindered due to
the constructional features and mobility of agricultu-
ral machines([4,5].

Thus the non-contact methods such as thermovision
diagnosis[3] acquiregreat importance. A non-specific di-
sribution of the temperature of the technical object both
at theinitial and full phase of itsoperation alowsto draw
the conclusions whether the congtruction is proper, the
materials applied have any defects, there are any assem-
bly faultsand to what extent it iswornout [1].

The aim of the paper is to present the results on
the studies on technical conditions of the rotary mo-
wers with the application of two methods: thermovi-
sion and vibroacoustics.

2. Methods

The studies on the wear of kinematic pairs were
carried out onthe RzS-160 four-barrelled (Fig. 1) and
Z-070 two-barrelled rotary mowers (Fig. 7) after 224
hours and 180 hours of their operation, respectively.
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nie zuzyciapoddano przektadnie z¢bate stozkowei to-
zyskabebnow roboczych. Dlaoceny zuzyciaprzektad-
ni zgbatych napowierzchni ich pokryw zainstalowano
czujniki przemieszczen amplitud drgan potaczone
z miernikiem Vibscanner.

Wirujace bebny robocze kosiarek uniemozliwity
montaz akcel erometréw w bezposrednim sasiedztwie
tozysk bebndw i wykonanietakich pomiardw.

Na powierzchniach bebnéw roboczych dokonano
wiec rejestrac]i rozktaddw temperatur kamera termowi-
zyjna Thermovision 550 przed uruchomieniem WOM-
u oraz przy pracy bebnéw z predkoscia nominalna.
Rejestracje i akwizycje sygnatu prowadzono do czasu
ustabilizowaniasi¢ temperatur po 30 minutach [2].

3. Wyniki badan

Celem diagnostyki maszyn rolniczych moze by¢
ocena ich stanu technicznego w rocznym cyklu eks-
ploatacji atakze przed i po obstudze technicznej przy
uzytkowaniu okresowym. W przypadku kosiarek ro-
tacyjnych napedzanych za posrednictwem WOM pod-
stawowym zespotem wymagajacym czestej kontroli jest
uktad przenoszeniamomentu obrotowego: waltki i stoz-
kowe kota zebate oraz utozyskowanie bebnéw robo-
czych.

Narysunkach 2ai 3aprzedstawiono rozktad tem-
peratur na bebnach badane] kosiarki czterobebnowej
przed uruchomieniem napedu WOM wynositaonaod
26,5d0 26,7 °C. Rys. 2bi 3b przedstawiaja termogramy
dlakosiarki RzS-160 po okoto 30 min pracy bebnéw
kosiarki i wynositaod 29,1 do 33,7 °C. Termogramy
pokrywy kot zebatych stozkowych uktadu napedo-
wego omawiangj kosiarki pokazano narys. 6a przed
uruchomieniem WOM i po 30 min pracy narys. 6b.

Narysunkach 7bi 7c pokazano termogramy i pro-
filetemperatury przed uruchomieniem kosiarki dwu-
bebnowe Z-070i po 12 min pracy.

Rysunki 5i 8 przedstawiaja widmadrgan bebnéw
badanych kosiarek rotacyjnych.

Wyniki pomiardw (termogramy i wartosci skutecz-
ne drgan) oraz analiza laboratoryjna oporéw ruchu
poszczegolnych bebnéw (poich rozprzezeniu) wyka-
zaly, zeistnigje silnadodatniakorelacjamiedzy opora-
mi obracaniabebndw roboczych a przyrostem tempe-
ratury bebnaw okolicy tozyskakulkowego piasty (rys.
4) co wskazuje namozliwosci zamiennego stosowania
metod wibroakustycznej i termografii.

Thewear of bevel gearsand working barrels' bearings
was assessed. The sensors to register relocation of
vibration amplitudeslinked with the Vibscanner meter
allowed to estimate the wear of bevel gears and were
installed on their covers.

The rotating working barrels of the mowers made
it impossibleto mount accelerometersdirectly next to
the barrel bearings and carry out such measurements.

Thusthetemperature distributionswere registered
ontheworking barrels' faces by using the Thermovi-
sion 550 camera. It was done twice: before activating
of the power take-off shaft and when the barrelswere
operating at the nominal speed. Registration and ac-
quisition of the signal was conducted until the tem-
peratures stabilised after 30 minutes[2].

3. Results

Theaim of the diagnosis of agricultural machines
is to assess their technical conditions both in a one-
year cycle of operation as well as before and after
each periodical use. The basic unit of the rotary mo-
wers driven by the power take-off shaft that needs to
be controlled frequently is the system of turning mo-
ment transmission: rollers and bevel gears aswell as
bearings of theworking barrels.

Figures 2a and 3a show adistribution of tempera-
tures on the barrels for the four-barrelled rotary mo-
wer. Beforethe power take-off shaft (WOM) was acti-
vated the temperatureshad varied from 26.5t0 26.7 °C.
Thethermogramsfor the RzS-160 mower after ca. 30
minutes of barrels’ operation are presented in Figures
2b and 3b. In this case the temperature ranged from
29.1t0 33.7 °C. Figures 6aand 6b indicate the thermo-
grams for the bevel gears' cover of the power trans-
mission system for the discussed mower before the
activation of WOM and after 30 minutes of operation,
respectively.

Thethermograms and temperature profilesbefore
the activation of the Z-070 two-barrelled rotary mower
and after 12 minutes of operation appear in Figures 7b
and 7c.

Figures 5 and 8 show the vibration spectra of the
rotary mowers’ barrels.

The results of measurements (thermograms and
root-mean-square values of vibrations) aswell asla
boratory analysis of resistanceto motion of particular
barrels (after their expansion) proved that there is
astrong positive correlation between the rotation re-
sistance of the working barrels and the increase of
barrel temperaturein thevicinity of ball bearing of the
hub (Fig. 4). Such a situation indicates that both me-
thods: vibroacoustics and thermography might be
applied one instead of the other.
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4. Wnioski

1

Bebny robocze ostanigjace tozyskatoczne zdatne
do dalszej eksploatacji zachowuja réwnowage
cieplna w temperaturze od 30°C do 35°C, aczasich
nagrzewaniaw zakresietemperatur 25°C |, 34°Cwy-
nosi powyzej 300s.

Nie zaobserwowano natomiast statystycznieistot-
nego zwiazku miedzy oporami ruchu bebnéw a po-
ziomem drgan mierzonych nastatej obudowie két
z¢batych.

Przedstawione wyniki wskazuja na niski poziom
zuzyciaweziéw kinematycznych badanych kosia-
rek i potwierdzaja mozliwosé ich dalsze) beznapra
wowej eksploatacji.

Przeprowadzone badania pil otowe na maszynach
rolniczych potwierdzity przydatnos¢ termografii
w diagnostyce stanu technicznego weztdéw kine-
matycznych, zwtaszczaniedostepnych dladiagno-
styki drganiowsy.

Rys. 1. Kosiarka rotacyjna czterobebnowa RzS-160
Fig. 1. RzS-160 four-barrelled rotary mower

b)

Rys. 2. Termogram i profil temperaturowy kosiarki

RzS-160 przed uruchomieniem (a) i 25 min
po uruchomieniu wa‘ka odbioru mocy (b)

Fig. 2. Thermogram and temperature profile of the

RzS-160 mower before the activation of the
power take-off shaft (a) and 25 minutes after
having set it working (b)

4. Conclusions

1

The working barrels protecting the rolling bear-
ingsthat arefit for further operation maintain ther-
mal equilibriumwhenthetemperature variesfrom
30°Cto 35°C, and their warm-up time within the
temperaturerange of 25°C + 34°Cisabove300s.
There was no statistically significant correlation
between resistance to motion of the barrels and
the level of vibrations measured on theimmova-
ble shell of bevel gears.

The results indicate that the wear level of mow-
ers’ kinematic pairsislow and confirmthat there
isapotentia for their further operation with no
repairs.

The pilot studies carried out on agricultural ma-
chineshave certified the suitability of thermogra-
phy as a system to diagnose technical conditions
of kinematic pairs. It can be applied especialy for
the pairs, which are not availablefor thevibration
diagnosis.

b)

Rys. 3. Termogramy kosiarki RzS-160 przed urucho-

mieniem (a) i po 30 minutach pracy (b). Okre-
slono maksymalne temperatury w zaznaczo-
nych prostokgtnych obszarach powierzchni
bebnow

Fig. 3. Thermograms of the RzS-160 mower before

the activation (a) and after 30-minute opera-
tion (b). Maximum temperatures were asses-
sed within the marked rectangular areas of
the barrels' faces
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Rys. 4. Wspb/zaleznosé¢ wielkosci maksymalngj momentu obrotowego bebna roboczego [Nxm] oraz przyrostu
temperatury powierzchni bebna w okolicy ozyska kulkowego piasty

Fig. 4. Correlation between the maximum value of the working barrel’s turning moment [ Nxm] and the tempera-
ture increase of the barrel face next to the ball bearing of the hub

Rys. 5. Poréwnanie widm drgari bebnow kosiarki RzS-160 przy wyfgczonym (linia niebieska) i wigczonym wazku
odbioru mocy (linia czerwona)

Fig. 5. Comparison between the spectra of barrels’ vibration of the RzS- 160 mower when the power take-off shaft
is switched off (blue line) and switched on (red line)

a) b) a)

Rys. 6. Termogramy pokrywy kéf zebatych stozko-

wych ukfadu napedowego kosiarki RzS-160 b)
przed uruchomieniem (a) i po 13 minutach
pracy (b)

Fig. 6. Thermograms of the bevel gears' coversof the
transmission system before the activation (a)
and after 13 minutes of operation (b) (RzS
160 rotary mower) 0)

Rys. 7. Kosiarka rotacyjna dwubebnowa Z-070 (a)
oraztermogrami profil temperaturowy przed

Rys. 8. Widmo drgarsi bebnéw kosiarki Z-070 przy
wigczonym wafku odbioru mocy

Fig. 8. The spectrum of barrels' vibration with the
power take-off shaft switched on (Z-070 rota-
ry mower)

uruchomieniem (b) i po 12 min (c)

Fig. 7. The Z-070 two-barrelled rotary mower (a),
thermogram and temperature profile before
the activation (b) and after 12 minutes of ope-
ration (c)
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Pawet DROZDZIEL

WPEYW WYBRANYCH WARUNKOW EKSPLOATACJI

OF A CAR COMBUSTION ENGINE ON ITS START-UP

SAMOCHODOWEGO SILNIKA SPALINOWEGO
NA PARAMETRY JEGO ROZRUCHU

IMPACT OF SELECTED OPERATION CONDITIONS

PARAMETERS

Jednym z najwaznigjszych stanéw funkcjonowania samochodowego silnika spalinowego jest
rozruch, podczas ktérego jest on doprowadzany do samodzielnego dziafania na biegu jafo-
wym. Ze wzgledu na niekorzystne procesy fizyczne jakie zachodzg podczas kazdego rozruchu
obserwuje sie w jego trakcie wystepowanie zwiekszongj emisji skfadnikéw toksycznych spalin
oraz znaczng intensywnos¢ zuzywania Sie poszczegélnych zespoféw tribologicznych silnika.
Skala tych negatywnych procesow zalezy od warunkéw eksploatacji samochodowego silnika
spalinowego. Warunki te dodatkowo wpfywajq takze na parametry samego rozruchu. Wydaje
Sie wiec konieczne okreslanie zwigzkow pomiedzy parametrami rozruchu a warunkami eks-
ploatacyjnymi silnika spalinowego. W celu identyfikacji wpfywu czynnikdéw wewnetrznych
i zewnetrznych oddziafywujgcych na silnik spalinowy przeprowadza sie trakcyjne badania
eksploatacyjne pojazdéw w srodowisku ich pracy. Ninigjszy artyku/ prezentuje opis takich
badari oraz statystyczng analize ich wynikéw.
Stowa kluczowe: samochodowy silnik spalinowy, warunki eksploatacji, rozruchy

Engine start-up seems to be one of its most important functional states. At the start-up the
engine develops mechanic energy (internally) to overcome resistance to motion and theniit is
made to operate independently at idle running. Due to unfavourable physical processes that
take place during each engine start-up there is an increased emission of toxic compounds of
exhaust gas and the wear of selected tribological engine unitsisintensified. The extent of such
negative processes depends on service conditions of a combustion engine, which also affect
the engine start-up itself. Thus, it seems necessary to estimate the rel ations between parameters
of the combustion engine start-up and service conditions. In order to identify the impact of
internal and external factors affecting the engine there is a need to carry out traction
operational tests of the vehicles in their real operational environment. The paper deals with
a description of such tests and presents a statistical analysis of their results.

Keywords: operation conditions, car combustion engine, start-ups

1. Wstep

Podczas eksploatacji nasamochodowy silnik spa-
linowy oddziatuje wiele wymuszajacych czynnikow,
ktorewpltywaja najego funkcjonowanie oraz stantech-
niczny. Czynniki wewnetrzne (robocze) wynikaja bez-
posrednio z pracy silnika spalinowego. Zaliczy¢ do
nich mozemy migdzy innymi: sktad mieszanki paliwo-
WOo-powietrznej, rodzaj oleju smarujacego, cisnienie
w cylindrze, temperature oleju smarujacegoitd. Czyn-
niki zewnetrzne reprezentuja oddziatywaniejakiewy-
wiera nasilnik otoczenie (Srodowisko) oraz zespoty

1. Introduction

There are severa factorsthat affect both the func-
tions and technical state of a combustion engine du-
ring vehicle operation. The factors such as composi-
tion of air-fuel mixture, kind of [ubricating oil, pressure
inthecylinder, oil temperature etc. aredirectly related
to the engine work. Those are internal (operational)
factors. Theexternal factors: resistanceto motion, tech-
nical state of the power transmission system, atmo-
spheric conditions, road types, air dustiness, routes
and conditions for vehicle run, etc. reflect the effects
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pojazdu. Naleza do nich opory ruchu, stan techniczny
uktadu przeniesienia napedu, czynniki atmosferycz-
ne, rodzaj drog, zapylenie powietrza, trasy i warunki
przejazdu samochodu itp. Charakterystyki zmian war-
tosci czynnikdw zewngtrznych i wewnetrznych two-
rza zbidr tzw. warunkéw eksploatacji samochodowe-
gosilnikaspalinowego [7,8].

Jednym z ngjwaznigjszych stanéw funkcjonowa-
niasamochodowego silnika spalinowego jest rozruch,
podczas ktérego jest on doprowadzany do samodziel -
nego dziatanianabiegu jatowym. Samodzielne dziata-
nie silnika wystepuje wtedy gdy wytwarza on we-
wnetrznie energie mechaniczna wykorzystywana do
pokonaniawszystkich oporéw ruchu [5,6]. Zewzgle-
du na niekorzystne procesy fizyczne jakie zachodza
podczas kazdego rozruchu obserwuje si¢ w jego trak-
ciewystepowanie zwickszongj emigji sktadnikow tok-
sycznych spalin oraz znaczna intensywnosé¢ zuzywa-
nia si¢ poszczegolnych zespotéw tribologicznych
silnika[3,4]. Skalatych negatywnych procesow zale-
zy od warunkow eksploatacji samochodowego silnika
spalinowego. Warunki te dodatkowo wptywaja takze
naparametry samego rozruchu [3,5]. Do parametrow
rozruchu silnika spalinowego zaliczy¢ mozemy mig-
dzy innymi: temperature rozruchu silnika, czasrozru-
chu, wartos¢ pradu pobieranego przez rozrusznik itd.

Wydaje si¢ wiec konieczne okreslanie zwiazkow
pomiegdzy parametrami rozruchu a warunkami eksplo-
atacyjnymi silnikaspalinowego. W celu identyfikacji
wptywu czynnikéw wewnetrznych i zewnetrznych
oddziatywujacych nasilnik spalinowy przeprowadza
sSi¢ trakcyjne (przebiegowe) badania eksploatacyjne
pojazdow w srodowiskuich pracy [7]. Ninigjszy arty-
kut prezentuje opis takich badan oraz statystyczna
analize ichwynikow.

2. Metodyka trakcyjnych badan wlasnych
pojazdu

Badaniami eksploatacyjnymi objeto silnik spalino-
wy 4CT90 o zaptonie samoczynnym produkowany
przez Wytwérnie Silnikow Wysokopreznych ,, Ando-
ria’ w Andrychowie. Silnik ten, o pojemnosci skoko-
we 2,417 dm?, posiadamoc 63,5 kW przy 4100 obr/min
i rozwijamoment maksymany 195 Nm przy 2500 obr/min.
W badanym silniku zastosowano rzedowa pompe wiry-
skowa produkcji czeskig) firmy MOTORPAL Jihlava
typ PPAM 7P1g 3176 z wie ozakresowym odsrodkowym
regul atorem obrotéw oraz automatycznym przestawia
czem katawtrysku. Uktad rozruchowy silnika4CT90
skladasie zwiacznikarozrusznika, akumulatorarozru-
chowego o pojemnosci maksymalngj 150Ah (w +20°C),
przewoddw wysokopradowych oraz rozrusznika. Roz-
rusznik 443 115 142 723 produkcji czeskig firmy MA-
GNETON jest szeregowym siinikiem elektrycznym prze-

that the surroundings (environment) and vehicle units
have on the engine. Characteristics indicating chan-
gesinvauesof bothinternal and external factorsform
the complex of so—called conditionsto operate acom-
bustion engine[7,8].

Engine start-up seemsto be one of itsmost impor-
tant functional states. At the start-up the engine de-
velops mechanic energy (internally) to overcomeresi-
stance to motion [5,6] and then it is made to operate
independently at idle running. Due to unfavourable
physical processes that take place during each engi-
ne start-up thereisan increased emission of toxic com-
pounds of exhaust gas and the wear of selected tribo-
logical engine unitsisintensified [3,4]. The extent of
such negative processes depends on service condi-
tions of a combustion engine, which also affect the
engine start-up itself [3,5]. The parameters of acom-
bustion engine start-up include among others: tempe-
rature and time of engine start-up, the value of current
consumed by a starter etc.

Thus, it seems necessary to estimate the relations
between parameters of the combustion engine start-
up and service conditions. In order to identify the
impact of internal and external factors affecting the
engine there is aneed to carry out traction (run) ope-
rational tests of the vehiclesin their real operational
environment [7]. The paper deal swith adescription of
such tests and presents a statistical analysis of their
results.

2. Methods of the vehicle traction tests

Operational tests were carried out on the 4CT90
combustion self-ignition engine produced by a Die-
sdl EnginesFactory ,, ANDORIA SA.” in Andrychéw.
The engineis characterized by the following general
data: it hasthe cubic capacity: 2.417 dm?, max. power
63.5 kW at 4100 rotations/min and devel ops a maxi-
mum moment 195 Nm at 2500 rotations/min. Theengi-
newasfitted with anin-linefuel injection pump (type
PPAM7P1g 3176 made by the Czech company MO-
TORPAL Jihlava) with amultirange centrifugal speed
governor and an automatic device to regulate injec-
tion angle. Start-up system of the 4CT90 engine is
composed of a starter switch-key, starting battery of
themaximum capacity 150Ah (in+20°C), high current-
carryingwiresand astarter. A 443 115 142 723 starter
produced by the Czech company MAGNETON isin-
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znaczonym do krotkotrwatej pracy. Badany silnik
4CT90 byt zamontowany w samochodzie dostawczym
z serii LUBLIN 11 uzytkowanym przez Zaktad Trans-
portu Samochodowego Poczty Polskigl w Lublinie.
Badany pojazd byt jednym z kilkudziesieciu samocho-
déw eksploatowanych obecnie w lubelskim okregu
poczty [3].

W celu rejestracji wybranych parametrow pracy
samochodu LUBLIN |11 oraz dziataniasilnika4CT90
Zbudowano specjany rejestrator [4]. Opracowany reje-
strator bazuje na jednoptytkowym komputerze PCM
3864 z procesorem 386SX-40, magistrala I1SA | zlaczem
PC 104. Komputerem sterowat program monitorujacy
mierzonewielkosci, ktory znajdowat si¢ weflash dysku
0 pojemnosci 32 MB. Na dysku tym zapisywane byty
takze dane uzyskane w czasie prowadzonych pomia-
row. Sygnaty pomiarowez czujnikow doprowadzanebyly
do bloku kondycjonowania sygnaléw pomiarowych
i przekazywane do karty pomiarowej PC 104-DAS08.
Kartata posiada 8 kanatdw analogowych, wejsciacy-
frowei licznikoweoraz przetwornik A/C 12 bitowy. Re-
jestrowano w trybie on-line nastepujace parametry:

1 nat¢zenie pradu pobieranego przez rozrusznik
w czasierozruchu silnika,

2 napiecie przytozone narozruszniku,

3. liczbe obrotéw watu napedowego pojazdu,

4. liczbe obrotéw watu korbowego silnika,

5. potozenie organu sterujacego zasilaniem pompy
wtryskows silnika,

6. temperature ptynu chtodzacego,

7. temperature oleju smarujacego,

8. cisnienie oleju smarujacego w gtéwnym kanale
olgeniasilnika.

Rejestracja nastepujacych parametrow: tempera-
tur, liczby obrot6w, cisnienia oraz potozenia organu
sterujacego zasilaniem pompy wtryskowse silnikaod-
bywatasie w cyklu jednosekundowym. Prad pobiera-
ny przez rozrusznik i napigcie narozruszniku byty re-
jestrowane co 25 ms od momentu rozpoczecia cyklu
rozruchu, wykrywanego po przekroczeniu progowej
wartosci pradu rozrusznika (50A) [4]. Zarejestrowane
parametry byty przesytane do komputera PC, gdzie
nastepnie przetwarzano je przez program konwertuja-
cy dane ,surowe’ na zapisane tekstowo wyniki po-
miaréw. Tak przygotowane dane byty wyprowadzane
do innych programéw komputerowych, stuzacych do
analizy danych (EXCEL, STATISCTICA).

3. Wyniki badan

W wyniku przeprowadzonej przy uzyciu progra-
mu komputerowego STATISTICA [2] andizy wyni-
kow badan wybranych parametréw rozruchui dziata-
niasiinika4CT90, atakze pracy pojazdu LUBLIN 111,

line electric engine designed for a short-term opera-
tion. The 4CT90 engine under study was mounted in
adelivery vanof LUBLIN Il1 seriesand exploited by
the Department of Motor Transport of the Polish Mail
in Lublin. The van under investigation was one of the
several ones being currently at the disposal of the
Lublin Branch of Polish Mail [3].

A special recorder constructed to register selec-
ted parameters of LUBLIN 111 operation and activity
of the 4CT90 engine [4] was based on single board
PCM 3864 computer with the 386SX-40 processor, | SA
data bus and PC 104 connector. The computer was
controlled by aprogrammeinstalled on aFlash disc of
the 32 MB capacity that monitored all values to be
measured and save the data obtained during the me-
asurements. Measurement signalsweredelivered from
the sensors to the block of conditioning measuring
signals and transferred to the PC 104-DA S08 record
chart. Such achart is characterized by 8 analog chan-
nels, digital and T inputsand 12-digital bit anal og-to-
digital converter. Thefollowing parameterswereregi-
stered on-line:

1 intensity of the current consumed by the starter
at the engine start-up,

2 voltage applied at the starter,

3. number of vehicle drive shaft rotations,

4. number of engine crankshaft rotations,

5. position of a unit to control the admission of an
engineinjection pump,

6. temperature of a cooling agent,

7. temperature of lubricating oil,

8. pressure of lubricating oil in a main engine oil
passage.

Registration of the parameters such as: tempera-
tures, number of rotations, pressure and position of
the unit to control the admission of an injection pump
took placein 1-second cycles. The current consumed
by the starter as well asvoltage at the starter were
recorded every 25 ms from the very beginning of the
engine start-up cycle, after the value of the starter
current had exceeded the threshold (50A) [4]. All the
parameters were transferred to a PC computer, where
they were processed by the programme converting
raw data into text-saved measurement results. Then
they were transmitted to other computer programmes
(EXCEL, STATISCTICA) to analysethedata.

3. Results

The results of the tests on selected parameters of
the 4CT90 engine start-up and operation as well as
activity of theLUBLIN 11 van carried out over 4 we-
eks per year (selected at random) were analysed by
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z czterech losowo wybranych tygodni w roku, uzy-
skano parametry statystyczne (zob. tabela 1) naste-
pujacych zmiennych losowych:

11 — maksymalng wartosci pradu pobieranego
przez rozrusznik napoczatku rozruchu sil-
nika[Al],

2 U - napiccianazaciskachrozrusznikaprzy mak-
symalnym nat¢zeniu pradu [V],

3. P — mocy pobierangj przez rozrusznik przy mak-
symalnym natezeniu pradu [W],

4.t , — czasurozruchusilnika[sek],

5t, — czasu postoju samochodu z wytaczonym
silnikiem przed rozruchem [min],

6.t,, — czasupracy silnika przed kolgjnym rozru-
chem[min],

7. T, — temperatury silnika (ptynu chtodzacego)
w chwili rozruchu[°C],

8 T, — temperatury olgusilnikowegow chwili roz-
ruchu[°C].

Przed omdéwieniem uzyskanych wynikéw nalezy
stwierdzi¢, ze badania eksploatacyjne silnika4CT90
samochodu LUBLIN 111 prowadzono w warunkach do-
datnich temperatur pierwszego dziennego rozruchu
odbywajacego sie po nocnym postoju pojazdu trwa-
jacym min. 6 godz. [4]. Podyktowane to byto przede
wszystkim tym, ze w okresie zimowym przy niskich
temperaturach otoczenia pojazd byt garazowany
W ogrzewanym pomieszczeniu. Wynikato to z organi-
zacji systemu transportu Poczty Polskiel majacel ha
celu zapewnienie jego niezawodnosci. Utatwiato to
pierwsze dzienne rozruchy silnika, a takze podnosito
komfort pracy kierowcy.

acomputer programme STATISTICA [2]. The statisti-
cal parameters (seetable 1) of thefollowing variables
were obtained:

11 — maximal vaueof thecurrent consumed by
the starter at the beginning of the engine

start-up [A],

2 U - voltageat starter clips at the maximal cur-
rentintensity [V],

3. P — power consumed by the starter at the maxi-

mal current intensity [W],

time of the engine start-up [sec],

timeof apausein vehicle operationwiththe

engineswitched off beforethe starting [min],

6.t — time of engine operation beforeitsnext star-
ting [min],

1T ™ engine (cooling agent) temperature at the
engine start-up [°C],

8 T, — engineoil temperature at the engine start-
up[°C].

Beforetheresultsare discussed it must be empha-
sized that during operational tests the 4CT90 engine
inLUBLIN Il vanwasfirst started at positivetempe-
ratures (in winter at low outside temperaturesthe ve-
hicle was stored in a heated garage) after it had been
switched off for a minimum of 6 hours at night [4].
That part of the transport organisation system of the
Polish Mail, aim of whichisto maintainitsreliability,
makes it much easier to start the engine for the first
time during the day and also improvesworking condi-
tionsfor the drivers.

4.1

" Cstart

" “pause

Tabela 1. Wybrane parametry pofozenia i rozrzutu wyr éznionych zmiennych losowych
Table 1. Selected parameters of a position and scatter for some random variables

Random variable Mean Standgrd Median | Mode Mean Skewness|K urtosis Maximal | Minimal
value deviation error value value

Current I [A] | 303.703 | 45.728 300 | 286 | 1.7799 | 0.1198 [-0.6215| 418 188
Voltage U [V] 7.856 0.5853 7.860 | 7.860 | 0.2278 | -0.0992 | 0.0116 | 10.020 6.060
Power P [W] 2370.113| 290.6163 |2362.920|2275,40| 11.3122 | 0.0781 |-0.3884| 3111.72 | 1515.00
Time tgar [sec] 0.338 0.1488 0.375 | 0.375 | 0.00579 | 3.67328 [20.2159| 1.575 0.075
Time tpase [Min] 28.765 | 103.1268 | 3.050 |600.00| 3.9118 | 5.0534 |25.5194| 0.017 833.33
Time toper [Min] 7.928 8.3471 6.333 | 0.017 | 0.3164 | 1.7517 | 3.7448 | 0.017 48,517
teméfg!&?g?ii:t[oq 79.153 | 157322 | 84.700 [86.600| 0.5963 | -2.2613 [ 49712| 8700 | 98.000

Oil temperature

T [°C] 72301 | 17.7215 | 77.100 |82.600| 0.6717 | -1.2474 | 1.0029 | 8.700 99.900
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Analizujac otrzymanewyniki nalezy stwierdzi¢, ze
pomimo krétkich czasow nieprzerwanego dziataniasil-
nika4CT90 ($rednio 7,93 min) obserwowano wystgpo-
wanierozruchéw w wysokich temperaturach. Tempera
tury rozruchu slnikaod 80°C do 93,5°C stanowity 71,6%
wszystkich przypadkw. Temperatury olgju smarujace-
go podczasrozruchu silnikaw przedziaeod 72,5°C do
95,3°C byty zarejestrowane w 64,2% przypadkdw.

