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Vpliv kavitacijskih struktur na erozijo na

simetricnem krilu v kavitacijskem predoru

The Influence of Cavitation Structures on the Erosion of a
Symmetrical Hydrofoil in a Cavitation Tunnel

Brane Sirok - Matevz Dular - Matej Novak - Marko Hocevar -
Bernd Stoffel - Gerhard Ludwig - Bernd Bachert

Izvedena je bila vizualna in erozijska Studija kavitacije na dvodimenzionalnem krilu v kavitacijskem
predoru. Razvita je bila nova metoda vrednotenja kavitacijskih posSkodb, ki temelji na racunalniski
vizualizaciji.

Z racunalnisko vizualizacijo je bila izvedena analiza kavitacijskih dogodkov nad krilom. Razvit je bil
empiricni model, ki povezuje mo¢ kavitacijske erozije na povrsini krila in kavitacijske dogodke nad krilom.
Empiricni model omogoca opazovanje kavitacije v turbinskih strojih. Studija je del petega okvirnega
evropskega projekta “Cavismonitor”.
© 2002 Strojniski vestnik. Vse pravice pridrzane.

(Kljucne besede: kavitacija, erozija, vizualizacija racunalniSko podprta, modeli empiricni)

A study of the visual and erosion effects of cavitation was performed on a two-dimensional hydrofoil
in a cavitation tunnel. A new method of erosion-damage evaluation was developed, based on computer-
aided visualization.

Using computer-aided visualization, a statistical evaluation of the cavitation structures above the
hydrofoil was made. An empirical model was developed that relates the intensity of cavitation erosion on the
hydrofoil surface and the visual structures of the cavitation above the hydrofoil. An empirical model enables
monitoring and control of cavitation in turbo-machinery. The study is a part of the European 5™ Framework

Project “Cavismonitor”.

© 2002 Journal of Mechanical Engineering. All rights reserved.
(Keywords: cavitation, erosion, computer-aided visualization, empirical models)

0UVOD

Kavitacija v hidravli¢nih strojih povzroca
nihanje, povecanje hidrodinami¢nega upora,
spremembe hidrodinamike toka, hrup, termic¢ne,
svetlobne uéinke in erozijo. Vsi u¢inki kavitacije
povzrocajo hidravliéne izgube v preto¢nem delu
in zmanjSujejo moc¢ in uéinkovitost strojev. Nas
namen je povezati vidne kavitacijske dogodke
nad krilom v kavitacijskem predoru z erozijo na
povrsini. V prispevku bo predstavljena povezava
med casovno in prostorsko odvisnimi
topoloskimi strukturami in kavitacijsko erozijo
na krilu.

Pojav kavitacije je tesno povezan z lokalnimi
¢asovno spremenljivimi hidrodinamic¢nimi lastnostmi
kakor sta lokalna kineti¢na energija toka in lokalni
stati¢ni tlak. V primeru, da lokalni stati¢ni tlak pade
pod vrednost pripadajocega uparjalnega tlaka
kapljevine, se v opazovanem podrocju oblikuje
dvofazni tok kapljevine in pare, ki v podroc¢ju
povecanega stati¢nega tlaka prek kondenzacije pare
preide v enofazni kapljevinski tok. Ta pojav spremljajo
tlacni utripi.

stran 368

O0INTRODUCTION

When cavitation occurs in hydraulic machines
it produces vibrations, increases the hydrodynamic
drag, changes the flow hydrodynamics, produces
noise, thermal and light effects, and most importantly,
it causes cavitation erosion. All cavitation effects
generate hydraulic loss in the flow tract and decrease
the machine’s efficiency and power. The purpose of
this paper was to relate the visible cavitation structures
above a single hydrofoil in a cavitation tunnel with the
erosion on the hydrofoil’s surface. A functional
relationship between the visible space and time-
dependent topological structures and the cavitation
erosion on the surface of a hydrofoil will be presented.

The cavitation phenomenon is related to local
time-dependent hydrodynamic characteristics such as
the local kinetic energy of the flow and the local ambient
pressure. In the cases where the local ambient pressure
drops below the vapour pressure, a two-phase flow of
liquid and vapour is formed, which transforms to a one-
phase liquid flow in a region where the pressure is higher
than the condensation pressure. This phenomenon is
accompanied by significant pressure pulsation.
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Metode raziskav kavitacije delimo na celovite in
lokalne metode. Celovite metode temeljijo na
energijskih razmerjih. Celovite metode so v celoti
standardizirane in podprte z mednarodnimi priporo€ili.
Uporabljajo se pri prevzemnih preskusih na modelih
hidravli¢nih strojev, npr. vodnih turbin, vijakov in
¢rpalk. Z lokalnimi metodami obravnavamo kavitacijo
¢asovno in prostorsko. Med lokalne metode
pristevamo racunalnisko vizualizacijsko metodo,
merjenje akusti¢ne emisije ter merjenje nihanja
mehanskih sestavov in utripov tlaka v pretocnem
delu. Lokalne metode so namenjene predvsem kot
dopolnilo celovitim metodam.

V nasprotju s Studijo kavitacije v
hidravli¢nih strojih potekajo temeljne raziskave
kavitacije na hidrodinami¢nih krilih v kavitacijskih
predorih. Namenjene so ugotavljanju novih
empiri¢nih odvisnosti, ki so usmerjene predvsem v
napoved erozijskih u¢inkov na stenah pretocnega
dela([1]in[2]).

