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W SKROCIE - ABSTRACTS

DAILYDKA S., LINGAITIS L. P., MYAMLIN S., PRICHODKO V.: Model
matematyczny wahan przestrzennych wagonu pasazerskiego; EiN nr 4/2008,
s. 4-8.

Dla komfortu podroznych i dla zapewnienia trwatosci czgsci i zespotow taboru
kolejowego niezbgdnym jest wybor racjonalnych parametrow zawieszenia podwo-
zia, t.j. ustali¢ racjonalne stosunki pomi¢dzy dwoma elementami sztywnosci stopni
zawieszenia i thumienia drgan. Niniejszy artykut jest przeznaczony dla stworzenia
przestrzennego modelu matematycznego, gdy istnieje zawieszenia z dwoma stop-
niami i r6znymi elementami sztywnosci. Opracowany system rownan posiada 52
stopnie swobody. Przedstawiony model matematyczny moze bys stosowany dla
ustalenia rzeczywistych obciazen dynamicznych wagondéw pasazerskich i przez
to do wyboru racjonalnych parametréw krotkich zawieszen.

DAILYDKASS., LINGAITIS L. P, MYAMLIN S., PRICHODKO V.: Mathematical
model of spatial fluctuations of passenger wagon; EiN nr 4/2008, s. 4-8.

To ensure passenger comfort as well as the durability of the components of rolling
stock, it is necessary to determine the rational parameters of chassis suspension,
i.e. rational relations between rigidity and vibration inhibition elements of the two
stages of chassis suspension. The article describes a spatial mathematical model
of a two-stage suspension that has different rigidity elements. The equation system
created has 52 degrees of freedom. The model presented in this article can be em-
ployed to establish the real dynamic load of passenger wagons and to determine
the rational parameters of resilient suspension.

HONG-ZHONG H., ZHI-JIE L., YANFENG L., YU L., LIPING H.: A warranty cost model with intermittent and heterogeneous usage; EiN nr 4/2008, s. 9-15.
Estimation of warranty servicing costs during the product life cycle is of great importance to the manufacturers. Earlier research has usually assumed that the product is in
continuous use and the usage intensity is the same for all buyers. This paper deals with the problem of estimating the expected warranty cost for the case where the item usage
is intermittent and of heterogeneous usage intensity over the product life cycle when sales occur continuously. The failure of the item is dependent on the number of times,
the duration the unit has been used and the usage intensity. Also, the product sales depend on product price and design quality. We consider repairable and nonrepairable items
and obtain results for the free-replacement warranty (FRW) and Pro-rata Warranty (PRW) policy. Furthermore, the models consider the influences of price level, investment
growth and warranty execution effects for the expected warranty costs. It also incorporates the cash flows of warranty reserve costs at any time intervals during the product
life cycle. A numerical example is given to illustrate the application of the models.

LISCAK §.: Zagadnienia techniczne zwigzane z transportem oséb niepelno-
sprawnych; EiN nr 4/2008, s. 16-18.

W artykule stwierdzono, ze zdoIno$¢ poruszania si¢ ludzi jest nieodzowna czg$¢
naszego zycia. Wiasciwe planowanie oraz zintegrowany system transportu sa bardzo
wazne dla zapewnienia ludzkiej potrzeby poruszania si¢. Celem transportu jest wigc
zapewnienie wysokiej jako$ci ustug dla wszystkich ludzi, takze niepelnospraw-
nych. Wymaga to dostosowania technicznego przystankow oraz pojazdow do osob
niepelnosprawnych. Artykut omawia takze inne wymagania techniczne stawiane
srodkom transportu z uwzglgdnieniem osob niepetnosprawnych.

KYUREGHYAN Kh., PIEKARSKI W.: Analiza wyznaczenia rozkladu ci$nienia
w lozysku korbowym; EiN nr 4/2008, s. 19-24.

Praca przedstawia analityczng metod¢ wyznaczenia rozktadu ci$nienia oleju
w lozysku korbowym, stanowiace rozwiazanie rownania Reynoldsa. Odpowiednie
warunki brzegowe rozwazono adekwatnie do modelu klasycznego slizgowego
tozyska poprzecznego zgodnie z parametrami technicznymi, charakteryzujacymi
tozysko watu korbowego silnikow S-4002/4003 stosowanych w ciggnikach rolni-
czych. Celem pracy byto przeprowadzenie analizy porownawczej teoretycznych
parametrow charakteryzujacych pracg tozyska slizgowego, jako wartosci parame-
trow sygnatu diagnostycznego. Rownanie Reynoldsa ( przy statym wspotczynniku
lepkosci dynamicznej) metoda rozdzielenia zmiennych, sprowadzono do uktadu
rownan roézniczkowych zwyczajnych, ostateczne rozwigzanie zapisano w postaci
ogolne;j.

KRIZANOVA A.: The current possition and perspecives of the integrated
transport systems in Slovak Republic; EiN nr 4/2008, s. 25-27.

The paper deals with current state of integrated transport systems in the Slovak
Republic (SR). There is an analysis of legislative framework of transport system
(ITS), description of ITS attributes, advantages and disadvantages of ITS operating
in SR in the paper. The paper also points out underlying technical conditions neces-
sary for existence of ITS, which should be established in SR in order to increase
the number of ITS projects in cities and regions in SR.

LISCAK S.: The technical problems connected with the transport of the disa-
bled peoples; EiN nr 4/2008, s. 16-18.

This article deals with mobility as the necessary part of our life. The transport
integration and planning are very important for providing sustainable mobility. In
view of this aim the high-quality services have to be offered to passengers also
for the disabled peoples. It includes also bus stops, vehicles suitable for disabled
persons. This article presented the other technical conditions for the transport means
which must carry the disabled peoples cither.

KYUREGHYAN Kh., PIEKARSKI W.: Analysis of determining pressure di-
stribution in crank bearing; EiN nr 4/2008, s. 19-24.

The paper presents an analytical method of determining oil pressure distribution
in a crank bearing, which makes a solution of the Reynold’s equation. Proper
boundary conditions were considered according to the classic model of a radial
slide in agreement with technical parameters typical for the crankshaft bearing of
S-4002/4003 engines used in agriculture tractors. The goal of this work was to
conduct a comparative analysis of theoretical parameters characterizing the work
of the slide bearing as the value of the diagnostic signal parameters. By using the
method of seperation of variables, the Reynold’s equation(with constant coefficient
of dynamic viscosity) was brought to the system of ordinary differential equations,
and the ultimate solution was written in general form.

KRIZANOVA A.: Obecna pozycja i perspektywy zintegrowanego systemu
transportu w Republice Slowackiej; EiN nr 4/2008, s. 25-27.

W artykule zaprezentowano aktualny stan zintegrowanego systemu transportu na
terenie Republiki Stowackiej. Zaprezentowano takze analize podstaw prawnych,
rodzaje oraz zalety i wady tego systemu transportu. Artykut prezentuje takze pod-
stawowe warunki techniczne, jakie muszg by¢ spelnione i ustalone w Republice
Stowackiej aby w miastach i lokalnych regionach wzrosta liczba zintegrowanych
systemow transportowych.

CHE-HUA LI: Particle Swarm Optimization Fuzzy Systems for the Age Reduction Imperfect Maintenance Model; EiN nr 4/2008, s. 28-34.

This research includes two topics: (1) the modeling of periodic preventive maintenance policies over an infinite time span for repairable systems with the reduction of the
degradation rate after performing an imperfect preventive maintenance (PM) activity; (2) the parameter estimation of failure distribution and the restoration effect of PM
from the proposed PM policy for deteriorating systems. The concept of the improvement factor method is applied to measure the restoration effect on the degradation rate for
a system after each PM. An improvement factor is presented as a function of the system’s age and the cost of each PM. A periodic PM model is then developed. The optimal
PM interval and the optimal replacement time for the proposed model can be obtained by minimizing the objective functions of the cost rate through the algorithms provided
by this research. An example of using Weibull failure distribution is provided to investigate the proposed model. The method is proposed to estimate the parameters of the
failure process and the improvement effect after each PM by analyzing maintenance and failure log data. In this method, a PSO-based method is proposed for automatically
constructing a fuzzy system with an appropriate number of rules to approach the identified system. In the PSO-based method, each individual in the population is constructed
to determine the number of fuzzy rules and the premise part of the fuzzy system, and then the recursive least-squares method is used to determine the consequent part of the
fuzzy system constructed by the corresponding individual. Consequently, an individual corresponds to a fuzzy system. Subsequently, a fitness function is defined to guide the
searching procedure to select an appropriate fuzzy system with the desired performance. Finally, two identification problems of nonlinear systems are utilized to illustrate the
effectiveness of the proposed method for fuzzy modeling.
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Kujan K.: Wyznaczanie liczebno$ci pomiarow odchylek geometrycznych
w statystycznej ocenie procesu; EiN nr 4/2008, s. 35-41.

W artykule przedstawiono analiz¢ metod wyznaczania liczebnosci probki jednostek
wyrobow wymaganych do statystycznej oceny procesu obrobki. Oméwiono metody
ustalania liczebnos$ci probki oparte na pojeciu zmiennej standaryzowanej, na war-
to$ci krytycznej statystyki t- Studenta i na analizie graficznej warto$ci krytycznych
statystyki t. Dodatkowo przeprowadzono praktyczna weryfikacj¢ analizowanych
metod uwzgledniajac w badaniach oceng wartosci sredniej i oszacowanie odchyle-
nia standardowego odchytek geometrycznych. Wyniki analiz i badan przedstawiono
w postaci graficznej i tabelaryczne;j.

STASIAK P.: Nowa koncepcja samochodowych fotelikow dla dzieci ze wzgledu
na zastosowany system bezpieczenstwa uczestnikow ruchu drogowego; EiN
nr 4/2008, s. 42-48.

W artykule zostaly przedstawione zagadnienia dotyczace budowy samochodowych
fotelikow dla dzieci, obecnie dostgpne rozwigzania konstrukcyjne oraz metodo-
logie badan, ktora jest podstawa do dopuszczenia fotelika do sprzedazy. Szcze-
g0lng uwage poswigcono kryteriom stuzacym ocenie systemow bezpieczenstwa
zamontowanych w foteliku. Wskazano réwniez tendencje pojawiajace si¢ przy
konstruowaniu nowych urzadzen.

WRONA J., WRONA R.: Wybrane zagadnienia wplywu napraw powypadko-
wych nadwozi na bezpieczenstwo drogowe; EiN nr 4/2008, s. 49-54.

W opracowaniu przedstawiono problem oceny wptywu napraw powypadkowych
nadwozi samochoddéw osobowych na bezpieczenstwo drogowe. Artykut podnosi
kwestie eksploatacji pojazdow i ich napraw oraz zwraca uwagg na istniejace braki
w krajowym systemie dopuszczania do ruchu nadwozi po naprawach. Publikacja
uwzglednia tez potrzebg regulacji prawnych i wykonawczych procedur dopusz-
czania pojazdow do ruchu po wezeséniej wykonywanych naprawach.

WAZNY M, JASZTAL M, SZAJNAR S.: CFD-Fastran — narzedzie do nume-
rycznej analizy oplywu obiektéw przez strumien powietrza; EiN nr 4/2008,
s. 55-62.

W niniejszym artykule przedstawiono sposob wykorzystania specjalizowanego
oprogramowania CFD-Fastran do wspomagania procesow projektowania i realizacji
prac badawczych obejmujacych tematyke zwiazang z zagadnieniami optywu ciat
przez strumien powietrza. Opisano proces rozpoznawania walorow uzytkowych
przedstawionego programu oraz zilustrowano jego wykorzystanie na przyktadach
konkretnych obiektow technicznych. Ponizszy material przedstawia fragmenty
prac badawczych prowadzonych przez autoréw niniejszego opracowania. Z uwa-
gi na charakter tychze prac prezentowane wyniki nie zawieraja szczegdtowych
danych.

Kujan K.: Determination of the number of geometric deviation measurements
in statistical evaluation of a process; EiN nr 4/2008, s. 35-41.

The article presents an analysis of the methods of determining the size of a sample
of product units required for the statistical evaluation of the process of machining.
Discussed are sample size determination methods based on the concept of standar-
dized variable, the critical value of Student’s t-statistic, and the graphic analysis of
critical values of the t statistic. Additionally, a practical verification of the analyzed
methods was conducted, taking into account the estimate of the mean value and
the estimation of the standard value of geometric deviations. The results of the
analyses are presented graphically and in tabular form.

STASIAK P.: New idea of child car seat according to new safety system of
participants of road traffic; EiN nr 4/2008, s. 42-48.

In following article some issues of Child Restraint Systems (CRS) construction
were presented, esp. currently available design solutions and methodology of the
research (which is the basis of granting the type approval before introducing CRS
to the market). There were also discussed criteria of evaluating safety systems in
CRS. New tendencies of designing new facilities which have already been intro-
duced were also pointed out.

WRONA J., WRONA R.: Selected probl of the infl
repairs on road safety; EiN nr 4/2008, s. 49-54.

The paper presents the problem of the evaluation of the influence of crash body
repairs on road safety. It raises the issue of vehicle operation and repairs, and
draws attention to existing gaps in the national system of granting type approv-
als for repaired car bodies. The paper also takes into consideration the need for
legal regulations and executive procedures regarding type approval of repaired
vehicles.

of crash body

WAZNY M, JASZTAL M, SZAINAR S.: CFD-Fastran — software package
for numerical analysis of flow around a body by the air stream; EiN nr
4/2008, s. 55-62.

The manner of use special software CFD-Fastran for computer aided design and
study of flow around a body has been presented in this paper. Authors described
process of CFD-FASTRAN virtues recognition and presented examples of using
this program for selected technical objects. Presented material describe fragments
of studies carried out by the authors. Taking into consideration subject matter of
this studies presented results don’t include detailed data.

HROMADKO J., HONIG V., MILER P.: Applications of NRTC cycle to determine a different fuel consumption and harmful emissions caused by changes of engine’s

technical conditions; EiN nr 4/2008, s. 63-65.

The main topic of the paper is to determine different fuel consumption and harmful emissions caused by engine’s changes of technical conditions. The change of technical
condition of combustion engine at any working point of engine proves different change of fuel consumption and production of harmful emissions. Therefore it is necessary
to compare two technical conditions to determine the same engine load. For this purpose the special simulation programme of engine load in Non-Road Transient Cycle

(NRTC) was created.

BARA M., SKONECZNY W., KAPTACZ S.: Tribologiczne wlasciwosci cera-
miczno-weglowych warstw powierzchniowych otrzymywanych w elektrolitach
o roznej zawartosci grafitu; EiN nr 4/2008, s. 66-70.

W pracy przedstawiono tribologiczne wlasciwosci kompozytowych warstw po-
wierzchniowych tlenek glinu-grafit. Warstwy otrzymano metoda elektrolityczna,
w elektrolitach o réznym st¢zeniu grafitu. Wytworzone warstwy skojarzono
z tworzywem PEEK/BG w ruchu posuwisto-zwrotnym, w warunkach tarcia bez-
smarowego. Przedstawiono rezultaty badan wspotczynnika tarcia pary $lizgowej
i zuzycia masowego tworzywa. Celem okreslenia mikrogeometrii powierzchni
warstw tlenku glinu oraz warstw tlenek glinu-grafit przeprowadzono badania
struktury geometrycznej powierzchni za pomocg profilografometru stykowego,
przed i po teécie tribologicznym. Zaprezentowano roéwniez obrazy struktury
i morfologii powierzchni warstw tlenek glinu-grafit oraz tworzywa PEEK/BG
wykonane przy zastosowaniu elektronowej mikroskopii skaningowe;.

BARAM., SKONECZNY W., KAPTACZ S.: Tribological properties of ceramic-
carbon surface layers obtained in electrolytes with a different graphite content;
EiN nr 4/2008, s. 66-70.

The paper presents the tribological properties of composite aluminium oxide-
graphite surface layers. The layers were obtained by the electrolytic method, in
electrolytes with a different graphite concentration. The produced layers were
coupled with a PEEK/BG material in reciprocating motion, under lubricant-free
friction conditions. The results of research regarding the coefficient of a friction
couple wear and mass wear of the material are presented. In order to determine
the microgeometry of the aluminium oxide layers’ surface and of aluminium
oxide-graphite layers, investigation was conducted of the geometrical structure of
the surface using a contact profilographometer before and after a tribological test.
Images are also presented in the paper showing the structure and surface morpho-
logy of aluminium oxide-graphite layers and the PEEK/BG material, taken using
scanning electron microscopy.
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NAUKA I TECHNIKA

Stasys DAILYDKA

Leonas Povilas LINGAITIS
Sergej MYAMLIN

Vladimir PRICHODKO

MODEL MATEMATYCZNY WAHAN PRZESTRZENNYCH WAGONU PASAZERSKIEGO

MATHEMATICAL MODEL OF SPATIAL FLUCTUATIONS OF PASSENGER WAGON

Dla komfortu podroznych i dla zapewnienia trwatosci czesci i zespotow taboru kolejowego niezbednym jest wybor ra-
cjonalnych parametrow zawieszenia podwozia, tj. ustali¢ racjonalne stosunki pomigdzy dwoma elementami sztywnosci
stopni zawieszenia i tumienia drgan. Niniejszy artykut jest przeznaczony dla stworzenia przestrzennego modelu mate-
matycznego, gdy istnieje zawieszenia z dwoma stopniami i roznymi elementami sztywnosci. Opracowany system row-
nan posiada 52 stopnie swobody. Przedstawiony model matematyczny moze bys stosowany dla ustalenia rzeczywistych
obcigzen dynamicznych wagonow pasazerskich i przez to do wyboru racjonalnych parametrow krotkich zawieszen.

Sowa kluczowe: wagon, zawieszenia, stopien, stopien swobody, wibracje, thumienie, przesuw, sztywnosc

To ensure passenger comfort as well as the durability of the components of rolling stock, it is necessary to determine
the rational parameters of chassis suspension, i.e. rational relations between rigidity and vibration inhibition elements
of the two stages of chassis suspension. The article describes a spatial mathematical model of a two-stage suspension
that has different rigidity elements. The equation system created has 52 degrees of freedom. The model presented in
this article can be employed to establish the real dynamic load of passenger wagons and to determine the rational

parameters of resilient suspension.

Keywords: wagon, suspension, stage, degree of freedom, vibration, inhibition, shift, rigidity.

1. Introduction

When examining various dynamic processes, huge impor-
tance falls to vibration inhibition systems. For those systems
to operate efficiently, it is necessary to determine their rational
parameters. When talking about parameters of railway chassis,
it is necessary to determine rational relations between rigidities
of two stages of chassis suspensions, just as rational relations
between inhibition parameters of these stages.

To solve the abovementioned tasks, the present article de-
scribed a mathematical model for determination of spatial fluc-
tuations of chassis.

2. Description of Structural Schemes

When making a mathematical model for determination of
spatial vibrations of railway rolling stock chassis with two sta-
ges of suspension, we referred to a calculation scheme, close
to carriages KVZ-CH11, Y-32 and 68-7007 [1, 3, 4]. In these
carriages, vertical loads are transmitted through sliders of beam
located above the resilient suspension. In case of structures of
non-cradle carriages, they also transmit horizontal, longitudinal

and transverse forces. In structures with a cradle, a pin is used
for this purpose. To reduce shock load in pin node and sliders,
it is planned to install resilient-viscous (rubber) elements there.
Thus, in the structures in question, it is necessary to take into
consideration the shifts of the beam above suspension in respect
of the bodywork in longitudinal and transverse direction and
when chassis is coiling.

The beam above chassis is linked to carriage frame by
means of non-cradle structure, through a spring of increased
resilience, which creates restorable moments for mutual shifts
of beam and carriage in all the directions, and in cradle-type
structures this function is performed by the cradle. We must
also take into consideration that in case of mutual horizontal
shifts in structures of above-suspension beam and carriage cra-
dle, resilient leads operate as well.

In axle-box node, resilient-dissipative elements allow the
carriage frame and axle-wheel pair shifting in respect of each
other in all the direction. In some carriages, leads are mounted
here.
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3. Creation of Mathematical Model

Chassis calculation scheme with the said carriages consti-
tutes a system consisting of 9 solid bodies (bodywork, 2 beams
above suspension, 2 carriage frames, 4 pairs of axle-wheels)
(Fig. 1).

The followings marks will be conferred (see Fig. 1): x, y, z —
shifts of system bodies along road axis (x — jerks), across road axis
(v — lateral shift) and along the vertical (z — jumps); 6, ¢, ¥ — an-
gle shifts around the axes x (6 — lateral swing), y (¢ — longitudinal
swing) and z (y — soiling). Positive sliding shifts take place along
respective axes, and positive angle shifts — counter clockwise, when
looking from positive direction of respective axis (Fig. 1). Positive
shifts for bodywork with centre of mass in point C are shown.

Further bodywork shifts will be marked without index.
Index i (i =1,2 — carriage number) — carriage frame, index i'i
— the beam above suspension, index in (m =1, 2 — number of
axle-wheel pair in carriage) — axle-wheel pairs, pmik (k=1- left
according to direction of movement, k=2 — right side of wagon)
— in points of wagon to wheels contact. The calculation scheme
takes into consideration recalculated road masses in points of
wheels to wagon contacts, which shift in to directions — hori-
zontal across road axis and according to the vertical.

Total number of shifts is equal to:

9-6+2:8=70

Let’s review the system relations:
- Between bodywork and the beams above suspensions,
mutual shifts are possible in horizontal, longitudinal and
transverse direction, also when coiling, i.e. jumps, lateral

and longitudinal swing of beams are determined from re-
spective shifts of bodywork:

Z,=2+ (—l)l lp,
0,=0, B
P.=9,

where / is half of chassis base;

- Longitudinal swing of axle-wheel pairs is expressed as
their jerk (slips are determined when calculating forces of
pseudo-slippage):

Tin @)

p
where r is the radius of wheel rolling circle;

Q))m =

- Wheels move without breaking away from rail:
Zplmk = Zim + ( ) (3)

where b, is half of the distance between wheel rolling
circles in transverse direction; Ar,  is change of wheel
rolling radius in case of lateral axle-wheel shift; 77, . is the

ordinate of road’s vertical inequalities.

b 0 + Ar;ml\ T]i’im/c

Thus we make (introduce) 18 equations of relation. It me-
ans that the system has 70-18=52 degrees of freedom. Let’s wri-
te down the summarised coordinates:

- Bodywork shifts:

9,2 ,=90.9,=6, ¢,=), q,= v

- Shifts of carriage frames:

q,=z,(n=6,7), q,=¢,(n=18)9),q,= 0, (n=10,11),

q,=y,(n=12,13), q, = w,(n = 14,15),

- Shifts of axle-wheel pairs:

4, =2, (n=1619) g, =0, (n=20, 23)

6=y (n=2427) g, =y, (n=28731)

- Shifts of beams above suspensions:
4,=,:(n=32,33) gq,=w,.(n=34, 35)

- Rail impress (reaction) in the points of contacts with whe-
els:

90 =Y pimk (” = 3'6’—43)

- Jerks of system bodies:
q,=x (n=4445)  q,=x,(n=46, 47)
q,=x,, (n =48, 5])

sy =X

Static pressure:

- Wheel to rail:

m,

Dﬁ‘a ‘—g
8

where m. is the weight of entire chassis; g is free fall ac-
celeration;

=

P
C%&ﬁx
z

C[~{e
~
z

H—5

@%@

L =l ]

Fig. 1. Calculation Scheme for Chassis with Two-Stage Suspension
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- To resilient elements of central suspension:

p o (m+2m)e
noo 4
where m is bodywork weight; m,_. m, is the weight of the
beam above suspension;

- To resilient elements of axle-box suspension:

m+2m, +2m.
Dﬁ‘aa’ = (I—O)g
8
where m, is weight of carriage frame.

When determining inertia parameters it is assumed that the
carriage weight:

My =m, +m, +2m,

“0aé

and the chassis weight:
my, =m+2m,;
Total static bend of resilient suspension is determined from
the following formula:

f:fe;+fa'

where f; and £, are static bends of first and second stages of
resilient suspension:

where k; is recalculated rigidity of central suspension; k , is ri-
gidity of axle-box suspension.

Let’s review mutual shifts of all the bodies of the system.
Markings of geometrical parameters included into shift expres-
sions are described in detail in [1].

Mutual shifts between bodywork and the beam located abo-
ve suspension:

- In pin zone, in longitudinal and transverse horizontal di-

rections:

A@()l ='x+h0¢_xl'
A@yl =y_h@9_(_1)lll//_yl'l.

- Between sliders in longitudinal and horizontal transverse
directions:

Acx:k =X+ hnw - (_l)k b(,l// - 'x"“ + (_l)k bcl//,r?‘ )
A=y =h0— (1) by =y,

Respective forces are calculated from the following formulas:

“)

®)

Soa=ko 54+ Bosly
Sovi =ko o Mpoi + Bo 0'4“(/) ois
Sioit = kex i + ﬂL-xAn'z):k’

Sﬁyik = kcyélﬁylk + L'xA’?ylk'

Mutual shifts between carriage frame and the beam above
suspension in all the directions (deformations of resilient sets
of suspension):

Aoe =5~ (1) by =+ (1) b,

(6)

Ah'ylk = y,'S _yl’

; ‘ : )
A =z+(=1) lp+(-1) bO—z,—(-1) b6,
L =W,a =W,

Respective resilient forces will be as follows:

Sb'xl/\' = kiixAb'xl/{ ’

Sa;vm = k;;yAam ’ )
Sb':lk = ké}z4}zl/{ ’

Sb'(//lk = kb'(//Ab'wk :

Mutual shifts between carriage frame and the beam above
suspension in vibration amortisation zone:

A«'J‘?‘wk = yl'l*y, ’
; ; ‘ ‘ ®
A =z+(=1) lp+(-1) b,0-z,—(-1) b,,0
In force hydro-absorbers:
SE o = By M
(im]v. ﬂoo‘ 00'ik } (10)
SZ?ZI/; = ﬁ i)'zAv'zrk ’

where S, = B, cos’ a,> B, =P sin’ a,» inclination angle of
hydro-absorber towards horizontal plane:
tga’ — hé'o - hz'ié - hao
‘ bao - bi'i/'
Let’s write down mutual shifts and forces arising in leads of
the central suspension:

Ky = 0, = (_l)k bys =0+ (_1)k baws,
A=Y=V (11)

A=z+(=1) lp+(-1) b,0-2z—(~1) b6,

ozik i
Respective forces will be as follows:

i P4l i AP
Sson = Kss 4 +ﬂh‘z}4ﬁé:l;’

ooik 00 “—0oik
i i 4T PP
Sioie = KoLy + BigLigs (12)

i i AT i A
Sb'zlk - kiizAiizlk + ﬂiizAb'zlk .

In case of beam shift restriction in respect of carriage
frame in longitudinal and transverse horizontal directions, in
the central suspension, after elimination of respective spaces
A, .4, forces emerge, where rigidity and energy dissipation
in the structure itself are already assessed. These forces arise
during movement of the top beam in respect carriage in the sli-

ders zone:

Aifxlk =X (71)]( bcl/llll X + (71)]( bﬁ‘//l’

¢ _
4}}7/{ =Vi = Vis

(13)

exceeding, under absolute value, the 4, 4,

000 > =000 *

These forces may be expressed as follows:

0,
Sﬁﬂk - k:ﬁ (4:;1/»' - (_l)k Aﬁx“ ) ﬂjééﬁﬂk’
0,

P Tk (- (1) A )
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ane e onll\ < A&x() ;
ane e Auxlk > Aux()’
. (14)
e F
anee Aiﬁwk < AUVO’
anee Am >4,

Let’s write down the mutual shifts between carriage frame
and axle-wheel pair:

b

+ (—1)k by,,,

s =95 —(-1) W~ T

o =7+ (=1)" 1o, =%, +(<1) 50—z, - (-1) B6,,.
b yimk =V =V

W ximk = i _(_l)k lei -

B

(15)

s

INFS

In axle-box suspensions of some carriages, absorbers of dry
friction vibrations are installed, having rubber elements that si-
mulate the viscous friction. Therefore, in general case, the for-
ces acting in axle-box suspension will be:

Sa ’ximk ka’ri Aa’xlmk + ﬂ a'o Aa'xlmk +F, a’v Slg n (Aa "ximk ) ’

Sa vlmk a v a 'yimk + ﬂa y=d'yimk Slgn (Aa’ylmk ) ’
. (16)
Sa ‘zimk ka’zAa’zlmk + ﬂ a'z Aa'xlm/c + F;r'zs ign (Aa'zlmk ) ’

Sa "yimk k a "yimk + ﬂ a'y“—d'yimk + F;I'V/S lg n (Aa’v/lmk ) ’
where F, is amplitude values of dry friction forces:

Fis = fas Broa F = Jao Brow
fL Fod f;u// od

Mutual shifts and forces emerging in leads of axle-box stage:

A =x- (_l)k b~

atimk

i

X, + (—l)k b Wi
=y = () -, a7
Aa'zlmk = Zl + (_])m llwl + (_])]\ b]a'el - Zlm - (_])]\ b}},’elm‘

S =k A +ﬁ ,

aximk ax  aximk ax  aximk

S =kA +p A (18)

dypimk dyink dy  a'yimk
Sk A B4
The leads and fasteners, installed in axle-box suspension,
limit the shifts of carriage frame in respect of axle-wheel pair
on horizontal plane in longitudinal and transverse directions.
Let’s mark as 4, 4, the respective spaces, in the limit of
which the resilient sets of axle-box suspensions operate. After
elimination of these spaces, it is necessary to assess the coef-
ficients of rigidity and viscous friction of the structure. Shifts
and forces arising after elimination of these spaces will be as
follows:

é

Aa ximk Aa’xlmk ’ ( 1 9)
¢ —

Aa’ylmk - Aa’ylmk ’

. O’
S”'X'mk - kj' |: ;xrmk (_])A Aa'x01|

0,
¢ —
Sawmk - ké L (
oy awmk _) ay0 ﬂav a'yimk ?

ﬂé A
a'o“"a'oimk ?

A

a'ximk

A

a’ximk

<4,

a'x0’

>A,

ax()’

ane'e

ane'e

) (20)
A

a'yimk

A

a'yimk

<A,

a'o’'0”

> A0

ane'e

ane'e

Forces, acting the axle-wheel pair in the contact zone, are
usually determined using the Carter theory [3].

For making differential equations of fluctuation system, we
will use the sort 2 Lagrange equation:

d|( or
5(@]=Qn 21

where O'is kinetic energy of the system; ¢, is summarised co-
ordinates; Q, is respective summarised forces.
General expression of kinetic energy:

r . . : . .
T= E[azzz + aw(p2 +a,0" + ayy2 + awl//2 +

zi<i

2 .
+a i’ + Z(a 2 ta,pl +a,0 +a,y +

.2 ) .2 .
+a(//lllyl + X + ayl'lyl'l + ag/:'/l//ll ta x )

xi't i

2 2
-2 c2
+zz( zim Zim + a(hmelm + aynnylm + al/nm(//nn +

i-1 m=1

2 2 2
+ax1m xlm ) + Z Z Zaypimk ylzn'mk :I (22)
i=l m=1 k=1
Let’s make differential equations of system fluctuations.
We will insert the expression of kinetic energy (22) into sort
2 Lagrange equation (21) and obtain the following system of
differential equation:

a,4,=0, (n=152) (23)

For integration of this system of differential equations,
a program is made.

Analogous mathematical models are made also for chas-
sis of other rolling stock [3, 4]. With the help of mathematical
model presented here, broad theoretic research was done in the
field of passenger wagon spatial fluctuations. The research was
made in speed range from 20 to 200 km/h for various road sec-
tions. These calculations greatly contributed to creation of new-
class passenger wagons in Kriukovo factory [5].

4. Conclusion

We have presented mathematical model for description of
spatial vibrations in four-axle passenger wagon with various
types of carriages having two-stage resilient suspension. This
model can be successfully employed to examine dynamic loads
of passenger wagons and, at the same time, it allows determi-
ning rational parameters of both resilient stages of carriages.
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A WARRANTY COST MODEL WITH INTERMITTENT AND HETEROGENEOUS USAGE

Estimation of warranty servicing costs during the product life cycle is of great importance to the manufacturers.
Earlier research has usually assumed that the product is in continuous use and the usage intensity is the same for all
buyers. This paper deals with the problem of estimating the expected warranty cost for the case where the item usage
is intermittent and of heterogeneous usage intensity over the product life cycle when sales occur continuously. The
failure of the item is dependent on the number of times, the duration the unit has been used and the usage intensity.
Also, the product sales depend on product price and design quality. We consider repairable and nonrepairable items
and obtain results for the free-replacement warranty (FRW) and Pro-rata Warranty (PRW) policy. Furthermore, the
models consider the influences of price level, investment growth and warranty execution effects for the expected war-
ranty costs. It also incorporates the cash flows of warranty reserve costs at any time intervals during the product life
cycle. A numerical example is given to illustrate the application of the models.

Keywords: Warranty, intermittent use, usage intensity, product sales.

1. Introduction

A warranty is a seller’s assurance to a buyer that a product
is or shall be as represented. It may be considered to be a con-
tractual agreement between buyer and seller who are entered into
upon sale of the product[1]. The warranty is considered to be the
representation of the product quality. It can also be used as a very
important marketing tool. Servicing warranty involves additional
cost to the manufacturers and greatly influences their profit. So the
manufacturer needs to create a warranty reserve fund before the
product sale. If the manufacturer is too conservative and sets aside
too much reserve fund, he will lose more investment repay oppor-
tunity. And if he is too risky, he will reduce the profit and even go
bankrupt. Thus, an efficient warranty cost analysis is important to
a company’s production management and profitability.

Because of its importance, warranty cost analysis has re-
ceived a lot of attention of many researchers. The handbook by
Blischke and Murthy [1] is a collection of research papers deal-
ing with warranty. A general treatment of warranty cost analysis
can be found in [2-6] and the references cited therein. Dimtrov
[7] modeled the virtual failure rate by considering the repair as
the age-reducing or age-accelerating repair factor in the war-
ranty cost analysis. Ja [8] estimated the warranty costs during the
life cycle of a product under nonrenewable minimal repair war-
ranty policy, based on a selected level of confidence. The model
assumes the repair costs depend on the product age. Chukova
evaluated related expected costs using alternating renewal pro-
cess to model renewing free replacement warranties and non-re-
newing free replacement warranties in [9] and [10]. The models
both allowed for non-zero repair time and associated cost with it.
Mitra [11] investigated warranty programs that offer customers
the option to renew warranty, after an initial period, for a cer-
tain premium. The paper explored the effect of such programs
on market share and warranty costs. Reference [12] obtained the
probability distributions of the manufacturer’s rebate, cost, rev-
enue and profit during a product cycle, under a combination free-
replacement/pro-rata warranty policy, with the incorporation of
the customer repurchase behavior under warranty. Balcer [13]
derived moments of the user’s replacement cost over time under

renewing pro-rata and non-renewing free-replacement policies.
Jun [14] presented discounted warranty cost models for repair-
able series systems under free repair policy and pro-rata warranty
policy. Dimtrov [15] modeled warranty claim as a marked point
process and obtained particular results for non-stationary Poisson
purchase process with periodic intensity function. Balachandran
[16] dealt with warranty cost estimation of the product consisting
of several components using Markovian approach. Markovian
states are defined dependent on the number of failures of each
component. The model assumes the failure rate constant. These
examine a variety of warranty policies for both repairable and
nonrepairable items. A review and summary of warranty analysis
can also be found in [17-18]. Murthy [19] deals with the admin-
istration aspects of warranty.