Wystepowanie wysokich temperatur rozruchu sil-
nika4CT90 podyktowanejest tym, ze napoczatku kaz-
dego dniaeksploatacji pojazd LUBLIN 111 przejezdza
drogg o dtugosci ponad 30 km. Pozwalato nanagrza-
nie si¢ silnika 4CT90. Wystepujace dodatkowo krot-
kie przestoje przy kolejnych punktach pocztowych nie
pozwal aja naznaczne spadki temperatury silnika. Cza-
Sy przerw w dziataniu silnikatrwajace do 6 min stano-
wia az 71% przypadkow.

W dalszegl czgsci analizy wynikéw opracowano
meacierzwspdtczynnikow korelagji r pomiedzy wyszcze-
golnionymi zmiennymi losowymi. Narysunkach 1—8
przedstawiono wykresy rozrzutu pomiedzy tymi zmien-
nymi, wraz z rownaniem prostej regresji, dlaktorych
wspdtczynniki korelacji r = [0,40co $wiadczy 0 znacz-
ng korelacji pomiedzy analizowanymi zmiennymi [1].

Analizujac uzyskane wspétczynniki korelagji r dia
opisanych zmiennych losowych nalezy stwierdzi¢ wy-
Stepowaniezaeznosc pomigdzy wartosciami parametrow
elektrycznych rozrusznikanapoczatku rozruchu silnika
4CT90. | tak podczas wzrostu wartosci natezenia pradu
I, obserwujesi¢ wystepowanie coraz wigkszego spad-
ku napigciaU przy jednoczesnym wzroscie mocy P po-
bierang przez rozrusznik. Zwiazki kore acyjnepomigdzy
tymi parametrami sa oczywiste i uzyskane wartosci
wspdtczynnikow korelagji tylko je potwierdzga.

| max u P
| 1 -058 087
u -0.58 1 -0.11
P 087 -011 1
r=|ty,; =006 -012 -0.14
tpase —0.05 -0.18 -0.16
toe 008 010 016
Taget 005 030 024
Tail 005 035 027

Wsp6tczynniki korelacji pomiedzy temperatura sil-
nika4CT90 (temperaturaptynu chtodzacego TW) oraz
temperatura oleju T w chwili rozruchu a wartoscia
maksymalna natezenia pradu | pobieranego przez
rozrusznik wynosza r = 0,05. Swiadczy to o braku ja-
kiegokolwiek zwiazku pomigdzy wartoscia maksymal -

tstart t pause toper Tagent Toil
-0.06 -005 008 005 0.05
-012 -018 010 030 0.35
-014 -016 016 024 0.27
1 048 -013 -053 -044
0.48 1 -0.14 -0.71 -0.59
-013 -0.14 1 026 032
-053 -0.71 0.26 1 09
-044 -059 0.32 0.9 1

The analysis of the results revealed that despite
short periods of acontinuous operation of the 4CT90
engine (the average time was 7.93 min) its start-ups
had taken place at high temperatures. Temperatures
of the engine start-up ranging from 80°C to 93.5°C
accounted for 71.6% of cases. For 64.2% of casestem-
peratures of lubricating oil registered at the engine
start-up reached from 72.5°C t0 95.3°C.

Occurrence of high temperatures of the 4CT90
engine start-up resulted from the fact that at the be-
ginning of each operational day the LUBLIN 111 runs
more than 30 km, what allows the engine to heat up.
Additional short stops at the following postal points
do not lead to significant temperature declines. Stops
up to 6 min accounted for 71% of cases.

Further part of data analysis deals with preparing
the matrix of correlation coefficientsr between speci-
fied random variables. Figures 1 —8 show scatter dia-
gramsfor those variables with the equation of regres-
sion line, for which correlation coefficientsr = [0.40]
what indicates a significant correlation between ana-
lysed variables[1].

When analysing correlation coefficients r for de-
scribed random variablesit must be stressed that the-
re are significant relations between the val ues of star-
ter electric parameters at the beginning of the 4CT90
engine start-up. And thus, during the increase of cur-
rent intensity | _, voltage U is getting lower and at
the same time the power P consumed by the starter
rises. Correlation relations between those parameters
are clear and values of correlation coefficients obta-
ined during the tests seem to confirm those relations.

Correl ation coefficients between the 4CT90 engi-
ne temperature (temperature of cooling agent Tagem)
and oil temperature T , at the moment of engine start-
up and amaximal valueof currentintensity | __consu-
med by the starter are r = 0.05. There is an obvious
evidence of no relation between the val ue of maximal
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nego natezeniapradu | pobieranego przez rozrusz-
nik napoczatku rozruchu awystepujacymw tym mo-
mencie stanem cieplnym silnika scharakteryzowanym
przeztemperatury T, iT,.

Jest to o tyle zaskakujace, ze w literaturze zagad-
nienia[5,6] opisujesie wyniki badan, w ktérych war-
tos¢ natezenia pradu rosniew miarg spadku tempera-
tury rozruchu silnika. Ttumaczy si¢ towzrostem oporéw
tarciaw wyniku spadku lepkosci oleju smarujacego.
Nalezy jednak zwrdci¢ uwagg, ze przedstawionei omo-
wione w cytowanej literaturze badania byty przepro-
wadzonewg metodyki normrozruchowych[9,10]. Uzy-
skane wartosci natgzenia pradu pobieranego dotycza
wigc wartosci srednigj wystepujace podczas stanu
napedzaniawatu korbowego silnikasamym tylko roz-
rusznikiem. Wydaje si¢, zew warunkach rzeczywistej
eksploatacji silnikanawartos¢ maksymalna natgzenia
pradu | _ pobieranego przez rozrusznik wptywaja,
oprocz oporéw tarcia, opory sprezaniatadunku wyste-
pujacew cylindrze. Tezas zaleza nietylko od stanu ciepl-
nego silnika, aletakze od szczelnosci zespotu ttok-pier-
scienie-cylinder. Szczelnos¢ za§ zespotu TPC uzalezniona
jest od wielu czynnikéw: konstrukcji, zuzycia, potoze-
niattokaw cylindrze po zatrzymaniu si¢ silnikaitd.

Na stan cieplny silnika 4CT90 (temperatury T o
i T) podczasjego rozruchu decydujacy wptyw madiu-
gos¢ czasut, postoju samochodu z wytaczonym sil-
nikiem. Diugos¢ czasu postoju oddziatujetakze naczas
t rozruchu silnika. Wspdtczynniki korelacji r pomig-
dzy zmiennymi reprezentujacymi stan cieplny silnika,
a zmienng losowa opisujaca czas jego rozruchu t |
wykazuja, co jest oczywiste, zew miarg wzrostu tem-
peratury rozruchu silnik osiaga szybcigj stan samo-
dzielnego dziatanianabiegu jatowym. Jest to podyk-
towane dogodniejszymi warunkami wystapienia
pierwszych samozaptonow mieszanki paliwowo-po-
wietrznej w komorze spalania.

Stwierdzasi¢ wysoka wartos¢ wspdtczynnikako-
relacji r = 0,90 pomigdzy temperatura SilnikaT o AtEM-
peratura T, olgju silnikowego. Pozwalato przyja¢, ze
w trakcie prowadzonych badan eksploatacji silnika
samochodowego wystarczy w celu okreslenia jego
stanu cieplnego podczas rozruchu rejestrowac tylko
jedna z ww. temperatur. Wydaje sig, ze wzgledu na
zuzycie elementdw silnika, ze mierzong temperatura
moze by¢ temperaturaT , oleju silnikowego.

current intensity | consumed by the starter at the
beginning of the engine start-up and itsthermal state
characterized by thetemperatures T, and T ..

The results reported by other authors [5,6] reveal
that the value of current intensity increases as the
temperature of the engine start-up isdeclining. It may
bejustified by therise of friction resistance asaresult
of lower viscosity of lubricating oil. However, the at-
tention need to be paid to the fact that tests presented
and discussed in references had been carried out ac-
cording to the methods of the engine start-up stan-
dards[9,10]. The values obtained for the intensity of
power consumed refer to the average value that oc-
curs when the engine crankshaft is propelled only by
the starter. Under real conditions of engine operation
the maximal value of power intensity | consumed
by the starter seemsto be affected not only by friction
resistance but also by the resistance of charge com-
pressioninthe cylinder. They, in turn depend on ther-
mal state of the engine and on the tightness of the
piston-rings-cylinder (PRC) set. Consequently, the
PRC set tightnessis determined by many factors: con-
struction, wear, position of the piston in the cylinder
after switching off the engine, etc.

The length of pauses in a vehicle operation LA
when the 4CT90 engine is switched off, is of great
importancetoitsthermal state (temperatures Togent and
T,,) at the start-up but also affects the start-up time
t... Correlation coefficients r between variables re-
presenting engine thermal state and variable descri-
bing the time of its starting t__ . show, what seemsto
be evident, that asthe start-up temperature increases,
the engine needs | ess time to start operating indepen-
dently at idle running. Such a situation is driven by
the conditions that favour first self-ignitions of air-
fuel mixturein acombustion chamber.

It has been noted that correlation coefficient
r = 0.90 between enginetemperature T ogent and tempe-
ratureof engineail T_ ishigh. Thereforethe operatio-
nal testscarried out in order to determine enginether-
mal state during its start-up may focus on registering
just one of the two temperatures mentioned above.
Dueto the wear of engine elements the measurement
of thetemperature of engineoil T, seemsto be suffi-
cient.
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4. Wnioski

Napodstawieanalizy uzyskanychwynikow przepro-
wadzonych badan ekspl oatacyjnych samochodu LUBLIN
111 oraz silnika4CT90 opracowano nastepujacewnioski:

1 O temperaturach rozruchu samochodowego sil-
nika spalinowego decyduje sposdb organizacji
systemu transportu. Odpowiednie zaplanowanie
przewozow powoduje, ze pomimo krétkich cza-
sOw nieprzerwanego dziataniasilnikamoga wy-
stapic ,, ciepte” rozruchy.

2 Rozruchy silnikaw wysokich temperaturach po-
woduja, ze czasich trwaniajest krétki. W takich
warunkach negatywne zjawiskawystepujace we-
whatrz silnikaoraz jego niekorzystne oddziatywa-
nianaotaczgace srodowisko sa zminimalizowane.

3. Wystepujace obciazenia elektryczne w uktadzie
rozruchowym podczas uruchamianiasilnikazale-
za W gtéwnej mierze od stanu szczelnosci jego
zespotu TPC.

4. Analizakorel acyjnauzyskanych wynikow badan
wskazatanamozliwos¢ uproszczeniaprowadzo-
nych doswiadczen w warunkach rzeczywistej
eksploatacji pojazdu. Uproszczenia te dotycza
przede wszystkim liczby i zakresu mierzonych
parametrow.

5. Przedstawione wnioski potwierdzaja bardzo do-
bre warunki eksploatacji pojazdu w systemie
transportu Poczty Polskigj. Swiadczy to o wyso-
kigj kulturze techniczno-organizacyjnej Zaktadu
Transportu Samochodowego Poczty Polskiej
w Lublinie.

luse = 067971 -0.0037 " T,

Temperature T, ['C]

Rys. 8. Wykres rozrzutu czasu rozruchu t, , oraz tem-
peratury oleju smarujqcego T, silnika 4CT90
w chwili rozruchu

Fig. 8. Scatter diagram for the start-up timet,, and
temperatureof lubricating oil T, of the4CT90
engine at the start-up

4. Conclusions

Theresultsof operational testson LUBLIN 111 van
and 4CT90 enginealow to draw thefollowing conclu-
sions:

1 Thetemperatures of starting acombustion engi-
ne result from the organisation of a transport
system. A proper planning of vehicle runsleads
to the fact that despite short periods of continu-
ous engine operation there may occur ,,warm”
engine start-ups.

2 Engine start-ups at high temperatures are short.
In those conditions negative phenomena taking
place inside the engine and its unfavourable ef-
fects on the environment are minimized.

3 Electric loads occurring in the engine start-up
system during the starting mostly depend on the
tightness of the RPC set.

4. Correlation analysis of the results pointed out
that thereis a possibility that tests carried out in
real conditionsof avehicle operation may besim-
plified. Such simplifications apply mainly to the
number and range of parametersto be measured.

5. The conclusions demonstrated above seem to
justify very good operational conditions for the
van operating in the system of the Polish Mail
transport. They testify high technical-organiza-
tion standards of the Department of Motor Trans-
port of Polish Mail, Branchin Lublin.
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Tadeusz DZIUBAK

STANOWISK O BADAWCZE CYKLONOW FILTROW
POWIETRZA POJAZDOW EK SPLOATOWANYCH
W WARUNKACH DUZEGO ZAPYLENIA

THE TEST STAND OF AIR FILTERS CYCLONES
OF VEHICLES OPERATING IN HIGH
DUSTINESS CONDITIONS

W artykul e przedstawiono niekor zystny wpfyw parametr dw pyZu drogowego na zuzycie wspos-
pracujqcych tarciowo elementéw silnika. Wykazano, ze w krajowych osrodkach badawczych,
skutecznosé filtracji filtrow powietrza silnikow spalinowych pojazdéw mechanicznych, okre-
slana jest metodg masowg. Pokazano metode oceny jakosciowsj filtrdw powietr za polegajqcq
na pomiarze ilosci i rozmiaréw ziaren pyfu w powietrzu przed i za filtrem. Przedstawiono
problem zastosowania tej metody do badari dwustopniowych filtréw powietrza, gdze pierw-
szym stopniem jest multicyklon (bateria cyklonéw), a drugim przegroda filtracyjna. Dla tych
filtr dw zaproponowano metode badar: polegajgcq na pomiarzeilosci i rozmiaréw ziaren pyfu
tylko w powietrzu za filtrem. Przedstawiono stanowisko badawcze pojedynczych cyklonéw
filtrdw powietrza z wykor zystaniem licznika firmy Pamas. Pokazano wyniki badas wstepnych

cyklonu przelotowego z wiotem osiowym.

Slowa kluczowe: zanieczyszczenia powietrza — pyf, stanowiska badawcze filtréw
powietrza, skutecznosé¢ i dokfadnosé filtracji powietrza, licznik czgstek, cyklony.

Disadvantageous influence of parameters of road dust on wear of tribologically mating engine
elements is presented in the article. One demonstrated that all homeland research centres
investigate efficiency of air filters of combustion engines according to gravimetric method.
One showed the method of quality assessment of air filters, which method is based on
measurement of quantity and dimensions of dust grainsin the air frominput and output of the
filter. One described the problem of application of this method for investigations of two—step
air filter comprising multicyclone asthefirst stage and filter medium as the second stage. For
two—step filters one proposed the method, in which one carried out only the measurement of
guantity and dimensions of dust grainsincluded in the air of output of thefilter. The test stand,
comprising particle counter Pamas, to investigate single cyclones of air filters was presented.
The results of preliminary investigations of pass cyclone with axial input were shown.

Keywords: Air pollution - dust, test stands for air filters research, efficiency and
accuracy of air filtration, particle counter, cyclones.

1. Wstep

Od wspétczesnych silnikow spalinowych pojaz-
déw mechanicznych wymagasie diugich przebiegéw
miedzynaprawczych. Jednym z czynnikdw majacych
na to wplyw jest czystos¢ powietrza zasysanego do
cylindréw silnika, o czym decyduije efektywnos¢ dzia
taniafiltru powietrza. Przy matym stezeniu zapylenia
powietrza (w pojazdach osobowych) stosowane sa
jednostopniowefiltry przegrodowe. Silniki samocho-
déw ciezarowych, pojazddw specjanych (czolgi, bwp,

1.Introduction

To meet high requirements present-day combu-
stion engines working in vehiclesmust be ableto run
long distances without being repaired. A proper engi-
ne operation is stimulated by the cleanness of the air
sucked to the engine cylinders, and that in turn, de-
pendsonfilters efficiency. If theair isnot very pollu-
ted (cars), it issufficient to apply barrier single-stage
filters. The engines of trucks, special vehicles (tanks,
combat vehicles, armoured personnel carriers) and
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transportery) i maszyn roboczych eksploatowanych
w warunkach duzego (okoto 1 g/m?) stezenia zapyle-
nia powietrza wyposazone sa w filtry dwustopniowe
pracujace w systemie: odpylacz bezwtadnosciowy
(multicyklon) i powierzchniowa przegrodaporowata.

Panuje poglad, ze wszystkie ziarna pytu o rozmia
rach powyzej 1 mm powoduja przyspieszone zuzycie
eementdw siinika. Dlatego tez od filtrow powietrzasto-
sowanych w pojazdach mechanicznych wymaga si¢
wigcwysokiej (ponad 99%) skutecznosci oczyszczania
powietrzaoraz dtugiego czasu pracy. W przypadku sil-
nikow pojazdow eksploatowanych w warunkach duze-
go zapylenia powietrza, gdzie stosowana jest filtracja
dwustopniowa, problem ten nabieraszczegdlnego zna-
czenia. Zachodzi wigc koniecznos¢ stosowanianajako
pierwszy przegrody filtracyjne coraz bardziej doskona-
tych porowatych materiatéw filtracyjnych oraz wyso-
kosprawnych elementow filtracyjnych - cyklondw.

Do niedawnaoceny pracy filtréw powietrzapojaz-
déw mechani cznych dokonywano wytacznieiloscio-
W0 (masowo) stosujac metode grawimetryczna pole-
gajaca na okresleniu skutecznosci oczyszczania
¢ powietrzadefiniowang jakoiloraz masy pytu zatrzy-
manego przez filtr i doprowadzonego dofiltruw czasie
cyklu badawczego.

W zwiazku z wysokimi wymaganiami stawianymi
filtrom powietrza zai stniata koniecznos¢ zastosowa-
nia nowych metod do oceny efektywnosci pracy fil-
tréw powietrza pojazdéw mechanicznych. Do okresle-
nia rozmiaréw ziaren pytu przepuszczanych przez filtry
powietrza pojazdéw mechanicznych stosujesi¢ jako-
sciowa metode oceny pracy filtrow. Istnigjacew kraju
stanowiska badawcze nie sa w petni przystosowane
do tego typu badan. Okreslanie doktadnosci filtracji
powietrza przez filtry pojazdéw mechanicznych wy-
maga zastosowaniado tego celu aparatury badawczej
dostepnej zagranica oraz opracowaniaodpowiednie)
metody badawczey.

2. Wplyw pylu na zuzycie elementow sil-
nika

Podczas eksploatacji silnikéw spalinowych wraz
Z powietrzem do cylindréw przedostaja Sie znaczneilo-
$ci zanieczyszczen. Gtownym sktadnikiem zanieczysz-
czen powietrza powodujacym przy$pieszone zuzycie
scierne elementéw silnika jest pyt drogowy, ktorego
podstawowymi sktadnikami sa krzemionka SiO, oraz
korund Al O,. Ich udziat w pyle dochodzi nawet do
95%. Twardos¢ obu tych mineratéw, ocenianaw dzie-
sieciostopniowej skali Mohsa, wynosi odpowiednio
71 9. Wraz z powietrzem pyt dostgje sie ponad ttok i to
decydujeotym, ze ngjwiecgj zuzywaja Sie: gornaczesé
cylindrai ttokaoraz gérne pierscieniettokowe. Ziarna
pytu, ktére osiadaja nasciankach cylindra, tworza wraz

working machines operating under high air dustiness
(about 1 g/m®) need to be fitted with double-stage
filtersthat work in thefollowing system: inertial dedu-
ster (multicyclone) and surface porous barrier.

All dust grains larger than 1 mm are believed to
speed up the wear of engine elements. Therefore air
filtersin vehiclesmust be characterized by ahigh effi-
ciency (more than 99%) and the ability to work long
periods. The problem seemsto be particularly impor-
tant for the engines operating under high air dusti-
ness, wheredouble-stagefiltrationisapplied. It isthen
necessary to use more complicated porous materials
aswell ascyclones- highly-efficient filtration elements.

Theassessment of air filters' operationinvehicles
has been until recently carried out only from the qu-
antitative (mass) point of view, by using agravimetric
method. Its aim is to determine the efficiency of air
purification ¢, defined asaratio of the dust mass both
blocked by the filter and supplied to the filter during
atest cycle.

As the air filters should meet high requirements
there was a need to apply new methods of estimation
such asaqualitative method to assess the size of dust
grains transmitted by air filters. Unfortunately the
stands existing in Poland are not fully adapted for
running such kind of experiments. The accuracy of air
filtration through vehicle filters might be determined
only if testing appliancesthat are avail able abroad are
applied and a suitable testing method is prepared.

2. The impact of dust on engine elements
wear

Theair reaching combustion engine cylinders con-
tains a considerable amount of pollutants, with road
dust that accelerates abrasive wear of engine parts
being the most important element. The dustismainly
composed of silicaSiO, and corundum Al,O, and the-
ir participation may even reach 95%. The hardness of
silicaand corundumisin 10-grade Mohsascale 7 and
9, respectively. The dust gets with the air above the
piston and this is why the upper part of the cylinder
and piston, and upper piston rings are the parts the
most susceptible to be worn out. After having been
settled on the cylinder walls, dust grainsjoin fuel and
oil and form the kind of abrasive paste to be further
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zpdiwemi olejemrodzaj pasty sciernej, ktérarozpro-
wadzanajest przez instal acje olejowa do tych elemen-
téw silnika, ktére smarowane 53 olejem (tozyskawatu
korbowego i korbowoddw, prowadnice zawordw, dol -
na czes¢ cylindra, ptaszez ttoka) powodujac ich zwigk-
szonezuzycie.

Wplyw parametréw pytu zasysanego wraz z powie-
trzem do silnikanawielkos¢ zuzyciarozpatrywany jest
w stosunku do gornej czesci cylindra lub pierwszego
pierscienia jako elementéw silnika, ktére najbardziej
narazone s nadziatanie pytu. W literaturze spotykasie
takze opiswplywu podstawowych parametrow pytu na
zuzycie innych wspétpracujacych elementéw silnika
takich jak skojarzenie czop-panewkaczy ttoczek-cylin-
derek sekgji ttoczace) pompy wiryskowse.

Autor pracy [1] podaje, ze istnigje $cista zaleznos¢
pomigdzy wymiarami ziarenkrzemionki SO, w zasysa-
nymdo silnikapowietrzu, awielkoscia zuzyciatule cy-
lindrows i ttoka Wraz zewzrastemrozmiardw ziaren pytu
dookoto 10umzuzycietula cylindrowej i tlokagwattow-
nierosnie, anastepniegwaltowniemaeei dlad,=20um
mataka sama wartos¢ jek dlad,= 3 um. Najwigkszy efekt
scierny wystepuje przy wielkosci ziaren 5+17 um.

25

distributed by the oil system to oil-lubricated engine
elements (crankshaft and connecting-rods’ bearings,
valve guides, lower part of the cylinder, piston skirt)
leading to their increased wear.

The impact of the parameters of the dust sucked
with theair to the engine on wear extentisexaminedin
relation to the upper cylinder part or to thefirst ring as
the elementsthat arelikely to be damaged by the dust.
Some references deal with the description of the im-
pact the basic dust parameters have on the wear of
other collaborating engine elements such as pin-be-
aring or plunger-small cylinder connections in the
press section of the injection pump.

According to the author [1] thereisaclose corre-
lation between the size of silicaSIO, grainsin the air
sucked to the engine and the extent to which a cylin-
der sleeve and a piston are worn out. For large dust
grains (upto 10 um), thewear of acylinder deeveand
apistonis, at first, instantly increasing and after some
time drastically decreasing, reaching the same value
ford,=20 umandd,= 3 um. Thehighest abrasiveeffect
wasrecorded for dust grainsranging from5to 17 pm.

N2

o ——d=0..4 —x-d=4.7

% —4—d=7..10 —0o—d=10.20

g " —%-d=20.40 -O—d=40.60

s @

T TR

° Z“ F——k—x

5§

3

z

-3

= —O——0—

& —O0——0n

3 —

g s - ——
e = SN TX—x

40 50 60

The length of a cylinder sleeve from the upper block plane |z, mm

Rys. 1. Zuzycie gfadzi cylindrowej dla réznych frakeji w przeliczeniu na 1 g dozowanego pyfu [ 2]
Fig. 1. The wear of a cylinder bearing surface for different dust fractions per 1 g of dust [ 2]

Na rysunku 1 przedstawiono wielkosci i charakter
zuzyciatule cylindrowe nadtugosci 60 mm od gorne
ptaszczyzny bloku, w odniesieniu do 1 g dostarczonego
dosilnikawraz z powietrzem pytu[2]. Z rysunkuwynika,
zemaksymane zuzycietule cylindrowe) wywolanejest
przez Ziamapytuorozmiarachd, =20+ 40pm, chociaz widat
wyraznie niszczace dziatanie ziaren pytu 0 mnigiszych
rozmiarach. Ziarna pytu o rozmiarach d,= 0+4 pm
i d,= 40+ 60 pm powoduja ngmnigszezuzycie.

Z przedstawionych wykresdw oraz innych publi-
kacji wynika, zeziarnaowymiarach 5 + 40 pm sa naj-
bardzigl szkodliwe dla elementéw silnika. Charakter
wykresu ttumaczy si¢ tym, ze ziarnapytu ponizej 5 um
Sa mniejsze od minimalnej grubosci filmu olejowego

Figure 1 presents the extent and character of cy-
linder sleeve wear at 60 mm length from the upper
block plane, in relation to 1 g of the dust supplied to
theenginewiththeair [2]. Although, it isevident that
the maximum wear of acylinder sleeveand apistonis
caused by thedust grainssized d, = 20 = 40 um, lower
dust grains are also found destructive, whereas dust
grainsof d,=0+4pumandd, =40+ 60 um have been
recorded to do the least harm.

The diagrams and other references show that gra-
insof 5+ 40 pm do the greatest damage to the engine
elements. Dust grains< 5 um aresmaller than themini-
mum width of the oil film so they do not take part in
thewearing process and arethereforelessharmful. In
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i niebiora udziatuw zuzyciui dlatego sa mnigj szkodli-
we. W rzeczywistosci jednak skojarzeniattok-cylinder
lub czop - panewka charakteryzuja si¢ duza zmienno-
$cig warunkoéw smarowania i to w obrebie jednego
suwu. Grubosé filmu ol owego pomigdzy gtadzia cy-
lindraapierscieniami zmieniasi¢ w zaleznosci od chwi-
lowej wartosci cisnieniaobciazajacego pierscien oraz
szybkosci pierscienia wzgledem tulei cylindrowsj.
W zwiazku z tym wystepuja okresy nawet bezposred-
niego metalicznego styku pomigdzy tymi elementami.
W tych warunkach teoretycznie kazde ziarno pytu
0 dowol niematych wymiarach moze by¢ powodem zu-
zycia. Ziarnapytu o duzych rozmiarach moga by¢ roz-
drobnione przez elementy silnikai dopiero wtedy bio-
ra W zuzyciu. Znaczna liczba ziaren pytu o duzych
wymiarach nie dochodzi pomigdzy powierzchnie
wspOtpracujacei jest spychanakrawedziami ttokalub
pierscieni. W konsekwencji tego znaczna liczba du-
zych ziaren pytu nie bierze udziatu w zuzywaniu czgsci
silnikai jego wielkos¢ maleje. Obecnie uwazasig, ze
wszystkie ziarna pytu powyze 1 um powoduja przy-
$pieszone zuzycie wspoitpracujacych tarciowo elemen-
tow silnika

Rysunek 2 przedstawiazal eznos¢ pomigdzy trwa-
|oscia silnikawysokopreznego firmy Cespel, ailoscia
Zasysanego Wraz z powietrzem pytu SO, owymiarach
10+ 15pum[1]. Jezeli do silnikadostajesie pyt o steze-
niu 0,2 mg/md, to trwatos¢ silnika (rozumianajest tutaj
jakoilos¢ przejechanych kilometréw lub godzin pracy
silnikado okreslonej granicy zuzycia) wynos 7000 go-
dzin. Jezeli il0s¢ pytuwzrastatrzykrotnie, to trwatosé
silnikaspadado 2000 godzin. Wzrost stezeniazapyle-
niapowietrzaz 0,2 do 1 mg/m? powoduij e szesciokrot-
nezmnigjszenietrwalosci silnika

fact piston-cylinder or pin-bearing shell associations
are characterised by a high variability of lubrication
conditions even within one stroke. The width of the
oil film between the surface of acylinder sleeve and
the rings varies and depends on the actual value of
the pressure loading the ring and its speed towards
acylinder sleeve. For that reason there are some pe-
riods of adirect metal contact between the elements,
and under those circumstancestheoretically each gra-
in, no matter how small itis, may lead to thewear. Fair-
sized dust grains are likely to take part in the wear
after having been broken up to smaller pieces. Asacon-
siderable amount of large dust grains does not reach
the collaborating planes and is pushed by the piston
or ring edges, they do not contribute to the engine
wear and itsvalue is decreasing. It isnow considered
that all dust grains larger than 1 um accelerate the
wear of tribologically mating engine elements.