1 KAVITACIJA

Kavitacijo delimo glede na obliko kavitacijskih
pojavov v teko€ini, glede na stopnjo ali rezim
kavitacije in glede na vzroke za nastanek kavitacije
([171n [3]). Po obliki delimo kavitacijo na kavitacijo
lo¢enih mehurckov, kavitacijo v obliki zepa ali
kavitacijskega oblaka in vrtincno kavitacijo, ki nastaja
na mestih velike obro¢ne napetosti v tekocini. Z
vidika kavitacijske erozije na hidravli¢nih strojih je
najpomembnejSa kavitacija v obliki zepa ali
kavitacijskega oblaka, katerega kavitacijski mehurcki
implodirajo nad trdno povrsino rotorskih lopatic stroja
[1].

Mnozico lastnosti, ki vplivajo na nastanek,
razvoj in vrsto kavitacije, delimo na hidravli¢ne in
geometri¢ne lastnosti. Med hidravli¢ne lastnosti
sodijo hitrost, spremembe hitrosti, tlak in
spremembe tlaka. Med geometriéne lastnosti
pristevamo obliko, usmerjenost in hrapavost telesa.
Poglavitne znacilnosti kavitacijskega stanja v
odvisnosti od hidravli¢nih razmer toka opisemo z
brezdimenzijskim kavitacijskim Stevilom o, ki
vkljucuje primerjalni tlak p., tlak uparjanja
kapljevine p in hitrost toka v_[1].

Z uporabo kavitacijskega Stevila o lahko
opisemo kavitacijske razmere toka tekocine glede na
razmere brez kavitacije, zacetno stopnjo kavitacije in
kavitacijo v razliénih fazah. Z zmanjSanjem
kavitacijskega Stevila o se povecuje kavitacijska
ogrozenost. Poleg povecane hitrosti toka in
zmanjSanja staticnega tlaka v tekoCini vplivajo na
kavitacijo tudi geometrijske znacilnosti kot so ostri
robovi obtekanega telesa, povecanje vpadnega kota

Cavitation is studied using integral and local methods.
Integral methods are based on energy effects that
are standardised and supported by international
recommendations. Integral methods are used during
the model testing of hydraulic machines like water
turbines, propellers and pumps. Using local methods,
information about the space and time behaviour of
cavitation in hydraulic machines is obtained. Local
methods are computer-aided visualization methods
and measurements of the acoustic emissions and
vibrations of mechanical structures. Local methods
are mainly used as a supplement to integral methods.

In contrast to studies of hydraulic machines, basic
studies of cavitation are performed on hydrofoils in cavitation
tunnels. The goal of these studies is to set new empirical
relations, mainly predicting the erosion effects on the walls
of flow tracts. Visualization studies confirm a relationship
between material erosion and the type of cavitation, which is
characterised by the dynamics and geometrical structure of
the vapour cloud above the surface ([1] and [2]).

1 CAVITATION

Cavitation can be classified with regard to the
shape of the cavitation structure in a fluid, to a stage or
regime of cavitation, or according to its origin ([ 1] and
[3]). With regard to the shape, cavitation can be classi-
fied as the cavitation of isolated bubbles, cavitation in
the shape of a vapour pocket or to cloud cavitation and
vortex cavitation, which appears at a location with high
circumferential fluid tension. When observing the cavi-
tation erosion of hydraulic machines, it is the shape of
the vapour pocket or cloud cavitation that is the most
important type. In the former case, cavitation bubbles
implode above the solid surface of the rotor blades [1].

Parameters that have an influence on the ap-
pearance, growth and type of cavitation can be divided
into hydraulic and geometrical parameters. The hydrau-
lic parameters are flow velocity, velocity fluctuations,
pressure, and pressure pulsations. The geometrical pa-
rameters are shape, orientation and roughness of an
object. The basic properties of the cavitation condition
as a function of the hydraulic conditions of flow are
described with a non-dimensional cavitation number o
This number includes the reference pressure p_, the
vapour pressure p and the flow velocity v_[1]:

P, —p(T,)
=fe Briw/ 1.
o pve /2 O

With the aid of the cavitation number & one
can describe the cavitation conditions of fluid flow for
non-cavitating flow, cavitation start-up and cavitation
at different stages of development. When the cavitation
number o decreases, the cavitation aggressiveness
increases. Besides increased velocity and decreased
static pressure of the fluid flow, geometrical parameters
such as sharp edges, increased inclination angle and
roughness of the surface of the submerged body also

STECJINISKI L
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in povecana hrapavost povrsine. Hrapavost in
nepravilnosti na povrsini telesa lahko delujejo kot
viri kavitacijskih jeder.