In the models studied so far, it is implicitly assumed that
the item is in continuous use. However, this is normally not the
case and many items are used intermittently over the warranty
period and the life of the item, such as television, rice cooker,
microwave oven etc. The failure rate of an item when in use
can be different from that when idle. In order to evaluate the
warranty costs from a realistic viewpoint, we should study the
failure models under various usage patterns. Murthy [20] studied
the unit expected warranty cost during the warranty period for
the item used intermittently and the duration of usage each time
is often very small in relation to the time between usages. The
item usage is modeled as a point process and the item failure is
characterized by a discrete distribution and relates to the number
of times the current unit has been used. They characterized the
life of an item by usage number at failures. Murthy [21] further
assumed that the item used intermittently can be either in use
(U) or idle (I) and transitions between U and I in a random man-
ner which is modeled by a continuous-time Markov chain. They
obtained the expected warranty cost and assumed the transitions
rate between the two states to be constant. Kim [22] assumed
that the usage intensity varies across the buyer population. The
failure rate was modeled as a function of the usage intensity and
the expected warranty cost during the warranty period for the
unit item was obtained. They considered the usage intensity was
modeled as continuous and discrete random variables.
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This paper develops the total warranty cost model during
the product life cycle for continuous sales process of items used
intermittently. The product sales are assumed to be dependent on
product price and design quality. The item can be either in use
or idle and the failure depends on the number of times, the dura-
tion and the usage intensity the unit has been used. The usage
intensity varies across the population of users and is modeled as
a continuous random variable. This model considers the influ-
ences of price level, investment growth and warranty execution
effects and obtains the cash flows of warranty costs at any time
intervals during the product life cycle. The outline of the paper
is as follows. Section 2 deals with the model formulation of the
usage pattern and failure. In section 3, we model the expected
warranty cost sold for FRW and PRW policy during the product
life cycle. A numerical example is given in Section 4 to illustrate
the proposed models and make a contrast with continuous usage
model. Finally, in Section 5, we conclude with a brief discussion
of some extensions for future investigation.

2. Model Development
Notations:

c Unit product cost, not including warranty cost

p Unit product sale price, including warranty cost

w Duration of warranty period

U Usage intensity (random variable)

G(u)  Usage distribution function

g(u)  Usage intensity function

c(t) Refund amount when the item fails under Pro-rata
Warranty Policy (PRW)

F@) Distribution function for the first time to failure

ft) Probability density function associated with F(?)

r(t) Failure rate function associated with F(?)

p(tu) Probability that the Markov chain X(?) is in state i at
time ¢ conditional on the usage rate u, 0 <i <1

w(w) Expected warranty cost per unit for a warranty period w

% Investment growth rate

@ Expected change rate in the general price level

L Product life cycle

g(tw) Warranty execution function for a warranty period w at
time ¢

c, Expected minimal repair cost per failure for repairable
product

q(t) Sale rate at time 7, 0 <t <L

v(t) Warranty return rate at time ¢, 0 <t <L +w

O)  Accumulated sales volume in [0,]

Y@) Age of the unit at time 7, 0 < Y(?) <t

7(Y(t)) Duration for which the consumer has used the current
unit, 0 <¢(Y(1)) <Y

N(Y(t)) Number of times the current unit has been used over the
interval [ - Y(2), {]

E[7(t)] Expected using duration during the interval [0,7]

E[N(t)] Expected number of the item used during the interval
(0.4

2.1. Product Warranty Strategy

Many types of warranty policies have been used because
of their importance. Blischke and Murthy[1] introduced a clas-
sification and definitions of various warranty strategies. In this
paper, we consider the free replace-repair policy (FRW) and
pro-rata warranty policy (PRW) which are defined as follows:

(1) Free Replacement-repair Policy (FRW): Under the policy,
the seller agrees to repair or provide replacements or repair for

failed items free of charge up to a time W from the time of the
initial purchase. Typical applications of ~FRW are consumer
products, ranging from inexpensive to relatively expensive
items such as automobiles, refrigerators, TVs, electronic com-
ponents, and so forth.

(2) Pro-rata Warranty Policy (PRW): Under the policy, the seller
agrees to refund a fraction of the purchase price if the item fails be-
fore time w from the time of the initial purchase. The refund can be
either a linear or nonlinear function of w-¢, which defines the linear
PRW and nonlinear PRW. The linear PRW applies to relatively in-
expensive nonrepairable products such as batteries, tires, ceramics,
and so on. The nonlinear PRW usually uses quadratic rebate func-
tion. The refund amount can be given as

a(l—t/w)p, 0<t<w
cl(t):{

0, otherwise

O<a<l (1a)

or

_ 2 <
Cz(t)z{a(l t/wfp, 0si<w o (1b)

0, otherwise

where ¢ (?), c,(t) are the refund amount when the item fails.

2.2. Product usage model

Different consumers have heterogonous usage intensity for
their different own characteristics to a product. For example,
the usage intensity (in terms of load and frequency of usage per
unit time) of a domestic washing machine varies depending on
the size of the family and being used in various situations, such
as hospital or at home. So the usage intensity across the buyer
population is different. This is also true for many other domes-
tic and industrial products. The product failure depends on the
usage intensity and this in turn has an important influence on
the expected warranty cost.

In this paper, we refer to the models presented by Kim and
Djamaludin [22]. The usage intensity is modeled as a random
variable with a distribution function G(u) and density function
g(u) which characterizes the different usages across the user
population. Conditional on the usage intensity U=u, the prod-
uct failure distribution is given as F(t,u). And r(,u) is the failure
rate function associated with F(%,u), which is given by

r(tu)=kd(u)r(t,u) ?2)
where k(>0) is a scale factor to reflect the usage intensity
influence. 7, (#,u) is failure rate for a initial design, which may
be continuous case as reference [22]. We consider the case of
intermittent usage in this paper, which will be obtained in the
section 2.3, and d(u) defines the effect of the usage intensity to
the product which is modeled as

1 Uiy SUS U

‘min

S5(u)= 3)

u .
(l,[_)& Uy <u < Uy
0

with ¢ > 1 and u, as the additional design parameters which
represents the product quality.

The product is assumed to be used intermittently. As a re-
sult, at time ¢, 0 < ¢ < w, the product can be either in use (U)
or idle (I). The transitions from I to U and form U to I occur in
a random manner [21]. So we model the transitions by a two-
state continuous time Markov chain formulation X{(?). Here
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X(¢)=1 if the item is in use at time ¢ and X(?)=0 if the item is
idle. Conditional on the usage rate U=u, the probabilities

(X(@+51)=j| X(1)=i},0<i, <1

are given by the following matrix:
X(t+61)

1 l—ﬂq;uﬁt 11(;)&
0 A(u)dt 1-2A,(u)ot

Xm{

We assume that the consumer uses the unit soon after pur-
chase, i.e., X(0)=1.

2.3. Product failure model

We assume that the item is new at ¢t = 0, i.e., Y(#) = ¢. The
item failure rate is dependent on the item historical usage con-
dition. We refer to the models presented by Murthy [21]. Given
the usage intensity u, we assume the failure rate is constant
when the item is idle and the failure rate depends on the usage
history of the current unit when the unit is in use [21]. Condi-
tional on the usage rate u, the failure rate function G when the
unit is in use is a linear function of the form

R(tul (@), N@), X (1) =1) =G ), 7(Y (1)), N(Y (1)) =
=6,+61+0,7(t)+O,N(t) 4
where 6,0 <i < 3 are nonnegative constants.
On removing the conditioning, we have
r(tul X)) =1)=6,+61+6,E[t(1)]+ GE[N(1)] %)
From the theory of Markov chains [25], we have
Hr)=— A0 AW
)+ 24) (A )+ 4 (w)
Similarly [21], we have
BV = WA | AWAW
A )+ 2,) (A u)+4,w))
The failure rate when the item is idle is given by
Rtul X0)=0)=9, (9>0) ®

@ < 0, which ensures that the failure rate when idle is always

less than the failure rate when in use.
Using Egs. (5) and (8), we have

ry(tu) = 1y (Gu [ X (@) = Dpy (6u) + 1y (tu | X(0) = 0)py (6,u) (9)

where p (tu), 0 <i<1 is the probability that the Markov chain
X(1) is in state i at time ¢. From the theory of Markov chains[21,
25], we have

(1 _e*(%(")“f/l.(“))/) (6)

- (l_ef(}‘,(u)-ri.l(u))z) (7)

() AW Gyweaen (10
PN =2+ 4@ | Ao+ A (1o
e AW AW cwamn (op)

T A )+ A ) Ag(u)+ A ()

Using Egs. (5-8) and (10) in (9), we have

1
n(tu)= m%(u)[ﬁo + 01+ O E[r(n)]+ GEIN(]] + 4 ()}

¢ PO — 9+ 0t +6,E[(N]+O,EIN(H]} (11)

Using (11) in (2), we have r(t,u). On removing the condi-
tioning, the failure rate is given by

r(t) = j r(t,u)dG(u) (12)

‘min

Finally we can obtain F(#,u) and f{%,u) using the relationship
F(t,u)=1- exp{— [ r(r,u)dt}

and

f@,u)=r(tu) exp{—jé r(t,u)dt} (13)

2.4. Warranty Execution Function

In warranty cost analysis, it is usually assumed that the war-
ranty is fully claimed at the time of product failure, which is
within the warranty period. In practice, the assumption is not
always valid. For example, a consumer may develop dissatis-
faction for the product and prefer to change brands rather than
to exercise warranty. A customer may purchase some other
product cheaper than the cost of repurchase of the same product
using the warranty right [23].

Many factors influence customer behavior in exercising
warranties such as the warranty time, warranty attrition due to
costs of executing the warranty, the product class, the form of
reimbursement, change in product preference, the consumer’s
geography position, and so on. The form of the weight function
describes warranty not full execution factors. The execution
function is usually to be a decreasing function of time. Patankar
and Mitra [28] examined two examples of the conditional
warranty execution weight function. They modeled the
heterogeneity in consumer behavior in warranty execution with
random variables and investigated its impact towards expected
warranty cost. Liu [29] obtained the estimating warranty costs
model for continuous sales process of nonrepairable products
under pro-rate warranty policy, which modeled the warranty
execution with deterministic and random variables. In this
paper, we refer to the models presented by Liu [29], which is
given by Egs. (14) and is shown in Fig.1 when £=0.5.

k
gt.w)y=——1+1 0<t<w (14)
w

09
08
07
06

05

gltw)

0.4

03

02

0.1

t
Fig.1. Warranty execution functions

2.5. Product Sale Model

In order to estimate the total expected warranty cost (and,
ultimately, total profit) for a product, it is necessary to model the
product sales as well. Many factors are involved in the product
sale, such as the product class, quality, price, post-sale service,
and the rival circumstance and so on. Many models express-

MAINTENANCE AND RELIABILITY NR 4/2008 11




NAUKA | TECHNIKA

ing sales through time as a function of these factors have been
developed. A demand model that explicitly considers warranty
as a factor has been proposed by Glickman and Berger [26].
Demand is assumed to be a decreasing function of price and
an increasing function of w. Bass and Bruce [27] presented an
epidemic model which has been used to explain the penetration
of many consumer durables in the American market. The Bass
model assumes that there are two basic kinds of purchasers,
innovators and consumers who are sensitive to the actions of
their peers. In this paper, we assume the demand is a decreasing
function of price and an increasing function of the product qual-
ity parameter u,, and the sales model is given by

_dOW) _ 4 apey-r] 1 20 o)
q() === == ku,"P(0) {1 QM} {WJF QM} 15)

00)=g,

where ¢(?) is the demand rate function, and a,b,k>0. The in-
terpretation of the parameters of this model is as follows: & is
a scale factor to reflect the competitor and other environmental
influence, such as the number of potential consumers, the con-
sumer purchasing power, etc. a represents the design usage in-
tensity elasticity; and b is price elasticity. P(z) denotes unit sale
price at time ¢ (Marketing variable). The square brackets reflect
the concept of sales as a diffusion process involving innovators
and imitators as in the Bass model (see reference [27]). The
parameter y reflects the relative influence of innovators.

The total sales during the product life cycle Q(L) is given by

0(L)=0, +[ g(x)dz (16)

with O, is a parameter which captures the past experience at =0,
from research and development and pilot plant operation.

3. Warranty cost models during the life cycle

When an item is returned for rectification under warranty,
the manufacturer incurs many costs, such as transportation cost,
handling costs of warranty, material cost and labor cost, etc. We
aggregate all of these costs into a single cost termed “warranty
cost” for each claim. Because some of the costs are uncertain,
this cost is a random variable [1]. The number of claims over
the warranty period depends on the product quality, warranty
policy and the type of rectification action used and these in
turn determine the warranty costs. This paper considers repair-
able and nonrepairable items under FRW and PRW policy and
minimal repair action for repairable items.

3.1. Warranty cost model under Free Replacement Warranty Policy
(FRW)

3.1.1. Non-repairable product

For non-repairable product, let M(t,u) denote the expected
number of failures during the interval [0,7], 0 <7 <w conditional
on U = u. From the renewal theory [25], we have

M(t,u) = F(t,u)+ jo M (t,u)dF (t,u) (17)
Removing the conditioning
M(0)= [ M(t,0)dG(u) (18)

The warranty execution weight function that reflects not
full execution factors is given by Eqgs. (14). The warranty return
rate v,(7) at time 7 is given by

(@) = qc -0t wdM () (19)

where the lower and upper limits of the integral are as given in
Table 1.

Thus the total expected warranty reserve costs in [z, 7+dr]
can be evaluated by

h(z)= cj:q(z—t)g(z,w)e'<"*¢>’dM(z) (20)

where the limits of the integral are the same as those given in
Table 1.

Tab. 1. Lower and upper limits a, b for the integral

a b Interval
0<z<L
L<z<w

w<t<L+w
0<t<w
w<t<L

L<z<L+w

ST [0 | |8 |~

From Egs. (20), the expected warranty costs in [z,7,] is
given by

[ n@ar @1

3.1.2. Repairable product

For a repairable item, we consider the failed item is repaired
minimally. For other rectification action, we can also obtain
the models according to the models presented by Blischke and
Murthy [1]. Under such a repair, the failure rate of the product
after repair is the same as that just before the failure. Let S(z,u)
denote the expected number of failures during the interval [0,],
0 <t <w conditional on U = u. S(t,u) is given by

S(t.u) = jo rtuydt 0<t<w (22)
By removing the conditioning
so=["dGw[ reuwd  0<r<w (@23

The warranty execution weight function, which reflects not
full execution factors, is given by Egs. (14). The warranty re-
turn rate v,() at time 7 is given by

v, =[ g -0gtwyds(r) 24

where the limits of the integral are the same as those given in
Table 1.

Thus the total expected warranty reserve costs /4,(z) in
[z, t+dr] can be evaluated by

b
h(@)=c[ q@-ngtwe "ds@)  (25)
where c, is expected minimal repair cost per failure for repair-
able product and the limits of the integral are the same as those
given in Table 1.
The expected warranty costs in [z,,7] is given by

| " hy(r)dr (26)
3.2. Warranty cost model under the Pro-rata Warranty Policy

(PRW)

Under PRW policy, the fraction refunded is a function
which is given by Egs. (1a) or (1b).
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The product failure probability is given by
FO=[" f@u)dGw) @7

The warranty execution weight function that reflects not
full execution factors is given by Egs. (14). The warranty return
rate v,(7) at time  is given by

b
w(@)=[ q@-0Og@wd (28)
The lower and upper limits for the integral v,(z) and %,(z)
are given at Table 1. Thus the total expected warranty reserve
costs 4,(7) in [z, T+dz] can be evaluated by

@)= g -nfOgEwewe e (29)

From Egs. (29), the expected warranty costs in [z,7] is
given by

[ @ (30)

3.3. The unit product’s expected warranty cost

The total warranty cost during the product life cycle is
the sum of warranty cost for O(L) units. Since Q(L) is large,
according to the central limit theorem the total warranty cost
can be approximated as being normally distributed with mean
O(L)w(w)[25]. Thus the unit product’s expected warranty cost
during the life cycle can be evaluated by

.[ OHW h(r)dt
o)

In general, it is not possible to derive analytical expressions
for M(t), S(¢) and the complex nature of the integrand for other
equation. In this case, numerical integration methods can be
used to evaluate the expected warranty reserve costs.

(€2))

4. lllustrative example

4.1. Cost analysis for product used intermittently under FRW policy

First, we consider the warranty cost analysis for the repair-
able product under the free replacement policy as an example.
We assume the usage intensity is given by a Gamma distribu-
tion with parameter a, i.e.

1 a-1_-u
—_— u>0
gw)=1I(a) (3D

0 u<0
where

I'a)= J-:u”"e"‘du

Let a =2. Thatis, I'(a) = 1, g(u)= ue™. We assume
A =4 w)=u,u=1,k=1,e=1Lu_ =0,u =3.So

1 0<u<l
S(u)=
u 1<u<3

For the sales rate model given by (15), let a = 0.5, b =2,
k=2x10%, =0, 0, =200, Q,, = 6000, L = 5 years. We consider
the case that the price is constant, i.e. p(2) = p = 200. So the
sales model during the product life cycle is given as

Q(f)=5><103u0°'5(1—Q(t)6 )Q(’)6

000 000

The sales rate function is shown in Fig.2 when u =1.

For failure model, let 6, = 0.1, 0 <i <3, » = 0.05.

Using (6) and (7) in (11), we have r,(t,u). Using (2), (22)
and (23), we have S(7).

Thus from (24), we can obtain the expected warranty return
rate during the product life cycle. The sales function and the
corresponding warranty return rate functions are shown in Fig.2
for w = 1 year, u,= 1. From Fig. 2, the peak of the warranty
return rate function lags the peak of the sales function, since
failed products are returned in some periods after sales. From
the warranty return rate, the expected number of failed unit re-
turned for repair in any time periods can be evaluated.

1400

1200

1000

product sales rate during ||fa|cyc|e

400 | product return rate during Imﬂcycle

. / L - |

0 T l L 1

|
|
0 1 2 3 4 5

800 |

600 -

t{years) :
Fig. 2. Sales rate and warranty return rate during the product life
cycle (w=1, u,=1)

From the market experimental data [5], we let 6 + ¢ = 0.1.
From (25), (26) and (31), we can obtain the expected warranty
cost results. Table 2 shows the unit discounted expected war-
ranty cost w(w) and the total discounted warranty costs for
a product with a life cycle of L =5 for various values of w
and u,. Management may use information in Table 2 to select
the warranty period w and the design parameter u,. Given the
life cycle of the product, the amount to be needed for warranty
costs may be determined for a selected value of w. If the budged
warranty costs are identified, a corresponding warranty period
and the design parameter u, could be estimated. For example,
for a product with a life cycle of L = 5 years, if a budget for
expected warranty costs not to exceed 1500c,, the selected war-
ranty period could be 1 year for various design parameter u,.

To study the sensitivity of the design parameter u, on the
amount of required warranty costs, several values of u, are se-
lected. Table 2 shows warranty costs for values of u,= 1.0, 1.5,
2.0, 2.5 respectively for different values of w. For example, for
a product with a life cycle of L = 5 years, the expected warranty
cost per unit for a warranty period w = 1 reduces from 0.3804c,
for u,= 1 to 0.1673c, for u, = 2, which represents an decrease
of about 56.0%. Higher values for u, are the result of better
design and will cost more design expenses, so this may help us
choose more better design plan when we know design expenses
for various u,,.

From (25), (26), the expected total warranty costs in a par-
ticular time period can be evaluated. The expected warranty
costs in the various one-year intervals for w = lyear, u,= 1 are
given in Table 3. For example, in the second year of the war-
ranty costs totally 39.0c_will be paid.
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Management may use the information in Table 2 and 3 to
store appropriate cash for the warranty. As expected with an
increase in the warranty period, warranty costs increase, but at
different rates depending on the warranty period. For a 50%
increase from 1 year to 1.5 years in warranty period, warran-
ty costs would increase by approximately 82.6% for u, = 1.5.
Such information could be used to determine the magnitude of
the warranty parameter and the design parameter u, in order to
maximize the expected profit.

4.2.Cost analysis for product used continuously under FRW policy

Now, we evaluate the expected warranty cost for continu-
ous usage under FRW policy in order to make contrast with the
intermittent usage case.

We assume the product initial design failure rate is given by

ry(tu) = 0.2+0.2¢ (32)

We take the other parameters or equations as Section 4.1.

Using (32), (2), (22) and (23), we have S(2).

From (25), (26) and (31), we can obtain the expected war-
ranty cost results for product used continuously with a life cycle
of L =5 for various values of w and u,. as showed in Table 4.

From Table 2 and Table 4, we can see the expected warranty
cost has a large decrease from the continuous usage to intermit-
tent usage. For example, the expected warranty cost per unit for
a warranty period w = 1 and u,= 1.5 reduces from 0.4002c, for
continuous usage to 0.2281¢_for intermittent usage which repre-
sents an decrease of about 43.0%. If the manufacturer sets aside
reserve fund according to the earlier research estimating warranty

cost model for product used intermittently, he will overestimate
the warranty cost and lose more investment repay opportunity.

5. Conclusions

Warranty cost models for the case where the item is used
intermittently over the product life cycle is considered in this
paper. The model assumes that the usage intensity varies across
the population of users and the failure of item is dependent on
the number of times, the duration and the usage intensity the
unit has been used as opposed to earlier models where the usage
is continuous and the users are same. We consider both repair-
able and nonrepairable items under the FRW and PRW policy
and the product sales depend on product price and design qu-
ality. Also, this model considers the influences of price level,
investment growth and warranty execution effects and studies
the cash flows of warranty reserve costs at any time intervals
during the product life cycle, which is very important for the
product management and post-sale service for the manufactur-
ers. The models can be used to compute different sale programs
and warranty policies and plan cash budget and service facili-
ties for the product used intermittently.

This paper assumes that the product can be either in use or
idle. In fact, the product can be multi-state. For example, this unit
can be used either in the normal specified mode of usage or in an
abnormal mode. The failure rate in abnormal use is much higher
than in normal use. And the failure caused by the use in an abnor-
mal mode is not within the warranty. Thus the warranty for the
multi-state product could be a further research topic of interest.

Tab. 2. The expected warranty costs for product intermittently used

The total expected warranty cost,
w(w)
OL)w(w)
Yo 1.0 1.5 2.0 25 1.0 1.5 2.0 2.5
0.5 0.1515¢, | 0.0902¢, | 0.0657¢c, | 0.0532c, | 702.25¢c, | 485.16¢, | 374.45¢, | 311.27c,
1 0.3804c, | 0.2281c, | 0.1673c, | 0.1365¢, | 1762.9¢, | 1227.1¢c, | 953.63c, | 797.85¢,
1.5 | 0.6917c, | 0.4165¢, | 0.3066¢, | 0.2513¢, | 3206.2¢, | 2240.1c, | 1748.0c, | 1469.2c,

Tab. 3. The expected warranty costs in the various one-year intervals during the life cycle (w = 1 year, u,= 1,L=05)

Time interval (Year) 0-1 1-2

2.3 34 45 56

Expected warranty costs 5.83c,

39.0c
r

100.2c, | 172.6c, | 202.74c, | 95.7c,

Tab. 4. The expected warranty costs for product continuously used

o(w) The total expected warranty cost,
OL)o(w)

w Yo 1.0 15 2.0 25 1.0 1.5 2.0 2.5
0.5 0.2674c, | 0.1589c, | 0.1155c, | 0.0936¢c, | 1239.5¢, | 854.46c, | 658.51c, | 547.02c,
1 0.6695c, | 0.4002c, | 0.2930c, | 0.2389c, | 3103.3c, | 2152.6c, | 1670.4c, | 1397.0c,
15 1.2204c, | 0.7334c, | 0.5402c, | 0.4431c, | 5656.4c, | 3945.1c, | 3079.7c, | 2590.9c,
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Stefan LISCAK

ZAGADNIENIA TECHNICZNE ZWIAZANE Z TRANSPORTEM
0SOB NIEPELNOSPRAWNYCH

THETECHNICAL PROBLEMS CONNECTED WITH THE TRANSPORT
OF THE DISABLED PEOPLES

W artykule stwierdzono, ze zdolnos¢ poruszania sie ludzi jest nieodzowng czes¢ naszego zycia. Wlasciwe planowanie
oraz zintegrowany system transportu sq bardzo wazne dla zapewnienia ludzkiej potrzeby poruszania sig. Celem trans-
portu jest wigc zapewnienie wysokiej jakosci ustug dla wszystkich ludzi, takze niepetnosprawnych. Wymaga to dosto-
sowania technicznego przystankow oraz pojazdow do 0sob niepetnosprawnych. Artykut omawia takze inne wymagania
techniczne stawiane Srodkom transportu z uwzglednieniem 0sob niepetnosprawnych.

Stowa kluczowe: transport, techniczne problemy, osoby niepetnosprawne.

This article deals with mobility as the necessary part of our life. The transport integration and planning are very im-
portant for providing sustainable mobility. In view of this aim the high-quality services have to be offered to passengers
also for the disabled peoples. It includes also bus stops, vehicles suitable for disabled persons. This article presented
the other technical conditions for the transport means which must carry the disabled peoples either.

Keywords: transport, the technical problems, the disabled peoples.

1. Introduction

Disabled persons form important and still growing part of
society and the number of them will increase in the process of
growing older population. Ataverage 10 % of European Union
population are disabled persons (50 million). The disabled per-
son group includes people with physical and sensual disability,
learning disturbances, with mental problems.

Transport and environment accessibility is very important
for providing access to work, school and it enables to disabled
persons to participate in the society life, to provide goods and
services, to enjoy the social contacts with friends and family,
to move free and independently within the urban or country
area. If the accessibility is not provided for disabled persons
in the same way as for healthy people, the disabled persons are
underprivileged. Transport and environment accessibility is the
basic right. It increases the independency of disabled persons
and their active integration to the life of society.

The transport and environment accessibility is not only
useful for disabled persons but also for other persons with li-
mited capability of mobility, also for older people, parents with
children, people with temporary disablement [1]. And also for
people with large baggages. The good practice examples have
shown that the transport system and environment accessibility
increases the number and frequency of service users what is
very important from the commercial point of view.

The mobility is the necessary part of our life for economy
and also for the leisure time. Its negative impact influences our
life. There are still more traffic congestions. The overflowed
traffic arteries and congestions become the part of our everyday
life. The scientists have already discovered the relation between
the economic growth and the need of mobility. Simply with
growing level of living the transport grows too. The globaliza-
tion, increasing internationalization of economy and integration
of Central European and East European countries generates the
new requirements for transport system efficiency. The changes

of transport policy, transport management and infrastructure are
necessary. It is also important to decrease the energy input with
increasing transport volumes what will have the positive influ-
ence on the environment.

On the other side the increasing transport volumes have the
negative impact on the environment and cause the decrease
of quality of life. The transport consumes the same volume of
energy as the industry production. There is also the problem
with limited capacity of infrastructure. For reduction of these
negative impacts the new conceptions of transport have to be
discovered. The research and development has the important
role in this part. The innovative research policy has the impor-
tant task to change the relation between the transport, economy
and environmentalism.

2. The mobility and planning of the integrated transport sys-
tem

The urban and transport planning has many synergic ef-
fects. The coordination role is very important because it puts
together the landscape planning with transport planning and
it enables to create the integrated approach to these problems
and it provides the integration of different transport modes. The
factor of strong political lead is applied on the regional level
[2,4]. 1t allows the coordination and planned development to
the different transport modes what creates the compact system
focused on user. The regional planning gives the possibility of
direct subsidies to the suitable investment. This is the way how
the means of public transport can be competitive with the in-
dividual transport.

The regional view of this problem allows to see the con-
nection between the land utilization and transport planning
and effectively creates the new formulas of land development
which will increase the role of public transport and decrease
the dependence on the individual transport.

The main reason of integration is untransparency and in-
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efficiency of the state-of-the-art when many of citizens prefer
individual transport because it is difficult to orientate in the tan-
gle of transporters, time tables and prices. The integrated trans-
port system means the providing of public transport when the
different transport modes cooperate and create the transparent
system with integrated tariff, transport conditions and regular
intervals between links. The next stages could include the co-
verage of the rest of region in 5 years. Integrated system has 7
advantages: the unified tickets, integrated prices, season tickets,
regular departures, possibilities of changes, improvement of se-
rvices and improvement of awareness.

3. The social exclusion in transport area

Some persons are excluded from the system of easy availa-
bility. Our task is to eliminate the barriers to the mobility.

The sustainable mobility development for everyone is the
global aim. This aim is achieved by the basic specific and ope-
rational targets.

The operational targets are the concrete tools which the
specific aims are realized with. In the mobility programme the-
re is mainly:

1) the creation of barrier free lines which will allow to all
citizens the free and safe move by all means of trans-
port,

2) the connection of barrier free lines with regional trans-
port systems and overregional corridors,

3) the abidance by rules of free and safe moving for all the
citizens in the case of all new constructed buildings and
transport systems, including their repairs and reconstruc-
tions.

The mobility programme represents the complex of pre-
ventative measures in term of system elimination of all kinds
of barriers, offers verified methodological processes for good-
quality processing of proposals for making accessible all the
transport chains (traffic roads, means of transport, objects for
providing the services and information systems), increases the
safety of traffic and also:

1) eliminates the most serious causes of accidents in traffic,

2) solutes the question of safe access to the labour market,
development of human resources and increases the com-
petitive advantage of labour force and improves the qu-
ality of mobility for all citizens,

3) creates conditions for integration of social excluded ci-

tizens,

4) limits the negative influences of transport to environment

by supporting the integrated transport systems,

5) influences the thinking of citizens in relation to free and

safe moving of people with limited

4. Types of services and vehicles

There is a wide spectrum of vehicle services including in-
tercity transport, haulage, express and private services or servi-
ces intended for excursions, domestic or abroad holiday. It is
supposed that there is the corresponding infrastructure for this
spectrum which is formed not only by terminals and stations
but also by infrastructure for tourists [5]. There are also many
variation of vehicles. Most of vehicles for tourists or for haula-
ge are highbed . But many of intercity services use lowbed ve-
hicles. The access of highbed buses for people on wheelchairs

is difficult, only with elevator, the new design has been created
and the people on wheelchairs have the places near the bus dri-
ver on the relatively low position. Where the using of elevator
is possible, it is placed on the side of vehicle in the front of back
axle, or in the back of vehicle. Also the conditions for entry/exit
in the terminal or station have to be considered.

Bus stations and railway stations are located in the city cen-
tre or close to it or in the multimodal changing stations (air-
ports). The factors which should be considered include:

- sidewalks which are enough wide for access of people on

wheelchairs, 2 m are recommended,

- cross-fall max. 2,5 %,

- controlled zebra crossings across the highly frequented
roads, tactil warming surfaces, suitable acoustic and tac-
tual signals,

- the access of roads and sidewalks to the railway station,

- clear directional marking to the railway station and if it is
necessary, the using of tactual surfaces as the assistance
for people with impaired vision,

- well-kept sidewalks with good street illumination.

It should be possible to separate the places for entry/exist
for highbed and lowbed buses within the station and on many
other places including the village and city locations. There is a
lot of experiences with providing the infrastructure for lowbed
buses. The key parts of design are:

- the area of entry. There are the slight differences in the
opinions of the height of entry area. 160 mm is recom-
mended (GB, Norway), 160 — 200 mm (Germany, Fran-
ce), 240 mm in Germany (Euskirchen), but the low access
angle is required because the risk of bus damage incre-
ases.

Free barrier public transport in Germany features that the
optimal maximum of horizontal and vertical gap between the
kerb of entry area and the entry to the bus is 50 mm. Maximal
values which are suitable for people on wheelchairs without
any help are 50 mm vertical and 100 mm horizontal or 100 mm
vertical and 50 mm horizontal.

5. The bus stop equipment and location on the street

There are several possibilities for bus stop: on the street
side, on the parking space or on the places which enter to the
roadway. The first possibility is the simplest and the most used.
Sometimes it is criticized for the complication of traffic flow
but in fact the traffic delay is minimal. The stop on the par-
king space does not solute this problem but it has some other
disadvantages. For example more space is required and also
the access to the traffic flow is more complicated for bus. The
passengers waiting on the bus stop can be at risk from the front
parts of bus. These parking spaces are not considered as suita-
ble for parking.

The stops as places which enter to the roadway will be also
influence the traffic, but there are some possibilities when the
design could be suitable. On the roads which have a lot of space
for parking on the side the using of this type of bus stop elimi-
nates the parking in the space of the bus stop. In the country
areas the parking space is recommended because of less frequ-
ented traffic and so the less risk of accidents.

The essentials of bus stop:
- possibility for seating,
- protection from the weather (rain),
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- ticket machines,

- service information,

- bins,

- public telephone,

- illumination,

- possibility of call for assistance.

In the country, bus stops do not have all these essentials. We
propose they would consist of following components:

- heightened entry area: dimensions should be determinated
by the type of vehicle, e.g. for one door lowbed intercity
buses — 3 m long and 2 m wide, for highbed buses 3 m
long a 3 m wide. The entry area is expected to be longer
than 3 m for passengers to be able to entry/exit the ve-
hicle from/on paved area, but the length should be less
(1,5 m).,

- illumination of waiting area,

- timetable, bus column and information,

- possibilities for sitting.

There should be the seats, shelter and the bin on each bus
stop in the small cities and suburban areas. The stops in centers
should have all the components. The timetable and information
about services should comprise the indicators of other bus se-
rvices in surroundings, and also the map. The seating capacity
should be determined by utilization rate of bus stops. The shel-
ter should consist of space for at least one man on the wheel-
chair.

The people with fragile health, older people and disabled
persons feel the extremum of temperature more intensively
than the young healthy persons. This is the reason why the wa-
iting zones should be sheltered even in the case of less used
bus stops. The sitting is very important too. For many disabled
persons every minute of waiting is very uncomfortable, tiring
and sometimes painful. There should be the sitting places in the
space of bus stations. The seating should be 470-480 mm high,
with resting place form hands about 200 mm above the level of

7. References

seating. The recommended width is minimally 500 mm. The
substandard seating should be 700 mm high and 550 — 600 mm
wide. The space for people on the wheelchair is the necessity.

6. Conclusion

Despite of the great progress which has been done in the
development of transport technologies, design or in the area of
policy and legislation, the transport and environment accessibi-
lity is still limited in European Union.