Figure 2 shows the dependence between the du-
rability of the Cespel compression-ignition engineand
theamount of SIO, dust, sized 10+ 15 um[1] sucked
with the air. If the dust concentration is 0.2 mg/m?,
engine durability (understood as a number of driven
kilometres or working hours up to a determined wear
level) is 7000 hours. However, it decreases to 2000
hours with three-fold increase of dust amount, and
when air dustiness rises from 0.2 to 1 mg/m? engine
durability issix-fold reduced.

Test dust-SiO,
Dust grain size d, =10-15 ym

Engine durability T, hour * 1000
S

0

0,2 0,3 04 05

0,6

0,7 0,8 0.9 1

Air dustiness concentration s, mg/m®

Rys. 2. Zaleznosé trwalosci silnika od stezenia zapylenia powietrza [1]
Fig. 2. Dependence between engine durability and air dustiness [1]
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2. Metody badawcze filtréw powietrza do
silnikéw spalinowych

Jedynym sposobem zabezpieczajacym silnik przed
dostawaniem si¢ Wraz z powi etrzem zanieczyszczen jest
stosowaniewysokosprawnych filtrow powietrza. Efek-
tywnos¢ dziataniafiltréw powietrzaokreslanajest przez
trzemacharakterystykami czesto nazywanymi gtowny-
mi. Sa to: skutecznos¢ oczyszczania ¢, opor przeptywu
Ap, chtonnos¢ filtru Am. Charakterystyki filtréw po-
wietrzasa funkcja kilkunastu parametréw. Dlaprzykia-
du skutecznos¢ filtragji filtru z przegroda porowata moze
by¢ funkcja nastepujacych parametréw [3- 6]:

#=f(dkpr,uBb Qs twupm,nxo @

gdzie: d - sktad granulometryczny pytu, k - ksztalt zia-
ren, p - gestos¢ ziaren, r - sktad chemiczny pytu,
U,- predkos¢ przeptywu powietrzaw warstwie filtra-
cyjng, B- gestos¢ ztozafiltracyjnego, b - grubos¢ zto-
za, Q - strumien powietrza, s- stezenie pytuw powie-
trzu zasysanym, T - okres pracy filtru od chwili
rozpoczeciaeksploatacji, t, w, U, p - temperatura, wil-
gotnos¢, lepkos¢ i cisnienie powietrza, m_ - ilos¢ za-
trzymanego pytu, n - pulsacjastrumienia, x - drgania
filtru, ¢ - cechy konstrukcyjnefiltru.

Zewzgledu natrudnosci wyznaczeniacharaktery-
styk filtru w funkcji wszystkich wymienionych para-
metrow, praktyce wykonuje sie charakterystyki
uproszczone (w funkcji jednego parametru) na spe-
cjalnych stanowiskach w czasie standardowych te-
stow badawczych, naprzyktad: ¢ =f (m.), Ap=f(m),
Ap=1(Q), ¢=1(Q), Ap=F(Q), gdzie: m.—masapytu
zatrzymanaprzez filtr, Q —strumien powietrzaprzepty-
wajacy przezfiltr.

| stnigje duzardznorodnosé stanowisk badawczych,
ktére stuza dowyznaczeniacharakterystyk kompletnych
(jednostopniowych i dwustopniowych) filtréw powie-
trzapojazddw mechanicznych bez odsysaniaz odsysa-
niem pytu, pojedynczych wktadéw filtracyjnych lub
pojedynczych cyklondw bedacych elementami filtréw.

Przedstawione narysunku 3 stanowisko zapewnia
wykonywanie charakterystyk filtracyjnychi przepty-
wowych dwustopniowych filtrow powietrzaw zakre-
sie strumieniapowietrzado 2000 m®/h przy maksymal-
nym spadku cisnienia na badanym filtrze 15 kPa,
stezeniu pytu w powietrzu do 4 g/m?i przy stopnium,
gjekcyjnego odsysania pytu z osadnika multicyklonu
do 20 %. Jest ono uniwersalne w sensie mozliwosci
badawczych filtréw o réznych cechach i wartosciach
przeptywajacych strumieni.

Schemat stanowi ska znajdujacego sie w zaktadach
WIX - Filtron, astuzacego do badan kontrolnych pro-
dukowanych tam wktadow filtracyjnych filtréw powie-
trza pojazdéw mechanicznych i maszyn roboczych,
przedstawiono narys. 4. Stanowisko zapewniawyko-

2. The methods to test air filtersin combu-
stion engines

The only way to protect the engine from penetra-
tion of air pollutionsisto apply highly-efficient air fil-
ters. The efficiency of their operation is determined by
three main characteristics: purification efficiency ¢, flow
drag Ap, and filter absorbing capacity Am. They arethe
function of several parameters, for exampletheefficien-
cy of purification by afilter with aporousbarrier may be
afunction of thefollowing parameters[3- 6]:

g=f(dkpr,uBbQsrtwupm,nxo @

where: d - grain composition of the dust, k - grain
shape, p - grain density, r - dust chemical composi-
tion, u, - air flow speedinthefiltration layer, - filter
bed density, b - bed thickness, Q - air flow, s - dust
concentrationinthesucked air, 7- period of filter work
from the beginning of itsoperation, t, w, u, p - tempe-
rature, humidity, air viscosity and pressure, m_ - amo-
unt of dust blocked, n- flow pulsation, x - filter vibra-
tions, ¢ - construction features of thefilter.

Due to the fact that filter characteristics are quite
difficult to befixed asafunction of al parametersmen-
tioned above, in practice simplified characteristicsare
prepared (as a function of one parameter). They are
determined during standard tests at specia stands,
forexample: ¢ =f (m.), Ap=f(m,), Ap=1(Q), ¢ =F(Q),
Ap=1(Q), where: m_—the amount of dust blocked by
thefilter, Q—air flow passing through thefilter.

Thereisahigh variability of the standsto determi-
ne complete characteristics of air filters (single- and
double-stage) with or without dust suction, singlefil-
ter pack or single cyclones being the elements of afil-
ter.

Using the stand showed on figure 3 makes it po-
ssibleto preparethefiltration and flow characteristics
for double-stagefiltersif theair flow does not exceed
2000 m?3/h, the maximum pressure reduction at thefil-
ter is 15 kPa, dust concentration in the air reaches up
to4g/m*andthem, level of gjection dust suction from
themulticycloneclarifier isnot higher than 20 %. The
stand isuniversal asit allowsto test filters of various
features and flow values.

The stand present at the WIX - Filtron Plant is
shownon Fig. 4. Itsaimisto monitor own-madefilter
packsin vehiclesand working machines. Thestandis
designed to fix characteristics of filtration elements
for theair flow up to 3600 m*/h at the maximum pressu-
re reduction at the filter 20 kPa. The dust is fluently
supplied by a special portioning system, what keeps
itsconcentration within 0.25 + 2g/m?®. A computer fit-
ted with the appropriate programme controls al me-
asurements and registers the results.
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Rys. 3. Stanowisko badawcze filtr dw powietrza z gjekcyjnym odsysaniem pyZu (IPM i T WAT): 1 - komora py/owa,
2 - badany filtr, 3 - stozek zsypowy, 4 - dozownik pyfu, 5 - przewdd gfowny, 6 - cyklonowy separator pyfu
odsysanego z osadnika, 7 - filtr absolutny, 8 - przesiona, 9 - zespd/ manometréw, 10 - filtr absolutny
11-kryza pomiarowa strumienia g/dwnego, 12 - kryza pomiarowa strumienia odsysania, 13 - przewdd
odsysania, 14 - przesiona wiotu wentylatora ssawnego, 15 - wentylator ssawny, 16 - reduktor, 17 - badany

gjektor, 18 - silnik elektryczny

Fig. 3. The stand to test filterswith gjection dust suction (Institute of Motor Vehiclesand Transport MUT): 1 - dust
chamber, 2 - filter under study, 3 - pouring cone, 4 - dust feeder, 5 - main circuit, 6 - cyclone separator of the
dust sucked off from the clarifier, 7 - absolute filter, 8 - strangler flap, 9 - manometers unit, 10 - absolute
filter, 11 - measuring plate of the main flow, 12 - measuring plate of the suction flow, 13 - suction circuit,
14-flap of the suction fan inlet, 15 - suction fan, 16 - reducer, 17 - gjector under study, 18 - electric motor

Rys. 4. Schemat stanowiska badawczego wkiadow filtracyjnych filtréw powietrza w laboratorium WX - Filtron.
1- dozownik pytu, 2 - gektor, 3 - badany wkfad filtracyjny, 4 - przewdd pomiarowy, 5 - filtr absolutny,
6 - zawor regulacji strumienia powietrza, 7 - wentylator ssawny, 8 - czujnik cisnienia,9 - przep/ywomierz
wiatraczkowy, 10 - miernik koncentracji pyfu, 11 - urzgdzenie sterujgce, 12 - wydruk wynikéw

Fig. 4. The scheme of the stand to test filter packsin the air filtersinthe WIX - Filtron laboratory. 1- dust feeder,
2 - gector, 3 - filter pack under study, 4 - measuring circuit, 5 - absolutefilter, 6 - valve to regulate air flow,
7 - suction fan, 8 - pressure pick-up, 9 - vane flowmeter, 10 - dust concentration meter, 11 - control system,

12 - result printout

nywanie charakterystyk elementow filtracyjnychw za-
kresie strumieniapowietrzado 3600 m¥/h przy maksy-
malnym spadku cisnienianafiltrze 20 kPa. Ptynne daw-
kowanie pytu przez specjane urzadzenie dozujace
zapewnia stezenie zapylenia powietrza w zakresie
0,25+ 2 g/m®. Procedura pomiaru sterujei rejestruje
wyniki badan komputer z odpowiednim programem.
Stanowisko do badan charakterystyk pojedynczych
cyklonéw zwrotnych zwlotem stycznymffiltru powietrza
bojowego wozu piechoty pokazano narysunku 5[7].

The stand to test characteristics of a single retur-
nableair filter cyclone with atangent inlet in combat
vehicleisshown onfigure5[7].

Mineral dust of aspecified grain and chemical com-
position is applied to test the efficiency and absor-
bing capacity of thefilters. The standardsthat control
thestudieson air filtersin the USA and some Europe-
an countries, identify the testing dust produced as
AC Fine(minutefine) according to the | SO 5011:1988.
The PN-S-34040 and PN-1SO 5011 standards alow to
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Srumien powietrza Q
Air flow

, Zanieczyszczonego py/em
compréyssed 90 by

oczyszczonego w cyklonie
=> polluted Wﬁ% dusty

odsysanego wraz z pyfem
pu%‘iedei% the cycl e

3 Sprezonego |
sucked off with the dust

Masa pyfu zatrzymana przez:

m, . — filtr absolutny przewodu giéwnego
m,, — filtr absolutny przewodu odsysania
m, — osadnik cyklonu

Dust mass blocked by:

m, ., — absolute filter of the main circuit

m, — absolute filter of the suction circuit
m, — cyclone clarifier

Rys. 5. Schemat stanowiska do badasi charakterystyk cyklondéw zwrotnych z wiotem stycznym [7]: 1 - cyklon,
2 - komora pyfowa, 3 — osadnik pyfu, 4 - dozownik pyfu, 5 - przewod pomiarowy, 6 - filtr absolutny
przewodu odsysania, 7 - filtr absolutny przewodu gféwnego, 8 - czujnik oporu przepsywu cyklonu, 9 - pa-
nel odczytowy oporu przepfywu, 10 — przyrzqd do pomiaru warunkOw otoczenia, 11, 12 - rotametry,

13 - wentylator ssawny

Fig. 5. The scheme of the stand to test the characteristics of returnable cyclones with atangent inlet [7]: 1 - cyc-
lone, 2 - dust chamber, 3—dust clarifier, 4 - dust feeder, 5 - measuring circuit, 6 - absolutefilter of the suction
circuit, 7 - absolute filter of the main circuit, 8 - sensor of flow drag, 9 — readout panel of flow resistance,
10 - meter to monitor the environment conditions, 11, 12 - rotameters, 13 - suction fan

Do badania skutecznosci i chtonnosci filtrow stosu-
jesi¢ testowy pyt mineralny o okreslonym sktadzie gra-
nulometrycznym i chemicznym. Obowiazujacew USA
i w krgach UE normy, kt6rereguluja badani afiltréw po-
wietrza, podaja pyt badawczy produkowany pod nazwa
ACFine(drobny) wedtug | SO 5011:1988. Normy PN-S-
34040i PN-1S0O 5011 przewiduja stosowanie pytu badaw-
czego 0znaczonego symbolem PTC-D bedacego krgjo-
wym zamiennikiemi odpowiadajacego charakterystyce
pytu AC-fine[8, 9]. Sktad granulometryczny i chemiczny
pytu PTC-D podano narysunku 6i 7.

80

use dust marked as PTC-D, which isthe Polish sub-
stitute and complieswith the AC-fine dust features|[8,
9]. Grain and chemical composition of the PTC-D dust
ispresented on figures 6 and 7.

The course and values of the characteristics un-
der study are significantly affected by the air dusti-
ness concentration, which varieswithin the standards
and depends mainly on the kind and purpose of the
filter to betested. According to the PN-S-34040 stan-
dard the concentration of air dustiness must range
within0.2+2g/mé,
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Rys. 6. Sk/ad chemiczny pytu testowego PTC-D
Fig. 6. Chemical composition of the PTC-D dust
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Rys. 7. Skfad granulometryczny pyfu testowego PTC-D
Fig. 7. Grain composition of the PTC-D dust

Istotny wptyw na przebieg i wartosci badanych
charakterystyk mastezenie zapyleniapowietrza. W po-
szczegolnych normach proponowane podczas badan
stezenia zapylenia sa zréznicowane i zaleza gtéwnie
od rodzaju i przeznaczenia badanego filtru. Wedtug
PN-S-34040 do badan filtréw nalezy stosowaé, w za-
leznosci od rodzajui przeznaczeniafiltru, stezenie za-
pyleniapowietrzaw zakresie 0,2 + 2 g/m®,

Skutecznosé filtracji wyznacza si¢ metoda wago-
wa polegajaca na okresleniu masy pytu m_zatrzyma-
nego przez badany filtr i masy dostarczonego pytu m,
korzystajac z zaleznosci:

= Mo —Mgy
= ——=100%
. ; @

gdzie: m,, m_, - masafiltru odpowiednio przed i po
cyklu badawczym,

|ub ¢= rrb_(mAZ_mAl) 100%

©)
gdzie: m,,, m,, - masa filtru absolutnego przed i po
cyklu badawczym.

Dlatechniki oczyszczania powietrza zasysanego
przez silniki waznajest tez wielkos¢ ziaren jekie zostaja
zatrzymane przez filtr. W technice oczyszczania pty-
now eksploatacyjnych, ktérymi zasilane sa silniki spa-
linowe, przyjmujesie, zewszystkie ziarna pytu powy-
7€ 1 um powoduja przyspieszone zuzyciei powinny
by¢ usunigte. Jest to mozliwe przy zastosowaniuw fil -
trach wysokosprawnych przegrad filtracyjnych. Roz-
woj technologii wytwarzanianowych i doskonalszych
materiatow i elementow filtracyjnych sprawia, ze do-
tychczasowe metody (gtéwnie wagowe) oceny pracy
filtru powietrza sa niewystarczajace. I stnigjewiec ko-
niecznos¢ oceny jakosciowej (poprzez pomiar ilosci
i rozmiaru zanieczyszczen) produkowanych el ementow
i materiatow filtracyjnych jak i kompletnych filtrow
powietrza.

The filtration efficiency is calculated by a gravi-
metric method, aim of whichisto determinefilter-bloc-
ked dust mass m. and the mass of the dust supplied
m,, , according to the formula:

= Mgy — Mgy
= ———=100%
P ; @

where: m_, m, - filter mass before and after the test
cycle, respectively,

= Mp —(Map —May ) 100%

or (€)
where: m,_, m,, - absolutefilter massbefore and after
the test cycle.

The purification of the air sucked by the engines
considers aso the size of dust grains blocked by the
filter. In the technology of purifying operating fluids
used to supply combustion engines, all dust grains
larger than 1 um are assumed to accel erate the wear
and should beremoved. It might be possible only when
highly-efficient barriers are applied in the filters. As
technology development leads to produce new and
improve already existing filtration materialsand ele-
ments, dl methods (in particular agravimetric method)
to assess air filters' operation that have been applied
up to the present become not sufficient. Thus, thereis
aneed to carry out qualitative assessment (measure-
ment of the amount and size of the pollutions) of both
filtration materials and elements as well as complete
airfilters.
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4. Stanowisko badawcze filtréw powietrza
z licznikiem czastek

W nielicznych osrodkach badawczych w kraju
dziataja juz stanowiska, gdzie skutecznosé filtrowania
olgui paliwawyznaczanajest metoda jakosciowa [10].
Okresleniedoktadnosci filtracji powietrzawymagawiec
wyposazenia stanowiska badawczego filtrow powie-
trzaw odpowiednie urzadzenie do zliczaniai okresla-
niarozmiaréw ziaren pytu. Urzadzeniate dostepne sa
zagranica, aich koszt jest duzy.

Na rysunku 8 pokazano schemat ideowy i zasade
dziatania stanowiska badawczego filtréw powietrza
przy wykorzystaniu licznikaczastek niemieckieg firmy
Pamas. W odpowiednigj odlegtosci przed i za bada-
nym filtrem umieszczone sa centralniew osi przewodu
koncowki sond pomiarowych skierowane otworami
wlotowymi w strone haptywu strumienia zanieczysz-
czonego powietrza Q. Kazda sonda pomiarowa pota-
czonajest cienkim przewodem rurowym z oddzielnym
blokiem pomiarowym, w sktad ktérego wchodza: sen-
sor, kontroler przeptywu, pompaprézniowai filtry po-
wietrza. Mikroprocesor licznikaczastek jest wspolnym
elementem obu blokéw pomiarowych. Z chwila wia-
czeniapomp prozniowych koncdwkami sond pomia
rowych nastepuje zasysanie aerozolu w postaci stru-
mienia badawczego Q, o statej wartosci. Nawejsciu
do sensorastrumien Q, taczy si¢ ze strumieniem ekra-
nujacym Q. bedacym strumieniem czystego powie-
trza. W sensorze, ktérego schemat ideowy dziatania
przedstawia rysunek 9, nastepuje analiza przeptywa-
jacego strumienia przy wykorzystaniu zjawiska roz-
praszaniawiazki promieniowanialaserowego (dtugosé
fali 680 nm). Wyemitowanawiazkajest najpierw koli-
mowana, po czym przechodzi przez zespot diafragm
majacych na celu usuniecie swiatta rozproszonego.

4. The stand to test air filter with a particle
counter

Only afew research centres in Poland are equip-
ped with the stands where filtration efficiency of the
oil and fuel may be determined by a qualitative me-
thod [10]. To evaluatethe accuracy of air filtrationitis
necessary to fit the stand with a tool to count dust
grainsand determinetheir size. Such toolsare availa-
ble abroad only and they are quite expensive.

Figure 8 presentsthe schematic diagram and prin-
ciple of operation of the stand fitted with the German-
made Pamas particle counter to test air filters. The
terminals of measuring probesarelocated centrally in
the circuit axis, in some distance in front of and be-
hind the filter under study. The inlets of measuring
probesaredirected towardstheflow of pollutedair Q.
Each measuring probeislinked, through a pipe, with
a separate measuring block, which consists of thefol-
lowing elements: asensor, flow control system, vacu-
um pump and air filters. Particle counter microproces-
sor isajoint element of both measuring blocks. As
soon as the vacuum pumps are switched on, the aero-
sol (tested flow Q, of a constant value) is sucked by
measuring probe terminals. At the sensor entry the
flow Q, joinsthescreening cleanair flow Q... Theflow
analysistakes placein the sensor (schematic diagram
presented on figure 9), where the phenomenon of la-
ser beam scattering (wave length 680 nm) is applied.
After being collimated, the emitted beam passesthro-
ugh the diaphragms set, aimed to remove scattered
light, then it lights the whole section of the detection
arealocated at the nozzle mouth supplying the air to
be tested.

7,7'?[:,7,,,, 77777

Airflow:
’ Strumien powietrza:

2 1

$ Qe

[l
&—||MICROPROCESSOR|[—=

| SENSOR

1271 | .
8\% Qe 3 4
| I8 I/g/(:) |

| =5

e

polluted with dust
zanieczyszczonego pytem

purified in the filter
oczyszczonego w filtrze

tested
eﬁsranuj acy

48608

screening
badawczy

Rys. 8. Schemat ideowy stanowiska do badania filtr 6w powi etr za z licznikiem czgstek firmy Pamas: 1 - badany filtr
powietrza, 2 - sonda pyfowa licznika czgstek, 3 - licznik czgstek, 4 - mikroprocesor licznika czgstek,
5 - komputer pomiarowy, 6 - sensor, 7 - filtr, 8 - pompa prézniowa, 9 - blok kontroli przep/ywu

Fig. 8. Schematic diagram of the stand with the Pamas particle counter to test air filters: 1 - air filter under study,
2 - dust probe of a particle counter, 3 - particle counter, 4 - microprocessor of a particle counter, 5 - measu-
ring computer, 6 - sensor, 7 - filter, 8 - vacuum pump, 9 - block to control flow
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Rys. 9. Schemat ideowy dziafania sensora licznika czgstek zanieczyszczer firmy Pamas
Fig. 9. Schematic diagram of the sensor operation of the Pamas dust particle counter

Nastgpnie odwietlacaty przekroj obszaru detekcji zngj-
dujacy si¢ nawylacie dyszy dostarczajacej strumien
badanego powietrza.

Czg$¢ wiazki laserowey, ktéranieulegtarozprosze-
niu, jest kierowanaza pomoca zwierciadetkanafoto-
diodg, monitorujaca natezenie wiazki. Fotodiodajest
poprzez odpowiedni obwdd sprzezonaz dioda | asero-
Wwa, CO pozwalanautrzymywanie mocy lasera, awigc
nate¢zeniajego promieniowanianastatym poziomie.

Strumien prébkowanego powietrza dostarczany do
obszaru detekdji poprzez dysze i zawiergjacy zliczaneczas-
ki, jest ekranowany dodatkowym strumieniem przefiltro-
wanego powietrza. W zaleznosci od rozmiardw, ksztat-
tow i wiasnosci optycznych rozpoznawanych czastek,
odpowiednia(niewielka) czgs¢ wiazki laserowej bedzie
nanich uginanai przez nie odbijana, awigc, generalnie
rzecz ujmujac, rozpraszana. Swiatto, ktérezostalo rozpro-
szone pod katem nie wigkszym od 30° w stosunku do
pierwotnego toru wiazki, zbierane jest przez zespét so-
czewek odbiorczychi kierowanedo uktadu fotodetekto-
ra, w ktérym ulegaprzetworzeniu nasygnat elektryczny.
Nastepnie, po wzmocnieniu i odpowiednig) obrdbce, sy-
gnattenprzekazywany jes dolicznika Zarg etrowaneprzez
mikroprocesor wyniki pomiardw moga by¢ wydrukowane
w podtad tabd aryczng) zapomoca drukarki Sanowiace in-
tegralng catos¢ z mikroprocesorem|ubwyswietlonenaekra:
niekomputera. |stnigemozliwosé zdalnego Serowaniapo-
miarami zapomoca komputera, jak i bezposredniozklawiatury
zngdujacg S¢ na plydie gldwng urzadzenia. Do andizy
wynikéw badan stuzy odpowiedni program komputerowy.

Sensor urzadzeniaprzystosowany jest do rejestra
Cji czastek zanieczyszczen z okreslonego zakresu sred-
nicd . -d, _ ktory podzielony jest na kilkanascie
przedziatow (kanaldéw) pomiarowych. Na podstawie
otrzymanych wynikéw pomiardw okreslasie skutecz-
nos¢ filtracji powietrzadlakazdego przedziatu pomia-
rowego z zal eznosci:

Nagg iy — Nop i
¢(i-j): 1(di—-dj) 2(di—-dj) 100% (4)

M(di-dj)

That part of alaser beam, which has not been scat-
tered is directed by the mirror to a photodiode. The
photodiode, which monitorsbeam intensity iscoupled
with alaser diode, what allows to maintain laser po-
wer, and intensity of its radiation at a constant level.

The flow of air containing the grains to be coun-
ted is supplied to the detection area through the noz-
Zleand screened by the additional flow of filtrated air.
As depending on the size, shape and optical proper-
ties of recognisable grains, some (small) part of alaser
beam isscattered - it isfirst diffracted and then reflec-
ted. Thelight that has been scattered at the angle not
bigger than 30° inrelation to the original beam track is
focused by the set of converging lens and directed to
the photodetector system, where it is converted into
an electric signal. Then, after strengthening and some
treatment the signal istransmitted to the counter. The
results registered by the microprocessor may be pro-
vided (as tables) by a printer, forming a whole with
amicroprocessor or shown on the computer screen.
The measurements may be remote controlled by the
computer or by the keyboard located on the main tool
panel. Thereis acomputer programmeto analysethe
results.

The tool sensor is adjusted to registering pollu-
tion grains withind, . - d,__ in diameter in several
measuring ranges (flumes). Air filtration efficiency is
assessed for each measuring range as depending on:

Nag g _miy — Nof i
¢(i-j): 1(di—-dj) 2(di—-dj) 100% (4)
My di-dj)
where: Ny Mo number of pollution grains

withinthe diameter range (d, — dj) intheair infront of
and behind thefilter, respectively.

When analysing grain composition of the PTC-D
dustitisfoundthat themaximumgrainsizeisd, = 80um.
Asdust grainsthat cause the maximum wear of engi-
ne elements are larger than 1 pm the studies on air
filtersmay be carried out when the Pamas-2120 partic-
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gdzie: Mgy Mo ) - ilos¢ czastek zanieczyszczen
z przedziatu srednic (d, —dj) W powietrzu odpowiednio
przedi zafiltrem.

Ze sktadu granulometrycznego pytu testowego
PTC-D wynika, ze zawieraon ziarnapytu o maksymal-
nymrozmiarzed, =80 um. Ziarnapytu, ktore powoduja
maksymal ne zuzycie elementdw silnikdw sa wigksze
od 1 um. Do badan filtréw powietrzazastosowano wiec
licznik czastek statych Pamas-2120 z sensorem HCB-
LD-2A-2000-1, ktory rejestrujeziarnapytu orozmiarach
w zakresieQ,7 + 100 pmw 32 przedz atach pomiarowych.
Pompa prozniowa zapewnia staly badawczy strumien
powietrza Q = 170 dm?/godz. i strumien ekranujacy
1000 dm?/godz. Sensor urzadzeniaprzystosowany jest
do pracy przy maksymalnej koncentracji czastek zanie-
czyszczen 1000 szt/ml, co odpowiadamasowemu steze-
niu zapylenia powietrza s = 0,25 g/me. Wyposazone,
w tego typu urzadzenie, stanowisko badawcze moze
miec¢ zastosowanie do oceny jakosciowsj filtréw po-
wietrza pojazdéw osobowych, ktdre eksploatowane
sa w warunkach matych stezen zapylenia.

