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dostava sa vam do ruk prvé
Cislo ¢asopisu Komunikacie - ve-
decké listy Zilinskej univerzity /
Communications -

Scientific
Letters of the University of
Zilina, ktory zacina vydavat
Zilinska univerzita, ako svoj ve-
decky Casopis. OcCakavame, Ze
v nom bude dostatok priestoru
na prezentdciu najnovSich
vedeckovyskumnych poznat-
kov, ale aj trendov vo vzdela-

Vazeni citatelia,

Dear Readers,

This is the first issue of the

Communications - Scientific

Letters of the University of
Zilina. The University expects
to publish its scientific journal
to provide opportunity for the
latest scientific and research
findings and also new trends in
the areas of education, trans-
port and telecommunications
and information technologies.
Under the auspices of COM-

vani, v oblastiach dopravnych,
telekomunikaénych a informac¢nych technologii.
Mal by to byt Casopis, ktory pod nazvom KOMU-
NIKACIE bude pribliZovat aj §irsi okruh problé-
mov, nevynimajucich aspekty rozvoja vedy,
techniky a ich vplyv na spolo¢nost.

Komunikacie treba vnimat ako prostriedok
pre zmenu vztahov, pre zmenu spolo¢nosti.

Novy Casopis, ktory sa ma stat prostriedkom
prezentacie vysledkov vedy a vyskumu na univer-
zite, ale aj prostriedkom komunikacie univerzity
s okolim, si musi najst svoje miesto. Na to, aby si
ho nasiel, musia jeho tvorcovia za kazdym novym
Cislom vidiet v prvom rade Citatela, pre ktorého
nebude dolezitd kvantita, ale kvalita prispevkov
a ich aktualnost.

Prajem vSetkym, ktori sa podielali na vzniku
Casopisu, aby mali §tastni vol'bu, aby sa vytvoril
dal§i prvok podporujuci, ale aj symbolizujici
rozvoj Zilinskej univerzity a jej spoluprace s ostat-
nymi indtituciami vedy a praxe. Zelam, aby sa
tento cCasopis stal prostriedkom komunikacie
a sicasne jednym z katalyzatorov pozitivnych spo-
loCenskych a ekonomickych zmien, ku ktorym
rozhodne musia KOMUNIKACIE prispiet.

MUNICATIONS the journal is
expected to also provide a wider range of topics
including the development of science and techno-
logy and their influence on society.

Communications lead to a change in relations,
a change in society.

The new journal will also serve as a means of
communication for the university with the sur-
rounding institutions. In order to meet these
objectives the editors must understand the readers
of the journal. Quality not quantity regarding the
issues dealt with in the journal will be of utmost
importance.

I wish all who took an active part in the pre-
paration and the editing of the journal every
success. This journal represents another step in
promoting and symbolizing the development of
Zilina University and its cooperation with institu-
tions of science and practice. I wish this journal to
be a means of effective communication and, at the
same time, a catalyst of positive social and econo-
mic changes to which COMMUNICATIONS will
contribute.

N Ol

Prof. Eng. Milan Dado, PhD.

Rector of the University of Zilina
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Branislav Dobrucky - Alena Ot¢enasova - Michal Pokorny - Rastislav Tabacek *

NOVE TRENDY V DYNAMICKEJ KOMPENZACII
A REKUPERACII ENERGIE V ELEKTRICKE] TRAKCII

THE NEW POSSIBILITIES OF DYNAMIC COMPENSATION
AND REGENERATION OF ENERGY IN ELECTRIC TRACTION

Cldnok uvidza dynamickii kompenzdciu, filtrdciu harmonic-
kych zloZiek a rekuperdciu symetrickych neharmonickych/nelinedr-
nych zdtaZi elektrizacnej sistavy. Je tu prezentovand novd origindlna
myslienka pouZitia Clarkeovej ortogondlnej transformdcie na vytvo-
renie stavového vektora skiimanych velicin a ich rozkladu na redlnu
a imagindrnu cast. Vdaka Seststranovej symetrii stavového vektora
v komplexnej oblasti vzorkovacie a riadiace obvody filtra zvlddnu aj
rychle dynamické zmeny zdtaze. Analyza a vypocet cinného
wkonu/pridu zdtaze mozu byt dokoncené v priebehu jednej stvrtiny
periody pre jednofizovii sistavu, alebo jednej Sestiny periody pre troj-
Sfazovi sustavu (z dat ziskanych v predchddzajicej Stvrtine alebo
Sestine). Odozva kompenzdtora na aktudlny stav zdtaze je tak zabez-
pecend v najkratsom moznom case.

1. Uvod

Prud zatazi, ktoré (ak uvazujeme ich nelinearny charakter)
odoberaju jalovy a deformacny vykon, je zloZeny zo zakladnej
zlozky s jednotkovym ucinnikom voc€i napdtiu siete a harmonic-
kych zloziek, ktoré tvoria jalovy a deformacny kompenzacny

The paper presents dynamic compensation, harmonics filtration
and regeneration of symmetrical non-harmonic / non-linear loads in
energetic systems. The new original thought uses Clarke’s orthogonal
transform for creation of state-space vector of investigated quantities
and its decomposition into real- and imaginary components. The
acquisition and control circuitry of the filter can then handle fast
dynamic changes of the load, due to six-side symmetry of state-space
vector in the complex domain. The analysis and computation of the
load’s active power / current should be completed within one fourth of
the period for single-phase system and one sixth of the period for three-
phase system (from acquired data of previous fourth or sixth periods).
The compensator response to the actual state of the load then can be
as fast as possible.

1. Introduction

The current of the load, which needs (considering its non-linear
nature) to be supplied by reactive and distortion powers will be
composed of a fundamental component with a unity power factor
against the network supply voltage and harmonic components,

prud. constituted by reactive and distorted compensating currents.

Na elimindciu tychto javov je i source 1 joad i To eliminate this phenomena,
potrebné kompenzovat ucinnik —> it is necessary to compensate the
a filtrovat harmonické zlozky, naj- @ yé power factor and filter higher
lepSie v mieste ich vzniku - obr. 1. harmonic better than just in the
To moéze robit kompenzator AC Source Ti/”f" (non-linear) point of their origin, Fig. 1.
a aktivny filter, dokonca aj v pri- Compensator and active filters

padoch, kedy sa zafaZenie rychlo
meni.

Compensator and
Active Filter

can do this, even in the case of
rapidly changing loads.

Hlavnou ulohou kompenza-
tora alebo aktivneho iy, , obr. 2,
je generovanie takého doplnko-
vého kompenzacného pradu i, ,
ktory po séitani s neharmonickym a fazovo posunutym priadom
zataze iy,,, zabezpeci, Ze z napéjacej siete bude odoberany iba
¢inny vykon (Cinny a sinusovy prud iy,,..):

Obr. 1. Blokovd schéma paralelnej kompenzdcie a filtrdcie
Fig. 1 Block scheme of parallel compensation and filtering

The main task of such a com-
pensator or active iy, Fig. 2, is
the generation of complementary
compensating current i, such
that after its addition with non-harmonic and phase shifted load
current #,,,,, the only active power (active and sinusoidal current
) will be taken off the supplying network:

Lsource
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V. diel ND 220, SK-010 26 Zilina, Slovak Republic, Phone +421-89-646 2188, Fax +421-89-549 63, E-mail dobrucky@kete.utc.sk
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ilrmd ([) = l_'/iller (t) + isnurce(t) (1)
Vypocet tohto kompenzaéného prudu je najdodlezitejsou Cin-
nostou riadiacich obvodov kompenzatora. Vypocty sa moézu usku-
tocnit dvoma réznymi sposobmi:
e UrCenim (meranim, alebo inym sposobom) ¢inného vykonu
zataze:

1
PAV = ?I (lload . vsource)d[ (2)
kde v, je napitie zdroja. Amplitida zakladnej zloZky ¢inného
prudu:
2P
[lsoumz = V AL (3)

soure
e UrCenim zakladnej harmonickej zlozky prudu zataze harmo-
nickou analyzou:

inaa =5+ (@, €050, D)+ (b, sint, D) (4

kde a, a b, su koeficienty

Fourierovho rozvoja a a, je Lifitier

YY)

iluad (t) = ljf[ller ([) + ism:rce(t) (1)
The calculation of this compensating current is the most
important activity of the compensator’s control circuit. The
calculations can be carried out in two different ways:
e By determination (by measurement or in another way) of the
load’s active power:

1
PAV = ?J‘ (iload . vsoun‘e)dz (2)

where v,,,,.. is the source voltage. Amplitude of the active current

fundamental component:

2P
I Lsource — AL
V.

soure

(3)

e By determination of the load current’s fundamental component
by harmonic analysis:

> (a, cos(w, )+ > (b, sin(w, ) (4

a()
loaa = = +
n=1 n=1

where a, and b, are the coeffi-
cients of Fourier series and a, is

hodnota jednosmernej zlozky
analyzovaného priebehu. Ampli-

the value of DC component of
ana-lysed waveform. Amplitude

tuda a faza zakladnej zlozky pridu

fundamental component are then:

O,

¢ Crilter and phase angle of the current’s
..... . — | Vg
T, .

/2 2.
Lijpaa = Vai +b7;

(

ktory ma rovnaku fazu ako napétie
zdroja potom je:

potom st
Lijpaa = le1 +b1; ( ( -
b
o = arctg(—) (5)
a |
Amplitida pradu zdroja, = 4‘

b,
o = arctg(—) )
a
The amplitude of source
current, which has the same phase
angle as the source voltage is then:

Obr. 2. Zdkladné zapojenie 1(3)fdzového kompenzdtora

(6)

[lsourfe = [llnad : COS(pl

2. Kompenzacia a filtracia
v ortogonalnej transformacii

V Clarkeovej transformacii bude mat urcita veli¢ina tvar:
2
xX*(t) = ? [xa (1) +ax, (2)

kde x*(1) je stavovy vektor danej veliiny, x, , . su fazové hod-
noty a

- 1
Py j=V-1; x,=-(2x

3 X

a=¢e W Xy~

Xg = % (xp — x,) (®)

V trojvodicovom symetrickom systéme: x, = x, .

Fig. 2 Basic connection of 1(3)-phase compensator

(6)

Ilsm:rce = [lload ' COS(pl

2. Compensation and Filtering
under Orthogonal Transform

Any quantity under Clarke transform will have the following form:

+d*x, (z)] =x, +jxg (7)

where x*(7) is the state-space vector of any quantity, x, , . are
phase values and

FEm LA/
a=¢e¢’ ;j=V-1;x, 2 Xy T X))

1
= ? (2 X
Xg = % (xp — x,) (8)

In 3-wire symmetrical system: x, = x,, .

6 © KOMUNIKACIE / COMMUNICATIONS 1/99



Pri vypocte P, zaloZenom na Seststranovej symetrii trajekto-
rie x*(¢) [3], [8] v Gaussovej rovine pre neharmonické veliCiny, sa
moze integrovat v [ubovolnom &asovom intervale dizky 776 s rov-
nakym vysledkom ako v ¢asovej oblasti.

V pripade neharmonickych veli¢in v a i, m6Zeme dostat nasle-
dovné hodnoty urcené pre Casovy interval od - 77/6 do 7/6:
3 3 76

Py==—

=3 . - (Ve " i T vg " ig)det )

— /6

Uvedeny integral bol vypocitany podla predpokladov uvede-
nych v autorovom ¢lanku [10] a podrobny vypocet je uvedeny
v prilohe 1 v [11].

Podobnym sposobom sa ur¢i komplexny Fourierov koeficient
pre prud zataze:

3 /6

C, = 3 f*,,/s{[ia cos(wt) + ig sin(wt)} +j [iﬁ cos(wt) — i, sin(wt)“ dowt

Podrobny vypocet tohto vztahu je uvedeny v prilohe dalSieho
autorovho ¢lanku [8].

V jednofazovom systéme mdZe byt pouzity nasledovny postup:

Jeho zakladom je vyjadrenie symbolického vektora a substiti-
cia sinusovej funkcie:

cos(wt) — exp(jwt) = cos(wt) + j.sin(wt) (11)

Takto bude prud odporovo-induktivnej zataze v ustalenom
stave:

i*(t) = Vexp(jwt)/ | Z| exp(jo) = I [cos(wt — @) + jsin(wt — Q)]

kde Z=R + jwL a ¢ = arctg(wL/R) a vysledok je realna Cast
z i*(1).

Ak mame jednofazovy systém uréeny
v(1) = Vcos(wt); i(t) = I cos(wt — @), (13)

po doplneni fiktivnej imaginarnej fazy, ktora je definovana

v(t) = V;sin(wt); i(t) = I;sin(wt — @) (14)
dostaneme ortogonalny suradnicovy systém, kde
Ve = v (1) avg = (1) (15)

Vo vseobecnosti sa fiktivna imaginarna faza moze vytvorit
posunutim povodnej jednofazovej veliCiny doprava s fazovym
posunom rovnym —7r/2. To vyplyva zo Stvor-stranovej symetrie
trajektorie vektorovej veli¢iny v Gaussovej rovine [5]. Pozri obr. 3.
Pre veli¢inu so Stvor-stranovou symetriou musi platit nasledujiica
rovnica:

KOMNIKOCIe
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Based on the 6-side symmetry of trajectory of x*(7) [3], [8] in
the Gauss plane for non-harmonic quantities, computing P, one
can integrate in an arbitrary time interval the length of 7/6 with
the same result as in the time domain.

In the case of non-harmonic quantities v and i, the following
values can be derived for time interval from - 7/6 to 7/6:
3 3 76

br=g 7.

(Ve " i T vg - ig)dwt 9)

/6
The above integral was calculated in accordance with the con-
siderations mentioned in the author’s paper [10] and the detailed
computation is in Appendix 1 of [11].
We obtain in a similar way the complex Fourier coefficient of
the load’s current:
(10)
The detailed derivation of the above equation is in the
Appendix of another author’s paper [8].
In the single phase system the following approach can be used:
The basis for this approach can be a symbolic vector expres-
sion and substitution of harmonic function as
cos(wt) — exp(jwt) = cos(wt) + j.sin(wt)

(11)

thus for resistant-inductive load current in steady-state

(12)

where Z = R + jwL and ¢ = arctg(wL/R) and the result is the
real part of i*(¢).

So, let’s define a single-phase system as

v(t) = Vcos(wt); i(t) = I cos(wt — @), (13)

After complementing by fictitious imaginary phase defined as

v(t) = V;sin(wr); i(t) = I;sin(wt — @) (14)
we obtain an orthogonal co-ordinate system whereas
Ve = v (1) and vg = (1) (15)

Generally, the fictitious imaginary phase can be created by
shifting ordinary single-phase quantity to the right with the phase
shift equal to — /2. It follows out from the 4-side symmetry of
vector quantity trajectory in Gauss plane [5], see Fig. 3. The
following equation must be valid for quantity with 4-side
symmetry

KOMUNIKACIE / COMMUNICATIONS 1/99 o 7
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X*(1) = x*(t — T/4) .

Lexp(j - m/2) (16)
a tiez

x() = — x(t — T/2)

a x() = x(t — T/4) (162)

X*(1) = x*(t — T)4) .

cexp(j - m2) (16)
and also

x(0)=—x(t — T/2)

and x(1) = x(t — T/4) (16a)

A zaverom moZe byt uvedena
vSeobecna transformacna rovnica
pre jednofazovy systém:

x*(1) = K [x()

+ exp(j - m/2) x(1) a7

kde K je multiplikativna konstanta
(pre jednofazovy systém je rov-
nal)a

Obr. 3. Trajektoria vystupného napdtia jednofdzového
pridového menica v komplexnej Gaussovej rovine [5]

Finally, the general transform
equation can be introduced for
single-phase system

x*(1) = K [x(1) +
+ exp(j - 7/2) x(1) (17)
where K is multiplicative constant
(equal to 1 for single-phase
system) and

Fig. 3 Trajectory of output voltage of single-phase

X, =X(t) a x5 = x(1) (18a,b)
Fourierova analyza vySetrovanej veliCiny sa potom moze
vykonat v 1/4 asovej periddy, ako je ukazané na obr. 3. Komplexné
Fourierove koefeicienty su definované
4 714
i = —J’ x*(1) - exp(—jowt)dt (19)
Tl
Predpokladajme subor numerickych dat pre v(z) a v(?) z [5],
pozri obr. 4. Vysledok dostaneme aplikaciou numerického riese-
nia integralov (9) substiticiou

T/4

o

1
x*(1) - exp(—jw.dt)]2 = w

kde N je pocet vzoriek, k je poradie vzorky. Vysledna trajektoria
zakladnej zlozky, dand C,, ¢, z (19), je na obr. 3 (bodkovana

Ciara).

Urcenie cinného a jalového u(t)
vykonu. UvaZujme teraz pre jedno- /—\
duchost sinusové priebehy fazo-

vého napétia a pradu

/4
v(t) = V cos(wt)

current inverter in complex Gauss plane [5]

X, = X(t) and xg = x(f) (18a,b)

Fourier analysis of investigated quantity is then possible to do
in 1/4 of time period as seen in Fig. 3. The complex Fourier
coefficients are defined as

4 174
Ci = —j x*(1) - exp(—jwt)dt (19)
T lo
Let’s assume a set of numerical data for v(z) and v() from

[5], see Fig. 4. The result can be gained by application of the
numerical solution of the integrals (9) by substitution

N-1

> Ak - 0] + (RO) +AN))/2 (20)
k=1

where N is the number of samples, & is the order of the sample.
The resulting trajectory of fundamental harmonic given by
C,, ¢, from (19), can be seen in Fig. 3 (dotted line).

Active and Reactive Power
Determination. Assume now, for
simplicity, harmonic waveforms
of phase-voltage and phase-current

Ui(t)

T4
w(t) = V cos(wt)

i(t) = I cos(wt — @) (21a,b)
Pouzitim ¢asovo sub-optimal-
nej analyzy v transformovanych
ortogonalnych suradniciach pre
Stvorstranovi symetriu sa stredna
hodnota ¢inného vykonu P, v ori-
ginalnej (skutocnej) faze urci:

Obr. 4. Casové pri

2 T4

Pa,BAV:_
T/

Py=—2 [va i g iﬁ]dx (22)

—> i(t) = I cos(wt — @) (21a,b)

Using the time-sub-optimal
analysis in transformed orthogonal
coordinates for 4-side symmetry an
average value of active power P,

ebehy v(1) a vi(t) of an original (real) phase

Fig. 4 Time waveforms of v(t) and vi(t)

Popr 2 T4
Py=—2" =7 (Ve v (22)

0

8 ¢ KOMUNIKACIE / COMMUNICATIONS 1/99



Stredné hodnoty €inného vykonu v imaginarnej faze P,
a jalovych vykonov oboch faz, originalnej Q,, a imaginarnej Q,,,
sa urcia podobnym spdsobom.

Metoda okamZitého jalového vykonu je aplikovana v [6] na
trojfazovy systém, ale vysSie uvedena teodria ju dovoluje pouzif aj
na jednofazovy systém:

Pag = Varlo T vgig

Gap = Va-ig = Vg4 (23a,b)

kde p,g a q,.p su okamzité ¢inné a jalové vykony oboch faz
v ortogonalnych suradniciach. Pre sinusové priebehy su
konstantné a ucinnik sa moze vypocitat z fazového posunu,
obr. 5:

q
0= arctg(ﬂ)
p aff

(24)

Dolezité je, ze p,, q,, @ ¢ su v tomto sinusovom pripade
uréené okamzite, Co je zasadnym prinosom uvadzanej metody.

V pripade neharmonickych zatazi hodnoty okamzitych
¢innych a jalovych vykonov nie st kon§tantné vplyvom existencie
deformaéného vykonu, zapri¢ineného harmonickymi zlozkami.
Potom okamZité ¢inné a jalové vykony su:

Pap = PaﬁAV t Papac @ dup= QaBAV + dupac (25a,b)

P aB=P apav
/

T/4 0 T

q op=¢ aupar

a)
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Average values of active power of imaginary phase P, and
reactive powers of both original Q,, and imaginary Q,,, phases
can be determined similarly.

Utilisation of the instantaneous reactive power method is
used in [6] for three-phase systems, and the above theory allows

its use for single-phase systems as well
Pag = Vorlo T Vvgig

Gop = Va - ig = Vg g (23a,b)

where p,z and ¢, are the instantaneous active and reactive
powers of both phases in orthogonal coordinates. For sinu-
soidal waveforms they are equal to constants and the
power factor can be determined by phase shift, Fig. 5

qck
¢ = arctg(—B)
p af

(24)

It is important that p,,, q,, and @ are in this sinusoidal case
determined instantaneously what is the essential contribution of
the introduced method.

In case of non-harmonic loads the values of instantaneous
active and reactive powers are not constant, due to the existence
of deformation power caused by harmonic components. Then the
instantaneous active and reactive powers are

Pap = Papay T Papac and dap = QaBAV + dupac (25a,b)

P(xBAV p(x[i

-T/4 0 T/4
q op

b)

Obr. 5. Casové zavislosti Pap Gagp ZloZiek vikonu pre sinusovii (a) a neharmonickii (b) zdtaz

Fig. 5 Time-dependence of instantaneous p g, q.g components of the power for sinusoidal (a) and non-harmonic (b) loads

V aktivnych filtroch st referenéné hodnoty kompenzaénych
prudov zalozené na znalosti vyssie odvodenych vztahov pre ¢inné
a jalové vykony, pricom stredna hodnota ¢inného vykonu musi byt
eliminovana. V trojfazovych aktivnych filtroch sa striedavé zlozky
vykonov obvykle ziskaju pomocou dolnopriepustnych filtrov,
niekedy vypoctom za urcity ¢asovy interval (jedna perioda). V jed-
nofazovych aktivnych filtroch tieto metody neboli pouzité,
nakol'ko nebola k dispozicii teoria ortogonalnej transformacie pre
jednofazovy systém, popisana v tomto ¢lanku. Vdaka tejto teorii je

In active filters the reference values of compensating currents
are based on the knowledge of the above derived formulae for active
and reactive powers, where the average value of active power must
be eliminated. In three-phase active filters the AC components of
powers are gained usually by low-pass filtering, sometimes by
calculation through some time interval (one period). In single-
phase active filters those methods were not used because of the lack
of the orthogonal transform theory for the single-phase system
described in this paper. Thanks to that theory it is possible to
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mozné pocitaf stredné hodnoty ¢inného a jalového vykonu za
1/4 casovej periody. Tieto stredné hodnoty sa mozu pocitat
spojito, pre kazdy Casovy okamih ¢, s pouzitim dat uloZenych za
predchadzajucu 1/4 periody.

3. Motznosti rekuperacie kinetickej a potencialnej
energie vozidiel

Podobne ako pri kompenzacii a aktivnom filtrovani je mozné
Setrit elektricku energiu rekuperaciou kinetickej a potencialnej
energie trakéného vozidla pri rekuperacnom brzdeni alebo udrzia-
vani rychlosti pri jazde po spade [7]. Zakladna schéma silovych
obvodov pre rekuperaciu energie je podobna ako na obr. 2. Kvoli
namahaniu vysokym napétim po-uzivaju sa dvoj alebo viacurov-
nové zapojenia, obr. 6.

compute the average values of active and reactive powers for 1/4 of
the time period. These average values can be calculated
continuously for each time instant ¢, using data stored for the
previous 1/4 of period.

3. Possibilities of kinetic- and potential vehicle’s
energy regeneration

Similarly to the compensation and active filtering, it is also
possible to save electric energy by the regeneration of kinetic- and
potential energy of the tractive vehicle at regenerative braking and
overrunning at down hill runs [7]. The basic scheme of power cir-
cuits for energy regeneration is similar to that as in Fig. 2. For
high voltage stresses, two- (or more) level connections have to be
used, Fig. 6.

Zdroj energie - brzdiaci trakény ¥ Ko AN O L The source of energy - braking
motor (motory) musi byt pripo- K K E - & c tractive motor(s) has to be con-
jeny na jednosmerny vstup me- Y Kou Y133 A D33 T nected to the DC input of the con-
nica. V pripade jednosmernej , verter. In case of DC electric
trakcie rekuperacny meni¢ moze “ traction, the regenerating convert-
byt umiestneny v trakénej me- ;z ™2 K2 }Z 144 Zipad er should be situated in traction
niarni, navySe moze byt v trojfazo- Y ZKDMwD W4 ZKD‘TD TC substation. It can also be used in
vom zapojeni. - [ J . three-phase connection.

Pouzivané polovodicové suciast- The power semiconductor

ky. Obvykle, pre vykony do 1 MW,
mozZu byt pouZité IGBT tranzis-
tory so spatnymi diodami. Pre
vicsie vykony (> 5 MW) a vyssie
napatia (3 kV js) musia byt
pouzité GTO tyristory alebo IGBT v dvojuroviiovom zapojeni.
Nakol'ko spinace musia byt oboj-smerné, je pouzitie unipolarnych
vykonovych tranzistorov (MOSFET, SIT) v inverznom rezime
vel'mi zaujimavou moznostou.

Podrobnejsi rozbor kvality rekuperacie elektrickej energie je
urobeny v pripravovanom ¢lanku.

4. Zaver

V ¢lanku boli uvedené nové metdédy dynamickej kompenzacie
a rekuperacie. Navrhované rieSenie ma vyznamné prinosy:

e Generuje kompenzacny prud,

Obr. 6. Dvojiiroviiové zapojenie rekuperacného menica
(jednofdzové zapojenie)
Fig. 6 Two-level connection of regenerative converter
(single-phase connection)

— 100%

devices being used at present.
Usually, for power up to 1 MW,
IGBT transistors with reverse
diodes can be used. For high per-
formances (> 5 MW) and high
voltage (3 kVdc) GTO thyristors or IGBTSs in two level connection
must be used. As the switches must be bi-directional, the use of
unipolar power transistors (MOSFETs, SITs) in reverse mode of
operation is a very interesting possibility.

The detailed analysis of regeneration’s quality will be accom-
plished in the paper that is being prepared.

4. Conclusions

The new methods of dynamic compensation and regeneration
are presented in the paper. The proposed solution has the follow-
ing important features:

e [t generates compensation

. </ ~ . S.00V S.00v
ktory zabezpedi, ze prid zo % v *2 ;

siete bude sinusovy a to aj
v pripade, Ze siefové napitie je
nesinusove.

e Pocita amplitudu zakladnej
zlozky sietového prudu vypoc-
tom ¢inného vykonu zafaze na
jednu Stvrtinu/Sestinu Casovej

5.00%/ Ay £1 STOP

current providing the main
current to be sinewave even at
non-sinusoidal main voltage.

e [t computes the magnitude of
the fundamental component of
net current by computing the
load’s active power in one
fourth/sixth of time period

periody s pouzitim Clarkeovej/ “
Parkovej ortogonalnej transfor-
macie.

Obr. 7. Casové priebehy zdtazového, sietového a kompenzacného priidu

using two-axis Clarke/Park or-
thogonal transform.

Fig. 7 Time waveforms of load-, source and compensation currents
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Vyhodnym rieSenim by mohla byt kombinacia tu uvedeného
LStvrtinového/sSestinového“ vypoctu a technicka implementacia
vypoctu zakladnej zloZky pouzitim analégovych integratorov na
rieSenie rovnic (9) alebo (10) v [8] (iba pre jednofazové systémy).
V sucasnosti sa uskutoénuje vyskum jednofazovych a trojfazovych
aktivnych filtrov riadenych v otvorenej sluke pre malé vykony
a vysledky uvadzané [11], obr. 7, treba chapat ako predbezné.
Vysledné experimenty s riadenim aktivnych filtrov v uzavretej
slucke budu pripravené pre publikaciu v najblizSom case.
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An advantageous solution should be the combination of “one
fourth/sixth“ calculations and the technical implementation of the
first harmonic calculation by the use of analogue integrators for
solution of equations (9) or (10) in [8] (for single-phase only).
The research in single- and three-phase versions of active filter
control in open-loop mode is now in progress in the low-power
scale, so the presented results [11], Fig. 7, can be understood as
preliminary. We would like to publish the final results of active
filter control in closed-loop mode in the near future.
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POUZITIE FUZZY LOGIKY V RIADENI KRITICKYCH PROCESOV

USING FUZZY LOGIC IN THE CRITICAL PROCESS CONTROLLING

Pre riadenie bezpecnostne kritickych procesov sa casto pouzivajii
dvojkandlové riadiace systemy. V clanku je ukdzany prinos fuzzy
logiky pri komparovani vystupnych informdcii takych systémov. Na
priklade jednotky cielového brzdenia trakcného vozidla je uvedeny
ndvrh fuzzy kompardtora vstupnych velicin a jeho optimalizdcia
metédou ANFIS. Poruchy systému sii simulované v prostredi Matlab-
Simulink. Vysledkom je analyza vplyvu poriich na bezpecnost riade-
nia jazdy vlaku.

1. Opis kritického procesu

Riadenie Zelezniénej dopravy ma vsetky atributy bezpec-
nostne kritického procesu [1]. Jeho subsystémom je sustava cie-
Iového brzdenia trakéného vozidla umoziujica zastavit vlakovi
supravu v danom mieste trate s definovanou presnostou.
Podmienkou je vysoka vierohodnost informacii o okamzitej
polohe i rychlosti supravy.

Informacia o skutoénej rychlosti vozidla je urcujicou pre
cielové brzdenie supravy. Ak su obidva subsystémy merania
rychlosti umiestnené na mechanicky odliSnych prvkoch sustavy
(snimanie otacok trakéného motora, snimanie otacok hnanej
alebo vleCenej napravy), mozno vplyv oboch rusivych javov eli-
minovat.

S ohladom na to, Ze spravanie systému pri bezporuchovej ¢in-
nosti je deterministické, ale pod vplyvom poruch sa stava spravid-
la stochastickym, je vyuzitie fuzzy logiky pre ich spracovanie
a rozhodovanie opodstatnené, ba nevyhnutné. RieSenie konvenc-
nymi prostriedkami by nebolo efektivne.

2. Modelovanie, optimalizacia a simulacia

Fuzzy komparatory sa obvykle navrhuju heuristickymi
postupmi, ktoré nezarucuju dosiahnutie optimalnych funkcii pri-
slusnosti jednotlivych premennych. Ulohou je navrhnut fuzzy
komparator udajov v;, v, o okamzitej rychlosti, ktorého vystupom
je informacia o miere vierohodnosti prvej z nich. Miera vierohod-
nosti nadobuda hodnoty z intervalu (0,1). Navrh fuzzy kompara-
tora (obr. 1) je opisany v [2]. KvalitnejSie si komparatory, ktorych
cielovy tvar funkcii prislusnosti sa dosiahol algoritmicky, postup-
nym ucenim sa systému na definovanej mnoZine vzorovych

* Doc. Ing. Juraj Spalek, PhD., Ing. Monika Molnarova,

In this paper the advantages of fuzzy logic used for two - channel
systems output comparison in safety - related critical applications have
been presented. The paper deals with the design of the fuzzy logic -
based comparator that compares the data of traction vehicle velocity in
target braking process and its optimisation using the ANFIS method.
Some failures of the system in Matlab - Simulink environment have
been simulated. The result is the analysis of failures consequences
from the point of system safety.

1. Critical process description

The control of railway traffic has all the attributes of the
safety critical process [1]. One of its subsystems is a unit for target
braking of the traction vehicle that allows to stop the train
at a designated position of rail-road line with defined precision. It
is upon the condition that accordance of information on
immediate position and velocity of the rolling stock is high. The
traction vehicle is equipped with two independent units for
measuring velocity. Information about real velocity of the vehicle
is of determination for target braking of the rolling stock. If both
subsystems of velocity measurement are placed on two
mechanically different elements of the rolling stock, then it is
possible to eliminate influence of both noisy effects. The system
behaviour with regard to fault-free activity is deterministic but
under the failure influence it becomes stochastic regular, therefore
the use of fuzzy logic for their processing and reasoning is well-
founded even unavoidable. Making solution with conventional
means would not be effective.

2. Modelling, optimisation and simulation

Fuzzy comparators are usually designed by heuristic methods
which do not guarantee the attainment of optimal membership
functions of separate variables. The main problem is to design
a fuzzy comparator of instantaneous velocities v, and v, with
information about credibility rate of the first of them at its output.
The design of the fuzzy comparator (Fig.1) is described in [2].
Comparators with the target shape of membership functions
attained in an algorithmic way via adaptive learning of the system
on the defined set of pattern I/O data pairs have higher quality
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vstupno-vystupnych datovych dvojic [3]. Vysledkom takého pri-
stupu je adaptivny neuro-fuzzy inferencny systém - ANFIS.

Na uplatnenie metody ANFIS je potrebna tréningova
mnozina dat, na ktorych sa adaptivna siet uci. Kazdy bod trénin-
govej mnoziny je definovany pri-
slusnou rychlostou v,, absoliitnou
odchylkou Av a mierou vierohod-
nosti. Vysledna plocha optimalizo-

Dominant information
about vehicle velocity

[3]. Such an approach results in adaptive neuro-fuzzy inference
system ANFIS.

For using ANFIS it is necessary to have a training data set
that contains desired input/output data pairs of the target system
to be modelled. Each point of the
training data set is defined by
relevant velocity v,, absolute
deviation Ay and credibility rate.

Credibility rate

vaného fuzzy komparatora je na
obr. 2.
Na overenie dynamickych

FUZZY COMPARATOR

Optimised FIS of comparator
surface is shown in Fig. 2. The

vlastnosti navrhnutého fuzzy kom-
paratora bol v prostredi MATLAB,

AV=VI-V2 model of the system for verifica-
R tion of dynamic characteristics of

Fuzzy toolbox a Simulink vytvo-

Velocity V1
reny model sustavy [2]. Obsa- elocity

the designed fuzzy comparator

Velocity V2 . i
i that was created in Matlab envi-

huje dve jednotky merania rych-

losti trakéného vozidla TACHOI Eciome el

ronment using Fuzzy Toolbox and

L TG 2 Simulink is initiated in [2]. This

a TACHO 2, ktorych vystupnymi
premennymi su okamZité rychlosti
v, a v, s definovanym casovym
priebehom, model fuzzy inferenc-
ného systému (FIS) komparatora
a zobrazovacie jednotky relevant-
nych ¢asovych priebehov.

Pre simulaciu realneho proce-
su sme zvolili exponencialnu funk-
ciu brzdenia trakéného vozidla
(v;) s pociatocnou hodnotou
200 km/h. Vystup v, jednotky
TACHO 2 by mal v bezporucho-
vom stave rovnaky casovy priebeh,
ale implementaciou zvolenej dys-
funkcie je jeho okamzita hodnota
vzdy véacsia o 15 % (obr. 3).
Mozno predpokladat, ze tato sku-
tocnost nepriaznivo ovplyvni vie-
rohodnost udaja o rychlosti v,. Ak
by objektivna rychlost vozidla bola prave vy, t. j. odchylka je zapri-
¢inend chybou tachometra V,, musi byt entropia informacie v,
korelovana s okamzitou hodnotou zodpovedajicej miery viero-
hodnosti (< 1), lebo s rovnakou pravdepodobnosfou by mohol
nastat aj opacny jav. Graf ¢asového priebehu vystupu fuzzy kom-
paratora na obr. 4 ukazuje, Ze funkcia miery vierohodnosti uidaja
v, je pri konStantnej relativnej chybe merania nelinearna. Tvar
krivky ma délezitu vypovedaciu hodnotu aj vo vztahu k ploche
fuzzy komparatora, pretoZe je trajektoriou suradnic spojitého
technologického procesu. Krivka neobsahuje body s vyraznou
nespojitostou funkcie, ani lokalne extrémy, ¢o sved¢i o dobrych
vlastnostiach fuzzy inferencného systému [3].

Credibility rate [-]

Deviation [km/h]

3. Bezpecnost cielového brzdenia vlaku

Najnovsie trakéné vozidla disponuju regulatorom rychlosti
zacClenenym do vlastného riadiaceho systému. Princip ¢innosti cie-
Iového brzdenia spociva v sledovani okamzitej vzdialenosti od

Obr. 1. Blokovd schéma modelu
Fig. 1 The model block diagram

Obr. 2. Plocha FIS optimalizovaného kompardtora
Fig. 2 Optimised FIS comparator surface

model consists of two units for
measurement of traction vehicle
velocity TACHO1 and TACHO?2,
whose output variables are instan-
taneous velocities v, and v, with
defined time-course, model of FIS
of comparator and representing
units of relevant time courses.

To simulate a real process,
the exponential function of the
traction vehicle braking (v,) with
the starting value 200 km/h was
chosen. The output v, of TACHO2
should have the same time course

o 100
200 in the failurefree state, but using

Velocity [km/h] an implementation of the chosen

disfunction, its instantaneous value
is always higher by about 15 %
(Fig. 3). This fact can be assumed
to have a negative influence on
the credibility of the value of v,. If the objective vehicle velocity
was exactly just v, i. e., the deviation is caused by fault of
TACHO?2, redundancy of information v, would have to be
correlated with the instantaneous value of the relevant credibility
rate (< 1), because occurrence of the opposite phenomenon has
the same probability. Fig. 4 shows the time course of the fuzzy
comparator output. The figure of this curve has an important
declaring meaning with respect to fuzzy comparator surface,
because it is the trajectory of coordinates of the continuous
technological process. This curve neither includes points of
marked uncontinuous function, nor local extremes. This fact
testifies that characteristics of FIS are correct [3].

3. Safety of the train target braking
The latest traction vehicles dispose of a velocity regulator

incorporated into the control system. The operation principle of
the target braking is in following the instantaneous distance to the
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ciela (zvySku drahy do ciela), generovani nelinearnej funkcnej
zavislosti navadzacej rychlosti vlaku a riadeni regulatora rychlosti
so znamou cielovou funkciou.

Navadzacia funkcia cielového brzdenia je parabolou 2. stup-
na [4]:

KOMNIKOCIe

C O MMUNICATION:S

target (to the rest of the trajectory to the target), generating non-
linear functional dependency of the train’s guidance velocity and
controlling the velocity regulator with known target function.

The guidance function of the target braking is a second order
parabolic function [4]:

250 . .
v=3,6V2a,s, (1) : :

kde v je okamzita rychlost [m/s],
a, je nomindlne odrychlenie
[m/sz], s je zbytok drahy do
ciela [m].

[km/h]

Navedenie vlaku na navadza-
ciu krivku je charakterizované
linearnym narastom odrychlenia
v Case ((da/dt) = konst.) a v zavere

v=3.6 V2a,s, (1)

where v is the instantaneous
velocity [m/s], a, is the nominal
deceleration [m/ sz], s is the rest of
the trajectory to the target [m].

The train guidance to the
guidance curve is characterised by
linear deceleration rise in time
and in tow of the target braking

cielového brzdenia dochadza 0 5 10
k linearnemu poklesu odrychlenia
v Case na hodnotu cca 0,2 - 0,3

m/s>.

15 20 25 30
Time (second)
Obr. 3. Simuldcia chyby merania rychlosti
Fig. 3 Simulation of velocity fault measurement

there is the linear deceleration
decrease in time to the value
about 0.2 to 0.3 [m/s?].

The velocity regulator will lead
the train to the optimal guidance

Regulacia rychlosti navedie
vlak na optimalnu navadzaciu
krivku len za predpokladu, zZe jeho
vstupmi su vierohodnotné infor-
macie o okamzitej rychlosti
a zvySku drahy do ciela. Vtedy
vlak bezpecne dobrzdi vo vzdiale-
nosti s od okamZitej polohy na
trati:

2

V
(2)

N

curve just provided that its inputs
hold veracious information about
instantaneous velocity and the rest
of trajectory to the target. Under
these preconditions, the train will
brake down to stop with safety in
the distance s from the train
instantaneous position at the
railroad line:

2
V

== 2
3.6%2.a, @

N

3,6%2.4, 0 : :

0 5 10

Fuzzy komparator udajov

o rychlosti vlaku umoznuje kvanti-

fikovat presnost iidaja o okamzitej

rychlosti pomocou parametra

Lmiera vierohodnosti“ (MV). Nech maximalna absolutna chyba

merania rychlosti pri danej hodnote MV je Avyy,. Vlak bezpecne

dobrzdi vo vzdialenosti s + As,,,, od okamzitej polohy na trati,
t. j., s presnostou As,

(v + Avyp)?
s+ Asyy=——""7"— 3)
M 3620,
Maximalna pomerna chyba cielového brzdenia je:
s Avy\2
Eyy = =<1+ MV) 4)
st+Asy,, v

Maximalna pomerna chyba € cielového brzdenia pri y - per-
centnej chybe konvenéného regulatora je dana pomerom skutoc-
nej vzdialenosti s ciela a chybovych zvySkov s’ drahy:

Y

K 2
aw—?—@+ﬁd )

15 20 25 30
Time (second)
Obr.4. Miera vierohodnosti tidaja v, pri chybe merania
Fig. 4 Credibility rate of value v; under measurement fault

The fuzzy comparator of data
on the train velocity enables to
quantify the precision indication
of the instantaneous velocity via
parameter “Credibility rate“ (CR). Let’s denote Av, the maximum
absolute error of the velocity measurement with the CR value
given. Then the train will brake down to a stop with safety in the
distance s + Asc, from the instantaneous position at the railroad
live, i.e. with precision As z:

(v + Aveg)?
+Asop = 3
STRT T3 604, ©)
The maximun comparative error of the target braking is:
s Avep\2
Er = =1+ — 4
R s+Ascg ( v ) )

The maximum comparative failure € of the target braking at
v -percent error of the conventional regulator is given as a ratio of
the real target distance s and the error rests s’ of the trajectory:
Y

K 2
dw—?—@+ﬁd )
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€, eyl

1.12 1

1.10 1

1.08 -

1.06 1

1.04 1

1.02 T t " t T t . t

® v = 50kmh
B v =100 km/h
A v =150 km/h

O v =200 km/h

£(y =5%)

0.1 0.2 0.3 0.4 0.5

0.6

0.7 0.8 0.9 1.0 1.1

credibility rate [-]

Obr. 5. Pomernd chyba cielového brzdenia fuzzy a konvencného reguldtora

Fig. 5 The comparative error of the target braking by the fuzzy vs. conventional comparator

Grafy rovnic (4), (5) pre hodnoty y=3,4a5 %, v=>50, 100,
150 a 200 [km/h] st na obr. 5.

4. Zaver

Navrhovany princip komparacie vylucuje potrebu navratu k
manualnemu riadeniu procesu pri vyskyte poruchy alebo ju
vyrazne redukuje. Aktudlna informacia o miere vierohodnosti
meranej rychlosti vstupuje jednak do algoritmu riadenia jazdy, ale
ma aj arbitrazny vyznam pri analyze prifin pripadnej nehody.

Zovseobecnenim opisanych principov mozno dospiet ku kva-
litativne vySSiemu stupnu komparacie, kedy je fuzzy inferencny
systém schopny generovaf spravny vystup za predpokladu, Ze
aspon jeden z prenosovych refazcov poskytuje vierohodnu infor-
maciu o dynamike sledovaného procesu [2]. Taky riadiaci systém
je potom schopny korigovat svoje chovanie pri vyskyte definova-
nych poruch menej ohrozujicim spésobom.

Z vysledkov vyplyva:

e Ak sa vlak pohybuje v oblasti navadzania na navadzaciu krivku
pociatocnou rychlostou 100 km/h, bude maximalna pomerna
chyba cielového brzdenia pomocou fuzzy komparatora mensia
ako pri konvenénom regulatore pracujuceho so 4 % - nou
chybou len za predpokladu, ze fuzzy komparator bude pracovat
s mierou vierohodnosti lepSou ako 0,60. Z principu navrhu
fuzzy komparatora vyplyva, Ze takej miere vierohodnosti zod-
poveda odchylka meraného tidaja rychlosti = 4,13 km/h.

Diagrams resulting from equations (4) and (5) for values
vy=3,4a5%,v=>50,100, 150 a 200 [km/h] are shown in Fig.5.

4. Conclusions

In the case of a system of target breaking of a traction vehicle
the designed principle of a comparison excludes the requirement for
return to the manual process control under a failure occurence or
reduces it significantly. Relevant information about credibility rate of
the measured velocity enters not only the control algorithm of drive,
but it also has an arbitrary meaning in casual accident analysis.

Generalising the all described principles, it is possible to
reach a higher level of comparison quality when the FIS is able to
generate correct output when assuming, that at least one of the
transmission channels provides a reliable information about
dynamism of the followed process [2]. Such a control system is
able to correct its behaviour under occurrence of defined failures
in a less threatening manner.

The following facts resulted:

o [f the train’s starting velocity is 100km/h in area guiding to the
guidance curve, the maximum comparative error of the target
braking with fuzzy comparator will be less than considering the
conventional regulator, that is working with a 4 percent error, just
with assumption that a fuzzy comparator will working with
a better credibility rate than 0.60. The design principle of a fuzzy
comparator results in a deviation of the measured velocity
+ 4.13 km/h that corresponds to such a credibility rate.
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o Ak bude fuzzy komparator generovat udaj o miere vierohod-
nosti vacsi ako 0,8 (max odchylka je = 5,13 km/h), bude pri
kazdej rychlosti vlaku maximalna pomerna chyba cielového
brzdenia mensia ako 5 % pri konvencnej regulacii.

Snahou autorov bolo poukazat na moznosti vyuzitia redun-
dancie u dvojkanalovych systémov v bezpecnostne kritickych apli-
kaciach. Konvencné komparatory su schopné vyskyt poruchy
jedného z kanalov len konstatovat, fuzzy komparator umoznuje
systému pokracovat v predpokladanej funkcii. Z hladiska bezpec-
nosti riadenia nie je ukazany sposob detekcie poruchy obmedzuj-
ucim faktorom, lebo pri znalosti vlastnosti kritického procesu
mozno definovat medzné hodnoty miery vierohodnosti meranych
udajov, pri ktorych je uroven bezpecnosti riadenia postacujica.
Ide najma o hierarchiu bezpecnosti jednotlivych funkcii systému.
Zretelny je aj pozitivny vplyv na prevadzkovi spolahlivost
systému.
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o [f the fuzzy comparator generates data with a credibility rate
higher than 0.8 (max deviation is = 5.13 km/h), the maximum
comparative error of the target braking at any train velocity will
be smaller than 5 % in a conventional regulation.