European Union has accepted the legislation and initiatives
in the transport area including to understand and meet needs
of disabled persons. This is the result of the intensive campa-
ign realized by European Disability Forum which was focused
on providing distinguishing problems of disabled persons in all
areas of European legislation.

In the area of environment the EU institutions refuse to ap-
ply pressure in the form of legal obligations because they reach
behind the EU competences. Despite of it the initiatives exist in
the European legislation which includes the environment acces-
sibility in relation to the similar treatment in work, standards for
elevators, health and safety.

New member states have the duty to implement the Europe-
an policy and legislation through the changes in their national
legislation from 1st May 2004. It is important that the organi-
zations of disabled persons in the new member states and ac-
cess countries lob at their governments with aim to provide the
knowledge and implementation of requirements of EU regula-
tion and direction associated with the accessibility of disabled
persons.

This document gives the summary of regulations in the
area of transport; environment and sustainable development of
policies formed by the EU institutions and includes also the
summary of relevant legislation initiatives. It is the help for the
change of thinking and culture that separate the disabled per-
sons from everyday life.
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ANALIZA WYZNACZENIA ROZKEADU CISNIENIA W £0ZYSKU KORBOWYM
ANALYSIS OF DETERMINING PRESSURE DISTRIBUTION IN CRANK BEARING

Praca przedstawia analityczng metode wyznaczenia rozkltadu cisnienia oleju w toZysku korbowym, stanowiqgce roz-
wiqgzanie rownania Reynoldsa. Odpowiednie warunki brzegowe rozwazono adekwatnie do modelu klasycznego sli-
zgowego lozyska poprzecznego zgodnie z parametrami technicznymi, charakteryzujqcymi tozysko watu korbowego
silnikow S-4002/4003 stosowanych w ciggnikach rolniczych. Celem pracy bylo przeprowadzenie analizy poréownawczej
teoretycznych parametrow charakteryzujgcych prace tozyska slizgowego, jako wartosci parametrow sygnatu diagno-
stycznego. Rownanie Reynoldsa ( przy stalym wspolczynniku lepkosci dynamicznej) metodq rozdzielenia zmiennych,
sprowadzono do ukladu réwnan rozniczkowych zwyczajnych, ostateczne rozwigzanie zapisano w postaci ogolnej.

Stowa kluczowe:lozysko poprzeczne slizgowe, smarowanie hydrodynamiczne, rownanie Reynoldsa,
rownanie Riccattiego, analiza diagnostyczna.

The paper presents an analytical method of determining oil pressure distribution in a crank bearing, which makes
a solution of the Reynolds equation. Proper boundary conditions were considered according to the classic model of
a radial slide in agreement with technical parameters typical for the crankshaft bearing of S-4002/4003 engines used in
agriculture tractors. The goal of this work was to conduct a comparative analysis of theoretical parameters characteri-
zing the work of the slide bearing as the value of the diagnostic signal parameters. By using the method of seperation of
variables, the Reynold s equation(with constant coefficient of dynamic viscosity) was brought to the system of ordinary
differential equations, and the ultimate solution was written in general form.

Keywords: radial slide bearing, hydrodynamic lubrication, the Reynold’s equation, the Riccatti’s

equation, diagnostic analysis.

1. Wprowadzenie

Diagnostyka techniczna oceny procesu zuzycia mechani-
zmu korbowego przy dynamicznym obciazeniu tozyska, jest
Sciste zwigzana z oceng stanu technicznego wezta czop-panew-
ka. W procesie eksploatacji silnika spalinowego zwigksza si¢
luz w tozysku korbowym, co powoduje stopniowe ubywanie
cieczy smarujacej, zwigzanej bezposrednio ze zmiang geometrii
klina olejowego. Zmiany ekstremalnych warto$ci temperatury
i momentow obrotowych sit tarcia wewnatrz tozyska, a stad wy-
nikajacy rozktad ci$nienia oleju w tozysku korbowym jest jed-
nym z najwazniejszych teoretycznych instrumentow stuzacym
do wykrycia awaryjnych standéw pracy uktadu korbowego.

Rozktad ci$nienia oleju w tozysku korbowym (tozysko po-
przeczne §lizgowe, mozna wyznaczy¢ jako rozwiazanie uogol-
nionego réwnania Reynoldsa.

3esin%€ 6P(X’Z)—0

82P(x,z) 62P(x,z)
+ +
Rc (1 —ecos %) oz

oz* ox?

(M

Gdzie: ¢ - luz promieniowy [mm], ¢ - mimosrodowos$¢ wzgled-
na, R - promien czopa [mm)].

Roéwnanie (1) jest niejednorodnym réwnaniem roézniczkowym
o pochodnych czastkowych, przy czym stopien jego ztozonosci za-
lezy od wyboru warunkéw poczatkowych i brzegowych oraz od
charakterystyki funkcji przedstawiajacych lepko§¢ dynamiczng
cieczy smarujacej i warto$ci zuzycia tozyska. Szczegotowq analize
réznorodnych warunkow brzegowych oraz analitycznych whasno-
$ci lepkosci dynamicznej 1 funkcji zuzycia tozyska, mozna znalez¢
w [2, 7, 9]. W zwigzku z powyzszym, w zagadnieniach diagno-
stycznych najczesciej postugujemy si¢ przyblizonymi rozwiagza-
niami (1) lub rozwigzaniami zaktadajacymi znane a priori whasci-
wosci funkcji zuzycia tozyska [2, 6, 7, 9].

1. Introduction

Technical diagnostics of the process assessment of crank
mechanism wear with dynamic bearing load is closely connect-
ed with the technical state assessment of pin-liner knot. Dur-
ing using a combustion engine, clearance in the crank bearing
increases what results in gradual decreasing of liquid lubricant,
directly associated with the change of oil wedge geometry. The
changes of extreme temperature values & turning moments of
friction force inside the bearing, and hence resulting the oil
pressure distribution in crank bearing is one of the most impor-
tant theoretical instruments used for detecting emergency states
of the crank system work.

The oil pressure distribution in crank bearing (radial slide
bearing, might be determined as a solution of generalized Reyn-

old’s equation
3esin%€ .6P(x,z):0

Rc(l—ecos%) oz

where: ¢ - radial clearance [mm], ¢ - relative eccentricity,
R - pin radius [mm].

0°P(x,z) o*P(x,z
.,

(M

The equation (1) is a composite differential equation with
partial derivatives, where its complexity grade depends on cho-
ice of initial & boundary conditions and on function charac-
teristics presenting absolute viscosity of liquid lubricant and
value of bearing wear. The specific analysis of various boun-
dary conditions and analytical qualities of absolute viscosity &
bearing wear functions, one can find in [2,7,9]. That being so, in
diagnostic issues most often we use approximate solutions (1)
or solutions assuming known a priori of properties of bearing
wear function [2,6,7,9].
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W pracy przedstawiono analityczng metod¢ wyznaczania
rozktadu cisnienia oleju, przy klasycznych [1, 2, 7] poczatko-
wych warunkach brzegowych, zapisanych adekwatnie do modelu
fizycznego tozyska korbowego zastosowanego w silnikach typu
S-4002/4003 ciagnikow rolniczych. Analiza rozpatrywana jest
przy zatozeniach modelowych przedstawionych w pracach [1, 2]
oraz statym wspotczynniku lepkosci dynamicznej (7=const).

Zgodnie z powyzszym, rozwazamy réwnanie (1) przy na-
stepujacych warunkach poczatkowych i brzegowych:

P=p, dla z=i= @)

P=p(x) dlaz=0 3)

(GP(x,Z)] _ 37[a4(pz_pw) dlaz=0 (4)
), 4L (1 - ¢gcos %)3

gdzie: p, - ci$nienie otoczenia [Pa], p_- ci$nienie zasilania [Pa],
p,,- ci$nienie oleju na wlocie do tozyska [Pa], a - $rednica prze-
wodu zasilajgcego [mm].

2. Rozktad zmian ci$nienia oleju w fozysku korbowym

W réwnaniu (1) podobnie, jak w [1, 2, 6] zastosujemy me-
tode rozdzielenia zmiennych
P(x,z) = A(x)B(z) 5)

otrzymujac nast¢pujacy uktad dwoch autonomicznych réwnan
rézniczkowych zwyczajnych drugiego rzedu :

B" (Z) — KZ (6)
B(2)
" ’ 3 inX

A (x)+A (x) ‘s‘sm%e
A(x) A(x) R(l—gcos%)
gdzie rownanie (6) posiada rozwigzanie o postaci:

Cz+C, dla K*=0

B — 1 2
) {Cle'“ +C,e”™ poza

+K2=0 @)

natomiast rownanie (7) przy zastosowaniu podstawienia

r@)=20

10 gdzie t=tg%R (8)

sprowadza si¢ do rOwnania typu Riccattiego o nastepujacej po-
staci:

In the project the analytical method of determining oil
pressure distribution was presented, with classic [1,2,7] initial
boundary conditions, written according to the physical model
of crank bearing used in the S-4002/4003 engines of farm trac-
tors. The analysis is being examined on model assumptions
presented in works [1, 2] and constant coefficient of absolute
dynamic viscosity (7=const).

Therefore, we consider equation (1) with the following ini-
tial & boundary conditions:

P=p, dla z:ig 2)
P=p (x) dlaz=0 3)
oP (x, 3za* (p. - p,
( (“)] o elpmh) g @
& ), 4c3nL(1—£cos%

where: p, - ambient pressure [Pa], p_ - feed pressure [Pa], p, - oil
pressure in bearing inlet [Pa], a - power lead diameter [mm].

2. Distribution of oil pressure changes in crank bearing

In equation (1) just like in [1, 2, 6] we use the method of

seperation of variables
P(x,z) = A(x)B(z) %)

receiving the following system of two autonomous 2" order
ordinary differential equations:

5() © ©
() A(x)  Sesin
A(x) A(x) R(l—gcos%)

where equation (6) has a solution in the form of:

26)-|
whereas equation(7) with the use of substitution

4'(1)
T(t)=—2< =t19X
() A(t) where ¢ tgAR ®)
comes down to equation of Riccatti’s type in the following
form:
12et

+K2=0

0

Cz+C, dla K*=0

Ce* +C,e™ poza

2RK?

Zauwazmy, ze podstawienie

T(t)= % U(r) (10)
r+

I+¢
redukuje wyraz liniowy w réwnaniu (9) prowadzac do uprosz-
czonego rownania Riccattiego o postaci:
3e

i c(1+5)(t2 -rl)[t2 u

©)

T(t)—
l1-¢ (1) £+1
+&

Let’s notice that substitution

7(r)= f—]*_lg 0

(10)

I+¢
reduces linear term in equation (9) leading to simplified Riccat-

ti’s equation in the form of:
3e

, l-g |« t2+l—g o
2R l+e 2y 2RK’ l+e (11)
U'(t)=- — e () - —l+e
() 2+l £ +1 () T A |
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Zgodnie z zatozeniem [3], zalezno$¢
fO) o 1O
vO=-50 ()[ - (t)f()d] (12)

jest ogdlng catka rownania (11), gdzie funkcje f(7) i g(¢) spel-
niaja nastgpujace warunki:

pplzE
s 2R I+e (13)
g(t)  r£+1] £+l

o |

2, 1-¢
g'(t) _2rk* " Tiie (14)
f(e) £+1] £+1

powyzszy uklad réwnan za pomoca prostych przeksztatcen,

mozna przedstawi¢ w uproszczonej formie:

, N 4RK?
rOgO=-GT5 050 g
) l—g%
r+
g (0)g()=-K | — A& () s() 19

Stad rozwiazania ukladu spelniajace rownanie (11) mozna

wybra¢ z rodziny funkcji

207+ )r 0 a7
C,t e
== (18)
-5 e

Po obliczeniu wartosci statych C; - C, i po wstawieniu
funkcji (17) 1 (18) do réwnan uktadu (15), (16), otrzymujemy

ogo6lne rozwigzanie rownania (11) o postaci:

2.2 e

2

U= car] e [
£ £ +1 t

Ostatecznie rozwigzanie rownania (8) stanowi funkcja

3e

tgz%RJrl

7
1 Yot

According to assumption [3], dependence

N O IO
U(r)= oM ()[ -f (t)f()d] (12)

is a general equation integral (11), where functions f{¢) & g(¥)
meet the following conditions:

_3e
, l—¢ | =

S0 2R | T (13)
g(t)  r£+1] £+l

, l-¢ TL
g'(t) _2r* | Tiig (14)

£ 2+l 2+

above equation system with the use of simple transformations
might be presented in a simplified form:

£0g' ()= (“R K) 00 s
L g
g (0g(0)=-K | — A& () s() 19

Hence the system solutions realizing equation (11) can be
chosen from the family of functions

2070 a7
C.A e
== (18)
-5 e

After calculating constant values C, - C, & placing func-
tions (17) & (18) in the system equations (15), (16), we receive
general solution of the equation (11) in the form of:

e ©x (RPK) 1 )
2 2 2
i=1

Ultimate solution of the equation (8) makes the function

RK?

T(x):

7 RZKZ
2
{tg %RJrl} 1. 1

l-¢ 2x
2 x ST [g
1g AR+1+£‘ R

wigzanie rOwnania (8) zapisujemy w nastgpujace;j postaci:

th%R+1 tg AR

Po przeprowadzeniu elementarnych uproszczeniach roz-

i=1 1

R*K? RZKZ
2 2
C+RK[Z[ ) Jlth—lntg /R]

After conducting elementary reductions the equation solu-
tion (8) we write in the following form:

%)= sin® 34 o + g cos® ¥4 R} e [szn A RJ {— cos” ¥+ [ sin* 34 RTZKZ e (% R)] (19)

RE(RIK? 1
- 2 2 _ 2
WRK(%R)_ C+RK ( i ]it 7 g’ % p || (20)
& /2R

1-¢
l+¢

where: ¢ =

l[jR‘K(/ ) 4+ RK Rﬁ(RK ]ith’l%R—lntgzsz (20)

i=] 1
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Rozwigzanie réwnania (7) na mocy zaleznosci (19) zapisu-
je si¢ nastepujaco:

A(x)z C’expﬂ T(x)dx}

Wzory (19) 1 (20) mozna zapisa¢ rOwniez w postaci:

l—gcos’%e i

2]

Solution of the equation (7) in virtue of dependence (19) is
written in the following way

A(x):C’exp{I T(x)dx} 21
Formulas (19) & (20) might be written also in the form of

—(RZKZ +1)

(19a)

T(x)=

1+¢

¥ ()= C+ RK Rf (Rzisz—

i=1

Ogolne rozwigzanie réwnania (1) otrzymujemy na mocy
wzordw (21), (8), (7), (6):

e
l—scosVR ‘>
e | 2

K=

P(x,z):po+C,z+C2+ e +C

gdzie state C|, C,, C,, oraz C,, mozna wyznaczy¢ zZ warunkow
brzegowych (2) - (4).
3. Wyznaczenie statych oraz konstrukcja rozwigzania

Przy uprzednio przyjetych warunkach brzegowych (2)
otrzymujemy zaleznosci

C L +C,=0
2
oraz
Gy +C e =0
stad mamy
L
G =-G by Coe ==Ce™

stad zaleznos$¢ (22) mozna zapisac nastepujaco:

l—gcos%

1+¢

3 Cr (e

K=1

P(x,

Z):p() +C,

Nastepnie zastosujemy warunek brzegowy (3) do rozwig-
zania (23) otrzymujac
- X
L |l-¢gcos %?

1+¢

3e

Pochodna czastkowa funkcji (23) wzglegdem zmiennej
z oraz zalezno$¢ (24) zastosowana do warunku brzegowego (4)
pozwala otrzymac¢ nastepujaca tozsamosc¢

_sinz%. l—cos%
4

1 1+cos%
i 1—cos3%e

-Kz
2Ke )

B .icm(]—e”)' _
K=l

. +¥a (V)

l—cosle

1+cosxR

General solution of the equation (1) we receive in virtue of
formulas (21), (8), (7), (6):

sm%e l—cosﬁe

RK+1

(22)

¥ (72)

where constants C,, C,, C, and C,, might be determined from
boundary conditions (2) - (4).

3. Determining constants & the structure of solution

With former accepted boundary conditions (2) we receive
dependences

G §+ C,=0
and
C,p +C e =0
therefore we have

L

G, =-C E G = _CIKeKL

hence dependence (22) might be written like this:

K(Li) sin 4 l—cos%e +‘l’1;,1< (%)

Next we use boundary condition (3) for solution (23) re-

ceiving
.2
sin~ % R 1-cos %?

L ik (77)]

Partial derivative of function (23) toward variable z and de-
pendence (24) used to boundary condition (4) implicates the
following identity

RK+1

(23)

RK +l

(24)

_3e R K? +|
C l—gcos% ¢ -iClKK(H-eKL)- _sm 4 l—cos%e il (Vﬂ:— 3za’ (pz —pu.) _
1+¢ X R 4cnL (1 —é&cos %)3
—(RZKZH)
4 1- in> X 1- X
_ 3za’ =i 2 ‘jio‘i%? > ICIK ( eKL), _ sm4 R CZS%Q +¥ ok (%)} (25)

4c’nlL (l - gcos %)3
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Stad otrzymujemy
L1 4 _ 4
Co=—(p.-p +C L) C=-——(r.- 1)
‘ 27 2¢’nl > 1+—4
. 2
gdzie :
_15za*
: 2e°nL

Wykorzystujac otrzymane wyrazenie dla statej C, wedtug
rownania (24), mozna wyznaczy¢ statg C|, nastgpujgco:

Hence we receive

L 1 4 _ 4
Co=—(p.-p+C )BT C=-——(r.- 1)
‘ 27 2¢’nl > 1+—4,

2
where :
_15za*
: 2e°nL

Using a received expression for constant C, according to equ-
ation (24), one can determine constant C in the following way:

34,1 (p; - pt))cl

Cy=- ;
2¢ l+¢

l+g)e [1+--%

(1+¢) +1_g

gdzie w mianowniku wyrazenia (26) pomin¢li§my sktadniki
sumy o wartos$ciach rzedu &* oraz przyjelismy zatozenie

1-¢° I
I, = A le” -1
Foae3e Tt ( ) @7
Analogicznie mozna wyznaczy¢ warto$ci wspotczynnikow
Cp» Cpy-.., C,, jednak nalezy zauwazy¢, iz wartosci wymie-
nionych wspotczynnikow sg wielkosciami powyzej rzedu &*.

4. Wykorzystanie analitycznego rozktadu zmiany cisnienia
oleju jako sygnatu diagnostycznego

Analiza parametréw sygnatu diagnostycznego tozysk watu
korbowego podczas pracy silnika, wymaga przeprowadzenia
niezbednych pomiaréw migdzy innymi predkosci obrotowych,
obcigzenia walu korbowego oraz wzglednego spadku cisnienia
oleju. W. Piekarski [4,5] przedstawil przyktad sporzadzania po-
miaréw sygnatu diagnostycznego wzglednego spadku ci$nienia
oleju tozyska korbowego w aspekcie diagnostyki techniczne;.

Wyniki badan parametrow sygnatow diagnostycznych (S)
otrzymano drogg pomiaréw wzglednego spadku ci$nienia oleju
na urzadzeniu pomiarowym ze zwezka pomiarowa przy trzech
predkosciach obrotowych silnika: 600, 1600, 2000 obr/min. dla
6 punktow pomiarowych wyznaczonych czasem pracy silnika
dla (100, 500, 900, 1300, 1700, 2100 godzin pracy).

Szczegodlowa ocena stanu podsystemu korbowego zostata
dokonana przy zastosowaniu zlozonego zestawu pomiarowego,
wykorzystujgcego sygnat cisnienia oleju P, wewnatrz tozyska
korbowego na plaszczyznie symetrii panewki (ptaszczyzna

RN
z = 0) w 6 charakterystycznych punkach (punkty x = ﬂT,

gdzie N=0,1,2...5) przy czym P, = p . Zatem parametr sygnatu
diagnostycznego przekazywanego z urzadzenia pomiarowe-
go opiera si¢ na liczbowej wartosci gradientu ci$nienia, ktorg
mozna poréwnac z warto$cig teoretyczng otrzymang z rozktadu
ci$nienia (23) nast¢pujaco:

_3e
&

Oz 3 1+¢

W szczegolnoscei na wlocie tozyska otrzymujemy wartosé

3e
[a—P(o,o)] :Cl+[l_g] ey (l+e1‘
0z " l+¢&

Ce +

(26)

(11+ 3) [4r,, -4 ].(el -1)

l—scosﬂ
6_10[7:1?1\/’0):6?r 3 ,C“[Hek

2

- 34,

where in the expression denominator (26) we omitted sum-
mands with values of type &*and we accepted assumption:

1-¢ .
r, = A e -1
P 1+3e L( ) @27
Analogically we can determine values of coefficients C ,,
C\p--» C,,, however it should be noticed that the values of
mentioned coefficients are quantities above the order &*.

4. Using the analytical change distribution of oil pressure as
a diagnostic signal

The analysis of diagnostic signal parameters of crankshaft
bearings during engine work, needs carrying out necessary me-
asurements such as rotational speed, crankshaft load and relati-
ve oil pressure drop. W. Piekarski [8, 11] presented an example
of measuring diagnostic signal of relative oil pressure drop of
crank bearing in the aspect of technical diagnostics. The rese-
arch results of diagnostic signals parameters (S,) were obtained
by measurements of relative oil pressure drop in measuring de-
vice with inlet at 3 engine speeds: 600, 1600, 2000 rev/min. for
6 measuring points determined by time of engine work for (100,
500, 900, 1300, 1700, 2100 work hours).

Specific assessment of crank subsystem condition was car-
ried out by applying a complex measuring set using the sig-
nal of oil pressure P, inside crank bearing on the symmetry
plane of bearing(plane z = 0) in six characteristic points (points
X = @, where N = 0,1,2...5), with P, = p . Therefore the
parameter of diagnostic signal transferred from the measuring
device is based on numerical value of pressure gradient, which
can be compared to the theoretical value obtained from pressure
distribution (23) in that way:

Particularly at the bearing inlet we receive the value

E )
l+e(l-¢g) - -
(O):C’1 +W(m) Cll[]‘l'eRJ
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5. Podsumowanie i wnioski

Wymagania odno$nie postepu eksploatacyjnego zaczynaja
by¢ coraz czg¢sciej dostrzegane i formutowane. Stwierdzono
bowiem, ze efektywno$¢ gospodarowania obiektami technicz-
nymi obniza w wielu przypadkach wysokie naktady eksploata-
cyjne, przekraczajace nieraz naktady z tytulu projektowania
i wytwarzania. Wysokie naktady eksploatacyjne mozna zmniej-
szy¢ przez poprawg jakosci obiektow technicznych, a takze wa-
runkéw ich uzytkowania i obstugiwania. W tym celu niezbgdne
jest dazenie do racjonalnej, opartej na naukowych podstawach
eksploatacji obiektow technicznych.

Warunki wspoétpracy podsystemu funkcjonalnego tlok —
pierscienie — cylinder oraz podsystemu korbowego czop — pa-
newka decyduja o niezawodnym dziataniu silnika. Pogorszenie
warunkow wspotpracy tych podsystemdéw w wyniku procesow
zuzycia prowadzi do przedwczesnego zuzycia silnika, a jeszcze
przedtem do znacznego wzrostu zuzycia paliwa i oleju oraz
zwigkszenia trudno$ci w jego rozruchu.

Glowne zagadnienie analizowane w pracy w zwiazku z for-
mutowaniem wlasnej metody postepowania w badaniach, byto
zwigzane z mozliwosciami opisu fizycznych zjawisk zuzycia
zachodzacych w podsystemie korbowym czop — panewka,
wyznaczonych metodami oceny przebiegu zmian szczelno$ci
w podsystemach funkcjonalnych silnika. Dotychczasowy stan
wiedzy o zagadnieniach procesow zuzycia i zwiazany z tym
problem zmian szczelno$ci podsystemu funkcjonalnego czop
— panewka nie pozwalat na jednoznaczne i szczegdtowe okre-
$lenie zalezno$ci migdzy cechami ich stanu a warto$cia para-
metréw sygnatoéw diagnostycznych.

6. References

5. Summing up & conclusions

Requirements concerning operational progress are be-
coming noticed and formulated more often. It has been stated
that efficiency of managing technical objects in many cases
decreases high operational costs exceeding often designing
& manufacturing expenditures. High operational costs might
be decreased by improving technical objects quality and also
conditions of using & operating them. In order to do that it is
necessary to pursue a rational, scientifically-based operation of
technical objects.

Conditions of cooperation between the functional sub-
system ‘piston-rings- cylinder’ and the crank subsystem ‘pin-
bearing’ decide about a reliable engine work. Worsening of
cooperation conditions of these subsystems as a result of wear
processes leads to an early engine wear, and before that to a sig-
nificant increase of fuel & oil consumption and bigger difficul-
ties in its starting.

The main issue, analysed in the project concerning formu-
lation of own conduct method in research, was connected with
possibilities of describing physical wear effects proceeding in
the crank subsystem ‘pin-bearing’. They were determined by
the assessment methods of change course of tightness in the
engine functional subsystems. Current knowledge of the wear
processes issues and the problem of tightness changes in the
functional subsystem ‘pin-bearing’ have not allowed to deter-
mine a clear & detailed dependence between their state quali-
ties and the value of diagnostic signals parameters.
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OBECNA POZYCJA | PERSPEKTYWY ZINTEGROWANEGO SYSTEMU TRANSPORTU W
REPUBLICE SLOWACKIEJ

THE CURRENT POSSITION AND PERSPECIVES OF THE INTEGRATED TRANSPORT SYS-
TEMS IN SLOVAK REPUBLIC

W artykule zaprezentowano aktualny stan zintegrowanego systemu transportu na terenie Republiki Stowackiej. Zapre-
zentowano takze analizg¢ podstaw prawnych, rodzaje oraz zalety i wady tego systemu transportu. Artykul prezentuje
takze podstawowe warunki techniczne, jakie muszq by¢ spetnione i ustalone w Republice Stowackiej aby w miastach
i lokalnych regionach wzrosta liczba zintegrowanych systemow transportowych.

Stowa kluczowe: Transport publiczny, zintegrowany system transportu.

The paper deals with current state of integrated transport systems in the Slovak Republic (SR). There is an analysis
of legislative framework of transport system (ITS), description of ITS attributes, advantages and disadvantages of ITS
operating in SR in the paper. The paper also points out underlying technical conditions necessary for existence of ITS,
which should be established in SR in order to increase the number of ITS projects in cities and regions in SR.

Keywords: Public transport, Integrated transport systems.

1. Introduction

There is necessity to take different look at state, region and
city transport policy due to factors such as expanding trans-
port requirements, increasing number of congestions, negative
impacts on quality of life. This new approach, with goal to
meet requirements of sustainable transport and functional usage
of both city and regional area, must clearly accept elimination
of negative factors, such as pollution of air, increasing risk of
transport accidents with their negative impacts, waste of time
public transport etc.

Although there is broad array of tools for state interventions
in transport market with aim to eliminate mentioned negative
impacts. According to the project “TRANSPLUS* [7] the fol-
lowing three types of integrated transport and regional politics
are especially effective:

- upgrading of infrastructures for short distances,

- reducing of automobile transport,

- improving of public passenger transport services.

Upgrading of infrastructures for short distances

This policy is focused on development of localities with
possibilities for moving of pedestrians and cyclists with no ne-
cessity to use cars, and thus encouraging of using alternative
transport systems. It covers building of hierarchical whole-city
cyclic network in an attractive environment connecting impor-
tant localities and social facilities. It requires both building of
an information system providing enough information on lines
connecting various parts of the city dedicated to pedestrians and
cyclists and establishing of conditions respecting pedestrians
and cyclists.

Reducing of automobile transport

This policy is focused on limiting of undesired entrances
of cars into urban areas. It covers reducing of negative impacts
on noise, air quality, safety and aesthetic of cities, parking slots
and regulation of entrances of private cars into public areas.

Improving of public transport services

This policy is focused on new structure of settlements
oriented on using public transport. In other words it is orien-
ted on concentration of urban growth and sub-centres around
nods and public transport corridors and renovation of railway
stations and their surroundings. Improving of public transport
services should increase availability of public transport in exi-
sting settlements by either renovation or expanding lines for
light trains and trams or continual development of systems of
tram and bus lines in smaller cities. Important and effective
solution is integration of different transport modes with aim
of providing public transport services of high quality, comfort,
speed and frequency, in other words development of integrated
transport systems [8].

2. Integrated transport system and legislative framework in
Slovak Republic

Integrated transport system is a perspective solution in re-
gional transportation. Responsibility of regional governments
for securing regional transportation is not directly imposed by
law. It is indirectly imposed by the law on local government [1],
in which there is specified that a local government is responsi-
ble for general development of particular region and needs of
its inhibits by executing of the following activities:

- forming and executing of programme of economic, social and

cultural development of given region of local government,

- undertaking of planning activities relating to region,

- development of preconditions for optimal arrangement of
relations among settlements and other elements of given
region.

There have been delegated some responsibilities from state

bodies onto local governments in SR. Among others those rela-
ting to transport are the following ones [2]:

« relating to railways and trams:
- approving of prepositions of schedules and its modifi-
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cations before its publishing,
- executing of delegated state competencies relating to
trams.

« relating to road transport:

- Granting and cancelling of transport licences in inter-
state regular bus transport,

- Approving of schedules in interstate regular bus trans-
port,

- Signing of agreements on public transport in general
interest with operators and paying off losses resulting
from its operation (by signing of the agreement the
operator commits to meet obligations to public).

Fig. 1. The range of the integrated transport system

Different range of responsibilities in railway and road
transport evokes that public transport in SR is regulated in each
mode by specific legislative framework [4]. There is a specific
law for road public transport and specific law for railway public
transport. It means that a transport operator providing transport
services in both railway and road transport has to follow at least
2 acts: Railway Act and Act on road transport.

These two Acts cover the issue of integrated transport sys-
tem, but there is no single act dedicated to all aspects of provi-
ding transport services in an integrated transport system.

3. Integrated transport systems in the Slovak Republic

Integrated transport system is a system of transport ope-
ration designed for a specific area by public transport consists
of various transport modes or covers lines of several operators
within which passengers are transported according to unified
both transport and tariff conditions.

ITS from the operator point of view:

In ITS transport is provided by various transport means:
railways, tube, trams, buses, cableways and boats. Integration
may also cover bikes and cars through Park & Ride or Bike &
Ride. Transport services in ITS can provide various operators.
However, schedules for particular lines within ITS should be
optimised regardless which operator operates a given line. De-
gree and way of integration differs in ITS projects.

We can say that current urban transport systems and regio-
nal and domestic passenger railway transport have characteri-

stics of ITS. However, ITS is usually called transport systems
either developed by extending existing system of public pas-
senger transport into remote areas or by integration of more tra-
ditional transport systems in particular cities (urban transport,
railway transport, intercity transport).

Currently, there are zone and sectional tariffs usually applied
in ITS. It means that the covered area is divided into sections. If
the area is divided into circles then there is agglomeration in the
middle. If the area consists of more agglomerations then they
made zones and among zones there is inter-zone transport.

ITS from a customer point of view:

From a customer point of view an integrated transport sys-
tem means integration of schedules, transport conditions and
tariffs. Customers are allowed to travel on single ticket and
on the same conditions by different modes of transport. ITS
is mostly developed in agglomeration with aim to increase in-
habitants’ quality of life and offer them frequent, high quality,
speedy and comfortable transport.

Results of increasing of quality of life are the following
ones [9]:

- decreasing of level of noise,

- decreasing of amount of air pollutants,

- decreasing of costs of building new infrastructure for au-

tomobiles,
- increasing of safety,
- increasing of travel comfort.

Essential conditions for establishing of ITS:

- preferences for ITS transport vehicles over automobiles,

- jointly used and shared information system for all trans-
port modes,

- shuttle transport services and timetables (regular and easi-
ly remembered intervals of arrivals and departures),

- unified tariffs,

- railway transport is the bone of ITS complemented by bus
transport (parallel railway and bus transport lines are eli-
minated).

There have been operated the following integrated transport
systems in the Slovak republic:

- Integrated transport system of Bratislava “BID,
- Regional integrated transport system of Zilina “ZRIDS*,
- Integrated transport system of Kosice “KIDS.

These transport systems are located in the three biggest ci-
ties (according to number of inhabitants): Bratislava, KoSice,
Zilina.

Integrated transport system of Bratislava :

The first attempt to develop an integrated transport system
in Bratislava was undertaken in 2001. It allowed passengers to
buy a ticket for tram with a coupon for railway and bus trans-
port. ITS is operated through cooperation of railway operator
Zeleznitna spoloénost’ Slovensko, public passenger road ope-
rator Slovenska autobusova doprava providing both local and
interstate transport services, and operator Dopravny podnik
Bratislava, providing public urban transport services. At pre-
sent, BID covers urban, intercity, and local public passenger
road transport and passenger railway transport in Bratislava. It
allows traveling on single ticket of operator Dopravny podnik
Bratislava bought with a coupon of BID. BID has proved to
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be an effective solution and now Bratislava tries to eliminate
parallel lines. Since March 2008 the possibility of travelling
on single ticket will become reality. In 2009 BID is planning to
expand to Trnava district, to the Czech and Austrian republic,
and integrate dispatchers of engaged operators.

Regional integrated transport system of Zilina:

In 2003 there started a cooperation among municipalities
Zilina and Rajec and a railway operator Zelezni¢na spoloéno-
st Slovensko and urban public passenger operator Dopravny
podnik Zilina with aim to develop ITS in the city Zilina. ITS in
Zilina is based on integration of railway transport on the line Zi-
lina — Rajec operated by Zelezniéna spoloénost’ Slovensko and
urban public passenger transport operated by Dopravny podnik
Zilina. Tt is dived into 5 tariff zones with complete integration
of all tariff points on the line Zilina-Rajec.

Integrated transport system of KoSice:

A pilot operation of the ITS in KoSice started in 1999. At
the beginning it offered passengers of urban public passenger
operator Dopravny podnik Kosice possibility to travel by train
on single ticket. In 2000 operator of local and interstate road
public transport services Slovenska autobusova doprava joined
the ITS. Since 2004 the ITS has not been in operation 1 tho-
ugh it had not been officially cancelled. The main reason for
stopping operation was inability of engaged operators to reach
agreement on financial responsibility and methodology of fare
collecting. Now, the idea of ITS is hot again. Since 2005 there
has been transport system EMBASE operated. It allows stu-
dents of selected universities owning students cards to use inte-

5. References:

grated transport services of engaged operators. Students of the
following universities are eligible ones: Technical University of
Kogice, University of Pavol Jozef Safarik in Kogice, University
veterinary medicine in Kosice and University of PreSov. The
following operators are engaged: Slovenska autobusova dopra-
va Kosice, Slovenska autobusova doprava Presov, Slovenska
autobusova doprava Humenné, Slovenska autobusova doprava
Michalovce, Dopravny podnik KoSice, Dopravny podnik Pre-
Sov and BUS KARPATY Stara Cuboviia.