Gasienicowe pojazdy specjane, aw tym gtéwnie
pojazdy wojskowe (czotgi) oraz maszyny robocze eks-
ploatowane sa przewaznie w terenie, gdzie stgzenie
zapyleniapowietrzanawlociedo filtru znacznie prze-
kraczawartos¢ 1 g/m3[11 - 13]. Silniki napgdowetych
pojazdéw wyposaza si¢ w dwustopniowe filtry po-
wietrzadziatgjacew systemie multicyklon—przegroda
filtracyjna. Dlatego typufiltrow, obowiazujacew kraju
w zakresiebadan filtréw powietrzanormy badawcze, prze-
widuja stosowanie stezenia zapylenias=1g/m*[8, 9).
Jest to wigc stezeniekilkakrotnie wigksze niz dopusz-
czanestezenie pytu, przy ktérymlicznik czastek Pa-
mas pracujejeszcze prawidtowo.

Wystepujewigc problem okreslaniaprzedziatowe
skutecznosci filtracji powietrza dlatego typu filtrow
z wykorzystaniem dwaoch, podtaczonych przed i za
dwustopniowym filtrem, sond licznika czastek Pamas.
I stnigje jednak mozliwos¢ wykorzystaniajednej son-
dy licznika czastek Pamas do okresleniailosci i roz-
miardw ziaren pytu w oczyszczonym powietrzu zafil-
tremi naich podstawie ocenieniajakosci filtracji.

W tym celu opracowano metodyke badan oraz za-
projektowano stanowisko badawcze, ktérego schemat
funkcjonalny przedstawiono na rysunku 10, stuzace
do wyznaczaniamasowej skutecznosci filtracji z jed-
noczesna ocena jakosci filtracji poprzez pomiar il osci
i rozmiar ziaren pytuw powietrzu oczyszczonym. Sta
nowisko umozliwiabadania pojedynczych cyklondw
réznych typow bedacych elementami multicyklonéw
filtrow powietrza pojazddw mechanicznych, w zakre-
siestrumieniapowietrzaQ_ = 8,50 m¥hi stopniu gjek-
Ccyjnego odsysania m, = 20% oraz dla stezenia pytu
w powietrzuwlotowymdo 4 g/m®.

le counter with the HCB-L D-2A-2000-1 sensor isap-
plied. It is able to count constant grains and register
dust grainsof 0.7 + 100 um in diameter within 32 me-
asuring ranges. The air flow and screening flow are
kept stable by avacuum pump at Q_ = 170 dm¥hour
and 1000 dm?/hour, respectively. The sensor is ada-
pted for operating at the maximum dustiness concen-
tration 1000 pcs/ml, what is equal to the massair du-
stinesslevel s=0.25 g/m®. The stand fitted with such
a tool may be used for a qualitative assessment of
vehicleair filters, which operate under low dustiness.

Caterpillar-wheel vehicles, including military ve-
hicles (tanks) and working machines operate mainly
at the sites, where air dustiness concentration at the
filter inlet considerably excesses 1 g/m®[11 - 13]. Dri-
ving motors of such vehicles must be then equipped
with double-stage air filters operating within the mul -
ticyclone—filtration barrier system, which, according
to the Polish standards, may be applied if the dusti-
ness concentrationiss=1g/m*[8, 9]. Thusitisseve-
ral times higher than permissible dust concentration,
at which the Pamas particle counter can work proper-
ly.

It then becomes difficult to determine the range
efficiency of air filtration for thiskind of filters with
two Pamas particle counter probes connected in front
of and behind the double-stage filter. However, there
is a possibility to apply just one counter probe to
determine the amount and size of dust grains in the
purified air behind the filter and use the results to
assess filtration quality.

To achieve such a goal the appropriate methodo-
logy has been prepared and the stand (its functional
diagramis presented on figure 10) has been designed.
Itsaim isto evaluate the mass efficiency of filtration
and at the same time assess filtration quality - the
amount and size of dust grainsisrecorded in the puri-
fied air. Thestand allowsto test different single cyclo-
nes being the elements of air filter multicyclones in
vehicles for the air flow Q_= 8.50 m*/h, the level of
gjection suction m, = 20% and the dust concentration
intheair entering thefilter upto 4 g/mé,

EkspLoATACJA | NIEZAWODNOSG NR 4/2003 41




NAUKA | TECHNIKA

Air flow

polluted with dust

=>> purified in the cyclone
B> sucked off with the dust
6 —> compressed

Rys. 10. Schemat stanowiska do badania charakterystyk cyklonéw przelotowych z wiotem osiowym: 1 — cyklon,
2 — komora pyfowa, 3 — dozownik pyfu, 4 — przewdd pomiaru oporu przepfywu, 5 — czujnik cisnienia
CL1A, 6 — cyfrowy miernik tablicowy CL 134/24V, 7 — przewdd pomiarowy z sondg, 8 — filtr absolutny
przewodu gféwnego, 9 — rotametr strumienia g/éwnego, 10 — osadnik py?u, 11 —filtr absolutny przewodu
odsysania, 12 — rotametr strumienia odsysania, 13 — urzgdzenie wymuszajqce przepiyw, 14 — licznik

Cczqstek Pamas

Fig. 10. The scheme of the stand to test characteristics of passage cyclones with axial inlet: 1 — cyclone, 2 — dust
chamber, 3 — dust feeder, 4 — circuit to measure flow drag, 5 — CL1A pressure pick-up, 6 — CL 134/24V
digital panel meter, 7 —measuring circuit with a probe, 8 — absolute filter of the main circuit, 9 — rotameter
of the main flow, 10 — dust clarifier, 11 — absolute filter of the suction circuit, 12 — suction flow rotameter,
13 — system forcing the flow, 14 — Pamas particle counter

5. Badania rozpoznawcze

Celem badan byta weryfikacja zaprojektowanego
stanowiskai opracowanej metodyki badan. Wyznaczo-
no dwie podstawowe charakterystyki cyklonu: skutecz-
nosci odpylania ¢_ oraz oporow aerodynamicznych
Ap,.. Okreslonoilosci i rozmiary ziaren pytu opuszczaja-
cychwraz z powietrzem cyklon. Przedmiotem badan byt
prototyp cyklonu przel otowego z wilotem osiowym prze-
widywany jako element multicyklonu dwustopniowe-
go filtru powietrza uktadu dolotowego silnika czotgo-
wego. Skutecznos¢ odpylania cyklonu okreslano
metoda grawimetryczna napodstawie zaleznosci:

¢C:% 100 % )

gdzie: m,. - masa pytu zatrzymanego przez cyklon
w czasie cyklu pomiarowego, m, - masa pytu wpro-
wadzonego (z odpylanym gazem) do cyklonuw czasie
cyklu pomiarowego.

Masg pytu m, . wyznaczano nastepujaco:
My =M, -Myg ©

gdzie: m, . - masa pytu opuszczajaca wraz z powie-
trzem cyklon (zatrzymanaprzez filtr absolutny).

5. Diagnostic studies

The @m of the studies was to verify the designed
stand and to prepare appropriate test methods. There
weretwo main characteristics of the cyclonedetermined:
dedusting efficiency ¢ and aerodynamic drag Ap... The
amount and size of dust grains that leave the cyclone
jointly withtheair waseva uated. The studieswerefocu-
sed on the prototype of a passage cyclone with axia
inlet to be included as an element of amulticyclonein
double-stage air filters of the tank engine inlet system.
The efficiency of cyclone dedusting was determined by
agravimetric method according to theformula

¢C:% 100 % ©)

where: m, - dust massblocked by the cycloneduring
the measuring cycle, m, - massof the dust introduced
(with the gas to be dedusted) to the cyclone during
the measuring cycle.

The dust mass m,. has been determined accor-
ding to theformula:

m,.=m,-my, ©®

where: m, _ - dust mass leaving the cyclone with the
air (blocked by the absolutefilter).
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Opor przeptywu Ap, okreslono jako spadek cisnie-
niastatycznego w przewodzie zacyklonem.

Charakterystyki skutecznosci odpylania cyklonu
9 =X(Q.) i oporu przeplywu 4p; =/(Q,) wyznaczano
w zakresiestrumieniapowietrzaQ, = 10+ 45m¥hwy-
nikajacego z zapotrzebowaniapowietrzaprzez silnik,
do ktdrego przewidywany jest badany cyklon, i ilosci
cyklonow w multicyklonie. Pomiary wykonywano dla
ustalonych wartosci strumieniaQ_ w réwnych odste-
pach co Q. = 5 m¥h w cyklach badawczych trwaja-
cycht=3min.

Dlakazdej ustalongj (pomiarowe)) wartosci Q, trzy-
krotnie okreslano skutecznos¢ odpylania ¢ i opor
przeptywu powietrzaprzez cyklon Ap. wykonujactrzy-
krotny pomiar:

- masy pytu dostarczonego do cyklonu m,,
- masy pytu przepuszczonego przez cyklonm, ,
- spadku cisnienia statycznego za cyklonem Ap...

Wyniki badan prototypu cyklonu przel otowego

z wlotem osiowym przedstawiono narysunku 11.

88

Flow resistance Ap,. has been defined asthe static
pressure reduction in the circuit behind the cyclone.

Theefficiency characteristics of cyclone dedusting
¢. =I(Q,) and flow drag Ap. =|(Q,) have been calcu-
lated for aflow range Q, = 10 + 45 m%¥h. Such avalue
results from the amount of air required by the engine,
which tested cycloneisto be mounted in, and a num-
ber of cyclonesin amulticyclone. The measurements
have been done for the fixed flow values Q,, at equal
intervals, every Q, =5 m¥h in measuring cycles la-
stingt=3min.

For each fixed (measured) value of Q_ the dedu-
sting efficiency ¢_ was determined three times and
resistance of the air flowing through the cyclone Ap,
was based on three measurements of:

- dust mass supplied to the cyclone m,

- dust mass passing through the cyclone m, ,
- static pressure reduction behind the cyclone Ap...
The results of the studies are presented on fi-

gure11.

5 Qo
bc ‘ A -
86 Pc
% 84 4 kPa |
P~
82 o Warunki badan: Q
.g Pyt testowy PTC-D S
g 80 StezZenie pytu s=0,9 -1,1 g/m3 3 g =>
.g— 78 Stopien odsysania my =10 % %
0 N
‘§ 76 )//( 2 g Qo @
3 =3 =>
£ ,/( O
) )/
72 pre 1
APc // Schemat badanego cyklonu przeloto-
70 Ve wego
68 ?/?/T 0 The scheme of a passage cyclone
0 10 15 20 25 30 35 40 50 under study

Strumien powietrza Qg ,m%h

Rys. 11. Charakterystyki skutecznosci odpylania ¢ = f(Q,) i oporu przepiywu Ap_ = f(Q, cyklonu przel otowego
Fig. 11. Characteristics of dedusting efficiency ¢_ = f(Q,) and flow drag Ap_ = f(Q, of a passage cyclone

Podczas badan charakterystyk cyklonu, stopien
€jekcyjnego odsysania ustalono nam, = 10 %. Wraz
ze wzrostem strumienia powietrza Q,,, atym samym
wzrostem predkosci przeptywu przez cyklon, naste-
puje, w poczatkowej fazie pracy cyklonu, znaczny
wzrost skutecznosci odpylaniapowietrza. Dlastrumie-
niapowietrzaQ, = 20 m*h cyklon osiaggamaksymalna
skutecznos¢ ¢ = 80,7 %. Przy dalszym wzrosciestru-
mienia powietrza Q skutecznos¢ cyklonu systema-
tycznie maleje i przy Q, = 45 m¥h osiaga wartosci
¢.= 79,2 %. Wraz ze wzrostem strumienia powietrza
Q. hastepuje paraboliczny wzrost oporow przeptywu
cyklonu od wartosci 0,22 kPado 2,35 kPa. Takazmiana

The degree of gection suction was, during the
studieson cyclone characteristics, fixed at m, =10 %.
Astheair flow Q, and at the same time the speed of
flow through the cyclone are growing, thereisacon-
siderable increase in the air dedusting efficiency at
the initial stage of cyclone operation. The cyclone
reachesits maximum efficiency ¢_.=80.7 %for theair
flow Q. =20 m¥h and further rise of air flow Q_ leads
to its regular decrease, falling to ¢_. = 79.2 % at
Q. =45 m*h. Astheair flow Q_ risesthereisapara-
bolic increasein the cycloneflow drag from 0.22 kPa
up to 2.35 kPa. Such a change of the dedusting effi-
ciency and flow drag seemsto be consistent with the

EkspLoATACJA | NIEZAWODNOSG NR 4/2003 43




NAUKA | TECHNIKA

skutecznosci odpylaniai oporéw przeptywu cyklonu
zgodnajest z informacjami literaturowymi. Dlastru-
mieni powietrzaQ_=20m¥hi Q_=45m%h, przy kt¢-
rych osiagni¢to odpowiednio maksymalna skutecz-
nos¢ oraz maksymalny spadek skutecznosci odpylania,
okreslono doktadnosé filtracji powietrzaprzez cyklon.
W tym celu rejestrowano w pomiarowych przedzia-
tach $rednic (d —dj) ilosci ziaren pytu w powietrzu
oczyszczonym. Podczas badan ustalono k = 32 prze-
dziaty pomiaroweowartosci 0,8 um: P, =0,7+ 1,5 um,
P,=15+23um...P_,,= 26,3+ 27,1 um. Okreslono
udziat procentowy ziaren pytu z danego przedziatu
pomiarowego wedtug zal eznosci:

My (i) .
Z = 100%
g 00% )
gdzie: n,, - iloS¢ ziaren pytu z przedziatu srednic

(d - dj) w powietrzu za cyklonem dlakol gjnego prze-
dziatu pomiarowego, n, - catkowitailos¢ ziaren pytu
w powietrzu zacyklonem dlakol €jnego przedziatu po-
miarowego.

Wyniki badan i obliczen przedstawiono narysun-
ku 12. W powietrzu opuszczajacym cyklon znajduja
Si¢ Ziarnapytu o rozmiarach ponize 20 um. Przy czym
Ziarnao rozmiarach 15 + 20 umto pojedyncze czastki
pytu. Okoto 99,5 % ogdlnegj ilosci ziaren pytuto ziarna
orozmiarach ponizej 7,1 pum.

30

information found in some references. The accuracy
of air filtration by the cyclone was evaluated for air
flowsQ_ =20 m¥hand Q=45 m¥h, valuesat which
themaximum efficiency and maximum reduction of the
dedusting efficiency, respectively wasreached. In or-
der to achieve the goal the amounts of dust grainsin
the purified air were registered within the measuring
diameter ranges (d, —dj). During the studiesthere were
k = 32 measuring ranges fixed every 0.8 pm:
P,=07+15um,P,=15+23um...P_,, =263+
27.1 um. Percentage of dust grainswas determined for
agiven measuring range according to the formula:

UNCED
Z,= —an 100% )
where: n - amount of dust grains of (d —d) in

k(di - dj)
diameter in the air behind the cyclone for the follo-

wing measuring ranges, n., - total amount of dust gra-
insintheair behind the cyclonefor thefollowing me-
asuring ranges.

The results of the studies and calculations are
presented on figure 12. The air leaving the cyclone
wasfound to contain dust grains smaller than 20 um,
with 15 + 20 pm grains occurring very rare. About
99.5 % of thetotal dust grain amount are grains smal-
lerthan 7.1 um.

25 % Qe=20m%h ‘

20

Dust concentration at the cyclone inlet

PTC-D test dust

s=09-1.1gm’

15

10

N

Grain concentration in the air flow behind the cyclone Zp, %

0

AN

B

FOSEO==Om0—0H

07 15 23 31 39 47 55 63 71 79 87 95 103 111 119

Dust grains size dz, pm

Rys. 12. Rozkfad Z,, ziaren pyfu w powietrzu za badanym cyklonem dla dwéch réznych wartosci strumienia

powietrza: Q_ = 20 ¥hi Q_ = 45 n¥/h

Fig. 12. Digtribution Z , of dust grainsin the air behind the cyclone for two different values of air flow: Q= 20nv/h

and Q_ = 45 m¥/h
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Wraz zewzrostem rozmiaréw ziaren pytu, dlatej sa-
me wartosci strumieniaQ, ilos¢ ziaren pytui ich zawar-
tos¢ procentowa Z, w powietrzu za badanym cyklo-
nemmalgje. Zjawiskotojest wynikiem sit dziatgjacych
na ziarna pytu majacych nieregularny ksztatt, rézny
sktad granulometryczny i chemiczny (rézna gestosc).
W zwiazku z tym ziarna pytu tych samych rozmiaréw
nie sa oddzielane z powietrza z okreslona i jednakowa
dlawszystkich ziaren srednica graniczna dpg. Przy prze-
ptywieprzez cyklon strumieniaQ_ =45 m¥h, zawartos¢
procentowaziaren pytu mnigjszych rozmiaréw (d, < 3,5
mm) nawylacie z cyklonu jest mnigjszaniz przy stru-
mieniu powietrza Q_=20m¥h. Zjawiskoto nalezy ttu-
maczy¢ wigksza predkoscia przeptywu powietrzaprzez
cyklon (wigksza predkoscia ziarnapytu), atym samym
wigksza Sita odsrodkowa dziatgjaca naziarna Dlaziaren
pytu o rozmiarach d,>3,5 mm zjawisko jest odwrotne.
DlastrumieniapowietrzaQ_ = 45 m¥/h zawartos¢ pro-
centowaziaren pytu d, >3,5 mm jest wigkszaniz przy
strumieniu Q_ =20m¥h. Mozemie¢ nato wptyw zjawi-
sko odbiciaziaren pytu od scianek cyklonui ponowne-
go porywaniaichi unoszeniakuwylotowi cyklonu przez
wirujacy strumien powietrza.

7. Podsumowanie

Funkcjonujace obecniew kraju stanowiskado ba-
daniafiltréw powietrzaumozliwiaja ocene skuteczno-
sci filtragji tylko metoda wagowa bedaca miernikiem
ilosciowgj redukcji masy zanieczyszczen w filtrze. Ocena
|aboratoryjnafiltrow powietrzaobgymujacaokreslenie
doktadnosci oczyszczania powietrza jest mozliwa
W oparciu o istnigjace stanowiska badawcze, ale po
uprzednim wyposazeniu ich w urzadzenie do jedno-
czesng rejestragji ilosci | rozmiaréw czastek zanieczysz-
Czen W powietrzu naptywajacymi opuszczajacymfiltr.
Urzadzeniado rejestracji ilosci i rozmiaréw czastek za-
nieczyszczen w strumieniu przeptywajacego powietrza
s dostepne za granica, jednak wysoki koszt limituje
ich powszechne zastosowanie do badan filtréw po-
wietrzaw kraju. Dostepneurzadzeniedo zliczaniacza-
stek przedi zabadanym filtrem w strumieniu przepty-
wajacego powietrzafirmy Pamasmoze pracowac tylko
przy stezeniu zapyleniapowietrzanieprzekraczajacym
0,25 g/me. W stosunku do filtréw powietrza pojazdéw
specjalnych (czotgi, maszyny robocze, pojazdy tere-
nowe) normy wymagaja aby podczas badan stoso-
wa¢ zapylenie powietrzaw granicach 1,3 g/m? co wy-
nikaz faktu eksploatacji tych pojazdéw, po bezdrozach
i terenach piaszczystych, gdzie stezenie zapyleniapo-
wietrza jest szczeg6lnie duze. Do oceny doktadnosci
oczyszczaniapowietrzaw filtrach silnikéw pojazdéw
pracujacych w warunkach duzych stezen zapylenia
powi etrza proponuje sie wykorzystanie licznika cza-
stek z jedna sonda montowana zabadanym filtrem.

Asthe dust grains enlarge, their amount and per-
centage Z, intheair behind the cycloneis decreasing
for thesameflow vaue Q. Thisisaresult of theforces
operating on the dust grains of non-regular shape,
various size distribution and chemical composition
(different density). Dust grains of the same size are
not separated from the air at the same limit diameter
dpg. At the cyclone outlet the percentage of small dust
grains (d, < 3.5 mm) islower at Q_ = 45 m¥h than at
Q. =20m¥h, what must bejustified by ahigher speed
of air flow (higher speed of dust grains) through the
cyclone, and at the sametime higher centrifugal force
that operate on the grains. The situation is quite op-
positefor dust grainsd, >3.5 mm, with their percenta-
gehigher at the Q=45 m¥h than at Q_ =20 m¥h air
flow. It is probably dueto the fact that dust grains are
reflected from the cyclone walls, re-blasted and then
carried out to the cyclone outlet by the whirling air
flow.

7. Conclusions

Thestandsto test air filtersthat are currently ava-
ilable in Poland allow to assess filtration efficiency
only by agravimetric method indicating the quantita-
tivereduction of pollution massin thefilter. Laborato-
ry evaluation of air filters, which comprisesthe deter-
mination of air purification accuracy can be carried
out at the existing stands, but they must be first equ-
ipped with the tool for simultaneous registration of
the amount and size of grainsboth inthe air reaching
and leaving thefilter. However, such toolsare availa-
ble abroad only, and cannot be commonly applied in
the studies on air filters in Poland due to their high
cost. The Pamas tool to count the grains in the flo-
wing air in front of and behind the filter may operate
only if the air dustiness concentration does not exce-
ed 0.25 g/m3. Asspecial vehicles (tanks, working ma-
chines, cross-country vehicles) are usually exploited
on roadless tracks and sandy areas, where the con-
centration of air dustinessisparticularly high, the stan-
dardsneed to be met for air filtersclarify that air dusti-
ness should, during the studies, range within 1.3 g/m?.
To assess air purification accuracy in the filters of
vehiclesoperating working under high air dustinessit
is suggested that the particle counter may be applied
with just one probe mounted behind the filter.

The application of a particle counter and the pro-
be installed in the purified air flow has given a good
recognition of a single passage cyclone. Both the
mass method and the use of a particle counter gave
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Przeprowadzone badaniarozpoznawcze pojedyn-
czego cyklonu przel otowego z wykorzystaniem liczni-
ka czastek i sondy zainstalowanej w strumieniu po-
wietrza oczyszczonego, wskazuja nacelowosc takich
dziatan. Wyniki badan skutecznosci odpylaniacyklo-
nu metoda masowa oraz wyniki uzyskane licznikiem
czastek, uzupetniagja si¢ wzajemnie. Badaniata metoda
przydatne sa szczegol nie podczas projektowaniaprze-
gradfiltracyjnych z nowymi materiatami filtracyjnymi
lub projektowania cyklondw bedacych elementami
pierwszego stopniafiltru powietrza pojazdow specjal-
nych.
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Jan MONIETA

OCENA NIEZAWODNOSCI WTRYSKIWACZY OKRETOWYCH
SILNIKOW SPALINOWYCH TYPU 6AL 20/24

ESTIMATION OF RELIABILITY OF INJECTORS OF
MARINE DIESEL ENGINES TYPE 6AL 20/24

W artykule przedstawiono wyniki badasi eksploatacyjnych niezawodnasci podzespolow okreto-
wych silnikéw wysokopreznych produkowanych przez H. Cegielski Poznari S. A. na licencji sawaj-
carskig firmy Sulzer. typu 6AL20/24. Przedstawiono takze badania kontrolne dla tego najbardzigj
zawodnego podzespofu tych silnikéw w celu sprawdzenia wskaznikéw niezawodnosci z ustalony-
mi dla nich wymaganiami. Do badasi niezawodnosci zebrano informacje o uszkodzeniach 1000
wtryskiwaczy silnikéw pochodzgcych ze statkdéw armatoréw Szczecina, zgodnie z wybranym
planem badari. Analize niezawodnasci, przeprowadzono na podstawie eksperymentu biernego:
dane uzyskano z zapisdw w dokumentacjach maszynowych, zapisdw w komputerach pokZado-
wych i obserwacji silnikéw i ich podzespoféw. Podjeto prébe wyznaczenia czestosci wiryskiwaczy
w okresie eksploatacji 0 najwiekszg ich zawodnosci. Oszacowano wybrane wskazniki i charakte-
rystyki niezawodnosci, w zaleznasci od czasu poprawng pracy do uszkodzer: badanych silnikéw
spalinowych. Stosujgc klasyczne reguty weryfikacji hipotez statystycznych oraz program kompu-
terowy Satgraphics wykazano, ze rozkfad czasu pracy do uszkodzer: wtryskiwaczy badanych
silnikow, jak wykazay badania, mozna uzna¢ za do rozkadu wykfadniczego. Srednia wartos¢
czasu zdatnosci do pierwszego uszkodzenia wiryskiwaczy badanych silnikw wyniosfa 1562 h
z odchyleniem standardowym 1179 h. Najwiecg uszkodzeri wtryskiwaczy stwierdzono w przedzia-
le pierwszych 0+100 h pracy. Wskazuje to na niedostateczng jakos¢ wytwar zania.
Slowa kluczowe:  Silniki okretowe, wtryskiwacze, wskazniki niezawodnosci.

In article one introduced results of operational researches of rdiability of sub-assembles of the
marine diesd enginestype 6AL20/24. Oneintroduced also contral research for these most deceptive
of sub-assambles, these of engines, in aim of check of coefficients of reiability with settled for them
with requirements. To researches of reliability one assembled information's about damages 1000 of
injectorsof engines explaited by shipownersof Szczecin, in accordance with select plan of researches.
Analysis of rdliability, one passed on the ground of passive experiment: given one obtained from
recordings ship's papers, recordings in computers deck and of observation of engines and their of
sub-assamblesin during halts of shipsin ports and shipyards. One undertook test of delimitation of
frequency of damages of injectorsin period of exploitation about greatest deceptive. One estimated
sdlect function and numerical coefficients of reliability, in dependencies fromtime of correct work to
failures of injectors investigated of combustion engines. Using classical rules of verification of
hypothesises dtatitical and computer programme one showed that schedule of failures of injectors
investigated of the engines one can acknowledge for convergent to exponential distribution. Average
value of correct work to failures of injectors investigated of engines lofty 1562 h with standard
deviation 1179 h. The most of all of failures of injectors one ascertained in section 0-100 h of work.
Shows this on insufficient quality of production and/or insufficient persistence of injectors.

Keywords: Marine diesel engines, injectors, reliability indices.

1. Wprowadzenie 1. Introduction

Powodem podjgcia badan oceny niezawodnosci With reason of collection of researches of estima-
podzespotéw silnikow typu HCP -Sulzer 6AL20/24, tion of reliability of enginesof type 6AL20/24, to often
czesto ulegajacych uszkodzeniom krytycznym, nagtym subject critical damages, sudden and gradual, was it
i stopniowym byta potrzeba poszukiwania nowych is need researches of new service systems [11, 13].
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systemow obstugowych [11, 13]. Uszkodzeniekrytycz-
ne to uszkodzenie, stwarzajace zagrozenie dlaludzi,
pociagajace zasoba znaczne straty materialnelubinne
niedopuszczal ne skutki. Przeprowadzone badanianie-
zawodnosci maja na celu doprowadzenie do oszaco-
waniawartosci wskaznikow niezawodnosci eksploata-
cyjnej podzespotow i elementéw badanych silnikow.

Przeprowadzone badania eksploatacyjne nieza-
wodnosci uktaddw funkcjonalnych i podzespotdw sil-
nikéw okretowych typu 6AL20/24, napedzajacych
pradnicewykazaty, ze najbardziej zawodnym uktadem
funkcjonalnym okazat si¢ uktad zasilaniasilnikapali-
wem. GIéwnymi przyczynami niezdatnosci uktadu za-
silaniasa stany niezdatnosci wtryskiwaczy [9]. Witry-
skiwacze okazaty si¢ rowniez nagjbardziej zawodnymi
podzespotami tych silnikow oraz badanych wczednigj
silnikéw okretowych na licencji firmy Sulzer typu
5BAH22[11, 12/IL]. Jest to wynik zgodny z danymi
literaturowymi [2, 3]. Przedstawione badania uszko-
dzen krytycznych silnikéw 6AL20/24 wykazaly, ze
uszkodzeniawtryskiwaczy byty powodem uszkodzen
wtornych silnikéw w 7,41% przypadkéw [12].