In this paper a possibility of using redundancy in a double-
channel system in the safety-critical applications is represented.
Conventional comparators are able just to verify a failure
occurrence on one of the channels, a fuzzy comparator enables
a continuation of the system assumed function. From the point of
a safety control the shown way of fault detection is not a limiting
factor because under the known characteristics of a critical
process we can define the limit values of a credibility rate of
measured data where the level of safety control is sufficient.
Safety hierarchy of individual system functions is mostly the point
of question. The positive influence on operational reliability of the
system is legible, too.
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METODIKA NAVRHU ELEKTRICKEHO POHONU TRAKCNEHO
VOZIDLA S ASYNCHRONNYMI MOTORMI

A METHOD OF PROJECTING OF ELECTRIC DRIVE FOR THE TRACTION VEHICLE

WITH AN ASYNCHRONOUS MOTOR

Prispevok sa zaoberd metodikou ndvrhu trvalého vykonu trak-
¢ného vozidla a typového vykonu indukcnych trakénych motorov.
Pojedndva o spésobe urcenia pravdepodobnych mechanickych a elek-
trickych parametrov. Uvddza vztahy a postup pri vypocte pravdepo-
dobnych trakcnych charakteristik vozidla.

Uvod

Pre projektovanie el. trakénych vozidiel s jednosmernymi
motormi si zname postupy navrhu typového vykonu trakénych
motorov a prenosu trakéného vykonu z motorov na osi hnacich
kolies [1], [10], [11]. Existuju tieZ metodiky na urcenie hlavnych
elektrickych parametrov a rozmerov zakladnych Casti jednosmer-
nych motorov [11], [1], [2]. V programe vyucby predmetu
Elektricka trakcia je toto dolezita Cast.

Nie je nam doteraz znama z literatiry ucelena metodika
navrhu trakéného pohonu s asynchronnymi motormi (ASM)
a preto sme sa pokusili o vlastny prispevok. Formou tohto pris-
pevku, chceme spristupnit danu problematiku SirSej odbornej
verejnosti.

Prispevok sa zaobera otazkou navrhu typového trakéného
vykonu, regulacného rozsahu a navrhu hlavnych mechanickych roz-
merov asynchronneho motora. Je rozobrany pristup k navrhu prav-
depodobnych elektrickych parametrov ASM. V posledne;j Casti sa
podrobnejSie rozobera sposob vysetrenia pravdepodobnych trak-
¢nych charakteristik vozidla a prudu motora pri ré6znych pracov-
nych rezimoch.

1. Navrh typového vykonu

Pri navrhu el. pohonu trakéného vozidla je potrebné predovset-
kym urcit menovity trvaly trakény vykon. Ak mame k dispozicii
trakénu zataz, konkrétny trakény profil a pozadovanu jazdnu rychlost
v jednotlivych usekoch danej trate, moZeme potrebné trakéné vykony
v konkrétnych usekoch vypocitat znamymi metodami trakcnej dyna-

This contribution describes a computing method of the contin-
uous rating for the traction vehicle with induction traction motors.
A method of specifying probable mechanical and electrical parameters
and characteristics of the asynchronous motor as well as relationships
and methods for calculation of probable traction characteristics of the
vehicle will be shown.

Introduction

Methods of estimation of the traction motor type output and
transmission of traction effort from the motor to the driven axle
of traction vehicle with DC traction motors are well known [1],
[10], [11], as well as methods for specifying main electrical
parameters for fundamental parts of DC motors [11], [1], [2].
These are important parts of the education programme in
teaching the subject Electrical Traction at the Dept. of Electrical
Traction and Energetics ZU.

However, a method for estimation of asynchronous traction
motor main parameters has not been described well enough for
teaching purposes in the literature. This paper contributes to this
purpose.

Computing of induction traction type output, control range
and fitting of its main mechanical dimensions will be described.
The calculating method of the supposed motor electrical
parameters and the vehicle traction effort characteristics will be
analysed in various vehicle operating modes.

1. Calculation of traction vehicle type output

It is necessary to specify at first the traction drive nominal
output of the traction vehicle. The necessary traction output in
concrete track section can be calculated by well-known methods
of traction dynamics [10], [12]. It depends on the value of
traction load (wagons mass), concrete traction slope profiles and

* Doc. Ing. Bernard Bednarik, CSc., E-mail: bednarik@fel.utc.sk; Ing. Milan Pospisil, CSc., E-mail: pospisil@kete.utc.sk; Doc. Ing. Jiii Drabek, CSc.,

E-mail: drabek@kete.utc.sk; Ing. Jan Valuska, E-mail: valuska@kete.utc.sk;
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miky [10], [12]. Na zaklade tychto udajov mozno stanovif maxi-
malne poZiadavky na trakény motor pri jednotlivych rychlostiach.

Po tomto zisteni mézeme podla povodnych metodik navrhnut
odpovedajuci typovy vykon pre jednosmerny trakény motor, navr-
hnut jeho nominalnu a maximalnu rychlost a pre tieto tidaje vypoci-
tat pravdepodobné hlavné rozmery motora [11]. Dalej pomocou
normalovych charakteristik [11] vySetrit jeho mechanicki charakte-
ristiku pri menovitom napati, pripadne i celti siet mechanickych cha-
rakteristik v riadiacom rozsahu. Na zaklade tychto pravdepodobnych
mechanickych charakteristik je mozné si overit, ¢i navrhovany motor
a teda i trakcné vozidlo vsetky pozadované trakéné podmienky splni.
Pre jednosmerné trakéné motory su tieto metodiky zname.

V pripade navrhu trakénych kolajovych vozidiel pre rozsiahlejSie
trate a premenlivé voziové zatazenie sa pri navrhu typového vykonu
vychadza z urcitych medznych poziadaviek a empirickych udajov,
kde napr. podla jednej znamej metodiky [1] je mozno optimalny
vykon navrhovaného trakéného vozidla urit pomocou vztahu

E.
P =273 103 5%

opt U

kde m -adhézna hmotnost
V,nax - j& maximalna pozadovana rychlost
€ - suCinitel vyuzZitia adhéznej hmotnosti
¢, -sucinitel adhézie pri nulovej rychlosti na suchych
kolajniciach
p - sucinitel optimalneho adhézneho pretazenia
v - optimalny regulacny rychlostny sucinitel.

Udaje m a Vmax SU zékladné poZadované parametre vyplyva-
juce z predpokladanej zataze a pripustnej prevadzkovej rychlosti.

Sucinitel' € zavisi predovsetkym od usporiadania podvozku
a plynulosti riadenia pohonu. V pripade, Ze vSetky osi trak¢ného
vozidla su, hnané pohybuje sa € v medziach cca 0,9 - 0,94.

Sucinitel ¢, podla merani v naSich podmienkach sa zvyCajne
udava v medziach 300-340 N/kN

Sucinitel p je definovany pomerom taznych sil a dany vztahom:

Ftadh
=——>1 1.2
P F. (1.2)
F, - j€ maximalna tazna sila pri rozjazde [kN]
F,., -je taina sila pri menovitom trvalom vykone
a menovitej rychlosti V, [kN]

Sucinitel v je definovany pomerom rychlosti:

Voo [
v=—= <1 (1.3)

v, ,

max max

V. - jerychlost vozidla pri trvalom menovitom vykone vozidla
- je odpovedajuca uhlova rychlost trakénych motorov
pri trvalom menovitom vykone vozidla.

Optimalne hodnoty sucinitelov adhézneho pretaZenia p
a pomernej regulacnej rychlosti v boli ziskané empirickym sledo-
vanim vlastnosti realizovanych vozidiel a st uvedené v tabul'ke 1.1.

max *
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allowed track sections speeds. This information enables one to
determine both the main traction motor parameters and the
traction vehicle designed output characteristics.

In this way the DC-traction motor nominal output, nominal
and maximum speed and the propable main motor dimensions
can be calculated [11]. The principle of the DC-motors
characteristics similarity [11] help us to determine the DC-motor
mechanical characteristics by nominal voltage as well as all the
other characteristics in the whole traction motor control range.
Traction characteristics of the traction vehicle can be determined
then which allow verification that the DC-motor and vehicle
design were determined correctly.

The optimized output of the designed traction vehicle can be
calculated by equation [1]:

m [kW: 1, N/KN; 1, km/h, t, 1] (1.1)

where m - adhesion mass,
Vmax - Maximum vehicle speed,
€ - coefficient of adhesion mass utilization,
¢, -adhesion coefficient by v =0,
p - optimal adhesion overload,

v - optimal velocity rate.

The quantities m and v,,,, are required parameters relating to
supposed wagon load and to allowed working velocity.

Coefficient € depends on the arrangement of traction vehicle
bogie and on the kind of electric drive control. In the case where
all axles of the traction vehicle are driven, the value of € can be
between cca 0.9 - 0.94.

Coefficient ¢, can be well under traction circumstances (dry
rails) from 300 to 340 N/kN.

Factor p is defined by the relation:

Ftadh
= Ltadh
P=F

oo

(1.2)
F,q4, - maximum traction effort [kN],
F,., - traction effort by continuous output and contin-

uous speed V_ [kN],

Coefficient v is defined by the equation:

(1.3)

Y w

max max

V.  -speed at the vehicle continuous output,
w,, - corresponding rotor electric angular speed of
traction motor by continuous output of the vehicle.

Optimal values of adhesion overload coefficients p and
velocity rate v were obtained by an empirical way (comparison
with similar traction vehicles) and are in Table 1.1.

KOMUNIKACIE / COMMUNICATIONS 1/99 o 10



[OVINIKOCIE

C O MMUNICATION:S

Pri navrhu el. prenosu trakéného vykonu u dieselelektrickych
vozidiel sa vyuZiva vztahu:

PO'ng'nsrm'nm'nu'p

v, = 367.2 €., m

kde je:

P, - najvacsi vykon prvotného motora poskytovany na
trakciu

Mg - energeticka ucinnost generatora

Ngm - energeticka ucinnost sériovo zaradenych statickych
menicov

Nin - energetickd ucinnost trakénych motorov

n, - energeticka ucinnost mechanickej prevodovky

p.€ ¢, m - uZ uvadzané vo vztahu (1.1)

Table. 1.1: Values of p and v

The equation (1.4) is used to determine the continuous
vehicle speed by diesel-electric traction vehicles:

[km/h; kW, 1, 1, 1, 1, 1,1, N/KN, t] (1.4)

where

P, - maximum diesel motor output used for
traction,

Mg - traction generator efficiency,

Ny - power semiconductors inerters
efficiency,

N - traction motor efficiency,

un - mechanical gearbox efficiency,

p.€ ¢, m - described in (1.1).

Electric traction supply system | Vehicle type Railway service type p ) Note
DC locomotive long-distance express train 2.0 0.65
express train 2.0 0.55
passenger train 1.8 0.55
universal 1.9 0.5
shunting 2.4 0.42
multiple unit long-distance express train 5-6 0.7 1)
quick suburban passenger train 3.2 0.6 1)
passenger train 1.8 0.43
city tramway 1.75 0.45
quick city light trains 3.0 0.43 1)
AC l-phase low frequency locomotive express train 2.4 0.95
with 1-phase commutator quick passenger train, quick
motors goods train 1.85 0.85
passenger train 1.75 0.8
heavy goods train 1.6 0.75
diesel-electric transmission locomotive speed and passenger train 1.6 0.15
goods train 1.45 + 2)
universal shunt train 1.8 0.3

1)

p in this event doesn’t qualify the actual torque overload of traction drive by acceleration. Electric multiple units of this type do not

accelerate at the adhesion limit but with the constant motor current, at which the traction effort is essentially lower then than by

adhesion maximum.

2) Continuous speed V_. is limited with the diesel motor output..

Pri navrhu DE vozidla s el. prenosom trakéného vykonu sa
obvykle postupuje tak, Ze sa zo znamych radov vhodnych dieselo-
vych motorov vyberie (po Uvahe a zrovnaniach) primerany
prvotny motor a od tohto vykonu sa pomocou vztahu (1.4)
odvodia zodpovedajtce vykony a rychlosti el. trakénych motorov.

Uvedena metoda dovoluje rychlo a jednoznacne urcit navrh
vykonu trakéného vozidla a zodpovedajucich trakénych motorov.

The available types and outputs of diesel-motors on the
market decide the primary diesel-electric traction vehicle
performance. The traction motors output and revolutions can be
determined by (1.4) after selection of the suitable diesel-motor
type.

As a result, the output can be quickly and nearly calculated
both of the traction vehicle and of traction motors. But values of

2) ¢ KOMUNIKACIE / COMMUNICATIONS 1/99
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Prehlad optimdlnych hodnot sucinitlov adhézneho pretaZenia a pomernej regulacnej rychlosti Tab. 1.1
Pradova sustava vozidla Druh vozidla Ugel vozidla P v Pozndmka
Jednosmerna lokomotiva dial'kové expresy 2,0 0,65
rychliky 2,0 0,55
osobné zastavkové vlaky 1,8 0,55
univerzalne pouzitie 1,9 0,5
univerzalna posunovacia sluzba 2,4 0,42
el. trakéné vozne, dial'kové expresy 5-6 0,7 1)
pripadne ucelené | 1ychle predmestské zastavkové viaky 3.2 0,6 1)
jednotky miestne zastavkové vlaky 1,8 0,43
mestska elektricka 1,75 0,45
mestska rychlodraha 3,0 0,43 1)
Jednofazova lokomotiva expresné vlaky 2,4 0,95
zrychlené osobné vlaky,
rychle lahké naklad. 1,85 0,85
osobné zastavkové vlaky 1,75 0,8
tazké nakladné vlaky 1,6 0,75
Dieselelektricky lokomotiva rychliky, os. vlaky 1,6 0,15
prenos nakladné vlaky 1,45 az 2)
univerzalne posun. vlaky 1,8 0,3

1) p v tomto pripade nevyjadruje skutoéné momentové pretazenie trakéného motora pri rozjazde. El. trakéné vozne tohto druhu sa
rozbiehaji na medzi adhézie. Obvykle sa v tomto vlak rozbieha konst. prudom, ktory zodpoveda podst. niZsej sile ako by

umoznovala adhézia.
2) Trvala rychlost V_ je dana vykonom prvotného motora.

Tabulkou uvadzané hodnoty p a v nemusia byt najvhodnejsie pre
vsetky druhy vozidiel. Tu treba uplatnit skuisenost riesitelov, pri-
padne porovnanie podla inych kritérii, a tym vypocCitané hlavné
udaje vhodne skorigovat (naladif).

Hlavné rozmery trakéného motora je mozné vypocitat po
urceni menovitého trvalého vykonu motora ako aj charakteristik
motora a vozidla.

2. Navrh hlavnych parametrov asynchronneho
trakéného motora

Mozno vyslovit nazor, ze postup navrhu typového vykonu
popisany v 1. stati je v podstate vhodny i pri navrhu el. trakéného
pohonu kolajového vozidla s frekvenéne riadenymi asynchrénnymi
motormi.

Odlisnost je v postupe stanovenia elektrickych parametrov
a rozmerov. Pre potreby frekvencne riadeného trakéného pohonu
s asynchronnymi motormi sa v zasade uvazuje s motorom
s kotvou nakratko. Drazky a klietkové vinutie as. motora sa robia
spravidla jednoduché tak, aby vypocet odporu a rozptylovej reak-
tancie jednotlivych ty¢i bol jednoznacny. Dvojita klietka, resp.
jednoducha klietka s hlbokymi virovymi drazkami tu neprinasaju

p and v according to Tab. 1.1 are not applicable in all cases for all
traction vehicle types. They can be corrected according to the
knowledge of vehicle designers.

The traction motor main dimensions can be calculated after
determination of the motor continuous output as well as the
motor and vehicle characteristics.

2. Calculation of the asynchronous traction motor
main parameters

It can be said that the nominal output of the traction drive
using the inverter-fed frequency- controlled asynchronous motors
can be calculated in the same way as the nominal output given
above. In this case, the differences in the design of the traction
machine are given by the determination of the dimensions of the
machine and in the determination of the machine electric
parameters. Frequency controlled asynchronous drives often use
the squirrel cage induction machine. The calculations of the
resistances and leakage reactances are easier if the simple squirrel
cage is used. Double cage or deep bar cage have no other
advantages in the frequency controlled drive. Hence the simple
squirrel cage is often used. The torque of the machine must be
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Ziadnu vyhodu. V celom rozsahu riadenia by mal motor pracovat
s hodnotami momentov pod uroviilou momentu zvratu v priamej
Casti mechanickej charakteristiky.

Tiaz indukéného stroja je o 30 - 40 % nizSia ako tiaz cudzo
budeného DC motora s rovnakym menovitym vykonom.
Zotrvacnost rotora indukéného stroja je menej ako polovicna
oproti cudzo budenému DC stroju. Dalsou hlavnou vyhodou
indukéného stroja je, Ze mozZe byt konstruovany na vyssie otacky
ako DC cudzo budeny. Vseobecne sa pouziva na prenos vykonu
od hriadela pohonného stroja na hnaciu napravu jednostupnovy
prevod. Z tychto dovodov sa konstruuju indukéné trakéné stroje
ako Stvor- alebo Sestpolové.

3. Urcenie hlavnych elektrickych parametrov motora
pre navrh matematického modelu a vypocet
pravdepodobnych statickych charakteristik

Z navrhu trvalého trakéného vykonu, max. rychlosti
a sposobu rieSenia prenosu mechanického vykonu z hriadelov
motorov na osi hnacich naprav sa urci trvaly vykon jedného trak-
¢ného motora a maximalna otacava rychlost, pri ktorej sa dosa-
huje pozadovana maximalna rychlost trakéného vozidla.

U asynchronneho motora sa pre zvySenie regulaéného
rozsahu otacavej rychlosti taktieZ vyuziva oblast zoslabovania
budenia. Je tu teda problém, do akej hodnoty rozsahu uvazovanej
regulacnej rychlosti je vhodné udrzat plny magneticky tok stroja.
Prijmime predpoklad, Ze do hodnoty V_, =vV,,. .

Podla poctu zvolenych pdlovych parov p je potom mozno
uréit potrebnu napdajaciu frekvenciu napdtia motora f; y pre trvalu
otacavu rychlost w, a maximalnu frekvenciu flmax pre maxi-
malnu otacavu rychlost w,,,, -

Pre priblizny navrh zakladnych el. parametrov asynchron-
neho trakéného motora mame teda tieto vychodiskové udaje:

1. Py - menovity trvaly vykon [kW]
2.p - pocet polovych dvojic [-]
3. fiy - menovitu frekvenciu statorového napétia [Hz]|

4. fimax - maximalnu frekvenciu statorového napdtia [Hz]

5. w,, - otacavi rychlost motora pri menovitom trvalom
vykone [s]
6. w,,,. -otacavi rychlost motora pri maximalnej rychlosti

vozidla [s'l ].

K urceniu el. parametrov motora je dalej potrebné zvolit efektiv-
nu hodnotu prvej harmonickej fazového napitia motora U . Tuto
hodnotu mozno volit v pomerne Sirokom rozsahu. Pre motory do
50 kW cca od hodnoty 250 do hodnoty 400 V, pre motory od 50 do
200 kW od 300 do 600 V, pre motory nad 200 kW cca od 500 V do
900 V. Pri vol'be tohto napétia treba prihliadat na pouzité vykonové
polovodiCové spinacie prvky striedaca a jeho celkové rieSenie.
Taktiez vol'bu 1. harmonickej zdruzeného trojfazového napétia moze
ovplyvnit druh a hodnota napétia v trolejovom vedeni.

Dalej je potrebné odhadnut pravdepodobné menovité
hodnoty ucinnosti n,, cos ¢, a hodnotu pridu naprazdno I, pri

lower than the breakdown torque in the whole range of the motor
operation.

The induction machine weight is 30-40 % less than the
separately excited DC motor with the same nominal output.
Inertia of the induction machine rotor is lower than half of that
one by the separately excited DC machine. The next main
advantage of the induction machine is that it can be designed for
higher revolutions than separately excited DC machine. One step
gearing is generally used for power transmission from the shaft of
the driving machine to the axle. The maximum revolutions of the
induction motor is given by the maximum feasible ratio one step
gearing. For these reasons the induction traction machines are
usually designed to have four or six poles.

3. Determination of main electric induction motor
parameters for the motor mathematical model
design and calculation of probable steady
state motor characteristics

The continuous output power of a traction motor and its
maximum revolutions can be determined by knowledge of the
continuous traction output, maximum vehicle velocity and the
design of power transmission between the motor and driven
axle.

The field weakening is utilized for extention of induction
motor control range. We suppose that the full machine field will
be held to the continuous vehicle speed V, =ul,,, ..

The necessary supplied motor frequency f;y by rotating
velocity w_, can be then determined when the number of polepairs
p is chosen as well as maximum frequency flmax for maximum

rotating velocity w,,,,, .

The basic asynchronous traction motor electric parameters
can be computed if the following data are known:

1. Py nominal continuous output [KW],
2.p number of polepairs [-],
3. fiy  nominal frequency of the stator voltage [Hz],

4. fimax Maximum stator voltage frequency [Hz],

5. w., motor rotating velocity by the nominal continuous
output [s],

6. w,,,, Maximum motor rotating velocity by the highest
vehicle speed [s'].

The one phase motor first harmonic voltage r.m.s. value
U,y must then be chosen. It can be chosen in a wide voltage value
range: for motors output to 50 kW cca from value 250 to value
400 V, for motors output from 50 to 200 kW from 300 to 600 V,
for motors output up to 200 kW cca and from 500 to 900 V. The
inverter semiconductor elements limiting parameters affect this
voltage value selection. The trolley wire voltage value and its kind
also have an influence on the 1. harmonic line-to-line three phases
motor voltage choice.

Then it is necessary to estimate the probable nominal values
of the efficiency my, cos ¢y and no-load current value /,,, by
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uvaZovanych menovitych hodnotach U,y a fi5. K tomuto je
mozno vyuZzif zavislosti tychto hodndt u realizovanych el.
motorov. Tieto sa najdu bezne v priruckach pre navrh a vypocet
el.strojov a priruckach pre projektovanie el. pohonov [2], [3],
[13], pripadne v katalogoch renomovanych firiem.

Za predpokladu znalosti uvadzanych parametrov postup
uréenia dalSich je nasledovny:

1. Ur¢i sa menovity prid motora
Py
Ly=—7"——"" [AWV11] (3.1
3Uy -my- cosoy

2. Ur€i sa stratovy vykon motora

APy = Py(1 — 1) (3.2)

o

. Straty naprazdno, t. . straty mechanické, straty v Zeleze a straty
dodato¢né mozno odhadnut na 20 % celkovych strat:

APy, = 0.2 AP, (3.3)

4. Straty vo vinuti statora a rotora mozno pre predbeZny navrh
pokladat za rovnaké:

APy = 0,4 APy

APy = 0,4 AP, (3.4)

Z toho pre odpor Ry = R, a prepocitany odpor rotora na

stator R, = R,, budu

0,4 APy
30y

Poznambka: Pre vicsie klietkové motory obycajne byva R, > R,,,

bude preto bliZsie k realite, ak prijmeme pracovnii hodnotu
R, = L1 Ry, ateda

04APN &, R_09504APN

lN 31 1IN

Ry =Ry = (3.5)

R, =R, =105———

5. Rozptylové reaktancie vinuti statora a rotora prepocitané na
stator sa urcia z odhadnutej hodnoty prudu nakratko
1, g (v spominanych priruckéach [2], [3], [13], pripadne kata-
l6goch asynchrénnych motorov je mozno pre motory podob-
ného vykonu a menovitej otacavej rychlosti s dostacujucou
presnostou najst hodnotu pomeru /,//,,. Pri predbeznom
odhade mozno uvazovat s hodnotou I,x/l;y = (5 + 7)

UIN

Nakolko [ 4= - (3.6)
VR, + Ry) + Ky + X))
bude
VU2, — P«R, + R
Xa- - Xo-l + Xg-21 — 1IN lK( 1 21) (37)

IIK

Pre predbezny navrh taktiez je prijatelné predpokladat, ze

Xy
Xo1 = Xoo1 = 7 (3.8)
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selected nominal values U,y and fj,. They can be found in
handbooks for projects and calculations of electric machines and
electric drives [2] [3] [13] or in the motor production plants
catalogues.

Determination of the next values can be made when we know
the values of above mentioned parameters:
1. The nominal motor current
Py

Iy=——2"— [AWVII] 3.1
3Uy -my - cosey

2. The motor losses
APy = Py(1 — my) (3.2)

3. The no-load loses = mechanical losses , losses in iron and
secondary losses: estimated as cca 20 % of total motor losses.

APy, = 0.2 AP, (3.3)

4. Losses in the stator and rotor winding are preliminary
determined at the same value, which is

APys = 0.4 APy
APyg = 0.4 APy, 3.4)
The resistance Rg = R, and R = R,, are

0.4 APy

R =Ry = (3.5)
3Ly

Note: for greater squirrel-cage induction motor is usually
R, > R,,, then the assumption R, = 1,1 R,, is more exact:
0.4 APN 0.4 APN
R =R, =105——— a Ry =R, =095——F-—
3[ 1IN lN

5. The stator and rotor windings leakage reactances converted
on the stator winding will be determined from the short-
circuit current /. (in handbooks [2],[3],[13] or in
catalogues of asynchronous motors is possible to find for the
motors with similar output and nominal rotating velocity the
rate value of 1, /I, 5). The rate value [, /I,y = (5 + 7) can be
assumed by preliminary calculation.

UlN

Because [z = > > (3.6)
VIR, + Ry)* + (X1 + X))
then
VUl — BR, + Ry)
X, =X, + X, = iv — iRy 21 G
[1[(
For preliminary design, it is acceptable to assume that
X(Y
Xo1 = Xopy = EX (3.8)
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prudu naprazdno [, k menovi-
tému prudu v zavislosti od
velkosti nominélneho vykonu Py
podla krivky uvedenej na obr. 3.1.
Pre 6-polové motory vychadzaju
hodnoty tohto pomeru prakticky
v celom uvedenom rozsahu
1,087-krat vyssie a pre 8-polové
motory 1,21-krat vysSie. Magnetizaény prud motora /,,, byva
od prudu naprazdno len nepatrne mensi (obvykle menej ako
0 2 %). Preto mozno hodnotu hlavnej reaktancie vypocitat zo
vztahu:

_ Ui Un(-g)

W= (3.10)
' [ 01N IOIN
kde je
U,; -indukované napitie v jedne;j faze statorového vinutia
£ - pomerny ubytok napitia na rozptylovej reaktancii

jednej fazy statorového vinutia.

Obvykle je moZno uvazovat s hodnotou &, = 0,02.
U ASM s nominalnou frekvenciou 50 Hz mozno tiez prud
naprazdno I0IN odhadnut podla vztahu:

Ioiy = (0,65 —0,9) I,y V1 — cos’gy

Pricom hornej medzi korekénej konstanty 0,9 zodpovedaju
prudy naprazdno motorov s vykonmi bliziacim sa k vykonom
cca 20 kW a dolnej medzi korekénej konStanty 0,65 prudy
naprazdno motorov s vykonmi bliZiacim sa cca 1000 kW.
Hladana hodnota vzajomnej induk¢nosti teda bude:

(3.11)

Obr. 3.1. Pomer hodnét pridu naprdzdno k hodnotam
menovitého priidu v zavislosti od menovitého vykonu
4-pélovych asynchronnych motorov
Fig. 3.1 Ratio of the value of no-load current by member
of nominal current independent on nominal the output
of 4-poles asynchronous motor.

for

z toho hence
L =] =Z2c X, (3.9) L =1 X, X, (3.9)
ol o021 2 w, 477_le . ol 021 2 w, 47Tf1N .

. Hlavnu reaktanciu motora X, 6. The main motor reactance
a jej zodpovedajucu hodnotu vza- 08 X, and its corresponding
jomnej indukénosti L, je mozno o value mutual inductance
uréit z odhadnutej hodnoty g L, can be determined from
prudu motora naprazdno. Hod- T estimated no-load current
nota prudu naprazdno I, pri 03 values. The value of no-
menovitom napéti U, a frekven- load current [y, by
cii f;y u asynchrénnych motorov s T nominal voltage U,y and
vo vykonovom rozmedzi od | frequency fiy is by
20 kW do 1000 kW sa pohybuje 015 asynchronous motors in the
v medziach [y = (0,3 + 0,22) power range from 20 kW to
Iy o 1000 kW within limits
Napr. lit. [3, str. 436] pre 4-polové © 2 5 10 20 % 100 200 500 1000 Ty = (0.3 +0.22) I}
motory udava pomerné hodnoty P W]

S—

The curve of the rate
Iy n/1y in dependence on
the nominal output value
Py according to [3] is
shown in Fig. 3.1.

This rate is for the 6-poles
motors 1.087-times higher and
8-poles motors 1.21-times higher. Magneziting current

I,,, value used to be rather lower than no-load current value
(usually about to 2 %). Hence the main reactance value can be cal-

culated:
U; UMl —e¢
= 1i — IN( 1) ( 310)
[ 01NV IO]N
where
U,;, -induced voltage in one stator winding phase,
& - relative voltage drop value on leakage reactance of one

stator winding phase.

Usually it is possible to consider the value & = 0.02.
The no-load current value can be estimated by asynchronous
motor with nominal frequency of 50 Hz according to relation.

Ioiy = (0.65 — 0.9) Iy V1 — cos’py

The value of 0,9 is given for the motor outputs about 20 kW
and value of 0,65 for outputs up to 1000 kW.
The value of the mutual inductance is:

(.11

L= (3.12)
X h :
L,=—"— (3.12) 27w
27fin
7. Takto sme ziskali vSetky pravdepodobné hodnoty pre nahradnu 7. Obtainment of all probable quantities values is necessary for
obvodovu schému jednej fazy projektovaného motora. Pre prehlad- the construction of the substitution diagram for the one phase
nost oznacenia a vyznam predpokladanych hodnét je uvazovana of the motor projected. The simplified substitution diagram is
zjednodusena nahradna obvodova schéma uvedena na obr. 3.2. shown in Fig. 3.2.
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8.

10.

11.

Zaroven sme ziskali i hodnoty
potrebné pre zostavenie sys-
tému diferencialnych rovnic
(dynamicky matematicky mo-
del) pre vySetrenie dynamic-
kého chovania ind. motora

Ry, Ry, Lyys Looys Ly a teda aj

KOMNIKOCIe
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Also, obtainment of the
values is necessary for con-
struction of the differential
equations system (dynamic
model motor) describing the
inductance motor dynamics -

Ry, Ry, Lyys Ly Ly, thus

Ly=L,+L, a

Ly =L, + Ly,

Obr. 3.2. Zjednodusend ndhradnd schéma jednej fizy ASM

L,=L,+L, and

Ly =L, + Ly

Fig. 3.2 Reduction equivalent diagram of one-phase ASM

. K uplnosti hodnot pre vySetrenie dynamického chovania

motora potrebujeme aspon orientacne stanovit jeho moment
zotrvacnosti. Tento je mozno stanovit porovnanim katalogo-
vych tudajov motorov rovnakych menovitych vykonov a rov-
nakych synchrénnych otacavych rychlosti.

Zodpovedajuci moment zotrvacnosti J navrhovaného induk-
¢ného motora je mozno tieZ dostatocne presne urcit z hodnoty
tzv. menovitého ¢asu rozbehu ind. motora 7 podla vztahu:

T..P

J=-L [kem? s, W, s'] (3.13)
w ms

kdeje P, -menovity vykon motora

w,,s - synchronna otacava rychlost hriadela motora

Lit. [3, s. 460] udava zavislost
uz realizovanych motorov
Siemens prepocitant na jeden
polovy par menovitého vyko-
nu. Spomenuta zavislost je
uvedena na obr. 3.3.

|

9.

Tymto mame vSetky potrebné

Determination of the motor moment of inertia. It is possible
to determine by comparison of similar motors in catalogues
(with the same nominal outputs and the same synchronous
rotating velocities).

The corresponding moment of inertia J of the inductive motor

projected is able to specify exactly enough with knowledge of

the nominal acceleration time induction motor value 7
T.P

_ Jj "N
J=—"5
(0]

[kgm?, s, W, s-'] (3.13)

ms
where
Py

1)

- nominal motor output,
- synchronous rotating speed of motor shaft.

ms

T

Literature [3, page 460] specifies
dependence J already realised
motors Siemens related on the
one pole pair-motor nominal
output (Fig. 3.3).

10. In this way, completion of all

hodnoty pre zostavenie zna- 05
meho dynamického matema-
tického modelu pravdepodob-

quantity values necessary for the
construction of well-known dynam-

R . . .
ic mathematical model of designed

4

AR

ného asynchronneho motora
napr. [7, s. 242 - 255]. Ide
o matematicky model trojfa-

Obr. 3.3. Menovité casy rozbehu T, asynchronnych motorov
s kotvou nakrdtko v zdvislosti od vykonu na polovy pdr
Fig. 3.3 Nominal time of start T; asynchronous motor with

asynchronous motor is accom-
plished (for example [7, pages 242-
255]. It is a mathematical model

zového symetrického asyn-
chronneho motora s kotvou
nakratko prepoCitany do dvojosovej sustavy «, [ pevne
spojeny so statorom. Tento model mdézZeme pouzit na zosta-
venie pocitacového simulacného modelu.

V sulade s konStatovanim v 7. odseku mozno pre rychle vySet-
rovanie stacionarnych stavov a charakteristik podla ziskanych
hodnét zostrojif zodpovedajuci kruhovy diagram. Z tohto
lahko uréime moment zvratu v motorickej oblasti pri nomi-
nalnej frekvencii. Mozeme tiez rychlo posudif, ¢i niektoré
parametre motora su nedostacujice alebo nejako neobvyklé.
Taktiez z tohto diagramu lahko posudime, o je treba pozme-
nif, aby parametre vyhovovali pozadovanym potrebam. Napr.
zmenSenim rozptylovych reaktancii vzrastie priemer kruznice

short-circuit armature independent on output to member of poles.

ja—

of the 3-phases symmetrical asyn-
chronous squirrel cage motor
converted into the 2-axial system «, B connected with
a stator. This model will be used for the simulation model
construction.

. It is possible (as to section 7) to construct the corresponding

circle diagram which enables the quick check of the stationary
motor states and characteristics. So it can be easy to deter-
mine the breakdown torque in motor-operating area by the
nominal frequency. It can also be quickly evaluated from the
circle diagram whether some parameters of the motor are
deficient or infrequent. These parameters can be changed for
more satisfying motor design.
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prudov pri jednotlivych sklzoch a vzrastie napr. hodnota
momentu zvratu vo¢i momentu menovitému a pod.

4. Navrh parametrov asynchronnych motorov trakénych
vozidiel a vySetrenie pravdepodobnych trakcnych
charakteristik

V predoslej Casti bol popisany pristup k navrhu pohonu trak-
¢ného vozidla a k navrhu typového vykonu a hlavnych parametrov
asynchronneho trakéného motora. Pre takyto predpokladany motor
bola navrhnuta metodika uréenia jeho pravdepodobnych mechanic-
kych a elektrickych parametrov, ktoré mozno vyuzit pre popis jeho
chovania v dynamickom, resp. v stacionarnom pracovnom rezime.

Pre rozne ucely vySetrenia vlastnosti vozidla v stacionarnom
rezime prevadzky je pochopitelne potrebné poznat sposob a para-
metre mechanického prenosu vykonu trakénych motorov na
hnacie osi a mechanické a elektromechanické charakteristiky
trakéného motora. Nakolko sa jedna o spojite riaditelny el.
pohon, pojde tu najmé o znalost medznej mechanickej charakte-
ristiky motora v rozsahu riadenia, pripadne celej siete mechanic-
kych alebo elektromechanickych charakteristik. Zrejme je tiez
potrebné stanovit rotorové a statorové pridy motora pri danej
jazdnej rychlosti a faznej sile diktovanej odporovou jazdnou cha-
rakteristikou vozidla. Pri rieSeni tychto uloh mozno vychadzat
z navrhnutych pravdepodobnych parametrov asynchronneho
trakéného motora a zo vSeobecne znameho vztahu pre moment
v zavislosti na sklze:

3pRy U %
M= -~ . e ; 4.1)
r (Rl + T) + Xoy + Xoo1)

kde je

w; — W
s=— . relativny sklz rotora za rychlosfou otacavého pola

@y

w, = 2mf; - elektricka synchronna rychlost
f - frekvencia statorového napétia
w - elektricka uhlova rychlost rotora

- elektricka uhlova rychlost sklzu rotora za el.
uhlovou rychlostou otacavého pola

D - poCet polovych parov stroja

w,, = w/p - skutoc¢na (mechanicka) otacava rychlost rotora

W, =W — o

Zavedenim zavislosti momentu stroja v rovnici (4.1) od frek-
vencie statorového napitia f; a el. uhlovej rychlosti rotora w dosta-
neme vztah:

3pR, U 27fy — w)

4. Estimation of probable traction effort/speed
characteristics of the vehicle with ASM

The previous part of this contribution describes a method
showing how to determine or to estimate the main mechanical
and electrical induction traction motor parameters which enable
the creation of both the steady state and dynamical models of the
motor. These models create the possibility to simulate the
induction traction motor behaviour in service.

The knowledge of mechanical and electromechanical motor
characteristics together with the knowledge of the mechanical
transmission motor-to-driven axle parameters makes it possible
to determine the traction vehicle qualities and characteristics in
static mode. The inverterfed motor has the stepless output
control and thus there exists an endless number of its mechani-
cal and electric-mechanical characteristics (characteristics
network).

Next, values of the stator and rotor currents corresponding
with traction vehicle traction effort/speed characteristics ought to
be calculated. The above determined induction motor parameters
make it possible to solve this task by using the well-known
equation for torque:

3pR U3
M= — (1)
;.8 21 2
R, + -~ + (X, + Xy01)
where
W~ w . . L
s =——— -relative rotor slip (related to rotating field speed)
W
w, =27f; - electric synchronous angular speed
A - stator voltage frequency
1) - rotor electric angular speed

- slip electric angular speed related to electric
angular speed of rotating field

J/ - number of motor poles actual (mechanical)
w,, = olp - speed of rotor rotation

W, =0~

Using the dependence of the motor torque on the stator
voltage frequency f; and the rotor electric angular speed w in
equation (4.1) is:

M=
[R,Q27f; = @) + Ry 27/’ + [27f; (Lo + Loy) Q7fy — @)

V pripade ak moment vyjadrime v zavislosti od f; a sklzovej
uhlovej rychlosti w, dostaneme:

(4.2)

For the torque depending on f; and the slip angular speed w,:
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M= 5 > 212
[Ry 0" + Ry 27fi)” + [27f) (Lyy + Lyay) @7]

Pre prepocitant hodnotu rotorového pridu /,, v zavislosti od
/1 a o, resp. f; a w, dostaneme:

(4.3)

For calculated rotor current value /,; depending on f; and w,
or f; and w, respectively is:

121

_ U Qnf, — w) (4.4)
VIR, @t — @) + Ry 27/, + 271, (Lys + Lopy) Q7fs — @) '
I S (4.5)

Upravou znamych rovnic pre sklz zvratu a moment zvratu
s vyjadrenim zavislosti od statorovej frekvencie f; dostavame
vztahy:

VIR, 0, + Ry 27fi > + 27/, (Lyy + o)) 03]

Adapting the known equations for breakdown slip and
breakdown torque with expression of dependence on the stator
frequency f; is:

Ry Ry
5, ==* (4.6) S, == (4.6)
VR + QfP(Lgr + Lo VR + Qaf) Loy + Lo
3pU; 3pUL
M, = i @n | M= = 1)
4mf, {Rl = VE+ Q)L + LUZI)Z] 4, [Rl = VR + Qrf) L + Lﬁl)z}
pri¢om platia vztahy: Following relations are valid:
Sin =£1(1 = s,,) - frekvencia zvratu iz = fi(1 — s.,) - breakdown frequency
., = 27f,,, - elektrickd uhlova rychlost zvratu ., = 2mf,,, - electric angular breakdown speed
Jozy =115 - sklzova frekvencia zvratu Jom =115z - slip breakdown frequency
,., = 2mf,., - elektrickd uhlova rychlost sklzu zvratu (4.8) | w,., = 2mf,., - slip electric angular breakdown speed  (4.8)
a dalej tiez priblizne plati: and it is also approximately valid:
M M
Ly = | 2 4.9) Ly = | —2 (4.9)
3pRy 3pR,,
U, U, Ui U
Iy=—F=—"T— (4.10) Iy=—="—"7"— (4.10)
X, 2wfiL, X, 2wfiL,
kde 1, je magnetizacny prud jednej fazy vinutia statora where I, is the magnetizing current for one phasis of stator
winding, and then
L=V + 1 411 L=V +1 (4.11)
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Explicitnym vyjadrenim veli€iny w, z rovnice (3) dostdvame

vztah:

3pU? 9°U%  24mpR,U?
Ry, D 1_47TR1fli\/p 1 £ATPRy /i

For w, from equation (3) is explicitly:

MZ

— 42 Ly

- L(er)z

@25

pomocou ktorého pri danych hodnotach U, f; a M mdzZeme urcit
zodpovedajtcu elektricku sklzovii uhlova rychlost w, a teda tiez
i mechanicku sklzovu rychlost rotora oproti mechanickej synch-

ronnej rychlosti daného ASM.

(Pozndamka: PouZitelny vysle-
dok zo vztahu (4. 12) ddva len koren
w, s minusom pred odmocninou)

Vztahy (4.6), (4.7) a (4.8)
mozno vyuZit na vysetrenie prie-
behu medznej mechanickej cha-
rakteristiky ASM pri frekvenénom
riadeni pri zvolenej zavislosti
zmeny statorového napdtia U, na
napdjacej frekvencii f; tak, ako je
zrejmé z prikladov znazornenych
na obr. 4.1.

Vyssie uvedené vzfahy boli
pouZité pri vypocte siete trakénych
charakteristik (so Styrmi 4-polo-
vymi ASM, s trvalym menovitym
vykonom 134 kW kazdého jednot-
livého motora). Siete charakteris-
tik su uvedené na obr. 4.3 vratane
uvaZovanej riadiacej charakteris-
tiky U, = ¢ (/)

Zaver

RieSenu problematiku navrhu
trvalého vykonu el. trakéného
vozidla s ASM bude potrebné este
doplnit Statistickym prehladom
trvalych vykonov uz realizovanych
vozidiel ako aj prehladom elektric-
kych a rozmerovych parametrov
pouzitych asynchronnych motorov.

Metodiku navrhu el. paramet-
rov a konstant asynchronnych
trakénych motorov by bolo vhodné
v budicnosti doplnit alternativ-
nym postupom vychadzajicim
z pozadovaného sklzu motora pri
typovom vykone. Dalej tiez bude

2[Rf + (27Tf1)2(La-l + Lo'21)2]

—E
— G

Uy= "7 ()
U= 7 [4)
sz=(‘-"n.[f|]
Mas g (h

— H

— fl

Obr. 4.1. Priklad priebehu vysetrenych medznych mechanickych
charakteristik w, a w, pre rozne priebehy riadenia
statorového napdtia ¢, a @,

Fig. 4.1 Asynchronous motor limiting mechanical characteristics
W, and w, for two different methods of stator voltage
control ¢, and @,

MU U= Ga
Mam gD
r'r__.-a"‘_‘ i
/"_—’ |‘l'd—
n‘f ‘l
L / My f; Moz Mot
/ ./ ‘II [
' ! )
) II
Sy :
.7“\;5__ N
\ f\ n
':!le ‘\I \ . Ve
0 f11 flz fiz fu —
—

Obr. 4.2. Siet mechanickych charakteristik ASM pre rézne
statorové frekvencie f, az f, pri priebehu statorového
napdtia U, = ¢ (f;)

Fig. 4.2 Net of asynchronous motor mechanical characteristics
for different stator frequenciess f,, - f,4 and the stator voltage
shape U, = ¢ (f,).

(4.12)

We can determine the slip electrical angular speed w, and the
rotor mechanical slip speed related to the ASM synchronous
mechanical speed when U, f; and M is given.

(Note: Only the root w, with
minus before the square root sign in
equation (4.12) is valid)

The relations (4.6), (4.7) and
(4.8) can be utilized for
computing of asynchronous motor
limiting mechanical characteristics
by frequency control and by given
dependence on control of the
stator voltage U, and the stator
frequency f;. One example is
shown in Fig. 4.1.

The relations mentioned
above were used by computing
diesel-electric traction vehicle
traction characteristics net (with
four 4-poles ASM, continuous
rated output 134 kW each) shown
in Fig. 4.3 as well as dependence
U, = ¢ (f;) proposed.

Conclusions

This project of continuous
output value of the electric
traction vehicle with asynchronous
motors should be completed with
a statistic review of continuous
power values of already realized
vehicles as well as with overview of
electric and size parameters of
asynchronous motors used in
traction vehicles.

Another variant of the
traction motor project can be
based on the calculation of the
demanded motor slip at the
nominal motor output point.
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The method ought to be

Us T completed with an example of the

Popisana metodika vypoétu a5 I
pravdepodobnych charakteristik je IR
odvodena zo zjednoduSeného sta- ]
cionarneho matematického mode-

Iu ASM. Napriek tomu v oblasti 400 1

10 - 100 % maximalnej pracovnej

Fa.f1a

=

Fs f15

calculation.