4. Conclusion

The key role of public passenger transport is to secure suf-
ficient possibilities for mobility in public interest by providing
transport services of high quality regardless of transport mode.
With no regard of who is current operator.

Integration of urban, local, regional and inter-city transport
should make a basis for providing public passenger transport in
public interest. Such integration could be developed through:

- unification of conditions for organisation,

- simplifying of flows of public finance assigned for its de-

velopment,

- passing a law complexly covering the issue of integrated

transport systems.

Undoubtedly, if above mentioned conditions are establi-
shed, development and implementation of ITS will be supposed
to be an ideal solution for transportation in big cities in SR with
help of public finance necessary for providing public passenger
transport services in public interest.
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PARTICLE SWARM OPTIMIZATION FUZZY SYSTEMS FOR THE AGE

REDUCTION IMPERFECT MAINTENANCE MODEL

This research includes two topics: (1) the modeling of periodic preventive maintenance policies over an infinite time
span for repairable systems with the reduction of the degradation rate after performing an imperfect preventive ma-
intenance (PM) activity, (2) the parameter estimation of failure distribution and the restoration effect of PM from the
proposed PM policy for deteriorating systems. The concept of the improvement factor method is applied to measure the
restoration effect on the degradation rate for a system after each PM. An improvement factor is presented as a function
of the system s age and the cost of each PM. A periodic PM model is then developed. The optimal PM interval and the
optimal replacement time for the proposed model can be obtained by minimizing the objective functions of the cost
rate through the algorithms provided by this research. An example of using Weibull failure distribution is provided to
investigate the proposed model. The method is proposed to estimate the parameters of the failure process and the im-
provement effect after each PM by analyzing maintenance and failure log data. In this method, a PSO-based method is
proposed for automatically constructing a fuzzy system with an appropriate number of rules to approach the identified
system. In the PSO-based method, each individual in the population is constructed to determine the number of fuzzy
rules and the premise part of the fuzzy system, and then the recursive least-squares method is used to determine the con-
sequent part of the fuzzy system constructed by the corresponding individual. Consequently, an individual corresponds
to a fuzzy system. Subsequently, a fitness function is defined to guide the searching procedure to select an appropriate
fuzzy system with the desired performance. Finally, two identification problems of nonlinear systems are utilized to
illustrate the effectiveness of the proposed method for fuzzy modeling.

Keywords: imperfect maintenance, preventive maintenance, reliability, fuzzy modeling, particle

swarm optimization.

1. Introduction

It has been shown that performing PM activities can yield
the restoration effect for a deteriorating system to the states be-
tween as good as new and as bad as old (Pham and Wang,
1996). Fuzzy modeling is a popular branch of system identifica-
tion for constructing a fuzzy model to explain the behavior of
an identified system described by a set of input-output data. The
constructed fuzzy model is a rule-based system consisting of
a set of fuzzy rules. Nakagawa (1979) has presented a model to
describe the age reduction effects when the PM activity is per-
formed for a system. Chan and Shaw (1993) have studied the
modeling of the hazard rate restoration after performing a PM
activity. Most of the PM models shown in the literature assume
that the restoration effect of PM is occurred on the age or the
hazard rate of the system. However, Canfield (1986) has propo-
sed a model by assuming that the PM activity can only relieve
stress temporarily and hence slow the rate of system degrada-
tion while the hazard rate is still monotonically increased. Park
et al. (2000) has extended Canfield’s model to determine the
optimal PM policy. Malik (1979) has proposed the improve-
ment factor method to measure the restoration effect for a dete-
riorating system after performing the PM activities. The propo-
sed method considers that the imperfect PM activity can reduce
a system’s age from 7 to #/, where B is the improvement factor,
and can result in restoring the system’s reliability to R(#/) from
R(?). Lie and Chun (1986) have developed an improvement fac-
tor to measure the restoration effect, which is affected by the
PM cost and the system’s actual age. Jayabalan and Chaudhuri
(1992b) have also applied the improvement factor method to
investigate the age restoration of a system after performing the
PM activities. These PM models with using the improvement

factor method assume that the improvement factor is a constant.
However, Lie and Chun (1986) have considered the improve-
ment factor as a variable for the PM model. Yet, some parame-
ters are not well defined in the proposed improvement factor. In
fact, the restoration effect can be affected by several factors
after performing the PM activities, such as, system’s age (or
operating time), the interval of the PM, and the cost of each PM
activity. Cheng and Chen (2003) proposed an improvement fac-
tor to measure the restoration effect, which is affected by the
system’s age and the cost of each PM. Yang et al. (2003) have
proposed a similar improvement factor which is a function of
the number of PM performed and the cost of each PM. Litera-
ture survey has shown that many PM models have been develo-
ped for the deteriorating and repairable systems. Typically, the-
se models are to determine the optimal interval between PM
activities and the number of PM before replacing the system by
minimizing the expected average cost over a finite or infinite
time span. Nakagawa (1986) has presented periodic and sequ-
ential PM models with minimal repair at each failure for the
repairable systems and provided the optimal policies by mini-
mizing the expected cost rates. Jayabalan and Chaudhuri
(1992a) have proposed a PM model with assured reliability to
determine the optimal maintenance interval for a system by mi-
nimizing the total cost over a finite time horizon. Park et al.
(2000) developed a periodic maintenance policy for the deterio-
rating systems with degradation rate restoration assumption.
However, the existing optimal PM models do not include the
study of statistical analysis for the real historical failure and
maintenance data. Few researches have been devoted to estima-
ting the parameters of the failure process and the restoration
effect after each PM activity. Traditionally, there are two types
of assumption for the statistical analysis of the failure data, i.e.,
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the state of a system after performing a PM activity is assumed
to be as good as new (GAN) or as bad as old (BAO). In general,
the failure process of a PM model belongs to the stochastic po-
int process. Hence, the assumptions of the GAN state and the
BAO state are corresponding to the renewal process and the
non-homogeneous Poisson process (NHPP), respectively. It is
noticed that the estimation methods for the failure data with the
above assumptions are well developed. However, both of the
above assumptions do not include the case of the imperfect ma-
intenance which usually improves the system’s state to the level
between GAN and BAO. In this paper, a periodic PM model
over an infinite time span is proposed for the deteriorating sys-
tems with the assumption of restoring system’s degradation rate
after each PM activity. The improvement factor developed by
Yang et al. (2003) is applied in this research to measure the re-
storation effect on the degradation rate of a system after each
PM activity. In recent years, many systematic approaches for
fuzzy modeling are implemented to automatically generate fuz-
zy rules from a given input-output data. In order to generate
fuzzy rules from the given input-output data, fuzzy partitions in
the input space are generally considered to determine the pre-
mise part of a fuzzy system. The grid-type and scatter-type fuz-
zy partitions for the input space have been often used to model
fuzzy systems for the identified system. In J.S. Roger Jang
(1993), an adaptive grid partition in the input space was used to
design the ANFIS-based fuzzy system. This approach takes the
uniformly partitioned grid as the initial state. The grid evolves
as the parameters in the premise membership function are adju-
sted. However, the adaptive grid partition scheme has the draw-
back that the number of fuzzy sets for each input variable is
predetermined. In C.C. Wong and C.C. Chen (2000), a binary-
coded genetic algorithm (GA) is applied to determine an appro-
priate number of fuzzy sets for each input variable and the sha-
pes of membership functions associated with fuzzy sets for
each input variable. However, in order to obtain accurate center
positions of membership functions associated with fuzzy sets
for each input variable, a long coded string associated with the
individual must be used in the GA approach. Consequently, the
generated fuzzy systems by the individuals maybe have an
enormous number of fuzzy sets as the first several generations
so that the binary-coded GA approach takes a long training
time. Besides, the above-mentioned approaches to the grid-type
fuzzy partition of the input space still have two drawbacks as
follows. As the number of dimensions increases, the number of
fuzzy rules becomes enormous. Furthermore, they probably ge-
nerate dummy rules because of the lack of training data in the
corresponding fuzzy regions. Instead of covering the whole in-
put space, the scatter-type fuzzy partition tries to find a subset
of the input space that characterizes the fuzzy regions of possi-
ble occurrence of the training data. Each fuzzy region maps the
premise part of a fuzzy rule, which is associated with several
membership functions. Several clustering techniques had been
used to determine the premise part of the fuzzy system, such as
fuzzy c-mean (FCM) algorithm M. Sugeno and T. Yasukawa
(1993) and the ART-based method P.K. Simpson (1992). The
basic idea is to group the input data into clusters and use one
rule for one cluster. The number of fuzzy rules equals the num-
ber of clusters. In M. Sugeno and T. Yasukawa (1993), the FCM
algorithm is applied to determine the premise part of the fuzzy
system. However, the disadvantage of the FCM algorithm is
that the number of clusters must be predetermined. That is, the

number of fuzzy rules in the fuzzy system designed by the FCM
algorithm must be predetermined. If the number of clusters is
given, the clustering results of the FCM algorithm are also in-
fluence by the choice of initial cluster centers and the distance
measure. In P.K. Simpson (1992), a method for generating the
hyperbox regions is proposed to determine the premise part of
a fuzzy system for the identified system. In this approach, the
learning parameter is very critical, since it directly affects the
number and position of the resulting hyperboxes. Consequen-
tly, the above-mentioned approaches to the scatter-type fuzzy
partitions for the input space suffer from a high sensitivity of
the accuracy with respect to the skill of the user to determine
a predefined parameter for the number of rules. In this paper,
a method based on the particle swarm optimization (PSO), cal-
led a PSO-based method, is proposed to automatically determi-
ne an appropriate number of fuzzy rules for the identified sys-
tem. A fitness function is designed to deal with the tradeoff
between the number of rules and the approximation accuracy.
In the PSO-based method, each individual corresponds a fuzzy
system. The PSO is applied to determine an appropriate number
of rules and the membership functions of the generated fuzzy
system. Based on the guidance of the defined fitness function,
the fuzzy system corresponding to the individual will satisfy the
desired objective as well as possible. Consequently, the selected
fuzzy system has an appropriate number of rules and a small
mean-squared error for the identified system. An algorithm is
proposed to obtain the optimal interval of each PM and the opti-
mal number of PM before replacement, which are determined
by minimizing the cost rate.

An example of Weibull failure distribution is given to con-
firm the proposed model. A sensitivity analysis for the para-
meters of the proposed model is also studied. Furthermore, an
estimation method for the parameters of the hazard rate func-
tion and the improvement factor of the proposed PM model for
the deteriorating and repairable systems is also developed in
this research. The Particle swarm optimization (PSO) method
is applied to develop the algorithms of parameter estimation.
A numerical analysis method is applied to search the optimal
values of the estimates. A Monte Carlo simulation is performed
to study the accuracy and the properties of the estimates deve-
loped in the research.

2. The PM model

A periodic PM model is developed with applying the im-
provement factor provided by Yang et al. (2003). The assump-
tions, the improvement factor, the hazard rate function, the cost
rate function, and the optimal solution algorithm for this PM
model are presented as follows.

2.1. The Assumptions

The assumptions made for this PM model are as follows.

- The system is deteriorating and repairable over time with
increasing failure rate (IFR).

- The periodic PM activities with constant interval (h) are
performed over an infinite time span.

- The periodic PM activities can restore the degradation
rate of the system to a younger level, while the hazard rate
keeps monotone increase.

- Minimal repair is performed when failure occurs between
each PM.
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- The system is replaced at the end of the NO1 interval.

- The improvement factor method is applied to measure the
restoration effect on the degradation rate of the system.

- The improvement factor of each PM is a variable which
is a function of the number of PM performed and the cost
ratiol of each PM.

- The costs of PM, minimal repair, and replacement are as-
sumed to be constant. The cost of PM and the cost of mi-
nimal repair are not greater than the cost of replacement.

- The times to perform PM, minimal repair, and replace-
ment are negligible.

2.2. The Improvement Factor

The improvement factor applied in this paper is developed
by Yang et al. (2003), which is assumed to be a function of the
number of PM performed and the cost ratio of each PM. The
function of this improvement factor is shown as follows.

C hi
pm
=lq—
m; { C } 1)

.
where 7, represents the improvement factor of the i PM,
0<p<1, Cpm is the cost of each PM, Cpr is the replacement
cost of a system, a and b are the adjustment parameters for the
improvement factor whose values are varied with different sys-
tem and can be determined by the system’s historical data or
by experience. #,= 0 and 5, = 1 are exclusive in this research
since it can be seen that #7,= 0 means the age of a system after
the PM remains the same as that before the PM (i.e., bad as old)
and is called minimal repair; #, = 1 means the PM is perfect
and the system’s condition becomes as good as new. Parameter
a is a cost adjustment coefficient and a < C / Cpm. It turns out
that a Cpm/ pr< 1. Note that parameter a reflects the effect of
the PM cost ratio for different systems. Parameter b is an age
adjustment coefficient and b > 0. It can be seen that the larger
the i (i.e., the older the system), the smaller the 7, Moreover,
the larger the PM cost ratio (Cpm/ Cpr), The cost ratio of each
PM means the ratio of the cost per PM activity to the replace-
ment cost larger the #, and thus the better the restoration of the
system.

2.3. The Effective Age

The effective age at the time of the i PM, can be
shown in Equations (2) and (3) for prior- and posterior-
PM, respectively.

w,(ih)z{i—ir]k}h,iz1,2,...,N—l 2)

k=0

w,*(ih)={i—277k}h,i=1,2,...,N—1 3)

k=0

where /4 is the periodic interval of PM. It is assumed that
w,(0)=w;(0)=0. The effective age at 7 unit of time after

the " pMm can be presented as follows

w (th+7)= wi*(ih)+7:[i—277k}h+r,
k=0

“4)
0<7<h i=0l.,N-1

2.4. The Hazard Rate Function

For Weibull failure distribution with shape parameter
[ and scale parameter 6, the hazard rate function at time
i but prior to the i PM is shown in Equations (5) and
Equation (6) shows the hazard rate function for the time
after the i PM but prior to the (i + 1)" PM.

— B-1
A hy= 2, (0w, (ih)):g[(M)J

o (5)
i=12,..N-1
-1
. plw ®
A :ﬂo i =
() (w; (1) 9[ P j ©
ih<t<(i+Dh, i=12,...,N-1

2.5. The Cost Rate Function of the PM Model

The cost rate function of the proposed PM model can
be obtained as follows.

C(h,N)
N-1
(N=1)C,, +C,, +C,, > [ A (t)dt
= @)
Nh
N-1
(N=1)C,, +C,, +C,, D[ A (t)dt
_ i=0 '
Nh

Where 4(#) is the original hazard rate function?

2.6. The Optimal Number of PMs and the Optimal Time to Repla-
cing a System

2.6.1. The PM model without failure rate limit

Based on the algorithm provided by Nakagawa (1986), the
optimal solution of / can be obtained as function of N by taking
partial derivative of 4 on C(h, N) and letting it equal zero. That
is,

9C(h,N) _
an " ®)

Thus, the periodic interval of PM of this model (%) can be
obtained as
h=
1p

kv-ne,, +c, llc,, 8-1] ©)

N ; B . B
Z{((FZIUH)/@) _((i_l_gln/—1)’/0j :|

=1

Then, the optimal number of PM and the optimal time
interval between PMs can be obtained by the following
algorithm.

1. Let N = 1, obtain 4 value using Equation (9) and cost

rate (C(4, 1)) using Equation (7).

2. Let Cmin=C (h, 1).

3. LetN=N+1.

4. Obtain 4 value using Equation (9) and calculate cost
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rate (C(h, N)) using Equation (7).
5. If C(h, N) < Cmin, then, Cmin = C(h, N) and return to
Step 3, otherwise stop.

2.6.2. The PM model with failure rate limit
Suppose that the system has to be replaced when the re-
liability or failure rate reaches a certain level, say R* or 2™, re-
spectively. Let W, be the effective age of which the failure
rate reaches 4 and the replacement is in the Nj’ PM. Then, we
can obtain

RWy )=R" ot AW )= (10)

Thus, the periodic interval of PM for this model (4,) can
be found as

hR:[H(‘l”R*)' "] o 1
|:NR - Z 77},:| (1D

Then, the optimal value of N, N,, can be determined so
that

Ny =m}5n C(hpN), N=1,2,...

3. Fuzzy System Structure

When M input variables (x, x,, ..., x,) and a single output
variable are considered, a rule base of a fuzzy system can be
expressed as follows:

Jj-th rule:
If x is 4, and x,is A, and...and x is 4,
Theny is y=atra Xt . ta, X,

J=1,2,...,R

where R is the number of fuzzy rules in the rule base,
A/_l_, j=12..,R, i=12,....M are the fuzzy sets of the premise
part, and a/.x.,j=1,2...,R, i=0,1,...,M are the real numbers of the
consequent part. In this paper, the membership function of the
fuzzy set 4, is described by

2

"‘,/tl) )
(12)
2
X My .
exp|—— X >my,,
{ [ mya) ] J (il

Where M Mo and M, determine the center position,
the left and right width values of the membership function,
respectively. Hence, the shape of the membership function is
determined by a parameter vector m, :[m(/,‘, S0y )],

The j-th fuzzy rule in the rule base is determined by a para-

Hy, (”bw M2y Miz) > )=

meter vector r, =[ﬂjlﬂjz...mm . Consequently, the set
of parameters in the premise parf of the rule base is defi-
ned as r; =[rr,.r,J. According to (1), the set of para-
meters in the consequent part of the rule base is defined as
a=[a,,a,,..0,,0,0,, .05, .05 Ag, Ay, /. When the input

x=(xx,..x,, )is given, the firing strength of the premise of

M
the j-th rule is calculated by q/(x):HyAﬂ (x, ). By taking

i=1

the weighted average of Vs the output of the fuzzy system with
respect to the input x can be determined by

R
Z‘]J-(E)'(ajo Taux Tt A X,)
y==L (13)

D g,
=

According to the above description, each parameter set
consisting of the premise and consequent parameters determi-
nes a fuzzy system. Thus, different parameter sets determine
different fuzzy systems so that the generated fuzzy systems
have different performances. The goal of this paper is to find
an appropriate fuzzy system to approach an identified system
where only the input-output data are available. Therefore, the
mean-squared error between the generated fuzzy system and
the identified system and the number of rules of the generated
fuzzy system can be viewed as performance index. In the next
section, the PSO-based method and the recursive least-squares
method are applied to find a fuzzy system with an appropriate
number of fuzzy rules and a small mean-squared error for the
identified system.

4. Identification of fuzzy systems using the PS0-based
method

The particle swarm optimization is an evolutionary com-
putation technique proposed by Kennedy and Eberhart S.J. Lee
and C.S. Ouyang (2003)and J. Kennedy and R. Eberhart (1942-
1948). Its development was based on observations of the social
behavior of animals such as bird flocking, fish schooling, and
swarm theory. Like the GA, the PSO is initialized with a po-
pulation of random solutions. It requires only the information
about the fitness values of the individuals in the population.
This differs from many optimization methods requiring the de-
rivation information or the complete knowledge of the problem
structure and parameter. Compared with the GA, the PSO has
memory so that the information of good solutions is retained
by all individuals. Furthermore, it has constructive coopera-
tion between individuals, individuals in the population share
information between them. In this paper, a PSO-based method
is proposed to find a fuzzy system with an appropriate num-
ber of fuzzy rules and have a small mean squared error for the
identified system. In the PSO-based method, each individual
is represented to determine a fuzzy system. The individual is
used to partition the input space so that the rule number and
the premise part of the generated fuzzy system are determined.
Subsequently, the recursive least-squares algorithm is applied
to determine the parameters of the consequent part of the corre-
sponding fuzzy system. A set of individuals, P, called popula-
tion, is expressed in the following:

p][n &
p, L &
P= = (14)
P, L, 8,
L] | g, |

In order to evolutionarily determine the parameters of the
fuzzy system, the individual p, contains two parameter vec-
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tors: r, and g, Thatis, p, = [rhg /.

The parameter vector r, =/rirh... ‘7 .1 ] consists of
the premise parameters of the candidate fuzzy rules, where
B is a user-defined positive integer to decide the maximum
number of fuzzy rules in the rule base generated by the indi-

vidual p . Here, r, = [r . r Vb]IS the parameter vector
to determine the membership funcflons of the j-th fuzzy rule,

where .m/, = [m:‘/“])ﬂfﬂ?) ”,.3).] is the parameter vector to
determine the membership Tunction for the i-th input variable.

The parameter vector g,= [gf’gé’..,gf .gh] s used to select

the fuzzy rules from the candidate rules r, =/ r] r,. ¥ rB ]
so that the fuzzy rule base is generated. ghef01 ] dec1des
whether the j-th candidate rule r is added to the rule base
of the generated fuzzy system or not If g >0.5 then the
j-th candidate rule l_’, is added to the rule base. Consequently,
the total number of g”(j=12,..,B) whose value is greater
than or equal to 0.5 is the number of fuzzy rules in the gener-
ated rule base. In order to generate the rule base, the index j
of gt.’ (j=12,..,B)whose value is greater than or equal to
0.5 is defined as 1" €{1,2,..,B},r=1,2,...,r, where r, Tepre-
sents the number of the fuzzy rules in the generated rule base.
{ r/;; r/;; e r/;; e r/;, } generates the premise part of the fuzzy
rule base generated by the individual p, = =/ r8, ]. Conse-
quently, the rule base of the generated fuzzy system is described
as follows:

r-th rule:

If x,is AZ,I and X, is Aﬁ;,z and...and X, is Aﬁ;, oo

: h h ’ h
Thenyis y, =a., +a.x, +...+a,, X,

r=12,..n
where AI”, ,i=1,2,..., M, are the fuzzy sets of the generated r-th
fuzzy rule. The membershlp function associated with the fuzzy

set A,hi is described as follows:

b V],
n(ﬁ.,z)
(n/ ', nf, (15)

Fpi My My ) N
h
exp-| —x‘ 7”41”"1' I/x >nf.
‘ nl i
[e4%)]

Consequently, the individual P, determines the premise
part of the generated fuzzy system. Subsequently, the recursive
least-squares method is applied to determine the parameters in
the consequent part of the generated fuzzy system. According
to the above description, each individual corresponds to a fuzzy
system. In order to construct a fuzzy system which has a low
number of fuzzy rules and a small mean-squared error simulta-
neously, the fitness function is defined as follows:

Ju=Jit(p,) =g(p,)2,(p,) 16)

where f, is the fitness value of the individual P, 8 ( P, ) and
g, ( P, ), are defined respectively as follows:

Z(” _«"f,,

&i(p,)=exp ———— (17)
(o2

e

and

&(p,)= exv[ r—”] (18)
- (o3

Here, o, and o, are user-defined constants for the fitness
function. Consequently, the fitness function will guide the in-
dividual to find a fuzzy system with a low number of rules and
a small mean-squared error. In this way, as the fitness function
value increases as much as possible based on the guidance of
the proposed fitness function, the fuzzy system corresponding
to the individual will satisfy the desired objective as well as
possible. That is, the selected fuzzy system has a low number
of rules and a small mean-squared error simultaneously. Subse-
quently, a PSO-based method is proposed to find an appropriate
individual so that the corresponding fuzzy system has the desi-
red performance. The procedure is described as follows:

5. Numerical examples

5.1. The Proposed PM Method

From a numerical example with the following condi-
tions: Weibull (B = 10, 6 = 100), C = 10,000, C, = 50,000,
C,=5,000,000,a =1, b= 0.001 and R* = 0.6.

In order to illustrate the usefulness of the proposed method,
two identification problems of nonlinear systems are discussed
here. Example: Approaching a fifth-order polynomial in this
example, we use the proposed method to approximate a func-
tion with a fifth-order polynomial as follows B. Kosko(1997),
C.C. Wong and C.C. Chen,(2000):

y=3xB(x -g )(x ~0.7*I'N")(x, +0.7t)(x, +1.88/r,) (19)

A total of 100 training input-output pairs and 100 check-
ing input-output pairs are sampled uniformly from the input
ranges [-2,2] and [-1.95,1.95], respectively. Following the pro-
posed method, the simulation result is shown in Fig. 1, where
the initial conditions for the proposed method in Example 1
are given in the following: The number of individuals: L = 100
, the maximum number of rules: B = 20 , the number of gen-
erations: K=100, the range of m’,,,,,j€{1,2,..,20}:[-2,2]
, the range of m',,,j€{1,2,..,20}:7/0.01,2] , the
range of m”m,j €{1,2,..,20}:/0.01,2], the constants
for the fitness function: {J,}={0.15} and the con-
stants for the PSO: {y/,cl,cz,d],d +={1,1,1,0.75,0.75}. We
can obtain the optimal solution of N* = 18, »* = 60.895,
T =h*N* = 1096, and C(h*,N*) = 5241 for the case of no reli-
ability limit; N,= 18, h, = 48.769, T = h N, = 878, and C(hR,NR)
= 5961 for the case of having reliability limit.

The effects of Cpmand C as well as of parameters a and b
for the proposed models are shown in Tables 1 and 2.

5.2. The experiments from a Monte Carlo simulation

The length of the experiment (7) is 150 units of time. The
PM interval, 4, is 5 units of time. So, a total of 30 PM activities
have been simulated. The input values of parameters are set to
be: 8 =10; Cpm: 10,000; CpfS,OO0,000; a=1;b=0.01. The
limits of computation error are set to be 5*10° and 20 for the
maximum iteration. The inter-failure times generated from the
Monte Carlo simulation are then used to calculate the estimates
of parameters by employing the proposed method. The esti-
mates of parameters are obtained for f = 1.5, 2, and 2.5 as can
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Tab. 1. The effect of Cpm and C_ for the proposed models

ConCop = 0.5 ‘ Con/Co ‘ ConlCo C,n = 10000
Cpy = 50000 Coml/ Conr Com/Cop=0.5 | Cod Coe
Contraint No |Reliab. | No |Reliab.| No |Reliab.| No |[Reliab.| No |Reliab.| No | Reliab.
limit limit limit limit limit limit limit limit limit limit limit limit
L hg 62.13 | 52.35 | 71.00 | 58.99 | 91.69 | 75.46 | 76.66 | 48.77 | 66.74 | 48.77 | 56.82 | 48.77
N Np 19 18 19 18 17 15 18 18 18 18 18 18
T=h"N" T=Nghp | 1181 942 1349 1062 1559 1132 1380 878 1201 878 1023 878
C(//z*,N*) C(hg,Nr) | 5130 5829 5601 6385 9267 | 10715 | 4163 5897 4782 5918 5617 6032
Ry R 0.009 0.6 0.007 0.6 0.002 0.6 |3.6E-21| 0.6 7.8E-6 0.6 0.095 0.6
Tab. 2. The effect of parameters a and b for the proposed models
a=1 a=10 a=100 a=1
b =0.001 b=0.0001 b =0.001 b=0.1
Contraint No |Reliab.| No |Reliab.| No |Reliab.| No |Reliab.| No [Reliab.| No [ Reliab.
limit limit limit limit limit | limit | limit limit limit limit limit limit
h hg 60.90 | 48.77 | 58.57 | 49.77 | 57.21 | 49.55 | 56.78 | 50.62 | 60.90 | 48.77 | 58.44 | 43.00
N Nz 18 18 23 22 35 34 54 53 18 18 3 3
T=h"N" T=Nphgr | 1096 878 1347 1095 2002 1685 3066 2683 1096 878 175 129
C(h*,N*) C(hg Np) | 5241 5961 4306 4827 2963 | 3227 | 2004 2119 5241 5961 | 31817 | 39113
Ry R 0.009 0.6 0.018 0.6 0.059 0.6 0.147 0.6 0.009 0.6 1.7E-5 0.6
be seen in Table 2. The estimates are close to the input values fied system.

and show small deviation for all parameters.

The accuracy and precision of the estimates of parameters
are also investigated for f = 1.5, 2, and 2.5. For each case of f,
twenty sets of 3, 6, G,and b are not affected by the changing
of . However, from Table 1, it can be seen that the coefficients

of variation ﬁ”), é, 4,and b are decreased when p is increased.
It is also found that the variation of the estimates is in the fol-

lowing order (from small to large) g, 6, &, and p for each p.
On the other hand, for different £ values, it is noticed that the
smaller the f, the larger the variation of estimates. In Table 2,
it is found that the larger the f, the more number of ﬁ are fall
into the range of S+ 5%.

6. Conclusions

From this research, two major results are obtained: (1) the
periodic preventive maintenance policies over an infinite time
span for repairable systems with age reduction after performing
an imperfect PM activity; (2) the estimates of parameters for
the failure distribution and the restoration effect of the proposed
PM model. In the proposed PM model, the optimal PM interval
and the optimal replacement time are obtained by minimizing
the objective functions of the cost rate through the algorithms
provided by this research.

A PSO-based method is proposed to construct a fuzzy sys-
tem direct from some gathered input-output data of the identi-
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Krzysztof KUJAN

STYCZNEJ OCENIE PROCESU

STATISTICAL EVALUATION OF A PROCESS

W artykule przedstawiono analize metod wyznaczania liczebnosci probki jednostek wyrobow wymaganych do sta-
tystycznej oceny procesu obrobki. Omowiono metody ustalania liczebnosci probki oparte na pojeciu zmiennej stan-
daryzowanej, na wartosci krytycznej statystyki t- Studenta i na analizie graficznej wartosci krytycznych statystyki t.
Dodatkowo przeprowadzono praktyczng weryfikacje analizowanych metod uwzgledniajqc w badaniach oceng wartosci
Sredniej i oszacowanie odchylenia standardowego odchytek geometrycznych. Wyniki analiz i badan przedstawiono
w postaci graficznej i tabelarycznej.

Stowa kluczowe: proces, odchytka geometryczna, rozktad odchyltek, liczebnosc probki.

The article presents an analysis of the methods of determining the size of a sample of product units required for the
statistical evaluation of the process of machining. Discussed are sample size determination methods based on the
concept of standardized variable, the critical value of Student s t-statistic, and the graphic analysis of critical values
of the t statistic. Additionally, a practical verification of the analyzed methods was conducted, taking into account the
estimate of the mean value and the estimation of the standard value of geometric deviations. The results of the analyses

WYZNACZANIE LICZEBNOSCI POMIAROW ODCHYLEK GEOMETRYCZNYCH W STATY-

DETERMINATION OF THE NUMBER OF GEOMETRIC DEVIATION MEASUREMENTS IN

are presented graphically and in tabular form.

Keywords: process, geometric deviation, distribution of deviations, sample size.

Liczebno$¢ pomiarow okreslana w literaturze statystycznej
jako liczebno$¢ probki [4] ma istotny wptyw na wyniki badan
procesow stochastycznych, a wigc rowniez na wyniki staty-
stycznej oceny jakosci czy wydolnosci procesu technologicz-
nego [1].

Statystyczna ocena jako$ci wyrobow lub procesow opiera
si¢ na badaniach probek jednostek wyrobow pobieranych z par-
tii wyrobow. Pobieranie probki do badan statystycznych jest
pewna procedurg obejmujacg ustalenie minimalnej liczebnosci
jednostek probki oraz wykorzystanie okreslonego sposobu jej
pobierania. Przyjety sposob pobierania jednostek do badan [2]
powinien uwzglednia¢ charakterystyczne wlasciwosci procesu
technologicznego, aby pobrana probka mogta by¢ reprezenta-
tywna dla ocenianej partii jednostek. Sposob pobierania jedno-
stek do badan moze by¢ powiazany z liczebnoscig pobieranej
probki.

Liczebno$¢ probki wyrobow zalezy od przyjetych staty-
stycznych granic dopuszczalnej zmienno$ci kontrolowanej
cechy wyrobu lub zadanego poziomu istotnosci badan staty-
stycznych. W badaniach parametrow statystycznych proce-
sOW, poprawne oszacowanie liczebnosci probki ma istotne
znaczenie, poniewaz decyduje o wiarygodnosci i skuteczno$ci
oceny procesu. W przypadku uzyskania niepewnego rezultatu
z powodu niewlasciwie dobranej liczebnosci probki czgsto nie
ma mozliwo$ci powtdrzenia badania. W odniesieniu do badan
procesow technologicznych w toku i oceny jakoS$ci procesu na
podstawie rozktadu odchylek geometrycznych, reprezentatyw-
ng liczebnos¢ probki jednostek pobieranych do badan, w za-
leznosci od pozadanego poziomu istotnosci, mozna oszacowac
wykorzystujac:

- pojecie zmiennej standaryzowanej rozktadu normalnego,

- pojecie zmiennej ¢ rozktadu ¢-Studenta,

- analizg wartosci krytycznej k,  rozkladu 7-Studenta.

Number of measurements, referred to in the statistical lite-
rature as sample size [4], has a significant impact on the results
of analyses of stochastic processes, and, by the same token, on
the results of statistical evaluation of the quality or efficiency of
a technological process [1].

Statistical evaluation of the quality of products or processes
is based on the analysis of samples of product units taken from
a batch of products. Taking a sample for statistical analysis is a
procedure that involves determination of the minimum number
of sample units and using a specified sampling technique. The
adopted sampling technique [2] should take into account the
characteristic properties of a technological process, so that the
sample taken can be representative of the entire batch of units
that are being evaluated. The manner of sampling may be rela-
ted to the size of the sample being taken.

The size of a sample of products depends on the adopted
statistical limits of allowable variation of the inspected product
characteristic or the given level of significance of the statistical
analysis. In analyses of statistical parameters of processes, cor-
rect evaluation of sample size is important since it determines
the reliability and effectiveness of process evaluation. When an
unreliable result is obtained because of an improperly selec-
ted sample size, there is often no possibility of repeating the
analysis. In analyses of technological processes in progress and
in evaluation of the quality of a process on the basis of the di-
stribution of geometric deviations, the representative size of a
sample of units taken for analyses can be estimated, dependent
on the desired level of significance, using

- the concept of standardized normal distribution variable ,

- the concept of variable ¢ of the Student’s #-distribution,

- an analysis of the critical value &, y of the Student’s ¢-

distribution.
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1. Wyznaczenie liczebnosci pomiardw w oparciu o pojecie
zmiennej standaryzowanej rozktad normalnego

W celu wyznaczenia liczebnoéci pomiaréw odchytek geo-
metrycznych niezbednych do oceny procesu technologiczne-
go mozna skorzysta¢ z ogolnie znanego w statystyce pojgcia
zmiennej losowej standaryzowanej u . Warto$¢ zmiennej loso-
wej standaryzowanej u dla rozktadu odchylek geometrycznych
procesu obrobki skrawaniem mozna ustali¢ na podstawie war-
tosci $rednich X, z pomiaréw probek o liczebnosci 7 1 odchy-
leniu standardowym o, [5]. Matematycznie posta¢ zmiennej
losowej standaryzowanej moze by¢ wyrazona zalezno$cia

u, =M\/; )

G(X)

Aby umozliwi¢ wykorzystanie powyzszej zaleznosci do
oszacowania liczebnosci n probki nalezy warto$ci $rednie x,
i x; sprowadzi¢ do warto$ci wzglednych z, i z, wyrazonych
w jednostkach odchylenia standardowego. W tym celu mozna
wykorzysta¢ zwiagzek pomiedzy akceptowalna zmiennoscig od-
chytkix i warto$cig $rednig rys. 1.