Wyniki tych badan powinny przyczyni¢ si¢ do
Zmniejszenia czgstosci wystepowania uszkodzen oraz
poprawy gotowosci i nieuszkadzalnosci zespotdw sil-
nikaokretowego, azwlaszczajego najbardziej zawod-
nych podzespotéw [4, 5, 8, 16]. Gotowos¢ jest to zdol-
nos¢ obiektu do utrzymaniasic w stanieumozliwigiacym
wypetnianie wymaganej funkcji w danych warunkach,
w dangj chwili lubw danym przedzide czasu, przy zato-
zeniu, ze sa dostarczonewymagane srodki zewngtrzne.
Nieuszkadzalnos¢ to zdolnos¢ obiektu do wypetniania
funkcji w danych warunkach w danym przedziale cza-
su.

Obliczone wskazniki niezawodnosci moga by¢
wykorzystane réwniez do okresleniazapasiw poszcze-
golnych rodzajow czesci wymiennych na statku, bo-
wiem dostarczenieich nabiezaco jest utrudnione, oraz
przy opracowaniu systeméw diagnostycznych tych
sinikdw.

2. Koncepcjabadan niezawodnosci wtryski-
waczy

Badaniami eksploatacyjnymi objeto wtryskiwacze
silnikéw pomocniczych HCP-Sulzer typu 6AL20/24D,
spalgacych olg napedowy (D). Olg napedowy prze-
znaczony do zasilaniatych silnikow zakupywanow réz-
nych regionach $wiata. Zebrano informacje o czasie
poprawnegj pracy do pierwszych uszkodzen wtryskiwar
czy (rys. 1), nastatkach eksploatowanych przez arma-
toréw Szczecina, pochodzacych z dziennikéw maszy-
nowych, wieczystych ksiag remontéw, komputerdw oraz
obsarwac]i w eksploatacji. Badaniaprowadzono wedtug
planu(n,, W r), ktory obgjmowat n = 1000 wiryskiwa-

Passed research of reliability havein view bringing to
estimations of value of coefficients of reliability sub-
assembles and of elements examined of engines in
phase of exploitation.

Passed researches of reliability of functional ar-
rangements and sub-assembles of marine auxiliary
engines 6AL 20/24 showed, that with most deceptive
functional arrangement proved feed arrangement.
Main reasons of unfitness of feed system are states
of unfitness of injectors[9]. Injectors proved also most
deceptive sub-assembles these of engines and inve-
stigated earlier of marinediesel enginestype SBAH22
[11, 12/IL]. Thisispeaceableresult with given literatu-
re[2, 3]. Introduced researches of failures of critical
engines 6AL20/24 showed, that damages of origina
injectors former reason of damages of secondary en-
ginesin 7.41% chances[12].

Results these of researches should contribute to
diminution’s of frequency of occurrence of failures
and improvements of readiness, effectivenessand re-
liabilities of teams of marine engine, and especially his
most deceptive sub-assembles[4, 5, 8, 16]. Counted
coefficients of reliability can beused also to qualifica
tions of wrestling of each kinds of exchange part on
ship, asdelivering their on up to dateis made difficult,
and at elaboration of diagnostic systems these of en-
gines.

2. ldea of researches of reliability of injec-
tors

With operating researches one embraced injectors
of auxiliary enginestype 6AL 20/24D, burning driving
ail (D). Oneassembled informationsabout correct time
of work to failures of injectors (fig. 1), exploited by
shipowners of Szczecin, originating from enginelog-
book, of perpetual books of repairs, of computersand
of observation in operation. Researches one drove
accordingto plan (n,, W, r), whichembraced n, = 1000
of injectors. Damaged injectorsin advance of resear-
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Rys. 1. Widok badanego wtryskiwacza silnika okretowego typu HCP-Sulzer 6AL20/24D
Fig. 1. View exploited of injector of marine diesel engine type 6AL20/24D

czy. Uszkodzone wtryskiwacze w toku badan byty wy-
mienione na nowe lub naprawione (W), a badania za-
konczonow chwili wymiany r = 1000 wtryskiwacza.

Do abliczen przyjeto czas pracy do uszkodzenia
tylko 634 wtryskiwaczy, poniewaz 366 wtryskiwaczy
wymieniono profilaktycznie. O wiryskiwaczachwymie-
nionych profilaktycznie nie moznabyto, napodstawie
dokumentacji, ustali¢ w jakim stanietechnicznym si¢
znagjdowaly i informacjeoich czasie pracy zostaty od-
rzucone. Chwile uszkodzenia identyfikowano z jego
skutkiem, czyli ze stwierdzeniem stanu niezdatnosci,
wymiana lub naprawa wtryskiwacza. Przyjeto zatem
zatozenie, zewtryskiwacz jest obiektem prostymi dwu-
stanowym, w sensie niezawodnosci, w petni zdatnym
w chwili rozpoczeciaeksploatacji lub zakonczeniapet-
nej naprawy oraz niezdatnym w chwili uszkodzenia
[7, 8]. Witryskiwacze w szacowaniu niezawodnosci po-
traktowano jako obiekty nieodnawial ne poniewaz ob-
serwowano ich czas do uszkodzenia, a po wystapie-
niu uszkodzeniawtryskiwacze zwykle sa zastgpowane
zdatnymi.

3. Wybrane wskazniki niezawodnosci wtry-
skiwaczy

Podstawowa charakterystyka funkcyjna niezawod-
nosci obiektu, w tymi wtryskiwacza, jest empiryczna
funkcjaniezawodnosci, gdy rejestrowanajest liczba
realizacji w przedziatach czasowych [8]:

n, —m+1
AR R

chesonewas exchanged on new or more seldom repa-
ired (W), and research one finished in moment of
exchanger = 1000 of injector.

To calculations one accepted correct time of work to
damages only 634 of injectors, because 366 of injectors
one prophylactic exchanged, without univocal settle-
ments, which werefound in state of unfitness. Informa-
tions about correct time of work to preventive exchan-
ges of remaining injectors remained thrown away.
Moment of failureoneidentified with hiswith result, that
is to say with consequently of state of unfitness, with
exchange or with repair of injector. One accepted so fo-
undation, that injector is object to straight and two-sta-
te, insubstanceof reliability, fully fitin moment of begin-
ning of exploitation or endsfull repairsand unfitin moment
of successof gateof unfitness[7, 8]. Injectorsinvaluing
reliabilities one trested as renewable objects not becau-
Se one observed their time to damages, and after prono-
uncement of damage injectors usually are taken place
other, earlier prepared. Disassembled and failuresinjec-
tors one subjected to renovation, relying most often on
exchange of injection nozzleor of other el ement, accep-
ting full their renovation, treating it as new. On base of
machine documents one did not have a own disposal
numbersindustrial and was not possible spying their of
fates after disassembly from engine.

3. Select coefficients of reliability of injec-
tors

The basic function characteristic of reliability of
object, in thisand of injector, isempirical function of
reliability, when registered isnumber of realisationin
temporary sections[8]:

* _nW_m+1
R (ti)—v )
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gdzie i = 1,2, ..., k - numer przedziatu czasowego,
m - liczbawtryskiwaczy uszkodzonychw i-tym prze-
dziale czasowym, n, - liczbawtryskiwaczy badanych.

Chwilowa wartos¢ empirycznej funkcji zawodno-
$ci obliczano z zaleznosci:

F*(t)=1-R*(;) @

Wyznaczone wartosci odnosza sie¢ do srodkéw
przedziatow czasowych At = 100 h (rys. 2). Przyjety
do obliczen przedziat czasu pracy, réwny 100 h, wy-
Znaczono na podstawie czestotliwosci przegladow
badanych silnikbéw oraz podziatu okresu poprawnej
ich pracy nazalecana liczbg przedziatdw czasu [ 7, 12].

where:i=1,2,...,k- number of timesection, m - num-
ber of damaged injectorsini timeinterval, n, - number
of injectors investigated.

Temporary value empirical distribution function
one counted from dependence:

F*(t)=1-R*(t;) @

Appointed values behave to centres of time inte-
rval At =100 h (fig. 2). Accepted to cal cul ations sec-
tion of time of work, equal 100 h, one marked on the
ground frequencies of reviews investigated of injec-
torsand of partition of timeinterval their correct work
on recommended number of sectionsof time[7, 12].

‘ [
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Rys. 2. Rozkfad empiryczne funkcji niezawodnosci R*(t) i dystrybuanty empirycznej F*(t) wiryskiwaczy
Fig. 2. Course of empirical function of reliability R*(t) and of empirical distribution function F*(t) of injectors

(h]

Na podstawie zgromadzonych informacji obliczo-
no empiryczna gestos¢ prawdopodobienstwa f* (t)
wedtug zaleznosci [8]:

f*(t‘i)=n”l\t_

W=

&)
gdzie At =t —t .

Rezultaty obliczen przedstawiono narys. 3. Wyni-
kaz niego, zezdecydowanienagwigce uszkodzen swier-
dzono w pierwszym okresie eksploatacji wtryskiwaczy
(7,9%w przedziale 0~100 h pracy, a20,8%w przedzide
0+300 h pracy). Zblizonewyniki uzyskali inni autorzy
[2, 3, 6]. Przyczyna takiego stanu produkcji o nieznanej
niezawodnosci moze by¢ poczatkowa niezdatnose,
stwierdzonapo bardzo krétkim czasie eksploatacji. Za-
wodnos¢ poczatkowawtryskiwaczawyrazapravdopo-
dobienstwo znajdowaniasi¢ lub przechodzeniaw stan
niezdatnosci wiryskiwaczaw chwili t=0:

Ro=R(0) =P(T=0) 4

gdzie: T - zmiennalosowarozumianajako czas zdatno-
$ci wtryskiwaczado chwili uszkodzenia

Poczatkowa niezdatnos¢ wtryskiwaczy moze by¢
nastgpstwem niewykryciawad przez kontrolg technicz-
na w czasie produkcji, niewtasciwego magazynowa-
nia, transportowaniaitp. W pierwszym okresieistnie-

O RX(ti)
W F(ti)

On base accumulated of information one counted
empirical thickness of probability f*(t) according to
dependencies[8]:

f*(t})=n”l\t_

W=

)

wheret At =t —t .

Results of calculations one illustrated on fig. 3.
Results from it, that resoluteness most of al of failu-
res one ascertained in first period of exploitation of
injectors(7.9% in section 0100 h of work, and 20.8%
in section 0+-300 h of work). Nearing results obtained
other authors [2, 3, 6]. Reason of such state of pro-
duction about not unknown reliabilities can be first
fault, and ascertai ned after very short time of exploita-
tion. First fault of injector expressesprobability of fin-
ding or of going out for some stroll in fault state of
injector inmoment t =0:

Ro=R(0) =P(T=0) @

where: T - random variable understood astime of fit-
ness of injector to moment of failure.

First fault of injectors can be result not of detec-
tion of defects through technical inspection during
of production and repairs, unsuitable of storing, of
transporting etc. Infirst period of existence of injec-
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niawtryskiwaczy ujawnigja si¢ ukryte wady materia-
16w, konstrukcji, montazu, niedoktadnosci technolo-
gicznych oraz wady powstate w wyniku warunkow
wytwarzania[8, 11].

torscometo light hidden defects of material s, of con-
struction, of assembly, inaccuracies technological
and defects created in result of conditions of pro-
duction [8, 11].
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Rys. 3. Rozkfad empirycznej gestosci prawdopodobierstwa f*(t) uszkodzer wiryskiwaczy silnikow okretowych

typu 6AL20/24

Fig. 3. Course empirical probability density course f*(t) of damages of injectors of marine diesel engines type

6AL20/24

Analizawymagan kontroli jakosci nowo produko-
wanych i odnawianych wtryskiwaczy wykazata, ze sa
one mato precyzyjne (odwotujace sie w wielu kwe-
stiach do doswiadczenia producenta), a metody kon-
troli mato wiarygodne [8, 11, 13]. Kontrola 100-pro-
centowa, jest metoda droga, zwlaszczadlaelementow
wtryskiwaczy - rozpylaczy o duzegj liczbietrudno mie-
rzalnych cech stanu technicznego. W rzeczywistosci
podczaskontroli pracownicy wykrywaja zal edwie oko-
1o 80% istnigjacych wyrobdw wadliwych[7].

Wspdtczesny stan technologii wykonaniai napraw
rozpylaczy nie zapewniaich hydrodynamicznego po-
dobienstwa, gdyz rozrzut wymiar6w geometrycznych
i stanu powierzchni wyrobdw jest trudny do racjona-
lizacji oraz okresleniametodami przemystowej kontroli
jakosci [11, 13).

Wyniki badan niezawodnosci wskazuja zetem na
potrzebe poprawy wiarygodnosci badan kontrolnych
po wytworzeniu i naprawie wtryskiwaczy, przed za-
montowaniemichw silniku, w celu polepszeniaoceny
poprawnosci wytwarzania i poprawy oceny jakosci
wykonaniaobstugiwania.

W eksploatacji nastepuje weryfikacja zatozonych
w proces eprojektowaniakonstrukgji i zestawdw eksplo-
atacyjnych poprzez modernizagje. W tymtypiesinikapro-
ducent wiryskiwaczy dokonat modernizagji rozpylaczy oraz
wartosci cisnienia otwarcia wiryskiwaczy. W pracy za-
mieszczonowyniki badan przed modernizagja.

Z kolei chwilowa wartos¢ funkcji wiodacej rozkta-
duwyznaczono z zaleznosci [8]:

k 1

A ()= — =
() iZ:an_Mi-":L

©

Analysing requirements of inspection of quality
newly produced or renewed during of exploitation of
injectors, proved, that are they little precise (appe-
aling in many mattersto experiences of producer), and
results of inspection littlereliable[8, 11, 13]. Inspec-
tion 100-proportional, isdear method way, especially
for elements of injectors - of injector nozzles about
large number with difficulty measurement of features
of technical state. In realities during difficult inspec-
tion ticket collectors detect only just of about 80%
existing defectivearticles[7].

Present state of technology of realisation and of
repairs of injection nozzles does not assure them hy-
draulic resemblance’s, because scattering of dimen-
sions geometrical and of state of surface of articlesis
difficult to rationalisation and qualifications methods
of industrial inspection of quality [11, 13].

Results of researchesof reliability show so on need
of improvement of reliability of supervisory researches
after producing and to repair of injectors, beforeinstal -
ling them in engine, in aim of improvement of estima-
tion of correctness of production and improvements of
estimation of quality of realisation of service.

In exploitation follows verification foundedin pro-
cess of projecting of construction and of operating
sets across modernisation. In this type of engine one
executed of modernization of injection nozzles and
pressures of opening of injectors.

Next temporary value of leading function of distri-
bution one marked from dependence[8]:

k 1

N* t_ = - -
() iZ].nw_Mi+l

©
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gdzie: M. - suma uszkodzen wtryskiwaczy do i-tego
przedziatu.

Funkcja, ktérangjlepigj okreslazmiany niezawod-
nosciowewtryskiwaczajest empirycznafunkcjainten-
sywnosci uszkodzen [8]:

cy_om
A*(t )=
( l ) (nw_Ms—l )Ati ©

gdzie: M_ - sumarycznaliczbauszkodzen wtryskiwa-
czy w kolejnych przedziatach czasowych pracy

k
:Zm
1=1

Uzyskanerezultaty obliczen przedstawiono narys. 4.

where: M, - sum of failures of injectorstoi section.

Function, which best characterizesreliability chan-
ges of injector is empirical function of intensity of
failures, which is basic dependent characterization
from correct time of work [8]:

cy_om
A*(t )=
( I) (nw_Ms—l )Ati ©

where: M_ - total number of failuresof injectorsinfol-
lowing timeintervals of correct work

k
= Zmi
1=1

Obtained resultsof cal culationsoneintroduced onfig. 4.

2050 2450 2850 3250 3650 4050
t[h]

8) 2,57
2
1,54
A1)
50 450 850 1250 1650
b) 0,014
0,008+
0,006+
A (1)
0,004+
0,002+
0_

Tolla. Lkl

50 450 850 1250 1650 2050 2450 2850 3250 3650 4050

t[h]

Rys. 4. Rozktady empirycznych funkcji wiodgcej A*(t) (a) i intensywnosci uszkodzer A*(t) (b) wtryskiwaczy

silnikow typu 6AL20/24

Fig. 4. Courses of empirical function leading A*(t) (a) and intensities of failures A*(t) (b) of injectors of engines

of type 6AL20/24

Na podstawie zgromadzonych danych dokonano
oszacowaniaistotnych ilosciowych wskaznikow nie-
zawodnosci, badanych wtryskiwaczy, oraz badano
zgodnos¢ ich rozktadu z rozktadem teoretycznym.

Srednia trwatosé badanych przez autora witryski-
waczy okreslono zaleznoscia:

f:i t
n

i @)

”Ms

gdzie: t - czas poprawnej pracy i-tego wtryskiwacza
do chwili uszkodzenia.

On base accumul ated given one executed estima-
tionsessential of quantitative coefficients of reliabili-
ty, investigate of injectors, and one examined agre-
ement them of decay with theoretical distribution.

Average persistence investigated by author of in-
jectors one qualified with dependence:

f:i t
n

|||\/|E

i ™

where: t - correct time of work i of injector to moment
of failure.
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Odchylenie standardowe czasu poprawnej pracy
do chwili wystapieniauszkodzeniaobliczono z zalez-

nosci:
* 1 nW \2
o+ = t -t
T \/nw—li;( i —t) ®

Trwatos¢ tawyniosta stosunkowo mato, bo tylko

t = 1562 h pracy z odchyleniem standardowym
0 =+ 1179 h. Dokonano wyboru odpowiedniego mo-
delu rozktadu czasu zdatnosci wtryskiwaczy T do
uszkodzenia(t,, ..., t ), stosujac klasyczne reguty we-
ryfikacji hipotez statystycznych. Po przeanalizowaniu
przebiegu empirycznych funkcji R*(t), F*(t), f* (1),
A*(t) i A*(t) oraz sprawdzeniu za pomoca programu
statgraphics minimalnej wartosci statystyki x2 dlapo-
ziomow istotnosci réznych rozktadéw. Wysunieto hi-
poteze o H : t marozktad wyktadniczy z parametrem
A* =0,0006401 h'. Napodstawieredizacji sprawdzo-
no, ze zmiennat marozktad wyktadniczy o dystrybu-
ancie:

0, t<O

F(t) = ©

—e M t>0

R OO

W tym celu zbiér mozliwych warto$ci zmienngj t
podzielono nar roztacznych podzbiorowi=1,2, ...,r
takich, aby ichlicznosci m byty wigkszeniz 5. Ponie-
waz zmienna t jest ciagta to prawdopodobienstwo
p,=P(At<t<At, )=F(4t, ) - F(At). Konstruowa
no statystyke [15]:

— L (m - npl )

= Z (10)
zZwang statystyka x2. Z tablic rozkladu X?zr-1stop-
niami swobody i dlapoziomu istotnosci a = 0,05 oraz
o = 0,1 odczytano wartosci u. Obszarem przyjeciahi-
potezy jest przedziat <0, u), a obszarem krytycznym
przedziat <u, ). Poniewaz u, nalezy do obszaru przy-
jecia hipotezy dla obydwu wartosci a, wiec nie ma
podstaw aby hipoteze H_ o wyktadniczym rozktadzie
czasu pracy wtryskiwaczy odrzuci¢. Przedstawiona
analize moznawykona¢ zapomoca programu kompu-
terowego Statgraphics.

4. Wyniki kontrolnych badan niezawodno-
§ci wtryskiwaczy

O poziomie niezawodnosci badanych wtryskiwa-
€zy moga dac informacje migdzy innymi wyniki badan
kontrolnych. Badania kontrolne niezawodnosci wy-
konujesi¢ w celu sprawdzeniazgodnosci wskaznikow

Standard deviation time of correct work to moment of
pronouncement of failure one counted from depen-
dence:

* 1 Ny _
Ot :\/nw—li:zl(ti_t)z ©®

Durability thiscarried out comparatively little, be-

causeonly t = 1562 h of work with standard devia-
tion o = + 1179 h. One executed of choice suitable
model of decay of time T of correct work of injectorsto
failures(t,,..., t ), using classical rules of verification
of statistical hypothesises. After analysing of course
of empirical function R* (t), F* (t), f* (t), A* (t) and A*(t)
and to check by means of statgraphics programme
minimum values of statistics x? for significancelevels
of different decays. One advanced hypothesis about
H_: t has exponentia decay with parameter A* = 0,
0006401 h'. On base of variable realization one chec-
ked, that variablet has exponentia decay about distri-
bution function:

o o0, t<O0
=

Fo=0 ©
éll—e , t20

In this of aim collection possible variable values
of variable t one divided on r separable subset i = 1,
2,..., I such, that them samples me one was greater
than 5. Because variablett is continuous this probabi-
lityp =P(At <t<At ) =F(4t ) -F(At). Onehave
been constructed statlstlcs [15]:

i+ 1

U = (10)

i (m -np; )?
=1 np;
socalled with statistics x2. From boards of decay x?
fromr - 1 degreesfreedomsand for significancelevel
o= 0,05and o = 0,1 one read values u. The domain
of acceptance of hypothesisis section <0,u), and area
critical section <u, ). Because u, one belongsto do-
main of acceptance of hypothesisfor both valuesand,
so does not have bases hypothesis H | to throw away
about exponential distribution of time of work of in-
jectors.

4. Results of supervisory researches of re-
liability of injectors

About level of reliability investigated of injectors
can give information’s among other things results of
supervisory investigations of reliability, executed in
aim of check of agreement of coefficientsof reliability
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niezawodnosci z ustalonymi dla nich wymaganiami,
wykorzystujac zgromadzonedane[7, 14]. W dokumen-
tach normalizacyjnych ograniczono si¢ do problemu
kontroli jakosci dlatrzech przypadkdw. W tym opra-
cowaniu dokonano kontroli spetnienia wymagan na
oczekiwany czas pracy, gdy rozktad czasu pracy jest
wyktadniczy, a podczas badania rejestruje si¢ czasy
do wystapienia uszkodzen [14]. Dla planu badan do
ustalongj liczby uszkodzen r, zwymiana uszkodzonych
obiektow, oszacowanie wartosci oczekiwang czasu

poprawnej pracy wynosi:

(1)

gdzie: n,- licznos¢ badanej probki rownal10, t - czas
pracy do wystapieniar-tego uszkodzenia.

Do badan kontrolnych wykorzystanowyniki zareje-
strowanych, losowych czasw do uszkodzeniawtryski-
waczy z pigtnastu silnikow. Przy kwalifikujace wartosci
srednigj trwatosci 8 =3000hi wartosci dyskwalifikujacej
6,=1000 h oraz ryzykach dostawcy i odbiorcy rownych
0,05 odczytano [14], ze badania nalezy prowadzi¢ do
uszkodzenia 9-tego wtryskiwacza. Dlawielkosci 6/6,
odczytano rowniez z tabel wartos¢ stosunku C/6,, gdzie
C = 1566 h jest stata krytyczna oznaczajaca kres dolny
wartosci sredniego czasu poprawnej pracy. Wobec nie-
spetnienianierdwnosci 6* = C nalezy stwierdzi¢, ze ba-
dana partia wtryskiwaczy nie spetnia wymagan, czyli
poziomich niezawodnosci jest niewystarczajacy.

5. Uwagi koncowe

Badaniatrwatosci wiryskiwaczy silnikéw HCP-Sul-
zer typuAL 20/24 dowiodty, ze uszkodzeniawtryskiwar
Czy ujawnigja Sie ngjintensywnigl w poczatkowych go-
dzinach czasu pracy, co $wiadczy o niedoskonatosci
metod kontroli jakosci wtryskiwaczy lub niskigj ichtrwar
tosci. Poziom niezawodnosci badanychwiryskiwaczy jest
niewystarczajacy w stosunku do wymagan normy [14].

Uzyskane wyniki wskazuja na potrzebe poprawy
jakosci wytwarzaniai obstugiwaniatego stabego pod-
zespotu silnikaokretowego [9]. Pomocnaw rozwiaza-
niu tego problemu moze by¢ diagnostyka kontrolna
[1, 10]. Diagnostyka kontrolna jest kontrola jakosci
wytworzonych elementdw i podzespotéw maszyn oraz
urzadzen. Wyniki badan zastosowania wiarygodnej
diagnostyki kontrolng wtryskiwaczy zwykorzystaniem
analizy widmowej sygnatéw przemieszczen iglicy roz-
pylaczaprzedstawiono w pracach[10,11].

Wyniki badan niezawodnosci wskazuja na celo-
wos¢ ich dal szych badan tribol ogicznych oraz diagno-
stycznychw celu okresleniarodzajéw zuzyciai uszko-
dzen wtryskiwaczy oraz poprawy oceny stanu naetapie
wytwarzania, szczegélnie w dobie wdrazania normy

with settled for them with requirements, using accu-
mulated given[7, 14]. In normalization documentsone
limit oneselfed to problem of inspection of quality for
three chances. In this to elaboration one executed of
inspection of realization of requirements on waited
time of correct work, when decay of correct work is
exponential decay, and during investigationsregisters
onesdlf times of pronouncement failures[14]. For plan
of investigationsto settled numbersof failuresr, with
exchange of failures objects, estimation of value wa-
ited of correct time of work carriesout:

t
o =—— 1

where: N~ guantity investigated samples equal 10,
t - time of work to pronouncementsr of failure.

To preliminary investigations one used resultsregi-
stered, of fatetimesto failures of injectorsfrom fifteen
engines. At classing values of average persistence
6,=3000 h and values disqualifying 6, = 1000 h and
risks of tradesman and receivers equal 0.05 one read
from tables[14], that research one should drivetofailu-
res 9" of injector. For magnitude 8/6, one read also
fromtablesvalueof relation C/6 , where C= 1566 his
critical constant marking end bottom values of average
time of the correct work. In theface not reslizations of
inequality 8 = C one should ascertain, that investiga-
ted party of injectorsdoes not reali ze requirements, that
isto say level their reliabilitiesisinadequate.

5. Final attentions

Researches of persistence of injectors of engines
of type AL 20/24 proved, that failuresof injectorscome
tolight most of intensiveinfirst hoursof time of work,
what testifies about imperfections of methods of in-
spection of quality of injectorsor low their durability.
Levd reiabilitiesinvestigated of injectorsisinadequ-
atein relation to standardization requirements.

Obtained results show on need of improvement of
quality of projecting, productions and service this of
weak sub-assembles of marinediesel engine. Helpful
in solution this of problem can be control and opera-
tiondiagnostics[1, 10, 11].

Results of researches of thereliability draw legiti-
macy their of further tribology and diagnostic investi-
gationsinaim of qualification of kinds of waste and of
failures of injectors and improvements of estimation
of state on stage of production. Thisisespecialy im-
portant in nowadays of initiation of norm of quality
SO 9001 and 9002. Inaim of confirmation of rightness
formation of generalizations one began works over
investigation of reliability sub-assembles of other
marine engines and their of most deceptive elements,
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jakosci 1SO 9001 i 9002. W celu potwierdzeniastusz- in this new of construction and combusting heavy
nosci powstatych uogolnien rozpoczgto prace nad fuels.

badaniem niezawodnosci podzespotéw innych silni- Imperfection such operation investigations are
kow okretowych oraz ich ngjbardziej zawodnych ele- differences among sometimes detection’s of unfitness
mentow, w tym nowszej konstrukcji oraz spalgjacych and sometimesreal failures.

paliwa pozostatosciowe.

Niedoskonatoscia takich badan eksploatacyjnych

sa wystepujace réznice miedzy chwila powstanianie-
zdatnosci i jg stwierdzenia

6. Literatura

[
[2
3
[4
(5
[6]
[7]
[8]
[9
[10]
[11]
[12]
[13]

[14)

[19]
[16]

Cempel C., Tomaszewski F. (red): Diagnostyka maszyn. Zasady ogdlne. Przykiady zastosowari. Wyd.
Miedzyresortowe Centrum Naukowe Eksploatacji Mgjatku Trwatego, Radom 1992,

Drozdowski J.: Studium obcigzern, kawitacji i niezawodnosci rozpylaczy silnikéw okretowych. Wyd. wyzszej
Szkoty Morskigl w Szczecinie, Szczecin 1998.

Gondal A. K., Nautiyal P. C.: Wear investigations of injector nozz e using radionuclide technique. Wear 1990
no2,s. 375-384.

Girtler J.: Modele matematyczne w badaniach niezawodnosci silnikéw o zapfonie samoczynnym. EXPLO-
DIESEL’ 98, Szczecin-K openhaga 1998, s. 29-62.

Jardine A. K. S, Andersen P. M., Mann D. S.: Application of the Weibull proportional hazards model to
aircraft marine engine failure data. Quality and Reliability. Internat. 987 no 3, s. 135-140.