The described method of cal-
culations of probable characteris-
tics ASM and the traction vehicle
with ASM is based on the simpli-
fied static mathematics model of

frekvencie rozdiely oproti skutoc-
nym hodnotam zodpovedajucich
charakteristik chyby nepresiahnu

an asynchronous motor. The
accuracy of this model is well
within the range of 10 % and

5-10 %. V oblasti nizSich pracov- 50

—f Hz 100 % of maximum working fre-

nych frekvencii je v podstate
mozné percentualne rozdiely
udrzaf na nizkych hodnotach, ak
sa v zavislosti statorového napétia
od frekvencie zohladnia ubytky na
¢innych odporoch a rozptylovych
reaktanciach. Je to mozZné ak sa
vychadza zo stacionarneho mate-
matického mode-lu nezjednoduse-
ného, ¢o je mozno najst v [14] na
str. 3.17. Tu je zrejmé, Ze riadiaci
priebeh U, = f(f,) pri dodrZani konStantného toku statora ¢, zavisi
i od elektrickej sklzovej pracovnej uhlovej rychlosti w,. Potom pre
riadiacu charakteristiku U; = ¢ (w,, w,) dostdvame vztah

Obr. 4.3. Siet trakénych charakteristik vozidla pri réznych
statorovych frekvencidch a priebeh pridu statora I, pr
pri konstantnom trakénom vykone.

Fig. 4.3 The net of traction characteristics (traction effort/speed)
by different ASM stator frequencies and dependence of stator
current I, pr = f(V) calculated according (2.12), (2.5), (2.10)

at the constant traction output Py for diesel-electric traction
vehicle.

TVl quency and compared with real

ASM characteristic is better then
10 %. It is possible to also use this
method in the area of lower fre-
quencies when the resistance
voltage drops and leakage induc-
tance voltage drops are taken into
account. Then the nonsimplified
ASM static model should be
used, see page 3.17 in [14]. Here
it is evident that the control of
U,= f(f;) by the constant stator flux i, depends on the slip elec-
tric working angular speed w, as well. For the control characte-
ristic U; = ¢ (0, w,):

U, =

7 Vie+ PAT + (0,03 T, — P,y + 0w, Ty + o, T)

o7,

kde
Y, je celkovy magneticky tok statora, za ktory moZeme dosadit
stalu hodnotu

o = LIy

o je celkovy Cinitel rozptylu dany vztahom
L;

LyLy

su elektrické casové konstanty vinuti statora a rotora,
ktoré ur¢ime pomocou vztahov

o=1-—

T,. T,

w; je elektrickd synchrénna rychlost to¢ivého pola plynuca zo
vztahu
w, =27f;

w, je elektricka sklzova rychlost rotora plynica zo vztahu

w, = 2mf,
kde za f, mozno dosadit frekvenciu pridu rotora f,, vznikajicu
pri zatazeni ASM menovitym momentom pri U, y a fiy t. j.

D Wpyn

sz_le_ 2

(4.13)

1+ (0w, Ty)?

where
Y, is the whole stator magnetic flux. We can appoint the con-
stant value:

P10 = L Loy

o s the leakage factor:
L;

LyLy

are the electrical time constant of both rotor and stator
windings:

o=1-—

T,. T,

w; is the electric synchronous angular speed
w, = 2mf

w, is the electric angular slip speed related to the electric angular
speed of rotating field:

w, =2mf,
where f, can be calculated as the slip breakdown frequency f,y by
the nominal torque load asynchronous motors by nominal U, y a f .

D Wpn

sz—le_ 2o
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Vyhodou prezentovanej metodiky je, Ze dovoluje zhodnotif
vlastnosti projektovaného trak¢ného pohonu a v pripade ich
nevhodnosti umoznuje projektované parametre vcas upravit.
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This method enables to check the qualities of the traction

drive project. The projected parameters can be then modified or
changed.
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SPALOVACIE MOTORY NA PRELOME TISICROCI

INTERNAL COMBUSTION ENGINES AT THE TURN OF MILLENNIA

Prispevok pojedndva o novych smeroch vo vyvoji spalovacich
motorov vo svetle sprisnenych ekologickych predpisov tykajiicich sa
vfukovych plynov, hluku, spotreby paliva. Autori diskutuji
o moznych tpravdch zdzihovych i vznetovych motorov (pre lahké
i tazké ndkladné automobily), ktoré sa urobili preto, aby motory
spliiali siicasné i budiice predpisy na Skodliviny vo vyfukovych
plynoch.

UvVOD

Prelom tisicro€i je charakterizovany aj hladanim ciest zabez-
peCenia trvalo rasticej mobility v rovnovahe s kvalitou Zzivota,
existujicim priestorom a ekonomickym potencialom spolo¢nosti.
Sucasny vyvoj spolocnosti spdsobil zvySent masovu mobilitu
a velmi ovplyvnil vzor spravania, ako aj zivotny ciel, najmé v prie-
myselnych krajinach. Vyroba dopravnych prostriedkov a najma
vSadepritomnost automobilov vytvorili taky spdsob Zivota,
v ktorom ludia veria vo svoje pravo na mobilitu [1]. Niektoré
udaje globalnych ukazovatelov tejto prognézy su uvedené
v tabulke 1 [2]. Sami autori pripusfaju urcitu nevierohodnost
tychto udajov, no napriek tomu velmi zretelne ilustruju dilemy
a rozpory XXI. storoCia. V tejto stvislosti treba upozornit na tie
fragmenty progndzy, ktoré poukazuju na prudky narast poctu
automobilov aZ na hodnotu 1600 milionov a na narast poétu oby-
vatelov. Predpokladany vyvoj narastu jednotlivych druhov cest-
nych motorovych vozidiel je znazorneny na obrazku 1. Dalsi vyvoj
dopravy je neoddelitelne spojeny s vyvojom dopravnych pros-
triedkov a otazkami hodnot Zivotného stylu, sposobu zivota a hos-
podarenia. Skodlivé ucinky dopravy na Zivotné prostredie musia
byt obmedzované presadzovanim rychlejSich, bezpecnejsich, eko-
logickejSich a pohodlnejSich dopravnych prostriedkov. Produkcia
dopravnych prostriedkov vo vel'kej miere zavisi od poziadaviek
prepravy. V sucasnej dobe vystupuje do popredia uréita anomalia.
Vznik Zelezni¢nej dopravy ma svoje fyzikalne opodstatnenie (ide
najmd o minimalizaciu energie potrebnej na pohyb), napriek
tomu, na konci dvadsiateho storocia, dochadza k zmene taziska
dopravy zo Zeleznice na cestu. Podstatnou pri¢inou vSak nie su
dopravné prostriedky, ale organizacia dopravy so vSetkymi sluz-
bami. Nielen v produkcii, ale aj vo vyuZivani automobilov pod-
statne prevladaju osobné vozidla. Pre nazornost je v tabulke 2
uvedeny prehlad podielu jednotlivych kategorii automobilov na

Trends in the development of piston internal combustion engines
in a view of tightened ecological regulations (exhaust and noise
emissions, fuel consumption) have been presented in this paper.
Possibilities and ways of engine design adjustments, both gasoline and
diesel type (light and heavy duty), that were undertaken to fulfil the
present as well as the expected standards of exhaust toxicity have been
discussed as well.

INTRODUCTION

The turn of millennia is characterised by looking for ways in
which an ever increasing mobility would be in balance with the
quality of life, existing space and economic potential of a society.
The ongoing development of the society has caused a huge mass
mobility and has a considerable influence on the behaviour pattern
as well as on priorities of people especially in industrial countries.
The production of means of transport and, particularly,
omnipresence of cars have created such a way of life that people
believe in their right of mobility [1]. Some numerical data of the
global indices of this prognosis can be seen in Table 1 [2]. The
authors themselves admit certain unreliability of the data. In spite of
the fact, they clearly outline dilemmas and discrepancies of the 21st
century. The attention should be drawn to those fragments of the
prognosis that show a steep increase in the number of cars reaching
as many as 1,600 mil. and increase in the number of population. The
expected development of the increase of several types of road motor
vehicles can be seen in Fig. 1. Further development of transport is
closely connected with the development of means of transport and
with questions of priorities and values of life-style, way of life and
economy. Harmful impact of transport on the environment has to be
limited through using faster, safer, more environmental friendly and
more comfortable means of transport. The production of means of
the transport depends to a great extent on the requirements of
transportation. At present a certain anomaly can be observed.
Though railway transport has its physical foundation (it is mainly
minimisation of energy needed for movement) towards the end of
the 20th century the centre of transportation has been shifted from
railways to roads. The real cause of such a situation are not means of
transport, but organisation of transport with all the services. Not
only in production but also in actual use passenger cars prevail
substantially. Table 2 shows a share of different categories of cars in

* Prof. Jerzy Merkisz, D.Sc., Ph.D., Mech.E., Institute of Internal Combustion Engines and Basics of Machine Design, Poznan
University of Technology, ul. Piotrowo 3, 60 965 Poznan, Poland, phone: 48-61-8782204; e-mail: merkisz@put.poznan.pl
Prof. Vladimir Hlaviaa, PhD., Mech.E., Department of Railway Vehicles, Engines and Lifting Equipment,
University of Zilina, Vel'ky diel, 010 26 Zilina, Slovak Republic, phone: +421-89-530 16, e-mail: hlavna@fstroj.utc.sk
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Slovensku v roku 1998, na obrazku 1 celkovy trend vyvoja vyroby
motorovych vozidiel, na obrazku 2 percentualny podiel vyroby
osobnych automobilov vo svete a na obrazku 3 je znazorneny
predpokladany rozvoj vyroby a potreba osobnych automobilov
v strednej a vychodnej Europe.

the Slovak Republic in 1998. Fig. 1 illustrates the global trend in
development of production of motor vehicles. Fig. 2 presents the
share of the world production of passenger cars in percent and Fig.
3 offers the expected development of production and need of
passenger cars in Central and Eastern Europe.

Tab. 1 Table 1
Ukazovatel Jednotky | 1990 | 2000 | 2025 | 2050 | 2100 Index Units 1990 | 2000 | 2025 | 2050 | 2100
Pocet obyvatelov miliardy | 5,252 | 6,205 | 8,414 |10,031| 11,312 Population milliard | 5.252 | 6.205 | 8.414 |10.031|11.312
Automobily v prev. minks. | 630 | 990 | 1600 Cars in operation millions | 630 | 990 | 1600

Emisia CO, mldtonC | 74 | 84 122 | 145 | 203

CO, emissions mildtons C| 7.4 | 8.4 | 122 | 145|203

Emisie dusika minton N | 12,9 | 13,8 | 158 | 16,6 | 17,0

N emissions miln tons N| 12.9 | 13.8 | 15.8 16.6 | 17.0

The means of transport of
the next century will not be
allowed to impair the environ-
ment so severely as it does
nowadays. It will have to use
energy much more efficiently
and will have to need it less.

Dopravny prostriedok bu- 1600 -
duiceho storoéia predovsetkym 1400 -
nebude moct zataZovat Zivot- £ 1(2)83:
né prostredie takym stupfiom g 300 1
ako doteraz. Musi podstatne 2 600 |
efektivnejSie vyuzivat energiu £ 40 |
a musi jej spotrebovat mene;j. = 200
Dalsou velmi délezitou ulo- 01980 1085 1990

hou bude jeho bezpecnost.

1995 2000 2005 5010 Another highly important
Year objective will be its safety.

V sucasnej dobe je spalo-

OCars O Commercial Vehicles [ Motorcycles ‘

The internal combustion

vaci motor takmer vyhradnym
zdrojom pohonu dopravnych
prostriedkov pre cestnil, vod-
nu a letecku dopravu. V kola-
jovej doprave sa ako zdroj energie vyuziva vo vacSej miere
elektricky pohon. V cestnej, kolajovej a vodnej doprave su vyuZzi-
vané piestové spalovacie motory, v leteckej doprave prevazuju
pridové motory. Situacia sa ani v najblizSej buducnosti podstatne
nezmeni, najma preto, Ze spalovaci motor sa neustale zdokonaluje.

Percentualny podiel jednotlivych kategorii

Obr. 1. Celkovy trend vyvoja motorovych vozidiel [3]
Fig. 1 Global trend in motor vehicles [3]

engine is at present almost
a sole driving source for means
of transport designed for road,
water and air transport. In rail
transport, electric drive is used more often as a source of energy,
while in road, rail and water transport, piston combustion engines
are used. In air transport jet engines prevail. The situation will
probably not change substantially in the near future mainly due to
the fact that the engine is being continuously improved.

Share of different categories of cars

automobilov v SR 1998 [4] Tab. 2. | in the Slovak Republic in 1998 [4] Table 2
Kateg(')riz‘i Osqbné ’ I\Ivékla.(?né Autobusy | Motocykle Category Passangers ?‘ars Lorri'es Buses | Motorcycles
automobilu a dodavkové | a Specialne & Commercial V.| & Special V.

Podiel % 83 10 1 6 Share in % 83 10 1 6

100 % T

90 % -

80% 1 O Africa+Australi

70% | rica+tAustralia

60 % | O South America

5 ; O Central+Eastern Europe
10 / O CFFTA

20 % 4

10 % -

0%
1997 2005

Obr. 2. Percentudlny podiel vyroby osobnych automobilov vo svete v roku 1997 [4]
Fig. 2 Share of the world car production in 1997 [4]
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Obr. 3. Rozvoj vyroby a potreba osobnych automobilov v strednej a vychodnej Europe [4]
Fig. 3 Development of production and need of passenger cars in Central and Eastern Europe

TRENDY VYVOJA SPAI'OVACICH MOTOROV

Vyvoj spalovacieho motora bude urCovany stale prisnejSimi
poZiadavkami na toxicitu vyfukovych emisii, hluku a spotreby
paliva. KedZe je stvislost medzi spotrebou paliva a klimatickymi
podmienkami, najmé pokial ide o emisie CO,, zniZenie spotreby
paliva nie je dolezité iba pokial ide o prirodné zdroje, ale tiez
z hladiska ochrany globalnej klimy. TakZe smery vyvoja motora
budu urcovat miestne a globalne postoje k ochrane Zivotného
prostredia - tabulka 3.

TRENDS IN ICE DEVELOPMENT

The engine development will be enforced mainly by still
tougher demands relative to the toxicity of exhaust emission,
emitted noise and fuel consumption. Since there is connection
between fuel consumption and climatic conditions, relative to
carbon dioxide CO, emissions in particular, the reduction in
consumption is not only important as far as resources are
concerned, but also protecting global climate. Thus, directions of
engine development will be determined by local and global
problems of environmental protection - Table 3.

Ekologické a ekonomické faktory uspesného motora [5] Tab. 3.
Legislativa Verejnost Zakaznik Vyrobca
vyfukové emisie dymivost spotreba paliva nenarocnost vyroby
CO, HC, NO,, PM
spotreba paliva/emis CO, zapach Zivotnost kvalita
hluk (vonkajsi) hluk (subjektivny) vykon, riaditel'nost vyrobné naklady
recyklovatelnost nepojazdné vozidla spolahlivost zisk
bezpecnost udrzba trh, konkurencia
cena
Ecological and economical factors of a successful engine [5] Table 3.
Legislation Public Customer Manufacturer
exhaust emissions: smoke fuel consumption ease of manufacture
CO, HC, NO,, PM
fuel consumption /CO, emission | odor durability quality

noise (pass by) noise (subjective)

performance, driveability production cost

recycling broken-down vehicles reliability profits
safety maintenance market, competition
price

Pokracujuce zhorSovanie zivotného prostredia sposobuje, ze
poZiadavky na zlepSenie prevadzky motorovych vozidiel, ktoré su

However, the proceeding degradation of the environment
causes that demands for improvement of the operation of vehicles
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vybavené spalovacim motorom, su zvyraznené prisnejSimi limitmi
emisii - tabul’ka 4 [5]. Podrobné poziadavky (limity) su Specifiko-
vané v ustanoveniach, ktoré uverejnili renomované agentury ako:
Environment Protection Agency EPA, a California Air Resource
Board CARB v USA a Ekonomicka komisia pre Europu ECE -
agentura spojenych narodov. Ekonomicka komisia vydava ECE
predpisy, podobné EU, ktora vydava EC direktivy pre Europu.
CARB postupne zavadza vozidla s niz§imi emisiami:

TLEV (prechodne nizke),

LEV (nizke),

ULEV (ultra nizke),

ZEV (bezemisné vozidla).

EPA (federalne predpisy) obsahuju nasledné predpisy defino-
vané ako Tier 0, Tier 1 a Tier 2, zatial, ¢o EU predklada EURO I,
EURO II, EURO III a EURO IV.

equipped with IC-engines are underlined by tougher emission
standards Table 4 [5]. The detailed requirements (limits) are
specified in regulations published by relevant agencies as: the
Environment Protection Agency (EPA) and the Economic
Commission for Europe (ECE-agenda of the United Nations).
The latter issues the ECE regulations similar to the European
Union (EU) which issues EC directives for Europe CARB
gradually introduces vehicles of lower emission:

e TLEV (transitional low),

e LEV (low),

e ULEYV (ultra low),

o ZEV (zero emission vehicles).

EPA (federal regulations) anticipates consecutive regulations
defined as Tier 0, Tier 1 and Tier 2, while EU anticipates: EURO
I, EURO II, EURO III and EURO IV.

Porovnanie limitov vyfukovych emisii v Kalifornii Tab. 4 | Comparison of exhaust emission standards in California Table 4
Zlozka v (g.mila™) | Zaciatok 50 r. | Dnes (ULEV) | Redukény faktor Compound (gmile™)| Early 1950s (Today (ULEV) |Reduction factor
NOy 3,6 0,2 18 NOy 3.6 0.2 18
Cco 87,0 1,7 51 (6(0) 87.0 1.7 51
HC, NMHC* 13,0 0,04* 325 HC, NMHC* 13.0 0.04* 325
PM neobmedzené 0,04 PM unlimited 0.04

100% v 7417 1™ T ™~ 1 1 — — 1 T 7 1
~ 80% - B L B B
5 I -
= = 1 O =H H H
E 60% -
=
2 0 -
= 40 % H
g = M L
20 % A
0 % T T T T T T T T T T T 1

97 98 99 0 | )

3 4 5 6 7 8 9 10
Year

O Diesel engines- DI (direct injection)

[ Other gasoline engines with MPI/SPI injection [ Diesel engines - IDI (indirect injection)

O Gasoline engines - GDI (direct injection)

Obr. 4. Predpokladany percentudlny podiel motorov na rézne palivd pre automobily, ktoré sa budui vyrabat'v EU v rokoch 1997-2010 [6]
Fig. 4 Foreseen % share of engines with different fuel supply in cars to be manufactured in the EU in years 1997-2010 [6]

Problém znecistenia spo-sobeného automobilmi je kom- plexny,
rieSenie individudlnymi prostriedkami je neadekvatne. Potrebny je
systematicky pri-stup k problematike v kazdej Casti systému ,,motor -
vozidlo®, ako aj ku kazdému stupnu jeho zivota (vyroba - prevadzka
opotrebenie vratane recyklacie).

Konstrukcia motorov (vznetovych a zazihovych) je si stale
viac a viac podobna. Vzhladom na uvedené ekologické podmienky
sa pre oba typy motorov uprednostiiuje priame vstrekovanie paliva
do spalovacieho priestoru - obrazok 4, 5 a 6.

The problem of pollution caused by automobiles is complex.
The solution through individual means is pretty inadequate, there-
fore, a systematic approach to the problem is necessary in every
aspect of the “engine - vehicle” system, as well as at every stage of
its life (production, operation and degradation including recyc-
ling).

Construction of engines (diesel and spark ignition - gasoline) is
more and more similar. Because of the above mentioned ecological
conditions a direct fuel injection to the combustion chamber is the pre-
ferable solution for both types of engines - Figs. 4, 5 and 6.
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V sucasnosti su konst-
rukéné rieSenia navrhovanych
vznetovych i zazihovych mo-
torov v mnohych aspektoch
celkom podobné [5,7]:

e priame vstrekovanie,

e presné vstrekovanie a tvorba

zmesi,

kontrola prietoku paliva,

centralne spalovanie,

vel'kozdvihova konstrukcia,

pocet valcov do 6,

pouzitie viacventilovych

hlav,

e premenlivé asovanie venti-
lov,

fuel consumption [dm3/100km]
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ECE R83 Test

GDI engine

MI

At present, constructional
solutions applied in diesel and
gasoline engines in many
aspects are quite similar, for
example [5,7]:

e direct injection,
® precise injection and mix-
ture formation,

gasoline engine

diesel - IDI

Obr. 5. Porovnanie spotreby paliva vozidiel s motormi
zdzZihovymi a vznetovymi [10]

Fig. 5 Comparison of fuel consumption in cars of different
combustion systems [10]

e pouzitie vysokych vstrekovacich tlakov,

1000

1200

e  Cisté“ konvencné palivo (maly obsah siry), alternativne paliva

(CNG = stlaceny zemny plyn, LNG = skvapalneny zemny plyn,
LPG = skvapalneny propan butan, MRE = metylester repko-
vého oleja, metanol, etanol, vodik),

dynamicky modulovana recyklacia vyfukovych plynov EGR

(vratane chladenia),
® zniZenie trenia:

® zniZena stredna piestova rychlost,
® zniZené trenie piesta, pohonu vacky a ventilu,

® nizke trenie mazacich olejov,

® pomocnych zariadeni,

e nahradenie mechanickych pohonov elektrickymi (napr. el. pali-

vové Cerpadla, chladiace Cerpadla, atd’), riadeny generator,

e rychly ohrev chladiaceho systému (t.j. rychle zohriatie celého

systému motora na prevadzkovu teplotu),

elektrické riadenie vykonu,
katalyzatory a lapace PM,
tepelny akumulator,

paneli).

Pre zazihovy motor je

ladené plniace potrubie (dynamické plnenie),

samodiagnosticky systém (OBD = diagnostika na palubnom

1400

1600 1800

e mass flow control,

e central combustion,

® |ong-stroke design,

e cylinder cut off at > 6 cylin-
der,

e introduction of multivalve
heads (for reduced pumping
losses),

2000

vehicle mass [kg]

variable valve timing,

application of high injection pressure,

wclean“ conventional fuel (lower sulphur) and alternative fuels
(CNG-compressed natural gas, LNG= liquefied natural gas,
LPG = liquefied petroleum gas, RME = rapemethylester, meth-
anol, ethanol, hydrogen);

dynamic modulated EGR (exhaust gas recirculation; including
cooling),

friction reduction;

m reduced mean piston speed,

= reduced friction of piston, cam drive and valve,

= |ow friction lubrication oils,

m auxiliaries,

replacing mechanical drives with electric ones (e.g. electric fuel
pumps, cooling fluid pumps etc.), controlled generator,

quick warm-up of the cooling system (possibly quick achieve-
ment of necessary operational temperature by all engine
systems),

variable inlet tube (dynamic charging),

electrical power steering,

catalytic and PM trap technology,

latent heat battery,

self - diagnostic of the system (OBD = on board diagnostic).

konecnym rieSenim prechod od 70 For a gasoline engine,
dnes pouzivanej stechiometric- /’ } the final solution is a transi-
kej zmesi (lambda 1) v kombi- 'TE 60 o tion from the currently used
nacii s katalyzatorom TWC § pe // O supply with the stoichiomet-
(trojcestny) s lambda sondou =50 a1 z [ gasoline MPIJ ric mixture (lambda 1) com-
L
na spalovanie chudobnych £ bined with the TWC catalyst
zmesi. Je zrejmé, Ze proces g 40 A dresel DI and the lambda- probe to
nahradzovania karburatora jed- = the combustion of lean
nobodovym vstrekovanim SPI 30 w w mixtures. It seems obvious
a nasledne viac- bodovym vstre- 70 80 90 100 that the process of replacing
CO; [%]

kovacim syst¢émom MPI nako-
niec vyusti do rozsiahleho
pouzivania zazihového systému
s priamym vstrekom GDI [5, 6,
8]. Ocakava sa, Ze modernizo-

Obr. 6. Redukcie emisii CO, priamym vstrekovanim [10]
Fig. 6 Possibilities of reduction in CO, emission
for direct injection systems [10]

vané viacbodové vstrekovanie bude zakladom pre zazihové
motory, ak sa bude vyvijat v kombinacii s domyselnymi technolo-

a carburettor with a single
point injection (SPI), and
eventually with the multi-
point injection  system
(MPI) finally will end with

a widespread application of the gasoline direct injection system
GDI [5, 6, 8].
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giami katalytickych konvertorov, ktoré redukuju emisie toxickych
zloziek hned po starte motora [6,9]. Obdobie po studenom Starte
je velmi dolezité pre celkové emisie toxickych latok (najmé pre HC,
pocas prvych 100 s testu FTP 75 dosiahla hladina az 80 % celkovej
hodnoty emisie HC, pretoze procesy v motore su nestabilné a kata-
lyzator eSte nepracuje [9] ).

Aby sa dosiahli nizke emisie - obrazok 7, je potrebné dodrzat
tieto technologie:

e kontrola kazdého valca lambda sondou (spatna vizba),

e pouzitie dvoch katalyzatorov TWC, (hlavny a spustaci, ktory
pracuje v obtoku alebo v systéme, v ktorom je Startovaci kata-
lyzator pred hlavnym),

® katalyzator a lambda sonda su elektricky vyhrievané,

o vyvoj TWC katalyzatorov za ucelom zvySenia ich u¢innosti, pre

vacsi rozsah miesacieho pomeru,

optimalizacia kovovej kompozicie katalyzatora,

DeNO, (redukény) a TWC katalyzator,

NO, katalyzator,

sekundarny vzduch pre katalyzator,

palivovy horak pred katalyzatorom (horak vyfukovych plynov

v katalyzatore),

o uskladnenie vo vaku (asi 100 dm®) poéas studeného §tartu.

Normy obmedzujuce toxicitu vyfukovych plynov sa budu
musiet dodrzat bez ohladu na typ motora. Vznetové motory moézu
dodrzat sucasné normy vtedy, ak sa na nich vykonaju vel’ké kon-
strukcné upravy. Smery vo vyvoji vznetovych motorov vedu k pod-
statnému zniZzeniu mnozstva emitovanych toxickych zloziek.

Je potrebné prijat nasledovné kroky, aby sa dosiahlo splnenie
predpisanych limitov u lahkych vozidiel (LD) a tazkych vozidiel
(HD) (motory tohto typu su iba vo vozidlach s hmotnostou viac
nez 3 500kg):

o vel'ky sucinitel prebytku vzduchu prepliovanim a s medzichla-
diCom,

e optimalizacia spalovacieho priestoru a viru (berieme do tivahy
vzajomnu suvislost medzi tvarom vstupného kanala, konfigu-
raciou spalovacieho priestoru a systému hydraulického vstreko-
vania),

o vysoky vstrekovaci tlak s pociatocnou zniZenou davkou paliva,
e dodatoéné impulzné prepl- 5

However, one should expect that modernised multi-point
injection will be a basic system of gasoline engine supply if it
develops employing sophisticated technologies of catalytic
converters reducing emission of toxic compounds just after the
engine’s start [6, 9]. This period following a cold start is very
important for total toxic emission (particularly for HC; during
first 100 seconds of FTP-75 test HC-emission reaches the level of
about 80% of entire HC-emission, because engine processes are
unstable and the catalyst does not work yet [9].

The following technologies should be applied in order to
achieve low emissions (Fig.7):

e cylinder individual control of lambda (close loop control),

e application of two catalyst TWC (Three Way Catalyst): the
main and the start one operating in the by-pass system incor-
porating the start catalyst in front of the main one,

e catalyst and the probe are electrically heated,

development of the TWC catalyst in order to increase their effi-

ciency in a wider range of the Air to Fuel ratio,

optimised metal composition of catalyst converter,

DeNO, catalyst converter + TWC catalyst,

storage NO, catalyst,

secondary air to the catalyst,

fuel burner in front of catalyst (exhaust gas burner in the catalyst),

storage in bag (about 100dm? ) during the cold start.

Standards limiting toxicity of the exhaust have to be met
regardless of the engine type. The present standards can be satisfied
by the diesels after introduction of major design modifications.
However, tendencies in diesel engine development lead toward
a substantial reduction in the amount of emitted toxic compounds.

The following measures that enable fulfilment of toxicity
standards by the LD (light duty ) and HD diesels (heavy duty;
engines of this kind are applied solely in the vehicles of mass
exceeding 3500 kg) have been already undertaken:

o high A/F ratio by boosting and charge air intercooling,

e optimisation of combustion space and swirl (taking into
account mutual connections between shape of the inlet port,
configuration of combustion space and system of hydraulic
injection),

e high pressure injection with

novanie pocas akceleracie
s pouZzitim stlaceného vzdu-
chu z tlakového zasobnika,
e clektronické nastavenie pa-
rametrov vstrekovania (dav-
ka paliva, uhol vstreku,
doba vstreku, vstrekovaci
zakon, vstrekovaci tlak) ako

HC [g/mile]

87 %

N A

HC-Limiting Values

initially reduced injection
rate,

additional impulse super-
charging during acceleration
using compressed air from
a pressurised container,
electronic adjustment of
injection parameters (fuel

Engine-Out Emissions
(principale examples)

Necessary Conversion-
Rate [%]

|

93 %

>99,6 % |
T T

funkcia mnohych premen-
nych zatial, ¢o by sa uhol
mal znizif, tlak zvySit, Cas
skratit a priebeh vstrekova-
cieho zakona by mal byt
podla poziadaviek hnaného
stroja,

1970 1975 1993 1994 1995 1996

Obr. 7. ZniZenie limitu pre emisie HC, poZzadovand hladina znizenia HC
a ucinnost katalyzdtora podla noriem US
Fig. 7 Reduction in the HC emission limit, required reduction level in HC
emission and catalyst efficiency for fulfilment of the US standards

1997 1998 1999 2000

dose, injection advance
angle, injection time, course
of IR (Injection Rate) and
injection pressure) as a func-
tion of many variables, while
angle should be reduced,
pressure increased, time

2001 2002 2003
Model-Year
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e zvySeny kompresny pomer a maximalny spalovaci tlak,

e zvySené turbulencie a zniZenie viru,

e filtracia pevnych castic (PM), oxidacné katalyzatory (Oxicat),
DeNO, katalyzatory (pre vysoké hodnoty su€initela prebytku
vzduchu),

e vykonova turbina (turbocompound - iba pre HD),

e dodatoc¢né oSetrenie vyfukovych plynov - filtre pre PM, a oxi-
dacné Kkatalyzatory, systémy SCR (Selective Catalytic
Reduction-selektivna katalyticka redukcia, redukcia NO, prida-
nim amoniaku do katalyzatora) a katalyzatorov DeNO, nového
typu (pre vysoké lambda).

Klucom k splneniu tychto poziadaviek moze byt rozsiahle
zavedenie elektronickych riadiacich systémov (EMS Electronic
Management System, ECU Elctronic Control Unit).

ZAVER

Obdobie jednoduchych a lacnych motorov i vozidiel sa skon-
¢ilo. Alternativne zdroje energie ako i nekonvenéné pohony (v ich
sucasnom stupni vyvoja) nie su v skutocnosti alternativou kon-
venénych motorov. Preto je dal§i vyvoj spalovacich motorov
potrebny, s vyuZitim novych typov spalovania.

Vdaka tomu, ze vykonnejSie elektronické procesory su pri-
stupné, je ich vyuZitie pre systémy riadenia prevadzkovych para-
metrov motora celkom bezné. Tymto sposobom bolo umoznené
dodrzanie charakteristik variacie individualnych parametrov
v zavislosti od série vstupnych udajov, a je teda mozna multipa-
rametricka optimalizacia prevadzky motora. Aby sa uspokojili
rozne poziadavky ako je Cistota vyfuku, nizka spotreba paliva pri
vysokom vykone a aby sa dynamika vozidla zachovala nezme-
nena, vsetky riadiace systémy musia vykonavat Siroky okruh ¢in-
nosti [8].

Splnenie poziadaviek na Cistotu vyfuku povedie konstruktérov
k tomu, aby hladali také rieSenia, ktoré umoznia zniZenie toxicity
vyfukovych plynov spalovacich motorov. Tieto rieSenia vedu
k obmedzeniu pricin tvorby toxickych zloziek (materialy a organi-
zacia spalovacieho procesu) alebo ucinkov uz vytvorenych zloziek
(katalyzatory, filtre sadzi) a tak prispievaju k zniZeniu latok zne-
Cistujucich atmosféru.

Vo vSeobecnosti sa legislativa tyka novoprodukovanych vozi-
diel, zatial' o celkové Skodlivé emisie zavisia predovsetkym od
emisného indexu vozového parku a celkového poctu vozidiel.
Takze, aby sa dosiahlo vyrazné zlepSenie efektivnosti dopravy, je
potrebné:

e podporovat obnovu vozidiel,

e zamedzit nepotrebnu dopravu,

o preferovat verejnii hromadnu dopravu,

o robit komplexné akcie (kombinovana doprava, organizacia pre-
pravy, nové proekologické technologie...).

Aby automobilovy priemysel bol uspesny, je treba spomenuf
dve hlavné odportcania: ponikana technologia musi maf pre
zakaznika hodnotu, musi byt lahko pouzitelna a samotné vozidla
musia byt sucastou celkového systému riadenia prepravy.
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shortened and the course of injection rate should be formed
according to engine run parameters,

e increased compression ratio and peak cylinder pressure,

e increase in turbulences and reduction in swirl,

e filters of particulate matter, oxidising catalysts (Oxicat), DeNO,
catalyst (for high values of air excess ratio lambda),

e additional power turbine (turbocompoud - only for HD),

e exhaust gas aftertreatment - filters of the particulate matter PM
and oxidising catalysts, SCR systems (Selective Catalytic
Reduction of NO by addition of ammonia to a catalyst) and the
DeNO, catalysts of a new type (for high lambda),

A key to fulfil the requirements presented above is possibly
the extensive introduction of electronic control systems equipped
with microprocessor (EMS= Electronic Management System,
ECU = Electronic Control Unit).

CONCLUSION

The era of simple and cheap engines and vehicles is over.
Neither alternative sources of energy nor unconventional drives
(at their present stage of development) are a real alternative for
the conventional sources. Therefore, a further development of the
internal combustion engines is necessary using new types of
combustion.

Thanks to availability of more powerful electronic processors,
their application to systems controlling engine operational para-
meters is quite common. This way a possibility of keeping charac-
teristics of individual parameter variation depending on a series of
input data came out and therefore a multiparameter optimisation
of engine operation is feasible. As to satisfy various demands like
exhaust cleanliness, reduction in fuel consumption, when high
power and satisfactory dynamics of the vehicle are kept unchan-
ged, all control systems have to conduct a wide range of duties [8].

Fulfilment of exhaust cleanliness standards will force the
designers to look for solutions that enable reduction in toxicity of
exhaust emitted by internal combustion engines. These solutions
lead toward limitation of causes of toxic compound creation
(materials and organisation of combustion process) or effects of
already created compounds (catalysts, soot filters) and this way
towards reduction of pollutants emitted to the atmosphere.

Generally, all legislation concerning new vehicles regarding
the harmful global emissions depend first of all on vehicle fleet
emissivity index and the entire number of vehicles. So, in order to
achieve a considerable improvement in transport effectiveness it is
necessary to carry out the following measures:

e stimulation of vehicle renewal,

e avoidance of unnecessary transport,

® public transport in towns,

e complex undertakings (combined transport, traffic organisa-
tion, new proctologic technologies, etc.).

Two general recommendations must be brought about in order
to continue the automobile industry’s success: technology offered
must be of value to the customer and easy to use and the vehicles
themselves must be a part of total traffic management system.
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Napriek svojej storo¢nej histérii ma spalovaci motor pred
sebou rezervy, ktoré mu umoznia splnit prisne predpisy a poZia-
davky.
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In spite of its long history there are still potential reserves in
the IC engine that permit to satisfy rigorous regulations and
demands.
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SKUSENOSTI Z TESTOVANIA TRATE
PRE OVEROVANIE TEORETICKYCH MODELOV

FXPERIENCE IN\RAILWAY\ TRACK- TESTING FOR VALIDATION

OF THEORETICAL DYNAMIC ANALYSIS

Prispevok prezentuje niektoré experimentdlne pristupy dynamic-
kého testovania konstrukcie trate. Charakteristiky zavislosti zataZenie
- priehyb trate sui dolezité pre ndvrh, posudzovanie prevadzkyschopnosti
trate, ale aj ako vstupné ddta pre pocitacovi simuldciu dynamickej
odozvy trate a dynamickej interakcie vozidlo/trat. Vysledky teoretic-
kych analyz dynamiky trate musia byt overované a porovndvané so zis-
kanymi experimentdlnymi vysledkami. Prezentované vysledky
testovania trate pre overovanie vypoctovych dynamickych modelov
poskytujii uZitocné tidaje kvalitativnej povahy pre hodnotenie dyna-
mického chovania konstrukcie Zeleznicného zvrsku.

1. Uvod

Zavadzanie vySSich prevadzkovych rychlosti a vys$Sich napra-
vovych zataZzeni kolajovych vozidiel je vysledkom prirodzeného
vyvoja v Zelezni¢nej doprave a tento trend bude zrejme pokraco-
vat dalej. V tomto kontexte je nutna tizka spolupraca stavebnych
a strojnych inZinierov podielajucich sa na rieseni problému dyna-
miky sustavy vozidlo/trat. Konstrukcia Zelezni¢nej trate musi
vykazovat vysoky stupen presnosti jej geometrického usporiada-
nie a tomu odpovedajuci stupen udrzby. Nové kolajové vozidla,
najmi pre prevadzku zvySenymi rychlostami, nesmu generovat
velké dynamické sily. Prevadzka s vysokymi rychlostami, resp.
s tazkymi vozidlami musi byt zaistena na vysokej urovni bezpec-
nosti a odpovedajucim normam komfortu jazdy.

Zakladnym krokom rieSenia naznaCenych problémov je
poznanie dynamickej interakcie vozidlo/traf, hodnotenie dyna-
mického chovania komponentov konstrukcie trate (kolajnic, pod-
valov, Strkového 16Zka, systémov pruzného upevnenia a pod.)
a hodnotenie ich zivotnosti. Za tymto ucelom bol na nasom pra-
covisku vypracovany program teoretického a experimentalneho
vyskumu dynamicke;j interakcie vozidlo/trat, ktory obsahuje:

e Rozvoj teoretickych metdd rieSenia a matematickych vypocto-
vych modelov.

e Pocitacovu simulaciu dynamickej interakcie a predpoved dyna-
mickych sil, deformacii a napatosti v konstrukcii zvrsku a zelez-
ni¢ného spodku.

e Merania v trati a experimentdlne overovanie teoretickych
modelov.

* Prof. Ing. Milan Moravc¢ik, CSc,

The objective of this paper is to present some experimental
approaches in dynamic testing of the railway track structure. The load -
deflection track characteristics are particularly important in the design,
in the evaluation of serviceability of concrete-sleepers tracks, and to
improviding data for computer modelling of the track dynamic behaviour
and the dynamic vehicle/track interaction analyses. Thus, results of
theoretical dynamic analyses of the track structure must be verified and
compared with obtained experimental results. The herein presented track
testing for validation of dynamic analyses can give many usefil
indications concerning the evaluation of the superstructure behaviour.

1. Introduction

The commercial necessity for higher speed and greater axle
loads has been established and this trend will probably continue.
In this context, close cooperation between civil and mechanical
engineers is essential. Track must have a high standard of
alignment and maintenance quality must be improved
accordingly. New vehicles, particularly those for high-speed
operation, must not generate excessive track forces. These high
speeds or heavily laden vehicles must operate with high levels of
safety and with existing or improved standards of comfort.

The basic step for solving the indicated problems is
identification of dynamic interaction vehicle and track structure
and a prediction of the dynamic behaviour of the track
components (rails, sleepers, ballast, fastening systems etc.) and
their long term behaviour. With this purpose a program of
theoretical and experimental works in our workplace studying the
interaction of vehicle and track has been undertaken and it
comprises:

e Development of theoretical methods and mathematical
models

e Computer simulation and calculations to predict dynamic
forces, deformations and stresses in the superstructure and sub-
structure

e In situ measurements on track structure and experimental vali-
dation of the theoretical models

Department of Structural Mechanics, Faculty of Civil Engineering, University of Zilina, Komenského 52, 010 26 Zilina, Slovak Republic.
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Obr. 1. Viipoctové modely trate vo vertikdlnom smere
Fig. 1 Models of track structure in vertical direction
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o Statické a dynamické testovanie prvkov konStrukcie trate
(podvaly, systémy pruzného upevnenia, pruzné podlozky pod
kolajnice, interakciu podval/strkové 16zko atd.).

Vyvinuli sa viaceré kvazistatické a dynamické vypocCtové
modely pre posudzovanie vertikalnych a horizontalnych silovych
ucinkov, v ktorych vystupuju jednak charakteristiky komponentov
- kolajnice, podvaly, strkové 16zko, podlozie, alebo celkové cha-
rakteristiky konstrukcie trate. V standardnej analyze konstrukcie
trate bola kolajnica modelovana ako pruzny nosnik na pruznom
Winhlerovskom podklade. V sti¢asnosti sa aplikuje Metoda konec-
nych prvkov (MKP) a trat (kolajnica) je modelovana ako pruzny
nosnik na diskrétnych pruznych podperach (v miestach podva-
lov). Vysledné pohybové rovnice kolajnice vo vertikalnom smere
mozZu byt zapisané v tvare:

[m]{V} + [c](v} + [K]{v} = (P} (H

kde [m], [c], [k] su matice hodnot timenia a tuhosti {v] a je
vektor uzlovych posunuti kolajnice.

V oznaceni podla rov. (1) je odozva trate analogicka ako
odozva mechanickej sustavy s jednym stupfiom vol'nosti. RieSenie
problému v Casovej oblasti je prezentované v pracach [4, 5], kde
numericky algoritmus rieSenia metodou konec¢nych prvkov je apli-
kovany na vypocet odozvy v Casovej oblasti.

Obr. 1 prezentuje pouzivané modely trate vo vertikalnom
smere odpovedajucej aplikacii MKP, rov. (1). Mechanické vlast-
nosti konstrukcie trate su modelované sustavami pruzin a timicov
v jednej alebo dvoch vrstvach, obr. 1.

Charakteristicky pruzin a tlmicov sa urcuju laboratérnymi
testmi, alebo meranim v trati. Charakteristiky zavislosti zatazenie
- prichyb komponentov konstrukcie trate su dolezité pri navrhu
posudzovani uCinkov prevadzky, ale aj pocCitaCovu simulaciu
dynamicke;j interakcie vozidlo/trat. Vysledky testovania dynamic-
kej odozvy trate davaju uzitocné informacie o skutoénom dyna-
mickom chovani trate, ale aj overeni teoretickych rieSeni odozvy
trate.

Predmetom tejto Studie je analyza signalov merania odozvy
konstrukcie trate v prevadzkovych podmienkach a hodnotenie
informacii ziskanych z tychto merani. Casové priebehy dynamic-
kych posunov a zrychleni vo vertikalnom smere davaju zakladnu
informaciu celkového dynamického chovania trate. Ich frek-
vencna analyza dava dalSie podrobné informacie o kmitani trate.
V studii su prezentované vysledky niektorych vykonanych testov
trate vo frekvencnej oblasti, jednak pre stredné, ale aj vysSie frek-
vencie 0 - 800 Hz.

2. Hodnotenie dynamického chovania trate
na zaklade merania jej dynamickej odozvy

Dynamické chovanie trate ma byt uvazované v sirSej suvislosti
ako spitna vazba mechanického systému vozidlo/trat (okamzita

KOMNIKOCIe

C O MMUNICATION:S

e Static and dynamic laboratory tests for the track structure
members (sleepers, fastening systems, pads, sleeper ballast
interaction etc.).

A number of quassi-static and dynamic computer models have
been developed for the track structure behaviour under vertical
and horizontal loads which include either separate components
representing rails, fasteners, sleepers, and subgrade or total
characteristics of the track. In the standard track analysis, the rail
has been modelled as an elastic beam on an elastic Winkler
foundation. At present, the Finite Elements Approach (FEA) is
applied and the track (rail) is modelled as an elastic beam on the
discrete supports. The resulting equations of motion of rail are

[m]{(¥] + [e]D) + [k]Dv} = [P} (1

where [m], [c], [k] are the mass, damping and stiffness
matrices, and {v}] is the nodal displacement vector.

In this notation a general set of equation for the description of
the response of a track structure may be written analogous of those
of a single-degree of freedom structure. Time domain solution of
the problem is presented in [4, 5], where the numerical algorithm
consisting of the finite element procedure to model the track
structure and the time-step integration to calculate the response.

Figure 1 shows the used physical modelling of the track compo-
nent in vertical direction corresponding to the application of the
FEA, Eq. (1). The mechanical properties of track structure are model-
led by a set of springs and dampers in one or two layers, see Fig. 1.

The characteristics of springs and dampers can be determined
by the laboratory load tests of track components, or the field
measurement in the typical track condition. The load - deflection
track characteristics are particularly important in the design, use
of modern concrete-sleepers track, and to provide data for
computer modelling of the track dynamic behaviour and the
dynamic vehicle/track interaction. Thus, the theoretical dynamic
analyses of track structure can be compared with the gained expe-
rimental results. The track testing presented herein for validation
of theoretical dynamic analysis can give many useful indications
concerning the evaluation of superstructure performances.

The objective of this study is just the signal analysis of track
structure at passing trains and investigation of what information
can be obtained from the measurement and analysis of response
analysis. The dynamic deflection and vertical acceleration time
histories give a base information about overall characteristics of
dynamic response of the track. The frequency analysis gives the
additional helpful and comprehensive information about
a vibration of track. The paper presents just some approaches and
results in the vertical dynamic testing of railway track, both the
mid frequency domain and a higher frequency domain, 0 - 800 Hz.