Najpogostejsa nezazelena posledica kavitacije
je erozijska poskodba materiala, povzrocena pri
imploziji kavitacijskih mehurckov v blizini trdne
povrsine. Problem erozije materiala so intenzivno
raziskovali ze mnogi avtorji ([4], [5], [8] in [9]). Kolaps
kavitacijskega mehurcka je proces, ki dela motnje in
Soke z velikimi tlacnimi amplitudami v tocki
kondenzacije mehurcka. Ce se ta dogodek odvija blizu
trdne stene, nastanejo velike lokalne mehanske
obremenitve v sestavi materiala. Ponavljanje te
obremenitve zaradi mnozice mehurckov, ki implodirajo,
povzroca utrujanje materiala in »razkrajanje«
materialne sestave na povrsini. Kakovostne Studije
dinamike kavitacijskih oblakov nakazujejo, da je
kolaps mehurckov v kavitacijskem oblaku
agresivnej$i od kolapsa posameznih mehurckov [2].
Tla¢na motnja nastane v trenutku, ko kavitacijski
mehurcki v oblaku implodirajo in s tem povzrocijo
udarni val, ki se $iri na vse strani. Ce udarni val tr&i ob
bliznjo steno, povzroc¢i na njej mocan tlacni udar
velikosti nekaj deset MPa [4]. Velikost tega udara je
primerljiva z mejo elasti¢nosti materiala. Drugi mozni
tip kavitacijske erozije se odvija z implozijo mehurckov
v neposrednem stiku s trdno steno v preto¢nem delu.
V tem primeru vpliva trdna povrsina na krogelno
obliko mehurcka, ki postane nestabilen v svoji obliki.
Opazovanja so pokazala, da lahko tako nastala
asimetrija pri prehodu v podro¢je z vecjim tlakom
zavzame obliko pospesSenega curka kapljevine,
usmerjenega skozi mehuréek proti trdni steni [4]. Tako
imenovani povratni mikrocurek (sl. 1) doseze veliko
lokalno hitrost, ki povzroc¢i udarni Sok z veliko lokalno
obremenitvijo materiala ([ 1] in [3]). V nadaljevanju se
bomo usmerili predvsem v studijo mehanizma kolapsa
mnozice mehurckov v kavitacijskem oblaku, ki se s
celovitimi parametri, to sta kavitacijsko Stevilo o in
vpadni kot na lopatico ¢, spreminja po obliki in
kinematiki kavitacijskega oblaka.

2PRESKUS

Eksperimentalno delo je obsegalo Studijo
kavitacije na simetricnem krilu v zaprtem kavitacijskem
predoru. Delo je potekalo na Tehniski univerzi v
Darmstadtu — v Laboratoriju za turbinske stroje in

have an influence on cavitation aggressiveness.
Roughness and unevenness of the surface of the body
can act as a generator of cavitation cores.

The most unwanted consequence of
cavitation is erosion damage, which is caused by
bubble implosion near the solid surface of a body.
Cavitation erosion has been studied by many authors
([41, [5], [8] and [9]). Bubble implosion is a process
that generates disturbances and shocks with high
amplitudes of pressure in the position of a bubble’s
condensation. If this process occurs close to a solid
surface, high local mechanical tensions in the structure
of the material are generated. Repeated disturbances,
caused by numerous bubble implosions, results in
fatigue and damage to the material’s structure.
Qualitative studies of cavitation clouds’ dynamics
show that the collapse of bubbles in a coherent
cavitation cloud is more aggressive than the collapse
of a group of single bubbles [2]. A pressure disturbance
occurs when cavitation bubbles in a cavitation cloud
implode and generate a shock wave that propagates in
all directions. If the shock wave collides with a nearby
surface it causes a large pressure shock of the order of
several 10 MPa [4]. The magnitude of the shock is
comparable to the elastic limit of the material. The
second possible type of cavitation erosion happens
when bubbles implode onto the solid surface of a flow
tract. The solid surface of the body acts on the spherical
shape of the bubble, which becomes unstable.
Investigations have shown that the developed
asymmetry at the transition into the region of higher
pressure takes the form of an accelerated fluid micro-
jet, directed through a bubble towards the solid surface
[4]. The so-called reverse micro-jet (Fig. 1) canreach a
high local velocity, which causes a shock with high
local tension of the material ([1] and [3]). In addition,
the study will focus on the implosion mechanism of a
group of bubbles in a cavitation cloud, which changes
its kinematics and shape in accordance with integral
parameters such as the cavitation number ¢ and the
blade inclination angle 6.

2EXPERIMENT

The experimental work included a cavitation
study using a symmetrical hydrofoil in a closed
cavitation tunnel of the Technical University
Darmstadt, Laboratory for Turbomachinery and Fluid

Sle

Q@q@

7 7 7

7

Sl. 1. Mehanizem nastanka mikrocurka in slika mikrocurka[l] in [2]
Fig. 1. Mechanism of micro-jet generation and a picture of a micro-jet [1] and [2]

stran 370
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tekocCinsko energetiko in na Turboinstitutu v Ljubljani.
Kavitacijski preskus na simetricnem krilu je bil izveden
na kavitacijskem predoru na Univerzi v Darmstadtu,
kjer je bila opravljena tudi eksperimentalna analiza
erozijskih poskodb na izbranih mestih povrsine krila.
V izbranih delovnih tockah so bile posnete zaporedne
digitalizirane slike topoloskih sestavov kavitacijskih
oblakov. Predprocesirano vizualizacijsko gradivo je
bilo analizirano s programsko opremo na
Turboinstitutu v Ljubljani. V sklepnem delu preskusa
je bila opravljena vecparametri¢na analiza erozije v
odvisnosti od moc¢i in lege kavitacije.