Kasprzak B., Tomaszewski F.: Ocena niezawodnosci silnika kolgjowego 2112SS-. Silniki Spalinowe 1992 nr 3—
4,s.43-53.

Migdalski J. (red.): Inzynieria niezawodnosci. Poradnik. Wyd. ATR Bydgoszcz, Bydgoszcz 1992.
Migdalski J. (red.): Poradnik niezawodnosci. Podstawy matematyczne. WPM ,, WEMA” , Warszawa 1982.
Monieta J.: Choice of most deceptive functional systemand sub-assembly of marine diesel engines. PovySenie
Effektivnosti Raboty Energeticeskich Ustanovok. Mezdunarodnyj Sbornik Nayénych Trudov. Kaliningrad
2002, s. 141-146.

Monieta J.: Diagnostyka wibroakustyczna ukfadow witryskowych silnikow okretowych. Diagnostyka 2000
val. 23, s.57-60.

Monieta J.: Problemy jakosci wytwarzania wtryskiwaczy silnikéw okretowych typu AL20/24. Marine
Technology 2000. Szczecin-Dziwnéwek 4 - 6 mgja2000, Vol. 2, s. 211-217.

Monieta J.: Ocena niezawodnosci spalinowych silnikdw okretowych typu 6AL20/24 i 5AL25/30. Zagadnienia
Eksploatacji Maszyn 2000 nr 1, s. 85-96.

Piaseczny L.: Technologia napraw okretowych silnikéw spalinowych. WM, Gdansk 1992.

PN-77/N-04021. Niezawodnos¢ w technice. Plany badaniaw przypadku rozktadu wyktadniczego.

Strzatkowski A., Slezynski A.: Matematyczne metody opracowywaniawynikow pomiar 6w. PWN, Warszawa1978.
Wazynska-Fiok K., Jazwinski J.: Niezawodnos¢ systeméw technicznych. PWN, Warszawa 1990.

kkkkkhkkkk*k
Praca naukowa finansowana ze srodkéw Komitetu Badasi naukowych w 2003 roku

jako projekt badawczy nr 5T12D 00524.

The research work has been financed from means of Scientific Research Committee in 2003
asresearch project NO 5T12D 00524.

*kkhkkkkkkk*k

Dr inz. Jan MONIETA

Instytut Technicznej Eksploatacji Sitowni Okretowych
Wyzsza Szkofa Morska

ul. Waty Chrobrego 2, 70-500 Szczecin

tel. (091) 4809415, (091) 4809479; fax: (091) 433 81 23
e-mail: jmonieta@wsm.szczecin.pl

EkspLoATACJA | NIEZAWODNOSG NR 4/2003 55




Dariusz PIERNIKARSKI

QUO VADIS, DIESEL — CZYLI POSTEP PRZEZ SYNERGIE

QUO VADIS, DIESEL — DEVELOPMENT THROUGH

THE SYNERGY

Artykuf stanowi rozwazania dotyczgce czynnikdéw warunkujgcych najblizsze kierunki rozwo-
ju przemysiu pojazdéw uzytkowych, ze szczegdlnym uwzglednieniem produkcji jednostek na-
pedowych. Przeanalizowano mozliwosci rozwoju silnikdw jako jednostek uniwersalnych lub
przeznaczonych do konkretnych zastosowari. Ocenie poddano takze aktualng sytuacje ryn-
kowg, oméwiono tendencje zmierzajqgce do globalizacji produkcji oraz mozliwosci wyko-
rzystania ziawiska synergii w przemysle motoryzacyjnym, jako element wspé/dzia/ania
producentéw, dostawcow i odbiorcow.
Slowa kluczowe:  silnik spalinowy, synergia, pojazdy uzytkowe

The paper is a set of considerations on the factors that influence the nearest trends in the de-
velopment of the utility cars, with particular attention to the production of power units. The
development possibilities for engine as a universal unit or prepared for the specific applica-
tions were analysed. The paper includes also the evaluation of the actual market situation,
discussion of the trends towards the production globalisation and the possihilities for using
the synergy, as an element of co-operation between the producers, suppliers and clients in

motor industry.
Keywords:

» ynergia’ —terminwywodzgcy Sie zjezyka grec-
kiego, stanowigcy pofgczeniestow ,, syn” —razem, oraz
»ergon’ — dziefo, dziafanie. Polska definicja okresla
synergie jako wspdfistnienie réznych czynnikéw po-
wodujqce, ze lqcmy efekt ich interakeji jest wiekszy
niz efekty ich osobnego dziafania. Tak wiec, synergia,
towspdidziafanie. Termin,, synergia” jest obecniecze-
sto stosowany do opisu Zawisk w niezwykle wielu,
czesto nie spokrewnionych ze sobg dziedzinach — do-
kfadnie tak, jak ma to migjsce w mrowisku. W mrowi-
sku wlasnie, fgczna praca mrowek przewyzsza Swojq
efektywnoscig sume pracy pojedynczych osobnikéw.
Synergetycznie: 1+ 1 to wiecg niz 2.

1. Wprowadzenie

Rynek jednostek napedowych — a s to przede
wszystkim silniki wysokoprezne—stosowanych w po-
jazdach uzytkowych, obejmujacy zastosowaniasamo-
chodowe, przemystowe oraz rolnicze, stoi obecnie
przed koniecznoscia rozwiazaniawielu waznych pro-
blemow zwiazanych z przysztymi kierunkami rozwojul.
Obgimuja one zarbwno podstawowe podobienstwa
i réznicetechnologiczneistnigjace pomigdzy gtéwny-
mi producentami, aetakzewymogi tawianeprzez sale

internal combustion engine, synergy, commercial vehicles

» ynergy’ —atermhavingitsoriginin Greek is
a compound of two words ‘syn’ — ‘together’ and ‘er-
gon’ —work. In polish language, the synergy is defi-
ned as a coexistence of various circumstances le-
ading to a situation where a combined effect isgreater
than the sum of separate effects. Thus the synergy
may be understood as an interaction or co-opera-
tion. Nowadaystheterm,, synergy” isfrequently used
to describe the phenomena taking place in many non-
related fields — it may be exampled by an anthill
where the effectiveness of joint action of all antsis
much higher than the total amount of their individu-
al work. Synergetically: 1+1 is more than 2.

1. Introduction

The market of power units — it mostly comprises
compression-ignition engines — applied in the utility
vehicles (trucks, industrial and agricultural vehicles)
is now faced with the necessity to identify its deve-
lopment trends for the future. The problemsto be so-
Ived apply not only to basic technological similarities
and differences existing between principal manufac-
tures but also to the demands of the continuously
evolving international market. The experience gained
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zmienigjacy Si¢ rynek swiatowy. Doswiadczenia zdo-
byte w rozwoju silnikéw trakcyjnych sa przenoszone
nazastosowaniaprzemystowe oraz rolnicze, przy sta-
le rosnacych wymaganiach prawnych w zakresie do-
puszczal nych poziomoéw emigji toksycznych sktadni-
kow spalin oraz hatasu.

Znaczace postepy w zakres erozwoju uktadow ste-
rowania el ektronicznego, stosowanych w maszynach
rolniczych staja sig coraz czgscigj jednym z gtdwnych
punktéw zai nteresowania producentow samochodow
uzytkowych, ktorzy musza stawi¢ czotakoniecznosci
kontroli coraz bardzigj ztozonych systemow obnizaja-
cych poziomy toksycznej sktadnikéw spalin. Z kolei
podejscie modutowe upowszechniane przez producen-
téw silnikéw przemystowych, a zwiazane z rosnaca
liczba réznorodnych zastosowan, staje sig takzeinte-
resujace z punktu widzenia zastosowan drogowych
i rolniczych.

Stale wigkszego znaczenia nabiera wymiana po-
gladéw na temat efektow globalizacji i konsolidacji
przemystu silnikowego oraz roznych filozofii projek-
towychi roli partnerskich firm badawczo-rozwojowych.
W tym $wietle szczegdlne znaczenie ma mozliwosé
wymiany informagji i opinii pomiedzy przedstawicida-
mi réznych gatezi przemystu silnikowego oraz prezenta:
cjawdrazanych rozwiazan technologicznych pozwa-
Igjacych nasprostani e wyzwaniom rynku swiatowego.
Przyktadem takiego forum wymiany informacji moga
by¢ cykliczne konferencje organizowane przez au-
striacka firme AVL —jednego ze swiatowych liderdw
w dziedzinierozwoju szeroko rozumianych technolo-
gii motoryzacyjnych. Konferencjete odbywaja si¢ pod
ogdlnym hastem ,, Synergiadlapostepu’. Rozwazania
zaprezentowane w ninigjszym artykule oparto gtéw-
niewlasnie o materiaty z tych konferencji.

2. Jednostka napedowa — rozne rynki, réz-
ne produkty

»Podgjscie platformowe” jest juz obecnie stoso-
wane w szerokim zakresie w przemysle samochodo-
wym i uzyskane tam doswiadczenia moga zosta¢ za-
stosowane na przyktad przez producentdéw maszyn
budowlanych. Z drugigj strony, inzynierowie pracuja-
¢y nad rozwojem pojazdéw samochodowych dowie-
dza sie wiecg] natemat szczegdlnych wymagan sta-
wianych silnikom stosowanym w rolnictwiei maszy-
nach przemystowych —wplywajac tym samym nakon-
cepcjei procedury rozwojowe—w wielu przypadkach
silniki samochodowe stanowia baze dla konstrukcji
pochodnych. Pojawiasie wiec pytanie o korzysci pty-
nace z opracowaniasilnikadedykowanego, jako kon-
strukcji przeznaczonej wytacznie do jednego celu.
A mozejednak nalezy rozwijac koncepcje s Inikow wie-
|ozadaniowych —uniwersal nych. Jakieimplikacje eko-

in the development of traction enginesis transferred
both to the industry and agriculture, and the legal
reguirementsfor admissiblelevels of exhaust and no-
ise emission are permanently increasing.

A recent significant devel opment of the electronic
control systems used in agricultural machinesis now
becoming of greater concern to the manufacturers of
utility vehicles, who are obliged to check up moreand
more complex systems that will lower the levels of
exhaust emission. Then theinterest in the module ap-
proach that has been disseminated by the producers
of the industrial engines, and relevant to the incre-
asing number of their applications, is growing as it
might be also adopted to the road and agricultural
use.

The exchange of opinions on the globalisation ef-
fects, consolidation of the engine industry and vario-
us design philosophies as well as on the role of part-
ner research-development companies has been
recently starting to matter. In the light of these facts
thereisaneed to create aforumto sharetheideasand
views of the representatives of various engine indu-
stry branches and present technological solutions to
be implemented to allow meeting the demands of the
world market. The periodic conferences organized by
the Austrian company AVL — one of the world's le-
aders in the development of automotive engineering
—and held under the general slogan,, Synergy for pro-
gress’ seemsto beavery good example of such ame-
eting. The considerations presented in this paper are
based mainly on the analysis of conference proce-
edings.

2. Power unit — various markets, various
products

,» Platform approach” isnow widely applied inthe
automotive industry and the experience acquired in
thisfield may be hel pful, for example, in the manufac-
turing of the construction egquipment. From the other
hand, however, the engineers involved in the deve-
lopment of vehiclesare ableto learn more on the spe-
cific requirements the engines applied in agriculture
and industrial machines should meet —thushaving an
effect on the ideas and devel opment procedures — as
automotive engines are in many cases the bases for
derived constructions. There aretwo optionsthat need
to be considered: to identify the advantages of wor-
king out of dedicated engine as a construction to be
used just for one purpose or to extend the idea for
multi-purpose uniform engines. What economic ef-
fectswill havethe approval of one of these solutions?
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nomiczne bedzie miato przyjeciejedng z tych dwaéch
opcji? Gtéwna role, w tym kontekscie, odgrywaja do-
stawcy komponentow, zwtaszcza, gdy chodzi o kom-
ponenty zwiazane z emisja sktadnikow toksycznych.
Istotnym czynnikiem jest takze zmienna sytuacjaryn-
kowai warunki eksploatacji. Mozliwosci obstugowe
oraz jakos¢ paiwa, tak odmiennew réznych czgsciach
Swiataoraz zalezne od przeznaczeniasiInika, stanowia
kolejnewyzwania, zwtaszczaw dziedzinie maszyn bu-
dowlanych.

Globalizacjarynku stawianowewyzwania. Jest to
niezwykle obiecujaca perspektywa a jednoczesnie,
olbrzymiewyzwanie niosace ze soba duzeryzyko. Glo-
balizacja bardzo silnie wptywa na koncepcje ogdlna
jednostki napedowse i detale projektowe. Kwestia,, zy-
wotnosci” ,, swiatowego silnika’ lub ,, swiatowego po-
jazdu” powinnaby¢ szczegotowo przedyskutowana.
Czy jest totylko marzenie, czy tez nalezy dotozy¢ rze-
czywisciewszelkich staran i ja zrealizowac? Kolgnym
problemem jest to, w jakim zakresie producenci dziata
jacy w krajach rozwijajacych si¢ powinni zmodyfiko-
waé swoje konstrukcje, aby wejs¢ ze swoimi produk-
tami narynki krg ow wysoko uprzemystowionychi jakie
przy tym powinni spetni¢ warunki wstepne. Rozwazy¢
nalezy takze mozliwosci stojace przed rynkiem dostaw-
cow komponentéw motoryzacyjnych o zasiegu ogol-
noswiatowym — czy maja oni realna szansg udanej
dziatalnosci i jakieryzyko jest ztym zwiazane?

3. Charakterystyka rynku

W zakresie pojazdéw uzytkowych stosowanych
w transporcie drogowym sytuacja jest stosunkowo
przejrzystai tatwado skategoryzowania. Ngjczescigj
podzial pojazdéw uzytkowych obecnych na rynku
dokonywany jest ze wzgledu na dopuszczalnag mase
catkowita. | tak mamy klase lekka: 3,5-7,5t DMC, sred-
nia: 7,5-18t DMC oraz ciezka: 18-40t DMC (rys. 1).

Oczywiscie mozna zaproponowaé dalgj idace po-
dzialy, desa oneraczej przejrzystei oparte zazwyczaj
najednolitg filozofii platformowej. Koncepcjakonstru-
owania pojazddw w oparciu przyjecie wspolng plat-
formy nie pochodzi z rynku samochodéw osobowych
—zostata opracowanaprzez producentéw ciezarOwek,
ktdrzy korzystaja z nigj juz od dziesiecioleci, gtéwnie
zewzgledu naefekty ekonomicznei koniecznosé spro-
staniawymogom produkcji niskoseryjngj.

W przypadku silnikéw jest takze stosowane po-
dejscie platformowew poszczegdlnych klasach, pole-
gajace na zastosowaniu jednej konstrukcji silnikare-
gulowanego nardzne osiagi. W niektérych przypad-
kach silniki pochodzace z jednej rodziny stosowane
sa w wielu klasach wagowych.

The most important role, in thiscontext, isto be play-
ed by the suppliers of components, especially the ones
related to the emission of toxic elements. The chan-
ging market situation as well as operation conditions
seem to be also significant factors. There are further
challenges, particularly in the field of construction
equipment such as service possibilities and fuel qu-
ality that vary between different parts of the world
and depend on the engine purpose.

The market globalisation holdsthe extremely pro-
mising perspectives on the one hand and a high risk
on the other. Globalisation strongly affects the gene-
ral ideaof the power unit and design details. A matter
of ,life” of a,,world engine” or a,,world vehicle’ has
to bethoroughly discussed —isit only adream or isit
worth taking an effort and accomplish the idea? The
next problem isto what extent the manufacturers ope-
rating in developing countries should modify their
constructions in order to enter the highly developed
marketsand providethemwiththeir products and what
initial requirements should be met. The possibilities
for theworld-wide suppliers of the motorization com-
ponent parts must be also considered — do they have
areal chance for the success and how much do they
risk?

3. Market characterisation

Thecommercia vehiclesappliedintheroad trans-
port may be clearly and easily classified. The ones
available on the market are most often divided, accor-
ding to the admissibletotal weight, into thefollowing
categories: light-duty: 3.5-7.5t; medium-duty: 7.5-18t
and heavy-duty: 1840t (Fig. 1).

Although further classifications may be sugge-
sted, the one presented above seems to be obvious
enough and usually followsthe uniform platform phi-
losophy. Theidea of avehicle construction based on
the adoption of ajoint platform has not derived from
the market of motor cars — it was prepared and has
been already used for many decades by the manufac-
turers of trucks, mainly due to economic effects and
the necessity to meet the demands of low series pro-
duction.

As regards the engines there is also a platform
approach applied in particular categories. It is based
on the use of one construction that can be adjusted to
different engine performance. The engines coming
from one group may bein some cases used in various
weight classes.
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KLASA CIEZKA (HD)
18-40TON

HEAVY DUTY (HD)
18-40 TONS

KLASA SREDNIA (MD)
7,5-18 TON

MEDIUM DUTY (MD)
7,5-18 TONS

KLASALEKKA (LD)
3575 TONY
LIGHTDUTY (LD)
3,5-7,5TONS

Rys. 1. Przykifady pojazdéw uzytkowych
Fig. 1. Examples of utility vehicles

Sandardowe
Sandard

Ogrodowe (sady i winnice)
Garden (orchards, vineyards)

Gadennicowe
Caterpillar

Dozabudowy
Body type

Przegubowe
Articulated

Inne

Others
Rys. 2. Przykiady ciggnikéw rolniczych
Fig. 2. Examples of agricultural tractors
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W branzy ciagnikéw rolniczych, sytuacja staje
Sig znacznie bardzigj skomplikowana. Zewzgledu na
obecnos¢ krancowo roznych obszaréw zastosowan
koniecznych do wykonania réznych prac, na rynku
istnigje wiele roznorodnych konstrukgji ciagnikéw
rolniczych. Najbardziej typowe przyktady przedsta-
wiono narys. 2. W przypadku powszechnie stoso-
wanych ciagnikow rolniczych o konstrukcji bloko-
wej, jednostka napgdowa stanowi czgsé strukturalna
konstrukgji i jest sztywno potaczonaz uktadem prze-
niesienia napedu, obejmujacym takze os tylna — tu
podejscie platformowe mazastosowanie bardzo ogra-
niczone.

Najbardzigj Ztozony i zréznicowany jest z pewno-
$cia rynek pojazddw budowlanychi tak zwanych sil-
nikéw przemystowych (rys. 3). W tegj grupie zastoso-

Koparki
Excavators

K opar ko-tadowar ki
Excavator-loaders

The situation gets much more complicated for
the agricultural tractors. Dueto the fact that a va-
riety of field works hasto be carried out under extre-
mely different conditions, there are many tractor
constructions available on the market. The most
typical examplesare presented in Fig. 2. Inthe com-
monly used tractors of block construction, the joint
between the power unit, which is a structural part
of a construction and the power transmission sys-
tem including also the rear axle, is stiff — thus the
application of aplatform approach seemsto bevery
limited.

Undoubtedly the market of construction equip-
ment and so-called industrial enginesisthe most com-
plex and diversified (Fig. 3). In such agroup the engi-
neisthe only element where structural solutions based

Ladowar ki kotowe
Wheel loaders

Witrownywar ki
Surfacelevelers

Walcedrogowe
Roadrollers

Spychacze
Bulldozers

Wywr otki
Dumptrucks

Maszyny do produkgji dr g
Road construction machines

Inne
Others

Rys. 3. Przykfady maszyn budowlanych
Fig. 3. Examples of construction equipment
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wan, to wiasniesilnik jest jedynym elementem, w kto6-
rym moznaw ograniczonym zakresiewdrazac rozwia-
zaniakonstrukcyjne oparte o elementy wspdlne. Jed-
nakze, juz uktady przeniesienianapedu zdecydowanie
si¢ od siebie réznia w zaleznosci od zastosowan: po-
czawszy od catkowicie manuanych skrzyn przektadnio-
wych do catkowicie hydraulicznego uktadu przenie-
sienia napedu z centralna pompa hydrauliczna
napedzana przez silnik wysokoprezny i silniki hydrau-
licznew kotach pojazdu. W pojazdach tego typu, pro-
blemem staje si¢ ograniczenie poziomu emitowanego
hatasu i odpowiedni dobor uktadu chtodzenia, gdyz
uwzglednia¢ nalezy nietylko silnik spalinowy aletak-
ze uktad hydrauliczny.

4. Podejscie platformowe: podobienstwa
i réznice w konstrukgji silnikow

Silniki wysokoprezne (diesla) sa stosowanew ol-
brzymigj wiekszosci zastosowan uzytkowych. Wymar
gania dotyczace parametréw eksploatacyjnych maja
—w zaleznosci od obszaru zastosowania—rozne zna
czenie, poczawszy od niewielkiego zapotrzebowania,
dowarunku niezbednej koniecznosci. W tabdli 1 przed-
stawiono jakosciowa ocene najbardzig istotnych pa-
rametrow eksploatacyjnych silnikéw, branych pod
uwage W zastosowaniach transportowych, rolniczych,
budowlanych i przemystowych. Z zestawieniajasno
wynika, ze przeznaczeniesiinikasiiniewptywanagtow-
ne kryteriaekspl oatacyjne, co jednoczesnie wskazuje
nafakt, iz opracowanie silnikao jednolite) konstrukcji

on the joint parts may be implemented, but only to
alimited extent. However, depending ontheir applica-
tions, the power transmission systems considerably
vary onefromanother: from fully manual gearboxesto
fully hydraulic systemswith acentral hydraulic pump
driven by acompression-ignition engine and hydrau-
lic engines positioned in vehiclewheels. The problem
hereisto reducethelevel of noise emission and select
an appropriate cooling system, as not only a combu-
stion engine but also the hydraulic system must be
taken into consideration.

4. Platform approach: Similarities and dif-
ferences in engine construction

Compression-ignition (Diesel) engineshave a wi-
derange of utility applications. The requirementson
operational parameters vary — depending on the ap-
plicationfield— from alow demand to the indispen-
sable condition. Table 1 shows a quality assessment
of the most important operational engine parame-
ters, taken into consideration in the transport, agri-
culture, building engineering and industry. The sche-
me clearly points out that engine purpose affectsits
main operation criteria, what, at the sametime leads
to the conclusion that development of a uniform-
structured engine asabasefor creation of aplatform
cannot be practically achieved. As shown in the

Tab. 1. Jakosciowa ocena najistotnigjszych parametrow eksploatacyjnych silnikow w zaleznosci od ich zastoso-

Tab. 1. Quality assessment of the most significant operational parameters of the engine, depending on its applica-

Agricul- | Agricul- Short-
tural trac- | tura har- | distance

Compression

wania
tion
Commercial Construction
vehicles equipment
MD HD Excava-
tors

Power

Torque characteristics
Durability/load-carrying
capacity

Reliability

Fuel consumption
Emission

Noise

Construction compactness

Loaders tors vesters | transport

aggregates

Weight

External power take-off
Intervals between the ser-
vices

M ai ntenance susceptibility

B - necessary

s —important

e —not very important

Y change in the future
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jako podstawy do stworzeniaplatformy, jest praktycz-
nie nieosiagalne. Jak wida¢, najwyzsze wymagania
musza spetni¢ silniki trakcyjne pojazdow uzytkowych,
w drugiej kolginosci lokuja si¢ silniki napgdzajace po-
jazdy budowlanei ciagniki rolnicze.

W wielu zastosowaniach stawiane sa wymagania
naznacznie nizszym poziomie, awiec zrdznicowanie
konstrukcyjnewydaje si¢ by¢ koniecznei uzasadnio-
ne, aczkolwiek trudne do zrealizowania

Sytuacja staje Si¢ jeszcze bardziej ztozona, gdy
zechcemy okresli¢ rodzg) silnikadlagtéwnych zasto-
sowan, biorac pod uwagg jego konstrukcje i rozmiesz-
czenie. W tabeli nr 2 przedstawiono tylko te kryteria,
ktore w najwigkszym stopniu wplywaja nakonstruk-
cje silnika, azatem takze nawybor ostatecznego roz-
wiazaniasprzetowego. Kryteriate maja rzeczywisty
i nieunikniony wptyw na konstrukcje silnika ze
wszystkimi tego konsekwencjami wyrazajacymi Si¢
ztozonoscia problemu, kosztem i naktadami logistycz-
nymi. Analizujac je moznajednak podjaé probe wy-
réznienia trzech podstawowych platform, na bazie
ktdrych moga by¢ rozwijane konstrukcje silnikéw:
bazowy sinik cigzar6wki, bazowy silnik ciagnikarol-
niczego oraz bazowy silnik przemystowy (rys. 4). Sil-
niki te stanowi¢ moga punkt wyjsciaw wielu rozwia-
zaniach dzigki modernizacji, czy zastosowaniu
réznych dodatkowych komponentéw zewnetrznych.
Niesieto z pewnoscia konkretne korzysci, poniewaz
producenci nie zostana zmuszeni do szukania kom-
promisu w kategoriach kosztow i ogolnych osiagéw
dobierajac silnik do konkretnej aplikacji. Wigkszos¢
Z zastosowan moze uzyska¢ odpowiednie jednostki
napgdowe przy zminimalizowanej ztozonosci i kosz-
tach dodatkowych.

W rozwazaniach dotyczacych opracowywania
nowych generacji i typoszeregéw silnikéw, koszt od-
grywaznaczaca role, poniewaz wigkszos¢ rozwiazan
obgmujacych przemystowe zastosowaniasiinikow jest
na sktadnik ten bardzo wrazliwa. Z jednej strony ist-
nieje bardzo wyrazna zaleznos¢ kosztéw zwiazanych
ze skala produkcji, a z drugieg, istnigja niepozadane
koszty dodatkowe zwiazane z zastosowaniami 0 wa-
skigj specjalizagji i niskiej skali produkdji.

Nalezy wigc odpowiedzie¢ nafundamentalne pyta-
nie: jaki wplyw nakoszty catkowite marozwdj koncep-
¢ji silnikaoptymalizowanego do konkretnych zastoso-
wan (SPE = Single Purpose Engine), w poréwnaniu do
siInikawiel ozadaniowego (M PE = Multi Purpose Engi-
ne). W tabeli 2 zamieszczono pewne wskazdwki, okre-
$lgjace, ktore z komponentéw silnika moga podnosié¢
koszt silnika SPE, gdy bedziemy cheidli uniknaé zasto-
sowaniasi|nikawie ozadaniowego MPE oraz jekiekosz-
ty wiaza Sig z przystosowaniem silnika M PE do zasto-
sowan typowych dlasilnikw SPE.

scheme, the highest standards must be met by trac-
tion engines of commercial vehicles, followed by the
engines that propel building machines and agricul-
tural tractors.

As the standards to be complied with are much
lower in many applications, the construction differen-
ces seem to be necessary and justified, but very diffi-
cult to be accomplished.

The situation is even more complicated if there
is a necessity to determine the kind of engine for
main applications, taking into account its construc-
tion and position. Table 2 deals with the criteria,
which have the greatest impact on the engine con-
struction, and thus on the selection of final solu-
tion. They do play real and inevitable role on the
construction with all the consequences expressing
the complicated character of a problem, cost and
logistic inputs. Their analysis, however allows to
distinguish 3 principal platforms: base truck engi-
ne, base agricultural tractor engine and base indu-
strial engine, as the fundaments for the develop-
ment of engine construction (Fig. 4). The moderni-
zation or application of the additional external com-
ponents make those engines be a starting-point for
many solutions, what, for sure, seemsto be benefi-
cial for the producers who are not forced to seek
compromise in the cost and general performance
categories when selecting the engine to the speci-
fic use. At the majority of applications appropriate
power units may be achieved at the minimised com-
plexity and extra costs.

If taking into account the development of new
generations and families of the engines the costs are
ranked very important as in the majority of solutions
including industrial engine applications it is a very
sensitivematter. Thereisavery clear relation between
the costs and production scale on the one hand, but
there are unwelcome additional costs related to the
narrow applications and low production scale on the
other.