Xy, =Xy —Z, OMAZ X =X,. —Z )
Po wykonaniu postawienia i przeksztatceniach otrzymany

2
1)

n=—t “)

2
2 2
Oy Orx)

Jezeli przyjmiemy nastgpujace oznaczenia

Z, 4
z(oy)=— oraz z(a)=—" 3)
G( x) (x)
to po podstawieniu do wzoru (4) otrzymamy zalezno$¢ umozli-
wiajacg szacowanie minimalnej liczebnosci probki

2
u

e — (6)
[z (0’1 ) - z(a2 )J

Wyznaczajac liczebno$¢ probki nalezy ustalic wartosé
oczekiwang u, zmiennej standaryzowanej rozkladu odchytek
geometrycznych, aby zapewni¢ ocen¢ wybranego parametru
rozktadu odchylek na zadanym poziomie istotnosci a=1-P,
Przyjg¢cie poziomu istotnosci a=0,0002 oceny rozkladu od-
chylek jest rownoznaczne prawdopodobienstwu P = 0,9998
przedziatu ufnosci dla zmiennej u =3,5 [5]. Po podstawieniu
wartosci u,=3,5 do wzoru (6), ostateczny wzor umozliwiajacy

1. Determination of the number of measurements on the
basis of the concept of standardized normal distribution
variable

To determine the number of geometric deviation measure-
ments indispensable for the estimation of a technological pro-
cess, one can use the concept, commonly known in statistics, of
standardized random variable u . The value of the standardized
random variable u_ for the distribution of geometric deviations
of the machining process can be established on the basis of
mean values X, from measurements of samples of size n and
standard deviation o, [5]. The standardized random variable

&
can be expressed mathematically by the relation

xz_fl\/; (1

(x)

u, =

For the above relation to be used for the estimation of sam-
ple size n, the mean values X, and X, have to be converted to
relative values z, and z,, expressed in units of standard devia-
tion. For that purpose, the relation between the acceptable va-
riation of deviation x, _and the mean value can be used Fig. 1.

X, =X,,—2, and X, =x, -z (@)

After substitution and transformation we get

2
1)

n=———"—— )
2 2
Oy Orx)

If the following notations are adopted

z(a2)=:—2 and z(o:l)=o_z1 %)
(x) (x)

then, after substitution into formula (4), we receive a relation
which makes possible estimation of the minimum sample size
2
u
e — 6)
[2(@)-2(a)]

When determining sample size, the expected value u, of the
standardized variable of the distribution of geometric deviations
needs to be established to ensure estimation of the selected de-
viation distribution parameter at the given level of significance
a=1-P, Assumption of the level of significance for the estima-
tion of the distribution of deviations at a=0.0002 is equivalent
to probability P, = 0.9996 of the confidence interval for variable
u,=3.5 [5]. After substituting value u =3.5 into formula (6), the

sample size

n-

Expected distribu- =
i 7z , N i
tion of deviations 4 1 NG Distribution of
. \ -
/P 1 \ > deviations for process
/ \
i | ‘
7 : i \. Distribution of deviations for
/ / o \ \ process Py
7 i i \
Za i N -
p— i i ———
. T
s _ i x
X bl Z1
»
X i z
> >
Xima

Rys. 1. Przedzialy ufnosci rozkladu odchylek dla jednostronnego ograniczenia

Fig. 1. One-sided confidence intervals for distribution of deviations

36 EkspLoaTACJA | NIEZAWODNOSC NR 4/2008




SCIENCE AND TECHNOLOGY

oszacowanie liczebnosci probki bedzie miat postaé

12,2
po_ 1225 o

2
[2(@)-z2(a)]

Oszacowana przy pomocy wzoru (7) minimalna liczebnosé
proby zalezy od tego czy do oceny rozktadu odchytek przy-
jeto jednostronne ograniczeniem kontrolowanej odchytki, czy
z dwustronne (kryterium kwalifikacyjne) [4]. Jezeli dla jed-
nostronnego ograniczenia zmiennos$ci rys. 1. przyjmiemy za-
lozenie, ze oczekiwana warto$¢ parametru rozktadu odchytek
powinna by¢ na poziomie a,=0,005 i akceptowana na poziomie
a,< 0,02, to dla tych zatozen wartosci dystrybuanty [5] rozkta-
du beda odpowiednio rowne

P=1-®(e,)=0995 P, =1-d(a,)=098 (8)

Wyznaczonym warto$ciom dystrybuanty odpowiadajg [5]
z(a,)=2,58 i z(a,)=2,06. Minimalna liczebnos¢ prébki w tych
warunkach bedzie réwna zgodnie ze wzorem (7) n=45 jedno-
stek wyrobu.

W przypadku dwustronnego ograniczenia rozktadu odchy-
ek rys.2., szczegdlnie istotnego w kontroli procesow obrobki
elementéw maszyn, poziomy ufnosci rozktadu odchytek mozna
wyznaczy¢ na podstawie wzoréw

P, =1-29(0,5¢, )=0,9975
P, =1-2®(0,5¢, )= 0,99 Q)

Korzystajac z dystrybuanty rozktadu normalnego wy-
znaczonym poziomom ufnosci odpowiadaja odpowiednio
z(a,)=2,81 i z(a,)=2,33. Minimalna liczebno$¢ probki przy
dwustronnym ograniczeniu wlasciwosci wyniesie zgodnie ze
wzorem (7) n=353.

W praktyce, wyznaczanie minimalnej liczebnosci w opar-
ciu o pojecie zmiennej standaryzowanej rozktadu normalnego
mozna odnie$¢ do zmienno$ci rozktadu odchytek. Przyjmujac,
ze przedzial zmiennosci rozktadu odchytek dla procesu ustabi-
lizowanego jest rowny

Iy =2u,0,, (10

a zmienno$¢ rozktadu powodowana zmiennoscig wartosci sred-
niej lub odchylenia standardowego rozktadu odchytek spelnia
warunek

z(ey)—z(a, )< 0,5kT 1
to dla przyjetych zatozen wzoér (6) mozna sprowadzi¢ do po-
staci

u

= 12
" [0,5k1,] (2

Expected distribu-
tion of deviations

sample size

n

u

final formula for calculating sample size will have the form

12,2
po_ 1225 o

2
[2(@)-z2(a)]

The minimum sample size, calculated using formula (7) de-
pends on whether a one-sided or a two-sided limit of the inspec-
ted deviation was assumed for the estimation of the distribution
of deviations (a qualification criterion) [4]. If, for a one-sided
variation limit Fig. 1., we assume that the expected value of
the deviation distribution parameter should be at the level of
a,=0.005 and is accepted at the level of a,< 0.02, then the va-
lues of the distribution function [5] for those assumptions will
be, respectively,

P=1-®(e,)=0995 P, =1-d(a,)=098 (8)

The calculated values of the distribution function [5] corre-
spond to z(a )=2.58 and z(a,)=2.06. The minimum sample size
under those conditions will be, in accordance with formula (7),
n=45 product units.

In the case of a two-sided limit of the distribution of deviations
Fig.2., which is particularly important in the control of the proces-
ses of machining of parts, the levels of confidence for the distribu-
tion of deviations can be determined on the basis of formulas

P, =1-29(0,5¢, )=0,9975
P, =1-2®(0,5¢, )= 0,99 ®

When the normal distribution function is used, the de-
termined levels of confidence correspond to z(a,)=2.8/ and
z(a,)=2.33, respectively. The minimum sample size for two-si-
ded limitation of properties will be, in accordance with formula
(7), n=353.

In practice, determination of the minimum sample size
using the concept of standardized normal distribution variable
can be related to variation of the distribution of deviations. As-
suming that the variation interval of the distribution of devia-
tions for a stabilized process equals

Iy =2u,0,, (10

and the distribution variation caused by the variation of the
mean value or the standard deviation of the distribution of de-
viations satisfies condition

2(a,) ~=(a, ) < O0,5KT, (1)

then, for the adopted assumptions, formula (6) can be re-written
in the form

u
= 12
" [0,5k1,] (12

Distribution of
deviations for process
Distribution of
s [ deviations for vrocess

=

23 .

Rys. 2. Przedzialy ufnosci rozkladu odchylek dla dwustronnego ograniczenia

Fig. 2. Two-sided confidence intervals for distribution of deviations
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Korzystajac powyzszego wzoru przeprowadzono analizg
liczebno$ci probki w funkcji akceptowanej zmiennosci rozkta-
du odchytek dla réznych poziomoéw ufnosci. Rezultaty analizy
przedstawiono na rys.3.

Using the above formula, an analysis was conducted of
sample size as a function of accepted variation of the distribu-
tion of deviations for different confidence levels. The results of
the analysis are presented in Fig. 3.

—e— 1 = f(kT) —e— Poziomufnosci 1-a dla ua=3 —a— Poziomufnosci 1-a dla ua=3,5
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Rys.3. Liczebnos¢ probki oraz poziomy ufinosci P, = 1- a w funkcji akceptowanej zmiennosci procesu

Fig.3. Sample size and the levels of confidence P = I- o. as a function of the accepted variation of a process

Z przeprowadzonej analizy wynika, ze dla przyjetej zmien-
nej standaryzowanej rozkladu oczekiwanego minimalna liczeb-
nos$¢ probki zalezny tylko od akceptowanej zmiennos$ci rozkta-
du zaobserwowanego.

2. Wyznaczenie liczebno$ci préby w oparciu o pojecie zmien-
nejt
Do wyznaczenia oszacowania minimalne;j liczebno$ci prob-
ki mozna wykorzystac takze pojgcie zmiennej losowej rozktadu
t-Studenta, ktorej posta¢ matematyczna mozna zapisaé

o L ‘4<k (13)
S
Korzystajac z zmiennej ¢ mozna wyznaczy¢ oszacowanie
btedu standardowego $rednich z probek o liczebnosci n, po-
branych z partii jednostek wyrobow o oszacowaniu odchylenia
standardowego S Oszacowanie odchylenia standardowego
$rednich jest rowne [5]

S_ =

(w)

(14)

Korzystajac z oszacowania odchylenia standardowego
$rednich mozna napisac, ze maksymalny rozstgp wartosci §red-
nich procesu [4] z prob o liczebno$ci n bedzie roéwny

Sew)

Przyjmujac zalozenie, ze maksymalny rozstgp wartosci
$rednich z prob powinien by¢ rowny k-tej czgsci tolerancji kon-
strukcyjnej 7 mozna napisac

W, —w, =k

(15)

w, —w, =kT (16)

Uwzgledniajac, ze oszacowanie odchylenia standardowego
rozktadu odchytek geometrycznych procesu powinno spetniaé
warunek

=65,

a7

wtedy
T

a6\/;

kT =k (18)

It follows from the conducted analysis that, for the adopted
standardized variable of expected distribution, sample size de-
pends only on the accepted variation of observed distribution.

2. Determination of sample size based on the concept of
variable t

To determine the estimation of the minimum sample size,
one can also use the concept of the random variable of Student’s
t-distribution, which can be written in a mathematical form as

Ww—

. M<k (13)
Stw)

Using variable 7, one can determine the standard error es-

timator of means from samples of size n taken from a batch

of product units with a standard deviation estimator S . The
standard deviation estimator of means equals [5]
S
S =2 (14)

(w)

Using the standard deviation estimator of means, it can be
written that the maximum range of mean values of a process [4]
from samples of size n equals

Sew)
Adopting the assumption that the maximum range of mean

values from samples should be equal to the k-4 part of struc-
tural tolerance 7, it can be written that

=kT

W, —w, =k

(15)

W, — W, (16)

Taking into account that the standard deviation estimator
of the distribution of geometric deviations of a process should
satisfy condition

=65,

a7

then
T

a6\/;

kT =k (18)
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Przeksztalcajac wzor (18) mozna wyznaczy¢ minimalng
liczebno$¢ proby na okreSlonym poziomie ufnoéci P . Na po-
ziomie ufnosci P =0,98 i P =0,95 minimalng liczebnos$¢ proby
mozna wyznaczy¢ ze wzorow odpowiednio

n=210 g0 p =0,08 _olil
i i

(19)

Na podstawie powyzszych zalezno$ci wyznaczono kry-
tyczne liczebnosci proby n w funkcji £ wspotczynnika maksy-
malnego rozstepu warto$ci $rednich. Wyniki obliczen przedsta-
wiono narys. 4.

—e—Liczebnosé dla Pa=0,98

400

By re-writing formula (18), we can determine the minimum
sample size at a given level of confidence P . At the levels of
confidence of P =0.98 and P =0.95, the minimum sample size
can be determined from the respective formulas

n:_oklsl for P.=0,98 S ol

On the basis of the above relations, critical sample sizes n
were determined as a function of &, the coefficient of the maxi-
mum range of mean values. The results of the calculations are
presented in Fig.4.

—e— Liczebnosc dla Pa=0,95
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Rys. 4. Liczebnos¢ probki dla pozioméw ufnosci P,=0,98 i P =0,95 w funkcji akceptowanej zmiennosci procesu

Fig. 4. Sample size for confidence levels P =0.98 and P =0.95 as a function of the accepted variation of a process

3. Wyznaczenie liczebnosci proby w oparciu o analize wartosci
krytycznej zmiennej t rozktadu t-Studenta

Oszacowanie liczebnosci proby mozna wykona¢ w oparciu
o analiz¢ warto$ci krytycznej parametru ¢ rozkladu #-Studenta.
Warto$ci krytyczne parametru ¢+ mozna znalez¢é w literaturze
[5] w postaci stabelaryzowanych wartosci liczbowych. Analiza
warto$ci w postaci liczb zestawionych w tabeli jest niewygodna
i trudno w ten sposob ustali¢ oszacowanie optymalnej liczeb-
no$ci proby. Znaczenie wygodniej jest analizowa¢ warto$ci
krytyczne parametru ¢ jezeli zostang przedstawione w sposob
graficzny.

Na rys.5. przedstawiono w sposob graficzny charaktery-
styki warto$ci krytycznych k, , parametru ¢ w funkcji liczby
stopni swobody f = n-1 dla trzech poziomdw istotnosci a. Na
podstawie przebiegu charakterystyk wartosci krytycznych k
mozna ustali¢ oszacowanie liczebnosci proby. Jako oszacowa-

3. Determination of sample size based on the analysis of the
critical value of variable t of Student’s t-distribution

Sample size can be determined by analyzing the critical
value of parameter ¢ of Student’s ¢-distribution. Critical values
of parameter ¢ can be found in the literature [5] in the form of
tabulated numerical values. Analysis of values in the form of
tabulated numbers is inconvenient, and it is difficult to deter-
mine the estimation of the optimum sample size in that way. It
is considerably more convenient to analyze critical values of
parameter ¢ if they are represented graphically.

Fig.5. is a graphical representation of the characteristics
of critical values k Jof parameter ¢ as a function of the number
of degrees of freedom f = n-1 for three levels of significance
a. Based on the curves of critical values kaf, one can determi-
ne the estimation of sample size. The estimation of the mini-
mum sample size is assumed to be such a number » beginning

a=002 a=005 a=01

50

I
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i
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Rys. 5. Wartosci krytyczne k, (parametru t w funkcji liczebnosci probki

Fig. 5. Critical values kw

of parameter t as a function of sample size
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nie minimalnej liczebnosci probki nalezy przyjac taka liczbe n
od ktorej przebieg charakterystyki jest prawie rownolegly do
osi n. Dla poziomu istotnosci a=0,02 prawie rownolegty prze-
bieg zaczyna si¢ od n=45+50, a dla a=0,05 od n=30+35 i dla
a=0,1 od n=25+30.

4. Ocenawplywu liczebnos$ci proby na podstawowe parametry
statystyczne rozktadu odchytek

Przedstawiona analiza zagadnienia dowodzi, ze istnicje
minimalna liczebno$¢ probki, ktora moze zapewni¢ poprawne
oszacowanie parametréw rozkladu odchylek geometrycznych
dla okreslonego poziomu ufnosci. Omawiane metody szacowa-
nia liczebno$ci probki nie dajg jednoznacznych wartosci licz-
bowych, aczkolwiek dajg wartosci zblizone. Nalezy zaznaczy¢,
ze wybor metody wyznaczania minimalnej liczebnos$ci probki
zalezy od celu jaki w wyniku badania statystycznego powinien
by¢ osiagnicty.

Wyznaczanie liczebno$ci probki w oparciu o pojecie
zmiennej standaryzowanej zapewnia najwyzsze liczebno$ci
probek i z tego wzgledu powinno by¢ stosowane w badaniach
odbiorczych, ktorych celem jest skuteczno$é jakosciowej oce-
ny partii wyrobow.

Liczebno$¢ probki wyznaczona w oparciu poj¢cie zmiennej
t rozktadu #-Studenta zapewnia rowniez dobre oszacowanie pa-
rametrow rozktadu odchylek geometrycznych.

Metoda wyznaczenia liczebnosci probki oparta na analizie
wartosci krytycznej parametru ¢ rozktadu z-Studenta zapewnia
najmniejsza liczebnos$¢ probki, dlatego nie powinna by¢ stoso-
wana w przypadkach, gdzie jest wymagana wysoka skuteczno$é
oceny. Z przeprowadzonych badan w tym zakresie wynika, ze
mozna korzysta¢ z tej metody przy monitorowaniu parametrow
rozktadu statystycznego odchylek geometrycznych procesu na
podstawie kontroli frakcji jednostek.

Poréwnanie wplywu liczebnosci probki » na warto$ci
podstawowych parametrow rozkladu odchylek geometrycz-
nych procesu zestawiono w tabeli 1. W kolumnie 2 zestawio-
no warto$ci $rednie zaobserwowanych odchytek wymiaru £
od warto$ci nominalnej d,, (kolumna 1) dla trzech kolejnych
cykli badania procesu wyznaczone dla wszystkich jednostek
obrobionych powierzchni w danym cyklu. W kolumnie 3 ze-
stawiono wartosci $rednie zaobserwowanej odchytki wymiaru
dla tych samych warunkow ale dla probek o liczebnosci n=62.
Takag liczebnos¢ zapewnia metoda oparta na pojeciu zmiennej
standaryzowanej rozktadu normalnego przy zmiennosci proce-
surownej ok. 0,067 rys.3, lub metoda oparta na pojeciu zmien-
nej ¢t przy zmiennosci procesu ok. 0,047 i poziomie istotnosci
a=0,05 rys.4. W kolumnie 4 zestawiono wartosci $rednie zaob-
serwowanych odchytek wymiaru dla trzech probek o liczebno-
$ci n=31 jednostek wyznaczone w oparciu o analiz¢ warto$ci
krytycznych parametru ¢ rys.5. W kolumnie 5 zawiera warto-
$ci odchylenia standardowego dla wszystkich jednostek serii
a w kolumnie 7 i 8 odpowiadajace im oszacowania odchyle-
nia standardowego wyznaczone dla probek o liczebnosci n=62
i n=31 jednostek.

Analiza i wyniki przeprowadzonych badan jak rowniez re-
zultaty badan powtarzalnosci rozktadu odchylek zawarte w pra-
cy [3] dowodza, Zze omawiane metody zapewniajg bardzo dobra
skuteczno$¢ wyznaczania wartosci $redniej z probek o wyzna-
czonej liczebnosci. Réznica w oszacowaniu wartosci $redniej
z probek w odniesieniu do wartoSci §redniej z populacji nie

from which the curve is almost parallel to the axis n. For the
level of significance a=0.02, an almost parallel curve begins
from n=45+50, for a=0.05 from n=30+35, and for a=0.1 from
n=25+30.

4. Assessment of the effect of sample size on basic statistical
parameters of distribution of deviations

The presented analysis of the issue proves that there exists
a minimum sample size, which can ensure correct estimation
of the parameters of distribution of geometric deviations for a
specified level of confidence. The discussed methods of estima-
ting sample size do not give unequivocal numerical values yet
they provide approximate values. It must be pointed out that
the choice of a method for determining the minimum sample
size depends on the goal that a statistical analysis is aiming to
achieve.

Determination of sample size using the concept of standar-
dized variable ensures the largest sample sizes and for that re-
ason should be used in acceptance tests, which aim at effective
assessment of the quality of a batch of products.

Sample sizes determined based on the concept of variable
t of Student’s #-distribution also ensure good estimation of the
distribution parameters of geometric deviations.

The method of determining sample size based on the analy-
sis of the critical value of parameter ¢ of Student’s ¢-distribution
provides the smallest sample sizes, which is why it should not
be used in cases where high effectiveness of assessment is re-
quired. It follows from the research conducted in this regard
that this method can be used in monitoring the statistical distri-
bution parameters of geometric deviations of a process on the
basis of the control of unit fractions.

A comparison of the effect of sample size n on the values
of basic distribution parameters of geometric deviations of a
process is presented in Table 1. Column 2 shows mean values
of the observed dimension deviations £ from the nominal va-
lue d,, (column 1) for three successive process testing cycles,
determined for all units of machined surfaces in a given cycle.
In column 3, mean values of the observed dimension deviation
have been tabulated for the same conditions, but for samples
of size n=62. This size is provided by the method based on the
standardized normal deviation variable for process variation of
ca. 0.06T Fig.3, or the variable ¢ method for process variation
of ca. 0.04T and the level of significance a=0.05 Fig.4. Column
4 presents mean values of observed dimension deviations for
three samples of size n=31 of units determined based on the
analysis of the critical values of parameter ¢ Fig.5. Column 5
contains standard deviation values for all units of the series,
and columns 7 and 8, the corresponding estimators of standard
deviation determined for samples of n=62 and n=31 units.

The analysis and the results of the conducted studies as well
as the findings of the investigations of repeatability of devia-
tion distribution included in article [3] demonstrate that the
methods discussed ensure very good effectiveness of determi-
ning mean value from samples of defined size. The difference
in estimation between the sample mean value compared to the
population mean value does not exceed 0.9%. With regard to
the estimation of standard deviation, the effectiveness of the
discussed methods is sufficient. The difference between the es-
timation values of sample standard deviation compared to po-
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Tab. 1. Zestawienie wyznaczonych parametréw statystycznych rozktadu odchytek wymiaru £ procesu dla réznych liczebnosci n

prébek

Tab. 1. A collation of the determined statistical parameters of the distribution of dimension deviations E  of a process for diffe-

rent sample sizes n

d,/ nr prébki Wartos¢ Srednia E, S
d,/ sample no. Mean value E, iew (Ew)
Llczep nosc n n=62 n=31 n n n=62 n=31
S,ze max max max

89,54/1 0,076 | 0,074 0,075 0,032 | 0,032 | 0,034 | 0,032
89,54/2 0,076 | 0,077 0,076 0,032 | 0,032 | 0,036 | 0,036
89,54/3 0,076 | 0,077 0,075 0,032 | 0,032 | 0,035 | 0,034
1/3% 0,076 | 0,076 | 0,07533 | 0,032 | 0,032 | 0,035 | 0,034

przekracza 0,9%. W odniesieniu do oszacowania odchylenia
standardowego skutecznos¢ omawianych metod jest dostatecz-
na. Réznica wartosci oszacowania odchylenia standardowego
z probek w odniesieniu do odchylenia standardowego zawiera
si¢ w przedziale (6,25+9,4)%.

Nalezy podkresli¢, ze skuteczno$¢ oszacowania wartosci
parametréw statystycznych rozktadu odchylek geometrycz-
nych zalezy od sposobu pobierania jednostek do badan. Sposob
pobierania jednostek do badan jest szczegdlnie wazny w proce-
sach odpowiadajacych modelom statystycznym typu C i typu
A-C, gdzie warto$¢ $rednia zmienia si¢ w toku procesu. Pro-
cesy obrobki skrawaniem nalezy zaliczy¢ do tego typu proce-
SOW z uwagi na wystgpowanie zuzycia ostrza. Zuzycie ostrza
jest funkcja nieliniowag charakteryzujaca si¢ etapami o réznej
intensywnosci zuzycia. Sposob pobierania jednostek do badan
statystycznych powinien uwzglednia¢ to zjawisko aby rezulta-
ty uzyskane z badania probek o wyznaczonej liczebnos$ci byty
wiarygodne.
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Piotr STASIAK

NOWA KONCEPCJA SAMOCHODOWYCH FOTELIKOW DLA DZIECI ZE WZGLEDU
NA ZASTOSOWANY SYSTEM BEZPIECZENSTWA UCZESTNIKOW RUCHU DROGOWEGO

NEW IDEA OF CHILD CAR SEATACCORDING TO NEW SAFETY SYSTEM
OF PARTICIPANTS OF ROAD TRAFFIC

W artykule zostaly przedstawione zagadnienia dotyczqce budowy samochodowych fotelikow dla dzieci, obecnie do-
stgpne rozwigzania konstrukcyjne oraz metodologie badan, ktora jest podstawq do dopuszczenia fotelika do sprzedazy.
Szczegolng uwage poswiecono kryteriom stuzgcym ocenie systemow bezpieczenstwa zamontowanych w foteliku. Wska-
zano rowniez tendencje pojawiajqce si¢ przy konstruowaniu nowych urzgdzen.

Stowa kluczowe: fotelik dla dzieci, ISOFIX, homologacja, bezpieczenstwo dziecka.

In following article some issues of Child Restraint Systems (CRS) construction were presented, esp. currently available
design solutions and methodology of the research (which is the basis of granting the type approval before introducing
CRS to the market). There were also discussed criteria of evaluating safety systems in CRS. New tendencies of designing
new facilities which have already been introduced were also pointed out.

Keywords: Child Restraint System (CRS), ISOFILX, type approval, child’s safety.

1. Wprowadzenie

Przewozenie dziecka w samochodzie ma szczegdlne znacze-
nie, gdy wezmie si¢ pod uwagg specyfike podrozy najmtodszych
z pasazerow. Wypadek moze spowodowac kierujacy samocho-
dem lub inni uczestnicy ruchu w sposob catkowicie nie§wia-
domy. Mozna sobie wyobrazi¢ sytuacje, w ktorej na samochdd
osobowy najezdza pojazd cigzarowy lub autobus tylko z tego
powodu, ze kierowca nie widziat tegoz samochodu osobowego
z powodu ograniczonego pola widzenia z kabiny kierowcy.

Nalezy réwniez jasno powiedzie¢: kierowca i inni dorosli
pasazerowie samochodu wsiadaja do niego §wiadomie i — za-
zwyczaj — zgodnie z wlasna, nieprzymuszong wolg uczestnicza
w ruchu drogowym, niosacym ze soba ryzyko doznania urazow
lub utraty zycia, dziecko natomiast jest pasazerem biernym.
Nie moze samo decydowac, czy chce znajdowac si¢ w samo-
chodzie, gdy ten jest w ruchu, ani $wiadomie przeciw temu za-
protestowac, tym bardziej w §wiadomy sposob nie jest w stanie
zajac swojego miejsca w sposob, ktory bedzie zgodny z intencja
producenta uzytkowanego fotelika oraz uwzgledniajacy specy-
fike samochodu, w ktorym fotelik ten zostal zamontowany.

Zapewnienie dziecku odpowiednio skutecznego systemu
bezpieczenstwa podczas podrozy zalezy od jego opiekuna.
Opiekun moze bowiem zatem zadba¢ o dobra ochrone dziecka
na kilka sposobow:

1. powinien zapewni¢ stosowanie specjalnych urzadzen

do przewozenia dzieci (co jest wymagane prawem);

2. powinien uzywac wskazanego urzadzenia zgodnie z za-
leceniami producenta;

3. powinien prowadzi¢ pojazd, majac na uwadze, ze bez-
pieczenstwo jego podopiecznego zalezy glownie od de-
cyzji jakie podejmie prowadzac pojazd.

Ze wzgledu na obszerno$¢ przedstawionych wyzej zagad-
nien w niniejszym artykule autor skoncentruje si¢ jedynie na
kwestii konstrukcji urzadzen do przewozenia dzieci, zastoso-
wane bowiem w nich rozwiazania wprost wptywaja na to, czy
podrozujace w nim dziecko bedzie dobrze chronione przed
skutkami wypadku drogowego lub kolizji.

1. Introduction

Child’s car transportation gets special meaning when we
take into consideration specific character of journey of the
youngest passengers. An accident could be caused by a driver
or other participants of traffic — totally unintentionally. One co-
uld imagine a situation when passenger car is crashed by heavy
goods vehicle or a bus. Such crash could be caused for example
when passenger vehicle is placed out of range of visibility in
a bus (or a lorry).

It should be also clarified: a driver and other adults become
passengers basing on their intentional choice and — in most
cases — conscious will of participation in traffic. Traffic which
brings a risk of loss of life or serious injury. Child is a passive
passenger, it cannot decide if it want to be inside a car, it cannot
protest, and — what’s the most important — it is unable to take
proper position in child car seat (CRS), which will be in confor-
mity of intention of CRS and car manufacturer.

Providing a child an effective safety system during journey
depends only on a child’s guardian. A guardian could take care
of child’s safety on several ways:

1. He or she should ensure using a proper CRS (which is

demanded by law);

2. He or she should use a CRS with conformity of demands

of its manufacturer;

3. He or she should be aware that, while driving, the safety

of his / her charge depends mainly on his /her decision
on the road.

Regarding to the fact that issues mentioned above are com-
prehensive, author will focus in this article on a problem of con-
struction of CRS. Solutions used in CRS influence directly the
ability to secure child properly.
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Regulamin EKG ONZ nr 44 ze wzgledu na mase¢ dziecka
wyrdznia 4 grupy fotelikow:

1. grupa 0 (0+) - dla dzieci o masie do 11 kg (13 kg);

2. grupal — dla dzieci o masie od 9 kg do 18 kg;

3. grupa Il — dla dzieci o masie od 15 kg do 25 kg;

4. grupa III — dla dzieci o masie od 22 kg do 36 kg.

W praktyce grupa II i III bazuja na przytrzymaniu dziecka
pasem bezpieczenstwa dla 0sob dorostych. Grupa 0 to tzw. nosi-
detka/kotyski, w ktorych dziecko podrézuje w pozycji lezace;.

Najbardziej interesujaca z punktu widzenia mozliwosci kon-
strukcyjnych jest grupa I. W tych konstrukcjach jest wymagane,
aby dziecko bylo mocowane do fotelika integralnym pasem,
niezaleznym od sposobu zamocowania fotelika w pojezdzie.

2. Definicja wymagan dotyczacych fotelikow

Sytuacja wypadku drogowego jest dla dziecka najbardziej
niekorzystna ze wzgledu na skutki jakie ta sytuacja moze wy-
wolaé. Wszystkie systemy bezpieczenstwa biernego, majace
zmniejszaé¢ cigzko$¢ obrazen doznanych przez pasazerow, sg
zaprojektowane z my$lg o doroslej osobie, jej wzroScie i masie.
Dziecko, gdyby nie fotelik, byloby catkowicie bezbronne. Kon-
figuracja pasa bezpieczenstwa nie odpowiada ani masie dziecka
ani jego wzrostowi, wytrzymato$¢ i sztywno$¢ tasmy pasa jest
zoptymalizowana pod katem dorostego, a zakres dziatania po-
duszek gazowych nie obejmuje przestrzeni, w ktorej znajduje
si¢ dziecko podczas jazdy.

Mimo zastosowania specjalnego urzadzenia, jakim jest fo-
telik samochodowy, dziecko nadal jest narazone na olbrzymie
op6znienia, jakie dzialaja na jego ciato podczas wypadku.

Definicja kryteriow, jakie stosuje si¢ do oceny fotelikow,
znajduje si¢ w Regulaminie EKG ONZ nr 44. Okres$lony jest
w nim tzw. ,.ksztalt krzywej hamowania” (zalezno$¢ opdznie-
nia od czasu), oraz wielko$ci, jakie powinny zostaé zarejestro-
wane przy pomocy manekina badawczego (serii P).

Ogolne kryteria do oceny spetniania wymagan w zakresie
bezpieczenstwa to m.in.:

1. zdolno$¢ utrzymania dziecka w foteliku (badanie pole-

ga za obroceniu fotelika z zamontowanym manekinem
0 360°);

2. wewnetrzne czg$ci fotelika powinny by¢ wykonane
z materialdow zapewniajacych rozpraszanie energii;
maksymalna warto$¢ opdznienia po uderzeniu specjal-
nym impaktorem powinna wynosi¢ nie wigcej niz 60 g
(588,6 m/s?);.

Podczas hamowania stosuje si¢ np. kryteria:

4. opoznienie wypadkowe klatki piersiowej (mierzone
za pomoca przetwornika opdznienia umieszczonego
w klatce piersiowej manekina) nie moze przekroczy¢
55 g2(539,6 m/s?);

5. pionowa sktadowa op6znienia klatki piersiowe;j, skiero-
wana od brzucha do gltowy (kierunek sktadowej pokry-
wa si¢ z osig kregostupa manekina, zwrot jest w kierun-
ku gtowy) nie moze przekroczy¢ 35 g (343,4 m/s?);

6. gltowa manekina uzytego do pomiaru nie moze przemie-
$ci¢ si¢ poza obszar kontrolny (rysunek 1).

7. dodatkowo sprawdza si¢ stopien penetracji jamy brzusz-
nej za pomoca plastelinowej wktadki, umieszczanej
W cze$ci jamy brzusznej manekina.

w

ECE Regulation No. 44 gives 4 groups of CRS (from the
mass of a child):

4. Group 0 (0+) — for children of mass to 11 kg (13 kg);

5. Group I - for children of mass from 9 kg to 18 kg;

6. Group II - for children of mass from 15 kg to 25 kg;

7. Group III - for children of mass from 22 kg to 36 kg.

In practice, group II and III are based on restraining child
by a safety belt for an adult person. Group 0 contains CRS (car-
ry cots) in which child in prone position.

The most interesting (for the reason of possibilities) is gro-
up L. In these constructions of CRS it is required to restrain a
child (in CRS) by an integral belt which is independent from
restraining of CRS in a car.

2. Definition of requirements concerning CRS

A situation of road accident is the most unfavorable for a
child because of effects. All of passive safety systems, which
are to decrease a range of injuries, are designed for a height
and weight of an adult person. A child without CRS would be
completely vulnerable. A configuration of an adult safety belt
doesn’t fit to a child, neither to its height, neither to its weight.
The stiffness and strength of the strap of belt is optimized for an
adult; the work range of airbags doesn’t cover the area where a
child is placed during a journey.

Despite using a special device, which CRS is, a child is still
endangered to huge decelerations acting during an accident.

Definitions of requirements used during marking CRS are
placed in ECE Regulation No. 44. The Regulation defines the
shape of “deceleration curve” (deceleration-time dependence)
and parameters which should be registered on crash test dummy
(P-series).