2.1 Kavitacija na simetri¢nem krilu v kavitacijskem
predoru

Pri preskusu je bilo uporabljeno simetri¢no
krilo (sl. 2) s polkroznim vpadnim robom dolzine 107,9
mm, §irine 50 mm in debeline 16 mm. Kot primerjalna
izmera je bila uporabljena debelina krila 72 = 16 mm.
Oblika krila z ravnimi vzporednimi stenami je bila
izbrana zaradi tehnologije vrednotenja erozije na
nadzornih povrSinah — vzorcih.

Krilo je bilo namesceno v kavitacijskem
predoru (sl. 2) s sklenjenim obtokom, tako da je bilo
mogoce spreminjati tlak in imensko hitrost
(kavitacijsko $tevilo — o) v sistemu. Srednja hitrost v
testni ravnini pred krilom je znasala v = 16 m/s, kar
ustreza Reynoldsovemu Stevilu Re = 256000. Med
preskusom se je spreminjal podtlak v sistemu in
vpadni kot krila 6v mejah od 0° do 7,5°.

Power, and analyses at the Turboinstitut Ljubljana.
The cavitation experiment on the symmetrical hydrofoil,
as well as the experimental analysis of the erosion
damage at specific locations on the hydrofoil, was
performed at the University of Darmstadt. Successive
images of topological structures of the cavitation
clouds were captured at selected operational points.
Pre-processed visualization material was analysed with
the aid of software at the Turboinstitut Ljubljana. In
the final part of the experiment a multi-parametric
analysis of cavitation erosion versus the magnitude
and position of cavitation was performed.

2.1 Cavitation on a symmetrical hydrofoil in a
cavitation tunnel

The experiment was performed on a
symmetrical hydrofoil (Figure 2) with a circular leading
edge. The hydrofoil was 107.9-mm long, 50-mm wide
and 16-mm thick. The thickness of the hydrofoil (4=
16 mm) was used as a reference dimension. The shape
of the hydrofoil with parallel walls was applied to suit
a method for the evaluation of cavitation erosion on
control surfaces (samples).

The hydrofoil was placed in a closed-circuit
cavitation tunnel (Figure 2) so that the system
pressure and nominal velocity (cavitation number o)
could be changed. The average velocity in front of
the hydrofoil was constant (v =16 m/s) at Re =256000.
During the experiment the system pressure and
inclination angle o (from 0° to 7.5°) were modified.

Sl. 2. Krilo in preskusevalisce
Fig. 2. Hydrofoil and test rig

Na krilu so bili namesceni Stirje valjni vzorci
na mestih, ki jih prikazuje slika 2. Kavitacijsko Stevilo
se je spreminjalo z nastavljanjem podtlaka v
kavitacijskem predoru tako, da je bil vstopni rob
kavitacijskega oblaka nad dolo¢enim vzorcem na krilu.
Izbrana so bila stiri kavitacijska Stevila za vsak vpadni
kot krila d. Integralne preskusne karakteristike so
podane v preglednici 1.

Four specimens were placed in a hydrofoil, as
shown in Figure 2. The cavitation number was set by
changing the system pressure so that the leading
edge of the cavitation cloud was located above a
specific specimen on the hydrofoil. Four different
cavitation numbers were chosen for each inclination
angle. The integral experimental characteristics are
shown in Table 1.

Preglednica 1. Kavitacijsko Stevilo v odvisnosti od vpadnega kota krila in mesta najintenzivnejse kavitacije

Table 1: The dependence of the cavitation number on the hydrofoil inclination angle and the position of

maximum cavitation

o o, 9, O 94
0° 1,59 1,38 1,22 1,16
2.5° 2.35 2,03 1,75 1,63
5° 3,25 2,71 2.43 2,19
7.5° 4,00 3.38 2,98 2,73

STECJINISKI L
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2.2 Ocenjevanje erozijskih u¢inkov kavitacije

Ocenjevanje erozijskih poskodb temelji na
vrednotenju geometrijskih sprememb na povrsini
vzorca. Vzorci so bili v krilo vstavljeni poravnano s
povrsino in izpostavljeni toku (slika 2). Cas preskusa
je bil 30 minut. Spremembe so se pokazale kot luknjice
na povrsini valjnih vzorcev, ki so posledica erozije
zaradi kavitacije. Pri preskusu smo uporabili vzorce
premera 10 mm, narejene iz Cistega bakra (sl. 3). Baker
je primeren material zaradi mehanskih lastnosti,
predvsem zaradi majhne trdote in majhne odpornosti
na tlacne sunke, ki jih povzro¢i kavitacija. Luknjice
na povrsini vzorca imajo premer velikostnega reda
10° m.

Moc¢ erozijskih uc¢inkov kavitacije je bila
doloc¢ena s Stetjem luknjic. Sistem za vrednotenje
erozije je sestavljen iz mikroskopa, digitalne
(CCD) kamere ter vira svetlobe (sl. 3). Razvit je
bil program vrednotenja, ki luknjice presteje in
oceni njihovo povrSino. Obcutljivost
vrednotenja oziroma velikost nadzornega
elementa sta bili nastavljivi. Najboljsi rezultati
so bili dobljeni pri velikosti nadzornega elementa
18 um, kjer podro¢je — velikost nadzornega
elementa ravno zajame luknjico povprecne
velikosti. Program je uposteval prekrivanje dveh
ali ve€ luknjic. Da bi dobili reprezentativen nabor
podatkov, je treba ovrednotiti dovolj veliko
povrsino vzorca.