Thusit is necessary to answer a fundamental qu-
estion: what is the impact of the development of the
single purpose engine (SPE) to be applied in specific
cases on the total costs, as compared to the multi
purpose engine (MPE). Table 2 presents some recom-
mendations to determine which of the engine compo-
nents may increase the cost of the SPE, if the MPE is
not to be used and what costs need to be incurred
when adjusting the MPE engine to all cases typical
for the SPE.
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Tab. 2. Kryteria wpfywajqce na konstrukcje silnika
Tab. 2. Criteria affecting engine construction

Application

Condruction criterion

Whed |loader
Road roller

Durmp truck

Hydraulic excavator
Agriculturd tractor

Fork -lift loader

Peformance

Unit power

Unit moment

Motor yacht

i

Enginebrake

Operationd
reguirements

Noise

Vibrations

Fud consunption

Consumption of lubricating al

Operaiononadope

Comfort / messbdancing

Control unit

Hectronic controller

Accesries,
power reception

Sde power teke-off

Frontd power teke-off

Air compressor

Sysemaf ar purificaion

Additiond hydraulic outputs

Reduction geer

......g..;g.:-- Compression st

Packaging

Width

Length

Heignt

Weight

Element of asupporting sructure

Operationinahorizontd sygem

Codling

Integrated

Air /liquid codler

Savice

Accessfadilities

Repair susoepti-
bility

Repair line< 100 kKW

Repair line< 200 kW

Repair line> 300 kW

Sockets and vave guides

Contral of injection system

Controller

Operation length

Time of operation per yeer

Durability

HEREEE = - - - - - AEEEEEE comedd veides

o -
":::‘:-::--::-::--::-.::-'-
'i:::':-::-:-::-::--:--:::'-::

B - necessary

s —important

e —not very important

Najwaznigjsze wnioski, ktére mozna wyciagna¢
analizujac powyzsze zestawienie Sa nastgpujace:
— Kazda zmiana konstrukcji silnika SPE stwarza

istotne koszty dodatkowe (np. wykonaniejedne-
go dodatkowego rysunku pojedynczej czgsci to
koszt rzedu od 1000 do 15 000 euro rocznie€).

— Przystosowaniesilnika SPE do zastosowaniatrak-

cyjnego (w cigzaréwce) podnosi koszt tak po-

The analysis of the abovementioned specification

indicates that:

— Each change of the SPE construction involves
someextraexpenses (for example one supplemen-
tary engineering drawing for a single element

accountsfor 1000to 15 000 EUR ayear).

— Adjustment of the SPE to the traction applica-
tion (in atruck) and creation of the MPE incre-
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wstatego silnikaM PE (np. gtowicaz 4 zaworami
na cylinder, zintegrowany hamulec silnikowy,
uktad wtryskowy itp.).

— Konstrukcjasilnika SPE obciazonajest kosztami
Zwiazanymi z opracowaniem niektorych kompo-
nentéw (np. skrzyniakorbowa, gtowica, wat kor-
bowy, korbowdd, watek rozrzadu), odmiennych
niz w konstrukcjach silnikéw MPE.

Dobdr uktadu wtryskowego do silnika SPE ma

asesthe cost of itsdevelopment (for examplea he-
ad with 4 valves per cylinder, integrated engine
brake, injection system, etc.).

— The construction of the SPE is charged with the
expenses spent on the devel opment of some com-
ponents (for exampl e crankcase, head, crankshaft,
connecting-rod, camshaft) that differ from the
M PE construction.

The selection of an injection system for the SPE

wptyw na ogdlng koncepcje silnikai moze stworzyé
Znaczace koszty dodanew przypadku modyfikacji Silni-
ka M PE do zastosowan dedykowanych.

affects the overall idea of the engine and may create
significant additional costsin case the MPE is modi-
fied to dedicated applications.

Trucks

Busses

Excavators

Loader-excavators

Wheel loaders

Bulldozers

Dump trucks

Subgraders

Road-construction machines = Commercial vehicles
Agricultural tractors Construction equipment
Tractors - equipment cariers | Agricultural tractors
Combine harvesters Combine-harvesters
Forestry machnes Short-distance transport
Fork lift loaders Compressors
Elevators Power generators
Stationary engines Fleet

Power generators

Compressors

Pumps

Welders

Fleet (tourist)

Fleet (commercial)

;;n:l many others

Base stationary engine

of frame construction
Combine-harvesters
Fork-lift loaders
Stationary engines
Fleet [commercial)

Loader-excavators

Excavators
Loader-excavators

Wheel loaders
Road-construction machines
Tractors - equipment carriers
Elevators

Subgradersi

Rys. 4. Podegjscie platformowe w konstrukcji silnikéw
Fig. 4. Platform approach to engine construction

— W przypadku aplikacji, w ktorych wymagania
dotyczace dopuszczal nych poziomoéw emisji spa-
linsa mnigj rygorystyczne, uktad wtryskowy sil-
nika SPE moze stworzy¢ koszty dodatkowe
w przypadku przejscianaplatforme MPE.

— Koniecznos¢ zapewnieniaelastycznosci zwiazar
nej z réznymi zastosowaniami niesie obciazenia
dlatrakcyjnego silnika SPE, zwtaszczaw zakresie
doboru odpowiedniego uktadu wtryskowego.

— W niektorych przypadkach silnikow M PE, kom-
ponenty silnikakluczowe z punktu widzeniajego
trwatosci moga obciaza¢ koszty wytworzeniasil-
nika SPE. Konieczne moze by¢ obnizenie osia-
gow znamionowych silnikaM PE, co zkolel moze
podnies¢ koszty posrednie poprzez utrate kon-
kurencyjnosci.

— W przypadku silnikéw SPE przygotowywanych
do innych zastosowan pojawia si¢ koniecznosé
uwzglednieniazmiany widmaobciazen i wynika-
jacel ztego zmiany przewidywanej trwatosci lub
obnizeniamocy. To moze mie¢ wptyw nakonku-

— For the applications where the requirements on
the admissible exhaust emission are less strict,
additiona costsmay beincurred during thetrans-
ition of the injection system from the SPE to the
MPE platform.

— The necessity to assure the flexibility of various
applications involves the expenses for the trac-
tion SPE, particularly with regard to the selection
of aproper injection system.

— For some M PE cases, the componentscrucial for
engine durability can increase the costs of the
SPE devel opment. It may be hecessary to reduce
the nominal rated performance of the M PE, what
in turn leads to the loss of competitiveness and
rises the indirect costs.

— If the SPESs are prepared for other applications,
the change of load spectrum and, as a consequ-
ence, the modification of the expected life or po-
wer decrease needsto be considered asthis may
affect market competitiveness. In order to com-
ply with therdliability requirementsand maintain

64 EkspLoaTACJA | NIEZAWODNOSG NR 4/2003




NAUKA | TECHNIKA

rencyjnos¢ rynkowa. Aby sprosta¢c wymogom
niezawodnosci i utrzyma¢ przewidywany okres
eksploatacji, czesto konieczne staje sie przepro-
jektowanielub wymianakluczowych elementdw,
co oczywiscie podnosi koszt i ztozonosé kon-
strukgji.

5. Wplyw globalizagji

Poszczegélne rynki wywiergja istotny wptyw na
ksztatt produktu (pojazdu, silnika) oferowanego
w omawianych zastosowaniach. Obecnie, wszystkie
liczacesie firmy prowadza silnie ekspansywna polity-
ke narynkach rozwijajacych sie, zwtaszczanaterenie
Chini Indii. Z drugig strony, wielu producentéw dzia-
Iajacychw kragjach rozwijajacych sie prowadzi dziata-
nia zmierzajace do rozszerzenia eksportu na obszary
panstw uprzemystowionych, wykorzystujac przy tym
przewage w postaci niskich kosztéw produkcji. La-
czeniesie firm zmieniaswiat przemystowy, co ponow-
nie sprowadzanas do pytaniao unifikacje produktéw,
lub przynamnigj poszczegdlnych komponentéw. Ter-
min ,globalizacja” ma oczywiscie wiele znaczen.
W $wiecietechniki ngjwazniejsze czynniki zwiazane
Z procesem globalizacji to:

— proces koncentracji niezaleznych producentéw
finalnych (tzw. OEM),

— wymiana gtéwnych komponentéw lub podsys-
teméw w ramach §wiatowej sieci danego produ-
centa,

— dostawa cze$ci i komponentéw o zasiegu $wia
towym (przy zachowaniu tych samych standar-
déw i poziomu jakosci),

— nieograniczony (mnigj lub wiecej) eksport i im-
port produktéw,

— dopasowanie produktéw do réznych standardow
(emigja, hatas, bezpieczenstwo, zobowiazaniafi-
nansowe),

— $Swiatowawspotpracaludzi réznych kultur, jezy-
kéw, poziomu wyksztatceniai pozioméw techno-
logicznych.

W konsekwengji, rynek pojazdow uzytkowych stoi
przed nowymi, wspaniatymi mozliwosciami alejedno-
czesnie pojawigja Sig nowe, trudnewyzwaniai czynni-
ki ryzyka, ktérym takze trzebabedzie sprostac.

W $wiecie cigzarOwek wyrazne sa roznice zwiaza
ne z konstrukcja i 0goélna koncepcja produktu. | tak,
na przyktad, ciezarowki w najbardziej renomowanej
klasie cigzkigj, roznia sie znaczaco w zaleznosci od
tego, czy sa eksploatowane w USA, Europie oraz,
szczegdlnie, pomiedzy tymi dwomaobszarami rynko-
wymi, anaprzyktad Indiami, czy Chinami (tabela3).
Oczywiscie, roznicete maja wptyw nawykorzystywa-
nesilniki. W obu tych krajach, w ngjblizsze przyszto-

the expected period of operation, it is often ne-
cessary to re-design or exchange the key ele-
ments, what, of course, makes the cost higher
and the construction — more compl ex.

5. The impact of globalisation

A product (vehicle, engine) to beused in avariety
of applicationsisbeing significantly shaped by apar-
ticular market. All major companies are nowadaysin-
volved in expansive policies on the devel oping mar-
kets, particularly in Chinaand India. On the other hand
many manufacturers operating in those countriestake
advantage of low production costs and become enga-
gedinincreasing export to the moreindustrialised are-
as. Theindustrial world isbeing changed by the com-
panies that unite with each other, what again brings
us to a question about a unification of a product as
awhole or at least its particular components. There
may be many meanings of theterm , globalisation”. In
atechnical world, the most important circumstances
related to the globalisation process are as follows:

— the concentration of independent final producers
(so-called OEM),

— exchange of main components or subsystems
within aworld net of agiven manufacturer,

— provision of the partsand componentson aworld
scale (the standards and quality must be mainta-
ined at thesamelevel),

— unlimited (Iessor more) export and import of pro-
ducts,

— adjustment of the products to various standards
(emission, noise, safety, financial commitments),

— world scale co-operation of people of various
cultures, languages, levels of education and tech-
nological standards.

Asaconsequence the market of utility vehiclesis
now faced with the excellent prospects but at the same
timethere are some completely new difficult challen-
ges and risk factors that need to be coped with.

Intheworld of trucksthedifferencesrelated tothe
construction and a general concept of the project are
very clear. And thus for example trucks in the most
renowned heavy class distinctly differ, depending on
the place of their operation —it is particularly evident
between the USA and Europe on the one hand and
Indiaand Chinaon the other (Table 3). Such the diffe-
rences clearly affect the engines used in those coun-
tries. The situation, particularly road infrastructurein
two latter countrieswill be soon improved by the bro-
ad-scale works aimed, among other things, to build
anet of highways—it will allow to increase the speed

EkspLoATACJA | NIEZAWODNOSG NR 4/2003 65




NAUKA | TECHNIKA

Tab. 3. Poréwnanie charakterystycznych cech konstrukeyjnych pojazdéw uzytkowych eksploatowanych na réz-

nych rynkach

Tab. 3. Comparison between characteristic construction features of commercial vehicles used on various markets

Europa

Indie

40t

80 (90) km/h

440 hp

high comfort

16-speed gearbox
directed towards the tech-

36t

105 km/h

430 hp

medium comfort
12-speed gearbox
directed towards the dura-

25t 26t

80 km/h 90 km/h

200 hp 250 hp

low comfort low comfort
8-speed gearbox 8-gpeed gearbox

directed towards the cost

directed towards the cost

nology bility and reliability

$ci planowane 3 szeroko zakrojone prace zmierzajace
do poprawy istnigjacej sytuacji, zwltaszczaw zakresie
infrastruktury drogowej. Nowo wybudowanasie¢ au-
tostrad umozliwi podniesienie predkosci dopuszczal-
negj zestaw6w do 110 km/h i dopuszczalngl masy cat-
kowitej do 50 ton! Oznaczato, ze konieczne staniesie
przeprojektowanie produkowanych obecniesilnikéw,
rozwoj nowych jednostek lub uruchomienie produkgji
w oparciu o technologie firm zachodnich. W Chinach
oczekiwany jest olbrzymi popyt nasilniki w przedziae
mocy 350-400KM, aw Indiach—300-350 KM. Tesame
reguty dotycza pozostatych elementdw uktadéw prze-
niesienia napedu. Ze wzgledu na niezwykle ciezkie
warunki eksploatacji w tych krajach oraz ich stabos¢
finansowa, konstrukcje pojazdéw uzytkowych i ich
jednostek napedowych beda z pewnoscia zoriento-
wane naminimalizacje kosztow. Konieczne bedzietak-
ze podniesienieich niezawodnosci i trwatosci.
Kragjerozwijgacesie zamierzaja wprowadzi¢ euro-
pejskienormy emigji z4-5 letnim opdznieniemw sto-
sunku do Europy. Oznaczato, ze wprowadzenie tam
wysoko rozwinietej technologii bedzie potrzebne juz
w bardzo niedtugim czasie. Jednakze, czy rynki te,,doj-
rzeja” w miedzyczasie do tego, aby moznabyto zasto-
sowa tam te rozwiazania, czy tez konieczne bedzie
wprowadzenie produktéw pochodnych? | oto znéw
pojawiasie pytanieo,, swiatowy pojazd” lub , swiato-
wy silnik” — moze wiasnie w oparciu o rozwiazania
platformowe bedzieto mozliwe.
Globalizacjaoferujetakze nowe perspektywy w za
kresie dostaw komponentéw. Od 50 do 60% kosztow
produkcji rodziny silnikéw jest zwiazanych z materia-
fami. Prawidlowo zorganizowana struktura dostaw
materiatdw i komponentow jest wiec kluczowym czyn-
nikiem redukcji kosztow. Narysunku 5 przedstawiono
réznerozwiazaniaw te) dziedzinie, aczaceistnigjace

limit of the units up to 110 km/h and admissible total
weight up to 50 tons! That means that the “current”
engines will need to be re-designed, and new units —
developed or it will be essential to start production
based on the technology used by western compa-
nies. The power of enginesthat are expected to bein
demand in Chinaand Indiawill range from 350 to 400
and from 300 to 350 hp, respectively. Dueto the extre-
mely tough conditions of operation and poor finan-
cial situation, the construction of utility vehicles and
power unitswill bein those countriesdirected to mini-
mise costs and increase vehiclereliability and durabi-
lity.

Developing countries intend to apply European
emission standards 4-5 years | ater than European co-
untries, what means that highly-advanced technolo-
gy will need to be devel oped very soon. However, will
the markets ,mature” in the meantime, so the solu-
tions might be applied or will it be necessary to intro-
duce derived products? And again there is a question
about a “world vehicle” or a “world engine” —it is
likely to be created and based on the platform appro-
ach.

Glaobalisation offers also some new perspectives
as regards the components’ supply. From 50 to 60%
of the costs of the engine family production isrelated
tothematerials. Cost reduction may bethen achieved
by aproper organisation of the materials' and compo-
nents’ supply structure. Figure 5 shows various solu-
tionsinthisfield, linking the existing possibilitieswith
therisk factorsand organisational and logisticinputs.
The system of world-scale supply based on at least
two sourcestendsto offer agreat cost reduction, with
the high, but included risk level. Buying at the one
world supplier leads to the highest cost reduction but
is accompanied with the greatest risk — such a solu-
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Rys. 5. Globalne ujecie systemu zaopatrzenia
Fig. 5. Global formulation of the supply system

mozliwosci z czynnikami ryzykaoraz naktadami organi-
zacyjnymi i logistycznymi. System zaopatrzeniao zasig-
gu $wiatowym, pochodzacy z co ngimnigj dwoch zrodet
wydaje si¢ oferowac duzy potencjat redukcji kosztdw,
przy wysokim lecz wkakulowanym poziomieryzyka Za-
opatrywaniesi¢ ujednego dostawcy swiatowego zapew-
nia ngjwieksza redukcje kosztéw, ae towarzyszy temu
takze ngjwickszeryzyko—rozwiazanieto jest uzasadnio-
ne tylko w przypadku, gdy dostawca znagjduje si¢ pod
catkowita kontrola producenta koncowego.

6. Zakonczenie

Ciezkie czasy czekaja przemyst pojazdow uzytko-
wych, a wiec i producentéw silnikéw. Postepujaca
w ostatnich latach koncentracjaprodukcji oraz rosna-
cakonkurencjauwzglednigjacalokalizacje daty w re-
zultacie ztozone zaleznosci z klientami, dostawcami
i partnerami biznesowymi. To, w jakim stopniu udasie
uporac ze ztozonoscia tych relacji i w jakim zakresie
udasic jewtaczy¢ w sie¢ synergii —sa to dwaczynniki
decydujace o przysztym sukcesie.

Zamiast podsumowaniarozwazan mozna postawié
wieckilkapytan. Odpowiedz nanie poznamy zapewne
W przysztosci.

1 Czy ,swiatowy pojazd” lub, swiatowy silnik” to
tylko marzenie miedzynarodowych producentow?
Czy optacasie rozwij& ta koncepcje, amozejuz
istnigjace rozwiazaniarynkowe sa lepszym wyj-
sciem?

tion seems to be justified only in some cases, when
the supplier is under a total supervision of an end
producer.

6. Conclusions

Theindustry of utility vehicles, and thusthe engi-
ne manufacturerswill find it hard to exist in the near
future. Production concentration has been recently
progressing and the competitiveness including the
localisation—increasing. Thosetwo factorshave made
the relations with the clients, suppliers and business
partnersmore complex. Thefuture successis affected
by two things, i.e. to what extent it will be possibleto
overcome such relations and how they can be inclu-
ded into the synergy net.

In the end a couple of questions might be asked.
The answerswill be known probably in the future.

1 Isa*“world vehicle” or a “world enging” only
adream of international manufacturers?Isit pro-
fitable to develop the idea or the solutions exi-
sting presently on the market are better ways out
of asituation?
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2. Czy w poréwnaniu z silnikiem wiel ozadaniowym,
koncepcjasilnikaoptymalizowanego do konkret-
nych zastosowan majakies zalety?

3. Czy, dazac do zastosowaniaw wielu aplikacjach,
podejscie platformowe ma racje¢ bytu z punktu
widzenia producentéw silnikéw i producentéw
finalnych?

4. Jak odbieranajest globalizacjaw przemysle mo-
toryzacyjnym —jako okazjado korzystnych zmian,
czy zagrozenie?

5. Czy produkty pochodzace z krgjGw rozwijgjacych
Sie¢ moga i powinny by¢ eksportowane do wyso-
korozwinigte czesci swiata? Jakiewarunki wstep-
ne musza zosta¢ przy tym spetnione?

6. Co producenci w krajach rozwijajacych si¢ po-
winni wzia¢ pod uwagg oraz czy i jak nalezy mo-
dyfikowac ich projekty i konstrukcje, chcacwejsé
narynki krajow rozwinietych?

7. Jakiewyzwaniai mozliwosci dlaproducentdw fi-
nalnych i dostawcow niesie ze soba idea zaopa-
trywania globalnego?

Zngjdujemy si¢ obecniew okresiewielkich zmian.
Skuteczne rozwiazania stosowane w przesztosci nie
zawsze daja te same pozytywne rezultaty w obecnosci
dzisigjszych, bardzigj ztozonych rynkéw i warunkéw
konkurencji. Dlaproducentéw pojazddw uzytkowych
i ich komponentéw oznaczato, ze musza dokonac kry-
tycznej oceny swoich wiasnych organizacji i oceni¢,
jakiekroki nalezy poczynié w przysztosci, aby przyjaé
kurs, ktorym moznaskutecznie wejs¢ w przysztosc.
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STAN NAPREZENIA | TARCIE WEWNETRZNE MATERIALU
PRZESIEWANEGO JAKO DETERMINANTY SKUTECZNEGO
PROCESU SEPARACJI SITOWEJ

THE STATE OF TENSION AND INTERNAL FRICTION
OF MATERIAL BEING SIEVED AS THE DETERMINANTS
OF FORCEFUL SIEVE SEPARATION PROCESS

Rozpatrzono wpfyw sif masowych, tarcia zewnetr znego i wewnetrznego na proces przesiewa-
nia grawitacyjnego. Swierdzono, ze naprezenia scinajgce (styczne) decydujg 0 wzglednym

ruchu masy przesiewansg.
Slowa kluczowe:

przesiewanie, rozkfad masy, separacja sitowa

The matter of the present work is the influence of mass power, external and internal friction on
the gravitational sieve process. It was stated that cutting tensions decide about relative

movement of sieved material.

Keywords:  sieve, mass decomposition, sieve separation

1. Wprowadzenie

Tarcie jest zjawiskiem fizycznym wystepujacym
powszechnie w przyrodzie. W wiekszosci procesow
technologicznych realizowanych w rolnictwie odgry-
wapodstawowsa role. Tarcie z punktu widzeniateore-
tycznego jest procesem ztozonym, zdeterminowanym
przez ogdt zjawi sk uwarunkowanych w sposob sprze-
zony parametrami i warunkami tarcia[l, 2, 3,5, 7, 8].

W Polskiej Normie zjawisko tarcia zostato ujete
w postaci sity tarciai wspétczynnikatarcia, zas tarcie
wewnetrzne zdefiniowano dlawzglednego przemiesz-
czeniaelementow tego samego ciatastatego [10].

Podstawa do opisu zjawisk zachodzacych nasicie
jest poznanie mechanizmu odpornosci materiatu czysz-
czonego naodksztatceniaoraz czynnikdw wpltywaja-
cych nania. Opdr nascinanie w migjscach styku cza-
stek mieszaniny czyszczonegj wptywa ha wielkosé
poslizgu migdzyczastkowego, ktory jest najistotnie-
jszym czynnikiem decydujacym o intensywnosci
przesiewania grawitacyjnego i ostatecznie z wielko-
$cia strat ziaren celnych.

Zgodnie z definicja opdr nascinanie migdzy czast-
kami materiatu sypkiego jest rowny sile, ktora pow-
oduje wzgledne ich przesuniccie. Wartos¢ oporu ha
$cinaniejest proporcjonalnado sity normalnej dziata
jacg] na elementy mieszaniny. Ponadto na wielkos¢
oporu maja wptyw fizycznei chemicznewtasnosci cza-
stek. W nawiazaniu do aspektéw powyzszych nalezy

1. Introduction

Friction is a physical phenomenon often occur-
ring in nature and has important role in most techno-
logical processesrelated to agriculture. From theore-
tical point of view friction is a compound process,
determined by its parametersand conditions|[1, 2, 3, 5,
7,8].

In the terms of Polish Norm friction is defined as
power of friction and coefficient of friction but inter-
nal friction is defined for relative relocation of ele-
ments of the same solid substance [10].

The base for description of phenomena present
on a sieve is understanding of the deformation resi-
stance of material being treated and factorsthat influ-
ence that. The resistance on the partition in the point
of contact of elements of material being sieved influ-
ences the intercorpuscular dide, the most important
factor deciding on the intensity of gravitational sieve
process and the size of target seeds.

According to the definition the resistance on the
partition equalstheforcethat causesitsrelative move-
ment. The value of the resistance on the partition is
proportional to the normal force operating on the com-
pound material. Physical and chemical characteristics
of particles. In relation to the above aspectsit is nec-
essary to state that the issue of resistance on the par-
tition isrelated with the phenomenon of friction.
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stwierdzi¢, zeistotaoporu nascinanie sypkiej miesza-
niny czyszczone jest zwigzanaz zagadnieniemtarcia.
W zagadnieniach technicznych spotyka si¢ dwie
powszechnie stosowane mozliwosci wyrazaniaoporu
tarcia[9]:
- przy pomocy wepdiczynnikatardiaf, przy czym T = N,
gdzieN oznaczasit¢ normalna napowierzchni,
- przy zastosowaniu katatarcia p, wyrazonego jako
tgp="*.

2. Stan naprezenia w osrodku ziarnistym

Do matematycznego opisu haprezen wewnetrz-
nych materiatu ziarnistego moznawykorzysta¢ ogél-
ne zaleznosci wyprowadzone dla materialéw sprezy-
stych podlegajacych prawu Hooke' a. Wywotany przez
sity (zewnetrzne i wewnetrzne) stan naprezenia jest
stanem przestrzennym [4, 6]. Do opisu wyodrebniono
objetos¢ osrodka w postaci prostopadtoscianu o ob-
jetosci dx-dy-dz. Z wybranym elementem zwiazano kar-
tezjanski uktad wsp6trzednych (rys. 2.1).

In technical materialstwo typical ways of presen-
ting friction are present [9]:
- Withtheadof friction coefficient f, whereT _ = Nf,
and N isthe normal force at the surface,
- With the term of friction angle p, presented as

tgo="f.

2. Tension in granular medium

General theoriesrelated to springy materials sub-
ordinated to the Hook's law are applicable for the
mathematical description of internal tension of gra-
nular material. Caused by external and internal for-
ces state of tension has three-dimensional character
[4, 6]. For the description purposes the volume of
medium has been presented as a cuboid with the
volume dx-dy-dz and rel ated to the Cartesian coordi-
nate system (Fig. 2.1).

Rys. 2.1.Nigjednorodny stan naprezenia na elemencie osrodka przesiewanego we wspdirzednych

prostokgtnych

Fig. 2.1.Non-homogenous state of tension in the element of sieved medium

Zapomoca rézniczek czastkowych uwzgledniono
przyrosty naprezen nasciankach elementu wywotane
dziataniem sit masowych. Przy nigjednorodnym stanie
naprezenia (wplyw sit masowych) wartosci naprezen
Zmienigja Sie W zaleznosci od potozeniadanego punk-
tu (sa funkcjami wspdirzednych punktu). Zmiane war-
tosci bezwzgledne naprezen moznazapisa¢ w postaci
ogolng:

o,=0,+do,

W nawiazaniu do powyzszego moznawprowadzi¢
zapisy przyrostéw czastkowych wartosci naprezen
normalnych:

g

Jdo
=0y + aXX dx 2.2

With the aid of particle differentialsthe growth of
tensionsrelated to the forces of weightiness and iner-
tiahave been included. In the case of non-homogeno-
us conditions the parameters of tension depend on
thelocation of each point. Generally it may be descri-
bed as:

o,=0,+do,

And, in relation to the above, the growth of nor-
mal tension as:

Jdo
o,=0, +—%dx
x T o 21

X
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— aO'y
Ty=oy oV 22
0o
0,=0,+ azz dz (23

Anal ogicznie moznawyprowadzi¢ zal eznosci do-
tyczace zmiany wartosci naprezen stycznych:

' N 0T,y 4
T, =T,, +—=dx
vy =Dy 50 29
oT
_ yX
Ty STyt 5, 25
. aryz
v dy (26)
ot
— zy
T, =T, +—=dz
zy zy 0z (27)
oT
Ty =Ty +—20dX
2 =het (29
o7
T, =7, +—2dz
a =Tt (29)

Po zrzutowaniu sit (naprezenia X powierzchnia
scianki) naosie wspotrzednych otrzymano:

(0o Jdydz+{' 1 Jozdx +

+(T' e ~T Jaxdly + oM, =0 (210)
bly 'obedX +(['Xy—'[xybzdy+
+{1'y ~T Jydx + oM, =0 (211
(0,0, )dxdy +(r',, T, Jdzdx +
(2.12)

+{'y T, Jdydz + oM, =0

Po uwzglednieniu zaleznosci (2.1—2.9) i dokona-
niu stosownych przeksztatcen matematycznych otrzy-
mano rézniczkowy uktad réwnan réwnowagi we-
whnetrznej osrodka przesiewanego w danym punkcie
W postaci:

do, 0Ty Lo7

*+ Z +poM, =0
ox oy or TPMx (213)
oo, 0t o1

Y4 ¥4 Y 4pM, =0
dy ox oz PoMy (219
d0, +aryz L0 +pM, =0
az ody ox @ °°F (215

_ doy
g,=0 +0_ydy 22

,=0,+ dz (23)

Analogically parametersrelated to tangential ten-
sions:

.o 0Ty
Ty =Ty +Fdx 24
Ty =Tyt a;)fx dy 25
Ty =Ty +a;_;,/zdy (26)
Ty =Ty +a;_;ydz 27
T, =Ty +a;—)’(‘zdx (298
T =T, +a;—zzxdz (29

After analyzing the forces on coordinate system
the following has been received:

(0o Jdydz+{ 7 Jozax +

+{' 1, Jdxdy+ p,M, =0 (210
b y —oy)dzdx +(T'xy‘Txy)dzdy N
+\I'y —TH dydx+p,M, =0 (211
(0',0,)dxdy +(T'yz—Tyz)dzdx+
@12

+{' T, Jdydz + p M, =0

Having analyzed dependences (2.1-2.9) with cer-
tain mathematical transformations, differential system
of equations of internal balance of sieved medium has
been worked out:

do, 0Ty 01,
+ + +p,M, =0
x oy oz PoM (213
do, Ot ot
Y+ X+ Y 4p M, =0
dy ox oz PoMy (219
do, 01, a1,
+ + +o0. M, =0
2z oy | ox PoM (215)
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gdzie: p, - gestos¢ objetosciowa osrodka przesiewar
nego; M,, MM, - sktadowe jednostkowej sity maso-
wej w kierunkach osi x, Y, z.

where:p_ - volume density of sieved medium; M, M,
M, —elements of massforcetowardsaxlesx, y, z.