2. Assessment of the track dynamic behaviour base
on in situ response measurements

Track structure behaviour should be considered as a feedback
between the dynamics of system vehicle/track (short - term behav-
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odozva v danom case) vzhla- CHANGE OF PARAMETERS iour) and the long-term behav-
dom k dlhodobému chovaniu iour of the system, see
tohto systému, obr. 2. Dyna- Fig. 2. Dynamic loads gene-
mické zatazenie generuje VEHICLE OPERATION rate changes in the track and
zmeny v konsStrukcii trate, ale in the vehicle (track geometry
aj na vozidlach (degradacia f degradation, vehicle damage),
geometrie trate, poSkodzova- _ |[oynamic or STATEVALUES | LONG-TERM [ which in turn result in higher
nie vozidiel), ktoré nasledne CEOMETRY ~ ||SYSTEM " | GF SysTEM loads, affect ride quality, high-
vyvolavaju dynamické sily, * speed stability, vehicle and
ovplyviyju kvalitu a stabilitu track maintenance, and opera-
jazdy, udrzbu vozidiel a trati, TRACK ting safety.

ako aj celkovil prevadzkova In this section, some expe-
bezpecnost. CHANGE OF PARAMETERS rimental practices and some

Tato kapitola prezentuje
postupy a niektoré vysledky
experimentalneho merania
komponentov trate - kolajnic
a podvalov pri prejazde
vlakov. Vysledky analyzy davaju obraz o dynamickom chovani
trate vo vertikalnom smere a jej stavovych parametrov v danom
Case a mieste. Na naSom pracovisku sa pouZzivaju dva sposoby
merania dynamickej odozvy trate:

e Synchronne meranie priehybov kolajnic a podvalov pomocou
snimacov mechanickych posunuti.

e Synchronne meranie zrychlenia akcelerometrami na kolajnici,
podvaloch, Strkovom 16zku, resp. v okoli trati.

Usporiadanie merania priechybov snimaémi priehybu Bosh
a snimaémi zrychlenia typu KS 50, BK 4500 a BK 3806 s odpo-
vedajucou blokovou schémou merania je na obr.3.

Pohybujuce sa kolajové vozidla generuju v konStrukcii trate
(kolajnice, podvaly, Strkové 16zko) priehyby, napitia a sily,
ktoré v§eobecne dosahuju vyssie hodnoty ako pri statickom poso-
beni vozidiel, alebo pri nizkych rychlostiach. Dynamicky koefi-
cient 8 v tychto pripadoch ma vyrazny stochasticky charakter
a moze byt definovany pomerom max. dynamického priehybu
Y,,, (Y = priehyb kolajnice v, alebo podvalu vy) a statického prie-
hybu Y,,.

Y,
5= 2
v (2)

st

Prejazd kazdého dvojkolesia danym miestom trate vytvara
charakteristické maximalne hodnoty Y,, sledovanej veliCiny,
ktoré mozu byt hodnotené Standardnymi Statistickymi metédami.
Odpovedajuce histogramy poskytuju potrebné informacie pre hod-
notenie ocakavanych hodndt dynamického sucinitela pre kolaj-
nicu alebo podval.

Zaistenie presnosti merania relativnych priehybov kolajnice
a podvalov (snimace Dy a Dg na obr. 2) v prevadzkovych pod-
mienkach vSak nie je jednoduchou ulohou, najméa kvoli realizacii
pevnej meracej zakladne, ku ktorej meranie priehybov vztahu-
jeme. Pri prejazde vlakov podlozie v blizkom okoli trate kmita, o
nepriaznivo ovplyviuje stabilitu meracej zakladne. Dobré

Obr. 2. Spdtd vizba okamzitého a dlhodobého
dynamického chovania trate
Fig. 2 Feedback between dynamic and long
a term track behaviour

obtained results will be shown
to demonstrate the dynamic
behaviour of track structure -
the rails, the sleepers, and
ballast respectively, at passages
of trains. Results of these mea-
surements may be used to assess the short-term dynamic behav-
iour of the track at an observed section and to give the state
parameters of the vehicle/track system in certain time.
In our workplace two techniques for the dynamic response
measurement of the track structure are applied:
o The deflection measurement of the rail, the sleepers using the
displacement transducers set with the rail and the sleepers.
e The acceleration measurement using accelerometers set with
the rail, the sleeper and with the ballast.

Arrangement of the vertical displacement transducers of
Bosh type and accelerometers of KS 50, BK 4500, and BK 3806
type and the corresponding block diagram are shown in Fig. 3.

Moving vehicles generate deflection, stresses, and forces in the
track components (rails, sleepers, ballast) that are generally greater
than those caused by the same vehicle load applied statically or
moving at low speed. The dynamic amplification & generally has
a stochastic character and can be defined as a ratio of the
maximum dynamic deflection of a quantity ¥,,,, (¥ = rail deflection
Vg, sleeper deflection vg) to the static deflection of a quantity Y,

Ydyn

Y,

st

5= )

The passage of each wheelset induces a peak of the observed
quantity Y, and the results may be treated statistically. Thus,
histograms can be constructed and exploited for statistic expected
values of the dynamic coefficient for the rail deflection v, and the
sleeper deflection vg.

Accuracy of measurement of the relative deflections (transdu-
cers D and Dy in Fig. 2) of the rail and the sleepers in practice is not
easy. The fundamental difficulty is fixed datum against which the
deflections are measured. When a train passes the measured place,
the ballast and ground nearby the track deflects and vibrates, so that
we do not have a stable platform for measurement. Acceptable results
have been obtained using the displacement measuring transducers of
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Obr. 3. Usporiadanie snimacov a odpovedajiica blokovd schéma merania dynamickej odozvy trate.

Fig. 3 Arrangement of transducers and corresponding block diagram for dynamic measurement in the track

vysledky meranie sa ziskali pouZitim snimacov priehybu Bosh osa-
denych na tuhych 6 m dlhych ocelovych konzolach, fixovanych
v pieskovom 167ku na dizke 2 m. Hodnoty priehybov v, a v
ziskané meranim davaju priamo dynamicky sucinitel & prejazdu
lokomotivy a charakteristickych podvozkov vagonov v meranom
mieste trate.

Pouzitie snimacov zrychlenia (akcelerometre Az, Ag Az na
obr. 3) na meranie kmitania komponentov zvrsku je atraktivne,
nakol'ko nevyzaduje pevni meraciu zakladnu.

2.1 Dynamické priehyby kolajnice a podvalu

Skutocné prevadzkové zatazZenie trate zahrina postupnost opa-
kovanych dynamickych impulzov, ktoré vSeobecne zavisia od

Bosh type that made measurement against a fixed 6 m long console
beam imbedded in 2 m long sand bed. The obtained values of the
vertical displacements can be used to determine the dynamic ampli-
fication & resulting from the passage of railway vehicles (locomotive
and characteristic coach bogies) over the tested track section.

Using accelerometers (transducers Ag, Ag, Ap in Fig. 3) to
measure the dynamic track response (vibration of the track
components) is very attractive, since no fixed datum is required
and different frequency response can also be measured.

2.1 Rail and sleeper dynamic deflections

The actual loading of a track line section will consist of a mix
of many different wheel loads, which are defined by the individual
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hmotnosti vozidiel, rychlosti, kvality trate a pod.. Zmeny tychto
parametrov maju za nasledok zmenu v odozve a v rozdeleni dyna-
mického zatazenia a tieZ zmenu rozdelenia prichybov kolajnice
a podvalov. Dynamické priehyby kolajnice a podvalov v danom
tratovom useku zavisia od:

Linc:  Zilina - Vatin /97

car weights, speed, track quality, etc. Variations of these parameters
will result in a variation in the response and in a distribution of
dynamic loads and equally corresponding distribution of the rail
and sleeper deflections. Rail and sleeper dynamic deflections at
each individual track section depend, in general on:
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Obr. 4. Casovy priebeh dynamickych priehybov kolajnic a podvalov: ® prejazd celého viaku e prejazd lokomotivy a prvého voziia
Fig. 4 Time domain representation of the rail and sleeper dynamic deflection - passenger train: ® passage of the whole train
o passage of the locomotive and the first coach.
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e Technickych parametrov trate (geometria trate, kvalita, udrzba,
konStrukcia).

e Parametrov kolajovych vozidiel (odpruzené hmoty).

e Prevadzkovych podmienok (intenzita zatazenia trate, prevadz-
kova rychlost).

Dynamické priehyby kolajnic a podvalov priamo suvisia s ich
dynamickym zatazenim. Aplikaciou zakladnych postupov linear-
nej mechaniky mozno ziskat priblizné hodnoty dynamickych sil

Py
Vin
den = Pst ' ;J/ = k'vdyn (3)
st
kde: P, = k.v

Vzhladom na zataZenie konstrukcie trate moZeme vSeobecne
konstatovat, Ze kolajnice a podvaly st zataZzované opakovanym
dynamickym zatazenim razového charakteru s charakteristickym
tvarom, podobnym priehybom na obr. 4. Z amplitid dynamickych
priehybov kolajnic a podvalov mozno hodnotit a ocenovat:

o Dynamicky sucinitel, vztah (2).

Priblizné hodnoty vertikalnych dynamickych sil, vztah (3).
Stupen poskodenia a degradacie konStrukcie zvrsku.
Vplyv rychlosti na dynamickt odozvu.

Funkénost systému pruzného upevnenia kolajnic.

2.2. Zrychlenia kolajnic a podvalov

Kmitanie trate pri prejazde vlakov moze byt popisané vzhla-
dom na interakcné sily, zrychlenia, rychlosti alebo pohyby trate
obycCajne v Casovej oblasti. Tato dynamicka odozva trate vo verti-
kalnom smere ma charakteristicky priebeh, obr. 6 - 10, ktory moze
byt charakterizovany ako nestacionarny nahodny signal s Casovo
premennou strednou kvadratickou hodnotou.

Transformacia takychto signalov do frekvenénej oblasti dava
spektra zrychleni, ktoré davajui informacie o vertikalnom kmitani
kolajnic a podvalov, ako aj obraz o koncentracii energie kmitania
a jej rozdeleni ako funkcie frekvencie. Nase merania potvrdili, Ze
tieto deje zahfnaju Siroku frekvenénu oblast. Obr. 6 - 10 prezen-
tuju takéto signaly, ktoré musia byt adekvatne analyzované. Pokial
tradi¢na spektralna analyza zaloZena na Fourierovej transformacii
(FT), alebo digitalnom filtrovani je dobre aplikovatelna na stacio-
narne signaly, analyza nestacionarnych signalov musi zohladno-
vat spektralne informacie v Case. Jednou z vhodnych technik,
ktora bola aplikovana pri analyze zaznamov zrychleni kolajnic
a podvalov, je technika vyberu usekov (window function), ktorou
sa vyberaju Casti zaznamu zahrnujice charakteristické javy celko-
vého zaznamu.

3. Analyza zrychlenia trate vo vertikalnom smere

Jadrom analyzy ziskanych zdznamov zrychlenia kmitania je
ich frekven¢na analyza, ktora dava zakladné informacie o frek-
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e track characteristics (track geometry, quality, stiffness, and
track structural components).

e vehicle characteristics (unsprung mass of wheelsets)

e operating conditions (track loading, speed, braking).

The dynamic deflections have direct relation to the dynamic
load of rails, sleepers and ballast. Applying linear mechanics
theory can be roughly estimated the dynamic interaction forces
wheel/rail Py,

— den —
Py =Py v LA 3)
st
where: P, = k.,
k is the vertical track stiffness (N/m?) at the track line
section.

Generally, we can say that in service conditions each rail
cross-section or each sleeper is loaded by a sequence of impacts or
shocks of the wheel load of the passing trains. This dynamic load
induces a dynamic deflection of rails and sleepers having
a characteristic shape in time domain, see Fig. 4. Amplitudes of
these vertical dynamic rail and sleeper deflections for known
track stiffness can be exploited to assess:

e the dynamic amplification & applying the relation (2)

o the vertical rail and sleeper forces applying the relation (3)

e the degree deterioration and degradation of the permanent way
structure

e the effect of train speed on the dynamic track response

o the function of resilient fastenings in the track structure.

2.2 Rail and sleeper accelerations

Track vibrations measured under train load may be described
in terms of force, acceleration, velocity and displacement and for
a complete description it is obtain a time history record of the
quantity in question. The measured vertical dynamic response of
rails and sleepers has a characteristic shape in time domain, see
Figs. 6 - 9. They represent typically non-stationary random signals
with time-varying mean square value.

Transformation of these signals to the frequency domain
yields the acceleration spectrum that gives the additional helpful
information about the vertical vibration of track. The spectrum
shows concentration of the energy and its distribution in a signal
as a function of frequency. Our measurements show that the
spectra of vertical rail and sleeper acceleration cover a wide range
of frequencies.

Figs. 6 - 9 show typical non-stationary signals that must be
adequately analysed. While traditional spectral analysis
techniques based on Fourier Transformation (FT) or digital
filtering provide a good description of stationary and pseudo-
stationary signals, non-stationary signals must be analysed with
consideration of spectral information in time. One of the
techniques considered here is the use of window functions to
window out short sections of the overall signal which are near
stationary or which contain isolated events.
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venénej skladbe kmitania trate. Zaznamenané Casové priehyby
zrychlenia su diskretizované na casové postupnosti

la(} 0=n=N—-1 C))

kde: N je dizka diskrétnych hodnot - dizka zaznamu

Analyzator typu BK 2032 [3], ktory bol pouzity pre analyzu
ziskanych zaznamov, vykonava Diskrétnu Fourierovu transfor-
maciu (DFT) pomocou algoritmu verzie Radix 2 (N = 2™), kde
m=17,8,9, 10, 11, ktorym prislucha pocet vzoriek N = 128, 256,
512, 1024, 2048. Algoritmus DFT pre vybrany pocet vzoriek
N dava identicky vysledok ako FFT tohto zaznamu.

Kazda casova funkcia sa najskor transformuje do komplex-
ného spektra. Stredné kvadratické hodnoty amplitid su priemero-
vané, aby sa ziskali antospektra analyzovaného signalu. Vsetky
dalsie funkcie sa ziskavaju z tychto antospektier, resp. zo vzajom-
ného spektra dvoch synchronnych zaznamov, najma:

Okamzité spektra.

Zosilnené spektra.

Frekven¢na a impulzova odozva.
Koherencia.

Korelacia a pod.

Priklady podrobnej analyzy pouZitim analyzatora BK 2032
[3] st prezentované na obr. 6 - 10. Pravdepodobne najdolezitejsia
funkcia praktického vyznamu je frekvencna odozvova funkcia

/RGS

3. Analysis of the vertical track acceleration

The core of the analysis of the track vibrations records rests
on the frequency analysis of these records. In a broad sense, the
frequency analysis is an extraction of useful information from
measured acceleration and estimation of certain properties or
measures of the signals.

In the vertical track acceleration measurements we obtained
a real-valued time records

[an)};, 0=n=N-1 (4)
where the sequence of N discrete samples is a length of record.

The used BK Analyser Type 2032 [3] develops Fast Fourier
Transformation (FFT) as a calculation procedure for obtaining the
Discrete Fourier Transformation (DFT). The advantages of the
FFT can be achieved in a variety of ways but a particular version
of a Radix 2 algorithm (N = 2) is used in BK Analyser, where
m=1,8,9, 10, 11, and corresponding number of discrete samples
N =128, 256, 512, 1024, 2048. As has just been shown, the FFT
algorithm produces identical results to direct application of the
DFT and thus, the analysed record and results are a finite number
N representing one period of an infinitely long periodic signal.

For each signal, the time function is first transformed to
a complex spectrum. The squared amplitudes of a number of such
instantaneous spectra are
next averaged to give the
autospectrum for that par-

ticular signal. All other
functions in the diagram

ol

[
[

}— MEASURED POSITION

EXCITATION

{alt)}

Hlw)

— =
TRUE L% g
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E@ N MEASURED
RESPONSE

NOIS
{bit)}

Obr. 5. Aplikdcia FRF na systéeme pruzného upevnenia kolajnica - podval
Fig. 5 Application of the FRF to the fastening system rail/sleeper

Sg FORCE

are calculated on these two
autospectra (channel ,A“
and channel ,B¥) and the
cross spectrum:
o Instantaneous spectrum
e Enhanced spectrum
e Frequency and impulse
response
e Coherence
e Correlation, etc.
WHEEL Figures 6 - 10 show
examples of more compre-
hensive analysis by using
the B&K Analyser Type
2032 [3]. Probably the
most important function
of these is Frequency
Response Function (FRF),
that represents the ratio of
output b(¢) to input a(¢) in
the frequency domain, and
thus characterise physical
system. In our case it is
a resilient fastening system

PAIL(VR.GR = aR)

FASTENINGS SYSTEM

SLEEPER (VS . Vs :as ]
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(FRF), ktora dava pomer odozvy b(t) (vystupu) a budenia a(?)
(vstupu) vo frekvencnej oblasti, ¢im plne charakterizuje danu
mechanicku sustavu. V nasej analyze to predstavuje systém pruz-
ného upevnenia kolajnica - podval, ktory tvori jeden z najdodlezi-
tejSich prvkov konstrukcie zelezni¢ného zvrsku, obr. 5.

Ked mechanicky systém je charakterizovany funkciou impul-
zovej odozvy h(t), potom odozva b(r) sa ziska konvoluciou a(r)
a h(1):

b(t) = a(t) * h(t) (5)

Aplikaciou konvoluéného teorému dostaneme

B(f) = A() . H() (6)

kde: H(f) je Fourierova transformacia /(¢).
FRF potom ziskame za pomeru
B(/)

H(f) = V) (7

V praktickej analyze sa vysSie uvedené vztahy vyuzivaju aj
v modifikovanej forme:

B() A*() _ Guslh)

H,(f) = = 8
D=20 50~ G ®
alebo

Hzm:@.m_w )

AN B*()  Gul)
V zosilnenom analytickom signdle H, sa ziska ako pomer

zosilnenych signalov Gz (k) a G (k):

Gg(k)

Gr(k)

Hi(k) = (10)

Priklady analyzy vertikdlneho zrychlenia kmitania kolajnic
a podvalov s vyuZzitim B&K analyzatora typu 2032 [3]. su ukazané
na obr. 6 - 10.

4. Zaver

Dynamické chovanie kolajnic, podvalov a syst¢ému pruzného
upevnenia bol analyzovany ako proces odozvy tychto komponen-
tov pri v§eobecne neznamom budeni pri prejazde vlakov. Ziskané
zaznamy umoziuju urcovat dominantné frekvencie na kolajni-
ciach, podvalov a v Strkovom 16Zku a tym hodnotit dynamické
vlastnosti tychto konStrukénych prvkov trate. Hlavné zdroje verti-
kalnych interakénych sil koleso/kolajnica su vSeobecne zname.
Tieto dynamické sily st prenasané konsStrukciou trate, pricom
poskodzuju jej komponenty.

Ziskané zaznamy vertikalnych zrychleni komponentov trate
maju typicky nestacionarny priebeh - predstavuju signaly s casovo
premennou strednou kvadratickou hodnotou, ktoré musia byt
adekvatne analyzované. Spektra ziskané analyzou tychto signalov
zahrnaju Siroku oblast frekvencii, ktoré vSeobecne zavisia od:
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rail/sleeper, that represents one of the most important elements
in the permanent way structure, see Fig. 5.

When the system is characterised by its impulse response A(?),
and the output signal b(7) is the convolution of the input signal
a(t) with function A(t), thus:

b(1) = a(t) = h(t) (%)
By the convolution theorem, it follows that
B(f) = A(f) . H(f) (6)

where H(f) is the Fourier transform of /(¢). Thus, the FRF can be
obtained from:

B
H(f) = % (7

In practice, there are found to be advantages in modifying
Eqn. (7) in various ways, for example:

Bf) A*() _ Gul)

MO0 10 T G ®
or a version known as H,(f):
Hzm:&.B*m_GBB(f) ©)

A B*()  Gph)

In Dual Signal Enhancement mode, H, is the complex ratio
of the Enhanced Spectra Gz (k) and G (k), that is:

Gy (k)

H(k) = G-(k)
4

(10)
Figures 6 - 10 show examples of more comprehensive analysis
by using the B&K Analyser Type 2032 [3].

4. Conclusions

The dynamic behaviour of rails and sleepers under passage of
the trains has been analysed in time and frequency domain. It is
a process of determining the response of the track structure as
a mechanical system due to same generally unknown excitation at
passing trains. It enables distinct frequency components to be
related to the rails, the sleepers, and the ballast and thus identify the
dynamic structure of the track vibration and sources of the
vibration, respectively. The major causes of increases in the vertical
force between the rail and the wheel and the major dynamic sources
are generally known. These dynamic forces are transmitted to the
track structure, damage its components and can be appreciated
indirect just by the dynamic response under passage of trains.

The measured vertical acceleration represents typical non-
stationary signals with the time-varying mean square value that
must be adequately analysed. The corresponding spectra of these
signals cover a wide range of frequencies. Dominant frequencies
are depending in general on:

e the track characteristics (track geometry, quality, stiffness, and
track structural components).
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Obr. 6. Analyza vertikdlneho zrychlenia kolajnica a podvalu - prejazd
celého osobného viaku
Fig. 6 Analysis of the vertical rail and sleeper acceleration - passage of
the whole passenger train
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Obr. 7. Analyza prejazdu lokomotiva rychlost 96 km/h
Fig. 7 Analysis of the locomotive passage, speed 96 km/h
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Obr. 8. Analyza prejazdu 1. podvozku lokomotivy, rychlost 96 km/h
Fig. 8 Analysis of the Ist locomotive bogie passage, speed 96 km/h
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Obr. 9. Analyza prejazdu charakteristickych
podvozkov vagonov, rychlost 96 km/h
Fig. 9 Analysis of the characteristic coach
bogies passage, speed 96 km/h
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Obr. 10. Analyza prejazdu podvozka vagona, rychlost 96 km/h
Fig. 10 Analysis of the one characteristic coach
bogie passage, speed 96 km/h
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e charakteristik trate (geometria, kvalita, tuhost zvrsku, typ kon-
Strukcie zvrsku)

e charakteristik kolajovych vozidiel (odpruzené, neodpruzené
hmoty kolajovych vozidiel)

e prevadzkovych podmienok (zataZenie trate, rychlost).

Vysledky naSich merani preukazali, Ze celkové hodnoty hladin

zrychlenia sa pohybuju v medziach:

e na kolajniciach 0 - 400 ms? a v extrémnych pripadoch aj viac

o na podvaloch 0 - 60 ms™.

Dominantné frekvencie zrychleni kmitania ovplyviujuce
konstrukcie trate su vzdy vysSie ako 20 Hz, kedy dynamika trate
hra rozhodujucu tlohu v interakcii pohybujuce su vozidla/trat.
Interakéné dynamické sily na styku koleso/kolajnica a ich
nasledny prenos konstrukciou trate sa odohrava prevazne pri
vysokych frekvencnych zlozkach az do 1000 Hz. Dynamické sily
prenasané do Strkového 16zZka maji dominantné zlozky az do 500
Hz. Ziskané FRF popisujuce mechanické vlastnosti systému
pruzného upevnenia potvrdzuju takuto frekvenénu skladbu
prenosu interakcnych sil. Tento prenos je vSak zavisly aj od typu
kolajového vozidla a jeho rychlosti s odpovedajicou frekvencnou
skladbou FRF:

e (0-400 Hz pre lokomotivy
e 0-200 Hz pre vagony.

Porovnanie vysledkov teoretického riesenia dynamickej
odozvy trate s meranymi vysledkami v skuto¢nych prevadzko-
vych podmienkach potvrdilo mozZnost pracovat s linearnymi
vypoctovymi modelmi (obr. 1), av§ak podrobnu analyzu tychto
zlozitych javov mozno ziskat len na zaklade odskusanej metodiky
merania dynamickej odozvy trate v danych prevadzkovych pod-
mienkach.
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o the vehicle characteristics (unsprung mass of the wheelset)
e the operating conditions (track loading, speed, braking)
and in our measurements they have reached levels:

e rail acceleration 0 - 400 ms? and more in extreme cases

e sleeper acceleration 0 - 60 ms™.

The frequency range of particular interest of the track structure
can be taken above about 20 Hz, where track dynamics become
increasingly important and vehicle dynamics less important.
Problems with the running surfaces of wheel and rail and with track
components are caused primarily by vertical forces up to about 1000
- 1500 Hz. Forces transmitted through the track structure into the
ground structure are most significant up to frequencies about 500
Hz. Problems of vehicle dynamics occur largely at frequencies of
less than 20 Hz.

Frequency Response Functions obtained from the auto and
cross spectra of analysed signals give a picture about vibration of
track components and about the transfer of dynamic forces by track
components. They confirm that dynamic forces are transmitted
through the track in particular by the higher frequency components:
e (-400 Hz for locomotives
e (-200 Hz for bogies of coaches.

Comparison results of the dynamic response measurements
with the theoretical ones showed that the track response can be
predicted by the linear interaction vehicle/track mathematical
model fairly well, but for real track conditions the comprehensive
information about the reliability of superstructure and the real
dynamic track behaviour better results gives the properly realised
response measurement.
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Jén Buijiiak - Monika Simalova *

TEORETICKY A EXPERIMENTALNY VYSKUM

SPRIAHNUTYCH TRAMOV

THEORETICAL AND EXPERIMENTAL STUDY OF COMPOSITE BEAMS

Prispevok popisuje doterajsi sposob navrhu spriahnutych tramov
v konfrontdcii s novym postupom podla metodiky medznych stavov
ako aj efektivnu pruzno-plastickii metodu. Vysledky vyvinutej pruzno-
plastickej analyzy sii porovnané s nameranymi hodnotami statickych
velicin na modeloch spriahnutych tramov.

1. Obvykly pruznostny navrh spriahnutych tramov

Tento vypoctovy postup transformuje nehomogénny ocelobe-
ténovy prierez na idealny ocelovy prieCny rez pomocou pomeru
modulov ocele a betonu. Napétia vyvodené prienym zataZenim
sa stanovia podla zasad klasickej tedrie ohybaného nosnika [1].

Pruzna ohybova unosnost pri tomto postupe zavisi od
sposobu vystavby. Pri beZnej montazi mosta bez podopretia tramu
sa dostatoCne vystizne predpoklada, Ze Cerstvy beton je naraz
naneseny na ocelovy prierez. Tiaz debnenia podobne prenasa iba
ocelova konStrukcia ale odlahCeny je nakoniec spriahnuty tram.
Vysledné napétia a pretvorenia v spriahnutom trame su suctom
napéti z jednotlivych etap vypoctu.

Utinky dotvarovania vyvolavaju zmeny napiti v spriahnutom
trame, ktoré sa najCastejSie vystihuju efektivnymi modulmi
betonu. Napitia od zmrastovania si dané suctom napéti, ktoré
vzniknu v betonovej doske pri jej fiktivnom votknuti a prirastkov
napiti po uvolneni podopretia dosky. PozdiZzne napitia od nahlej
zmeny teploty sa vyCisluju obdobnym postupom ako pri zmrasto-
vani.

2. Navrh spriahnutych tramov podl'a medznych stavov

Koncepcia navrhu podla medznych stavov vychadzajuca
z europskej normy EC4 [2] vyzaduje overit dve skupiny Kritérii
medznych stavov. Kritéria medzného stavu unosnosti predpisuju
nutnost overif moznost poruSenia trimov vyCerpanim pevnosti
materialov alebo stratou stability stien, klopenim, resp. preklope-
nim tramu. Medznd unosnost spriahnutého ocelobeténového
tramu sa zistuje tuho-plastickym vypoc¢tom, pri ktorom su obidva
materialy Uplne splastizované a predpoklada sa u nich neobme-
dzena deformacna schopnost. Medzné zatazenie, ktoré vyvodi
tento medzny stav tnosnosti, ma navrhovu velkost. Pri vypocte

* Prof. Ing. Jan Bujiiak, PhD. - Ing. Monika Simalova,

The paper discusses the traditional structural analysis of
composite structures and actual limit-state design as well as the
efficient elasto-plastic computer model. The results of the alternative
analytical study are compared with test results on the composite beam
specimens.

1. Traditional elastic design

In elastic analysis, composite sections are transformed by
modular ratio into equivalent steel sections. Stresses due to
a bending moment are then given by the elementary theory of
beam bending [1].

The elastic resistance to bending depends on the method of
construction. It is usually sufficiently accurate to assume that the
whole of the wet concrete is placed simultaneously on the bare
steelworks. The weight of the formwork is also applied to the steel
structure and removed from the composite bridge. The total stresses
and strains in the fibres of a composite beam are determined as the
summations of stress distributions for each stage.

Creep of concrete causing stress changes in composite beams
are considered by the effective modulus. Shrinkage stresses can be
calculated as the sum of the fibre stresses resulting from restraint
of shrinkage and the stress resulting from the release of this
restraint on the composite section. Longitudinal stresses induced
in composite section due to thermal gradients can be determined
in the same way.

2. Limit-state design

Limit-state design philosophy, incorporated in EC4 [2], [3]
needs the check of two limit states. Ultimate limit states including
collapse, failure, overturning, buckling or rupture must be verified
by ultimate-strength. The maximum possible strength of
composite steel and concrete beams can be determined using
a rigid-plastic analysis, which assumes that the materials are fully
yielded with an infinite deformation capacity. The ultimate load
effects are expressed by design values. They can be deduced from
common working loads after multiplication by partial safety
factors.
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konstrukcii sa ziskava z nadvrhovych hodnoét jednotlivych zloZiek
zatazenia konStrukcie, vynasobenych parcialnymi sucinitel'mi spo-
lahlivosti.

Nadmerné priehyby alebo vibracie alternativne mozu limito-
vat spolahlivost mostov v prevadzke. Kritéria skupiny medznych
stavov pouZzitelnosti vylucuju tieto imperfekcie. Bezne vznikaju na
konstrukciach eSte v oblasti pruzného pdsobenia, preto sa overuju
pruznostnym vypoctom. Medzna unosnost plynie z charakteris-
tického zatazZenia, ktoré ma jednotkové parcialne sucinitele spo-
lahlivosti.

Pouzita metoda vypoctu na zistenie ohybovej inosnosti zavisi
od Kklasifikacie uvazovaného prierezu. Podla limitnych pomerov
sirky k hrubke jednotlivych stien ocelového prierezu, ktorych
velkost predpisuje EC4 [2] sa rozliSuju Styri triedy priecnych prie-
rezov, oznacovanych ako plastické, kompaktné, polo-kompaktné
a Stihle. Tuho-plasticky vypocet sa pouziva iba pre plastické a kom-
paktné prierezy. Prave pri tychto prierezoch sa tuho-plastickym
vypoctom moze ziskaf vacsia medzna tinosnost nez pri obvyklom
pruznom vypocte spriahnutych prierezov.

3. Porovnanie popisanych postupov

Na porovnanie charakterizovanych navrhovych postupov sme
urobili numericku §tudiu série ZelezniCnych mostov rozpati od
15 m do 60 m. Narocny pruznostny vypocet ulah¢il nami zosta-
veny vypoc¢tovy program.
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Excessive deflection or vibration may limit the usefulness of
the bridge structure. These are serviceability limit states. They
normally occur while the structure is still elastic, so elastic
analysis is appropriate. They must be avoided at nominal working
load with unitary partial safety factors.

The classification of cross-section of beams determines the
appropriate methods of the beam bending resistance analysis. The
definition of the four classes correspond respectively to the terms
plastic, compact, semi-compact and slender according to the
slenderness that defines class boundaries. The limits for breath /
thickness ratio of sections are given in the EC 4 [2]. The rigid
plastic global analysis of beam bending resistance is available only
for plastic or compact sections. In this case of structures, a greater
plastic resistance can be achieved than the elastic one for
composite sections.

3. Comparison of the procedures

To compare the above design procedure, a numerical study
was executed on the set of railway bridge superstructures for the
spans from 15 m to 60 m. Detailed calculation by the traditional
elastic analysis was facilitated by the computer programme.

Alternatively, the same set of 23 composite bridge
superstructures were assessed by limit-state procedure. For
sections which were compact, an ideal plastic modulus had to be
derived using a transformed slab area and taking an effective
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Obr. ¢. 1. Pomer ohybovych tinosnosti prierezov pre pohyblivé zataZenie

Fig. 1 Ratio of live load cross-sections carrying capacity

Tie ist¢é mostné konStrukcie sme alternativne prepocitali
metodikou medznych stavov. Pre prierezy klasifikované ako plas-
tické a kompaktné sa idealny plasticky prierezovy modul stanovil
pre spoluposobiaci prierez betonovej dosky. Plasticka medzna

section. The plastic bending resistance at the ultimate limit state
was adequate for the total applied moment. For sections which
were classified as non-compact the bending resistance was given
in terms of limiting elastic stresses at extreme fibres. Compact
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ohybova tinosnost sa polozila rovna navrhovému vonkajSiemu
ohybovému momentu. V pripade nekompaktnych prierezov,
ohybovu unosnost limitovalo maximalne normalové napitie
v niektorom z krajnych vlakien prierezu. Kompaktné prierezy,
o ktorych unosnosti rozhodoval medzny stav pouzitelnosti sa
pocitali pruznostnym postupom, podobne ako nekompaktné,
avsak s tym rozdielom, Ze napitia od zmrastovania a teplotného
gradientu sa neuvazovali. Naznaceny algoritmus bol podkladom
dalsieho zostaveného vypocCtového programu pre potreby tejto
studie, ale aj vyuzitie v praxi.

Pomer ohybovych tinosnosti pre pohyblivé zatazenie, urce-
nych podla medznych stavov ku klasickym pruznostnym ohybo-
vym unosnostiam ilustruje obr. 1. Pre kompaktné prierezy je tento
pomer v rozmedzi od 1,389 do 1,797. Ohybova tinosnost pre kom-
paktné prierezy deklarovana metodikou medznych stavov predsta-
vuje vyznamny prirastok inosnosti v porovnani s nekompaktnymi
tramami. Av§ak nahle skoky v ohybovych tinosnostiach zvlast pri
hranici medzi pruznym a plastickym vypoctom sa zdaju byt nere-
alne. Tato skutoCnost nas inSpirovala k aplikacii pruzno-plastic-
kého postupu.

4. Pruzno-plasticky teoreticky vypocet
Pruzno-plasticky postup vypoctu realistickejSie vystihuje spra-

vanie sa spriahnutych tramov v pruznej ako aj v plastickej oblasti
namahania. Tento vypoCtovy model, zaloZeny na prirastkovej

2F

sections assessed on a non-compact basis at serviceability limit
states, were treated in the same way as non-compact sections in
ultimate state, except that the effects of shrinkage and
temperature were not to be taken into account. The requirements
for the design of composite beams by this procedure were
included in the other computer programme designated for this
purpose.

The ratio of live load carrying capacity determined by limit
state procedure to the elastic one is represented in Fig. 1. For the
composite compact section, this ratio is in the range 1.389 to
1.797. Thanks to the limit state design procedure available for
compact cross-section, a more important gain in the bending
resistance could be achieved, compared with non-compact beams.
However, the sudden change, especially at the boundary between
elastic and plastic design (Fig. 1), can be seen as non-realistic.

4. Theoretical elasto-plastic analysis

The elasto-plastic procedure can predict more realistically the
structural response of composite beams in elastic as well as
inelastic ranges of loading. Our computer model is based on the
incremental deformation method which determines strains,
stresses, deformations and forces, numerically satisfying the
conditions of force equilibrium and deformation compatibility for
the composite section at any loading level.

800 J, 400 I,

800

2000

Obr. ¢. 2. Toar a usporiadanie modelov spriahnutych tramov
Fig. 2 Details of tested composite beams

deformacnej metode urcuje napitia, deformacie a koreSpondujice
vnutorné sily z podmienok rovnovahy po priereze ako aj kompati-
bility deformacii v spriahnutom priecnom reze v danej etape zata-
Zovania.

Vypoctovy postup akceptuje bezné predpoklady pre typicky
spriahnuty prierez na obr. 2. Z nich sa zvlast vyuziva hypotéza
o rovinnosti prierezu aj po ohybe tramu. Beténova doska, pasnice
a stena ocelového prierezu su rozdelené na vhodné elementy po
vyske priecneho rezu. Vychadza sa zo zadanej krivosti prierezu.

The procedure assumes the conventional hypotheses in the
typical cross section, as shown in Fig. 2. Particularly, the
preservation of the plane sections for both elements is supposed.
The concrete slab, the flanges and the web of the steel cross-
section are divided into small elements by a grid pattern and in
the direction of height, respectively. A curvature is given in the
section. The stress in each element is decided from strain-stress
path using the total strain added throughout the past hysteresis.
The bending moment of the section can be calculated from the
element stresses.
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Napitie v jednotlivych dielikoch stanovime z pracovného dia-
gramu v tvare zavislosti napati od deformacii. Vysledny ohybovy
moment sa obdrZi z jednotlivych ciastkovych napéti.

5. Experimentalny vyskum

V ramci experimentalnej Casti vyskumu sme testovali posobe-
nie aZ do porusenia siedmich spriahnutych priecne zatazovanych
tramov. Modely z ocelovych nosnikov I 300 mali dizku 2,2 m a roz-
patie medzi podperami 2,0. Spolupdsobiaca beténova doska
70 mm hruba bola z betonu s kockovou pevnostou od 19 MPa do
38 MPa. Dosku vystuzovala zvarana siet z kruhovych drétov vo
vzdialenosti 100 mm (obr. 2). Na tri tramy sa pouzili prvky
spriahnutia v tvare tifiov, pozdizne v dvoch radoch a v rozostupe
125 mm. Na zaistenie Uplného spriahnutia medzi ocelou
a betonom mali dalSie tri tramy prvky spriahnutia z tfiov prie-
meru 13 mm a dizky 50 mm zmensené rozostupy na 70 mm.
Jeden tram spoluposobil s doskou prostrednictvom ocelovej liSty
vysokej 50 mm a hribky 10 mm s otvormi priemeru 30 mm.
Skusané modely mali nainstalované pristroje na meranie priehy-
bov, pomernych deformacii ako aj preklzu na styku betonovej
dosky s ocelovym nosnikom. Vsetky tramy sme pred definitivnym
porusenim opakovane zatazovali a odlahcovali.

Experimenty ukazali, Ze spriahnuté tramy su schopné spolah-
livo prenasat zafaZenia aj po prekroCeni pruznej oblasti, ktoru
limituje zataZenie vyvodzujiice pomerné pretvorenie krajnych
vlakien spodnej pasnice ocelového nosnika velkosti €, = f,/E,.
Skusky dalej potvrdili, Ze spriahnutie betonu a nosnikom bolo pre
vSetky modely postacujlice, pretoze ich unosnost bola vyCerpana
rozdrvenim betonu dosky. Namerana zavislost medzi priehybom
a zataZenim signalizovala schopnost ocelového prierezu vykazo-
vat vyznamné plastické pomerné pretvorenia.

Rozdelenie napitia po priereze tramu, stanovené charakteri-
zovanym pruzno-plastickym vypoctom v pruznej ako aj pruzno-
plastickej oblasti ukazuje obr. 3. Distribicia napati medzi
jednotlivymi zlozkami prierezu pre vel’kost pomernej deformacie
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5. Experimental study

Seven composite beam models were tested to their ultimate
load capacity under positive bending moments. The 2.2 m long
composite beams had a span of 2.0 m between the end supports
and consisted of a rolled-steel girder of I 300 section and
a concrete slab. The slab was 70 mm thick with a 28-day concrete
strength of 19 MPa and 38 MPa. The concrete slab was reinforced
by a mesh of smooth welded wire having a spacing of 100 mm
(Fig. 2). The three beams had a double line of conventional shear
headed studs at a longitudinal spacing of 125 mm. To insure a full
interaction between concrete and steel beams, the other three
beams had 13 mm shear studs, 50 mm long with a spacing of only
70 mm. In the last specimen, the steel plate, 50 mm high,
fabricated from a 10 mm thick plate with holes 30 mm in diameter
was used to connect the concrete slab and steel section together
as a composite unit. The models were instrumented for the
purpose of measuring deformations, strains across the depth,
applied load, and slip between the steel beam and concrete slab.
All girders were unloaded and reloaded in increments a number
of times before failure.

It has been shown convincingly that composite beams
continued to carry loads long after the elastic range, which was
limited by a yield load corresponding to deformation of the
bottom steel girder flange ¢, = f,/E,. Post-test inspections
revealed that the attachment of the concrete to the girder was
adequate for each of the models, which collapsed by transverse
cracking of the deck. Ductility as the ability of a beam to undergo
significant inelastic deformations could be observed from the
shape of the load-versus-deflection curves.

Stress diagrams determined by described procedures for some
elastic and elasto-plastic regions are shown in Fig. 3. Stress
redistribution between respective parts within the cross-section
indicates that the entire cross section reasonably yields to the
plastic deformation of the bottom steel flange 2. €, at extreme

2FY = 580 kN ZFZY = 700 kN 2K, = 795 kN
-21,0 27,7 -38
2/ 53,5 I: 55,8 =
N = o -252
]
252 252 252

Obr. ¢. 3. Rozdelenie napiti a prislusné zataZenie v pruznom, pruzno-plastickom a plastickom Stdadiu posobenia tramov
Fig. 3 Stress diagrams and ultimate load for elastic, elasto-plastic and plastic beam states
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2. €, v spodnych vlaknach ocelového profilu svedCi o tom, Ze
prierez pri tejto urovni zataZenia je prijatelne splastizovany.
Vykonnost tramu rapidne klesa po prekroceni tohto limitného
pomerného pretvorenia. Z toho usudzujeme, Ze prirastok unos-
nosti prierezu sa efektivne ziska iba do velkosti plastickej pomer-
nej deformacie 2. €, v najviac namahanom vlakne.

6. Zavery

V pripade nekompaktnych prierezov je inosnost limitovana
pevnostou Stihlych stien prierezu alebo jeho celkovou stabilitou.
Avsak medzna unosnost plastickych a kompaktnych tramov sa
vystiznejSie stanovi pruzno-plastickym vypoctom v porovnani
s beznym pruznostnym navrhom. Vykonnejsi vypoctovy model
bol potvrdeny skuskami na modeloch.
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fibre. The behaviour deteriorates rapidly after the load had
developed this limit girder yielding. Therefore, it can be concluded
that the reasonable extra carrying capacity can be mobilised in
only allowing the plastic deformation 2. €, at extreme fibre.

6. Concluding remarks

In the case of non-compact sections, the load carrying capacity
is limited by buckling of slender plate elements or overall stability
problems. The ultimate load of plastic and compact beams can be
more realistically identified by elasto-plastic design rather than
obvious plastic analysis. This analytical model agrees reasonably
well with the structural behaviour of the tested specimens.
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CESTNE VOZOVKY Z HIADISKA

BUDUCICH POZIADAVIEK CESTNEJ DOPRAVY

PAVEMENTS FROM THE POINT OF VIEW

OF FUTURE REQUIREMENTS OF ROAD TRANSPORT

Cestnd vozovka je dolezitou zloZkou cestnej konstrukcie. Autori

tohto prispevku sa zaoberajii problémami, ktoré sa musia rieSit

nielen v siicasnosti, ale i v budiicnosti. Sii to najmd tieto otdzky: zlep-
Senia funkcénych vlastnosti povrchu vozovky, vhodnej konstrukcnej
skladby vozovky, vypoctovych metod vozoviek a kvality ich jednotli-
vych vrstiev.

1. Uvod

Pri hladani odpovede na stanovenu problém je nutné vychad-
zat z buducich poziadaviek cestnej dopravy. Aj nadalej je nutné
vychadzat z predpokladu, Ze zakladnou funkciou cestnej vozovky
bude vytvaranie podmienok pre bezpecni pohodlnu a hospo-
darnu jazdu cestnych motorovych vozidiel pri stanovenych navr-
hovych rychlostiach po¢as optimalne stanovenej doby zivotnosti
konStrukcie cestnej vozovky a za istych ekonomickych podmienok
umoznujucich priebeznu udrzbu cestnych vozoviek.

2. Poziadavky na cestnu vozovku

Cestna vozovka musi byt navrhnuta, vybudovana a udrzia-
vana tak, aby spifiala nasledovné poziadavky:
e prevadzkové, zohladnujice naroky uzivatelov ciest:

- bezpecnost cestnej premavky (drsnost povrchu, rovnost),

- pohodlie premavky ovplyvnené nerovnostou vozovky v priec-
nom a pozdiznom smere,

- hospodarnost premavky (valivy odpor, vytlky, rovnost
povrchu).

e technické, zabezpecujuce zivotnost vozovky a tym aj naroky
spravcu komunikacie:

- dostato¢na Zivotnost konstrukcie vozovky, odolnost voci
opakovanym ucinkom dopravného zatazZenia, odolnost voci
trhlinam, trvalym deformacidm a starnutiu,

- odolnost vozovky voéi opakovanym ucinkom dopravy pri
nepriaznivych klimatickych a hydrologickych podmien-
kach.

e ckonomické, ktoré vyjadruju:

* Prof. Ing. Jan Corej, CSc., Ing. Martin Decky

Pavement is a very important part of road construction. The
authors of this paper deal with problems which are to be solved not
only at present but also in the future. They are mainly the following
questions: improvement of functional properties of pavement surface,
suitable construction parts, computing methods and quality of different
pavement layers.

1. Introduction

When we want to address the above issue problem we have to
consider the future requirements of road transport. It is necessary
to start from the presupposition that the basic objective of road
transport will be to create conditions for safe, comfortable and
economic operations of road vehicles at given designated speeds
during an optimally stipulated life of a pavement construction and
under certain economic conditions that enable a continuous road
maintenance.