Koli¢inska ocena poskodb kavitacijske
erozije z metodo Stetja luknjic je predstavljena v
preglednici 2. Mo¢ kavitacije koli¢insko podajata
Stevilo N in povrSina luknjic 4, Uporabljena
metoda omogoca relativno medsebojno primerjavo
vzorcev na krilu.

2.2 The method for evaluating cavitation erosion

The erosive aggressiveness of the cavitation
condition can be quantified by the so-called pit-count
method, i.e. a quantitative evaluation of the pits that are
generated on the surface of a specimen. The specimens
were mounted flush with the surface of the hydrofoil and
exposed to cavitation (Figure 2). The exposure time was 30
minutes. Erosion effects are expressed as pits on the surface
of the specimen. In the experiment, cylindrical specimens
of 10-mm diameter, made with pure copper, were used (Figure
3). Pure copper is well suited because of its mechanical
quantities, especially its low hardness, i.. its low resistance
to pressure shocks caused by cavitation. The pits have a
diameter of 103 m order of magnitude.

The number and size of the pits in relation to the
cavitation exposure time and the type of material gives us
a quantitative measure of the erosive aggressiveness. The
system for recording the pits consists of a microscope, a
CCD camera, and an illumination source (Figure 3). Image-
processing software was developed to determine the
aggressiveness of the erosion by counting the number of
pits and determining their size. The sensitivity of the
evaluation, i.e. the magnitude of the control element, is
optional. Investigations have shown that a control element
with a diameter of 18 Lum, where the control element covers
a pit of average magnitude, offered the most plausible
results. The software also considered the overlapping of
two or more pits. In order to obtain a representative set of
data, an appropriate surface area needs to be considered.

The quantitative evaluation of the cavitation
erosion of the hydrofoil surface obtained by the pit-
count method is shown in Table 2. The number (V)
and the pit area (4 ) represent quantitative measures
of the cavitation aggressiveness. The pit-count
method allows a relative comparison of the specimens.

Sl. 3. Sistem za vrednotenje kavitacijske erozije
Fig. 3. System for evaluating cavitation erosion



Preglednica 2. Podatki o poskodbah vzorcev pri strmini 5° (brez erozije na prvem vzorcu)
Table 2. Specimen erosion data for an inclination angle of 5° (with no erosion on the first specimen)

O/ specimen Ay mm’ A, mm’ N
325/1. - - -
2,71 /2. 24,75 1,64 2752
2,43 /3. 24,53 1,14 2093
2.19 /4. 24.54 0.97 1670

2.3 Ocenjevnje kavitacije z vizualizacijo

Kavitacija je viden pojav, zato ga lahko
opazujemo z racunalnisko vizualizacijo. Kavitacijski
oblaki, ki so predmet raziskave, oblikujejo skalarna
polja mo¢i svetlobe v prostoru in ¢asu. S pomocjo
casovno zaporedne digitalizacije slik so nastale
posamezne socasne Casovne vrste, ki popisujejo
kavitacijske sestave.

Za vsak kavitacijski rezim sta bili posneti dve
seriji 500 slik s frekvenco zajemanja slik 25 slik/s. Prva
serija predstavlja pogled na krilo od zgoraj, druga pa
s strani. Signal iz video kamere je bil digitaliziran s
kartico za zajemanje slik s 24-bitno barvno locljivostjo
v sistemu M-JPEG. Za nadaljnjo uporabo in analizo v
programu za vrednotenje dinamic¢nih pojavov na
digitalnih slikah Dynascan [7] je bila locljivost
zmanjSana na 256 odtenkov sivine.

Statisti¢cno vrednoteno vidno polje je bilo
razdeljeno na 225 oken (sl. 4). Pri pogledu od zgoraj je
bila velikost vsakega okna 15 X 15 tock, pri pogledu
od strani pa je bilo okno veliko 5 x 5 tock. Za vsako
okno je bila izracunana skalarna funkcija [7]:

15 15
T 0s& e

kjer E podaja lokalno, 4 pa povpreceno svetlost.
Kolic¢inska ocena kavitacijske sestave na opazovanem
obmodju krila v navpicni in vodoravni smeri pre¢no
na krilo je podana v obliki prostorskih topoloskih
porazdelitev skalarne funkcije:

A(k) =

in

........ E(1,m)={0,1....255}

2.3 Cavitation evaluation using the computer-aided
visualization method

Cavitation is a visual phenomenon that can
be observed with a computer-aided visualization
method. The observed cavitation clouds form scalar
patterns of grey-level intensity in space and time.
With time-successive digitisation of the images, time
series that describe the observed cavitation structures
were generated.

Five hundred images of the top and side view
were recorded for each respective cavitation condition
(cavitation number) with a sampling frequency of 25
images/s. The camera signal was digitized using an
image-capturing card with a 24-bit colour resolution
in the M-JPEG system. For further analyses with
Dynascan software [7], for quantification of the
dynamic phenomena of digital images, the resolution
was decreased to 256 grey levels.