General criteria of safety system in CRS are:

1. Ability of CRS to restrain a child inside CRS (full rota-

tion of CRS with a dummy);

2. Inner parts of CRS should be made from materials ensu-
ring appropriate level of energy dissipation (maximum
value of deceleration after using special impactor sho-
uld be no more than 60 g [588,6 m/s?]);

During deceleration are used criteria of:

4. Resultant deceleration of chest of a dummy (measured
by deceleration transducer) mustn’t exceed 55 g (539,6
m/s?);

5. Perpendicular component of chest decoration from the
stomach to the head mustn’t exceed 35 g (343,4 m/s?);

6. A head of a dummy mustn’t exceed the control area
(Drawing No.1);

7. In addition, there is introduced level of stomach pene-
tration. It is measured by plasticine insert placed in ab-
dominal cavity of a dummy.

8. Mentioned above requirements should be completed by
criteria determining ability to release a child from CRS
by only one operation.

w
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Do powyzszych kryteriow D

nalezy jeszcze doda¢ wyma-
ganie mowiace o mozliwosci
uwolnienia dziecka z fotelika

po wykonaniu tylko jednej
operacji.

800

3. Analiza wymagan

Przyjeto si¢, ze Regulamin
bedacy podstawg do udzielenia
homologacji typu (ang. #ype
approval) stanowi minimum

3. The analysis of requirements

It is accepted that ECE
Regulation which is a basis to
granting type approval conta-
ins a minimum of requirements

wymagan, jakie powinien spet-
nia¢ fotelik dla dziecka, warto
jednak krytycznie przyjrze¢
si¢ przyjetej metodyce badan
i spojrze¢ na nig przez pry-
zmat konstrukcji, ktore zosta-
ly dotychczas wprowadzone do uzytku. W praktyce bowiem,
wigkszo$¢ producentdw stara si¢ spetnic jedynie minimum wy-
magan, tak aby uzyska¢ dokumenty pozwalajace wprowadzié
produkt na rynek.

Wymagania stanowig jedynie o zachowaniu si¢ klatki pier-
siowej dziecka, nic jednak nie jest powiedziane o ocenie dyna-
micznego zachowania glowy, tj. o op6znieniach rejestrowanych
w glowie manekina, odksztatceniu szyi manekina, sile tnacej czy
momencie zginajacym dziatajacym na odcinek szyjny kregoshu-
pa dziecka. Analizujac proporcje mas poszczegoélnych czgsci
ciala [2] (rysunek 2), mozna zauwazy¢, ze glowa trzyletniego
dziecka ma mas¢ dwukrotnie wigksza niz masa gtowy doroste-
go cztowieka. Dodatkowo nalezy rowniez zauwazy¢, ze dziecko
nie ma wyksztalconej w peti tkanki migsniowej ani kostnej,
ktora pozwolitaby skutecznie przenosi¢ wysokie obcigzenia,
ktore dzialaja na gtowg i szyj¢ dziecka podczas wypadku.

Regulamin naktada na konstrukcj¢ fotelika warunek stoso-
wania pasa kroczowego. Skutkuje to wymuszeniem konstrukcji
paséw integralnych fotelika. Obecnie maja one ksztalt szescio-
punktowej uprzezy, ktora ma pas kroczowy opierajacy si¢ bez-
posrednio o krocze dziecka oraz klamrg spinajaca tasmy pasa.
Klamra umieszczona jest na brzuchu dziecka.

Mozna przyja¢ zatozenie, ze klamra jako element o bar-
dzo duzej sztywnosci i twardo$ci (w poréwnaniu z brzuchem
dziecka) moze powodowaé urazy narzadow znajdujacych si¢
w jamie brzusznej dziecka. Jednakze Regulamin nie stawia
w tym przypadku Zadnych kryteriow dotyczacych rejestracji
sity i/lub glebokosci penetracji. Spo-
wodowane jest to tym, Ze nie sa obec-

nego [1]

Rys. 1. Obszar kontrolny dla glowy manekina podczas testu dynamicz-

Fig. 1. Control area for a head of a dummy during dynamic test [1]

B that CRS should fulfill. But it
is reasonable to look into ECE
methodology of testing from
the point of view of CRS which
were introduced to the market.
In practice most of manufactu-
rers want to fulfill only a minimum of requirements in order to
complete all of documents which are necessary for introducing
CRS to the market.

Requirements describe only behavior of chest of a child.
There is nothing said about dynamic performance of a head:
decelerations registered in the head of a dummy, deflection of a
neck, shearing force or bending moment acting on neck section
of a spine. After analyzing proportions of different parts of hu-
man body [2] (Drawing No.2.) it could be noticed that a head of
three-years old child has a weight two times higher that a head
of an adult. It is also very important that three-year old child has
a muscular and bone tissue not strong enough to withstand dy-
namic load which affects its head and neck during the impact.

ECE Regulation gives a requirement to use a crotch strap.
This statement forces using specific construction of integral
belt system. At present this construction is formed as a 6-point
harness with crotch strap resting on child’s genitals and main
buckle. The buckle is placed on a child’s stomach.

It could be assumed that the buckle has very high stiffness
and hardness (in comparison with child’s stomach). A contact
of buckle and stomach could be a reason of serious injuries of
inner organs. But the Regulation doesn’t give any criteria for
registering force and/or depth of penetration. It is caused by
situation of market of test dummies. At present there is no re-
liable dummy equipped with transducers measuring pressure on
crotch or force of buckle penetration.

Nowadays the only method of testing if the construction of
buckle doesn’t penetrate the stomach
too deep is measurement of penetra-
tion by plasticine insert. However this
method is not satisfying. During each
measurement the insert is placed in ab-
dominal cave of dummy by a techni-

Obecnie jedyng metodg na spraw-
dzenie czy konstrukcja zamka nie
powoduje zbyt duzego ryzyka urazu
stosuje si¢ pomiar penetracji przy po-
mocy wktadki plastelinowej. Jednakze
metoda ta pozostawia wiele do zycze-
nia. Sam pomiar bazuje na kazdora-
zowym umieszczeniu wktadki w ma-

nie dostepne manekiny dzieci, ktore TN ~y
bylyby wyposazone w przetworniki \i;“:‘f’ '\p
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Rys. 2. Zmiany proporcji ciata dziecka wraz z wiekiem

Fig. 2. Changes of propotions of body vs. age

cal service and judgment is given after
removing the insert from a dummy.
Before giving the judgment the insert
could be damaged twice. Reliability of
such measurement and its repeatabili-
ty are controversial.

Another requirement which could
be questioned is the way of releasing
a child from CRS. The requirement
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nekinie przez pracownika placowki technicznej prowadzacej
badania, a ocena nastepuje po wyjeciu wkladki rowniez przez
pracownika. Zanim wigc zostanie odnotowany wynik badania,
wktadka ma mozliwos$¢ by¢ uszkodzong dwa razy. Pewnosc¢ tak
przeprowadzonego pomiaru oraz jego powtarzalno$¢ jest co
najmniej dyskusyjna.

Kolejnym wymaganiem, ktore mozna kwestionowac jest
sposob uwalniania dziecka z fotelika. Kryterium mowi, ze musi
si¢ to odby¢ przy pomocy jednej operacji. W domysle mowa
tu o odpieciu blokady paséw integralnych (poprzez nacisnigcie
przycisku zwalniania). Jednakze przy poprawnie wyregulowa-
nym pasie samo odpigcie blokady nie gwarantuje szybkiego
usuniecia dziecka z fotelika. W praktyce nalezy réwniez wy-
luzowa¢ tasmy, co znaczaco wydtuza czas ewakuacji. Nalezy
rébwniez zauwazy¢, ze gdy ewakuacja odbywa si¢ w sytuacji
zagrazajacej dziecku utratg Zycia, moze nie by¢ czasu na moco-
wanie si¢ z mechanizmem regulacji dhugosci tasm.

Na szersze oméwienie zastuguje rowniez sama specyfika-
cja testu dynamicznego. Regulamin przewiduje jedynie bada-
nie, ktore odwzorowuje wypadek drogowy, ktory mozna skla-
syfikowa¢ jako zderzenie czotowe bez tzw. offsetu'. Natomiast
w rzeczywistosci wickszos¢ wypadkow to zderzenia czolowe
wlasnie z offsetem. Nierzadko rowniez wystepuja zderzenia
boczne oraz kombinacja tych dwoch typow zderzen. Zdarza si¢
rébwniez, ze zaraz po zderzeniu czolowym nastgpuje drugie zde-
rzenie, boczne lub uderzenie w tyt pojazdu. Regulamin jednak
takich sytuacji nie przewiduje.

Jako podsumowanie specyfikacji badan nalezy podaé, ze
badanie dynamiczne fotelika mocowanego pasem bezpieczen-
stwa dla osoby dorostej prowadzone jest po uprzednim napre-
zeniu taSmy pasa sitg 50 daN. W praktyce uzytkowej bardzo
trudno jest osiggna¢ takg warto$¢ napr¢zenia tasmy (najczesciej
nie jest ona w ogoble naprezana).

Kluczowym pytaniem, jakie nalezy w tym momencie posta-
wic, jest: czy fakt uzyskania przed fotelik homologacji EKG ONZ
mowi cokolwiek o mozliwosciach ochronnych systemu bezpie-
czenstwa fotelika, w ktorym codziennie wozimy nasze dzieci?

Stuszna jest teza o koniecznosci opracowania metody badan
homologacyjnych od nowa, tak aby odzwierciedlata rzeczywiste
warunki uzytkowania fotelika, jak rowniez odtwarzata w wick-
szym stopniu rzeczywiste warunki wypadku drogowego.

W celu sprawdzenia rzeczywistej skutecznosci systemow
bezpieczenstwa uzywanych w fotelikach dla dzieci, zostato za-
wigzane migdzynarodowe konsorcjum (cztonkami sg automo-
bilkluby z catego $wiata?), ktore wykonuje co roku test konsu-
mencki fotelikow w centrum testowym ADAC w Niemczech.

Formuta tego testu przewiduje zwigkszenie wartosci pred-
kosci zderzenia czotowego z 50 km/h na 70 km/h oraz umiesz-
czenie fotelika w nadwoziu samochodu na rzeczywistym fotelu
(a nie na standardowym fotelu badawczym, jak to jest w przy-
padku badan homologacyjnych). Dodatkowo wprowadzono
test zderzenia bocznego, wzorowany na procedurze testowej
EuroNCAP. Wprowadzono réwniez (z matym wspotczynni-
kiem wagi) badanie wtasciwosci funkcjonalnych testowanych
fotelikow.

claims that child should be released by one operation. As an
interpretation it could be said that releasing should be made by
pressing one button on buckle. However when the harness is
properly adjusted, releasing a buckle doesn’t guarantee a possi-
bility of fast removing child from CRS. In practice also the har-
ness should be released, but this operation extend time needed
for child evacuation. Is also worth to mention that child evacu-
ation acts usually in case of emergency and it could happen that
there won’t be enough time to release the harness.

Another thing which should be discussed is dynamic test
specification itself. The Regulation covers only situation of car
accident which could be described as a front impact without
the offset!. But in real accidents most of them are front impacts
with offset. Often there are also lateral impacts or combinations
of both: front and lateral or back impacts. The Regulations do-
esn’t cover such cases.

As a summary of dynamic test specification it should be
mentioned that dynamic test CRS which is restrained in a car by
an adult safety belt is performed with pre-tensioning the safety
belt with a force of 50 daN. In practice such pre-tension is very
difficult to achieve (in most cases belt is without any tension).

Basic question which should be asked is: Does the fact of
granting ECE type approval say anything about efficiency of
safety system used in particular CRS?

It’s highly recommended to work on new methodology of
type approval tests in order to keep it as close to real road situ-
ations as possible.

In order to check real efficiency of safety systems in CRS
an international consortium was established (members of this
consortium are motor-clubs from all of the world?). The consor-
tium performs a customer’s test once a year in ADAC testing
centre in Germany.

Specification of this test increases value of velocity from
50 km/h to 70 km/h and places CRS in real car body on real
seat (not on a standard testing seat as it is in type approval test).
Additionally there was introduced lateral impact based on the
EuroNCAP specification. There was also introduced a test of
functionality of CRS (but with low importance).

But all of that doesn’t change a fact that ADAC test is per-
formed by using the same equipment as it is in type approval.

! Offset (ang.) — w terminologii opisujacej zderzenia pojazdéw okresla odlegto$¢ osi wzdtuznych zderzajacych si¢ pojazdow
! Offset (ang.) — w terminologii opisujacej zderzenia pojazdow okresla odlegtos¢ osi wzdtuznych zderzajacych si¢ pojazdow
2 W skiad konsorcjum wchodza organizacje z Austrii, Belgii, Chorwacji, Czech, Danii, Wielkiej Brytanii, Finlandii, Francji, Niemiec, Hong Kongu, Wegier, Irlandii,

Wioch, Holandii, Norwegii, Portugalii, Stowenii, Hiszpanii, Szwecji i Szwajcarii.

2 Members of consortium are from: Austria, Belgium, Croatia, Czech Republic, Denmark, England, Finland, France, Germany, Hong Kong, Hungary, Ireland, Italy, Neth-

erlands, Norway, Portugal, Portugal, Slovenia, Spain, Sweden and Switzerland.
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Nie zmienia to jednak faktu, ze proby te wykonywane sa
za pomocg tego samego sprzgtu, ktory stuzy do badan homo-
logacyjnych.

4. Mozliwosci projektowe

Obecnie, gdy konstruktor staje przed zadaniem zaprojek-
towania nowego typu fotelika dla I grupy masowej, moze sko-
rzysta¢ z dwoch podstawowych koncepcji mocowania fotelika
do pojazdu:

1. Fotelik mocowany pasami bezpieczenstwa dla osoby

doroste;j.

Zalety: uniwersalno$é¢, pasuje do kazdego samochodu
wyposazonego w trzypunktowy pas bezpieczenstwa dla
osoby doroste;j.

Wady: system podatny na btedy uzytkownika przy mo-
cowaniu, duze luzy wynikajace z rozciggania si¢ tasmy.

2. Fotelik mocowany systemem ISOFIX.

Zalety: szybkie i pewne zamocowanie do pojazdu, duza
sztywno$¢ konstrukeji.

Wady: wysoka masa catego urzadzenia, wysoki koszt
koncowy.

Podstawowa konstrukcja wewngtrzna, dotyczaca moco-
wania dziecka w pojezdzie do tej pory pozostawala wtasciwie
taka sama: uprzaz szesciopunktowa ze wszystkimi jej wadami
wskazanymi wczesnie;j.

Patrzac na dotychczasowe konstrukcje przez pryzmat testu
homologacyjnego mozna odnies¢ wrazenie, ze obecnie stoso-
wane konstrukcje spelniaja wymagania dostatecznie dobrze.
Jednakze podstawowe pytanie jakie nalezy postawi¢ brzmi:
w jaki sposob kryterium opdznienia wypadkowego torsu 55 g
(przyktadowe wyniki — rysunek 3) przektada si¢ na faktyczna
jakos¢ fotelikow ze wzgledu na bezpieczenstwo?

Odpowiadajac na postawione do tej pory pytania, nalezy
wzia¢ pod uwage fakt, ze do-

4. Design abilities

At present, when constructor is going to start designing a
new type of CRS for I group, he or she could use one of two
basic solution of restraining CRS in car:

1. CRS restrained by safety belt for adults

Advantages: universality, it fits every car equ-
ipped with 3-point safety belt for adults.
Disadvantages: this solution is susceptible to misuse; it
has large clearance as a result of tension.

2. CRS restrained by ISOFIX

Advantages: fast and reliable fixing in a car, large stiff-
ness of construction.

Disadvantages: large weight of complete device, high
production costs.

Basic inner construction of child restraining system is still
unchanged: 6-point harness with all its disadvantages mentio-
ned above.

When we look on constructions introduced up to now from
the point of view of type approval test, it could be said that
constructions introduced to the market fulfill requirements qu-
ite well. However basic question in this case will be: how “55 g
criteria” of chest deceleration (example results — drawing No.3)
is transmitted to real quality of safety systems in CRS?

Before we give answer our questions, we should take into
consideration a fact, that institutions that are working on prepa-
ring criteria and making research on test dummies don’t have
accurate biomechanical data of human body. In literature, there
is not enough data concerning strength of bone tissue, joints,
inner organs and its resistance to deceleration. What’s more,

almost every attempt to prepare

tychczas instytucje zajmujace &
si¢ okreslaniem wymagan, jak

research in order to get necessa-
ry data is contrasted with serious

réwniez prowadzace prace roz- ”

objections.

wojowe nad manekinami, nie
dysponuja danymi biomecha- 50

nicznymi ludzkiego ciata. W li- \ﬁ
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go pozwalajacego zebraé wy-
magane dane spotyka si¢ z mno-
stwem zarzutow moralnych.

micznych

5. Rozwiazanie problemu

Rozwigzania problemu mozna upatrywaé w koncepcji kon-
strukcji bedacej trescig zgloszenia patentowego nr P-380316.
Konstrukcja ta przewiduje wyeliminowanie uktadu pasow szel-
kowych na rzecz paséw krzyzowych, ktére zapewniajg rozto-
zenie obcigzen podczas wypadku na wigkszej powierzchni oraz
wyeliminowanie pasa kroczowego na rzecz dwoch pasow przy-
trzymujacych miednic¢ dziecka. Co najwazniejsze, klamra spi-

Rys. 3. Opoznienia wypadkowe torsu manekina podczas prob dyna-

Fig. 3. Result deceleration of manikin chest in dynamic tests

5. Solution of the problem

Solution of the problem of safety of CRS could be found in
construction placed in Polish patent application no. P-380316.
This construction eliminates classic 6-point harness, and intro-
duces Crossing Belt System (CBS). CBS provides distribution
of load (during an accident) on larger area and eliminates a
crotch strap. Instead of crotch strap, there are two straps re-
straining a child’s pelvis. The most important in this solution is
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najaca taSmy zostala zamocowana pod powierzchnig siedziska.
Dzigki temu zamek nie ma mozliwos$ci wejs¢ w kontakt z zadng
czeScig ciata dziecka — wyeliminowana zostata mozliwo$¢ po-
wstania obrazen spowodowanych klamrg zamka.

Rozwigzanie to eliminuje calkowicie wszystkie elementy,
ktorych rzetelne przetestowanie dostgpnym sprzgtem jest co
najmniej klopotliwe.

Przywotane wyzej rozwigzanie konstrukcyjne jest obecnie
wdrazane w nowym typie fotelika dla dzieci przez polska firme
Ramatti. Cykl projektowania, badan oraz wdrazania produkcji
objety jest programem dofinansowania z UE.

Wspolczesne standardy projektowania wymagaja, aby
przed uruchomieniem produkcji zostal wykonany prototyp,
ktory poddawany jest procedurze testowej. Procedura ta powin-
na stanowi¢ walidacj¢ zatozen, przyjetych na poczatku procesu
projektowania.

Jako test sprawdzajacy dla nowej konstrukcji wybrane zo-
stato badanie dynamiczne wedlug Regulaminu EKG OZN nr
44. Mimo jego licznych wad jest to procedura, ktora jest stan-
dardowa i z tego powodu czytelna dla roznych osrodkéw ba-
dawczych. Pozwala rowniez w prosty sposob porownac migdzy
sobg wyniki uzyskane w catkowicie niezaleznych os$rodkach
badawczych.

Ze wzgledu jednak na specyfike materialu, z ktorego zo-
stal wykonany prototyp, warto$¢ predkosci uderzenia zostata
zmniejszona z 50 km/h do 34 km/h. Obecnie, prawie niemoz-
liwe jest zbudowanie prototypu projektowanego urzadzenia
(czyli wykonanie kilku sztuk w skali 1:1) w taki sposob, aby
uzy¢ materiatu, z ktorego docelowo begdzie on produkowany.
Wynika to z faktu, Ze nadawanie tworzywom sztucznym zZada-
nego ksztattu odbywa si¢ przy wykorzystaniu specjalnych na-
rzedzi (form wtryskowych), ktorych produkcja jest czasochton-
na i bardzo kosztowna. Wykorzystanie tej metody produkcji na
etapie prototypu pozbawia sensu ekonomicznego caty proces
badawczo—rozwojowy. Stad tez wynika konieczno$¢ zastoso-
wania tworzywa, ktore daje si¢ formowac recznie, ale nalezy
mie¢ swiadomos¢, ze wytrzymato$¢ mechaniczna tego tworzy-
wa bedzie duzo nizsza niz materiatu uzywanego docelowo.

Mimo zastosowania stabszego materiatu wykonanie testow
dynamicznych (nawet ze zmniejszong predkoscig) pozwala
oceni¢ ogodlnie zachowanie si¢ nowej konstrukcji, jak rowniez
oceni¢ specyficzne wymagania postawione konstrukcji.

80

a fact that main buckle is hidden beneath the level of the seat.
As a result, there is no possibility to make buckle — stomach
contact. Risk of injuries in abdominal area made by buckle is
eliminated.

The CBS solution eliminates also all elements which are
very difficult to test properely.

The CBS solutions is being introduced to new type of CRS
produced by Polish company Ramatti. The whole cycle of de-
sign, research and introducing the production is subsidized by
EU founds.

Actual standards in design require making a prototype,
which will be put into research procedure. This procedure sho-
uld be a validation of goals set on the beginning of design.

As a final validation of a CBS solution the dynamic test
(according to ECE Regulation No. 44) was chosen. Despite its
many disadvantages it is a procedure which is standardized and
due to this it is comparable with test conducted by many diffe-
rent research organizations. This test gives also the opportunity
to compare results from different laboratories.

Regarding specification of material that was used to build
a prototype, value of velocity was decreased from 50 km/h to
30 km/h. Nowadays it is almost impossible to build a proto-
type of new designed CRS (in 1:1 scale) from material which
will be used in serial production. It is a result of specification
of production: production form plastic requires using special
machines and moulds. Preparing machine and mould to use is
very expensive and time-consuming. Using method from serial
production in order to build a prototype doesn’t make an econo-
mical sense. That’s why it is needed to use hand-forming tech-
nology, but it is necessary to keep in mind, that such prototype
won’t be as strong as it should.

Despite using weaker material, performing dynamic tests
(even with decreased velocity) could show general behavior of
new construction and evaluate specific demands made before.

During dynamic test also different constructions (available
on the market) were tested with the prototype (drawing no. 4).
Comparative test is very important on the stage of prototype:
profits from introducing new construction could be estimated
from the point of view of existing solutions.

Dynamic tests were done in Vehicle Safety Laboratory in
Automotive Industry Institute (PIMOT) in Warsaw.
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Rys. 4. Opoznienia glowy manekina podczas proby prototypu oraz konstrukcji standardowych

Fig. 4. Deceleration of a head of dummy during comparative test
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Wraz z prototypem poddano badaniu réwniez konstrukcje
dostepne w chwili testu na rynku (rysunek 4). Test poréwnaw-
czy jest na etapie powstawania prototypu bardzo wazny: dzigki
niemu mozna oszacowac korzysci jakie wynikaja z wdrozenia
nowego rozwigzania, poprzez pryzmat obecnie dostepnych dla
konsumenta rozwigzan.

Badania wykonano w Laboratorium Bezpieczenstwa Pojaz-
doéw Przemystowego Instytutu Motoryzacji (PIMOT) w War-
szawie.

Wyniki uzyskane w tym tescie wskazuja na znaczne zmniej-
szenie opOznien rejestrowanych podczas proby przez przetwor-
niki umieszczone w manekinie.

6. Podsumowanie

Dziatania podjete przez firm¢ Ramatti mozna odebraé jako
punkt zwrotny w formutowaniu zatozen konstrukcyjnych fote-
likow, wzbogacajacy system bezpieczenstwa. Opracowane roz-
wigzania konstrukcyjne oraz sposob prowadzenia prac projek-
towych jasno wskazuje, ze przy konstruowaniu wspotczesnego
fotelika samochodowego dla dziecka najbardziej istotnym ele-
mentem tego procesu jest analiza mozliwos$ci ochronnych urza-
dzenia tak z punktu widzenia dziecka siedzacego w foteliku,
jak i z punktu widzenia pozostatych pasazeréw samochodu.

Mozna si¢ spodziewaé, ze konstrukcja, ktora wejdzie do
produkcji seryjnej okresli nowy punkt odniesienia ,,bezpiecznej
konstrukcji fotelika dla dzieci”.

7. References

Results of this tests point out that decelerations registe-
red by transducers in dummy in prototype were smaller than in
other constructions..

6. Summary

All of effort taken by Ramatti company could be a turning
point in defining goals in construction of CRS which will im-
prove safety systems. Designed construction and the way of
designing and research modern CRS pointed out that the most
important element of designing is the analysis of efficiency of
safety systems in CRS but from the point of view of child who
will be restrained inside the CRS and from the point of view of
other passengers.

It can be expected that new construction which will be in-
troduced to serial production will set new reference point of
“safe construction of CRS”.
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WYBRANE ZAGADNIENIA WPLYWU NAPRAW POWYPADKOWYCH NADWOZI
NA BEZPIECZENSTWO DROGOWE

SELECTED PROBLEMS OF THE INFLUENCE OF CRASH BODY REPAIRS
ON ROAD SAFETY

W opracowaniu przedstawiono problem oceny wplywu napraw powypadkowych nadwozi samochodoéw osobowych na
bezpieczenstwo drogowe. Artykut podnosi kwestie eksploatacji pojazdow i ich napraw oraz zwraca uwage na istniejgce
braki w krajowym systemie dopuszczania do ruchu nadwozi po naprawach. Publikacja uwzglednia tez potrzebe regula-
¢ji prawnych i wykonawczych procedur dopuszczania pojazdow do ruchu po wezesniej wykonywanych naprawach.

Stowa kluczowe: powypadkowe naprawy pojazdow, nadworzie, bezpieczenstwo ruchu drogowego.

The paper presents the problem of the evaluation of the influence of crash body repairs on road safety. It raises the issue
of vehicle operation and repairs, and draws attention to existing gaps in the national system of granting type approvals
for repaired car bodies. The paper also takes into consideration the need for legal regulations and executive procedures

regarding type approval of repaired vehicles.
Keywords: crash body repairs, roda safety.

1. Wstep

Nadwozie samochodu jest przestrzenng konstrukcja
o okreslonych ksztaltach, wymiarach i wyposazeniu. Spehia
funkcje i wymagania uzytkownika pojazdu z zachowaniem
odpowiedniego poziomu komfortu oraz bezpieczenstwa. Bu-
dowa nadwozia wspolczesnego samochodu osobowego zalezy
od technologii produkcji, spetnia takze walory estetyczne i er-
gonomiczne. Nadwozie pelni rowniez odpowiedzialng funkcje
nosnej struktury pojazdu (nadwozie samonosne), do ktorej
mocowane s3 elementy migdzy innymi uktadu napedowego,
zawieszenia oraz ukladu kierowniczego. Struktura nadwozia
powinna chroni¢ kierowce i pasazerow przed obrazeniami, za-
tem posiada odpowiednig sztywnos¢ ze wzmocnieniami oraz
stosowne wyposazenie. Nad opracowaniem nowego nadwozia
pracuja wykwalifikowani specjalisci, niekiedy kilku firm, wy-
specjalizowanych w opracowywaniu nowych modeli nadwozi.
Schemat procesu tworzenia nadwozia przedstawia rys.1, a po-
dziat nadwozi ilustruje rys. 2.

2. Stan prawny badan technicznych pojazdow

Znaczny wzrost iloSciowy pojazdow samochodowych
w Polsce i Unii Europejskiej skutkuje potrzeba regulacji praw-
nych, technicznych, szkoleniowych i organizacyjnych. Stan
techniczny pojazdu, w tym jego nadwozia, ma istotne znacze-
nie dla bezpieczenstwa ruchu drogowego. Powotane zgodnie
z prawem o ruchu drogowym' placowki upowaznione sa do
wykonywania badan technicznych pojazdéw, wyposazone sa
w urzadzenia i instrukcje dotyczace sposobu i zakresu wykony-
wanych badan technicznych dopuszczajacych pojazdy do ruchu
na drogach publicznych. Badania diagnostyczne powinny oce-

1. Introduction

A car body is a spatial construction of a particular shape and
size, equipped with certain devices. It satisfies vehicle user’s
requirements and offers certain functions, ensuring adequate
level of comfort and safety. Body construction of a modern pas-
senger car is a result of manufacturing technology, but also of-
fers the advantages of aesthetic look and ergonomics. The body
also constitutes a load-bearing construction (integral body) to
which, for example, power transmission system, suspension,
and steering system elements are fixed. The body construction
should protect the driver and passengers against injuries, so it
is rigid, reinforced and equipped with necessary devices. To de-
velop a new body, a team of qualified professionals, who are
specialists in developing new body models, sometimes working
for several companies, is engaged. Fig. 1 shows the process of
body development, and Fig. 2 shows a classification of bodies.

2. Legal status of vehicle technical inspections

Considerable increase of the number of vehicles in Poland
and European Union calls for legal, technical, training, and or-
ganizational regulations. Vehicle technical condition, including
its body, is important as far as road safety is concerned. Sta-
tions appointed pursuant to traffic law provisions' authorized to
carry out vehicle technical inspections, possess equipment and
instructions regarding the method and scope of technical in-
spections necessary for vehicle type approval. Diagnostic tests
should assess technical worthiness and necessary vehicle equip-
ment against valid legal provisions with regard to safety and

! Jednolity tekst Ustawy Prawo o ruchu drogowym z dnia 20 czerwca 1997 roku z pézniejszymi zmianami.

! Consolidated text of the Traffic Law Act dated 20 June 1997 with later amendments.
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ni¢ zdatno$¢ techniczng i zakres
niezbednego wyposazenia po-
jazdu z obowigzujagcymi przepi-
sami pod katem bezpieczenstwa
i ochrony $rodowiska. Proce-
dury diagnostyczne pojazdow
rbznigce si¢ W poszczegolnych
krajach Unii Europejskiej beda
zmierzaly do ich ujednolicenia
na okre$lonym poziomie badan
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environmental protection. The
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Rys. 1. Schemat procesu tworzenia koncepcji nadwozia [3]

Fig. 1. Body concept development process
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guidelines laid down in the
directive 77/143/EEC which
determines minimum require-
ments for regular inspections
of vehicles carried out peri-
odically during vehicle checks
by a state or state-controlled
organization. Apart from the
above-mentioned procedures,
each Member State has its own
regulations with regard to type
approval for vehicles which are

Mieszane

Semi-kabriolet
Landaulet

powyzej procedur, w poszcze-
gblnych panstwach cztonkow-
skich Unii Europejskiej istnieja
krajowe przepisy dotyczace
dopuszczenia pojazdéw do ru-
chu, ktore utracity wczesniej
zdatno$¢ techniczng. W niektorych krajach Unii Europejskiej
obowiazuja dodatkowe i odrebne przepisy dotyczace dopusz-
czenia do ruchu pojazdéw po ciezkich wypadkach. Dotyczy to
panstw: Belgia, Niemcy, Wilochy, Francja, Luxemburg, Hisz-
pania i Holandia, gdzie wprowadzono przepisy badan napra-
wionego pojazdu przed ponownym dopuszczeniem go do ruchu
drogowego. W Belgii wiasciciel pojazdu zobowigzany jest do
okazania pojazdu naprawionego po ci¢zkim wypadku tereno-
wej jednostce nadzoru technicznego. Praktykowany jest takze
w niektorych krajach Unii Europejskiej obowigzek natozony na
towarzystwa ubezpieczeniowe aby zgtaszaty szkody wypadko-
we w jednostce dopuszczajacej pojazd do ruchu. Jednostka ta
wzywa wiasciciela pojazdu do zgloszenia si¢ z naprawionym
pojazdem na specjalny przeglad techniczny. Przepisy powyz-
sze stosowane sag w Niemczech i Francji, dotycza jednak okre-
Slonej grupy pojazdow i sa zréznicowane w obydwu krajach.
Najlepiej system kontroli badan pojazdéw powypadkowych
funkcjonuje we Wloszech, gdzie istnieje biezace potaczenie
z centralnym serwerem ewidencji pojazdoéw, a diagnosta wy-
konywane przez siebie czynno$ci wprowadza na biezaco do
serwera. Policja sporzadza raport powypadkowy i decyduje czy
podczas wypadku zostato ograniczone bezpieczenstwo ruchu
pojazdu, jesli tak to informacje ta policja przesyta do jednostki

formy zewnetrznej [3]

rion

Rys. 2. Klasyfikacja nadwozi samochodow osobowych wg kryterium

Fig. 2. Classification of car bodies according to external form crite-

no longer road worthy. Some
Member States implemented
additional and separate regu-
lations with regard to type ap-
proval for vehicles involved in
serious accidents. These regu-
lations were implemented by: Belgium, Germany, Italy, France,
Luxembourg, Spain, and the Netherlands, which introduced
regulations requiring the repaired vehicle to be checked before
granting type approval. In Belgium a vehicle owner is required
to submit the vehicle after crash repair to a field technical super-
vision unit for inspection. Some Member States introduced also
a requirement for insurance agencies to report accidents to the
institution responsible for granting type approvals. This institu-
tion requests the vehicle owner to submit the repaired vehicle
for special technical inspection. The above-mentioned regula-
tions are observed in Germany and France but they apply to
a certain group of vehicles and are different each country. The
functioning of the crash vehicle inspection system is the best
in Italy, where the diagnostic station is connected to the central
server of vehicle register, and a diagnostician records his ac-
tivities on the server. The police prepare an accident report and
determine whether vehicle operation safety was limited during
an accident, and if this is the case, they send this information to
the unit granting type approvals called “Motorizzazione” which
requests the vehicle owner to submit the vehicle for technical
inspection within 30 days. The unit granting type approvals
checks vehicle documents and correctness of the repair. If the
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dopuszczajacej pojazd do ruchu — ,,Motorizzazione”, ta wzy-
wa wlasciciela do okazania pojazdu w celu sprawdzenia jego
stanu technicznego w ciggu 30 dni. Jednostka dopuszczajaca
pojazd do ruchu sprawdza dokumenty pojazdu i prawidtowosc
przeprowadzonej naprawy. W przypadku gdy pojazd nie zosta-
nie przedstawiony do badan nastapi wygasnigcie zezwolenia na
jego eksploatacje.

W Holandii policja jest zobowigzana do zatrzymania do-
kumentow pojazdu, ktory ulegt wypadkowi, jesli stwierdzono,
ze uszkodzeniom ulegly czgéci decydujace o bezpieczenstwie
ruchu drogowego. Nastepnie funkcjonariusze policji zgtaszaja
pojazd do jednostki nadzoru technicznego, ktora uprawniona
jest do badan pojazdow.

W Hiszpanii od 1994 roku wprowadzono przepisy o spe-
cjalnym badaniu pojazdéw po wypadku, wezesniej jednak poli-
cja zatrzymuje dokumenty i przekazuje je kompetentnej jedno-
stce kontroli pojazdow. Podobnie przepisy obowigzuja od 1995
roku w Szwajcarii.