2. Pavement Requirements

The pavement has to be designed, constructed and
maintained in such a way as to meet the following requirements:
e operational, considering the demands of users of roads. They

are as follows:

- traffic safety of traffic (surface roughness, evenness),

- traffic comfort, influenced by the surface unevenness in
transversal and longitudinal directions,

- economy, influenced by rolling resistance, pot-holes, even-
ness and surface conditions,

e technical, providing the pavement life and, consequently,
meeting the requirements expressed by the authority in charge
of the road. They are as follows:

- sufficient life of the pavement construction, resistance
against repeated impacts of traffic loading, cracks, perma-
nent deformations and ageing,

- resistance of the pavement against repeated impacts of
traffic under adverse climatic and hydrologic conditions,
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- naklady na stavbu novej vozovky,
- udrzbové naklady na stanoveny pocet oprav pocas planova-
nej prevadzky.
e ckologické s cielom ochrany okolitého prostredia
- zniZovanie valivého hluku,
- znizZovanie rozstrekovania zrazkovej vody.
e estetické maju vytvarat:
- ur€ita kvalitu prostredia pre vodiCov a uzivatelov cestnej
komunikacie,
- architektonické dotvaranie v konkrétnom obytnom ¢i prirod-
nom prostredi.

Cestna vozovka je poCas behu svojej prevadzky vystavena
roznym vplyvom, ktoré postupne zhorsuju jej funkéné vlastnosti,
prevadzkovu sposobilost a vedu k jej degradacii. Rozhodujuce
vplyvy st znazornené na obr. 1.

EXTERNAL EFFECTS

® economic, expressing
- efficiency in the a construction of the new pavement,
- efficiency of the maintenance during operations - road man-
agement system,
e ecological, aiming at environmental protection, such as:
- noise reduction at wheel rolling,
- reduction of the splashing of precipitation water during
a vehicle run,
e aesthetic, creating:
- a certain quality of the environment both for drivers and
users of roads,
- architectural supplement to a concrete dwelling or natural
environment.

During its service, the pavement is subjected to various
influences that deteriorate its functional properties and
operational capacity and lead to its degradation. Critical
influences are shown in Fig. 1.
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Obr. 1. Vplyvy pésobiace na cestnii vozovku
Fig. I Influences acting on the pavement

3. Konstrukcna skladba vozoviek

V suvislosti so zauZivanymi technoldgiami vystavby, materia-
lovymi moznostami ako aj poziadavkami na kvalitu povrchu
vozovky st charakteristické Styri typy vozoviek.

1. vozovky asfaltové, ktoré z hladiska mechaniky vozoviek zara-
dujeme ako vozovky netuhé,
2. vozovky s krytom cementobetonovym, ktoré zaradujeme

z hladiska mechanického spravania medzi vozovky tuhé,

3. vozovky kombinované ¢i hybridné, s asfaltovym krytom

a cementobetonovym podkladom,

3. Constructional composition of pavements

Based on the contemporary technologies of building material
conditions as well as on the requirements for the quality of
pavement surfaces, four characteristic types of pavements can be
classified as perspective:

1. asphalt pavements, classified as non-rigid by pavement
mechanics,

2. cement-concrete pavements, also referred to as rigid pavements,

3. combined, or hybrid pavements, with an asphalt coat and
a cement concrete subgrade,
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4. vozovky s krytom dlaZdenym, ktoré sa pouZivaju najmi pre
mestské komunikacie

Asfaltové vozovky patria - a je zrejmé, Ze budu aj v buducnosti
patrit - k najrozSirenejSim typom konstrukcii vozoviek. Medzi ich
hlavné vyhody patri pohodlie jazdy a zauZivané technoldgie
vystavby. Ich najva¢sim nedostatkom je nachylnost na vznik trva-
lych deformacii, hlavne pozdiznych kolaji a mrazovych trhlin.
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4. pavements with a flagstone cover, used mainly for urban com-
munications.

Asphalt pavements are and will remain the most widely used
types of pavements. Their advantages are mostly in driving
comfort and verified technologies of building. Their greatest
shortcoming is proneness to formation of permanent
deformations, mainly, longitudinal ruts and frost cracks in winter.

150 - 200 [150-250 80 ‘50 ‘40

Modified bituminous concrete
Asphalt concrete

Coated macadam

Cement stabilised soil

620 mm

470 -

Crushed material

Foundation

Obr. 2 Tradicné zloZenie asfaltovej - netuhej vozovky
Fig. 2 Characteristic composition of an asphalt pavement

Maju nizsiu zivotnost a z toho vyplyvaju zvySené naklady na
udrzbu. Zakladné zloZenie konstrukcie, tak ako je prezentované
na obr. 2, predstavuje perspektivny trend su¢asného dimenzovania
netuhych vozoviek.

Pozornost v buducich rokoch bude potrebné venovat najma
zlepSovaniu jednotlivych druhov vrstiev (kryt, podklad, ochranna
vrstva).

Cementobetonové vozovky patria do skupiny vozoviek, ktoré
maju aj nadalej svoju perspektivu. NajzavaznejSim kladom je
najma dlhSia zivotnost a mensie udrzbové naklady. K ich nevyho-
dam patri najma.

e hlucnost jazdy,
e pohodlie jazdy, problém skar.

K perspektivnym technolégiam znizujucich hlu¢nost patri
najma vymyvany betén a drenazny beton.

Kombinované vozovky su vozovky vyuzivajice dobré vlastnosti
cementobetonovych i asfaltovych materialov pri vhodnom kon-
strukénom zloZeni. SU to najma vozovky, ktorych nosnou ¢astou
su staré cementobetonové vrstvy prekryté asfaltovou vrstvou.
Vyuziva sa tu pevnost a trviacnost cementobetonovych vrstiev
a jazdny komfort asfaltovych povrchov.

Kryty kombinovanych vozoviek su ¢asto vytvarané z drenaz-
nych asfaltovych zmesi hrubky 40 az 70 mm. Zasadnym problé-
mom, ktory nie je doposial uspokojivo vyrieSeny, je kopirovanie
skar.

Dlazdené vozovky su perspektivne hlavne v niektorych cCas-
tiach mestskych komunikacii (zastavka MHD, pristupové komu-
nikacie a pod.).

They require costly maintenance. A perspective composition of an
asphalt pavement can be seen in Fig. 2.

Special attention will have to be paid to the improvement of
physical and mechanical properties of particular layers (surfacing,
subgrade, capping layer).

Cement-concrete pavements will also be common in the future.
When compared with asphalt pavements, cement-concrete
pavements feature longer life and lower maintenance costs. Their
shortcomings are:
® excessive noise during driving,

e Jower driving comfort, and joint problems.

Perspective technologies that will reduce noise include
washable and drainage concrete, two-layer coats, etc.

Combined pavements make use of the good properties of the
cement-concrete and asphalt pavements at an appropriate
structural composition. They are mostly pavements which include
old cement-concrete layers overlaid with an asphalt layer. The
strength and durability of cement-concrete layers are combined
with the driving comfort of asphalt surfaces.

Surfacing of combined pavements is often made of drainage
asphalt mixtures with a thickness ranging from 40 to 70 mm. The
basic problem, which has not been satisfactorily solved, is the
copying of joints.

Pavements with flagstone cover are mainly used in sections of
urban transportation (public transport stops, access roads, etc.).
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4. Vypoctové modely konstrukcii vozoviek

Jednym z predpokladov kvalitnej konStrukcie vozovky je
exaktné stanovenie zlozenia a hrubok jednotlivych vrstiev.
Postupne v priebehu ostatnych 20-30 rokov boli u nas i v okolitych
Statoch Eurdpy rozpracované podrobné metodiky dimenzovania
a posudzovania konStrukcii vozoviek.

Charakteristickym znakom tychto metdd je, Ze posudzuju
konstrukciu z dvoch aspektov, a to z hladiska:

e dostatoc¢nej odolnosti voci tvorbe tinavovych trhlin podklado-
vych vrstiev vozovky, ¢i vyjazdovaniu kolaji v asfaltovych vrs-
tvach krytu,

e dostatocnej ochrany vo€i nepriaznivym ué¢inkom mrazu, ako na
podlozie a tak aj na povrchové vrstvy.

Vstupnymi charakteristikami st udaje o dopravnom zatazeni
podrobne Specifikované navrhovymi zataZzeniami, udaje o materia-
lovych vlastnostiach (fyzikdlno-mechanické vlastnosti vrstiev
vozovky), idaje o hydrogeologickych a klimatickych podmienkach.

K vyssie uvedenym metdédam patri aj metodika pouzivana
u nas v zmysle STN 73 61 14. Je mozné predpokladat, Zze meto-
dika vypoctu sa bude pouzivat aj v buducich rokoch. Moznosti
skvalitnovania navrhu konstrukcie vozovky budu spocivat najma
v spresinovani vstupnych hodnot pre vypocet napéti a pretvoreni,
v spresnovani metdd stanovenia deformacnych charakteristik,
pevnostnych, teplo-technickych ¢i unavovych charakteristik.

V suvislosti s dal§im vyvojom vypocétovych metod bude
potrebné zosuladif poziadavky s poznatkami EU. Zakladna
zmena sa bude hlavne tykat skladby tazkych nakladnych vozidiel
(TNV) a ich charakteristik, co povedie ku zmene koeficientov pre
vypocet mnozstva TNV, dalej je to prechod na vysSie napravové
tlaky - 11,5 kN, prepocet na navrhové napravy, nové druhy pneu-
matik a pod.

Presnost vypoctov pri posudzovani vozovKy je silne zavisla od
presnosti degradacnych modelov a funkcii ako je pokles pevnosti
a deformacnych charakteristik od teploty vrstiev.

K hodnoteniu okamzitého stavu cestnej vozovky sa vo svete
Casto vyuziva subjektivny spdsob hodnotenia tzv. indexu prevadz-
kovej sposobilosti vyjadreny v tvare:

IPS,y = 5,03 — 1,91 log(1+ SV) —
— 0,01 ¢*% — 1,38 RD? (1
kde:
IPS,,, - index prevadzkovej sposobilosti v Case t,
SV - hodnotenie pozdiznej nerovnosti,
RD - hibka kolaje,
C - podiel trhlin na ploche vozovky.

Ch. Molzer [3] udava pokles hodnoty IPS v Case t vztahom (2).

w\R
[PS(I) =Do— (po - pe) (;) (2)

4. Calculation models of pavement constructions

When we want to improve the quality and life of roads we have
to make input characteristics and calculation methods of road
constructions more exact. Detailed methods of dimensioning and
assessment of pavement constructions were gradually elaborated
in our country and in neighbouring European countries during the
last 20-30 years. The characteristic feature of the above methods is
that the pavements are assessed from two points of view:

e sufficient resistance against fatigue cracks or ruts, and
e sufficient protection against the adverse impact of frost.

Input characteristics, for these methods include: data about
traffic load specified by a transit number of the equivalent
standard axle load, material properties (physical and mechanical
facilities of the construction layers), and hydrogeological and
climatic conditions.

The method known as STN 73 61 14 used in our country also
belongs to the above mentioned methods. This method is also
expected to be used in the years to come. A certain possible
improvement of the design of pavement construction lies in more
precise input values for calculation of stress and distortions, and
in more exact methods for determining deformation
characteristics of strength or fatigue characteristics.

Regarding the further development of our calculation method,
our criteria will have to be in compliance with the EU
requirements. The basic change will mostly concern a composition
of heavy-duty lorries and their characteristics which will lead to
a change of coefficients necessary for calculation of a number of
heavy-duty lorries. It will further result in a change toward higher
axle pressures - 11.5 kN, new types of tyres, etc.

Precision of the calculation needed for the assessment of the
pavement will further depend on how precise degradation models
are and on their function, such as a decrease in strength and
deformation characteristics, on temperature of layers, etc.

Foreign evaluations of a momentary state pavement are often
realised by subjective method - present serviceability index (PSI)
expressed by the equation:

IPS,, = 5.03 — 1.91 log(1+ SV) —
- 0.01 ¢*% — 1.38 RD? (1)

where:

IPS,,, - present serviceability index (PSI) in time ,t%
SV -valuation of longitudinal unevenness,

RD - rut depth,

C - rate of cracks on the pavement area.

Ch. Molzer [3] specifies the decrease of IPS in time ,t* by
equation (2).

w\B
IPS(Z) =Dy~ (pa - pe) (;) (2)
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kde:
Do - stav v Case t,
De - konecny stav IPS,

w - pocet prejazdov navrhovych naprav,
p, B - funkcie zavislé od typu vozovky.

Nadalej je potrebné venovat pozornost studiu teplotného
rezimu (jeho charakteristik) a inavovych modelov, a to najma ich
hrani¢nych hodnot.

5. Sucasné a budice poziadavky na kvalitu jednotlivych
vrstiev vozovky

Kryt vozovky je najdolezitejSou sucastou cestnej vozovky.
Kumuluje sa v ¢ase vela funkcii ako:
zabezpecenie dokonalého kontaktu pneumatiky s vozovkou,
prenos sil z kolesa do podkladu a podlozia,
dobré podmienky pre pohyb vozidla (valivy odpor),
drenazne vlastnosti - odtok vody z povrchu,
izolacia proti zatekaniu vody do podloZia,
estetické poziadavky, farba povrchu,
znizovanie hlu¢nosti,
dostatocna zivotnost, aby nedochadzalo ku ruSeniu premavky.

Drsnost vozovky jedna z rozhodujucich vlastnosti povrchu
ovplyviiuje predovsetkym bezpeCnost cestnej premavky. Z hla-
diska technickych poziadaviek sa v mnohych krajinach sveta vyza-
duju dostatocné protiSmykové vlastnosti vyjadrené najma
sucinitefom pozdizneho trenia na mokrej vozovke. Hodnoty st
zvyCajne zavislé na navrhovej rychlosti cestnej komunikacie.
V sucasnosti je potrebné venovat hlavnu pozornost zosuladeniu
spdsobov merani protiSmykovych vlastnosti a uréeniu ich kritic-
kych hodnét.
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where:
Do - state in time ,t*,
p, - final state of IPS,

1) - number of equivalent standard axle load,
p, B - type pavement dependence functions.

Attention will further be paid to the study of a temperature
regime (its characteristics) and fatigue characteristics, mainly
their boundary values.

5. Requirements for the quality of the pavement layers

The pavement coat is the most important part of the
pavement as it combines several functions, such as:
e providing a perfect contact between the a tire and the pavement,
o transferring forces from the wheel to the subgrade and to the
subbase,
e providing good conditions for movement of the vehicle (even-
ness, rolling resistance),
e maintaining drainage properties - drainage of water from the
surface,
insulating against leakage of water to the subbase,
maintaining aesthetic requirements, colour of the surface,
reducing noise,
sustaining life in order to avoid repairs of the pavements which
interfere with traffic.

The pavement roughness is one of the decisive properties of
the pavement coat which influences, first of all, safety of traffic.
Many countries of the world require antifriction properties
expressed mainly by means of a coefficient of longitudinal friction
on wet pavements. The values are usually dependent on the
designing speed of the road. It is also necessary to pay attention
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Obr. 3. Degradacny model hibky kolaje dldzdenej autobusovej zastdvky
Fig. 3 Rut depth deterioration model of the sett paving bus stop
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Priecne nerovnosti ovplyviuju bezpecnost a pohodlie dopravy
a dalSie charakteristiky povrchu asfaltovej vozovky. Su rozhoduju-
cim vstupnym parametrom pri posudzovani prevadzkovej sposo-
bilosti vozovky.

V mnohych krajinach Eurdpy su stanovené kritické hodnoty
strednej teoretickej hibky prieénej nerovnosti, ktoré su zvycajne
vyjadrené piatimi kvalitativnymi stupfami, priCom maximalne
hodnoty sa pohybuji cez 20 mm. Pre predpovede vyvoja tohto
javu sa vyuZzivaju degradacné modely prieCnych nerovnosti, zvy-
Cajne stanovené pre konkrétnu konstrukciu vozovky. Na obr. 3 je
uvedeny priklad rieSenia degradacného modelu vozovky s dlazde-
nym povrchom podla obr. 4, ktory bol zisteny na zaklade merani
autorov.

Na zaklade experimentalnych merani mdzeme vyjadrit hibku
kolaje vo vSeobecnom tvare podla rovnice 3:

to diagnostic methods of measuring the antifriction properties of
the pavement surface and determining their critical values.

Transversal unevenness influences safety and comfort of
transport and further characteristics of the surface of asphalt
pavements. They are decisive input parameters when assessing an
operational capability of the pavement.

In many European countries critical values of mean theoretical
depth of transversal unevenness have been determined. They are
usually expressed in five qualitative degrees, maximum values
exceeding 20 mm. Degradation models of transversal unevenness
are used to forecast the development of the phenomenon. The
models are usually given for a particular pavement construction.

An example of a solution according to the authors’
measurements is presented in Fig. 3. This deterioration model has
been detected for a sett paving bus stop following Fig. 4.

Following our experimental measurements we can express rut
depth in a general form by equation 3:

Ve = AIn(N,) + B (3)
Ve = AIn(N,) + B (3)
kde: where:
Yue - progndzovana hlbka kolaje, (mm) Ve  -aprognosis of the rut depth, (mm)
N, - pocet prejazdov nadvrhovych naprav N, - transit number of the equivalent standard axle load
A, B - experimentalne ziskané koeficienty. A, B - experimentally obtained coefficients.
o
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Obr. 4. Konstrukcéna skladba posudzovanej autobusovej zastdavky
Fig. 4 A composition of the evaluated sett paving

V buducnosti je potrebné venovat pozornost spresnovaniu
tychto degradacnych modelov so zohladnenim viacerych para-
metrov. ako je:

e teplotny rezim vozovky (najmé pocet horucich letnych dni),
e unosnost podloZia vozovky,
® pocet prejazdov navrhovych naprav.

Prikladom takého vyjadrenia moézZe byt vztah odvodeny
v SRN [2].

RD =3,36.10° ST — 0,02 E), +

+9,69.107* VLM +2,49 4)

In the future the degradation models will have to be made
more exact, with more parameters aimed at items such as:
e a pavement temperature regime (mainly a number of hot
summer days),
o the bearing capacity of the pavement subbase,
® a transit number of the equivalent standard axle load

The relation derived in the standard [2] can serve as an
example of the expression

RD =3.36.10°ST— 0.02 E;, +

+9.69.107* VLM +2.49 (4)
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kde:

RD - prognoza vyvoja hibky priecnej nerovnosti v mm,

ST - pocet letnych horucich dni,

Ey, - modul deformécie podla nemeckych postupov, [MN.m?]
LM - dopravné zatazenie v tonach.

K perspektivnym technoldégiam pre kryty vozoviek, najma ich
obrusnych vrstiev, méZeme zaradif: asfaltové betony mastixové aj
s pridanim modifikacnych prisad, asfaltové mikrokoberce, asfal-
tové koberce drenazne a pod. U cementobetonovych krytov su to
najma dvojvrstvové technologie a dalsie.

Podkladové vrstvy zabezpeCuju prenos silovych ucinkov
z krytov vozoviek do nizsie poloZenych ochrannych vrstiev a pod-
lozia. Su vystavené este vysokym hodnotam zvislych napati od
dopravného zatazenia a Casto najvacS§im radidlnym napétiam,
ktoré sposobuju trhliny vo vrstve a tym koniec zivotnosti vrstvy
a vozovky. Aby nevznikla trhlina, musi pri posudeni asfaltovych
vozoviek platit:

I < (5)
RS,
kde:
or - radidlne napdtie vo vrstve, [Mpa]
R, - pevnost v fahu za ohybu, [Mpa]
S, - sucinitel Unavy.

Uéinok zvislych sil sa prejavi na vozovke vznikom zvislych
a radialnych napéti v konStrukcii vozovky, priebeh ktorych je
uvedeny na obr. 5.

Znacny problém vznika pri asfaltom stmelenych podklado-
vych vrstvach, v ktorych najméd vplyvom teplot dochadza ku
poklesu takych vlastnosti, ako je pevnost vrstvy Ri, jej modulu
pruznosti a pod. Pre zabezpeCenie spravnosti navrhu je potrebné
¢o najpresnejsie stanovit teploty vrstiev pocas roka. U nas sa asfal-
tové vrstvy posudzuju na Styri periody roka (Styri rozne teploty),
v Rakusku na 6 periéd [3]. Pozornost bude potrebné venovat
spresiovaniu teplotného rezimu vozoviek, zlepSovaniu fyzikalno-
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where:

RD - a prognosis of the development of a lateral unevenness
depth in mm,

ST - anumber of hot summer days,

Ev2 - a deformation modulus according to the German
procedures [MN.m]

LM - traffic loading in tons.

Asphalt mastic concrete with modification additives, asphalt
microcarpets, asphalt drainage carpets, etc. can be referred to as
progressive technologies suitable for pavement coats, especially
for their abrasive layers. In the group of cement-concrete coats,
there are mainly two-layer technologies to mention.

Subgrade layers provide transfer of force impacts from the
pavement coats to protective layers located below and to the
subbase. They are exposed to high perpendicular effects from the
traffic loading and often to the greatest radial stresses which cause
cracks in the layer and, consequently, terminate both the layer and
pavement service life. In order to avoid crack formation, the
following relation must hold:

T
< 5
RS, ©)
where:
o,  -radial stress in the layer, [MPa]
R, - tensile stress at bending, [MPa]
S, - fatigue coefficient

Horizontal and vertical stresses in the pavement structure are
generated by an influence of a wheel load. The process of these
stresses is shown in Fig. 5.

Mastic asphalt subgrade layers cause a considerable problem. In
these layers, due to temperature changes there is a decrease in such
properties as the strength of the layer Ri, its modulus of elasticity,
etc. In order to achieve a correct design it is necessary to determine
temperatures of the layers within a period of the whole year as
exactly as possible. In our country, the asphalt layers are assessed for
four periods of the year (four different temperatures); in Austria for
six periods [3]. Attention will have to be paid to a more precise

[MPaJ
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Obr. 5. Priebeh zvislych a radidlnych napdti v konStrukcii netuhej vozovky

Fig. 5 Horizontal and vertical stresses in the asphalt pavement structure
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mechanickych vlastnosti vrstiev najméd odolnosti asfaltovych
zmesi vo€i porusovaniu Smykom.

Nestmelené podkladové vrstvy sa Casto pouZzivaju ako spodné
podkladové vrstvy a tiez ako vrstvy ochranné, zabezpecujice
ochranu podlozia pred nepriaznivymi ucinkami mrazu. Ich
mechanicka ucinnost je zavisla od druhu a zloZenia zin kameniva,
ale najméi na inosnosti spodnych vrstiev ¢i podlozia. K perspek-
tivnym vrstvam je mozné zaradit napr. mechanicky spevnené
kamenivo - mineralny beton.

Spodné podkladové vrstvy plnia predovSetkym funkciu vrstvy
ochrannej. Pritom sa aj nadalej bude vyuzivat:
e pri nestmelenych vrstvach ich hribka tak, aby nebola prekro-
¢ena dovolena hodnota namahania podlozZia, priCom musi
platit:

g = Tdov (6)

e dobra tepelno-izola¢na schopnost, aby sa zabezpecCil potrebny
tepelny odpor vozovky.

Podlozie vozovky tvori zaklad pre celi konStrukciu vozovky.
Jeho tnosnost bude zavisla od druhu zeminy, vodného rezimu
a klimatickych podmienok. Kritickou hodnotou pri dimenzovani
vozoviek zostava tzv. jarna unosnost, ktora sa stanovuje z tzv.
strednej hodnoty unosnosti. Pri poklese unosnosti pod urcitu
hodnotu je potom potrebné uvazovat s vylepSovanim podloZia
bud mechanickym spevnenim alebo hydraulickymi spojivami.

6. Zaver

V prispevku boli prezentované zakladné pohlady na kon-
Strukciu cestnej vozovky, jej zloZenie, systém navrhu, ako aj vlast-
nosti jednotlivych vrstiev. Je nutné zdoraznif, Ze aj nadalej je
potrebné venovat pozornost definovaniu poziadaviek na kon-
strukciu cestnej vozovky, spresnovat kritéria na jej posudzovanie
ako aj definovat poziadavky na jednotlivé vrstvy. UrCité rezervy su
najméd v zlepSovani fyzikalno-mechanickych vlastnosti jednotli-
vych vrstiev, v spresnovani vstupnych tdajov pre vypocet, v stanov
eni degradaénych modelov konStrukcie vozovky a jej vrstiev, ako
aj v stanoveni ich prahovych hodnot.
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temperature regime of pavements, to the improvement of physical
and mechanical properties of the layers, and especially to the
resistance of asphalt mixtures against damage due to shear.
Non-mastic subgrade layers are often used as bottom subgrade
layers and also as protective layers protecting the subbase against
adverse impacts of frost. Their mechanical efficiency depends on
a type and composition of stone grains, and, mainly, on the
bearing capacity of bottom layers of the subbase. Mineral
concrete, i.e. a mechanically strengthened quarry can be
mentioned as a perspective layer to be used in the future.
Sub-base layers serve first of all as protective layers. They will
also be used in the future:
o their thickness will be used in non-mastic layers so that the per-
mitted value of the subbase loading will not be exceeded. The
following relation must hold:

a; = Tgoy (6)

e a good thermo-insulating ability will be used to ensure the re-
quired thermal resistance of the pavement.

The pavement foundation is a basis for the whole construction
of the pavement. Its bearing capacity will depend on the type of
soil, water regime and climatic conditions. When dimensioning
the pavements, the critical value represents the so-called spring
bearing capacity which is determined from the so-called mean
value of the bearing capacity. When the bearing capacity
decreases under a certain minimum value it is then necessary to
think of possible improvement of the foundation either by means
of mechanical mastic or by means of hydraulic bindings.

6. Conclusions

The paper presents the basic approaches to the construction
of the pavement, its composition, the system of its design as well
as the properties of particular layers. It has to be pointed out that
permanent attention is to be paid to definitions of requirements for
the construction of a pavement, to precise and exact criteria for its
assessment and also to definitions of the requirements for
particular layers. There is still more that can be done: improve
physical and mechanical properties of the layers, make input data
needed for calculations more exact, determine deterioration
models for the construction of the pavement and its layers as well
as determine their threshold values.
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MODERNIZACIA ZELEZNICNYCH UZLOV

MODERNISATION OF RAILWAY JUNCTIONS

Modernizdcia Zeleznicnej dopravy nie je moznd bez komplexnej
modernizdcie Zeleznicnych stanic a uzlov, ¢o bude vlastne ich pri-
prava na plnenie hlavnych iiloh Zeleznice v budiicich rokoch. V pris-
pevku su uvedené niektoré najnutnejsie opatrenia, bez splnenia
ktorych nebude moct Zeleznica konkurovat inym druhom doprav.

Na konferencii ,Komunikacie na prelome tisicrofia“ sme sa
zaoberali problematikou dopravy ako zvlaStnej oblasti hmotnej
vyroby, ktorej uzitna hodnota nie je vecného charakteru, ale
spoCiva v procese premiestiovania osob a tovarov, bez ¢oho
nemdze spoloCnost existovat. Na tejto Cinnosti sa vyznamne
podiela a aj v buducnosti sa bude podielat viacero dopravnych
systémov, medzi ktorymi mala, ma a bude mat Specifické
a niekedy dominantné postavenie Zeleznicna doprava, a to
i napriek prudkému rozvoju inych druhov doprav.

Zelezniéné zariadenia vznikali postupne, a to za inych tech-
nickych, ekonomickych a spolocenskych podmienok ako su teraz,
a preto nie vidy Zeleznica plni vSetky sucasné poZiadavky na pre-
pravné potreby obyvatelstva. Prejavuje sa to najmé presunom pre-
pravnej prace na iné druhy doprav. V nasich podmienkach najma
na dopravu automobilovd, a to nielen na kratke, ale i na dlhé vzdia-
lenosti - pozri obrovsky narast kamionov a vSetky negativa, ¢o su
s tym spojené - poziadavky na vystavbu dial'nic, miestnych komu-
nikacii, parkovisk, zataZzenost dopravnych uzlov - doslova zapchy
hraniciace v niektorych pripadoch s dopravnym kolapsom.

Jednym slovom maximalne sa rozvija neekologicka, neekono-
micka a menej bezpecna automobilova doprava, pricom ekologic-
kejSia, hospodarnejSia a k Zivotnému prostrediu SetrnejSia
Zelezniéna doprava zaostava. Ak sa nepristupi k modernizacii
a doslova k prisposobeniu Zeleznice k novym podmienkam, bude
v najblizsej budicnosti problém ovela naliehavejsi. Podla ,Spravy
Populacného fondu OSN (UNFPA) o stave svetového obyvatel-
stva“ (Bon - september 1998) prekona v roku 1999 svetova popu-
lacia hranicu 6 miliard [udi. Pocet obyvatelov sa oproti roku 1960,
teda za necelych 40 rokov, zdvojnasobi.

Narast z 5 na 6 miliard sa Iudstvu podarilo prekonat za 12
rokov.

Napriek tomu, Ze 90 % narastu obyvatelstva tvori tzv. treti svet
- rozvojové krajiny, bude sa tento vyvin dotykat i Statov Europy.

* Prof. Ing. Ivan Malic¢ek CSc.,

Modernisation of railway transport is not possible without complex
modernisation of railway stations and junctions. This modernisation
will actually mean their preparation for implementation of the main
tasks of railway for the future. The paper presents some of the most
necessary arrangements, without which the railway will not be able to
compete with other modes of transport.

In the conference ,Communications on the Edge of the
Millennium“ we were dealing with transport problem as the
specific sphere of material production, derived value of which are
not of material character but results are in the process of transfer
of passengers and goods, without which the society cannot exist.
In this activity several transport systems, at present and also in the
future will play significant role. Among the transport systems, the
railway transport had, has and will have specific and sometimes
dominant position and this is true even in spite of rapid
development of other modes of transport.

The railway facilities were built gradually in the past in
different technical, economic and social conditions which are at
present, and that is why the railway does not always fulfil all
present transport needs of population. The results are a shift from
railway to the other modes of transport. In our conditions
specifically to car transport, not only for short but also long
distances - see tremendous increase in number of trucks with all
negative effects - demands for construction of highways, urban
communications, parking areas, overloading of transport junctions
- literally traffic jams resulting in some cases in traffic collapse.

In brief, the environmental unfriendly, uneconomical and less
safe road transport is rapidly developing, while the more
ecological and environmental friendly railway transport stays
behind. If measures for modernisation and literally for adaptation
of railway to the new conditions are not taken, the problem in
near future will be much more acute. According to the ,,Report of
UN Population Fund (UNFPA) on the state of the world
population® (Bonn - September 1998), the world population in the
1999 will grow the over 6 billion. The number of inhabitants will
be doubled since 1960, that is within less than 40 years.
Population increased from 5 to 6 billion in 12 years.

Even though the 90 % increase of inhabitants belongs to the so
called third world - underdeveloped countries, this development
will concern the countries in Europe, too. The evidence is the
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Dokazom je mimoriadna migracia obyvatelstva z rozvojovych
krajin tretieho sveta do vyspelych krajin Eurdpy.

Problém je ¢im dalej tym naliehavej$i najma v mestach a ich
okoli. Podla ,Uhrnnej spravy o ludskych sidliskach®, vydanej
v marci 1995 Strediskom pre ludské sidliska (HABITAT), sa
svetova populacia stava Coraz viac mestskou. Podla tejto spravy
Zilo v roku 1950 v mestach a centrach iba 30 % ludi, v roku 1995
uz 40 %. Po roku 2000 sa oCakava, ze kazdy druhy obcan bude
byvat v mestskej oblasti. Narast bude prevazne v malych a stred-
nych mestach a centrach. Svetové velkomesta s vySe 10 milionmi
obyvatelov zvyCajne pokryvaju len 4 % celosvetovej populacie.
Narast mestskych aglomeracii je vysledkom trvale rasticej
vidiecko-mestskej migracie, ako aj postupnej transformacie vidi-
eckych oblasti na mestské centra, co pochopitelne kladie a bude
klast stale sa zvySujuce naroky na ich dopravni obsluhu.
Dopravné rieSenie mestskych sidelnych utvarov, ktoré su vlastne
dopravnymi a Zeleznicnymi uzlami, sa stava ¢im dalej, tym
naliehavejSim problémom Zivota spolo¢nosti, ¢o sa uz dosta-
to¢ne ostro zacina prejavovat i u nas. Zvladnutie novych narokov
na prepravné potreby nebude mozné bez zvySenia technickej
urovne zeleznicnej dopravy, t. j. bez jej komplexnej moderniza-
cie [1].

Cielom modernizacie Zelezni¢nej dopravy sa sleduje najma:

® skratenie Casu na prepravu

® bezpecnost prepravy

e kultura cestovania

e zvladnutie pozadovanych zatazovych pridov (na stredné
a vel'ké vzdialenosti, primestska doprava, respektive primestsko-
mestska doprava atd.)

e ckonomika prepravy

e ochrana Zivotného prostredia atd.

Ako uz bolo naznaCené, k tomu, aby Zeleznica mohla plnit
svoje ulohy v sucasnych hospodarskych podmienkach a aby bola
schopna konkurovat inym, ¢asto ekonomicky a ekologicky menej
vyhodnym druhom doprav, bude nutné venovat jej infrastrukture
ovela vacsiu pozornost ako je tomu doteraz. V prvom rade je bez-
podmienecne nutné véas splnif tie technické kritéria, ku ktorym
sa ZSR zaviazali ratifikovanim medzinarodnych dohod o rozvoji
Zelezni¢nej infraStruktury, ako su dohody AGC, AGTC a iné.

V ,Zasadach modernizacie vybranej ZelezniCnej siete” vyda-
nych CD a tiez i ZSR sa rozlisuju pojmy ,modernizacia trate*
a ,optimalizacia trate“ [ 3]. Modernizaciou trate sa rozumie suhrn
opatreni, ktoré umoznuju na danej trati zvySenie najvicsej tratovej
rychlosti, triedy zafazZenia, priestorovu priechodnost a prevadzku
jednotiek s vykyvnymi skrinami (v,,,, =160 km/h, tratova trieda
zatazenia D4 UIC pre v = 120 km/h, loZzna miera UIC GC a §irSie
vozidla).

Modernizaciu stanic a najmd uzlov treba chapat SirSie.
Vseobecne je mozné povedat, ze pod modernizaciou Zelezni¢nych
stanic rozumieme komplexnu prestavbu ich infrastruktury pri
dodrziavani zasad modernizacie trati a to tak, aby doterajSie zaria-
denia Zelezni¢nych stanic, v minulosti vznikajice v inych technic-

extraordinary migration of inhabitants from underdeveloped
countries of the third world to developed countries of Europe.

The problem is more and more urgent especially in towns and
their surroundings. According to the “Global Report on Human
Habitations® issued in March 1995 by the Centre for Human
Habitations (HABITAT), the world population has become more
and more urban. According to this report, in the year 1950 only
30 % of people lived in towns and centres, in 1995 it was already
40 %. After the year 2000 it is expected that every second
inhabitant will live in an urban region. The increase will be in the
small and middle size towns and centres. World large cities with
more than 10 million inhabitants usually cover only 4 % of the
world population. The increase of town agglomerations is the result
of permanently increasing village - town migration, as well as
gradual transformation of rural regions into town centres, which of
course raises and will raise ever growing requirements on their
transport services. The traffic in towns, which are actually the
transport and railway junctions, is becoming a more and more
urgent problem of society, that is clearly evident in our country.
Managing new demands of transport needs will not be possible
without the increase of railway transport technical level or, in other
words, without the complex modernisation of railway transport [1].

The objectives of railway transport modernisation are especially:
e shortening of travelling time

e transport safety

e transport culture

e managing the required traffic flows (medium and long dis-
tances, suburban transport, suburban - city transport, etc.)
transport economy

e protection of the environment, etc.

To fulfil the tasks the railway is facing in the present
economic conditions and to be able to compete with other, mostly
economically and environmentally less favourable modes of
transport, it will be necessary to pay much more attention to its
infrastructure than it has been by now. First of all it is
unconditionally necessary to fulfil the technical criteria to which
ZSR (Slovak Railways) have been obliged by ratifying the
international agreements on railway infrastructure development,
such as the AGC, AGTC and other agreements, on times.

In the ,Principles of Modernisation of Chosen Railway
Network” published by CD (Czech Railways) and also ZSR
(Slovak Railways) the concepts ,modernisation of track® and
“optimisation of track® are differed [3]. By modernisation of
track, we understand a set of measures which give a possibility on
a given track to increase the highest track speed, the class of load,
space crossing and operation of units with tilting bodies (v, =
160 km/h the class of load D4 UIC for v = 120 km/h UIC GC and
wider vehicles).

Modernisation of railway stations and especially junctions
has to be understood broader. Generally it can be said that
modernisation of stations means complex rebuilding of their
infrastructure by keeping principles of modernisation of tracks so
that existing equipment of railway stations, developed in other
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kych, ekonomickych, ekologickych, spolofenskych a hospodar-
skych podmienkach, nadobudli modernu podobu a mohli opat
teraz i v buducnosti poskytovat svoje sluzby na urovni doby a aby
ich technicky stav umoznil Zeleznici uspesne konkurovat inym
druhom doprav.

V naSich podmienkach bude okrem iného nutné:
1. 'V mensich staniciach:

e dokoncif peronizaciu (pripadne poloperonizaciu), ¢im sa
vytvoria podmienky pre bezpecnost a vysSie pohodlie ces-
tujucich,

e modernizovat priestory pre cestujicich a skultivovat ich
vzhlad a iné.

2. Vo vicsich staniciach:

e oddelit zariadenia (kolaje) pre osobnu dopravu od dopravy
nakladne;j

e dokoncif peronizaciu osobnych casti stanic, zriadit mimo-
uroviové pristupy cestujucich na nastupistia,

e modernizovat priestory pre cestujucu verejnost, skultivovat
ich vonkajsi a vnutorny vzhlad, zvysit pocet poskytovanych
sluzieb pre cestujucich (bufety, restauracie, stanky atd.),

e modernizovat prednadrazia, zjednodusit prechod medzi
Zelezni¢nou a mestskou, pripadne individualnou dopravou,
riesit problémy s parkovanim automobilov v blizkosti Zelez-
ni¢nych stanic (i za cenu podzemnych alebo nadzemnych
parkovacich priestorov atd.),

e postupne likvidovat niektoré zariadenia sluziace nakladne;j
doprave nachadzajice sa v blizkosti osobnej Casti stanice
a situovat ich tak, aby nerusili prostredie, kde sa koncen-
truje cestujuca verejnost.

3. 'V Zelezni¢nych uzloch:
a) V osobnej doprave v uzloch:

e braf do uvahy, Ze Zelezni¢ny uzol je sucastou doprav-
ného uzla a Ze je v iom nutné ¢asove a priestorove zo-
suladit moznosti a poziadavky réznych druhov doprav,

o v mestich do jedného milidna obyvatelov vytvorif
v uzle jednu centralnu osobnu Zelezni¢nu stanicu, do
ktorej by mali prichadzat vsSetky druhy osobnych
vlakov a zaustit do nich i vlaky primestskej dopravy,
a to i za cenu rieSenia kolajiska v roznych urovniach,
k ZelezniCnej stanici viest trasy metra a MHD.

o Umoznit rychly a pohodlny prechod cestujucich medzi
roznymi druhmi vlakov, ale aj medzi réznymi druhmi
doprav.

e Technické zariadenia pre obsluhu osobnych vlakov
situovat v priamej nadvédznosti na centralnu stanicu
mimo obytnej zony mesta (odstavné stanice).

b) V nakladnej doprave v uzle:

o rusit tradicné zariadenia pre nakladku a vykladku
tovarov v centre uzla a premiestnit ich mimo obytnych
zOn mesta,

e koncentrovat vlakotvorbu do mensieho poctu dobre
technicky vybavenych zriadovacich stanic situovanych
mimo centralnu Cast uzla,
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technological, financial, ecological, social and economic
conditions in the past would adopt a modern form and could
again offer their services on the present day level and also in the
future, and so that their technical conditions would facilitate the
railway transport to compete successfully with other modes of
transport.

In our conditions, in addition to other tasks, it will be necessary to:
1. In smaller size stations:

e complete the construction of platforms (or half-platforms),
which will create conditions for safety and higher comfort
of passengers,

e modernise the space for the passengers and improve their
look, etc.

2. In larger stations:

e separate facilities (tracks) for passenger transport from
those for freight transport,

e complete the construction platforms of parts of station for
passengers, build multilevel passenger gangways to plat-
forms,

e modernise areas for passengers, improve their inner and
external appearance, increase number of services offered
for the passengers (snack bars, restaurants, kiosks, etc.),

e modernise formation yards, simplify transfer between
railway and urban transport, or individual transport, solve
problems with car parking near railway stations (even in
the case when they were underground or elevated parking
areas, etc.),

e gradually remove some railway facilities serving for freight
transport located near the passenger part of the station and
situate them in such a way so that they don’t interfere with
space where passengers are concentrated.

3. In railway junctions:
a) In passenger transport in a junction:

o consider the fact that the railway junction is part of the
transport junction and it is necessary to harmonise
time and space possibilities and requirements of
various types of transport,

e in towns up to one million inhabitants in the junction
create only one central passenger railway station into
which all types of passenger trains could arrive and termi-
nate there, including suburban trains, even if this solution
requires tracks in different levels, link the underground
and the urban mass transport lines to railway station.

e provide quick and comfortable transfer of passengers
to various types of trains but also to various modes of
transport,

e situate technical facilities for the attendance of passen-
ger trains in the direct link on central station outside
the residential zone of a town (storage yards).

b) In freight transport in a junction:
e cease traditional facilities for loading and unloading of
goods in the centre of a junction and move them
outside the residential zone of a town,
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e umoznif prechod tranzitnych vlakov mimo centralnu
Cast uzla, do uzla pustat iba vlaky obsluhujuce zaria-
denia v nom,

e Setrit plochou v centre uzla (mesta) a navrhovat
v pripade nutnosti vedenie spojovacich trati v tuneloch

e vietky zariadenia musia spinat kritéria pozadované
ochranou Zivotného prostredia.

V zavere by bolo vhodné citovat niekolko viet z Clanku
»Navrat vlakov“ uverejnenom v popularnom casopise ,,100 + 1
zahrani¢nych zajimavosti® (¢.5/98 str. 26 - 29) [2]:

,Zeleznica, ktora uz v minulosti bola symbolom technického
pokroku prichadza znova do mody. Presnost, bezpecnost, pohod-
lie, rychlost a Setrnost voéi Zivotnému prostrediu ju predurcuje
k tomu, aby sa stala dopravnym prostriedkom buducnosti“. Autor
¢lanku popularnym sposobom na priklade Zelezni¢nej dopravy
v Spanielsku uvadza Zelezniénii dopravu ako dopravny systém
predstavujuci najmodernejSiu techniku, bezpec¢nost, rychlost,
pohodlie a znizenie negativneho vplyvu na Zivotné prostredie.
V zavere Clanku uvadza: ,, A tak Zeleznica, ktora dnes uz plne vsti-
pila do éry vysokych rychlosti a §pickovej techniky bola, je a bude
stelesnenim pokroku a moderného zivota®.

Zial, musime s polutovanim konstatovat, Ze o nasej Zeleznici
sa v sucasnej dobe nemozeme takto lichotivo vyjadrovat. Aby to
bolo mozné, musime pre modernizaciu Zeleznicného dopravného
systému vykonat este vel'mi vela, Zeleznicné stanice a uzly z toho
nevynimajuc.
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e concentrate the train forming into a smaller number of
well technically equipped marshalling yards situated
outside the central zone of a junction,

e divert the transit trains from central part of a junction,
into a junction allow entry only those trains that are
servicing the facilities in the junction,

e save the area in centre of a junction (town) and propose,
in case of necessity routs of linking tracks in tunnels,

o all railways facilities must comply with the criteria that
are required by environmental protection.

In conclusion it would be suitable to cite a couple of passages
from the paper “Trains come back“ published in popular magazine
“100 + 1 zahrani¢nych zaujimavosti“ (attractions from abroad)
(No0.5/98 pp. 26 - 29) [2]: “Railway transport, which in the past
was a symbol of technical progress, comes back into fashion again.
Punctuality, safety, comfort, speed and environmental friendliness
predestine the railway transport to become the transport means of
the future“. The author of the paper in a popular way, using an
example of railway transport in Spain, introduces the railway
transport as the transport system, that represents the most
advanced technology, safety, speed, comfort and reduces negative
effects on the environment. He concludes the paper with stating:
“And so the railway, which at present has already entered the era
of high speed and top technology, was, is and will be symbol of
progress in the modern life“.

Unfortunately, we regret to say that at present we can not be
so optimistic when speaking about our railway. To make our
railway modern and competitive we have to do much work in the
area of railway transport modernisation, including the railway
stations and junctions from the process.
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KULTURA KVALITY, KI'UC KU ZLEPSENIU KVALITY

QUALITY CULTURE THE KEY TO QUALITY IMPROVEMENT

Kultiura kvality je sithrn spolocne zdielanych poznatkov na
kvalitu, t. j. vztahov hodnot, ako organizdcia rozvija a vyuziva svoje
kapacity, zdroje, aby tspesne preZivala v externom prostredi a iicelne
riadila svoje viastné vniitorné zdleZitosti.

1. Uloha kultury kvality

Efektivne riadenie kvality sa stava stale nastojivejSou vyzvou
pre vela nasich firiem a organizacii.

Pre zlepSenie kvality svojich vystupov vela naSich podnikov
zavadza v manaZmente kvality nové pristupy a nastroje, ako su
napr. metody FMEA a najmd QFD, ktora umoziuje pohotovu
transformaciu, prenos poziadaviek zakaznikov do navrhu novych
vyrobkov/sluzieb.

Tieto pristupy vSak nemusia byt vidy spesné a plne vyuZitel-
né, ak firma nema vysoku uroven kultury kvality, predstavujucu
jadro hodnot vlastnych tak zamestnancom firmy, ako aj manaz-
mentu firmy pri zabezpecovani vyzadovanej urovne kvality.