The region of interest for the statistical
evaluation (Figure 4) was divided into 225 observation
areas (windows). Each window had a size of 15 x 15
pixels at the top view and 5 x 5 pixels at the side view.
For each window a scalar function was calculated [7]:

@,

where E is the local grey-level intensity and 4 is the
average grey-level intensity. A quantitative evaluation
of the cavitation structure in the observed hydrofoil area
in the vertical and horizontal directions perpendicular to
the hydrofoil is given in the form of space-distributed
topological structures of the scalar function:

%z A(k,1)

and

)

kjer je A(k) povpreéna jakost in s(k) standardno
odstopanje moci svetlobe.

Z enacbami (2) in (3) so bile ocenjene
lokalne karakteristike topoloSkih sestavov
kinematike kavitacijskega oblaka pri razli¢nih
celovitih parametrih kavitacije, ki so doloceni s
preglednico 1. Lego in vrednost najvecje moci
kavitacije je mogoce oceniti s slike 5. Oba
parametra se znatno spreminjata s celovitimi

[Z(k)— Ak, t)j

where A(k) is the average and s(k) the standard
deviation of grey-level intensity.

With equations (2) and (3) the local
characteristics or topological structures of the kinematics
of the cavitation cloud under different cavitation
conditions, given in Table 1, were evaluated. The
position and the value of the maximum cavitation
intensity can be evaluated from Figure 5. Both
parameters change significantly when the integral
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Sl. 4. Lega opazovalnega polja pri pogledu od zgoraj in s strani
Fig. 4. Region of interest: top and side view

yh

z/h

Sl. 5. Sliki kavitacije (levo), pripadajoca srednja vrednost svetlosti (v sredini) in standardno odstopanje
vrednosti svetlosti (desno). Zgornja vrsta slik je pogled od zgoraj, spodnja pa s strani. Smer toka je od leve
proti desni, hitrost toka v = 16 m/s, natocni kot & = 5° in kavitacijsko stevilo ¢ = 2,4.

Fig. 5. Cavitation figures (lefi), distributions of average grey level (middle), distributions of the standard
deviation of grey level (right). The upper row of figures is a ground plan, and the lower the sideview. The
flow direction is from left to right, flow velocity v = 16 m/s, angle of inclination & = 5°, cavitation number ¢ =

parametri kavitacije. Lego lokalnih kavitacijskih
ekstremov podajata v brezdimenzijski obliki y/A in
x/h, kjer sta x in y koordinati v poldnevni ravnini
krila, 4 pa je debelina krila. Na sliki 6 so prikazane
porazdelitve srednje vrednosti svetlosti in
standardno odstopanje svetlosti pri
nespremenljivem vpadnem kotu & = 5° za Stiri
kavitacijska Stevila, podana v preglednici 1.

Srednja vrednost svetlosti 4 in standardno
odstopanje svetlosti s pri nespremenljivem
kavitacijskem Stevilu o popisujeta intenziteto
kavitacije vzdolz krila. Mo¢ kavitacije se povecuje
vzdolz krila, doseze najvecjo vrednost in se zmanjsa
na prehodu ravnega dela krila v klinasto obliko krila.
Lega in mo¢ kavitacije, ki sta popisani s parametroma
A in o v odvisnosti od razdalje x/A, sta znacilno
odvisni od kavitacijskega Stevila o. Z zmanjSevanjem
kavitacijskega Stevila o se moc¢ kavitacije povecuje,
lega najvecjih vrednosti spremenljivk 4 in s pa se
premika vzdolz krila.

Drug pomemben podatek o kavitacijskih
razmerah na osamljenem krilu je odmik kavitacijskega
oblaka od povrsine krila oziroma lega kavitacijskega
oblaka nad krilom. Oddaljenost kavitacijskega oblaka
od povrsine je dolocena iz diagramov lokalnih

cavitation parameters are changed. The position of the
local cavitation extremes is given in non-dimensional
form, y/h and x/h, where x and y are the coordinates in
the meridian plane of the hydrofoil, and % is the
hydrofoil’s thickness. Figure 6 shows the distribution
of the average grey level and the standard deviation of
the grey level at a constant inclination angle 5°, for four
different cavitation numbers (Table 1).

The average grey level A4 and the standard
deviation of the grey level s at constant cavitation number
o, describe the cavitation intensity along the hydrofoil.
The cavitation intensity is increased along the hydrofoil
in a streamwise direction, reaches its maximum value, and
is decreased at the transition of the hydrofoil shape from
straight to a wedge. The location and magnitude of the
cavitation, described with the parameters 4 and o, and
their dependence on the distance x/4, are both dependent
on the cavitation number o. When o is decreased, the
cavitation intensity is increased, and the location of the
maximum values of 4 and s is moved along the hydrofoil.

The second important parameter describing
the cavitation conditions on the hydrofoil is the
distance of cavitation cloud from the hydrofoil
surface, i.e. its position above the hydrofoil. Its
distance is determined from the side-view diagrams
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SL. 6. Srednja vrednost in standardno odstopanje svetlosti v odvisnosti od x/h za vse reZime pri natocnem
kotu & = 5°. Pokoncne crte oznacujejo mesta, kjer so namesceni bakreni vzorci.
Fig. 6. Distributions of the average grey level and the standard deviation of the grey level versus x/h for all
flow conditions at an inclination angle 5°. Vertical lines denote positions of copper specimens.
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SI. 7. Mesto prereza x/h nad drugim vzorcem za kavitacijsko Stevilo o, in diagram porazdelitve
standardnega odstopanja o pri nespremenljivi vrednosti x/h v odvisnosti od z/h
Fig. 7. Position of section x/h for second specimen — cavitation number c,, and graph of standard deviation
of grey-level distribution at a constant value x/h versus z/h

porazdelitev mo¢ kavitacije pri pogledu s strani. Na
sliki 7 je prikazana porazdelitev standardnega
odstopanja svetlosti pri nespremenljivi vrednosti
x/h v odvisnosti od z/h.