W Polsce rzeczoznawcy samochodowi i biegli sadowi z za-
kresu techniki motoryzacyjnej i wypadkow drogowych w swo-
jej codziennej praktyce spotykaja si¢ z pojazdami, ktore ulegly
uszkodzeniom w réznym stopniu w wyniku wypadkow i kolizji
drogowych. Nadwozia tych pojazdow wyposazone byly czgsto
fabrycznie w strefy kontrolowanego zgniotu, ktorych naprawa
budzi kontrowersje, zwlaszcza w konteks$cie bezpieczenstwa
drogowego. W Polsce, pierwszy kontakt z uszkodzonym pojaz-
dem maja funkcjonariusze policji, ktorzy obstuguja zdarzenia
drogowe. Policjant moze z przyczyn technicznych zatrzymaé
dowdd rejestracyjny (wydajac w zamian pokwitowanie), jesli
stwierdzi, ze uszkodzony pojazd moze zagrazaé¢ bezpieczen-
stwu drogowemu. Czesto zdarza sig, ze po wypadku samochod
z rozleglymi uszkodzeniami przekazywany jest wlascicielowi,
ktory w krotkim czasie wykonuje naprawe samochodu w spo-
s6b niezgodny z technologia naprawy przewidziana przez
producenta pojazdu. Bardzo czgsto powierzchowna naprawa
pojazdu zakrywa uszkodzenia powstate w czasie danego zda-
rzenia drogowego, niekiedy takze te, ktore powstaly w wyniku
wczesniejszych zdarzen drogowych, a ktore jednoczesnie mo-
gly by¢ przyczyna zaistnienia kolejnego wypadku badz kolizji
drogowej. Zaro6wno policjant jak i rzeczoznawca samochodo-
wy badZ biegly sadowy badajacy pojazd, ktory ulegl uszko-
dzeniom, nie posiada wszystkich niezbednych przyrzadow
stuzacych okresleniu rzeczywistego zakresu uszkodzen, w tym
przede wszystkim zwlaszcza geometrii nadwozia. Samochody
po wypadku bardzo czgsto sg zabezpieczone przez funkcjona-
riuszy policji w miejscach, gdzie rowniez brak jest urzadzen
utatwiajacych badania uszkodzonego pojazdu.

Uszkodzone w wyniku zdarzen drogowych pojazdy zgta-
szane sg nastepnie do firm ubezpieczeniowych, ktére dokonujg
(nadal niestety zbyt pobieznie) ogledzin oraz przeprowadzaja
analiz¢ kosztow naprawy. Jak wynika z praktyki, ubezpieczy-
ciele przeprowadzajac analizy kosztow napraw uszkodzonych
pojazdow bezwzglednie stosujg zasade skrajnej minimalizacji
kosztow — kosztow odbudowy pojazdu. Biegli sadowi i rze-
czoznawcy samochodowi w swojej pracy dokonuja (a przy-
najmniej powinni) obliczenia realnych kosztow napraw wyni-
kajacej z technologii naprawy jaka przewiduje producent danej
marki samochodu. Podstaw¢ do wydania opinii stanowig: proto-
kot powypadkowych badan uszkodzonego pojazdu oraz doku-
mentacja fotograficzna uszkodzen, jakie sporzadza pracownik
firmy ubezpieczeniowej odpowiedzialnej za powstata szkodg.

vehicle is not submitted for inspection, its operation permit will
expire.

In the Netherlands the police are required to retain crash
vehicle documents if they determine that the elements which
should ensure road safety are damaged. Then the police officers
report the vehicle to the technical supervision station, which is
authorized to carry out vehicle inspections.

In Spain, in 1994, new regulations with regard to special
checks of crash vehicles were introduced, but the police are re-
quired to retain documents and hand them over to a competent
vehicle inspection unit. Similar regulations were implemented
in 1995 in Switzerland.

In Poland vehicle experts and expert witnesses in the field
of motor industry technology and road accidents every day
inspect vehicles damaged in accidents and road collisions to
different extent. The bodies of these vehicles were equipped
during manufacturing process with controlled deformation
zones, the repair of which is controversial, in particular as re-
gards road safety. In Poland, it is the police officers, dealing
with road accidents, that first come into contact with a crash
vehicle. A police officer may retain the registration certificate
(and issue a receipt) due to technical reasons if he decides that
the crash vehicle may constitute a hazard to other road users.
It is often the case that after an accident a heavily damaged
vehicle is returned to the owner, who within short time has the
vehicle repaired, contrary to repair technology determined by
the vehicle manufacturer. Very often the superficial repair of
the vehicle covers damage which occurred during the accident,
and sometimes even damage which occurred during previous
accidents and which might have been the cause of the follow-
ing accident or collision. Neither the police officer nor vehicle
expert nor expert witness who examine the crash vehicle pos-
sess all necessary equipment to determine actual damage, and
in particular body geometry. Crash vehicles seized by the police
are often kept in areas which also lack equipment necessary for
the vehicle inspection.

Vehicles damaged in accidents are reported to insurance
companies which conduct (but unfortunately still superficial)
inspection and prepare repair cost analysis. As practice shows,
insurers, when analysing repair costs of crash vehicles, apply
a principle of extreme minimization of vehicle rebuilding costs.
Expert witnesses and vehicle experts, when carrying out their
tasks, calculate (or at least they should calculate) actual costs
of repair which is a part of repair technology determined by
the vehicle manufacturer. Their opinion is issued on the basis
of: protocol of post-accident inspection of the damaged vehicle
and photographs of the damage taken by the insurance agent
covering the damage. Vehicle inspection needed for the insur-
ance agency is also superficial, and later repair does not take
into consideration the fact that the load-bearing body construc-
tion, controlled deformation zones and reinforcements made by
the vehicle manufacturer were weakened. So vehicles involved
in accidents or collisions are granted type approvals in Poland,
because the diagnostician inspecting the vehicle is not aware of
the vehicle accident history nor of the numerous repairs. The
example given above is quite common. Polish roads are full of
old vehicles which were repaired numerous times and whose
technical condition constitutes a hazard to road safety.

Another problem are active and passive safety systems ve-
hicles are equipped with. These systems are often damaged in
collision or accident. The vehicle superficially repaired or sold
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Ogledziny pojazdu dla potrzeb firm ubezpieczeniowych takze
sg powierzchowne a p6zniejsza naprawa nie uwzglednia osta-
bienia struktury nosnej nadwozia, jego stref kontrolowane-
go zgniotu czy wzmocnien jakie nadat pojazdowi producent.
W rezultacie dopuszcza si¢ w kraju do ruchu samochody, kto-
re wczesniej uczestniczyly w wypadku badz kolizji drogowe;,
gdyz diagnosta badajacy pojazd nie zna historii zycia pojaz-
du ani zakresu przeprowadzonych, niekiedy wielokrotnych,
napraw. Powyzej przytoczony przyklad jest wigc zjawiskiem
powszechnym. Po drogach naszego kraju porusza si¢ znaczna
ilo$¢ pojazdow o wieloletnim stazu i po naprawach, a ktorych
stan techniczny zagraza bezpieczenstwu drogowemu.

Kolejny problem stanowi wyposazenie pojazdow po napra-
wie w sktadniki bezpieczenstwa czynnego i biernego. Wypo-
sazenie to czgsto ulega uszkodzeniom podczas kolizji lub wy-
padku. Naprawiony powierzchownie lub odsprzedany w stanie
uszkodzonym pojazd i kosmetycznie naprawiony przez no-
wego nabywce posiada¢ moze braki w wyposazeniu, np. brak
poduszek powietrznych, pirotechnicznych napinaczy pasow
bezpieczenstwa, regulatorow potozenia reflektorow, zderza-
kéw energochtonnych czy elementéw systemu ABS. Pojazdy
takie sa rowniez dopuszczane do ruchu , poniewaz diagno$ci
nie sprawdzaja tego wyposazenia pojazdéw podczas badan sa-
mochodéw w stacji kontroli pojazdow, gdzie zazwyczaj spraw-
dza si¢ uktad jezdny, kierowniczy, hamulcowy oraz o$wictlenie
pojazdu. Szczegolnie grozne jest powszechne dopuszczanie do
ruchu pojazdu z naprawionym wczesniej nadwoziem, o czym
diagnosta nie jest informowany, a poza tym nie ma przyrzadow
do sprawdzenia geometrii nadwozia. Tymczasem na rynku sg
dostepne urzadzenia do naprawy i sprawdzania geometrii nad-
wozia. Przyklady takich urzadzen przedstawiaja rysunki nr 3

Rys. 3. Rama do powypadkowych napraw nadwozi Car-Bench [2]
Fig. 3. Car-Bench for crash body repair [2]

as damaged and then superficially repaired by a new owner may
lack certain equipment elements, such as airbags, pyrotechnic
belt tensioners, headlight position switches, energy bumpers or
ABS elements. Such vehicles are also granted type approvals,
because diagnosticians at the vehicle inspection station often
skip the above-mentioned equipment during inspection, check-
ing only suspension, steering, braking systems, and vehicle
lighting. Granting type approvals for vehicles with repaired
bodies is particularly dangerous, because the diagnostician is
not aware of the repair and has no equipment to check body
geometry. Meanwhile, the market offers equipment for body
geometry repair and check. Such equipment is shown in fig-
ures 3 and 4, and measuring range with measurement printout
in figures 5 and 6.

Another problem is a widespread practice of granting type
approvals for vehicles which do not meet specific ecological
requirements. This applies to correct functioning of a lambda
meter or catalyzing system. During the repair not all damaged
elements are repaired or the vehicle is not equipped with nec-
essary shields which constitutes a fire hazard. Construction
and technological development of vehicles requires appropri-
ate team and equipment to conduct an inspection and technical
check of the vehicle. An example can be here an EOBD system
or ADR system registering driver’s work, vehicles are equipped
with, the inspection of which requires appropriate procedures
and diagnostic equipment.

Meanwhile, also this year, the number of individual vehi-
cles brought to Poland, which were often involved in road acci-
dents or collisions, was greater than the number of new vehicles
registered. Thus, we are faced with road safety and ecologi-
cal hazards when the national system of accident and collision

T 2; =,

Rys. 4. Urzqgdzenie pomiarowe ,, TOUCH” firmy Spanesi [2]
Fig. 4. Spanesi TOUCH measuring device [2]

/| I .

i
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e

Rys. 5. Zakres pomiarowy urzgdzenia [2]
Fig. 5. Device measuring range [2]
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Rys. 6. Przyktadowy wydruk pomiaru systemem pomiarowym TOUCH firmy Sparesi [2]

Fig. 6. Sample measurement printout, using Sparesi TOUCH measuring system [2]

i 4, za$ zakres pomiarowy z wydrukiem pomiaréw na rysun-
kach 51i6.

Odrebny problem stanowi powszechne dopuszczanie do ru-
chu pojazdéw w sytuacji gdy badany egzemplarz pojazdu nie
spelnia okreslonych wymagan ekologicznych. Dotyczy to po-
prawnosci dziatania sondy lambda czy uktadu katalizujacego.
W trakcie naprawy pojazdu nie usuwa si¢ wszystkich uszkodzen
lub tez nie wyposaza si¢ pojazdu w niezbgdne ostony co czyni
zagrozenie pozarowe. Rozwdj konstrukeyjny i technologiczny
pojazdow wymaga odpowiedniego przygotowania kadrowego
i aparaturowego w celu przeprowadzenia badan i oceny stanu
technicznego pojazdu. Przyktadem tego niech bedzie wyposa-
zenie pojazdow w system EOBD czy system rejestrujacy prace
kierowcow ADR, ktorych diagnozowanie wymaga odpowied-
nich procedur i aparatury diagnostyczne;.

Tymczasem do Polski, takze w roku biezacym, sprowadzo-
no wigcej pojazdow w systemie indywidualnym niz zarejestro-
wano pojazdéw nowych, ktore niejednokrotnie uczestniczyly
w zdarzeniach drogowych takich jak wypadki badz kolizje.
Istnieje zatem zagrozenie bezpieczenstwa drogowego i ekolo-
gicznego w sytuacji gdy krajowy system ewidencji wypadkow
i kolizji nie wspotdziala ze stacjami kontroli pojazdow i firma-
mi ubezpieczeniowymi.

Whioski nasuwajg si¢ same, iz konieczne jest uregulowanie
prawne i wykonawcze, ktore okresla w Polsce procedury do-
puszczajace pojazdy do ruchu po przeprowadzonych wezesniej
naprawach.

register does not cooperate with vehicle inspection stations and
insurance agencies.

The conclusion is clear — we need legal and executive
regulations which would determine procedures regarding the
repaired vehicle type approval in Poland.
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CFD-FASTRAN - NARZEDZIE DO NUMERYCZNEJ ANALIZY OPLYWU OBIEKTOW PRZEZ
STRUMIEN POWIETRZA

CFD-FASTRAN - SOFTWARE PACKAGE FOR NUMERICAL ANALYSIS
OF FLOW AROUND A BODY BY THE AIR STREAM

W niniejszym artykule przedstawiono sposob wykorzystania specjalizowanego oprogramowania CFD-Fastran do
wspomagania procesow projektowania i realizacji prac badawczych obejmujgcych tematyke zwigzang z zagadnie-
niami optywu ciat przez strumien powietrza. Opisano proces rozpoznawania walorow uzytkowych przedstawionego
programu oraz zilustrowano jego wykorzystanie na przyktadach konkretnych obiektow technicznych. Ponizszy materiat
przedstawia fragmenty prac badawczych prowadzonych przez autorow niniejszego opracowania. Z uwagi na charakter
tychze prac prezentowane wyniki nie zawierajq szczegotowych danych.

Stowa kluczowe: CFD-Fastran, numeryczna mechanika ptynow, proces symulacyjny.

The manner of use special software CFD-Fastran for computer aided design and study of flow around a body has been
presented in this paper. Authors described process of CFD-FASTRAN virtues recognition and presented examples of
using this program for selected technical objects. Presented material describe fragments of studies carried out by the
authors. Taking into consideration subject matter of this studies presented results don t include detailed data.

Keywords: CFD-Fastran, computational fluid dynamics, simulation process.

1. Wstep

Proces powstawania nowych obiektow sktada si¢ z wielu
faz, wérod ktorych jedna z najistotniejszych jest faza projekto-
wania obiektu. Poprawna realizacja tego etapu pozwala unik-
nac szeregu komplikacji w pdzniejszych pracach. Dlatego tez
tak istotng rol¢ odgrywaja obecnie narzedzia wspomagajace
proces projektowania. Uzyskane na tym etapie wyniki pozwa-
laja niejednokrotnie na obnizenie kosztow wytworzenia dane-
go obiektu, ale rowniez moga postuzy¢ do okreslenia stopnia
bezpieczenstwa eksploatowania konkretnego obiektu. Obec-
nie trudno wyobrazi¢ sobie produkcje okreslonego produktu
bez wczesdniejszej analizy jego ,,przysztosci”. Co prawda nie
mozna wszystkiego przewidzie¢ na etapie projektu, ale wyko-
rzystanie narzedzia stuzacego do symulacji okreslonych zagad-
nien znacznie zaw¢za obszar nieprzewidzianych sytuacji, ktore
moga pojawic si¢ w trakcie eksploatacji.

2. Charakterystyka pakietu cfd-fastran

W ostatnich latach w duzym tempie rozwija si¢ numerycz-
na mechanika ptynoéw, ktéra daje mozliwosci szerokiej oceny
zjawisk towarzyszacych strumieniowi przeptywu, udokumen-
towanie ich jeszcze na etapie prac wstgpnych i wprowadzeniu
poprawek do realizowanego projektu.

Owocem rozwoju tej dziedziny nauki jest migdzy innymi
oprogramowanie ktorego nazwa wyrdznia si¢ charakterystycz-
nym przedrostkiem CFD (CFD - Computational Fluid Dyna-
mics). Jednym z tego typu narzedzi jest program CFD-Fastran.
Oprogramowanie to umozliwia modelowanie zjawisk optywu
cial przez strumien przeptywu.

1. Introduction

The process of construction new objects is made up of
many phase, among which the most important is phase of de-
sign. Correct execution this stage allows to avoid many compli-
cations in the future. That is why, new tools for computer-aided
design fulfil so significant role. Received results in this stage
allow to fall cost of produce given object. Furthermore they are
useful to characterize degree of safety of operation. At present
it is difficult to imagine production given object without prior
analysis its “future”. It is a known fact that it is impossible to
predict all situation in stage of design however using tools for
advanced simulation considerably narrow down area unforese-
en situation within using.

2 Characteristic of cfd-fastran software package

In recent years, development of numerical fluid dynamics is
very fast. It give possibility of broad evaluation phenomena of
fluid flow around an elements and substantiate its on prelimina-
ry stage of project as well as bring correction into effect.

Effect of development this science discipline is among
other things software with prefix CFD (CFD — Computational
Fluid Dynamics). One of this kind of software is CFD-Fastran.
This software make possible modeling flow around a body phe-
nomena, and theirs analysis.
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2.1. Pakiet programowy CFD-Fastran

CFD-Fastran jest pakietem programowym stuzacym do ba-
dania zagadnien dotyczacych optywu ciata strumieniem prze-
plywu o wiasciwosciach $cisliwych. Kompozycja programu
ma charakter modutowy. Wyszczeg6lni¢ mozemy w nim trzy
podprogramy [2]:

- CFD-Geom — preprocesor — w $rodowisku ktdrego naste-

puje przygotowanie siatki obliczeniowej modelu badan;

- CFD-Fastran — procesor — zapewniajacy mozliwosc¢ usta-
wienia warunkow poczatkowych realizowanych symula-
cji, oraz realizujacy proces obliczeniowy;

- CFD-View — postprocesor — stuzacy do wizualizacji
otrzymanych wynikow.

Caly pakiet mozna traktowa¢ jako wirtualny tunel aero-
dynamiczny w ktérym to obiekt badan obudowany jest przez
okreslona liczbe elementarnych komorek. Komorki te moga
by¢ reprezentowane przez czworoboki badz tez trojkaty (dla
rozpatrywanego zagadnienia przeptywu plaskiego — 2D) lub
przez prostopadlosciany, ostrostupy i pryzmaty (dla zagadnien
przestrzennych — 3D).

2.2. Testy porownawcze

Jako jeden z pierwszych zadan badawczych, realizowanych
przy wykorzystaniu wyzej opisanego oprogramowania, byto
okreslenie jego walorow uzytkowych. W tym celu przeprowa-
dzono [2]:

- testy pordwnawcze zalecane przez producenta oprogra-

mowania, oraz;

- testy porownawcze dostgpne w roznych niezaleznych zro-

diach.

W przypadku rozpatrywania zagadnien aerodyna-
micznych jako standardowy test, najczgsciej spotykany
w literaturze, stosuje si¢ badanie optywu profilu NACA 0012
o cigciwie aerodynamicznej b=1m. Przed przystapieniem
do realizacji procesu obliczeniowego przygotowano siat-
ke obliczeniowa modelu, w ktorej geometria modelu,
tj. profil NACA 0012, obudowana zostata ptaszczyzna w ksztat-
cie litery C (rys. 1). Przyjecie takiego ksztattu siatki uwarunko-
wane bylo walorami geometrycznymi badanego obiektu.

Proces symulacyjny zrealizowano dla trzech przypadkow,
w ktorych dokonywano zmian kata natarcia o profilu oraz war-
tosci ci$nienia P i temperatury T strumienia w strefie niezabu-
rzonej, okreslanej w nomenklaturze programu ,,strefa dalekiego
pola”. Wartosci parametrow wejsciowych przeptywu dla poszcze-
golnych przypadkow przedstawiono w tabeli 1.

Non-disturbance
zone

Rys. 1. Widok siatki pomiarowej dla profilu NACA 0012
Fig. 1. View of calculation grid for NACA 0012

2.1. CFD-Fastran software

CFD-Fastran a software package is designed for flow aro-
und a body with compressible stream.Moreover, this software
has modular structure. We can distinguish three modules [2]:

- CFD-Geom — preprocessor - designed for mesh model

preparation,

- CFD-Fastran — processor — enable to determine initial
condition for simulation and realization of computation
process,

- CFD-View — designed for visualization received results.

The software, we can treat as a virtual wind tunnel in which
object is encased in elementary calculation cells. The cells have
varied shapes, for example: quadrilateral, triangle (for two-di-
mensional problems) as well as cubicoid, pyramid and prism
(for three dimensional problems).

2.2. Comparative tests

As a first work task, authors decided to reconnoiter CFD-
Fastran utilitarian virtues. To this end, carried out [2]:

- comparative tests announced by producer, and;

- comparative tests available in different independent so-

urces.

As a standard test for aerodynamic problem, is used NACA
0012 aerofoil profile test with aerodynamic chord 1m. Before
starting computational process it was necessary to create mo-
del’s grid. Geometry of model i.e. NACA 0012 aerofoil profile
was builded around by C-shaped figure (fig. 1). Adoption this
shape of grid was dictaded by specific geometry conditions the
object.

Simulation process was carried out for three case (three va-
lues of angle of attack « for profile and three values of pressure
P_and temperature 7 for undisturbed zone called “distant field
zone”. Values of initial parameters of the flow for particular
case are showed in the table 1.

Tab. 1. Dane wejsciowe do obliczen profilu NACAO012
Tab. 1. Initial prameters for calculation NACA 0012 aerofoil

profile
Przypadek 1 Przypadek 2 Przypadek 3
Case 1 Case 2 Case 3
U_=243,1[m/s;] U_=190,96 [m/s]; | U _=277,4 [m/s];
a=1,49 [°]; o=8,34 [°]; a=2,26 [°];
T.=300 [K]; T_=300 [K]; T.=300 [K];
P_=58560 [Pa]; P_=74525 [Pa]; P_=51300 [Pa];
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Do badan przyj¢to przeptyw turbulentny opisany za pomocg
réwnan Naviera-Stokesa. Dla kazdego z powyzszych przypad-
kow, jako model obliczeniowy, przyjeto model Roe’s. Natomiast
jako wzorzec do analizy pordwnawczej przyjeto wspotczynnik
ci$nienia Cp, definicje ktorego podaje ponizsza zalezno$é:

P-P,
Cp:—l . "
5P

gdzie: P - warto$¢ ci$nienia w danym punkcie na powierzchni
profilu; P_- warto$¢ cinienia strumienia przeptywu w strefie
niezaburzonej; p - gesto$¢ strumienia przeptywu w strefie nie-
zaburzonej; V - predko$¢ strumienia przeptywu.

Przykladowy wyniki przeprowadzonych badan przedsta-
wiono na rysunku 2.

Dokonujac pordwnania otrzymanych wynikéw z danymi
otrzymanymi na drodze eksperymentalnej, zamieszczonymi
przez producenta oprogramowania, mozna stwierdzi¢, iz war-
tosci otrzymane w wyniku symulacji komputerowej pokrywaja
si¢ z warto$ciami otrzymanymi w trakcie realizacji ekspery-
mentu. Niemniej jednak widoczne sg pewne rdznice pomiedzy
poszczegblnymi ,,ogranicznikami” przyjmowanymi do rozwia-
zania wybranej metody obliczeniowe;j. Ich dobdr $cisle zwigza-
ny jest z jakoscig wygenerowane;j siatki oraz stopniem ztozono-
$ci modelu symulacyjnego i charakterem badanego przeptywu.

Zagadnienie optywu profilu byto dosy¢ prostym zadaniem
dlatego tez w kolejnym kroku przystagpiono do budowy modelu
skrzydta prostego o profilu NACAO0012 o rozpigtosci /=2,4 [m]
i cigciwie b=1 [m] (rys. 3).

O ile dysponowano wytycznymi co do jakosci siatki dla
profilu NACAO0012, to dla pozostatych przyktadow zamiesz-
czonych w niniejszym opracowaniu nie posiadano zadnych da-
nych. Dlatego tez postanowiono przeprowadzi¢ doswiadczenie
umozliwiajace wyznaczenie charakteru wptywu siatki oblicze-
niowej na warto$ci otrzymanych wynikow. Do rozwigzania tego
zagadnienia zbudowano trzy modele. W przypadku pierwszego
modelu zastosowano siatke obliczeniowg o bardzo rzadkim za-
geszezeniu komorek. Niewielkie zaggszczenie wygenerowane
zostato tylko w okolicach noska profilu i na krawedzi sptywy
skrzydta. Liczba wszystkich komorek tworzacych siatke oblicze-
niowa wyniosta n=123 424. Dla drugiego modelu siatka oblicze-
niowa zostata zageszczona tylko i wylacznie na jego obwodzie.
Dla tego modelu liczba wszystkich objetosci wynosita n=476
444. Natomiast model z numerem trzy ,,oklejony” zostat siatka
ktora zostata zaggszczona zar6wno na obwodzie skrzydta jak
i w przestrzeni go otaczajacej. W tym przypadku liczba komo-
rek stanowiacych siatk¢ obliczeniowa wynosita #=634 018.

—e—0C
—4—o0cC
MM
MM
——FO
——ro

0 0,2 04 0,6 0,8 1
x/b|m|

Rys. 2. Wykres Cp=f(x/b) dla 2z/b=0,9; Ograniczniki obliczeniowe:
OC - Osher-C, MM - Mim-Mod, FO — First Order

Fig. 2. Graph Cp=f(x/b) for 2y/b=0,9: OC - Osher-C, MM - Mim-
Mod, FO — First Order

Research, based on turbulent flow, was described by Na-
vier-Stokes equations. Simulations for above mentioned cases
used Roe’s calculation model. As a reference standard authors
assumed pressure coefficient Cp defined as:

P-P,
Cp:l . "
5P

where: P - pressure in a given point of aerofoil profile; P_- pres-
sure of fluid flux in undisturbed zone; p - density of fluid flux in
undisturbed zone; ¥ - velocity of fluid flux.

Examples of the results of calculation are presented in fi-
gure 2.

Comparing results carried out by experiment and simula-
tion process, reveals that values received from wind tunnel ex-
periment are consistent with values received with aid of com-
putational simulation. Any discrepancies are connected with
quality of generated grid and complexity simulation’s model
and nature of the flow.

Problem of flow around profile is rather simply so, there-
fore in next step authors was built model of wing NACA 0012
(span /=2,4m and chord b=1m, fig. 3).

Authors had data concern mesh quality for NACA0012 but
for others examples placed in this paper they didn’t have the
data. For this reason authors decided carry out experiment con-
sist in calculate aerodynamic characteristic for different mesh.
To do experiment they built three models. For first model they
built very thin mesh with not large concentration in the vicin-
ity of aerofoil profile nose and trailing edge. Number of cells
in mesh amounted to n=123 424. For second model they built
mesh with concentration only on wing’s periphery, and number
of cells in mesh amounted to n=476 444. For third model they
built mesh with concentration on wing’s periphery as well as on
surround space. Number of cells in the third model amounted
to n=634018. Manner of mesh concentration are presented in
figure 4.

Rys. 3. Widok skrzydta prostego z umiejscowionymi plaszczyznami po-
miarowymi

Fig. 3. View of wing with mesurement s plane
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Sposob zageszczenia siatki dla poszczegdlnych modeli przed-
stawia rysunek 4.

Pomiar warto$ci parametru Cp przeprowadzono w dwoch
plaszczyznach. Pierwsza z nich umiejscowiona zostata w po-
blizu osi symetrii skrzydta rownej 2z/6=0,1, druga natomiast
w poblizu koncowki skrzydta rownej 2z/6=0,9 (rys. 3). Obli-
czenia realizowano dla nastepujacych danych wejsciowych:

kat natarcia skrzydta 0=6[°];

wektor predkosci U _=190,96 [m/s];
cisnienie P =101325 [Pa];
temperatura T, =293 [K].

Przyktadowy wyniki przeprowadzonych badan przedsta-
wiono na rysunku 5. Z przeprowadzonych testow w sposob
jednoznaczny wynika, iz jakos¢ siatki obliczeniowej ma istotny
wplyw na wartos$ci otrzymanych wynikow. Tak wigc, od ilosci
komorek stanowiacych siatke obliczeniowg i sposobu ich roz-
mieszczenia zalezy wynik obliczen.

Nie poprzestajac na tych dwoch numerycznych doswiad-
czeniach przeprowadzono kolejny test, tym razem dla skrzydla
skosnego. Rowniez i w tym przypadku profil uzyty do kon-
strukcji geometrii skrzydta oparty zostat na profilu NACA0012.
Warto$¢ cigciwy skrzydta w jego osi symetrii wynosi b,=2 [m],
natomiast na krawedzi skrzydta b,=1 [m]. Rozpigto$¢ skrzydia
wynosita /=7,2 [m]. Tym razem nie przeprowadzano doswiad-
czen majacych na celu ustalenie wlasnosci siatki obliczeniowe;.
Bazujac na wynikach dotychczasowych doswiadczen wygene-
rowano siatke zawierajacg 2 079 266 komorek, ktore umiesz-
czono w 18 obszarach. Zageszczenie komorek zdefiniowano
w poblizu skrzydta (tak zbudowana siatka dawata pewno$é
poprawnego uwarunkowania zadania). Rowniez i w tym przy-
padku jako wielko$¢ porownawczg wybrano warto§ci wspot-
czynnika ci$nienia C .

Na rysunku 6 przedstawiono przyktadowy wynik przepro-
wadzonych badan.

Poniewaz otrzymane wyniki w okreslonych obszarach od-
biegatly od danych przyjetych za wzorzec, postanowiono zmo-
dyfikowac siatke dokonujac zageszczenia komoérek na kon-
cowcee skrzydla z automatycznym rozrzedzeniem w jej czesci
srodkowej. Wyniki otrzymane dla tego przypadku przedstawia
rysunek 7.

Przeprowadzona modyfikacja siatki obliczeniowej uwi-
docznita mozliwosc¢ ,,zepsucia” rozwigzania zadania. Okazato
si¢, ze whasciwy doboru liczby i sposobu rozmieszczenia ko-

Siatka-1 (CFD-1I) Slatka 2 (CFD 2)

I|“ﬂ !l ‘H.
i ﬂ, I

Wﬁlwcmowct siatek

LR T ! Licab Czas trwania
! i u, Przyk’ad e ez ak obliczedi
omorel [h]
CFD-1 123 424 53
"' ';: CFD-2 476 444 205
i U cPp-3 | 634018 273

Rys. 4. Widok sposobu zageszczenia siatek dla poszczegolnych modeli

Fig. 4. View of maner grid concentration for individual model

Measurement of essential quantities for calculate Cp car-
ried out in two planes. First plane was situated nearby axis of
symmetry of wing which amounted 2z/6=0,1. Second plane
was situated nearby end of wing which amounted 2z/6=0,9 (fig.
1). Research was carried out for following input data:

angle of attack a=6°;

velocity vector U, =190,96 m/s;

pressure P =101325Pa;

temperature T =293 K.

Examples of the results of calculations are presented in fig-
ure 5. Carried out tests gave the proof that quality of grid have
an influence on result’s values. Hence, the number of grid cels
and manner of their lay-out affect results of simulation.

Authors didn’t stop at that the research, and they performed
the tests for swept wing and aerofoil profile NACA0012. Chord
of the wing at axis of symmetry amounted to b,=2[m] and on
edge of wing amounted to b,=1[m]. Wingspan amounted to
1=7,2 [m]. with use results of previous tests authors built mesh
with concentration at periphery of wing. In this case, authors
didn’t test quality of grid. On the basis on results, received in
previous test for straight wing, was generated grid included
2 079 266 cels which are located in 18 areas. Near by the wing,
grid was thicked (as for straight wing). As a comparative value
was choosen value of pressure coefficient Cp. On figure 6 was
presented example of the received results.

Received results differ from assumed standard, hence au-
thors affirmed that grid should be concentrated at the end of the
wing with rare faction in central part. Received results show
figure 7.

Modification of the grid demonstrate possibility of results
“deterioration”. This research reveals problem of properly se-
lection of cells number and theirs locations in all volume of the
grid. Authors draw a conclusion that: lack of experience in grid
generation can be the cause of receving incorrect results.

0,0 02 0.4 0,6 08 1,0
x/b [m]

Rys. 5. Wykres Cp=f(x/b) dla skrzydta prostokqtnego dla 2z/b=0,9
Fig. 5. Graph Cp=f(x/b)for 2z/b=0,9
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Rys. 6. Wykres Cp=f(x/b) dla skrzydta skosnego dla 2z/b=0,9
Fig. 6. Graph Cp=f(x/b)for 2z/b=0,9

morek w calej objetosci siatki obliczeniowej jest bardzo istot-
ny. A zatem z powyzszego materiatu wynika, ze brak doswiad-
czenia w sposobie generowania siatki obliczeniowej moze by¢
przyczyna otrzymania btednych wynikow.

3. Numeryczna analiza zjawiska optywu strumieniem przepty-
wu wybranych obiektow

Przeprowadzone testy poréwnawcze pozwolily stwierdzié,
ze scharakteryzowane we wstepie niniejszej pracy oprogramowa-
nie, moze z powodzeniem by¢ wykorzystane do analizy zjawiska
optywu dowolnego obiektu przez strumien przeptywu. Zatem,
postanowiono zamodelowaé geometri¢ bomby lotniczej i prze-
prowadzi¢ badania majace na celu okreslenie wptywu przyjetej
wzajemnej konfiguracji geometrycznej czesci czotowe, srodko-
wej 1 tylnej na wlasnos$ci aerodynamiczne badanego obiektu.

W tym celu zamodelowano geometri¢ bomby w jej pod-
stawowej konfiguracji geometrycznej (zgodnej z dokumentacja
techniczng — rysunek 8).

Wyznaczono dla tego wariantu podstawowe parame-
try aerodynamiczne takie jak wspotczynniki: sity oporu
i sity nosnej. Ponadto, wykorzystujac mozliwosci programu
CFD-View dokonano analizy rozktadu wartosci ci$nienia na
powierzchni bomby (rys. 9) jak i w przestrzeni jg otaczajace;.

W kolejnym kroku dokonano wspomnianej juz modyfi-
kacji konfiguracji geometrycznej bomby budujac 9 kolejnych
wariantow (rys. 10). Badania i analiz¢ przeprowadzono dla
dwoch grup obiektow W1-W5 1 W6-W 10, zwigzanych z ksztat-

Rys. 8. Przekrdj bomby lotniczej w konfiguracji podstawowej

Fig. 8. Section of aircraft’s bomb for basis configuration
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A L Hess
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Rys. 7. Wykres Cp=f(x/b) dla skrzydta skosnego dla 2z/b=0,9 dla mode-
lu z zageszczong siatkq na koncu skrzydila

Fig. 7. Graph Cp=f(x/b) for 2z/b=0,9 for grid concentrated at the end
of the wing

3. Numerical analysis of the flow around selected objects

Realized comparative tests allow to affirm that described
software can be used for analysis of flow around aircraft’s ele-
ments. Therefore, authors desided to model aircraft’s bomb geo-
metry and to perform simulation for evaluation of front, centre
and rear geometry influence on aerodynamic’s characteristic
the object. To this end, bomb geometry for basis configuration
was built (according to technical documentation — fig. 8).

For assumed variant, aerodynamic characteristic such as
aerodynamic drag and aerodynamic lift has been calculated.
Furthermore, the software gave possibility to analyze pressure
distribution on bomb’s surface and surrounding space.