Odbornici tvrdia, Ze uroven manazmentu firmy je viac ako
technologia klucom zlepSovania kvality. Organizacia moze zabez-
pecovat a zlepSovat ziaducu uroven kvality svojich vystupov len
vtedy, ak ma zavedeny a vSetkymi pracovnikmi reSpektovany
systém hodnoét podporujucich kvalitu. Tento nazor zdielaju tiez
mnohi vykonni manazéri, ktori st presvedceni, Ze je to najma zale-
Zitost manazmentu zmenit, zlepsit kultaru firmy [1],[2].

Treba dodat, Ze tiezZ taki prominentni experti kvality akymi st
Eduard Deming, Joseph Juran a Phil Grosby svorne zdoraznuju
mimoriadnu délezitost budovania kultury kvality, ako predpoklad
splnenia vacSiny poziadaviek na produkt. Takto sa stava kvalita
ako hladanie hodnoty pre zakaznika a jej realizacia ako odraz
urovne firemnej kultary kvality kritickym faktorom uspe$nosti
firmy [3],[4].

2. Co je kultira kvality?

Aj ked je vela definicii kultury kvality mdZeme si vybrat taku,
ktora moze byt pouZzita pre lubovolnu firmu, podla nej je kultura
kvality suhrn spolo¢ne zdielanych poznatkov (nazorov) na
kvalitu, t. j. vztahov hodnot, ako organizacia rozvija a vyuziva
svoje kapacity, zdroje, aby uspesne prezivala v externom prostredi

* Prof. Ing. Jan Stefanik CSc.,

Quality culture is the total of the collective or shared learning of
quality-related values as the organization develops its capacity to
survive in its external environment and to manage its own internal

affairs.

1. The Role of Quality Culture

Managing quality has become a serious endeavor for many of
our companies and organizations.

To improve quality, many of our companies have adopted new
approaches and tools as FMEA and QFD (Quality Function
Deployment) for translating customer’s requirements into
product or service specifications.

These approaches, however, might not achieve their true
potential if an organization fails to improve its corporate quality
culture - that is, the core values possessed by employees and
management regarding quality.

Research suggests that much more management, rather than
technology, is the key to quality improvement. An organization
can mount and sustain a true quality improvement effort only
when it has a value system that promotes quality. This view is also
held by many chief executive officers, who believe that it is
management’s job to change the culture of an organization to
improve quality perfomance [1],[2].

In addition many prominent quality experts, such as W.
Edwards Deming, J. M. Juran and Philip Crosby, stress the
importance of building a quality culture as a prerequisite to major
quality improvement efforts. In such a way, developing a desired
organizational quality cultural is critical [3],[4].

2. What is a quality culture?

While there are many definitions of culture, one definition
can be adopted to define the quality culture of any group:
Quality culture is the total of the collective or shared learning of
quality - related values as the organization develops its capacity
to survive in its external environment and to manage its own

Department of Industrial Engineering, Faculty of Mechanical Engineering, University of Zilina, Velky diel, 010 26 Zilina, Slovak Republic,

tel.: +421-89-535 41, fax: +421-89-652 940
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a uUcelne riadila svoje vlastné vnutorné zaleZitosti. Organizacni
experti tvrdia, Zze hodnoty su formované v pracovnych skupinach
v dlhodobom ¢asovom horizonte a m6zu byt povazované za ideo-
lo6giu, filozofiu alebo za zakladné krédo organizacie. Tieto
hodnoty su vysledkom systematickej, tvorivej aktivity zameranej
na neustale zlepSovanie kazdej prace, manazérskych procesov
v organizacii, technologickych systémov a medziludskych vztahov
[5].

Hlavnym vychodiskom formovania budovania kultury je, ze
aspekty kultury su hlboko zakorenené a jej zmeny mozu byt inici-
ované integrovanymi zmenami vo firme.

Formovanie ziaducej kultury kvality si vyzaduje predovset-
kym dobre formulovant viziu ako zidealizovanu, silno motivacnu,
ale uskutoCnitelnu predstavu o tom kam sa chce firma dostat,
z ktorej sa odvija poslanie a strategické ciele firmy. Tieto ciele
musia byt konzistentné s formalnou aj neformalnou organiza¢nou
Strukturou a kompatibilné so systémom odmenovania, primera-
nou technologiou a organizaciou prace - a dolezita je najméa praca
s [udmi. Ale prv ako sa so zmenami kultury kvality za¢ne uvazo-
vat, musia manaZzéri urcif potrebu takychto zmien.

3. Kedy su zmeny nevyhnutné?

Manazment firmy musi v€as zbadatf znaky identifikujuce
potrebu zmeny kultury kvality vo svojej firme uvedomujuc si, ze
zakladné zmeny v mysleni a konani firmy, resp. jej pracovnikov, vo
vztahu ku kvalite su tak potrebné, aka je potreba zmeny. Podla
nazoru odbornikov na kvalitu su nevyhnutné zmeny kultary
kvality, ked' [6]:

e sucasna kultura kvality vo firme nie je v sulade so zmenami v okoli
firmy,

e rastiica a stale tvrdsia konkurencia v priemysle vyzaduje rychle
pokroky v kvalite, ktoré sa musia prejavit i v zmene kultury
kvality,

e ked je uroven kvality vo firme povaZovana za priemernu alebo
horSiu,

e ak firma uvazuje o spojeni s inou firmou, ktora je angazovana
v progresivnych praktikach, metddach riadenia kvality,

e ak ide o malu ale rychlo rastucu firmu,

e ak sa objavuju velké technologické zmeny v priemysle,

e vyznamné zmeny v poslani firmy vyzaduju tiez zmeny v kulture
kvality,

e akvizicia a spojenie firiem vyzaduje formovanie sudrinej
jednotky, a teda zmeny kultury.

4. Ako zmenit kultiru kvality?

Literattira v oblasti manazérskych vied obsahuje vela studii
o zmenach kultury. Jednou z metod zmien kultdry je tzv. culture
gap analyses, ktora moze byt lahko aplikovana pri rozvoji Ziaducej
kultary kvality vo firme [7].

V prvom rade musi podnikovy manazment urobif identifika-
ciu, prehodnotenie poslania firmy oblasti kvality a cielov, resp.
uroven konkurentov v oblasti kvality. Na zaklade toho musi iden-

internal affairs. Many organizational experts believe that values
are formed in a group over time and can be seen in the ideology,
philosophy, charter, or basic credo of an organization. These
values, in turn, result in artifacts and creations of the group,
which can be easily detected by observing the organiza-
tion’s managerial processes, technological systems, and human
relationships [5].

The main point regarding culture formation is that culture
aspects are deep-rooted, and lasting cultural change occurs through
integrated changes in the organizational system. Forming
a desirable quality culture requires a well-developed organizational
quality mission and goals, consistent formal and informal
organizational structures, compatible reward systems, appropriate
technology and job design, and attention to important personnel
issues. But before a major quality culture change is thought,
managers must recognize the need for such a change.

3. When is change necessary?

Many managers see the signs indicating the need for quality
culture change in their organizations. They realize that basic
changes in the organization’s thinking and behaviour with
regard to quality are needed. Research has identified the
conditions under which a major overhaul of the quality culture
is necessary [6]:

e The company has a current quality culture that is not confor-
med with the changing environment.

e The industry is very competitive with respect to quality and
service, and advances in quality and service occur with light-
ning speed.

e The company’s quality performance is judged to be middle or
worse.

e The company is about the join the ranks of the very large com-
panies that are involved in sophisticated quality practices.

e The company is small but growing rapidly.

e Major technological change is occurring in the industry.

e Major changes in the company’s mission require the quality
culture to change.

e Acquisitions and mergers require changes in the quality culture
to form a cohesive unit.

4. How to change quality culture?

The organizational science literature contains many studies of
organizational culture change. One method of culture change is
called culture gap analysis, and it can be easily adapted to the
development of desired quality culture in an organization [7].

To begin, a company’s managers must review the organi-
zation’s quality mission and goals and external quality
competitors. Then they must identify the quality attributes needed
to compete [8].
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tifikovat atributy kvality nevyhnutné k uspeSnej sttazi v konku-
ren¢nom trhovom prostredi [8].

Dalsou ulohou pre manaZérov je identifikovaf doleZitost
a Ziaduce vlastnosti kvality vyrobkov/sluzieb, ktoré musi firma
zabezpecit, aby UspeSne obstala v konkurencii. Tieto hodnoty
kvality sa mézu menit v zavislosti od klucCovych atributov kvality
firmy. Vela expertov v oblasti manazmentu kvality sa v§ak domnie-
va, Ze uz samotné hodnoty kvality su zakladnou a su nevyhnutné
v usili firmy zlepSovat kvalitu [9].

Ak uzZ mame identifikované hodnoty kvality, m6zu manazéri
identifikovat, Specifikovat cielové zameranie strategickych podni-
katel'skych jednotiek alebo firmy do celku - sposob ako sa tuspesne
presadit v danom odvetvi. Manazment musi tiez urcit, ¢i existuje
nesulad - medzera v kulture kvality, v hodnotach existujucich a zia-
ducich. Po splneni tychto uloh moze manazment korigovat
medzeru v kulture kvality primeranymi opatreniami [ 10].

5. Odporucania

Na zaklade uvedeného mozno odporucat [9]:

o Kultura kvality musi byt neustale rozvijana, ked sa meni kultira,

musi manazment progresivne rozvijat Ziaduce hodnoty kvality

ako napr. hrdost zamestnancov na firmu a jej vyrobky/sluzby,
zodpovednost zamestnancov za kvalitu a hlboké presvedCenie
top manazmentu o sustavnom a Ucelnom zlepSovani kvality.

Ziaduci stav kultury nemodZe byt dosiahnuty vnutenim néstro-

jov a technik ucastnikom procesu tvorby kvality. Dovody pre

zamyslané zmeny musia byt tak vysvetlené, aby boli zamest-
nancami akceptované.

e Zmysluplnost a zmeny pretvarajucej kultary kvality mozu byt
dosiahnuté len cez konzistentny integrovany skelet, konstrukciu
aktivit zamestnancov a manaZmentu v niekolkych roznych
oblastiach, ako su nadSenie, podpora, pravna politika kvality
a ciele a spravna organizacna Struktura.

o Nemyslite si, Ze zmena kultury kvality je jednoducha. Vyvoj a zme-
ny kultury si normalne evoluc¢né, postupné a vyzadujuce cas.

o Typ kultury kvality, ktory je Ziaduci, zavisi od prostredia orga-
nizacie. Neexistuje urcita jedina ziaduca kultura kvality, vhodna
pre vSetky organizacie, ale st urCité spoloc¢né znaky.
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The next task for the managers is to identify the important
and desired quality values that the organization should have. The
quality values will vary, depending on the organization’s key
quality attributes. Many quality experts, however, believe that
some quality values are basic and are needed universally if an
organization is to improve quality [9].

Once the desired quality values are identified, the managers
can identify the target groups (organizational subunits or the
whole organization) that should have the desired values. They
must also determine whether substantial discrepancies (culture
gaps) exist between current values and the desired values. After
completing this task, the managers can correct the culture gaps
through appropriate interventions [10].

5. Cautions and guidelines

Based on the study and the literature, the following cautions

and quidelines in changing quality culture are offered [9]:

e Quality culture is learned over time. When changing culture,
managers should progressively develop desirable quality values,
such as employees’ pride in quality, employees’ responsibility
for quality, and management’s fundamental belief in constancy
of purpose of quality improvement.

e The desired culture state cannot be achieved by force-feeding
employees’ quality processes, tools, and techniques. The
reasons for the intended changes must be explained to gain
their acceptance.

e Meaningful and lasting quality culture change can be achieved
only through a consistent, integrated pattern of actions by
employees and managers in several different areas, such as
hiring, promotion, stated quality policies and goals, and proper
organizational structure.

e Do not assume that quality culture change is simple. Culture
development and change are normally evolutionary, incremen-
tal, and time-consuming.

e The type of quality culture that is desired depends on an orga-
nization’s environment. There is no single desired quality
culture suitable for all organizations.
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Zilinska univerzita a Slovenska cestna spolo¢nost
v spolupraci so
Slovenskou technickou univerzitou Bratislava,
Technickou univerzitou Kosice
a odbornou skupinou Doprava SZSI

organizuje

2. celostatnu konferenciu so zahrani¢nou ucastou

DOPRAVA V SIDELNYCH
UTVAROCH

1. informacia
Konferencia sa bude konat v Ziline v diioch 20. - 21. oktobra 1999.

Tematické okruhy konferencie:
® podklady pre rieSenie sidelnych utvarov a ich analyza
- podklady dopravné, prepravné, socio-ekonomické
- metodika a hodnotenie prieskumov
® SirSie dopravné vztahy
problémy dialkovej a regionalnej dopravy
integrované dopravné systémy a rieSenie ich uzlov
® rieSenie komunikac¢nych systémov mesta
diferenciacia a integracia systémov z hladiska funkc¢nosti a bezpec-
nosti
problémy statickej dopravy
rieSenie nemotoristickej dopravy
- mestska hromadna doprava
® humanizacia ulicného priestoru
- uli¢ny profil z dopravného a urbanistického hladiska
ukludneny dopravny priestor
- posudzovanie vplyvov na zivotné prostredie

Kontaktna adresa:
Ing. Andrea Gavulova
Zilinska univerzita, Stavebna fakulta, Katedra cestného stavitelstva
Komenského 52, 010 26 Zilina
tel: 089/ 7635 651 - 3, fax: 089/ 433 51, 72 335 02,
e-mail: gavul@fstav.utc.sk

The University of Zilina and the Slovak Road Society in
Bratislava
in cooperation with
The Slovak Technical University, Bratislava
The Technical University, Kosice and
The Transport Expert Group

organise

2" International Conference

TRANSPORT IN RESIDENTIAL
AREAS

1* information
Zilina, October 20 - 21, 1999
Slovak Republic

Conference Topics:
® solutions of residential areas and their analysis
- transport, traffic and socio-economic data
survey methodology and assessment
® broader transport relations
long distance and regional transport problems
integrated transport system and solutions of their nodes
® solutions of urban communication systems
differentiation and integration of systems from the point of view of
their function and safety
problems of static transport
non-motorist transport solutions
- city transport
® humanization of street area
street profile from the point of view of traffic and urbanism
alleviated traffic areas
impact on the environment

Contact address:
Ing. Andrea Gavulova
Zilinska univerzita, Stavebna fakulta, Katedra cestného stavitelstva
Komenského 52, 010 26 Zilina
Tel: +421/89/ 7635 651 - 3, Fax: +421/89/433 51, 72 335 02,
e-mail: gavul@fstav.utc.sk
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RYCHLA CESTA KU KVALITE

FAST WAY TO QUALITY

Kazda doba ma svoje oblitbené slova. Dnes sii to slovd kvalita
a informdcie.

Vsade okolo nds rastii informacné systémy. Informacné aktivity
prindSajii firmdm zisky.

Hladajme optimdine informacné spravanie. Informdcie o trhu,
konkurentoch, subdoddvateloch, vyrobkoch a sluzbdch dokdze zabez-
pecit' v pocitacovej sieti licencny softver ISO x PERT dostupny na
nasom trhu.

Riesenie problémov v hospodarskom a socialnom Zivote
firiem si vyzaduje razanciu, rychlost a odvahu. Udrzat krok s roz-
vijajiicou sa modernou ekonomikou a prezit v tvrdom konkurenc-
nom prostredi znamena uplatnovat moderné technoldgie, medzi
ktorymi ma vyznamné miesto informaéna technologia. Moderna
pocitacova technika vyrazne zmenila a bude menif sposob prace
vo vSetkych oblastiach firiem. Zo skusenosti je zname, Ze
moderné riadenie firiem nemoze bez informacnych podpornych
prostriedkov zvladnut sufaz o Cas, naklady a kvalitu.

Every age has its popular words - today, these are quality and
information. Information systems are growing everywhere around us.
These information activities bring profit to companies.

Let’s search for optimal information behaviour. The licensed
software ISOxPERT accessible on our market is able to secure the
information about the market, competitors, subsuppliers, products
and services.

Solution of problems occurring in economic and social life of
firms needs briskness, promptitude and courage. Modern technolo-
gies, among which information technology has a significant place,
must be applied in order to keep up with modern developing economy
and to survive in a hard competitive environment. The modern com-
puter techniques have changed and change the way of work in all firm
activities. Based on experiences, it is well known the modern firm
management is not able to overcome the race with time, costs and
quality without supporting information aids. The development of
influence of information means on quality is as follows:

KVALITA A INFORMATIKA
Obdobi . . . .
oole Vykon informatiky Reakcia na kvalitu
do roku
1960 nahana cisla radost, Ze sa nieco podari
1970 nici papier sklamanie, Ze sa vZdy nedari
1980 nahradza manualnu dodava nové podklady
pracovnu silu na riadenie kvality
1990 vstup do inovacii umoziuje zrychlit reakciu
produktov a procesov na poziadavky trhu
a zlepSovat
po 1990 | nové informacné umoziuje zmenu procesov
aplikacie a systémy - reinZinierstvo

Kvalita vyrobkov a sluzieb

Kvalita je definovana ako stupen splnenia poziadaviek zakaz-
nika. Ak nie st stanovené poziadavky, potom nie je mozné urcit
kvalitu. Kvalitativne pozZiadavky sa vztahuju obycCajne na fyzikalne
(mechanické, elektrické) a chemické vlastnosti vyrobkov. Su to

QUALITY and INFORMATICS
The period
until the | Performance of Informatics | Response to Quality
year
1960 runs after the numbers pleasure from anything well
done
1970 destroys the paper disappointment - things turn
out not always perfect
1980 substitutes the manual labour | delivers new data for quality
control
1990 joins the product and process | allows to accelerate the
modernisation response to market
requirements and to improve
after 1990 | new information applications | allows the process change -
and systems reengineering

* Doc. Ing. Stanislav Kmet, CSc.,

Product and Service Quality

The term of quality is defined as the degree of the fulfilment of
client’s requirements. If no requirements are stated the quality

Department of Electronics and Electrotechnology, Faculty of Electrical Engineering, University of Zilina,
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Ing. Pavol Magner,
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napriklad rozmery, Uprava, Cistota, napétie... Su to vlastnosti poZa-
dované pri vyuziti vyrobku. Kvalita vyrobku obsahuje tie charak-
teristiky alebo znaky, ktoré musi vykazovat vyrobok, ak je
pouzivany zakaznikom. Zakaznik kupuje obycCajne uzitkovu
hodnotu vyrobku, napriklad nekupuje pracku, ale jej schopnost
Cistenia pradla. Povazuje tuto pracku za kvalitnd, ak vykonava
funkcie, pre ktoré bola koncipovana. Charakteristiky kvality odra-
Zaju skutonu uroven vyrobku a musia odrazaf poziadavky,
respektive potreby zakaznika. Okrem fyzikalnych a chemickych
charakteristik zakaznik si vybera vyrobok podla ceny, spolahli-
vosti, bezpecnosti, ovladatelnosti a dalSich uzitkovych vlastnosti.

Zakaznik kupujuci vyrobok hodnoti kvalitu podla technic-
kych parametrov a podla ceny. Sluzby spojené s vyrobkami plnia
dva hlavné atributy: stupen zniZenia starosti a pridanu hodnotu.
Kazda firma musi definovat svoje priority a presadzovat sluzby
pre svoj vyrobok. Pracovnici firmy mozu byt aktivni napriklad pri
dodani tovaru, vyskuSani vyrobku v ¢innosti, pri pochopeni jeho
funkcie, vo vystaveni bezchybnej faktury, ale aj v minimalizacii
nakladov na udrzbu, poruchy a ich opravy.

Sluzby dosahuju uroven kvality vtedy, ak zodpovedaju istej
hodnote, ktoru je zakaznik ochotny zaplatit ako funkciu svojich
priani a svojich poziadaviek.

Ako potreby, tak aj Zelania zakaznikov su stale naroCnejSie.
Nepochopenie narofnosti znamend postupné zaostdvanie
a upadok firmy.

Kvalitné sluzby su zaloZené na zakaznikoch Ci externych, tak
aj internych. Kazda firma ma nevyrobné oddelenia, ktoré posky-
tuju interné sluzby: marketing, nakupovanie, popredajné ¢innosti
atd. Aj ked' si v tychto oddeleniach stale viacej uvedomuju vyznam
kvality, stale eSte zaostavaji v ucelnom a efektivnom riadeni
kvality. Jeden z dovodov je aj ten, Zze produktom tychto oddeleni
je nehmotny vysledok. Zakladnymi prvkami kancelarskych prac je
vykonavanie vnutornych komunikaénych funkcii, ktorych
zakladné prvky su spolocné pre vsetky oddelenia (napr. planova-
nie, udrZovanie vztahov so subdodavatelmi a zakaznikmi, organi-
zovanie, dokumentovanie, spracovanie dat a pod.). Tieto funkcie
su odpovedajice funkciam vyrobnych oddeleni, ¢im sa vlastne
zniZzuje rozdiel medzi kvalitou hmotnej a nehmotnej produkcie.
Kancelarske sluzby je mozné definovat ako produkciu a vymenu
informacii za ufelom dosahovania podnikovych cielov a teda aj
cielov kvality.

cannot be identified. The quality requirements usually relate to
physical (mechanical, electrical) and chemical characteristics of
products. These are e.g. dimensions, arrangement, cleanness,
voltage ... These are the characteristics required with product. The
product quality contains the characteristics or features the product
has to possess if being used by client. The customer buys the value
of product use, e.g. he does not buy the washing machine, but he
buys its capability to wash the linen. He considers this washing
machine the good quality one if it performs the functions it was
designed for. The quality characteristics reflex the real product
standard and they have to reflex the customer’s requirements or
needs. Except for the physical and chemical characteristics, the
customer makes a choice of a product according to the price,
reliability, safety, controllability, easy liquidation and further
features of use.

The customer buying the product evaluates the quality
according to both the technical parameters and the price. The
services combined with the products fulfil two main attributes: the
degree of troubles reduction and the added value. Each company
has to define its priorities and to push the services to its product.
The firm people may be active at e.a. the goods delivering, their
testing while in function, the understanding of their function, the
issue of perfect invoice, as well as in minimisation of costs for
maintenance, failures and their repairs.

The services reach the quality level if they respond to the
value the customer is willing to pay for as the function of his
wishes and requirements.

The needs as well as the wishes of customers are more exacting.
Misunderstanding of exacting character of these requirements
means the progressive falling behind and decays of a company.

The high-quality services are based on customers, both
external and internal ones. Every company has non-productional
departments delivering internal services: marketing, purchase,
after sale services etc. Even through staff realise the importance
of quality departments, they are still behind in the purposeful and
effective quality control. One of the reasons is that the product of
these departments is intangible. Basic elements of office works
are involved in performing internal functions of communication.
They have common signs for all types of departments (e.g.
planning, keeping in touch with both the subsupliers and clients,
organising, documenting, data performing etc.). These functions
respond to the functions of productional departments, thus the

external
information flow of information
Planning Process Utilisation
and preparation and
development and service further
production/delivery improvement
prevention inspection guarantee
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Casto je minimalny zaujem o to, aby si tieto oddelenia zistili,
aky druh informacii dalSie utvary potrebuju a produkuju tzv. svoje
informacie len preto, aby nie¢o vyprodukovali. Je to podobne ako
vyroba vyrobku bez predchadzajuceho prieskumu trhu. Je len
tazko oCakavat, Ze taky vyrobok bude predajny.

Zvladnutie poZiadaviek kvality, ¢asu a nakladov pri presadzo-
vani vyrobkov s novymi parametrami a sluzieb s novymi charakte-
ristikami na trhu patri k rozhodujucim meradlam tuspesSnosti
firmy. A to je jednym z dévodov prenikania informacnej techno-
logie a techniky do jednotlivych faz Zivota produktov a pocitaco-
vej podpory procesov. tok informacii

Kvalita procesov

Proces je skupina logicky zostavenych aktivit (¢innosti), ktory
ma jasne definované vstupy a tvori vystup, ktory ma pre klientov
hodnotu. Vstupné zdroje (energia, informacie, materialy, suroviny)
sa v priebehu procesu transformuji na vystupné produkty (vyrobky
- sluzby). Napriklad objednavka je vstupom do firemného procesu
a vyustuje v dodavke objednaného tovaru alebo sluzby.

Metodika, ktora sustreduje usilie na procesy, sa nazyva
»Proces management®. Manazérom firmy vSak tento pojem robi
najCastejsie problémy a vicSina z nich nie je orientovana ,pro-
cesne“. SU zamerani na Ciastkové ulohy, na jednotlivé profesie, na
[udi, na Struktury, ale nie na procesy.

Kazdy produktivny proces obsahuje tri zakladné komponenty:

o transformaciu (fyzikalnu, transakénu, logisticku...)

e opakovatelnost (postupnost aktivit sa vykonava viackrat a rov-
nakym sposobom) a mdZe byt kontinualna, prerusovana alebo
cyklicka

e spitnu vazbu, ktora je nevyhnutna pre modifikaciu, je zdrojom
zlepSovania a dynamiky procesov.

Vicsina procesov predstavuje znaény zlepSovaci potencidl,
pokial ide o efektivnost a produktivitu (robit spravne a atraktivne
produkty spravne, bez chyb, rychlo a v pozadovanom mnozstve).

Prvym dolezitym krokom je identifikacia procesov. Je jedno-
duchsie identifikovat vertikalne (funkéné) procesy (ako napr. kon-
Strukcia, nakup, vyroba) a individualne procesy. Horizontalne
procesy Casto prebiehaju bez toho, aby ich manaZéri brali na
vedomie aj napriek tomu, Ze tvoria hodnotu pre zakaznika a gene-
ruju peniaze.

Vo firme prebiecha mnozstvo prac, ktoré vyrobkom alebo
sluzbam firmy nepridavaju ziadnu hodnotu pre zdkaznika.

Firma potrebuje identifikovat, organizovat a riadif svoju
sustavu procesov. Firma prostrednictvom sustavy procesov
vytvara, zlepsuje a poskytuje stalu kvalitu vlastnej produkcie. Ked
je proces dobry, je aj vysledok dobry. Toto je koncepcny zaklad
suboru noriem ISO 9000. Procesy a ich rozhrania sa maju neus-
tale analyzovat a zlepSovat, o je zaklad komplexného manaz-
mentu kvality. Studovat proces a podielat sa na fiom je tou
najlepSou cestou, ako mu rozumiet, ¢o je aj zakladom radikalnej
premeny procesu (redesingu procesov) za predpokladu uplatnenia
informacnej technologie.

KOMNIKOCIe
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difference between material and immaterial production is being
reduced. Office services may be defined as production and
exchange of information in order to obtain both firm goals and
thus quality goals.

In these departments there is minimal interest in finding out
about the kind of info the other departments usually need. They
produce their information in order to produce something. This is
similar to production without preliminary market research. It is
difficult to expect this product salable.

Managing with the requirements of all the quality, time and
costs at pushing the products with new parameters and the services
with new characteristics on the market belongs to the crucial meas-
ures of firm success. And this is one of reasons for penetration of
the information technology and technique into both the individual
phases of the product life and the computer aiding of processes.

Process Quality

The process is the group of activities composed together
logically with both clearly defined inputs and output possessing
a value for the customer. The input sources (energy, information,
materials, row materials) are within the process transformed into
the output products (manufacture - services). E.g. the order is the
input into the firm process and issues into the delivery of the
ordered goods or service.

Methodology focusing the efforts on processes is called
“Process Management®. This term brings difficulties to firm
managers. The majority of them is being oriented into professions.
Their objectives are the particular tasks, individual professions,
people, structures, however not the processes.

Every productive process contains the three basic components:

o the transformation (physical, transactional, logistical...)

o the repeatability (the sequence of activities is performed more
times and the same way) and may be continuous, interrupted or
cyclic

e the feedback inevitable for modification, as the source for
improvement and the process dynamics.

There is significant potential for improvement in the majority
of processes in regard to effectiveness and productivity (to
produce the good and attractive products in correct way, without
defects, fast and in the required amount).

The first important step is to identify the processes. The
vertical (functional) processes (e.g. design, purchase, production)
can be easier identified in comparison with the individual ones.
The horizontal processes are often running without being taken
into account by managers, despite the value for customer and
money generated in them.

Many works are performed in a company adding no value to
firm products or services for customer.

The firm needs to identify, to organise and to control its
process set. By means of the process set the firm creates, im-
proves and delivers the steady quality of its production. When the

KOMUNIKACIE / COMMUNICATIONS 1/99 o T)



[OVINIKOCIE

C O MMUNICATION:S

Riadenie kvality procesov sluZieb je zloZitejSie ako vo vyrob-
kovych procesoch. Proces je taktiez treba rozdelit na rad defino-
vatel'nych aktivit (zvlast kritickych aktivit). Na zaklade merani za
ucelom riadenia zistenej odchylky korigujeme proces priebezne
a nespoliechame sa len na kone¢né vysledky. Sluzby maju obrovsky
vyznam pre priemyslovy sektor. Len dodavatelia, ktori su schopni
zasahovat trh komplexne kvalitnymi vyrobkami a sluzbami, budu
moct uspesne konkurovat na trhu.

Konkurencia (stretavanie) je stalym privlastkom trhovej eko-
nomiky. Vplyv trhu, ktory sa rozSiruje do oblasti medzinarodnej
aZ globalnej, zakonite zosiliuje konkurenciu a boj o preZzitie.
Zvacsuje sa mnozstvo aktérov, prehlbuje sa vzajomna zavislost,
stretavacie sily a praktiky neustale mohutneji. V takomto konku-
ren¢nom prostredi prezivaju firmy, ktoré dokazu prijat vysoku
uzitkovost a kvalitu, tlacif naklady na nevyhnutné minimum,
a zbavit sa vSetkého zbytocného.

Zavaznou otazkou ostava fakt, ako ziskat potrebné a vyuzitel-
né informacie. Vacsina udajov sa ziskava z verejne publikovanych
materialov, ktoré sa sustreduju v prislusnej databaze a ich hodno-
tenie je vykonavané na zaklade kritickej analyzy. Cielom uplatne-
nia benchmarkingu su zistenia, ¢o je treba rozvijat, ¢o zaviest a ¢o
odstranit. KIu¢ové miesto v konkurencnej schopnosti firmy maju
inovacie vyrobkov a procesy.

Pocitace v manazmente kvality

Jednym z dévodov prenikania informacnej a vypoctovej tech-
niky do jednotlivych faz vyvoja, konstrukcie, projektovania vyrob-
nych procesov a samotného systému manaZmentu kvality je Cas.
Pokial' si zakladom starostlivosti o kvalitu normy suboru ISO
9000 a dalSie s nimi suvisiace aktivity, integracia takéhoto
systému do firemného systému riadenia firmy sa vykonava pouZzi-
vanim systémov manazmentu kvality s podporou pocitaca -
CAQS.

Systém CAQS ma spifaf tieto pozZiadavky:

e zohladnenie Specifickych poziadaviek vo firme - ,,usity na mieru“

e pruznost a otvorenost - schopnost zmien a dalSieho rozsirovania

e vyuzivat schopnosti ¢loveka - nestavat ho do pozicie zadavatela
udajov a plnitela prikazov pocitaca, poskytovat mu len pod-
porny nastroj (archivator, analyzator, vypoctar, ...)

e integrovat sa s ostatnymi informa¢nymi systémami vo firme -
pohodlna a spolahliva rychla vymena udajov, komunikacia so
zakaznikmi, servisom, dodavatel'mi

e vychadzat z kompaktnej a spolahlivej databazy kvality - udaje
o kvalite menit na informacie a znalosti

e pri integracii reSpektovat existujuce Standardy (napr. QDES -
Quality Date Exchange Standard).

Je potrebné si uvedomit, ze systém CAQS je len sucastou
celofiremne;j stratégie a systému starostlivosti o kvalitu a nie jeho
nahradou.

Pre systém CAQS je potrebné najskor vytvorif organizacné
predpoklady a pomerne rychlo ho zaviest a neustale zlepSovat.
Postupnost krokov je naznacena na nasledovnom obrazku.

process is good, the result is good. This is the conceptional base
of ISO 9000 standard family. The processes and the interfaces are
to be analysed and improved continuously. This principle is taken
for the base of total quality management. To study and to join the
process is the best way to understand it. This idea is the base for
the radical process transformation (process redesign) under con-
dition of information technology use.

The quality control of service delivery processes is more
complex than of productional ones. Process has to be divided into
the sequence of definable activities (especially the critical ones).
Based on measurement, the corrections to the process are made
simultaneously in order control the identified deviation. We do
not rely on the final results. The services have the giant impor-
tance for the industrial sector. Only the suppliers able to deliver
both the good quality products and services on the market will
compete successfully.

The competition is the steady attribute of market economy.
The influence of the market, broadening to international till
global area, enhances the competition and the fight for survival.
The amount of actors increases, the mutual dependence is getting
deeper, the fighting forces and practices are growing. Only the
firms able to accept the high usability and quality survive in this
environment, to reduce the costs onto the inevitable minimum
and to relieve of the all unnecessary.

An important question is how to obtain the needed and
usable information. The majority of data is obtained from the
public materials concentrated in the relevant database and evalu-
ated by means of critical analysis. The goal of benchmarking is in
identification of what is to be enhanced and introduced and what
is to be removed. The key position in firm ability to compete has
the product and process modernisation.

Computers in Quality Management

Time is one of the reasons for applying both information and
computer techniques into the individual phases of design,
construction, and productional process design as well as into the
quality management system. If the ISO 9000 family of standards
and further related activities create the base for care of quality, the
integration of such system into the firm control system is
performed by means of quality management system aided by
computer - CAQS.

The CAQS system is to fulfil the requirements as follows:

e considering the specific requirements in company - “fitted

o the flexibility and openness - ability of changes and further grow

e utilisation of man’s abilities - not to put him into position of
both the data giver and the performer of computer orders, to
give him the supporting aid only (filer, analyser, calculator,...)

e to integrate itself with other firm information systems - conven-
ient and reliable fast data exchange, communication with
clients, service, suppliers

e to come out from the compact and reliable databases of quality
- to transform the data about quality into information and
knowledge
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Vzdelavanie vrcholovych manaZérov a zamestnancov, ktori
budu systém zavadzat a udrzovaf vykonavame externe. Kurz pre
administratorov v rozsahu 32 hodin realizujeme v pocitacovej
ucebni. Cielom kurzu je pripravit jednotlivcov tak, aby zvladli
zakladné moznosti Lotus Notes a aplikacné moznosti softvéru
ISO x PERT. Sucastou kurzu je aj navsteva firmy certifikovanym
systémom manaZmentu kvality podporovany poc€itac¢mi.

Pracovny zoSit s mnozstvom navodov a cviCeni vhodne
dopina vyklad lektorov. Absolventi obdrzali osvedéenie o absolvo-
vani kurzu.

KOMNIKOCIe
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e to meet the existing standards at the integration ( e.g. QDES -
Quality Data Exchange Standard)

It is to be realised, the system CAQS is part of both the total
firm strategy and the system of care of quality and it is not their
substitution.

It is needed to create the organisational preconditions for
CAQS at first, to introduce it as soon as possible and to improve
it continuously. The step sequence is shown on the next picture.

Preparation Realisation

Certification

Contact - the offer, contract
Training of top managers
Training about ISOXPERT
CAQS project

Purchase of software

Test operation

certification

Software application
Creation of documentation
Personnel training

Preparation for

Preparation of certification
audit

Documentation audit
Certification audit
Certification conferment
Surveillance

Poradensku Cinnost vykonavaju Specialisti priamo vo firme
a to pri implementacii softvéru, v skuiSobnej prevadzke a pri zlep-
Sovani a rozSirovani informa¢ného systému podla potrieb a pozZia-
daviek firmy. Cas zavadzania systémov manaZmentu kvality za
podpory pocitacov je mozné rapidne skratif v pripade, ze firma je
pripravena po stranke hardvéru.

Certifikacia syst¢émov manazmentu kvality podporovanych plne
pocitacmi (v elektronickej podobe) je v nasej krajine v zaCiatkoch.
Pre certifikaciu je pripraveny len nas certifikacny organ a v roku
1997 certifikoval prva firmu na Slovensku. Dalsie firmy su v pri-
prave a ich pocet sa bude zvySovat v sulade so svetovym trendom.

Kazda doba ma svoje oblibené slova - dnes su to kvalita
a informacie. VSade okolo nas rastu informaéné systémy.
Informacné aktivity prinasaju firmam zisky. Hladajme optimalne
informacné spravanie. Informacie o trhu, konkurentoch, subdo-
davateloch, vyrobkoch a sluzbach dokaze zabezpecit v pocitaco-
vej sieti licencny softvér ISO x PERT dostupny na nasom trhu.

Literatura:

[1] KMET, S. a kol.: Total Quality Management, ZU, Zilina,
1998

The training of both the top managers and the personnel
going to introduce and maintain the system is being performed in
an external way. We give the courses for operators in the computer
classroom in extent of 32 hours. The goal of the course is to
prepare the individuals in order to manage the basic abilities of
Lotus Notes and the possibilities of ISOXPERT application. The
visit of company with certified computer aided quality manage-
ment system is involved. An exercise book helps to support the
lectures by means of many directions and exercises. The course-
leavers obtain the certificate.

The certification of computer aided quality management
systems (in electronic form) is its in beginning in our country.
Our certification body is ready for this certification only and the
first firm certified in year 1997. Other companies are in prepa-
ration and their number will increase according to the world
trend.

References:

[1] KMET, S. and col.: Total Quality Management, ZU Zilina,
1998
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VZDELAVANIE NA PRACOVNOM MIESTE:

INJEKCIA ALEBO INFEKCIA?

WORK-BASED LEARNING: INJECTION OR INFECTION?

Prispevok sa venuje iilohe, ktorii mézu univerzity pinit pri podpore
celozivotného vzdeldvania vyuzitim netradicnych postupov vyucby, pre-
biehajiicej priamo na pracovnom mieste a zameranej na vybraté posla-
nie ako aj pracovné cinnosti. Popisuje sposob vzdeldvania opierajiici sa
o praktickui ¢innost (WBL) ako metody vyucby schopnej zaviest nove
poznatky, koncepcie a modely priamo u priemyselného partnera.
Porovnajii sa navyse priaznivé stranky metody WBL s kritickym zhod-
notenim nevyhod, zvldst nebezpecia znehodnotenia vysokoskolskej
trovne ako aj potencidlneho postupného ohrozenia integrity univerzit-
nej vyucby v dosledku nadmerného uplatiiovania tejto metody.
Prispevok skiima moZnosti vyuZitia sposobu vyucby WBL v Slovenskej
republike a dochddza k zdaveru, Ze pri vyvdZenej aplikdcii ma tento
sposob vzdeldvania prednosti, avsak si ndrokuje vytvorit systém na
zachovanie akademickej tirovne.

Kliicové slovd: vyucba, celoZivotné vzdeldvanie, certifikdcia, pri-
sposobenie na mieru, urgentny, zmena, injekcia, infekcia

INJEKCIA
1. Uvod

Vseobecne znama je nutnost zaviest celozivotné vzdelavanie,
z hladiska podpory moderného a rychle sa meniaceho ekonomic-
kého systému. Sucasne tempo zmien v priemyselnych a obchod-
nych odvetviach sa v buducom tisicro¢i urychli, ¢im vzrasta
naroky na prax ale aj na jednotlivcov, pretoze budu nuteni aktivne
sa zapajat do celozivotného vzdelavania ako aj zvySovania kvality.
Firmy v Europskom spolocenstve (EU) sa postupne stavaji aj
Lvzdelavacimi inStituciami“, aby zaistili rozvoj zamestnancov na
vSetkych urovniach. Potreba skoleni sa tym v progresivnych orga-
nizaciach stava nevyhnutnostou.

2. Potreba vzdelavania v Slovenskej republike
Na Slovensku a v podobnych krajinach sa ukazuje ako nevy-

hnutnost pre priemyselné odvetvia na vSetkych trovniach zaviest
EU standardy do praxe. Nutné je to robit z hladiska ekonomic-

This paper considers the role that universities can play in
supporting lifelong learning by the adaptation of teaching methods to
provide in-company education directed at specific roles and tasks. It
considers the ways work-based learning (WBL) as a teaching
methodology can inject new theories, concepts and models directly into
industry. It balances the positive benefits of WBL with a critical
appraisal of its drawbacks, particularly with respect to the threat of
relaxation of academic standards and the dangers of gradual infection
of academic integrity across all delivery methods. It looks at the
opportunities for WBL in the Slovak Republic and concludes that on
balance the new teaching technology is sound, but it urges caution in
the approach to WBL and for the establishment of systems to ensure
academic standards are maintained.

Keywords: work-based learning, lifelong learning, certificated,
‘tailor-made’, urgent, change, injection, infection.

INJECTION
1. Introduction

The need for the adoption of lifelong learning to support
modern, rapidly changing economies has been well documented.
The current rate of change in the industrial and commercial
environment is expected to accelerate into the next millennium
and places an onus upon both industry and the individual to
involve themselves actively in continuous education and
improvement. Companies across the European Union (EU) are
becoming ‘learning organisations’, each with a commitment to
develop staff at all levels. The need, therefore, for training in all
industries is urgent.

2. Training imperatives in the Slovak Republic

In countries like the Slovak Republic, economic regeneration,
the rapid transformation to a market economy, and the search for
new markets are signalling an urgent need for local industries at
all levels to implement EU standards. Support for Slovak

* Neville R. Hunt, University of Luton, Park Square, Luton, Bedfordshire, LU1 3JU, UNITED KINGDOM

tel +44-1582-743254, fax +44-1582-743292, E-mail neville.hunt@luton.ac.uk
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kého oZivenia, urychlenej transformacie hospodarstva na trhovu
ekonomiku ako aj z dovodu uplatnenia sa na novych trhoch.
Slovenské univerzity su aj finanéne podporované rozliénymi EU
Tempus-Phare aktivitami, ktoré zahfnaji vypracovanie akreditova-
nych ucebnych kurzov pre prax (Projekt SJEP 11 025-96), zame-
ranych na Manazment kvality, vyuZitim metdédy vzdeldvania
priamo na pracovnom mieste (WBL) ako hlavného sposobu
vyucby. Priemyselni partneri a univerzity boli zapojeni do spo-
lo¢ne vyvinutych programov, reSpektujucich ekonomické podmien-
ky ako aj zvlastnosti vzdelavacich organizacii a priemyselnych
partnerov.

Zavedenie metédy WBL zaisfuje najma vedicim pracovni-
kom v praxi aktualne informacie o novych zapadnych technologi-
ach s minimalnym naruSenim ich obvyklych Cinnosti. Reaguje sa
tym na potrebu urychleného zavedenia overenych skusenosti
z oblasti riadenia kvality v zapadoeurdpskych krajinach a u poten-
cialnych obchodnych partnerov. Umoznuje tak aplikovat a okam-
Zite overovat nové tedrie tym skusenym pracovnikom, ktori sa
priamo zuéastiiuju vyrobnych procesov v organizacii. Z tohto hla-
diska, novy sposob vzdelavania WBL zaistuje mozZnost injektovat
nové poznatky do priemyselného procesu, co by inak mohlo vyza-
dovat mnohoro¢né usilie pri klasickom spdsobe vzdelavania.

Zavedenie novej teorie a technologie je teda spolahlivé vyuzi-
tim sposobu vzdelavania WBL, ktory dalej v kratkosti charakteri-
zujeme. Tento sposob vyucby a vzdeldvania, napriek obrovskym
prednostiam najméd z hladiska praxe, ma vSak aj nedostatky.
Prispevok sa preto snazi prezentovat vyvazeny pohlad na metdédu
WBL a navrhnut opatrenia, ktoré by optimalizovali jej vyuZitie
v Slovenskej republike.

3. Koncepcia vzdelavania na pracovnom mieste (WBL)

Vyucba uskutocnovana na pracovnom mieste predstavuje
vel'mi flexibilni metodu vyucby, navrhnutu tak, aby spajala vyso-
koSkolsku teoriu s praxou. Univerzitdm poskytuje idealnu
moznost na doplnenie vysokoskolského vzdelavania zamestnan-
cov firiem. Pracovnici v praxi tak maju prilezitost ziskat nové
vedomosti a zvysit si kvalifikaciu bez toho, aby museli zanechat
pracu. Navyse tedria sa da vyuzit na rieSenie aktualnych problé-
mov. Vacsinou volnejSie ,neformalne konzultacie“ tak prinasaju
aj dalsi ved Iajsi produkt takého vzdelavania na pracovisku a tiez
akreditovanu kvalifikaciu.

WBL prakticky vyzaduje vyvazit teoretické vstupy s aplikac-
nou C¢astou v univerzitnom rozsahu. Od Studentov sa ocakava
velka zodpovednost v ich samostatnom studiu, iniciativne sledo-
vanie literatury, tykajucej sa konzultovanej teorie, pretoZe sa od
nich ocakava vybratl teoreticku Cast vyuzit v ich praktickej Cin-
nosti. Pretoze WBL metoda umoziiuje skiznut na §tudium vybra-
tych problémov, treba pri jej praktickej aplikacii zaistit, aby
vyucba bola porovnatelna a rovnako naro¢na ako obvyklé univer-
zitné studium. Najdolezitejsie odlisnost WBL metody spociva
v poziadavke aplikacie na ziskanie praktického rieSenia problému
a v dosledku toho vacsi uzitok pre priemyselného partnera. Prave
kombinacia kompatibility §tidia a praktickej aplikacie je objektom
kritiky.
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universities through many EU funded Tempus-Phare activities has
included the development of accredited educational packages for
industry (Project SJEP 11025-96), which focused on Quality
Management, using work-based learning (WBL) as its main
teaching methodology. Industry and universities have been
involved in the co-development of programmes appropriate to
both economic environment and educational and industry
practice.

The inclusion of WBL provides immediate exposure to new
western techniques for working industrial managers with minimal
disruption to work. It responds to the need for accelerated
acquisition and adoption of ‘best practice’ techniques in Quality
Management from the western economies and potential trading
partners, by allowing contemporary theories to be applied and
tested immediately by those experienced in the working practices
of the organisation. In this respect it provides the opportunity for
an injection of new learning into the industrial system, which
otherwise might take many years to work its way through
traditional educational routes.