Gn
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Rys.2.2. Tréjosiowy stan naprezeri w osrodku przesiewanym: a — rozkfad naprezeri ha danym elemencie masy
czyszczongj, b — stan naprezeri w danym punkcie przedstawiony za pomocg kéf Mohra

Fig.2.2. Three-axial state of tension in sieved medium: a — tension analysis in a given element of cleaned mass,
b - tension in a given point presented on Mohr’s circles

Jezeli zatozymy, ze element osrodka przesiewane-
go jest pod dziataniem naprezen gtownych o, o, o, to
wedtug teorii sprezystosci stan naprezenianadowol-
nej ptaszczyznie n mozna przedstawié¢ graficznie za
pomoca két Mohra (rys. 2.2) oraz analitycznie w po-
staci:

0, =0,008°a, +0,c08°a, +

) (216)
+05c08% a5
T2 =0g2cos’a, +a5cos’a,+02cos’a, -
21
- [71 cos’a, +0,008°a, +05C08% a4 217)
a b

If we assumethat the element of sieved mediumis
under the influence of main tensions o, g,, g, then,
according to the theory of springiness, the state of
tension on any surface n may be graphically presen-
ted by Mohr’scircles(Fig. 2.2) and analytically as:

0, =0,008°a, +0,008°Q, +

2.1
+05008% 04 (216

T2 =0g2cos’a, +a5cos’a,+02cos’a, -

2.17)

2 2 2
—[chos a,+0,C08°a, +05C0S" a5

G

G

Rys. 2.3.Dwuosiowy stan naprezenia w osrodku przesiewanym: a — rozkfad naprezern na danym elemencie masy
czyszczonej, b — stan naprezenia w danym punkcie wyznaczony przy pomocy kofa Mohra

Fig. 2.3.Two-axial state of tension in sieved medium; a — tension analysis in a given element of cleaned mass,
b - tension in a given point presented on Mohr’s circles
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W dal szych rozwazaniach nad mechanika osrodka
przesiewanego wystarczajaca podstawa do obliczen
bedzie dwuosiowy stan naprezenia (rys. 2.38). W ta-
kim przypadku naprezeniagtéwne (dlakierunku przy
krancowych wartosciach naprezen normalnychi zero-
wych naprezeniach stycznych) w danym punkcie ma-
teriatu czyszczonego o znanych sktadowych g, o,T,
moznawyrazié w postaci nastepujacej zaleznosci:

01, =%(ax +ay)+/_%,/iax -0, F +4r5,  (218)

Zaleznos¢ pomiedzy naprezeniami gtéwnymi ana
prezeniami (normanymi stycznym) w danym elemencie
osrodka na ptaszczyznie nachylongl mozna przedsta-
wi¢ graficznie zapomoca k6t Mohra(rys.2.3b), atakze
analitycznie zapomoca hastepujacych zaleznosci:

0,=0,c08’°a +0,sn’a (219)

g,-0
r, =179

sin2a (2.20)

3. Rola tarcia podczas przemieszczania
masy CzySzCzone€j na sicie

W przypadku przemieszczaniamateriatow ziaristych
W procesieseparagji nasiciezaluzjowym nalezy dokonat
rozdziatu zjawiska tarcia na wewngtrzne i zewngtrzne.
Wedtug Kragieskiego [8] czynnikiem decydujacymjest
réznicamigdzy wytrzymatoscia lokanego zespoleniatar-
ciowego, awytrzymatoscia materiatuw gtebi. Dladodat-
niego gradientu wiasnosci wytrzymatosciowych:

dr

—>0
p (31)

gdzie: T - wytrzymatos¢ na scinanie; h — gtgbokose,
wystepuje tarcie zewnetrzne i wéwczas proces jest
charakteryzowany przez cechy powierzchniowe mate-
riatu. W przypadku przeciwnym, gdy gradient przyj-
muje wartosci ujemne mamy do czynienia z tarciem
wewngtrznym.

Jednoznaczne okreslenie stanu naprezeniaw da-
nym punkcie masy czyszczonej jest mozliwe poprzez
podanie tensora naprezenia. Naprgzenia scingjace
(styczne) T wptywaja nawzgledny ruch masy czysz-
czonej. Wielkos¢ przemieszczen zal ezy od oporu prze-
ciwstawiajacego si¢ tym naprezeniom, z kolel wielkos¢
oporu jest uwarunkowanawartoscia tarciawewngtrz-
nego materiatu przesiewanego. Wynika to wprost
z prawa Coulomba—Mohra:

T, =u, (32)

gdzie: - wspbtczynnik tarciawewnetrznego materia-
u czyszczonego; u=tgegdzie @jest katem tarciawe-
wnetrznego.

Two-axial state of tension is adequate or the pur-
poses of further analysis on the mechanics of sieved
medium (Fig. 2.3). In such case maintensions (for the
direction at extreme parametersof normal and zerotan-
gential tensions) in agiven point of cleaned material
with known parameters o, g, T, may bepresentedin
thefollowing way:

015 =%(ax +ay)+/_%,/‘ax -0, P +4r;,  (218)

The dependence between main tensions and the
tensions (normal and tangential) in a given point of
medium on aslanting surface may be graphically pre-
sented by Mohr’s circles (Fig. 2.3b) and analytically
with the aid of the following dependences:

0,=0,c08’°a +0,sn’a (219

g,-0
r, =179

sin2a (220

3. Therole of friction during the transoca-
tion of cleaned mass on the sieve

In the case of movement of granular mediain the
process of jalousie sieve separation it is necessary to
separate theterm of friction into external and internal
friction. According to Kragiel ski [8] the decisivefac-
tor is the difference between the durability of local
friction complex and the durability inside the material .
For positive gradient of durability characteristics:

dr

—>0
p (31)

where: T - resistance on the partition wall; h — depth,
external friction occurs and the processis characteri-
zed by surface factors. In the opposite case, when the
gradient is negative, we can say about internal fric-
tion.

Unequivocal estimation of the state of tensionina
given point of cleaned material isonly possible when
tension tensor is introduced. Shearing (tangential)
tensions 7 influence relative movement of cleaned
material. The scale of the movements depends on the
forceof internal resistanceinfluenced by internal fric-
tion of sieved material. Thismay be drawn out of Cou-
lomb-Mohr law:

1, =u, (32)

where: i - internal friction index of cleaned material;
u=tgp where @ istheinterna friction angle.
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Proces separacji ziaren nasitach przebiega dzieki
odksztatcaniu struktury przestrzennej masy przesie-
wanej. W zwiazku z tym moznaprzyjaé tutaj definicje
tarciawewngetrznego jako , tarciamigdzy elementami
osrodka w procesie odksztatcenia® [11]. Analiza
uwarunkowan wptywajacych bezposrednio i posred-
nio nawielkos¢ tarciawewngtrznego stanowi el ement
niezbedny do poznaniai wiasciwej interpretacji praw
fizycznych podczas procesu przesiewania. Takie po-
dejscie do zagadnien separacji ma wymiar nie tylko
teoretyczny, alew dal szej perspektywie moze, bowiem
postuzy¢ do poszukiwania optymalnych konstrukcji
ustrojéw czyszczacych.

4, Literatura

The process of separation of seeds takes place
dueto deformation of dimensional structure of sieved
mass. According to the aboveinternal friction may be
defined as “friction between elements of the medium
in the process of deformation” [11]. The analysis of
conditions that influence directly and indirectly the
range of internal friction is crucia for understanding
and proper interpretation of physical laws present in
the sieve process. Such approach to separation has
not only theoretical dimension but also may, in further
perspective enable research for optimal construction
of cleaning utilities.
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Miklés GEDE
Karoly SOLYOMVARI

THE 40 YEARS OF THE MAINTENANCE SECTION
IN THE 50 YEARS OLD MACHINE INDUSTRY
SCIENTIFIC SOCIETY

1999 isthe years of anniversaries. Machine Indu-
stry Scientific Society (GTE) wasestablished 50years
ago on 19" February 1949. Of that time activity of the
society showed a narrow connection with the deve-
lopment of our country, with the proceeded changes
in our social relations, economy and isthelife of our
technical intelligentsia.

The problem guestion of company servicing and ma:
intenance is an integrd part of economy guidance and
cultivation, connecting al economicad systems, which
needs atention and stepsin the interest of effective ma-
nagement. The four decades of the servicing activity in
the Machine Industry Scientific Society was characteri-
gtictheinfluence of actua economica environment.

Development of servicing workshaveto be quali-
tatively adjusted to the changed situation of tech-
nics, production and management in all time. For this
reason, when the technol ogy and quality of machines
change, then company servicing haveto bea sotrans-
formed. Development tendenciesarevery different and
they generally go together rearrangement of produc-
tion structure respectively reorganisation of functio-
nal processes. The essence of the up-to-date deve-
lopment strategy touching bases of company
servicing is the increase of reliability, furthermore
energy saving, economical creating of better functio-
nal and promptness as saf ety isthe maintenancework.

Quickness, economicalness and safety of servi-
cing can be also increased by regulating means. New
bases, new technol ogies, technical working tools, in-
formation system professional culture and not is the
last row skilled management are needed for these pur-
poses.

This establishing has bought, that the activity
without the problems of maintenance connecting to
the given economical management system or organic
part of it was always actual and will bethe futuretoo.

The GTE’s Maintenance Organisation and
Its Function

The cultivation of maintenancefield in out society
isbuilt on along devel opment process. The Mechani-
cal —Tool Section call the maintenance Expert Commit-
teeinto lifein 1959, the maintenance of machineswas
assigned as activity to the committee, recognising,
that the maintenance is integral complementary of
manufacturing.

The taking into consideration of the maintenance-
ability at establishment of now product or further deve-
lopment, modernisation of existing one is such con-
struction task as the suitable planing by industrial
parameters. Easy assembility, degree of standardisa-
tion and typifying, modernisation of production tech-
nology of component or simultaneity of component
lifetime makedirect animpression on the maintenance.

For this reason the Mechanical — Tool Section
decided to establish aspecialized group and to streng-
then the information relationships. This activity was
hardly developted. The devel opment started in 1961.
National Mechanicer —in — Charge Conference was
organised by initiation of maintenance chiefs of com-
panies, this conference made the interest of experts.

A new age entered with this. It was decided after
the success of the program to organize this conferen-
ceyear by year from now on. Thisone established the
base of successful voluntary work. It held up theinte-
rest of a professional group, which group missed the
central guiding and it was at the head of fulfilment of
sametype of requirements on somekind level.

As working method was chosen to:
- organizeof high level national professional pro-
grams,
- get foreign experiences, to make connections, to
participate in international conferences,
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- writesuggestionsfor attention calling of profes-
sional guiding organisations,

- organize study-tours to collect and to exchange
national experiences,

- help on publishing of technical literature,

- organize professional courses.

The Planned Preventive Maintenance Expert Com-
mittee had left the Mechanical — Tool Section by the
approval of GTE'sPresidium and if had been worked
as Central Company Servicing since 1965. Asthename
showstoo, that it dealed not only with machine repa-
iring but it took up the wide-ranging problem question
of company servicing by demands of companies.

Writing and propagation of new methodsand pro-
ceedings were needed because of the transformation
of economical procedures, modification of maintenan-
ce tasks and organisations.

We organized a lot professional discussions, in
topicsfor example provision of spare parts, co-opera-
tion etc. These gave opportunity to discuss the cur-
rent questionsin form of presentation and discussion
partly. Openions of concerned company leaders and
stockpiling commercial companieswere clashed with
comments of mechanichers—in—charge. Thiscoura-
geous initiation enlarged the numbers of sympathi-
zens and participants of our programs.

Over the program organi sations we were partici-
pantsto write studies (for examplefor National Tech-
nical Development Committee, OM FB) and proposals
and to prepare norms. Our openions were taken into
consideration better and better.

The GTE'sPresidium expressed its satisfaction the
professional work, it could be aready qualified as
aexcellent one is the society too. The Presidium co-
uld see the grown membership and the performed qu-
alitativevoluntary work andit approved, that the Com-
mittee worked as a Section in the future.

The Maintenance Section with 126 society mem-
bersand with help of more hundreds sympathizensin 8
professional sections has carried out promotion of so-
Iving of specialized maintenance questionssince 1977.

The organisation was extended to the regional or-
ganisations. A Regional Committee was established,
its task was to promote the establishment of mainte-
nance specialized groups at regional organisations.
The most important were from these the organi sations
in Pécs, Gyula, Miskolc, Eger and Nyiregyhaza. The
organisation of local programswas help by expertsin
framework of co-ordination. We often held board me-
etings placed out. Theregiona Organisationsand the
important companies the places of these were. We
had contributed to the solving of special regional and
company problems by an advising service. We had
given systematical information about foreign profes-

sional events and technological organisation results.
We had given help to professiona continuation cour-
se by organizing of course. We had entered into ne-
gotiations with leaders of maintenance organisations
of foreign associate societies about the closer con-
nection. We had made aproposal to eliminatethe pro-
gramsin parallel organisation by making a program,
only one country would get an opportunity to organi-
zeinternational conference by year. Every country gets
opportunity such away by 5 years. Countries assume
the responsibility for invitation each other to introdu-
ce the seasonable questions and information and to
make presentations.

The in 1979 — 1980 appeared problems showed
that the encumbrance of increase of economical effi-
ciency can be found in the activity of an not good
organized and operated company servicing. GTE was
changed by the Union of Technical and Natural Science
Associations(MTESZ) to perform firmwhichit respon-
siblefor abusiness and to write studies for account of
the prevalling conditions and for devel opment. A Co-
ordination Committee was established from mainte-
nance expertsby GTE, the Commite’ stool wastowrite
studies, connecting up to that time written studies of
the section and OMFB’s problem disclosure studies.

The Maintenance Section performed and was su-
itable with result to central section expectations so it
got a permission: Maintenance Sectionin 1982. This
needed of ahigher level activity, collaboration of pro-
fessional fields, cultivation of professional question
and tools, international co-operation had to be gu-
aranteed by national powers. The Central Section as
anew organisation needed a new organisation sche-
me and new management and guiding activity. The
new organi sation scheme gave an opportunity to hold
together the maintenance questions of the different
industrial special fields by professional department
committees (machineindustry, metallurgy, chemical in-
dustry, etc.) on ahigher level and to cultivate the pro-
fessional questions for more branches (for example
education, organisation, safeguarding the interests of
theworkers) by professional committees.

The nation-wide function needed to wide our pro-
fessional base. Maintenance experts about 460 mem-
bers being active in regional and company organisa-
tionswere held together in aRegional Committee. Over
all these The Forum of Mechanicer — in charge was
established in 1983. The Forum contains—manager’s
appointment — maintenance leaders working in indu-
strial companies—it isindependent of GTE's member-
ship, and there was an active connection with thewide
rang professional base, with company maintenance
exports. Thefirst conference of The Forum of Mecha-
nicer —in charge was held on 2™ November 1983, in
House of Technics, there were 240 company exports
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as participants. The conference have been held year
by year since that time. The internal co-operation ap-
pears in an other form and with a narrowed program
because of the new situation after change of regime
and the difficulties of economiclife. Onething is per-
manent theinterest of mai ntenance exportswhich ne-
eds to write and to publish new methods and proce-
dures accommodating to changed circumtances.

Theinternational co-operations have been becau-
se loose because of the changing of economical and
social systems, that the personal connections are the
old ones. Welook for theto know each other’s profes-
sional activities and to open up the sources of infor-
mation flow. There is chance to make new connec-
tions, if there were opportunitiesto participate on other
European conferences.

The changing at economic unitsimportant in con-
nection with the maintenance because of the change
of regime. An important proportion of the state pro-
perty went in private hands. The proportion of Itds
exceeds 96%. The expansion of little companies is
characteristic. This caused a lot of information pro-
blems. The Section adjustged so, it is needed to orga-
nize an information and co-operation connection be-
tween services and operation organisations and to
improvethe maintenancelevel.

The Association of Hungarian Maintainer was es-
tablish on 29" January 1997 within society bounds. Old
ideasof widerange of experts, alot of littleand average
ventures and not last mentioned great companieswere
fulfilled. This way this Association calls attention to
the important of maintenance activities and the conti-
nuation these onesin organised form in our now chan-
ging economy. Theaim of the Associationistogivean
effectual help to the economical organisationsin Hun-
gary for their activities by better organisation of main-
tenance work, introduce of new materials and techno-
logies with effectual and economical exploitage and
increase of quality level of results.

The professional activity of the GTE’s ma-
intenance organisation

The work method and means of al the near in 40
years established dealing with maintenance GTE's
organisation accommodated to the economical and
guiding system of the given age.

Some of then existed permanently , but they follo-
wed the direction line of development. Inside then it
was very important to be aconstant contact with firm
experts.

- tofill the gap because of the deficient measures
of leading organisations,

- tomeat professional and economical requirements
of theGTE.

We worked hard to meet these requirements by
organisation of programs and courses and making of
studies and conceptions.

National important programs

We had 28 national important programs with
180...250 participant onthen during the last 40 years.
National Mechanicher —in—charge Conferencesand
National Maintenance Conferences belong to these
programs. Publication or a special issue of Machine
Production Technology in thelast timewas published
by presentations of conferences.

Thefirst National Maintenance Conferences was
organizedin 1963 by the Maintenance Expert Commit-
tee. It wasorganized every year after it because of the
success of the conference.

The Maintenance Central section continued suc-
cessful traditions by organisation of programs. Natio-
nal Maintenance Conferences were organised every
year on different places, mostly in provincial cities.
Beside Budapest most frequently Pécs, Nyiregyhaza,
Gyulaand Eger gave home for maintanance conferen-
cesand National Mechaniker —in—charge Conferen-
ces, but we had program in Balatonszéplak too.

International big programs

The Maintenance Expert Committee already orga-
nized the 1% International Maintenance Conferencein
1965, after thefirst national conference and presenta-
tions of the conference and accepted offers produced
agreat reaction.

A 2" International Maintenance Conference was
in 1973 with 350 Hungarian and 45 foreign partici pants.
This program closed with a great success not only in
professional view but iseconomical onetoo. The sec-
tion organized the 3 International Maintenance Con-
ference between 25" and 28" October 1977 which one
can be asamilestone during the all professional acti-
vity. The number of participantswas over 700 and 52
were foreign ones among then. About 40 presenta-
tions could be heard and they reflected what sort of
problems can be accured during the cultivation of pro-
fession because of the changing of economical situ-
ation. Organizational, system organizational, informa-
tional, diagnostical, technological fixed asset
economical and login getting greater degree —compu-
ter technical solutions occurred in the listened pre-
sentations. We sent the propositions of the conferen-
ce for the Ministers of competent ministries for the
interest to make required and possible measures. Wide
— ranging professional experiences and voluntary
work of our organization were offered by uns.
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We organized the 4" International Maintenance
Conferencein May 1982 with the participation of 600
Hungarian and 45 foreign expertsfrom 8 countries.

The5™ International Maintenance Conferencewas
organized on 27" and 28" august 1987 in Nyiregyhéza.
Thiswasthefirst time, when we organized aninterna-
tional conference in this topic in a country city. The
aim of the conference was to show devel opment ten-
dencies of the maintenance and repairing of fixed as-
sets in the last years and the probable ones until to
2000.

The 450 participants—among 40 onesfrom abro-
ad — characterized the already usual interest in our
conference. National and foreign presentations of ple-
nary meeting showed the development conceptions
until to 2000. Therewere practical demonstrationsand
showing of diagnostical solution behind the discus-
sion of the oriental questions too. Professional trade
and worksvisit a'so werein the program of the confe-
rence. An agreement was born during this conference
with the delegations of socialist countries on the fu-
ture co-operation and on the establishment of an In-
ternational Secretariat. The Hungarian organization the
GTE was asked for the leading of the secretariat and
the co-ordination of the co-operation for two years.

The city Gyulawas the host of international con-
ference “ Servicing ‘92". The most of presentations
made known practical realisation and procedures of
principles and their means. The trade and practical
demonstration of 16 companiesand ventures comple-
ted the program of the conference.

Aninternational conferencewith professional tra-
de and product exhibition was organised between
24" and 26" Jun 1998in Nyiregyhazaby co-operation
with the GTE's Country Organisation Szabolcs —
Szatmar — Bereg. Our conception held for good be-
cause the participants of conference were 10 coun-
tries and they made a number of presentation.

Studies

The making of studies was the one of the most
important component of our voluntary work, these
studies contained the one hand concrete situation
summing up on the other hand scientific established
suggestions measures, methods, organizational solu-
tions based upon above mentioned summing up.

The most important studies of the last 40 years
were

Situation Summing Up (1960). The author trio
Medek — Szah6 — Knizsek composed the theoretical
bases of establishment of periodical repairing system
in 1950s years by Soviet experiences. The establish-
ment of the system gave definite benefits. But negati-
ve phenomena al so occurred during the development

and these ones made an opposed impression on the
obtained results. The GTE’'s Maintenance Experts
Work Committee together with other social organisa-
tions (Maintenance Special Committee behind the
Department of production of Ironworker Trade Union)
sent a suggestion by arequest over to the Minister of
Machine Industry for the solution of existing problems
on maintenancefield. The most important point of the
study was also delivered on the 1% National Mechani-
ker —in—charge Conference.

Situation Summing Up on the maintenance field
(1975). The difference between the devel opment and
productivity of the productive work as well as the
development and productivity of maintenance me-
thods were increasing.

The Situation Of Maintenance, Its Problems To Be
Solved and Further Devel opment Opportunities (Con-
ception)(1982). By the request of state directive or-
gans the Union of Technical and National Science
Associations (MTESz) charged GTE with the provi-
sion of responsible task of maintenance and working
out of the above mentioned study. The study gives
aproposal after aproblem revealing, situation analy-
sis, conclusion for the directions of further develop-
ment.

MTESZ proposals in connection with fulfilment
of suggestion in the report of the experiment of the
Central Committee of People's Control’s (KNEB)exa-
mination “ The Situation of Maintenance of Mechani-
cal Fixed Assets’ (1995). By the offersof maintenance
conferences and an important social requirement the
KNEB opened aninquiry onthelevel of maintenance
activity an on protection of substance of machines.
Thepresident of the M TESZ handed over the KNEB’s
report to the GTE who carries out the co-ordination of
maintenance of machines and equipment — to give
proposal by its responsible activity and by wide —
ranging professional openions.

Guiding Principlefor the maintenance of industrial
mechanical instrument of production (machines and
equipment) and for theincreasing of level of themain-
tenance (1987). The Maintenance Central Section fini-
shed the draft of the Guiding Principle by request of
GTE and by the proposition of Minister’s meeting,
thiswork formulated company tasks.

Methodological Guide*To the Practical Using of
the Guiding Principle Offered in Connection with Ma-
intenance of Mechanical Instruments of Production
Within the Scope of Maintenance activity of Fixed
Assets’ (1989). It came up during the discussion of
the Guiding Principle, that it isneeded to complemen-
twithaMethodological Guide. ThisGuidewas carried
out in 1989.
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Recommendation for the Appraisal and Transillu-
mination of Situation of Maintenance and Repairing
(1988). Changingsof economical lifeand professional
fields of maintenance became confused. The Mainte-
nance Central Sectionwanted to give help for experts
of companiesin the interest of clear-sightedness.

Education

Education and organization of course of extension
training paid animportant part in thelife of our profes-
sional organizationsin the last time. A lot of courses
were carried out in the last near four decades, they
awayshad general and guiding topic. For example:

- Maintenance strategy,

- Differentiated Maintenance System,

- Complex Fixed Asset Economy,

- Tasksof Servicing,

- Maintenance Organisations,

- Maintenance Technology,

- Repairing System of Some Machines Specially,
Repairing of Machine Toals,

- Making Known and Using of Diagnostical Me-
thods

Therewas agreat participant number and interest
on the courses organised by GTE in earlier years. We
obtained pleasant news about these courses by feed-
back. Unfornutely demands on organised extension
training decreased recently significantly.

Cultivation of special Literature

In chronological order “ Servicing” specid litera
ture selection for Mechanicer in— Chargewasalready
published in 1965 by National Technical Library and
Documentation Centre.

M aintenance Handbook was published after atwo
year preparation in 1973 by managing editor Szabo
Bendeguz and by Technical Publishers. The book had

a great success because such on of great level and
comprehensive book was never published. The tech-
nical Publishersawarded astandard prizeto the book.
Therewasasecond publishing in 1975 because of the
great interest.

The next important book was published in 1985,
itstitle “Computertechnicsin Servicing”. The publi-
sher was the Technical Publishers. The book impres-
sed by strength of organizing of maintenance and se-
rvicing, using computer as aresourcein thisworks.

“Up-to-date Methods of the Machine Industry”
was published in 1989 by the GTE's help, its number
of copiesis300000, itssizeis 32,5 sheets. The publica
tion isacommon one with the Association CsSzSzK
(CsVTS2). Theliterary work givesasummary of cha-
racteristic maintenance problem and devel opment di-
rection of both countries.

Theseliterary worksincreased the GTE'sand wor-
kersreputation in maintenance organi sation. They got
acknowledgement for their authors and co-operators
by their professional level.

GTE’sappraisal about the professional func-
tioning.

We, who have lived through happiness and fia-
scos of four decades inside and outside of the asso-
ciation mean, that we fulfilled the expectings by our
conscience. The association have got acknowledge-
ment and no sentences by our activity. The MTESZ,
partner associations, the Ministry of Foundry and
Machine Industry, later Ministry of Industry Welco-
methe co-operationintopic. Organisation forminto-
pic of maintenance in the association made atour on
all rungs of promotion by seniority. The acknowled-
gement of association management on all levels and
in given time contributed to entering in higher class
and it expressed, that its activity was performed on
high level and itstasks were carried out.

Miklés GEDE
Dr Karoly SOLYOMVARI

Hungarian Maintenance Society
H-1111 Budapest

Bertalan L. u. 2. Z. VI. 608.
H-1502 Budapest Pf. 91

tel. +36 1463-1931

fax. +36 14633467
banasiak@imr.ar.wroc.pl
Solyom@kgtt.bme.hu
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Andrzej Niewczas

RECENZJA KSIAZK]

pt.. ,Metodyka prognozowania niezawodnosci obiektow
mechanicznych”

autor: Tomasz NowakowsKi

wania
niezawodnosci
obiektow

mechanicznych

W ksiazce rozpatrzono problemy zwiazane z ocena i prognozowaniem niezawodnosci obiektéw mechanicznych.
Na podstawie przyjetych kryteriow stosowane metody prognozowania niezawodnosci podzielono natrzy podsta-
wowe klasy: metody niezawodnosci konstrukcyjnej, metody eksperckiei metody analogii statystycznej. Zapropono-
wano wiasna metodyke prognozowania niezawodnosci.

Ksiazkamoze by¢ cenna lektura dlakonstruktoréw i eksploatatoréw maszyn i urzadzen oraz dlawyktadowcdw
i studentéw wydzialéw mechanicznych politechnik.

Prof. dr hab. inz. Andrzej NIEWCZAS

Katedra Silnikéw Spalinowych
Wydziat Mechaniczny
Politechnika Lubelska
20-618 Lublin

ul. Nadbystrzycka 36
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