Next simulation was carried out for eight modified geome-
try version (fig. 10.). Research and analysis was realized for the
following objects W1-W5 and W6-W 10 connected with bomb’s
front geometry. Examples of results are present on figure 11.

Carried out results gave possibility of selection best geome-
try configuration with optimal parameters C, Cy of the bomb
(C, Cy - coefficients of aerodynamic drag and lift)

Ejection seat applied on aircraft TS-11 ISKRA was an ano-
ther object of research. The ejection seat has a specific geome-

1.0435E+005
1.0400E+005

1.0300E+005

1.0Z00E+005- 3
1 CHODE*UOSE
9. 9000[-‘-004—%
9. EDODE*OOAE

9.6253E+004

Rys. 9. Rozktad wartosci cisnienia na powierzchni bomby

Fig. 9. Pressure distribution on bomb's surfac
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Rys. 10. Warianty konfiguracyjne obiektu badan

Fig. 10. Variants of model geometry

tem czg$ci czotowej bomby. Przyktadowe wyniki dla pierwszej
grupy przedstawiono na rysunku 11.

Przeprowadzone badania pozwolily na wybdr konfigura-
cji geometrycznej pozwalajacej na uzyskanie jak najlepszych
warto$ci parametrow C i C bomby (C, C, - wspolczynniki
aerodynamiczne sily oporu i sity no$nej)

Kolejnym obiektem badan byt fotel katapultowy stosowany
na samolotach szkolno-bojowych TS-11 Iskra. Specyfika budo-
wy siatki obliczeniowej dla tej klasy obiektow zwigzana jest
z przyjeciem wiasciwej topologii obiektu, stanowiacej podsta-
we do wyznaczenia obszarow obliczeniowych siatki. Nieregu-
larnos¢ ksztaltu wymuszato przyjecie okreslonych uproszczen
w budowie geometrii obiektu, ktore nie wnosza dodatkowych
bledow do wartosci otrzymanych wynikow (rys. 12) [4].

Istota badan tego typu obiektow zwigzana jest z analiza
bezpieczenstwa zatogi wojskowych statkow powietrznych
w sytuacjach awaryjnych. Znajomo$¢ charakterystyk aerody-
namicznych ukladu fotel-pilot jest jednym z elementéw po-
zwalajacych na realizacj¢ numerycznej symulacji procesu kata-
pultowania w przyjetych warunkach lotu. Analiza uzyskanych
w ten sposob wynikow moze postuzy¢ do okreslenia warunkow
bezpiecznego uzycia fotela katapultowego lub tez badania wy-
padkow/katastrof lotniczych z udzialem wojskowych statkow
powietrznych.

Jednym z kolejnych obiektow badan byt samolot MiG-29
[3]. Ztozono$¢ poruszanego problemu przejawiala si¢ w spo-

Zalezno$¢ Cx=f(alfa)

Cx
- -
L. & %
—2 — . W
K * : K " W2
TA RN w3
; W4
© W5

-25-20-15-10 -5 0 5 10 15 20 25
alfa[deg]

Rys. 11. Wykres zaleznosci C =f(a) dla wariantéw W1-W5
Fig. 11. Graph C =f(q) for variants W1-W5

try which cause necessity of shape simplification and creation
proper grid topology (fig. 12) [4].

Essence of the study this type of objects is connected with
aircraft’s crew safety analysis during emergency situations.
Knowledge about aerodynamic’s characteristics is one of the
elements which give possibility to prepare numerical simula-
tion of emergency escape process for assumed flight conditions.
Analysis of carried out results can be used for specification of
ejection seat safety using. Furthermore it can be use for study
about accidents or catastrophes analysis of the military airtcra-
fts.

One of the following object of studies was aircraft MiG-29
[3]. Complication of raising the problem showed in grid gene-
ration and selection initial parameter of computation. In this
case, it was necessary to built proper grid topology and area of
calculation grid. Number of the area came to 93. Grid genera-
tion process is the most time — consuming from anong all. Par-
ticipation of this stage in whole research process achieve 80%
of time, which in presented case came to 5 months. Figure 13
present calculation grid division on aircraft’s surface.

After completing computation process, module CFD-View
was used for analysis of pressure distribution on model’s surfa-
ce and surrounding space (fig. 14). Moreover authors calculated
aerodynamic characteristics such as coefficients of aerodyna-

Rys. 12. Widok fotela katapultowego oplywanego przez przyktadowe
strumienie przeptywu

Fig. 12. View of ejection seat simulation model with flow stream visu-
alisation
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sobie generacji siatki obliczeniowej i doborze parametréw
poczatkowych obliczen. Nie jest to juz prosty model skrzydta
gdzie wystarczylo stworzy¢ osiemnascie obszar6w zawieraja-
cych elementarne objgtosci. W przypadku obiektu techniczne-
go jakim jest samolot nalezalo w sposdb poprawny zbudowaé
topologi¢ obiektu, ktora postuzyta do wygenerowania obsza-
roéw siatki obliczeniowej. Liczba tych obszaréw wynosita 93.
Proces budowania siatki obliczeniowej jest najbardziej czaso-
chtonnym etapem pracy. Jego udziat w calym procesie badaw-
czym niejednokrotnie sigga osiemdziesigciu procent czasu, co
w przypadku geometrii samolotu MiG-29 i jego siatki oblicze-
niowej wyniosto 5 miesigcy. Na rysunku 13 przedstawiono po-
dziat siatki obliczeniowej na powierzchni samolotu.

Po zakonczeniu procesu obliczeniowego, wykorzystujac
modut CFD-View, przeanalizowano rozktad wartosci ci$nie-
nia dookota badanego modelu jak i na jego powierzchni (rys.
14). Korzystajac z informacji zawartej w plikach tekstowych
wyznaczono charakterystyki aerodynamiczne, tj. wspotczynni-
ki sit i momentéw aerodynamicznych. Otrzymane wyniki po-
réwnano z warto§ciami otrzymanymi z badan modelu samolotu
w tunelu aerodynamicznym. Z przeprowadzonego poréwnania
wynika, Ze wraz ze wzrostem kata natarcia strumienia przepty-
wu rozbiezno$¢ pomigdzy uzyskanymi wynikami rosna i dla
kata natarcia 20° wynosza 15%.

Rys. 13. Widok siatki powierzchniowej
Fig. 13. View of surface grid

mic forces and moment. Received results was compare with
data from wind tunnel. This comparison give an conclusion that
according to growth flow stream angle of attack follow growth
of divergence between simulation and wind tunnel results and
for angle of attack 20° amount to 15%.

0000

Rys. 14. Rozktadu cisnienia na powierzchni samolotu MiG-29

Fig. 14. Pressure distribution on aircraft MiG-29 surface

Rys. 15. Widok modelu samolotu MiG-29 zawieszony w przestrzeni pomiarowej tunelu aerodynamicznego

Fig. 15. View of aircraft MiG-29 situated in measurement space of wind tunnel

4. Wnioski

Z przedstawionych w niniejszym opracowaniu analiz wy-
nika, ze wyniki otrzymane dla poszczegélnych testow z duza
doktadnos$ciag pokrywaja si¢ z przyjetymi wzorcami. Wyniki
uzyskane dla zbudowanych modeli obliczeniowych r6znig si¢
w granicach 10+20% w stosunku do danych uzyskanych na
drodze przeprowadzonych eksperymentéw w tunelu aerodyna-

4. Conclusions

Presented in this paper analysis and tests reveals that re-
sults of simulation process agree with established standards
with great accurancy. Received simulation’s results are differed
from wind tunnel’s results by 10-20% (taking into considera-
tion subject matter of this studies presented results don’t inc-
Iude detailed data). Values of received results divergence are
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micznym (z uwagi na ich charakter nie zamieszczono warto$ci
konkretnych parametrow w niniejszym opracowaniu). Uzy-
skane rozbieznosci wynikaja w gltéwnej mierze z faktu silnej
korelacji jakos$ci zbudowanej siatki obliczeniowej z uzyskany-
mi wynikami obliczen. Ponadto istotne znaczenie na warto$¢
otrzymanych wynikéw ma rowniez dobor modelu turbulencji
oraz sposobu rozwigzania zadania (wyboru metody obliczenio-
wej).

Przedstawione w niniejszym artykule przyklady wykorzy-
stania narzedzia programowego z rodziny CFD stuzg do wy-
znaczenia i analizy wlasciwosci aerodynamicznych badanych
obiektow. Uzyskana w ten sposob informacja jest podstawg do
podjecia prac majacych na celu okreslenie waloréw lotnych ba-
danych obiektow oraz analizy bezpieczenstwa ich uzycia, co
z uwagi na charakter warunkow w jakich nastepuje ich uzyt-
kowanie jest niezwykle istotne. Znajomos$¢ tych walorow po-
zwala okresli¢ np. zachowanie si¢ uktadu fotel-pilot w sytuacji
awaryjnego opuszczania wojskowego statku powietrznego, czy
tez wyznaczenie toru lotu zrzuconej bomby lotniczej w celu
zbadania czy nie wystapi kolizja wymienionych obiektow
z samolotem-nosicielem. Z uwagi na powyzsze, przedstawione
oprogramowanie (CFD-Fastran) moze w sposob istotny wspo-
moc proces projektowania okreslonych obiektow technicznych
oraz weryfikowania okre§lonych charakterystyk obiektow juz
eksploatowanych.
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APPLICATIONS OF NRTC CYCLE TO DETERMINE A DIFFERENT FUEL CONSUMPTION
AND HARMFUL EMISSIONS CAUSED BY CHANGES OF ENGINE'S
TECHNICAL CONDITIONS

The main topic of the paper is to determine different fuel consumption and harmful emissions caused by engine s chan-
ges of technical conditions. The change of technical condition of combustion engine at any working point of engine
proves different change of fuel consumption and production of harmful emissions. Therefore it is necessary to compare
two technical conditions to determine the same engine load. For this purpose the special simulation programme of
engine load in Non-Road Transient Cycle (NRTC) was created.

Keywords: internal combustion engine, fuel consumption, harmful emissions.

1. Introduction

The flawless, reliable, ecological and economical operation
is required from vehicles’s engines and their equipment. These
requirements are not possible to guarantee by quality of design
and production only but it is necessary to maintain the engine
by regular controls.

During technical life the growth of specific fuel consump-
tion (as increase of carbon dioxide emissions) accompanied
with other harmful emissions is caused by engine’s impacts of
progressive detritions. Application modern diagnostic methods
are possible to reach rectification and decrease the production
of harmful emissions on to standard level app. by 90 % of cases.
From the point of economy and ecology of operation the spe-
cific fuel consumption is one of the most important parameters
of combustion engines. The lesser is engine’s specific fuel con-
sumption the better is environment protection. But the specific
fuel consumption is too complex diagnostic signal because al-
most any engine failures are shown in its increase.

2. Methods

For experiment of different engine consumption and harm-
ful emissions in dependence on change the engine’s technical
condition was used in Non-Road Transient Cycle (NRTC) [1,2].
This cycle is accepted by European Union directives to repre-
sent the typical tractor’s engine load during work under outdoor
conditions (terrain).

The tested engine was Zetor 7701. Parameters of this en-
gine are below in the Tab. I. The fuel consumption and the
production of harmful emissions depend on different adjusted
engine’s speed and torque. Measurement was carried out under
good technical conditions of engine and subsequently under
the worse technical conditions of engine. The worse technical
condition has been simulated by a modification of the pre-in-
jection angle (changed onto 18 %). Discreet measuring values
were processed onto continuous surface of fuel consumption
and harmful emissions depending on engine speed and torque.
The fuel consumption and harmful emissions at every working
points of NRTC cycle was obtained from the continuous surfa-
ce by the help of PC program.

Tab. 1. Parameters of the engine Zetor 7701

engine type Z7701
fuel diesel
maximum power output 55 kW
maximum torque 280 Nm
cylinder number 4
piston bore 102 mm
piston stroke 120 mm
compression ratio 17
nominal rom 2200 ot/min
pre-injection 25° in front HU
injection pressure 18,7 + 0,1 MPa
injection pump PP 4 M 3137 S 0164
efficiency regulator RV M 900 1100 3300
injector-nuzzle DOP 160 S 430 - 1436

2.1. The characteristic of fuel consumption in good technical
condition

The continuous surfaces are created from values engine
consumption and harmful emissions in dependence on engine
speed and engine torque measured in two technical engine con-
ditions. These created surfaces subsequently limited by maxi-
mal moment and losing engine moment. Thereby we delimit the
working engine area.
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Fig. 2.1. The hourly fuel consumption in dependence of engine speed
and engine torque
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Tab. 2.1. The example of fuel consumption in selected wor-
king engine points

fit(660,28)=0.819
fit(1000,0) = 0.709

fit(1500,100) = 4.139
fit(1500, 180) = 6.692

fit(2000,280) = 16.834
fit(2200.100) = 6.397

2.2. The characteristic of fuel consumption in worse technical
condition
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Fig. 2.2. Hourly fuel consumption in dependence of engine speed and
engine torque

Tab. 2.2. The example of fuel consumption in selected wor-
king engine points

fit(660,28) = 0.913
fit(1000,0) = 0.782

fit(1500,100) = 4.485
fit(1500,180) = 7.642

fit(2000,280) = 18.77
fit(2200,100) = 7.294

Specified percentage engine torque will transform on the
torque [Nm] depending on the cycle time, this way:
The actual engine torque:

M, (s):=M,,(s)-0.01- M,
Where: M (s) is course of engine torque [Nm], M, (s) is

may

maximal moment by given engine speed cycle and M, is set
engine torque in cycle.

2.3)

3. Result

If we know the mode of engine speed and engine load in
given cycle (fig. 2.4), we would have to assign to single po-
ints (engine speed x engine load) from surface of hourly engine
consumption given by immediate fuel consumption. The model
of NRTC cycle is founded on presumption that every measured
point continuance in its course for a period 1 second. By this
period is every points assigned fuel consumptions which is cor-
responding by given engine speed and engine load.

Influence of engine failure the fuel consumption increased
in cycle from 1,779 kg to 2,002 kg and average specific fuel
consumption increased from 275,755 [g-'kWh-1] to 306,784
[g-’kWh-1].

In the same way as the fuel consumption, the different pro-
duction of pollutant emission can be expressed.

The engine produced in good technical condition during
cycle 5,411 kg emission carbon dioxide, 165,373 g emission
carbon monoxide, 1,025 g emission hydrocarbon and 42,71 g
emission nitrogen oxides.

The engine produced in worse technical condition 5,77 kg emis-
sion carbon dioxide, 254,058 g emission carbon monoxide, 1,157 g
emission hydrocarbon and 30,6 g emission nitrogen oxides.

2.3. The course of engine speed and torque 120 100
n
The engine speed and torque is given [¥o] il ' = II}I]
. o
percentage in cycle. The first necessary step “ ¥ b 7 ] A
- L 80 . |(1i = w ni .
which is needed for other processing is lead | 1\ (" ‘ P
over this percentage setting on engine speed 60 i i f'
[rpm] and engine torque [Nm]. ‘ | I 40
Specified percentage rpm are transfered A0 T I | ‘ l
into the rpm depending on the time, this way: 20 ) i I| ‘ll ‘ ‘ —120
There will determine referential rpm, ili |
which forms a base (100 %) for calculation gLes L g
. 0 125 250 375 500 625 750 875 100 1125 1250
of actual motor rpm. This is close to the no- — engine speed in NRTC cycle t[s]
minal rpm: ——engme torgue n NRTC cycle
My = nlo+0'95(nh[- m (CA)) Fig. 2.3. The course of percentage engine speed and engine torque in NRTC cycle
Where: n,  is referential engine speed [rpm]; n,, m ¥
is low engine speed [rpm], determined by cal- [rpm] [Nm]
culating 50% of the declared maximum net po- 2000 | l —250
wer; and nhi is engine speed [rpm] determined | | .
by calculating 70% of the declared maximum 1500 !
net power (so rpm higher then nominal). | || —150
The actual engine speed: 1000 |
(n Ry, )R | ‘ || ‘ I
ref — idle /" 9%, T
n(s)=—= =4y, (22) 200 | 50
100
where: n(s) are actual engine speed in NRTC 05 125 250 375 500 625 750 875 1000 1125({ llzgu
: : ; —— engine speed in NRTC cycle s
cycle [rpm], nidle idle engine speed 660 [rpm], _eﬁe tg)rgue in NRTC cycle

nref are reference engine speed 2294 [rpm] and
1, are set percentage engine speed.

Fig. 2.4. The course of engine speed and engine torque in NRTC cycle
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Fig. 2.5. The course of immediate and cumulative fuel consumption in NRTC cycle

4. Discussion

The technical condition has undoubtedly impact on fuel
consumption and production of harmful emissions. The eva-
luation impacts on change of engine’s technical condition by
mere comparison with fuel consumptions and harmful emis-
sions production in a few points of working characteristic has
only minimal testify ability about harmfulness vehicles.

Because during of operation happen to ingravescence of
technical engine condition and thereby too increase emissions

production, is controlled the emissions production from motor
vehicles in regular interval. At present is provided this measure
in Vehicle Technical Station and is technical and economical
compromise by which is evaluated only combustion’s quality
in two working points the motor’s characteristic. Like this pro-
vided control has only little predicative ability about its harm-
fulness.

Into the future will be suitable to lead new inspection main-
tenance, which will be objective in adjudication given vehicle.

5. References

(1]
(2]

Directive93/116/ES [online]. [cit.2004-09-10]. Available from WW W: <http://europa.eu.int/eur-lex/cs/dd/docs/1999/31999L.0100-
CS.doc>.

Directive 1999/96/EC of the European parliament and of the Council [online]. [¢it.2006-11-11], Available from WWW: <http://
europa.cu.int/eur-lex/pri/en/oj/dat/2000/1_044/1_04420000216en00010155.pdf >.

EPA — Vehicle chassis Dynamometer Driving Schedules, [online]. [cit.2006-10-21]. Available from WWW: <http://www.epa.gov/
otag/labda.htm#vehcycles >.

Dieselnet — Emission Test Cycle, [online]. [cit.2006-10-27]. Available from WWW: <http://www.dieselnet.com/standards/cycles/ >.
Hromaédko, J., Hromadko, J.: Problems of fuel consumption measurement. XXXVII. Mezinarodni konference kateder a pracovist’
spalovacich motort ¢eskych a slovenskych vysokych §kol, Praha, 2006. ISBN 80-213-1510-5.

Hromadko, J., Hromadko, J.: Problems of Power Parameter Measurement of Constant-Speed Engines with Small Cylinder
Volume by Acceleration Method. 1X Ogolnopolska Konferencia Naukova, Poznan, 2006. ISBN 83-7160-418-1.

Hromadko, J., Hromadko, J.: The alternative determination of specific fuel consumption. XXXVII. Mezinarodni konference
kateder a pracovist’ spalovacich motorid ¢eskych a slovenskych vysokych skol, Praha, 2006. ISBN 80-213-1510-5.

Kadlecek, B., Pejsa, L., Dvorak F.: Possibilities of practical assessment of combustion engines parameters In. MECCA 1/2005, Journal
of Middle European, Construction and Design of Cars, Ceské vysoké ugeni technické, Praha. str. 39-46, ISSN 1214-0821.

Kadlegek, B.- Pejsa, L. — Ruzicka, M.: The Comparison of Power, Economy and Ecological Parameters of Spark-ignition Engine
of Lawn Mowers, In: Eksploatacja i Niezawodnos¢ - Maintenance And Reliability, 2005, Vyd: Polish Maintenance Society, Warsaw,
ISSN 1507-2711.

steskeske sk skeoskokoskoskok

This paper is supported by: Ministry of Education, Youth and Sports Czech Republic (project No. MSM6046070905).
Ministry of Transport Czech Republic (project No. 1F44G/092/120)

sk sk sk sk ok skokosk okosk

Ing. Jan HROMADKO, Ph.D.
Ing. Vladimir HONIG
Ing. Petr MILER

Czech University of Life Sciences in Prague

Technical Faculty, Dept. of Vehicles and Ground Transport
Kamycka 129, 165 21 Praha 6 - Suchdol

tel. +420 22438 4108, +420 22438 3105

e-mail: janhromadko@tf.czu.cz; honig@tf.czu.cz; miler@tf.czu.cz

MAINTENANCE AND RELIABILITY NR 4/2008 65




Marek BARA
Wiadystaw SKONECZNY
Stawomir KAPTACZ

TRIBOLOGICZNE WLASCIWOSCI CERAMICZNO-WEGLOWYCH WARSTW POWIERZCH-
NIOWYCH OTRZYMYWANYCH W ELEKTROLITACH 0 ROZNEJ ZAWARTOSCI GRAFITU

TRIBOLOGICAL PROPERTIES OF CERAMIC-CARBON SURFACE LAYERS OBTAINED

IN ELECTROLYTES WITH A DIFFERENT GRAPHITE CONTENT

W pracy przedstawiono tribologiczne wiasciwosci kompozytowych warstw powierzchniowych tlenek glinu-grafit. War-
stwy otrzymano metodq elektrolityczng, w elektrolitach o roznym stgzeniu grafitu. Wytworzone warstwy skojarzono
z tworzywem PEEK/BG w ruchu posuwisto-zwrotnym, w warunkach tarcia bezsmarowego. Przedstawiono rezultaty ba-
dan wspotczynnika tarcia pary Slizgowej i zuzycia masowego tworzywa. Celem okreslenia mikrogeometrii powierzchni
warstw tlenku glinu oraz warstw tlenek glinu-grafit przeprowadzono badania struktury geometrycznej powierzchni
za pomocq profilografometru stykowego, przed i po tescie tribologicznym. Zaprezentowano rowniez obrazy struktury
i morfologii powierzchni warstw tlenek glinu-grafit oraz tworzywa PEEK/BG wykonane przy zastosowaniu elektrono-
wej mikroskopii skaningowej.
Stowa kluczowe: wiasciwosci tribologiczne, warstwa kompozytowa, mikroskopia skaningowa, tworzy-
wo sztuczne, mikrogeometria powierzchni.

The paper presents the tribological properties of composite aluminium oxide-graphite surface layers. The layers
were obtained by the electrolytic method, in electrolytes with a different graphite concentration. The produced layers
were coupled with a PEEK/BG material in reciprocating motion, under lubricant-free friction conditions. The results
of research regarding the coefficient of a friction couple wear and mass wear of the material are presented. In order to
determine the microgeometry of the aluminium oxide layers’ surface and of aluminium oxide-graphite layers, investi-
gation was conducted of the geometrical structure of the surface using a contact profilographometer before and after
a tribological test. Images are also presented in the paper showing the structure and surface morphology of aluminium
oxide-graphite layers and the PEEK/BG material, taken using scanning electron microscopy.

Keywords: tribological properties, composite layer, scanning microscopy, plastic material, surface

microgeomet).

1. Introduction

The oxide ceramic layers Al,O, produced via hard anodi-
zing belong to a group of materials with a strongly developed
surface. They are frequently used for lubricant-free sliding co-
uples with polymers, in the production of servo-motors, com-
pressors or shock absorbers.

Under technically dry friction conditions, the essence of
a polymer/aluminium oxide layer, the latter being hard and re-
sistant to wear, is the formation of a polymer sliding film. The
film has an ability to significantly reduce resistance to motion in
a further friction process causing, however, an increase in mass
wear of the material in the initial phase of the couple’s interac-
tion [1, 2]. Preventing such undesirable effects has been realized
so far through the creation of polymer compositions being a mi-
xture of a basic material with fillers. In the case of PTFE based
compositions, fillers in the form of powders, flakes or fibres are
used. The most important materials used as fillers in the produc-
tion process of composite materials with a PTFE matrix inclu-
de powdered graphite, carbon, molybdenum disulfide, glassy
carbon and powders of the following metals: bronze, brass,
antimony, nickel, and oxides of some metals. Owing to a la-
minar structure of the crystal lattice and anisotropic properties
of cohesion forces of the fillers, i.e. graphite or molybdenum
disulfide, a partial replacement of external friction with internal

friction of a low value takes place between the interacting sur-
faces, which leads to a reduction of the friction forces [3].

A similar effect of a reduction in resistance to motion du-
ring technically dry friction, without excessive mass wear of the
material in the initial phase of the couple’s interaction, could be
achieved by incorporating the graphite into the oxide structure.

2. Ceramic-carbon surface layer

The object of the tribological tests were ceramic-carbon lay-
ers of aluminium oxide/graphite, produced on a substrate of alu-
minium alloy EN AW-AIMg2, of dimensions: 1.8 X 6 cm. The
process of surface layers production was preceded by cleaning
the aluminium alloy surface through etching in a 5% KOH so-
lution and a 10% HNO, solution, followed by rinsing in dis-
tilled water.

The layers were obtained in an electrochemical oxidation
process by the direct-current method, in electrolytes with or-
ganic acids’ and graphite’s additions. Four electrolytes were
used, differing with the graphite content from 0 to 30 g/litre of
electrolyte. The oxidation process was conducted for an elec-
tric charge of 180 Amin for all the surfaces. Current density
amounted to 2 - 4 A/dm? with oxidation time of 40 - 90 minutes.
The bath temperature was 293 and 303 K.
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The image of the aluminium oxide-graphite layer’s morphol-
ogy, taken using scanning electron microscopy (Fig. 1), presents,
characteristic foraluminiumoxides, surface porosity ofacylindri-
calstructure. The porosity isaneffectofthe collumnararchitecture
of the structure (Fig. 2), oriented against the electric field [4].

HFW | det | WD
98 ym | ETD|10.0 mm| Powierzchnia 9D ¢

Rys. 1. Morfologia powierzchni warstwy tlenek glinu-grafit
Fig. 1. Surface morphology of aluminium oxide-graphite layer

Rys. 2. Struktura warstwy tlenek glinu-grafit

Fig. 2. Structure of aluminium oxide-graphite layer

3. The PEEK/BG material

The material interacting with the aluminium oxide/graphite
layers was a high-quality polymer composite based on polyethe-
retherketone. PEEK is a partly crystalline thermoplastic material
withvery good mechanical properties. Itis characterized by ahigh
temperature of continual work, amounting to 523 K, and perfect
chemical and radio-resistance. Good sliding properties and low
absorbability, ensuring high dimensional stability, complement
the properties of this high-parameter material, making it a uni-
versal material for a number of applications.

An addition of PTFE, graphite and carbon fibres to the PEEK
material (Fig. 3) yields a material with enhanced mechanical
strength, a reduced friction coefficient and improved abrasion re-

sistance. Its optimal tribological properties make the PEEK/BG
particularly suitable forapplicationsin friction couples consisting
of bearings. Photographs of the material (Figs. 3, 4) have disclo-
sed a unidirectional arrangement of carbon fibres in the structure
of PEEK/BG [5-8]. For the tribological tests, a surface of the
material was used, in relation to which the fibres were arranged
perpendicularly. A PEEK/BG sample prepared for the tests was
cube-shaped, with a side of 10 mm.

Rys. 3. Morfologia powierzchni PEEK + 10% PTFE + 10% grafitu +
10% wiokien weglowych [6]

Fig. 3. Surface morphology of PEEK + 10% PTFE + 10% graphite +
10% carbon fibres [6]

Rys. 4. Przetom PEEK + 10% PTFE + 10% grafitu + 10% widkien
weglowych [6]

Fig. 4. Fracture PEEK + 10% PTFE + 10% graphite + 10% carbon
fibres [6]

4. Research methodology

Tribological tests were conducted on an RS 2007 testing
machine, dedicated for testing materials which interact as a sli-
ding couple in reciprocating motion (Fig. 5).

The friction couple in RS 2007 (Fig. 6) reproduces the
work of components of a piston-cylinder couple. The spec-
imen used in the test is a sector of a piston gasket ring and
the counter-specimen is a sector of a cylinder sleeve. Counter-
specimens are fixed in a guide moving with a reciprocating mo-
tion, through a crankshaft driven by a motor. The specimens
fixed in extensometer transducers are pressed against counter-
specimens using bobs.

The tribological tests were carried out in dry friction condi-
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Rys. 5. Schemat testera RS 2007
Fig. 5. RS 2007 tester diagram

Rys. 6. Wezel tarcia testera RS 2007
Fig. 6. RS 2007 tester friction couple

tions, at a constant ambient temperature and constant relative
humidity of the air. The tests were carried out for a constant
friction distance of 25 km + 10 km, under unit pressure of 30 N
and at an average sliding speed of 0.3 m/s.

The friction force was recorded by means of a multichannel
analog-to-digital converter, Spider 8, using the Catman 4.5. soft-
ware. Mass wear of the PEEK/BG material was determined by
meansofanelectronicanalyticalbalance WA-350f0.1 mgaccuracy.
To determine the influence of the interacting surfaces’ microge-
ometry on the tribological test results, measurement of rough-
ness of the oxide layers was made using a contact profilogra-
phometer Form Talysurf, with applying the 2D method.

5. Reserach results

Based on data obtained from the tribological test car-
ried out for couples of ceramic-carbon surface layers
with the PEEK/BG material, the influence was determi-
ned of oxide layers’ formation conditions (current den-
sity, graphite content in electrolyte, bath temperature)
on the friction coefficient value and mass wear of the material.
The results are presented in a form of charts for particular tem-
peratures of electrolyte.

An analysis of the friction coefficient for layers pro-
duced at a temperature of 293 K (Fig. 7) suggests that
a graphite addition to electrolyte results in decreasing the value
of friction coefficient. An increase in current conditions during
the electrolysis process results in a decrease of the friction coeffi-
cient value for layers produced in the electrolyte with graphite.

In the case of layers formed at a temperature of 303 K (Fig.
8), one can observe an inverse nature of changes of the fric-
tion coefficient as a function of current conditions and elec-
trolyte composition. For the layers formed in electrolyte with
graphite, while the current density value decreases, the friction
coefficient decreases as well. An increase of graphite content
in the bath results in a decrease of the friction coefficient value. A
layerproducedatcurrentdensity of4 A/dm?inelectrolyteofatem-
peratureof293 K and graphite contentof20 g/lachieved thelowest
friction coefficient value, i.e. 0.17, among the layers produced
in electrolytes containing graphite. The friction coefficient for
the layer formed in the same current conditions, in electro-
lyte of the same temperature but without graphite, amounted
t0 0.2 1.

Friction coefficient y

4

/s
0 10 R\\/ 2 Current density

20
30 2
Graphite content [P ]

in electrolyte [g/I]

Rys. 7. Zaleznos¢ wspotczynnika tarcia od gestosci prgdowej i rodzaju
elektrolitu dla skojarzenia tworzywo PEEK/BG - tlenek glinu-
grafit wytwarzanego w temperaturze 293 K

Fig. 7. Dependence of friction coefficient on current density and
electrolyte type for the couple: PEEK/BG -aluminium oxide —
graphite, formed at a temperature of 293 K

0211 1

Friction coefficient y

R e A 2 Current density
30 [A/dm?]

20

Graphite content
in electrolyte [g/1]

Rys. 8. Zaleznos¢ wspotczynnika tarcia od gestosci prgdowej i rodzaju
elektrolitu dla skojarzenia tworzywo PEEK/BG - tlenek glinu-
grafit wytwarzanego w temperaturze 303 K

Fig. 8. Dependence of friction coefficient on current density and
electrolyte type for the couple: PEEK/BG -aluminium oxide —
graphite, formed at a temperature of 303 K

The nature of the PEEK/BG material wear as a func-
tion of current conditions and electrolyte composition for
layers produced at 303 K (Fig. 9) is identical to the nature
of changes in the friction coefficient (Fig. 7). The lowest PEEK/
BG mass decrement, i.e. 0.12 mg, was recorded for a specimen
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interacting with the layers produced at current density of 4 A/dm?
inelectrolyte atatemperature of 303 K with graphite content 0of20
and 30 g/l. The mass decrement of a specimen interacting with
the layer formed in the same current conditions, in electro-
Iyte of the same temperature but without graphite, amounted
to 0.33 mg.

Mass decrement
PEEK/BG [mg]

0 P T\\\\/ 2 Current density
30 [A/dm?]
Graphite content
in electrolyte [g/l]

Rys. 9. Zaleznosé zuzycia tworzywa PEEK/BG od gestosci prgdowej
i rodzaju elektrolitu po tescie tribologicznym z ceramiczno-we-
glowymi warstwami wytwarzanymi w temperaturze 293 K

Fig. 9. Dependence of PEEK/BG wear on current density and elec-

trolyte type after tribological test with ceramic-carbon layers
produced at a temperature of 293 K

Mass decrement
PEEK/BG [mg]

0 10 ———=—" /"2 Current density

20 30 A dmz]
Graphite content
in electrolyte [g/l]

Rys. 10. Zaleznos¢ zuzycia tworzywa PEEK/BG od gestosci prgdowej
i rodzaju elektrolitu po tescie tribologicznym z ceramiczno-
weglowymi warstwami wytwarzanymi w temperaturze 303 K

Fig. 10. Dependence of PEEK/BG wear on current density and elec-
trolyte type after tribological test with ceramic-carbon layers
produced at a temperature of 303 K

By determining the influence of the microgeometry of
ceramic-carbon surface layers on the friction coefficient va-
lue and wear of the PEEK/BG material, the basic parameters
of the profile were analyzed. Figures 11 and 12 present the
measurement of mean arithmetical deviation of the layers’ ro-
ughness profile before friction. A comparison of parameter Ra
of all the oxide layers (0.42-0.64) shows insignificant differen-
ces in roughness. The results of the profilographometric exa-

mination corroborate that the geometric structure of the layers’
surface has no influence on changes of the friction coefficient or
wear of the PEEK/BG material during tribological interaction.

'
=
O
= 0
_’gg
Q.
'5 4
0 /3
0 10 20 \‘\/ 2 Current density
30 [A/dm?]

Graphite content
in electrolyte [g/l]

Rys. 11. Srednie arytmetyczne odchylenie profilu chropowatosci Ra,
ceramiczno-weglowych warstw wytwarzanych w temperaturze
293K

Fig. 11. Mean arithmetic deviation of roughness profile Ra, of cera-
mic-carbon layers produced at a temperature of 293 K

0,80

Ra prior to
tribological test [pum]

T————"/ 2 Current density

205 [A/dm?]
Graphite content

in electrolyte [g/l]

10

Rys. 12. Srednie arytmetyczne odchylenie profilu chropowatosci Ra,
ceramiczno-weglowych warstw wytwarzanych w temperaturze
303K

Fig. 12. Mean arithmetic deviation of roughness profile Ra, of ceram-
ic-carbon layers produced at a temperature of 303 K

6. Conclusions

Based on the conducted studies and analysis of test results it
has been concluded that as a result of a lubricant-free tribologi-
cal test for a couple consisting of ceramic-carbon surface layers
with PEEK/BG, the polymer material is transferred onto the oxi-
de surface. Incorporation of graphite into the structure of oxide
layers formed at a temperature of 293 K at high current density
values decreases the friction forces in tribological couples with
the PEEK/BG material, whereas incorporation of graphite
into the structure of oxide layers produced at a temperatu-
re of 303 K at low current density values, reduces the wear
of the material.
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