This injection of new theory and technology is reliant upon
the methodology of WBL, which is described briefly below. This
teaching and learning approach, whilst of enormous potential
benefit to industry, is not without its critics. This paper seeks to
give a balanced view of WBL and to suggest ways whereby its use
might be optimised in the Slovak Republic.

3. The Work-Based Learning Concept

Work-based learning is a very flexible teaching method,
designed to fuse academic theory with contemporary practice. It
is an ideal way for universities to encourage companies to allow
their employees to study in higher education. Company employees
have opportunities to gain new knowledge and recognised
qualifications, without the need to leave work. Theory can be
applied to real time problems. This ‘informal consultancy’ brings
with it the by-products of on-the-<job training and provision of
accredited qualifications.

In practice, WBL requires a balance of theoretical input and
application within an academic framework. Students are expected
to take high levels of responsibility for their own learning,
undertaking directed reading around the core academic input,
from which they are expected to be selective in their application
of theory to their own job roles. Whilst the WBL method
encourages focus of study, it is bound within an absolute
requirement that the education delivered must be both
comparable and equally as exacting in its academic rigour as study
by conventional methods. The important difference with WBL is
its additional requirement for applicability to real business issues
and its consequent value to industry. This combination of
comparability and applicability is a focus of criticism.

In order to ensure the commercial value of WBL
programmes, it is essential to have input from the employing
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Na zaistenie komerénej atraktivnosti §tudijnych programov
WBL sa ukazuje dolezitou spolupracu so zamestnavatelmi uz
v §tadiu pripravy stadia. V tomto Studiu je potrebné zdoraznit
rozdiel medzi vzdelavanim a Skolenim. V suvislosti s nadobuda-
nim dalSich navykov a vedomosti, potrebnych pre konkurencie
schopnost a prosperitu, Skolenia si zamerané skor na odbornu
vykonnost nez na intelektualny rozvoj. Z hladiska formy, je to
vSak naliehava poziadavka. AvSak z aspektu zamestnanca, tizba
po vysSej a uznavanej kvalifikacii aj mimo firmy, moéze byt pri-
marnou motivaciou.

V procese pripravy Studijnych programov WBL treba zohlad-
nif potreby vsetkych zicastnenych partnerov. Predstavitelia uni-
verzit musia zaru€if zohladnenie troch nasledujucich faktorov:

a) Udrziavanie univerzitnej urovne studia.

b) Porovnatelnost s inymi univerzitnymi programami, ktoré
nevyuzivaju formu vzdelavania WBL.

c) Vyuzitie teorie v praxi bez ovplyvnenia vysokoskolskej urovne

Studia.

4. Studijna metéda WBL pre automobilku Vauxhall
Motors vo Velkej Britanii

Fakulta manazmentu Univerzity v Lutone v sucasnosti zais-
tuje studium v dvoch S$pecializaciach WBL metédou pre miestnu
fabriku Vauxhall Motors Ltd. (Cast spolo¢nosti General Motors
Inc., vyrobcu 4ut Vauxhall a Opel). Studium sa uskutoGiuje
priamo v automobilke lutonskej firmy a zucastiujui sa ho vybrati
perspektivni zamestnanci tejto automobilky, avsak bez kvalifika-
cie v pozadovanom rozsahu. S cielom zlepSif tuto situaciu,
Vauxhall Motors v spolupraci s Fakultou manaZzmentu v Lutone,
vyvinuli studijné programy prisposobené potrebam automobilky,
dalej tiez poziadavky na zaujemcov o Studium, ktoré su v stlade
s narokmi na posluchac¢ov Univerzity v Lutone. Metodika WBL je
zakladom S§tudijnych programov pre Wauxhall Motors. V hodno-
teni skusenosti zo Studia vo Vauxhall Motors, Kinman a Kinman
poukazuji na zvlastnosti tejto skupiny netradicnych Studentov.
Uvadzaju najskor nedocenenie vlastnych schopnosti a nedostatok
sebadovery vo vzdelavacom prostredi, ,absolutistické” predstavy
o potrebnych vedomostiach, vratane spravnych ako aj nesprav-
nych odpovedi a prehnana nutnost byt vedeny pri stadiu [1].

Studium WBL v automobilke Vauxhall Motor sa sklada
z vysokoskolskych studijnych predmetov, prisposobenych vyucbe
na pracovisku a v Studijnych programoch su uZ zohladnené
pracou ziskané vedomosti. D. Portwood [2] charakterizuje tento
sposob vyucby ako ,translaény“ pristup. Prispdsobenie univerzit-
ného studia Specifickym problémom pracoviska vytstuje do ohra-
niGenia rozsahu, aviak z toho istého dovodu smeruje k prehibeniu
studia. Kinman a Kinman poukazuju, zZe ,vysledky skusok boli
prekvapujico dobré, plati to pre predmety vyucované metddou
WBL, ale aj pre predmety podavané klasickejSim sposobom®.
Tento poznatok je povzbudivy pre WBL metddu. AvSak spomi-
nani autori pokracuji poukazom na skuto¢nost, ze ,dobré stu-
dijné vysledky nemusia byt jedinym ukazovatelom uspeSnosti,
pretoze existuju urité pochybnosti pri vyucbe predmetov
o splneni vsetkych odbornych a vychovnych cielov® [3]. Napriek

organisation at the design stage. At this point it is important to
draw a distinction between education and training. In the context
of acquiring the new skills and knowledge required for survival
and prosperity, training relates to functional performance rather
than intellectual development. From company perspectives, this is
the most urgent requirement. However, from the employee
perspective, desire for a more transferable -certificated
qualification with currency outside the company might be the
prime motivator.

The ‘negotiation’ process leading to the design of WBL
programmes must take account of the needs of all partners.
Universities must ensure that three elements are included:

a) maintenance of academic standards

b) equivalence with other university programmes not using this
form of delivery

c) application of theory to practice without academic compro-
mise

4. Work-based learning degrees
at Vauxhall Motors in the UK

Luton Business School at the University of Luton has run two
WBL degrees with its neighbour Vauxhall Motors Ltd (part of
General Motors Inc./manufacturers of Vauxhall and Opel motor
cars). These degrees are delivered on-site at the company’s Luton
car plant to a selection of employees who have been identified as
being of special value to the organisation, but are without many
formal qualifications. In order to rectify this situation, Vauxhall
Motors worked together with Luton Business School to develop
programmes appropriate to the company needs, the abilities of the
potential participants and consistent with the University of
Luton’s strict academic quality controls. The WBL methodology
is fundamental to the Vauxhall Motors programmes. In a review
of the Vauxhall Motors experience, Kinman and Kinman point
out the specific characteristics of this group of non-traditional
students. These include their underestimation of their abilities and
lack of confidence in an educational setting, their ‘absolutist’
conceptions of knowledge involving right and wrong answers and
their need for high levels of support [1].

The approach to WBL adopted at Vauxhall Motors involves
academic content adapted for use in the workplace and workplace
experience incorporated into the curriculum. Portwood [2]
defines this kind of delivery as a ‘translation’ approach.
Adaptation of academic study to specific problems encountered
in the workplace must limit its breadth, but by the same token will
increase its depth. Kinman and Kinman indicate that ‘the results
of assessments have been startlingly good; this is true of both
modules delivered by WBL, and those more traditionally
delivered.” This conclusion can only be encouraging for WBL.
Howeyver, they go on to point out that ‘assessment success is not
necessarily the sole indicator of success, however, and some
doubts remain about the effectiveness of the delivery of the
programme in meeting all of the vocational and educational
objectives’ [3]. Nonetheless, the activities at Vauxhall Motors are
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tomu automobilka Vauxhall Motors povazuje vyucovaciu ¢innost
za vel'mi ispesSnu a prospesnu rovnako Studentom ak o aj organi-
zacii. Toto stanovisko sa vSeobecne akceptuje aj na Univerzite
v Lutone.

5. Prospesnost vzdelavania WBL pre univerzity

Uz sme uviedli vyhody zo vzdelavania WBL pre priemysel-
nych partnerov, avSak prospech z tohto sposobu vyucby maju tak
isto aj univerzity. Predovsetkym WBL poskytuje vzacnu prilezitost
na overenie spravnosti teorie v praxi. Vyznamné zmeny prebieha-
juce v priemyselnej a obchodnej ¢innosti mozu spdsobit zaosta-
vanie $kol za praxou. WBL vSak zaistuje spojenie univerzit
s miestnymi priemyselnymi podnikmi a zabezpecuje prislusné
moderné vzdelavanie pre novych a skusenych pracujucich studen-
tov. NavySe a j financné zmluvy s priemyslom st vel'mi atraktivne,
pretoze je dost nepravdepodobné, Ze by univerzity mohli existovat
iba zo vzdeldavania mladych Iudi ako hlavného a primarneho
poslania. Z tohto hladiska, WBL poskytuje novy nevyuzity zdroj
prijmov.

INFEKCIA
6. Niektoré uvahy

V predchadzajucich castiach sme charakterizovali sposoby,
ktorymi WBL mozZe prispiet k uzitocnému a rychlemu uvadzaniu
novych technologii do ¢innosti podnikov, pri si¢asnom uspokojo-
vani rozliénych potrieb firiem, zamestnanych Studentov a univer-
zit. Skryty dopyt, potreba a ochota poskytovat §kolenia ludom by
mohli urobit z uvedenej metddy dobry obchod. Mozny optimista
by sa mohol pustit do rozsiahleho podnikania vo vzdelavani
metédou WBL ako vyucbovym a obchodnym vSeliekom. Viac
pozornosti je preto nutné venovat menej priaznivym aspektom
WBL, ktoré sa prehliadnu pri déraze na uspokojovanie zaujmov
vzdelavacich institucii a priemyslu. Existuju koncepcné a prak-
tické aspekty WBL metody, ktoré ovplyvauju pozitiva tejto
metody, nielen z hladiska kvality vysokoskolskej vyucby, ale tiez
zo strany hodnotenia praktického uzitku tohto sposobu studia Stu-
dentmi a zamestnavatel'mi. Je tu teda realne nebezpecenstvo, Ze
obchodné tlaky by mohli infikovat univerzitnu integritu pouzitych
studijnych programov . Tento proces nakazy sa moze hypoteticky
prejavif zniZzenim urovne vysokoskolského Studia v metode WBL
a potom preniknut aj do tradicnejSich sposobov, ¢im v konecnom
dosledku ovplyvni uroven priemyselnej vyroby.

6.1 Rozsah vyucby

Rozli¢na kvalita pristupu k Studentom, spolu s viac praktic-
kym ako aj dialkovym charakterom tejto Studijnej formy moze
vzbudit kritiku. Pri mensej pozornosti venovanej Studentom sa
riskuje, Ze posluchaci budu ,menej nauceni“ v danom §tudijnom
odbore v porovnani s poslucha¢émi denného studia, bez vyucby
sposobom WBL. Motivacia velmi zatazenych WBL Studentov
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regarded by the company as highly successful and beneficial to
both students and the organisation, a view generally accepted by
the University of Luton.

5. The benefits of WBL to universities

The foregoing has identified benefits to industry with WBL,
but of course there are benefits to be enjoyed by universities as
well. Firstly, WBL offers a rare opportunity for analysing the value
of theory in working practice. With significant changes taking
place in industrial and commercial life, academics can find
themselves out of step with practice. WBL thus provides the
important link for academics with the local industrial community
and provides relevant, contemporary education for a new breed of
experienced working students. In addition, financial contracts
with commercial organisations are highly attractive, as it is
unlikely that universities can survive with the education of young
people as their sole or primary purpose. In this way WBL has the
potential for offering unexploited new income streams.

INFECTION
6. A time for reflection

The previous sections have demonstrated the ways in which
WBL can provide the important benefit of urgent injection of new
technologies into companies, whilst at the same time satisfying the
different needs of companies, employee students and universities.
With high latent demand, and capacity and willingness to supply,
it might almost be an education salesman’s dream. An optimist
might be inclined to embark upon a wholesale acceptance of WBL
as an educational and commercial panacea. The more cautious
should reflect on the less positive aspects of WBL, which might
easily be ignored through an emphasis on satisfying the mutual
interests of educationalist and industrialist. There are conceptual
and practical aspects of WBL that might affect the validity of the
technique, both in academic quality terms and also in terms of
student and employer assessment of the practical values of the
study mode. There is a real danger that commercial pressures
might infect the academic integrity of such programmes. By this
process of infection, it can be hypothesised that once the precedent
of relaxation of academic standards is set for WBL, then there is
a danger of this spreading throughout other, more traditional
modes of tuition, with industry ultimately setting, or more
accurately resetting, the standards.

6.1 Taught input

Variable quality of input to students, given the more applied
and remote nature of this form of study, might give rise to
criticism. With a lower level of formal teaching input, there might
be a risk of students being ‘under-educated’ in the study
programme by comparison with full time students who are not
involved in WBL. The inclination of busy WBL students to read
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Citat a ucit sa navySe, ako sa predpisuje v programoch, je zrejme
mala. Podla toho, ako budu vyucujuci vytrvalo a rozhodne trvat
na dalSom studiu a vyZadovat Sirsi rozhlad v Studovanej proble-
matike, taky uzitocny bude efekt a uroven vzdelania Studentov.

Pozornost treba venovat vydavaniu ucebnych pomdcok,
akymi su skriptd, poznamky z prednaSok a pripadové Studie.
Musia vSak byt prispdsobené potrebam WBL Studentov. Zda sa
spornym pokus ,,prispésobovat“ uéebné pomocky potrebam WBL
metody, pretoZe vyucujuci tym sami zuzia Studijny zaber a zapri-
Cinia ,nizSie-vzdelavanie“. AvSak WBL S§tudenti vyhladavaju
a naliehavo Ziadaju S§pecializované §tudijné materialy, zamerané
iba na uréitu problematiku.

Dalsim problémom suvisiacim s rozsahom vyucby je intenzita
vedenia Studentov vyucujucimi. Kinman a Kinman sa zmienuju
o potrebe narocnejSicho vedenia Studentov v automobilke
Vauxhall Motors [4]. Aj ked sa d4 argumentovat tym, Ze nekon-
venéné Studium si narokuje vacsiu pozornost zo strany vyucuju-
cich, zostava sporom z hladiska rovnosti prileZitosti, ¢i tymto
Studentom sa treba venovat viac nez obvyklym posluchacom.
Okrem tohto moralneho aspektu nemozeme vsak ignorovat evi-
dentny tlak na vyucujucich, aby odviedli dobru sluzbu ,.zakazni-
kovi“, ktorému sa tazko Celi.

6.2 Vystupy z vyucby

Niektoré kritiky vysvetluju fazkosti s udrzanim rovnakej
urovne WBL metody Stadia s konvenénymi vyucovacimi pri-
stupmi. Vo svojej podstate je WBL metoda vzdelavania viac otvo-
rena zmenam ako hlbsie teoreticky vedena vyucba. Podstatné je
dosahovat rovnaku uroven vzdelavania ako v pripade absolventov
denného studia alebo inej formy dialkového Studia. Kritici tak
pravom poZaduju dokazy, ze WBL Studenti nemaju zvlastne
vyhody, plynuce zo skuto¢nosti, Ze su sucasne ,platiacimi zakaz-
nikmi®.

6.3 Hodnotenie vedomosti

V suvislosti so sposobom overovania vedomosti vznika
nebezpeCie, Ze z dovodu Specifického zamerania Studia WBL,
mechanizmy overovania vedomosti budu tak isto prisposobené
jednotlivym studentom a nimi aplikovane;j teorii. Treba vsak odo-
lavat tendenciam nebraf do tvahy Casti predmetu mimo Studen-
tovho zaberu, aby sa udrzala ekvivalentna uroven WBL formy
studia. Da sa vSak predvidat, ze WBL Sstudenti sa dobrovolne
nezmieria s pridanou pracou nad ramec ich osobnej ,pohodlnej
oblasti“ prace. Sposoby o verovania vedomosti v§ak ponukaju sku-
tocnu moznost dosiahnut vysokoskolsku uroven, rozsirit zaber
Stidia a prinutit zamestnanych Studentov nasStudovat cely
predmet, aby sa minimalizovali kritické pohlady na WBL metodu.
Vyuzitim kombinovaného skuSania z WBL casti Studie ako aj
vlastného samostudia spolu s overovanim vedomosti z celej Sirky
predmetov predpisanej osnovami, by sa mohla dosiahnut ekviva-
lencia vysledného vzdelania.

and learn outside the particular application requirements of the
course is likely to be low. Whether or not the academic tutors have
the persistence and determination to impose the broader aspects
of the study on the students will be a key determinant of the level
of educational benefit enjoyed by students.

The issue of teaching aids, such as textbooks, lecture notes
and case studies and whether or not they should and can be ‘tailor-
made’ to the needs of the WBL students must be considered. It
can be argued that that by attempting to ‘tailor’ the teaching aids
to the WBL approach, the academics will exacerbate the
predicted narrowness of focus and ‘under-education’. However,
the pressure from WBL students for focused teaching aids is likely
to be high.

Another issue related to teaching input is the level of tutorial
support available to students. Kinman and Kinman have noted the
need for high levels of student support at Vauxhall Motors [4].
Whilst it can be argued that non-traditional students will need
more support, it is questionable whether for parity of opportunity
they should be given more than traditional students. The moral
argument aside, the sheer pressure on the academics to give good
‘customer service’ cannot be ignored and is not likely to be
resisted.

6.2 Learning outcomes

Some critics highlight the difficulties of maintaining parity of
standards between more conventional teaching approaches and
the WBL methodology. By its very nature, WBL is more open to
variation than more theory-driven conventional teaching
methods. Full parity of standards with participants in full or other
part time study schemes is essential and critics rightly need some
proof that there is no special favour given to WBL students by
virtue of the fact that they are usually funded by ‘paying
customers’.

6.3 Assessment

In terms of assessment, there is the danger that, due to the
specific orientation of the work-based study, assessment mecha-
nisms will also be tailored to the individual student’s specific
application of theory. In order to maintain the equivalence of the
work-based study option, the inclination to ignore those elements
of each academic module outside the student’s area of focus must
be resisted. One can predict, however, that work-based students will
not willingly acquiesce to what will amount to additional work
outside their personal working ‘comfort zones’. However, given the
foregoing criticisms of the WBL method, the assessment vehicle
offers a real opportunity for redressing the academic balance,
broadening the focus and forcing employee students to learn across
the whole syllabus. Using a combination of assessment of the work-
based elements against their own negotiated learning outcomes
and testing across the wider curriculum, the equivalence of the
overall learning outcomes can perhaps be assured.
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6.4 Vplyv vztahu kupujuci - dodavatel

Viacsina WBL cinnosti sa robi za finanéni odmenu ako
hlavnu vyhodu pre univerzity. Napriek nezavislej ¢innosti univer-
zit a ,partnerskému” vzfahu, netreba zabudat na vztah kupujuci -
dodavatel. V pripade automobilky Vauxhall Motors, ako to uvadza
Kinman a Kinman, dominuje tato firma a jej kultura vzfahov.
Univerzitu pokladaju v mnohych pripadoch za viac-menej rovna-
kého dodavatela ako st ini [5]. Vplyvom tejto skutocnosti sa vyza-
duje poskytnutie sluzby ako od zakaznika. NavySe sa brani
pouzitiu pripadovych studii a vyuZzitiu dalSej dokumentacie mimo
oblasti ¢innosti firmy.

Problémy spdsobené neuspechom pracujucich Studentov
vyrazne ovplyviuju vyvoj vztahu kupujuci - dodavatel. Vyrazny
neuspech posluchaca moze byt pre neho velmi neprijemny. Vo
vnutri firmy Stuadium WBL ma zna¢nu vahu a je v§eobecne sledo-
vané pracovnikmi podniku. Studenti, ktori neuspeli v niektorej
Casti Studia mozu ocakavat, Ze tato skutocnost ovplyvni ich
postup vo firme. Navyse firmy mozu zZiadat prehodnotenie Studij-
nych programov, ktoré si pre nich brané ako Skolenia, aby sa
zvysil pocet uspesnych Studentov, o vyhovuje ich hodnoteniu
z finanéného hladiska. Tym natlak na vyucujucich, aby nechali
prejst Studentov, sa javi vi¢Sim nez pri beznom dennom $tudiu.
Tomuto tlaku vsak treba vzdorovat.

Nepopieratelnou skuto¢nostou je vsak to, Ze firmy s v kon-
kurenénom prostredi, v ktorom musia finan¢ne prosperovat.
Skoly si tento fakt musia uvedomovat, a preto operativne hladat
vhodny pristup k firmam, bez ovplyvnenia univerzitnej urovne
Studia.

6.5 Skusenosti z vyuchy

Nevyhodou vyucby postupom WBL, zvlast ked sa uskutoc-
fiuje na pracovisku mimo univerzitného prostredia, je nedosta-
tocny kontakt jednotlivcov z rozlicnych oblasti. Aj ked tento styl
prace je nevyhnutny, potreba vymeny nazorov ako aj pracovnych
skusenosti predstavuje velmi obohacujuci fenomén mnohych
postgradualnych kurzov. Kinman a Kinman zdoéraznuju obmedze-
nia WBL vzdeldvania a uvadzaju pripady, ked niektori Studenti sa
rozhodli navstevovat veCernu vyucbu na univerzite, pretoze ich
zlakalo ,prostredie ako aj ucast kolegov z inych organizacii.
Z toho plynie, Ze skusenosti nadobudnuté vo vyucbe postupom
WBL v automobilke Vauxhall Motors su $pecifické pre tuto firmu
bez toho, aby boli presnym navodom pre iné formy studia. Zda sa,
Ze je dolezité rozsirit zaber aj na iné vyrobné organizacie a zaistit
rovnovahu vyuZitim spoluprace so Studentmi z inych organizacii.

7. Zavery

Zvlast v stredo a vychodoeuropskych krajinach, akou je aj
Slovensko, vystupuju do popredia poZiadavky na Skolenie vedu-
cich pracovnikov v priemysle, aby boli schopni zaviest nové
zapadné technologie do vyroby. Zapojenie vysokych §kol do vzde-
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6.4 The buyer/supplier effect

In most cases WBL activities will be undertaken with ‘paying
customers’; such is its prime attraction for universities. Much as uni-
versities might favour independence of operation and ‘partnership’,
the buyer/supplier effect cannot be ignored. In the particular case
of Vauxhall Motors cited by Kinman and Kinman, the company and
its culture is very dominant and the university is treated in many
ways much the same as any other of the company’s suppliers [5].
One effect of this is the demand for customer service. Another is
the resistance to the use of case studies and other exemplars taken
from outside the company’s sphere of operation.

The problems associated with failure by employee students
have a strong influence on the buyer/supplier dynamic. The
ramifications of failure on the individual student can be quite
devastating. Within the company setting, the WBL activity is
likely to have high status and will be known about by others in the
company. Students failing any element of the academic
programmes could reasonably expect that this might have an
effect on their subsequent career prospects within the company.
This aside, companies will be embarking upon the programme,
which in essence they may see as training, to produce successfil
students and this will influence their view of value for money.
Thus, the pressure upon academics to pass students will be that
much greater than the equivalent full time, non-WBL students.
This pressure must be resisted.

One fundamental fact is undeniable. Companies are in
business to stay in business and to prosper financially.
Universities will need to recognise this and develop a flexible
approach to companies’ operational needs and pressures, without
compromising academic standards.

6.5 The Learning Experience

There is some concern that the WBL approach, particularly
when it is delivered on-site and outside the university setting,
suffers from a lack of interaction with individuals from other
cultures. Whilst this is in some ways inevitable, the need for
exchange of viewpoints and working cultures is an important facet
of many post-experience programmes. Kinman and Kinman
identify the cultural limitations and cite cases where some
students have elected to attend evening teaching sessions at the
university, being attracted by both the ‘atmosphere’ and the
presence of managers from other organisations [6]. This implies
that the experience from the WBL activity at Vauxhall Motors is
rather more introspective than the norm for other full and part
time programmes. Thus, it is important to broaden cultural
horizons and provide balance through interaction with other
students from outside the organisation.

7. Conclusion
There are powerful imperatives, particularly in central and

eastern European countries such as the Slovak Republic, to train
industry managers to inject new western techniques into industry.

KOMUNIKACIE / COMMUNICATIONS 1/99 o 83



[OVINIKOCIE

C O MMUNICATION:S

lavacich €innosti, najma prostrednictvom metédy WBL, je mimo-
riadne uzitocné. Podobne ako pri kaZdej novej technoldgii, nara-
Zame na zaCiatocné fazkosti, plynice zo zavedenia novinky. Tyka
sa to potrieb upravy vztahov partnerov zapojenych do vzdelavania
metédou WBL a zaruk toho, Ze pracujuci Studenti nebudu ,nedo-
statoCne vyskoleni“, alebo im nebudu poskytnuté zvlastne vyhody
v porovnani so Studentmi, vzdelavanymi podla beznych Studij-
nych programov. Avsak pri zohladneni komerénych vztahov, ktoré
vyrazne ovplyviiuji proces vyucby, vznika nebezpecie, Ze univer-
zitné zaujmy a uroven budu podriadené klientovym zaujmom
a potrebam, ktoré oCakava od vyucby. Moze to vyustit do tenden-
cie degradovat univerzitnu uroven, ¢o mdzZe mat nasledny dopad
na ostatné sposoby vyucby.

Zakladna predstava o vyucbe sposobom WBL za optimalnych
okolnosti je jasna. Analyza WBL metody umoznila identifikovat
oblasti, ktorym treba venovat pozornost a z ktorych sa da poucit.
Treba vyvinuf a zaviest kontrolny a monitorujuci systém, aby sa
dosiahlo to, Ze vysledky z vyucby spésobom WBL budu prijatelné
pre vSetkych zucastnenych partnerov a vyraznejSie nezniZia uni-
verzitni uroven vzdelavania. Skusenosti automobilky Vauxhall
Motors ako aj uspesné vysledky hodnotenia Studia poskytuju pozi-
tivny priklad WBL sposobu vyucby, aj pri urcitych pochybnos-
tiach o celkovych odbornych a vzdelanostnych vystupoch. Je to
prilezitost a vyzva pre univerzity na Slovensku ako aj pre dalsich,
ktorych zaujalo stidium spésobom WBL, na pripravu studijnych
programov ako aj kontrolnych mechanizmov, schopnych vylucit
nedostatky a poskytnut tak SirSie ako aj vyvazené vzdelanie, ekvi-
valentne inym sposobom §tudia.
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The benefits for universities to engage themselves in this activity
using, in particular, the WBL methodology are strong. As with any
new technology, however, there are teething problems associated
with implementation. These primarily centre on the need to
service the differing needs of the partners in WBL and to ensure
that employee students are neither ‘under-educated’ nor given any
special advantage over other students in conventional study
programmes. However, with commercial considerations largely
driving the process, there is a danger that the academic interests
and standards will be suppressed under a client-driven need for
training. The net effect of this might be a tendency to infect these
academic standards, which might subsequently affect standards
across all modes of curriculum delivery.

On balance, the basic concept underpinning WBL is sound.
A review of WBL has enabled areas to be identified where caution
should be exercised, from which lessons can be learned. Control
and monitoring systems must be developed and implemented to
ensure that overall, the WBL educational experience continues to
satisfy all the needs of the partners and importantly does not lead
to a degradation of academic standards. The Vauxhall Motors
experience, with its high level of success in assessment
provides a positive example for the WBL mode of teaching, albeit
with some doubts surrounding the overall vocational and
educational outcomes. The challenge for Slovak universities and
any others interested in the WBL mode of study is to develop
programmes and control mechanisms which fully overcome these
shortcomings and provide a broad and balanced education that is
equivalent to all other study modes.
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VYUCBA POCITACOM PODPOROVANYCH TECHNOLOGII

V STROJARSTVE

EDUCATION OF CA TECHNOLOGIES IN MECHANICAL ENGINEERING STUDY

Na oblast ¢islicovo riadenych strojov, pocitacom podporovanych
technologii, hlavne na systémy pocitacového konstruovania a pocita-
com podporovanii vyrobu v strojdrstve je na Strojnickej fakulte Zilin-
skej univerzity orientované hlavne Studijné zameranie Vyrobné
systemy s priemyselnymi robotmi a manipuldtormi.

Na Strojnickej fakulte Zilinskej univerzity je mozné v sucas-
nosti §tudovaf viacero §tudijnych odborov. Studijné zameranie
Vyrobné systémy s priemyselnymi robotmi a manipulatormi
(VSPRM) bolo koncipované v osemdesiatych rokoch, teda
v rokoch maximalneho boomu robotov, na vsetkych technickych
univerzitach v byvalom Ceskoslovensku. Na nasej univerzite ho
mozno Studovat od roku 1986. Garantom Sstudia je Katedra
merania a automatizacie. Na vyuc¢bu odbornych a profilovych pred-
metov bolo potrebné vybudovat nové laboratdria s celkom novym
vybavenim - s Cislicovo riadenymi (NC - Numericall Control)
strojmi, priemyselnymi robotmi, po€itaCmi a potrebnym programo-
vym vybavenim, neskor so systémami pre pocitatom podporované
(CA - Computer Aided) technologie, hlavne pocitacové konstru-
ovanie (CAD - CA Design) a pocitacom podporovanu vyrobu
(CAM - CA Manufacturing) a komplexné CAD/CAM systémy.

1. Vyucba programovania NC strojov

Technologicka priprava vyroby a priprava programov pre NC
stroje patri medzi najdolezitejSie oblasti v pedagogickej a vyskum-
nej Cinnosti katedry. Pre zabezpecCenie tejto ¢innosti bolo nutné
vybavit pracovisko NC strojmi a potrebnym hardvérom a softvé-
rom. Bola to fazka a zlozita tloha. PretoZe produkéné NC stroje
predstavuju investicie vo vyske niekol'kych miliénov, rozhodli sme
sa zamerat na tzv. Skolské NC stroje - hlavne od rakuskej firmy
EMCO. V roku 1989 sme zakupili Skolsky sustruh EMC
O Compact 5 CNC, ktory doteraz spolahlivo pracuje a mame
s nim tie najlepSie skuisenosti. Kapacita tohto stroja vS§ak nebola
dostato¢na pre vyucbu viac ako sto Studentov roéne, ako je to
v nasom pripade. Preto sme vyvinuli softvér na simulaciu ¢innosti
tohto stroja, ktory umoznuje overit spravnost technologického
postupu a NC programu, ako aj zistit mozné kolizne stavy.
Simulaény program zvysil efektivnost a intenzitu pedagogického

Process of education in study branch Production Systems
Equipped with Robots and Manipulators is mainly oriented towards
the areas of Numerically Controlled Machines and Computer Aided
Technologies, Computer Aided Design and Computer Aided
Manufacturing Systems in Mechanical Engineering.

At present it is possible to study different study special-
izations and branches at the Faculty of Mechanical Engineering at
the University of Zilina. The study branch Production Systems
Equipped with Robots and Manipulators (PSERM) was con-
ceived during the years of robotics boom (1980’s) at several
technical universities in former Czechoslovakia. At our University
it has benn possible to study it since 1986. The patron of this
study is the Department of Measurement and Automation. It was
necessary to build new laboratories for education of subjects with
completely new structure - numerically controlled (NC) ma-
chines, industrial robots and manipulators, computers, software
for programming automation of NC machines and later CA
(Computer Aided) technologies and CAD/CAM (CA Design /
Manufacturing) systems.

1. Teaching of NC Machines Programming

The technological production preparation and program crea-
tion for numerically controlled machine tools is one of the most
important research and educational activities of our Department.
In order to be able to support such activities it was necessary to
equip our workplace with NC machines and later also with com-
puters and required software. It was a difficult and complex task.
Because all the production NC machines require an investment of
several millions, we have decided to concentrate on trainin
g machines (among others from the Austrian company EMCO).
In the year 1989 we have bought a EMCO Compact 5 CNC train-
ing lathe, which has worked reliably until today and we have hat
only the best experience with this machine. The capacity of one
machine was not able to cover requirements to teach more than
one hundred students per year as in our situation. Therefore we
have developed a simulation software for this machine, which
allows to check the technology procedure and the program off-line

* Ing. Viera Poppeova, PhD., Ing. Nadezda Cuboiiova, PhD., Ing. Juraj Uric¢ek, PhD.
Department of Measurement and Automation, Faculty of Mechanical Engineering, University of Zilina, Velky diel, 010 26 Zilina, Slovak Republic

tel.: +421-89-528 06, fax.: +421-89-652 940, e-mail: poppeova@fstroj.utc.sk
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procesu. V roku 1995 katedra ziskala Skolsky pruzny vyrobny
syst¢ém EMCO, ktory pozostava zo sustruhu EMCO Compact 5
CNC s elektricky ovladanym konikom, ¢o umozZnuje automatizo-
vat vymenu obrobkov, dalej z frézky EMCO F1 CNC s elektricky
ovladanym zverakom a z pétosového robota MITSUBISHI.

Automatizované programovanie a tvorbu partprogramov sme
zacali vyucovat najskor v systéme AUTOPROG, ktory je mozné
pouzit tiez na tvorbu technologickych postupov. V roku 1990 sme
zacali pouzivat systém INGE z firmy INORGA Praha. Tomuto
systému vSak chybalo niekol'ko dolezitych funkcii, a preto sme
zaCali pracovat so systtmom KOVOPROG z firmy Kovosvit
Sezimovo Usti. Vdaka dobrej spolupraci s autormi tohto systému
mame najnovsiu verziu, ktora na pocitaci umoznuje vytvarat pro-
gramy pre obrabacie centra, sustruhy, drotové rezacky a NC lisy.
Dalsi systém, ktory pouzivame na vyucbu programovania a simu-
laciu Cinnosti strojov a robotov, je systém od firmy INTYS
Bratislava. Katedra vyvinula rozSirujuci modul pre tento systém,
ktory umoziuje pouZit ho aj pre programovanie sustruhu od firmy
EMCO. V sucasnosti pracujeme tieZ so simulacnym programom
¢innosti frézky EMCO F1 CNC, ktory bol vytvoreny na nasej
katedre.

1.1 Modul vyucbového softvéru INTYS pre sustruh
EMCO 5 CNC

Firma INTYS Bratislava dodava vyucbové systémy pre rozne
NC stroje a robotizované pracoviska pre ucely vyucby (Skolské
a tréningové centra). Preto je rozdeleny vyucbovy proces do
tychto faz: programovanie frézovacich a sustruznickych CNC
strojov s grafickou simulaciou po jednotlivych riadkoch CNC pro-
gramu, priprava a zoradenie stroja, vyroba suciastky podla pro-
gramu, editovaného a vytvoreného v predchadzajucej faze,
priprava a zoradenie robotizovaného obrabacieho centra, navrh-
nutie riadiaceho programu a spojenie s inymi CNC strojmi.
Simulacny softvér firmy INTYS dovoluje zvladnut zaklady progra-
movania lahko a rychlo. Student je
schopny vytvorit program pre aku-

fincys NS T

and to detect any possible collisions. This simulation software
made our education process more effective and intensive. In 1995,
the Department managed to acquire the Training Flexible
Manufacturing System EMCO which consists of EMCO Compact
5 CNC lathe with electric chuck (which allows automatic part
exchange), milling machine EMCO F1 CNC with electrically con-
trolled clamp and 5 - axis robot Mitsubishi.

The automated programming was introduced and the tech-
nique of part-program preparation was exercised first in the
system AUTOPROG, which is also able to automatically create
technological procedures. In 1990 we have tried the system INGE
from Inorga Prague. However, it missed several important func-
tions and therefore, we have begun with the KOVOPROG system
from Kovosvit Sezimovo Usti. Thanks to good co-operation with
authors of the system, we have the newest version of the system
and it is suitable for program creation for machining centres,
lathes, wire cutters and NC presses. Another system we use for
programming and simulation of machines and robots, is the
system from the firm INTYS Bratislava. Our department de-
veloped extension module for this system, which allows its appli-
cation for EMCO training lathe. We are working also with the
simulation program of the EMCO FI CNC milling machine,
which was also made in our Department.

1.1 Module of Educational Software INTYS for the
EMCO 5 CNC Turning Machine

The firm INTYS Ltd., Bratislava supplies training systems -
different CNC machines and robotized centres - for educational
purposes (schools and training centers). Therefore, the educatio-
nal process is divided in phases: the programming of milling and
turning CNC machines with graphic simulation of single block of
CNC program and the exercising of machine preparation and set-
up, manufacturing a part using CNC program edited and debug-
ged in previous phase, preparation and set-up of robotized
machining center, devising its
control program and communica-

kolvek zadanu suciastku. Tento
softvér dovoluje simulovat vytvo-
reny program na PC alebo skusit
ho priamo na stroji. Vzhladom na
to, ze mnoho §kdl ma Skolské [
CNC stroje firmy EMCO, nasa It
katedra vytvorila rozSirujuci i ]
modul pre systém INTYS. Tento I
modul umoznuje transformaciu
NC programu z formatu INTYS
na format NC programu pre ria-
diaci systém stroja EMCO. Boli | PP

tion with other CNC machines.
INTYS simulation software allows
to master CNC programming
basics quickly and easily. Then, the
student is able to create CNC
program for any given part.
Training software allows to simu-
late created program on the PC or
try directly on a machine.
Considering that many of the

schools have some machines from
Pt 7D seeamic the firm EMCO, our department

| (2] [

FL pinola on/off

F2 interakcia on/off
F3 nitkovy kriz

F4 otoc relotovar
F5 posun polotovan
F6 rucne riadenie
F7 nastavenie mierky
Fg draha en/off

4+ krokovanie / stop
+ turbo onfoff

€ opakuj simuldciu
1t exit

zistené rozdiely formatov v tychto

[ ) developed an expanding module

pripadoch: c¢islovanie blokov,
pocet miest v danom bloku, for-
mat a pozicia G a M funkcii, for-
mat a pozicia siradnic X a Z a pa-
rametrov F, H, T, L a K, zistenie

Obr. 1. Grafickd simuldcia NC programu
a vyroby suciastky v systéme INTYS
Fig. 1 Graphic simulation of NC program
and manufactured part in INTYS system

for educational software INTYS.
This software module allows trans-
formation of NC program from
INTYS system format to EMCO
format. Differences were found
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kodu funkcie pre priame a pozdizne sustruznicke cykly, format
a definicia funkcii G02 a GO3 pre kruhovu interpolaciu, definicia
funkcie M06 - vymena nastroja, iny vyznam funkcie M99 a kapa-
cita paméte pre NC program.

2 Vyucba CA technologii
2.1 Pocitacové konstruovanie

Vyucba predmetu Zaklady pocitacového konStruovania sa
zacala v roku 1989. Na katedre bola vybudovana pocitacova
ucebna, ktora okrem inych predmetov umoznila vyucbu kurzov
systému AutoCAD 10. Obsah kurzu zahrnal hlavne 2D kreslenie,
tvorbu a editovanie grafickych entit, tvorbu technickej a kons-
trukénej dokumentacie pre priemysel. Neskor, s ohladom na zvy-
Sujuce sa poziadavky na Specialistov v tejto oblasti (hlavne
z kon§truk¢ne orientovanych Studijnych odborov fakulty), bol rea-
lizovany projekt na vytvorenie §pecializovaného laboratoria pre
vyucbu CAD systémov s nevyhnutnym hardvérom a vysSimi ver-
ziami AutoCADu. Toto laboratorium je v su¢asnom obdobi orga-
nizaéne zaclenené na Katedru Casti strojov. Studenti Strojnickej
fakulty tu mozu absolvovat niekol'ko predmetov orientovanych na
systémy AutoCAD a Pro/ENGINEER. Vdaka dobrej spolupraci
s priemyslom nasa katedra moze ponuknut CAD aplikacie a $tu-
denti m6zu pracovat s najnovsimi softvérovymi produktmi tohto
druhu. Okrem AutoCADu je mozné oboznamit sa so systémami
CADKEY a SOLIDWORKS. V roku 1996 bolo vytvorené na
katedre nové laboratorium CAD/CAM so siedmimi pracovnymi
stanicami pre systém Pro/ENGINEER.

2.2 CAD/CAM systémy

Niekol'ko rokov skusenosti v oblasti CAD a programovania
NC strojov, ako aj dostupné pocCitacové ucCebne na katedre
a fakulte, vytvorili dobré Startovacie podmienky pre vyucbu
CAD/CAM systémov. Katedra pomohla vyriesit tiez niekol'ko
praktickych problémov pre firmy v tejto oblasti a spolupracovala
pri aplikacii tychto systémov do praxe (tvorba postprocesorov
pre konkrétne NC stroje a pod.). Prvy, veImi jednoduchy, ale
doteraz stale zaujimavy priklad takéhoto systému je vyuzitie Skol-
ského sustruhu EMCO Unimat PC, ktory je riadeny osobnym
pocitacom. Softvér umoznuje vytvorit profil obrobku na obra-
zovke pocitaca, potom je automaticky generovany technologicky
postup, vytvara sa NC program a riadi sa vyrobny proces na
stroji. V roku 1995 vdaka dobrej spolupraci s firmou 3J Soft
Poprad sme ziskali syst¢tm SURFCAM. Jeho vyhodou je, Ze
nevyZaduje silny hardvér a pracuje na klasickych PC. Je apliko-
vany v spojeni s modelarskou frézkou HWT A-442 CNC, ktora
dovoluje dotykové snimanie povrchu modulu so skenovacou
sondou a tiez matematické modelovanie povrchu. Ako uz bolo
uvedené vysSie v roku 1996 katedra ziskala sedem pracovnych
stanic a CAD/CAM systém Pro/ENGINEER. Okrem pouzitia
tohto systému pre CAD a CAM problémy vyvinuli sme moduly
pre spojenie systému Pro/ENGINEER s NC strojmi na katedre
(skolsky sustruh a frézka EMCO).
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out in the following instances: block numbering, character count
in one line, format and position of G-function and M-function,
format and position of coordinates X, Z and parameters F, H, T,
L and K, indication of the function code for straight and face
roughing cycle and the neck down cycle, format and definition of
GO02 and GO3 functions for the circular interpolation, definition
of M06 function - tool change, different M99 purpose and
memory capacity for NC program.

2 Teaching of CA Technologies
2.1 Computer Aided Design

The instruction of the subject Basics of Computer Aided
Design began for the first time in 1989. The Department founded
a new computer laboratory, where among the other subjects,
courses of the AutoCAD 10 system were taught. The contents of
the course included mainly 2D drawing, creation and editing of
graphical entities, creation of the technical and drawing docu-
mentation for the machining industry. Later, due to growing
demands for specialists in this area, coming from other study
branches (especially design oriented), a project was realised to
create a special computer laboratory for teaching CAD systems
together with necessary hardware and later versions of AutoCAD.
This laboratory is now under the supervision of the Department
of Mechanisms and Machine Parts. All faculty students can
follow here several optional subjects from the basics of AutoCAD
to Pro/ENGINEER.

Thanks to cooperation with the industry, our department is
able to follow CAD application explosion and students can work
with the latest software products in this field. In addition to
AutoCAD it is possible to get the students acquainted also with
systems as CADKEY and SOLIDWORKS. In 1996 a new
CAD/CAM laboratory was created with seven workstations for
Pro/ENGINEER systems at our Dapartment.

2.2 CAD/CAM Systems

Several years of experience in the area of CAD and program-
ming of NC machines and the available computer laboratories at
the Department and the Faculty, provided a good starting condi-
tion for the education of CAD/CAM systems. We also help to
solve several practical problems for companies in the area and
assist with introducing the application of such systems (creation
of post-processors for individual machines and so on). First but
until now still an interesting example of such a system is the appli-
cation on EMCO Unimat PC training lathe, which is controlled
by computer. The software allows to create the profile of the work-
place on the computer screen and then it generates technological
procedure, creates the NC program and controls the production
process of the machine. In 1995, thanks to cooperation with the
company 3J-SOFT Poprad, we have acquired the system
SURFCAM. Its big advantage is that it does not need powerful
hardware and it works on a regular PC. It is applied together with
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2.2.1 Aplikacia CAD/CAM systému
Pro/ENGINEER vo vyuche

CAD/CAM systém Pro/ENGINEER je na Strojnickej fakulte
pouzivany na vyucbu predmetov zameranych na automatizovanu
technicku pripravu vyroby. V tejto Casti je uvedeny problém trans-
formacie CL (Cutting Location) dat, ktoré boli vytvorené
v CAD/CAM systéme Pro/ENGINEER, na NC program takého
formatu, ktory je predpisany pre vstup do riadiaceho systému skol-
skej frézky EMCO F1 CNC. Preklad CL dat sa vykonava
pomocou programu, ktory bol vytvoreny na katedre. Softvér
pracuje na Standardnych PC. Program ¢ita prikazy CL dat z tex-
tového pola po riadkoch a generuje pre kazdy nacitany prikaz pri-
slusnu funkciu do riadiaceho systému frézky. Cyklus generovania
sa uskutocnuje dovtedy, pokial nie su nacitané vSetky prikazy
z CL datového pola. Pri pouziti navrhnutého programu sa postu-
puje nasledovne: konstruovanie suciastky v systéme Pro/ENGI-
NEER, simulacia vyroby v module Pro/MANUFACTURING,
uréenie technologickych podmienok (nastroje, pripravky, rezné
parametre, polotovar), tvorba CL datového pola (vystup
z Pro/MANUFACTURING), preklad CL dat na NC program,
nacitanie NC programu do riadiaceho systému, vyroba navrhnutej
suciastky na stroji. Spravnost programu bola overena pri vyrobe
viacerych suciastok rozdielnych tvarov a rozmerov.