Za mesto implozije kavitacijskega oblaka
je bila izbrana vrednost z/k, kjer je diagram
porazdelitve standardnega odstopanja svetlosti
s plos¢insko razdeljen na dva enaka dela (4, = 4)
(sl. 7). Brezdimenzijska oddaljenost mesta implozije
[ kavitacijskega oblaka od povr$ine krila je bila
dolo¢ena z razliko mesta implozije in
brezdimenzijsko visino krila na tem mestu. Pri tem
ni bil upostevan vpliv strmine krila 6. Mesto
implozije kavitacijskega oblaka se pri
nespremenljivem kavitacijskem Stevilu o vzdolz
krila monotono odmika od povrsine krila, kar je
posledica tokovnega polja okoli krila. Diagram
mesta implozije kavitacijskega oblaka v odvisnosti
od vrednosti x/4 je prikazan na sliki 8.

of local cavitation intensity distributions. Figure 7
shows an example of the standard deviation
distribution at a constant value x/4 with its
dependence on z/h.

The position of the cavitation-cloud implosion
was determined with the value z/A, where the diagram
of'the standard deviation of the grey-level distribution
s is divided into two areas of equal size (4, = 4,),
Figure 7. The non-dimensional distance / of the
cavitation-cloud implosion from the hydrofoil surface
is determined by the difference between the position
of the cavitation implosion and a non-dimensional
height of the hydrofoil at that position. Because of the
negligible error, the influence of the inclination angle
o, was not taken into consideration. The position of
the cavitation-cloud implosion along the hydrofoil, at
constant cavitation number o, is moved away from the
surface of the hydrofoil, influenced by the flow field
around the hydrofoil. Figure 8 shows a diagram of the
position of the cavitation-cloud implosion versus x/A.
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Sl. 8. Mesto implozije kavitacijskega oblaka v odvisnosti od vrednosti x/h
Fig. 8. Position of cloud implosion versus x/h

3 ANALIZA REZULTATOV

Cilj raziskave je bila postavitev empiricnega
- fenomenoloskega modela odvisnosti med
vizualnimi sestavami kavitacije nad krilom in
izmerjenimi erozijskimi ucinki na povrsini krila.
Vizualne sestave kavitacije podajata standardno
odstopanje svetlosti s (sl. 6) in mesto implozije
kavitacijskega oblaka (sl. 7), erozijske u¢inke pa
podatki iz preglednice 2.

Fenomenoloski model temelji na predpostavki,
da je jakost erozije sorazmerna moci spreminjanja
kavitacijskega oblaka in obratno sorazmerna
oddaljenosti kavitacijskega oblaka od povrsine krila.

kavitacijske erozije za opazovani preskus podaja
enacba:

A

—4 =0,016443

ref

Koeficienti v enacbi (4) so dolo¢eni z metodo
najmanjsih kvadratov odstopanja, modeliranih iz
izmerjenih vrednosti. Ujemanje napovedi modela z
eksperimentalno izmerjenimi vrednostmi za vsa tri
mesta ¢epov na krilu prikazuje slika 9.

3 ANALYSIS OF RESULTS

The aim of the research was to establish an
empirical-phenomenological model of the relation between
the intensity of cavitation erosion on the hydrofoil surface
and the visual cavitation structures above the hydrofoil.
The visual cavitation structures are given by the standard
deviation of the grey level s (Fig. 6) and by the position of
the cavitation-cloud implosion (Fig. 7). The erosion effects
are given by the data presented in Table 2.

The phenomenological model is based on a
presumption that the erosion intensity is proportional to the
fluctuation intensity of the cavitation cloud and inversely
proportional to the distance of the cloud implosion from the
hydrofoil surface. Erosion intensity is expressed by the ratio
A /A, The prediction of the intensity of cavitation erosion
for the observed experiment is given by:

S(k)0,070798
N @

The coefficients in equation (4) are determined
by the method of least squares for the deviation of the
modelled and measured values. The agreement of the
model prediction with the experimental values for all
three specimen locations are presented in Figure 9.

0,07 1
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0,05+
|
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< 0,03+
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W meritev/ erosion measurment
0,01 1 —— napoved empiri¢negamodela / prediction of empirical model
0,00
T T T
2 3 4
Primer / Case

S1. 9. Primerjava napovedi modela in eksperimentalnih vrednosti erozije na vzorcih
Fig. 9. Comparison of the empirical model prediction and the experimental data of specimen erosion
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4 SKLEP

V kavitacijskem predoru so bile pri izbranih
celovitih karakteristikah izvedene meritve kavitacije
na osamljenem krilu. Kavitacija na krilu je bila
vrednotena z ra¢unalnisko podprto vizualizacijo in z
novo metodo za dolocanje kavitacijske erozije.