Obr. 2. Pohybovy cyklus ndstroja pri vyrobe suciastky v module Pro/MANUFACTURING
Fig. 2 Tool - path of machining part in Pro/MANUFACTURING model

3. Zavery

Studenti §tudijného zamerania VSPRM su po skonéeni §tudia
pripraveni rieSit problémy pruzZnej automatizacie technologickych
procesov a vyrobnych systémov. Su schopni vyuZivat a navrhovat
aplikacny softvér a hardvér. Ovladaju zaklady CA technoldgii -
pocitacové konStruovanie, automaticku tvorbu technologickych
postupov a programov pre NC stroje a roboty. MoZu rieSit pro-
blémy v oblasti vyuzitia CAD/CAM systémoyv, pri navrhoch pruz-
nych vyrobnych systémov alebo CIM systémov (pocitacom

HWT A-442 CNC modelling milling machine, which allows the
contact sensing (with a probe) of complex model surfaces and
also mathematical surface modelling. In 1996, the department
obtained seven UNIX workstations and CAD/CAM system
Pro/ENGINEER. Except the application of this system for CAD
problems we have developed modules for interconnection of NC
machines at the Department (training lathes and milling machine
EMCO) with system Pro/ENGINEER.

2.2.1 Application of CAD/CAM System
PRO/ENGINEER in Education

The CAD/CAM system Pro/ENGINEER is used at the
Faculty of Mechanical Engineering for the instruction of subjects
aimed at the technical preparation of manufacturing. This part
presents the problem of CL data arrangement from CAD/CAM
system Pro/ENGINEER to the format of NC program that enters
at the EMCO F1 CNC training milling machines. The arrange-
ment of CL data is made by computer program which has been
developed at our Department, software run on standard personal
computers. The program reads the commands of CL data from
the text file by the line row and adds for every command the com-
petent function of milling machine control system. The cycle of
arrangement runs till the end of the
CL data files. At verification of the
proposed program the procedure
was: drawing of the part in
Pro/ENGINEER, simulation of
manufacturing in the Pro/MANU-
FACTURING module, determina-
tion of all technological parameters
(machine, tools, fixture, cutting para-
meters, workpiece), creation of the
CL data file (output from Pro/MA-
NUFACTURING), arrangement of
the output CL data on NC program
which enters the control system of
milling machine (by developed
program), the load of NC program to
the control system of milling
machine, manufacturing of a propo-
sed part on EMCO F1 CNC milling
machine. The program was verified
at the manufacturing of several parts
with different forms and dimensions.

3. Conclusions

The students of the PSERM study branch are prepared to face
problems of flexible automation of technological processes and
manufacturing systems after their graduation. They are able to use
and design the application hardware and software. They master
the basics of CA technologies - design, the automated creation of
technological procedures, programs for NC machines and robots.
They can be used for solving problems in the field of CAD/CAM
systems and designing flexible manufacturing systems or CIM
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integrovana vyroba). Prvi absolventi ukon¢ili §tudium v roku 1991
a doteraz je celkovy pocet absolventov Studijného zamerania
VSPRM 171.
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systems. The first graduates finished their study in 1991. Since
then there have been 171 students completing successfully their
studies.
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RIESENIE KRIZOVYCH SITUACII ’99

Fakulta $pecialneho inZinierstva Zilinskej univerzity v spolupraci
s Ministerstvom hospodarstva Slovenskej republiky, organizuje v diioch 19.
- 20. maja 1999 IV. medzinarodnu vedecku konferenciu venovanu rieSeniu
krizovych situacii v $pecifickom prostredi.

Konferencia sa bude konat na plenarnom zasadnuti a v troch sekciach:
Sekcia ¢.1: Krizové planovanie,
Sekcia ¢.2: Prirodné katastrofy,
Sekcia ¢.3: Ochrana majetku.
Konferencia sa uskutoéni v priestoroch Zilinskej univerzity.

Vsetkych zaujemcov srdecne pozyvame.

CRISES SITUATIONS SOLUTION 99

The Faculty of Special Engineering of the University of Zilina in co-
operation with the Ministry of Economy of the Slovak Republic is organ-
ising from 19 - 20 May 1999 the Fourth International Scientific Conference
devoted to crises situations solution in specific environment.

The conference will take place in plenary meeting and in three sections:
Section No.l: The crises planning
Section No.2: The natural catastrophes
Section No.3: The property protection.
The conference will be held at the University of Zilina.

All who are interested are cordially invited.

Sekretariat konferencie:
Zilinska univerzita - Fakulta $pecialneho inZinierstva

Secretary of the conference:
University of Zilina - Faculty of Special Engineering

Ing.Vlastimil Mach
Ul 1.méja 32, B-27, SK-01001 Zilina, SLOVAKIA, Tel.: ++421-89-7633320, ex.240, Fax: ++421-89-34972, E-mail: vf@fsi.utc.sk
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Anna Hlavriova *

JAZYK AKO NASTROJ KOMUNIKACIE

LANGUAGE AS MEANS OF COMMUNICATION

Prispevok sa zaobera problematikou jazyka ako ndstroja komu-
nikdcie a jazykovou pripravou na vysokych skoldach nefilologického
smeru. Naznacuje oblasti jazykovej pripravy, ktorvm sa venuje
zvySend pozornost a nacrtdva cesty, ktory vedii k integrdcii vsetkych
Styroch zloZiek do vyucby.

UvVOD

Dnes uz pravdepodobne nikto nepochybuje o doleZitosti
komunikacie a jej vplyve na rozvoj spolocnosti i na vztahy ludi,
ktori v nej Ziju.

Co je komunikacia? Samotné slovo ma niekol'ko vyznamov.
Ten, ktorym sa budeme zaoberat v tomto prispevku, sa tyka
jazyka, ktory sa pouziva ako nastroj komunikacie, prostriedok, na
vymenu informacii. Kultivovanie jazykového prejavu, ¢i rozvoj
jazykovej komunikacie v cudzom a vlastne i v materinskom
jazyku, je do znaénej miery, naplnou prace ucitelov katedier
jazykov na nefilologickych vysokych §kolach.

Slovo je to, ¢o bolo na pociatku komunikacie ako takej, slovo
je to, ¢o nas odliSuje od inych zivocichov. V procese komunikacie,
Ci pisomnej alebo ustnej, sa prezentujeme tym najuprimnejSim
sposobom. Je teda naSou povinnostou re¢ kultivovat, venovat
maximalnu pozornost tomu, ¢o hovorime a ako to hovorime

Pri jazykovej vyucbe sa snazime o to, aby si Studenti uvedomili
silu slova, rozvijame ich jazykovu inteligenciu, t. j. ich schopnost
vyuzivat slova efektivne, ¢i uz v hovorenej alebo pisanej podobe.
V stcasnosti, ked sa na Skolach preferuje komunikativny pristup,
su do programu vyucby jazyka zahrnuté vSetky jeho jednotlivé
zlozKy: Citanie, pisanie, pocuvanie a hovorenie. Pri praci s jednot-
livymi zloZkami sa zameriavame na tie oblasti, ktoré student moze
vyuzif i v inych predmetoch.

EFEKTIVNE CITANIE

V nedavnej minulosti sa jazykova vyucba sustredovala takmer
vyluéne na to, aby Studenti vedeli pracovat s odbornym textom,
t. j., aby si ho vedeli precitat a prelozit. Tato tradicna gramaticko-
prekladova metdda, ktora eSte stile pretrvava na niektorych

* PhDr. Anna Hlaviova, CSc.,

The paper deals with the question of languages as means of
communication. It analyses language instruction in institutions of
higher learning. Areas of special interest are mentioned and some ways
leading to the integration of all language skills into instruction are
suggested.

INTRODUCTION

Today probably no one doubts the importance of
communication and its influence on the development of a society
and on relations of people living within the society.

What is communication? The word itself has more meanings.
The one we will be dealing with in this article, refers to the
language used as a means of communication, a vehicle for the
exchange of information. The cultivation of the language or
development of the language communication both in a foreign
language and mother tongue is, to a certain degree, an objective of
teachers working in language departments of non-philological
institutions of higher learning.

The word was in the beginning of communication, the word
differentiates us from other animals. In the process of
communication both written and spoken, we present ourselves in
the most straightforward way. It is, therefore, our duty to cultivate
our speech, to pay utmost attention to what we say and how we
say it.

When teaching languages we try to make the students aware
of the power of word. We develop their language intelligence, i.e.
their ability to use words effectively both orally and in writing. At
present when communicative approach to language instruction is
being preferred, all language components, namely reading,
writing, listening and speaking are integrated into the whole
syllabus. Our objective is to aim at those areas the students can
find useful also in other subjects.

EFFECTIVE READING

Some time ago the language instruction was limited mostly to
the work with professional texts and its objective was to read and

Department of Languages, Faculty of Management and Information Sciences, University of Zilina, Moyzesova 20, 010 26 Zilina, Slovak Republic,

tel. +421-89-624 075, e-mail: hlavnova@fria.utc.sk
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skolach, berie jazyk ako ptihu vedomost, nie vSak zruc¢nost. Je naj-
vys§i ¢as nahradit ju komunikativnou metédou.

Myslime si vSak, Ze pre Studenta je dolezitejSie, ked mu
ukazeme, ako sa mozno na odborny text pozerat z iného uhla.
Kym predtym ho od ¢itania odradovalo ¢asté hladanie neznamych
slov v slovniku, ktoré zna¢ne proces €itania predlZovalo, v sucas-
nosti ho uéime, ako Ccitat efektivne. Nasou snahou je, aby si
Student osvojil pruzny pristup k Citaniu a rozvijame stratégiu,
ktora ho privedie k efektivnemu citaniu.

Je vSeobecne zname, Ze Citanie pre rozne ucely vyzZaduje
rozne stupne porozumenia textu a rézny stupen zachovania si
poznatkov ¢itanim ziskanych. Citajuci musi teda pouZif rozne
stratégie Citania. ZaCiname nacvik tychto stratégii s prvou dolezi-
tou, ktora spocCiva v tom, Ze upustame od metody doslovného
porozumenia. Je zrejmé, Ze kliCom k uspesnému Citaniu je zruc-
nost ,odhadnut“ vyznam neznameho slova za Ucinnej pomoci
kontextu. Délezitou sucastou odhadu je predikcia. Musime teda
rozvijat kreativitu Studenta zaloZenu na jeho predchadzajucich
jazykovych vedomostiach. UCime ich gramatické, Stylistické
a typografické konstrukcie, ktoré im pomdézu uhadnut vyznam
neznameho slova. U¢ime ich identifikovat slova, ktoré spajaju jed-
notlivé myslienky textu, signalizuji jeho sled. Studenti by mali
identifikovaf podmienkové vztahy, vzfahy casové, pri¢inné
a vysledné. Velmi doleZita pre spravne pochopenie neznameho
slova je znalost afixov a toho, ako sa pouzivaji na tvorenie slov.
Nemenej dolezité su i dalSie zrucnosti - identifikacia lexikalnych
skupin a deSifrovanie nominalnych kompozit.

Vsetky uvedené zrucnosti musi ucitel na hodinach precvico-
vat. Iba tak modzZe uspeSne rozvijaf Studentovu samostatnost
a nezavislost pri Citani neznameho textu. CviCenia, ktorymi prec-
viCujeme napr. Citanie na Cas, nutia Studentov k rychlejSiemu
Citaniu (najma tzv. skimming a scanning) a cvicenia, v ktorych su
Studenti nuteni Citat urcité vyznamové ,.celky®, su velmi ucinné
pri nacviku spominanych zruénosti.

PISANIE

Hoci je pisanie medzi studentmi menej popularne, ¢asto byva
dolezitejSie. Je to v podstate kreativny proces a dobri pisatelia sa
musia uéif jasne vyjadrif svoje mySlienky urcené Citatelovi,
ktorého nevidia. List, ktory napiSu a odoslu, je v skuto€nosti ich
vizitkou. Hovori ich istami, a ak je jeho obsah biedny, nemozu sa
branit, pretoZe tam nie su pritomni. Nasi Studenti si musia tuto
skutocnost uvedomit a venovat svojmu pisomnému prejavu nale-
Zitu pozornost.

Na hodinach cudzieho jazyka je uzka previazanost medzi
Citanim a pisanim. V skuto¢nosti, ziadna zru¢nost neexistuje izo-
lovane. Niekedy sa pouZiva pisanie na overenie, ¢i Studenti poro-
zumeli to, Co Citali. Niekedy sluzi Citanie ako priprava na pisanie,
obcas zasa pouzijeme pisanie na rozvoj zru¢nosti potrebnych pre
Citanie. Vztah medzi Citanim a pisanim je vel'mi tesny.

Pokial ide o oblast pisania, zo Sirokej palety moznosti sa
sustredujeme na pisanie listov, odkazov, pozvanok, Ziadosti, Zivo-
topisu, na opis grafov a diagramov, ktoré maju Studenti pred sebou
a na pisanie poznamok. Pre mnohych Studentov je velmi tazké
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translate the text. This traditional grammar-translation method,
which still exists in some schools, takes the language as pure
knowledge not a skill. It is high time to replace it with
a communicative approach. We believe that our students will
probably benefit more from viewing the text from a different
angle. When reading a text they had to consult a dictionary every
time they encountered unfamiliar words, which, of course,
prolonged the whole process of reading. Now we teach them how
to read effectively. We make them be aware of reading flexibility
and develop strategies leading to effective reading.

It is well known that different purposes demand appropriate
comprehension and retention level and therefore different reading
strategies are to be used. We usually start with the crucial reading
strategy - to abandon the word-by-word approach to reading. It is
obvious that the key to successful reading is the development of
the ability to guess the meaning of unfamiliar words from the
context. An important concept relating to guessing is prediction
and so we have to develop the students’ creativity that is based on
their background knowledge. We teach them grammatical,
stylistic and typographical clues that can be used to puzzle out
meaning. The students should practise recognizing words that link
one idea to another or signal sequence, they should identify
conditional sentences and relationships of time, cause, and effect.
Understanding the meaning of affixes and the way they are used
to build words is extremely useful in tackling new lexical items.
Equally important are other word attack skills - identifying lexical
familiarization and unchaining nominal compounds.

The above mentioned skills have to be practised because in
this way we can efficiently develop students’ independence when
reading an unfamiliar text. Exercises like e.g. timed readings,
which force students to read faster (namely skimming and
scanning) and exercises which, for similar reasons, force students
to read in meaningful chunks are successfully implemented.

WRITING FOR SPECIFIC/ACADEMIC PURPOSES

Writing, though less popular with our students, is often more
important. Writing is essentially a creative process and good
writers must learn to communicate their ideas clearly to an
“unseen“ audience. A letter they write and send anywhere is, in
fact, their business card. It presents them and when it is poor they
cannot defend themselves simply because they are not present. It
is this fact our students have to be aware of and pay proper
attention to in their writing.

In our classes reading and writing tasks often depend on each
other. In fact no skill exists on its own. Sometimes writing is used
to check whether students understand what they have read,
sometimes reading is used as a preparation for writing, sometimes
writing can be used for development of reading. Reading and
writing are considered in close relationship.

We concentrate on writing letters, messages, invitations,
application forms, CVs, short accounts based on graphs and
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pisanie resumé, a preto venujeme tejto otazke trochu viac Casu.
A okrem toho, je to zruénost, ktori modzu studenti vyuzit i v bu-
ducnosti. Ak poziadame Studenta, aby urobil resumé nejakého
textu, poziadame ho vlastne, aby povodny text skomprimoval.
Ucitel musi Studenta naudit, ktoré Casti textu su pre jeho pocho-
penie dolezité a ktoré mozno vynechat bez toho, aby to ovplyvnilo
porozumenie. Tato Cinnost je nasledne rozdelena do dvoch
krokov:

e vyznacenie hlavnych bodov ¢lanku alebo spravy, ktori mame

sumarizovat,
e kondenzacia informacii.

Ucitel pomaha studentovi rozlisit relevantné od menej dole-
Zitého. Niekedy su to nazvy kapitol alebo podkapitol. Na to, aby
Student zostrucnil informaciu potrebuje vediet parafrazovat, tzn.
vyuzivat iné slova ako tie, ktoré si v nazvoch kapitol.

Spravne pisanie zavisi od schopnosti jednotlivca postupne
ukladat slova a vety do vyznamovych celkov. Musime zdoraznit
postupné ukladanie slov. Je to stratégia, s ktorou mozeme Studen-
tov oboznamovat uz v skupinach mierne pokrocilych, a potom ju
postupne rozvijat. Na skodu veci je, Ze pocet hodin uréenych na
jazykovu pripravu je obmedzeny a samotnému problému
nemozZeme venovat tol'ko Casu, ako by si zasluzil. Napriek tomu,
sa dotkneme aspon tych oblasti, ktoré si pre naSich Studentov
najdolezitejsie.

POCUVANIE A HOVORENIE

Ak sa opytame svojich Studentov, preco chcu studovat cudzi
jazyk, ¢asto nam odpovedia: ,,aby sme mohli komunikovat“. A pre
ucinnu komunikaciu potrebuji rozvinuté zrucnosti pocuvania
a hovorenia.

Kym ¢itanie je zrucnost, s ktorou sa nasi studenti vysporiadaju
najlepSie, vo€i budovaniu zrucnosti potrebnych pre pocuvanie
s porozumenim a pre hovorenie, si odolnejSi. Je potrebné tu
opatovne zopakovaf, Ze i tento neduh mozno pripisat na vrub uz
spominanej tradi¢nej gramaticko-prekladovej metody. Ak vSak kom-
binujeme Citanie ako najsilnejSiu zrucnost Studenta a ich menej
uspesnymi zru¢nostami, mézeme postupne budovat ich doveru vo
svoje schopnosti a pomahat im produktivne pouzivat jazyk.

Integralnou a nevyhnutnou stcastou jazykovej pripravy, ktora
ma za ciel posiliovat zrucnost pocuvania s porozumenim a hovo-
renia, je otazka slovnej zasoby. Ak je slovna zasoba Studenta ane-
micka, nemoze tak jasne formulovat svoje myslienky, ako by si to
prial. Obe zrucnosti su brzdené obmedzenou slovnou zasobou.
Studium slovnej zasoby nie je puhe memorovanie mnoZstva jazyko-
vych jednotiek. Slova su zoradené a pouzivaju sa v ur€itych siefach
a tieto siete tvoria celkovy vyznamovy vzorec prislusného jazyka.
Preto, ak chceme testovat slovnu zasobu je vhodnejsie ziadat, aby
Student pouzil slovo vo vete a nie jednotlivo formou opisu alebo pre-
kladu. Chceme, aby Studenti hovorili. Vyucovacia jazykova hodina
je vlastne refazovou reakciou: kym jeden Student hovori, ostatni si
robia poznamky. Potom ich vyzveme, aby sa k poc¢utému vyjadrili,
davali otazky, pripadne doplnili o svoje poznatky, ktoré ziskali pred-

diagrams students are provided with and also on note-taking.
Many students find summary writing very difficult, so more time
has to be devoted to this topic. On top of it, it is the skill the
students will need in their future life. When we ask the students to
summarise, we ask them to compress the original text. They have
to be taught what is vital for understanding, which parts can be
left out without reducing the impact. Consequently, the writing
activity is divided into two steps:

e isolating the main points of the article or report and

e condensing that information into a concise form.

The teacher helps students to sort out relevant from irrelevant
matter. Sometimes it is enough to look more closely at headings
and subheadings as these should relate to the main points of the
article. In order to make the information concise it is good to
teach students to paraphrase - use other words for those used in
the headings and subheadings.

Effective writing depends on one’s ability to structure and
organize words and sentences into a meaningful whole. The word
organize has to be underlined. Organizational writing as a strategy
should be introduced at an early stage and developed gradually.
As the number of our language lessons is limited, we cannot
devote an adequate amount of time to writing. Though, we try to
tackle those items which are important for our students.

LISTENING AND SPEAKING

If you ask our students why they want to study a foreign
language, one answer you may often hear is: to be able to
communicate. In order to speak the language their listening and
speaking skills must be developed.

While reading is the strongest skill of our students, they are
more resistant to the skills of speaking and listening. It is to be
repeated here again that it is mostly the traditional grammar-
translation method that is to account for this situation. When
combing our students’ strongest skill, reading with their weaker
skills, we are able to help them build confidence to use the
language productively.

An integral part of language instruction needed for
development of these two skills is teaching vocabulary. If the
students’ vocabulary is anemic, they cannot express their ideas as
clearly as they would like to. Their listening and speaking skills are
hampered by their limited vocabulary.

Learning vocabulary is not simply a process of memorizing
a number of items. Words are organized and put to use within
particular associative networks, and such networks form the
overall pattern of meaning for a particular language. That is why,
in order to check students’ comprehension of words, it is better to
ask them to use these words in various sentences than to limit
ourselves to simple demonstrations, explanations, and
translations of word. They simply are asked to speak. A language
lesson is thus a chain reaction - while one student is speaking,
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chadzajicim Citanim. Rozpravanie mozno rozvijat i prostrednic-
tvom tzv. role-playing (Studenti vystupuju ako nejaka postava, napr.
zastupca obce. Majl sa s postavou stotoznif a vyjadrovat sa cez
postavu k nejakému problému). Takéto cviCenia Studenti vel'mi ne-
oblubuju, pretoze sa im zdaju vyumelkované.

Musime spomentt i poctvanie audiokaziet ako jeden mozny
sposob budovania a posilfiovania zru¢nosti poctvat. Audiokazety
nemozno vylucit z vyucby, hoci niektori studenti ich priam nena-
vidia. Problém je v tom, Ze v niektorych Studentoch vyvolava po-
civanie kaziet pocit frustracie. Casto si stazuju, Ze rychlost
nahravok je ,,obrovska“. Isté je, Ze rychlost nahravky je vysSia nez
rychlost prehovoru ich ucitela a tato skutoc¢nost im komplikuje
Studentsky Zivot. Iného rieSenia vsak niet - musime vyuZzivat audio-
kazety ¢o mozno najCastejSie.

ZAVER

Spolo¢enské zmeny ovplyvnili i jazykové vyucovanie. Dnes uz
nepostacuje, aby Studenti mali jazykové zrucnosti obmedzené na
oblast ¢itania a pisania, potrebuji komunikovat. Cestuju do zahra-
ni¢ia €i uz na prazdniny, alebo na konferencie, Citaju odborné
Casopisy, pisSu listy, komunikuju s cudzincami. Mnohi zamestna-
vatelia pozaduji dobru znalost jazyka/jazykov. A preco by aj nie?
Ak venujeme tak velku pozornost a financie na budovanie ciest,
Zeleznic, na konStrukciu dopravnych prostriedkov, preco by sme
nemali byt pozornejsi k jazykovej priprave a jej prehlbovaniu.
Jazyky su takisto prostriedkami komunikacie. A ak ma byt komu-
nikacia efektivna, nemozno jednotlivé zlozky oddelovat - to je
zakladny predpoklad pre rozvoj jazykovej komunikacie.
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others are taking notes. Then they are encouraged to ask
questions, to comment on what they have heard or read. Speaking
can be developed through role-playing. Role-playing is not popular
with the students as they find it rather artificial.

We have to mention listening to audiotapes as a way in which
listening skills can be built and developed. This is one thing we
cannot do without, even though some learners might dislike it.
The problem with listening-based activities is that some students
find them highly frustrating. They often complain about the
incredible speed of the recordings. The speed is obviously higher
that that of their nonnative teacher and it makes the students’ life
extremely difficult. There is no other solution than introducing
listening comprehension as often as possible.

CONCLUSIONS

Language instruction has also been influenced by changes in
the society. Nowadays it is not enough for our students to be
equipped with limited reading and writing skills, they really need
to communicate. They travel abroad either to spend holiday there
or to take part in conferences, they read professional magazines,
write letters, communicate with foreigners. Good knowledge
competence is required in many companies. Why not? If we pay
so much attention and money to construction of roads, railways
and means of communication why not to be more attentive to the
development of language instruction. Languages are also means
of communication. And if communication is to be effective all
four language skills are never separated but integrated - it is a key
principle for language development.
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Cestné stavitelstvo 111

V neddvnom obdobi vydalo EDIS - vydavatelstvo Zilinskej univerzity novii odbornii kniznii pub-
likdciu Cestné stavitelstvo I11, zameranii na problematiku rekonstrukcie, opravy a udrzbu cestnych
komunikdcii. Je vysledkom prdc Sestclenného kolektivu autorov pod vedenim doc. Ing. F
Schlossera, CSc. a splouautorov D. Durcanskej, J. Komacku, J. Sedivého, M. Valucha a S. Zemku,
ale tiez vysledkom pric dalsich ¢lenov Katedry cestného stavitelstva Stavebnej fakulty ZU.
Publikdcia md charakter vysokoskolskej ucebnice, ktord tematicky a obsahovo nadvizuje na vyso-
koskolské ucebnice, ktoré su v cestdrskej inZinierskej praxi dobre zndme, su to: Cestné stavitelstvo
I od prof. Chochola a kol., so zameranim na projektovanie ciest a dialnic, Cestné stavitelstvo II od
prof. Spiirka z CVUT Praha, orientovanii na stavbu ciest. Je potesujiice, Ze Katedre cestného stavi-
telstva Stavebnej fakulty ZU sa tak podarilo nadviazat na iispesnii tradiciu vyddvania tychto
ucebnic, ¢im vyznamne prispela k rozvoju Studijnej discipliny Cestné stavitelstvo

Publikdcia je rozdelend do desiatich kapitol. Prvd kapitola publikdcie sa zaoberd zdkladnymi
pojmami z oblasti rekonstrukcie, oprdv a iudrzby cestnych komunikdcii. Druhd kapitola sa zaoberd
problematikou hodnotenia stavu cestnej komunikdcie a metodikou vyberu a naliehavosti rekonst-
rukcie. Je to problematika, ktorej katedra venuje dlhorocne velkii pozornost ¢i uz v ramci rieSenia
vyskumnych iiloh alebo v ramci spracovania dizertacnych prdc.

Tretia kapitola sa dotyka otdzok rekonstrukcie smerového a vyskového vedenia trasy, postupov
pri rozsireni cestnej komunikdcie, sandcie svahov cestného telesa, rekonstrukcii cestnych vozoviek.
Kapitola v zdsade obsahuje problémy, ktoré mézeme zahrniit pod pojem ,rekonstrukcia“. V tejto casti
by som bol privital problematiku optimalizdacie ndvrhu smerového, vyskového a Sirkového riesenia
cestnej komunikdcie, mozZnosti uplatnenia vypoctovej techniky pri optimalizdcii navrhu.

Stvrtd kapitola sa dotyka otdzok oprdv cestnych vozoviek, najmd moZnymi technologiami
oprav. V piatej kapitole sa autori zaoberajii problematikou obnovy cestnych vozoviek. Pritom sa
dotykajii problémov technoldgii oprdv povrchovych vlastnosti cestnych vozoviek. Z textu kapitoly 4
a 5 nevyplynul zdsadnejsi rozdiel medzi metédami ndvrhu a stavebnymi technologiami pouziva-
nymi pri opravdach a obnovdch ciest. Je teda otdzkou, ¢i nechdpat tieto dva pojmy len v ekonomic-
kom zmysle a pri ndvrhu vhodného opatrenia pre zlepSenie stavu vozovky vychddzat z beZnych
ndvrhovych postupov a technologii, pouZivanych pri rekonstrukcidch a novostavbdch.

Kapitola 6 sa zaoberd problematikou 1idrzby cestnych vozoviek, Jednd sa o velmi zavaznii oblast
cestného hospoddrstva, ktorej znalost velmi ovplyviiuje nielen Zivotnost vozovky a cestnej konstrukcie,
ale aj bezpecnost cestnej premdvky. Sticastou udrzby cestnych komunikdcii je aj zimnd iidrzba.

Kapitola 7 sa tyka problematiky dopravného znacenia na cestnych komunikdciach. Venuje
pozornost otazkam zdsad pouZivania dopravného znacenia, rozdelenia dopravnych znaciek, poZia-
davkam na materidaly zvislych a vodorovnych znaciek. V kapitole nie je zmienka o problémoch
a technologii udrzby dopravného znacenia ¢i sposoboch ich oprav. Som toho ndzoru, Ze tak, ako je
spracovanii problematika dopravného znacenia, patri do obsahu predmetu Cestné stavitelstvo I.

Sticastou kazdého ndvrhu rekonstrukcie ¢i opravy cestnej komunikdcie je aj ekonomické hod-
notenie ndkladov. Tato problematika je prehladne uvedend v kapitole osem. Obsahuje popis meto-
diky riesenia, vypocet ndkladov a prinosov stavebnych opatreni a ekonomické hodnotenie. Je mozné
pozitivne hodnotit zaclenenie tejto kapitoly do publikdcie. Obdobne, aj zaclenenie kapitoly 9 do
recenzovanej publikdcie je mozné hodnotit pozitivne. Dotyka sa otdzok kvality cestnych komunikd-
cii. Je na skodu publikdcie, Ze autori sa nesiistredili na problém kvality sivisiaci s otdzkami, ktoré
siu predmetom publikdcie, t. j. zabezpeceniu kvality pri rekonstrukcénych, opravnych ¢i iidrzbovych
zdsahoch na cestnych komunikdcidch.

Kapitola desat sa zaoberd problémami rekonstrukcie objektov. Som toho ndzoru, Ze zaradenie
tejto problematiky do publikdcie je velmi uZitocné. Otdzkou zostavd, ¢i zaclenenie tejto casti by
nemalo byt'v kapitole 3.

Zdverom je mozné konstatovat, Ze aj napriek urcitym nejasnostiam, ktoré sa v publikdcii
ukazujii, a na ktoré som vo svojej recenzii upozornil, md publikdcia svoje opodstatnenie, poméZe pri
stitdiu cestného stavitelstva nielen Studentom inzinierskeho stiidia, ale aj doktorandom a pracovni-
kom v cestnom hospoddrstve. Publikdcia je prinosom pre cestnii prax.

Prof. Ing. Jdan Corej, CSc.
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Krizovy manazment vo verejnej sprave

Na Fakulte specidlneho inzinierstva Zilinskej univerzity vysla na konci roku 1998 vysokoskol-
skd ucebnica plk. doc. Ing. Ladislava Simdka, CSe. pod ndzvom: Krizovy manazment vo verejnej
sprave. Ucebnica je urcend pre Studentov Studijného odboru Obcianska bezpecnost, zamerania
Specidlneho manazmentu, ktory sa vyucuje na Fakulte Specidlneho inZinierstva. Ucebnica je vsak aj
velmi dobrou pomdckou pre riadiacu prdcu vediicich pracovnikov vo verejnej sprdave, predovsetkym
pre pracovnikov pésobiacich vo sfére obrany, ochrany a bezpecnosti.

Ucebny text je rozvrhnuty do siedmich kapitol. V prvych, vseobecne zameranych kapitoldch,
poddva autor vystizny prehlad o historii a vyvoji krizoveho manazmentu. V samostatnej kapitole sa
venuje definiciam kriz a krizovych situdcii. Primeranti pozornost venuje vyvoju ndzorov na zabez-
pecenie obrany, ochrany a bezpecnosti u nds od vzniku prvej CSR aZ do siicasnosti. Dokumentacnou
formou poskytuje prehlad o legislative na tomto poli od vzniku samostatnej Slovenskej republiky. Pri
definovani kriz sa autor zaoberd aj ich rozdelenim a zdrojom kriz v hospoddrskej a vo verejnej sfére
a poddva i strucny prehlad o charaktere a vyskyte prirodnych, spolocenskych a ekologickych kriz,
ktoré sa stali vo svete v ostatnom obdobi.

V druhom celku ucebnice autor venuje pozornost metodologickym a vecnym otdazkam krizového
manazmentu. V ucebnici sa poskytuje velmi dobry prehlad o pésobnosti, iilohdch a prostriedkoch
krizového manaZmentu vSeobecne a vo verejnej sprdve zvldst a o itlohdch vrcholovych orgdnov kri-
zového manazmentu Slovenskej republiky. Primerand pozornost sa venuje rieSeniu krizovych situd-
cii vrdtane otdzok zdchrannych, lokalizacnych a likvidacnych prdc. S prehladom sa tiez uvddzajii
postupy usmerniovania medzindrodnych politickych kriz. Tento celok ucebnice sa logicky uzatvdra
samostatnou kapitolou o tvorbe krizovych stratégii a strategickej kontroly.

Zdver ucebnice venuje autor informacnému systému krizového manazmentu, jeho tvorbe a apli-

kdcii v praxi. Problematiku zndzornuje na modeli komunikacného systému. Primeranii pozornost

venuje informacnym formdm vrdatane varujiicich a monitorovych systémov a informacnému systému
uplatniovanému v nasej krajine. Kapitolu uzatvara prehladom o zavadzani krizového statistického
informacného systému v nasej republike.

Zo strucného prehladu obsahu uvedenej ucebnice mozno posudit jej aktudlnost pre tedriu,
wucbu i prax. Ide o prvii vysokoskolskii ucebnicu na Slovensku, ktord sa zaoberd otdzkami krizo-
vého manazmentu. Podnet na jej vydanie vznikd z potrieb zabezpecit novy Studijny odbor prislus-
nou literatiirou, ale i potrebou spolocenskej praxe ndjst vhodné a komplexne usporiadané namety
pre rieSenie rozmanitych krizovych situdcii. Vyjadrujem presvedcenie, Ze tdto ucebnica je velmi
dobrym Startom pre prehibenie problematiky krizového manazmentu a Ze bude priaznivo prijatd vo
verejnosti ako jedno z diel vztahujiicich sa na aktudine spolocensko-ekonomické a bezpecnostné
otdzky nasej spolocnosti. Mimoriadne uznanie za tento priekopnicky cin treba vyslovit aj autorovi
ucebnice plk. doc. Ing. Ladislavovi Simdkovi, CSe.

Prof. Ing. Jan Mikolaj, DrSc.
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Ladislav SIMAK

KRIZOVY MANAZMENT

VO VEREINEJ SPRAVE
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Zilinska univerzita v Ziline
Fakulta riadenia a informatiky

Modelovani kolejisté a algoritmy
vypoctu nejkratsich jizdnich cest

Dizertacni prace

‘Védni obor: 38 Automatizacia a riadenie
Specializace: 38-01-9 Technicka kybernetika
Skolitel Doc. Mgr. Valent Klima, CSc.
Pracovisté doktoranda:  Zilinska univerzita v Ziline

Fakulta riadenia a informatiky
Katedra dopravnych sieti

Zilina, 1998 Ing. Antonin Kavicka

Dizertacna praca:  Modelovani kolejisté a algoritmy vypoctu nejkratsich jizdnich cest
Autor: Ing. Antonin Kavicka

Studijny odbor: 38-01-9 Automatizacia a riadenie
Specializacia: Technicka kybernetika
Pracovisko: Zilinska univerzita v Ziline, Fakulta riadenia a informatiky,
Katedra dopravnych sieti
Skolitel: Doc. Mgr.Valent Klima, Csc.
Obhajoba: 25. 11. 1998 na ZU FRI
Resumé

Dizertacnd prdca sa zaobera modelovanim kolajiska Zeleznicnej zriadovacej stanice a metodami
vpoctu najkratsej jazdnej cesty pre viak. Hlavnym motivom pre tvorbu modelu kolajiska bola potreba
wytvorit ho ako sicast simulacného modelu prevdadzky zriadovacej stanice.

V praci siu popisané dva modely kolajiska a dva algoritmy, ktoré shiZia na vyhladanie najkratsej
Jjazdnej cesty na danych modeloch.

V prvom pristupe je modelom kolajiska ohodnoteny digraf, v ktorom vrcholy reprezentujii kolaje a
hrany mozné prechody medzi kolajami. Algoritmus, ktorym sa vypocita najkratsia jazdnd cesta na
tomto grafe, vznikol tipravou Dijkstrovho algoritmu na vyhladanie najkratsej cesty medzi dvoma
vrcholmi grafu.

Pri druhom spésobe modelovania sa kolajisko reprezentuje hranovo ohodnotenym neorientovanym
grafom, v ktorom hrany predstavujii kolaje a vrcholy spojenia medzi kolajami. Algoritmus pre vypocet
najkratsej jazdnej cesty na tomto grafe tiez vychddza z Dijkstrovho algoritmu, ale v pévodnom
Dijkstrovom algoritme bolo potrebné urobit niekolko podstatnych tiprav. V tomto pripade je najkratsia
Jjazdnd cesta predstavovand najkratsim pripustnym sledom medzi dvoma hranami grafu.

Obidva modely boli otestované na redlnom kolajisku. Pre potreby simulacného modelu sa ako
vhodnejsi ukdzal druhy pristup, ktory sa RBSim pouzil pri modelovani stanic Rangier Bahnhof
Limmattal (Svajciarsko), Lausanne triage (Svajciarsko), Hagen Vorhalle (Nemecko), Zilina - Teplicka
nad Viahom (Slovensko) a Linz Vbf (Rakiisko).

Zilinska univerzita v Ziline
Stavebni fakulta
Katedra mechaniky

DOKTORANDSKA DIZERTACNA PRACA

lovanie a experi .
dynamickej odozvy kolaje

Doktorand: Ing. Daniela Kuchirovi
Skolitel: Prof. Ing. Milan Moravéik, CSc.
Zilina, marec 1998

Dizerta¢na praca:  Numerické modelovanie a experimentalne sledovanie dynamickej odozvy kolaje
Autor: Ing. Daniela Kucharova

Studijny odbor: 39-01-9 Aplikovana mechanika
Specializacia: Mechanika tuhych a poddajnych telies
Pracovisko: Zilinska univerzita, Stavebna fakulta, Katedra stavebnej mechaniky
Skolitel: Prof. Ing. Milan Morav¢ik, CSe.
Obhajoba: 23. 11. 1998 na SvF Zilina
Resumé

Dizertacnd prdca svojim obsahom nadvizuje na riesené grantové projekty: Modelovanie dynamickej
odozvy kolaje na stochastickom podklade a Dynamicka analyza konstrukénych sistav so zameranim na
konstrukcie a sistavy pouzivané v doprave. Prdca obsahuje 106 strdn textu, 57 obrdzkov a 28 tabuliek.
V prdci je citovanych 71 dalsich prdc. Je rozdelend do dsmich kapitol plus zoznam pouZitych oznaceni.

Ako metody rieSenia sa pouzivaji metoda numerického modelovania a metéda experimentdlneho
vySetrovania in situ. Prezentované sii teoretické predpoklady numerickych rieSeni, navrhnuté vypoctové
modely a ich vlastnosti. Popisuje sa metodologia experimentdlnych merani a pouZity sibor meracich
zariadeni a aparatuir. Vysledky prdce a nové poznatky sii prezentované v piatej kapitole, kde sa hladaji
odpovede na nasledovné otdzky:

- aké su zdkladné dynamické charakteristiky analyzovaného systému?

- ako vypadd ohlas systému na harmonické budenie?

- aky je vztah medzi ohlasom systému, meniacou sa frekvenciou a frekvencnou skladbou zataZenia?

- ako lokdlne i nahodne premenné zmeny tuhosti podloZia ovplyviuujii ohlas konstrukcie a aky je vzd-
Jjomny vztah medzi jednotlivvmi strankami tohto mnohostranného a komplikovaného procesu?

V tejto kapitole sa tiez analyzujii vysledky experimentdlnych merani.

Siesta kapitola je venovand zovseobecneniu ciastkovych poznatkov z predchddzajiicich kapitol
a tieZ analyze a syntéze vysledkov. Predstavuje zdvery pre spolocenskii prax a dalsi rozvoj vedy.

Doc. Ing. Jozef Melcer, CSc.
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TRANSCOM °’99 ELEKTRO °99

Zilinska univerzita v Ziline organizuje v diioch 29. - 30. juna 1999

Medzindrodni vedeckit konferenciu TRANSCOM *99. Elektrotechnicka fakulta Zilinskej univerzity v Ziline organizuje
v diloch 25. - 26. maja 1999 v poradi uz 3. medzinarodnu vedecku kon-
Odborny program bude prebiehat formou plenarnych zasadnuti ferenciu ELEKTRO "99

a prednasok v nasledovnych sekciach:

Podnikovy manazment.

Materialové inzinierstvo a medzné stavy materialov. Strojarske

technologie a materialy.

7. Dopravné stroje a zariadenia. Casti mechanizmov strojov.
Aplikovana mechanika. Energetické stroje a zariadenia.

8. Teodria a konStrukcie inzinierskych stavieb. Technologia stavieb.

Aplikovana mechanika - mechanika tuhych a poddajnych telies.

Telekomunikaéné systémy a sluzby.

1. Dopravna a spojova technologia. Odvetvové a prierezové ekonomiky.

2. Telekomunikacie. Odborny program bude prebiehat formou plenarnych zasadnuti
3. Teoreticka elektrotechnika. Silnoprudova elektrotechnika. a prednasok v nasledovnych sekciach:

4. Automatizacia a riadenie. 1. Silnoprudova elektrotechnika.

5.

6.

Informacéné a zabezpecovacie systémy.

Bl N

Zakladné javy a principy pre aplikacie v elektrotechnike.

3. medzinarodna vedecka konferencia ELEKTRO 99 sa bude
Sudne inZinierstvo. konat v areali Zilinskej univerzity na Velkom diele, v budovach NR

a NS. Srde¢ne pozyvame zaujemcov o konferenciu.
Medzinarodna vedecka konferencia TRANSCOM 99 sa bude

konat v areali Zilinskej univerzity na Velkom diele, v budovach NR
a NS. Srdecne pozyvame zaujemcov o konferenciu.

ELEKTRO ’99 - 3™ International Scientific Conference will be

held in Zilina from 25" - 26" May 1999. The Conference is organized

TRANSCOM °99 - OBJECTIVES - 3™ European Conference of . o L o
by the Faculty of Electrical Engineering of the University of Zilina.

Young Research and Science Workers in Transport and Telecommuni-
cations will be held in Zilina from 29'" - 30 June 1999. The Conference

is organized by the University of Zilina The main objective of the Conference is to provide a forum to
The main objective of the Conference is to provide a forum to present present the latest research results and experience in the following sec-
the latest research results and experience in the following sections: tions:
1. Transport and Communication Technologies. General and 1. Electrical Engineering
Branches Economics 2. Telecommunication Systems and Services
2. Telecommunications.
3. Theoretical Electrotechnics. Power Electronics. 3. Information and Safety systems
4. Automation and Control. 4. Fundamental Phenomena and Principles for Applications in
5. Company Management. Electrical Engineering
6. Material Engineering and Threshold States of Materials.

Mechanical Engineering Technologies and Materials.
7. Transportation Machines and Equipment. Machine Elements and
Mechanism.

The ELEKTRO ’99 Conference will take place at the University
Campus, Vel'ky diel, NR and NS buildings. All participants are warmly

Applied Mechanics of Rigid and Elastic Bodies. welcomed.
Forensic Engineering.
TRANSCOM 99 will take place at the University Campus, Velky
diel, NR and NS buildings. All participants are warmly welcomed. Podrobné informacie sa dozviete na sekretariate konferencie:

Zilinska univerzita v Ziline - Elektrotechnicka fakulta

Podrobné informacie sa dozviete na sekretariate konferencie:

. For further details, please contact the Conference Secretariat:
Zilinska unvierzita - oddelenie vedy a vyskumu

University of Zilina - Faculty of Electrical Engeneering
For further details, please contact the Conference Secretariat:

University of Zilina - Office for Science and Research Doc. Ing. Igor Jamnicky, CSc.
Ing. Helena Vrablova Velky diel, 010 26 Zilina, Slovakia
Moyzesova 20, 010 26 Zilina, Slovakia Tel.: +421-89-646 2058, Fax : +421-89-522 41

telefon : +421-89-622 723, fax: +421-89-477 02

e-mail: vrablova@nic.utc.sk, www: http//www.utc.sk e-mail : jamnic@fel.utc.sk
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POKYNY PRE AUTOROV PRISPEVKOV DO CASOPISU
KOMUNIKACIE - vedecké listy Zilinskej univerzity

Redakcia prijima iba prispevky doteraz nepublikované alebo inde nezaslané na
uverejnenie.

Rukopis musi byt v jazyku slovenskom a anglickom. K ¢lanku doda autor resumé
v rozsahu 10 riadkov v slovenskom a anglickom jazyku.

Prispevok prosime poslat e-mailom na adresu vrablova@nic.utc.sk, alebo
holesa@nic.utc.sk, alebo dorucit na diskete 3,5” v programe Microsoft WORD,
spolu s 1 vytlacenym pare (podklad na postudenie redakénou radou), na Rektorat
ZU, Ing. Vrablova, odd. vedy a vyskumu, Moyzesova 20, 010 26 Zilina.

Skratky, ktoré nie su bezné, je nutné pri ich prvom pouziti rozpisat v plnom zneni.
Obrazky, grafy a schémy, pokial nie su spracované pod Microsoft WORD, je
potrebné prilozif na diskete (ako .TIF, .CDR, .BMP, .WMF, .PCX, .JPG stibory),
pripadne nakreslit kontrastne na bielom papieri a predloZit v jednom exemplari.
Pri poziadavke na uverejnenie fotografie prilozit ako podklad kontrastnu fotogra-
fiu alebo diapozitiv. Pre obidve mutacie spracovat jeden obrazok s popisom v slo-
venskom a anglickom, resp. len v anglickom jazyku.

Odvolania na literaturu sa oznacuju v texte alebo v poznamkach pod ciarou pri-
sluSnym poradovym cislom v hranatej zatvorke. Zoznam pouZitej literatury je
uvedeny za prispevkom. Citovanie literatury musi byt podla zavaznej STN 01 0197
»Bibliografické citacie®.

K rukopisu treba pripojit presnu adresu autora, datum narodenia, rodné Cislo,
adresu institucie, v ktorej pracuje, funkciu, ktort zastava a ¢islo telefonu.

Text prispevku posudi redakéna rada na svojom najblizSom zasadnuti a zaSle
rukopis na recenzovanie. O vysledku bude redakcia informovat autora ustne alebo
pisomne.

Termin na dodanie ¢lankov jednotlivych cisiel je 31. 3., 30. 6., 30. 9. a 15. 12.

COMMUNICATIONS - Scientific Letters of the University of Zilina
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