Na podlagi eksperimentalno dobljenih
rezultatov kinematike kavitacijske sestave nad krilom
in rezultatov erozije na opazovanih vzorcih povrsine
krila je bil oblikovan pojavnostni model, ki napoveduje
moc¢ kavitacijske erozije.

Z razsiritvijo Studije na dejanska krila
turbinskih strojev se odpira moznost oblikovanja
pojavnostnih modelov napovedi erozije na rotorjih
turbostrojev in uporabe racunalni§ko podprte
vizualizacije za opazovanje kavitacije na vodnih
turbinah in velikih ¢rpalkah.
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4 CONCLUSIONS

In the cavitation tunnel we observed
cavitation on the single hydrofoil at selected integral
parameters. The cavitation was evaluated with the
pit-count method and computer-aided visualization.

On the basis of the experimentally obtained
results of the cavitation-structure kinematics above
the hydrofoil, and the results of the erosion evaluation
on the observed selected specimens of the hydrofoil
surface, a phenomenological model was setup which
predicts the magnitude of the cavitation erosion.

An expansion of the study to include real pro-
files of turbine machines opens up a possibility for
developing phenomenological models for erosion pre-
diction on turbomachinery rotors and the application
of computer-aided visualization for cavitation moni-
toring on water turbines and large process pumps.
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An Operations Strategy Supported with Resource-Based
Theory: A Case Study at the Primat Company
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Zamisel o uporabi proizvodnje kot strateskega orozja za doseganje konkurencnih prednosti je stara
vsaj toliko kolikor proizvodnja sama. Vendar se vsebina raziskovalnega podrocja proizvodnih strategij
glede na razvoj gospodarskega okolja mocno spreminja. V teoreticnem delu prispevka je predstavljena
teorija proizvodnih virov in njen potencial, da postane vodilna teoreticna zamisel raziskovalnega podrocja
proizvodnih strategij. V nadaljevanju je predstavljena raziskava, ki s svojimi izsledki prispeva k razvoju
teorije proizvodnih virov. Stiri uspesna proizvodna podjetia so ponudila okolje za raziskavo. V prispevku je
podrobneje predstavijen Studij primera iz podjetia Primat. V razpravi so podane ugotovitve, ki so nastale na
podlagi induktivne analize med vsemi Stirimi Studijami primerov.
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(Kljuc¢ne besede: strategije proizvodne, teorija proizvodnih virov, akumulacija sposobnosti, perspektive evolucijske)

The idea of using manufacturing as a strategic weapon to achieve competitive advantage is as old
as manufacturing itself. The content of operations-strategy research, however, has changed a great deal due
to the development of the economic environment. The theoretical part of this paper presents resource-based
theory and its potential in becoming a leading theoretical concept for operations-strategy research. After
that a case study is presented, the results of which add to the development of resource-based theory. Four
successful manufacturing organisations provided the framework for the research. A case study of the
manufacturing organisation Primat is presented in detail. The results of the inductive analysis of all four case

studies are also presented.

© 2002 Journal of Mechanical Engineering. All rights reserved.
(Keywords: operations strategy, resource-based theories, capabilities accumulation, evolution perspectives)

0UVOD

Uspesnost in ucinkovitost poslovnih
procesov postajata kljuénega pomena za uspesno
poslovanje proizvodnih podjetij. Proizvodni procesi
so integralni del poslovnih procesov. Se ve¢,
proizvodni procesi se vedno bolj obravnavajo kot
celotna veriga dejavnosti, ki jo je treba upravljati, da
izdelek zadovolji vrednote kupca. Proizvodni
menedzment'! se zato uveljavlja kot eno
najpomembnejsih podrocij organizacije in upravljanja.
Znanstveno raziskovanje razmerja med proizvodnimi
procesi in doseganjem konkuren¢nih prednosti
proizvodnega podjetja je zaokrozeno v okviru
raziskovalnega podrocja proizvodnih strategij.

Tradicionalna zamisel proizvodnih strategij,
ki temelji na kompromisih med konkurenénimi
kriteriji, tj. prilagodljivostjo, stroski, kakovostjo,
zanesljivostjo in hitrostjo dobav ter inovativnostjo,

O0INTRODUCTION

The success and efficiency of business proc-
esses are of key importance for the successful opera-
tions of manufacturing organisations. Manufactur-
ing processes represent an integral part of business
processes. What is more, manufacturing processes
have been treated as a chain of activities that should
be managed if the product is to meet customers’ de-
mands. Operations management' has therefore be-
come one of the most important fields of manage-
ment. Relationships between an organisation’s op-
erations processes and the attainment of competi-
tive advantages are studied within the scientific field
of operations strategy.

The traditional concept of operations strategy,
which is based on trade-offs between competitive crite-
ria such as flexibility, innovativeness, costs, quality,
reliability of deliveries and speed of deliveries, has re-
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ostaja kljub spremembam v industrijskem poslovnem
okolju izjemno robusten [1]. Najpomembnejsa
strateSka odlocitev v zvezi s proizvodnimi procesi
je izbira ravni konkurenénih kriterijev, s katerimi bodo
podprte konkuren¢ne prednosti podjetja. Odlocitve
o0 izbiri konkurenc¢nih kriterijev terjajo kompromise,
saj se nekateri konkurencni kriteriji medsebojno
izkljucujejo [2]. Kljub svoji robustnosti pa
tradicionalna zamisel proizvodnih strategij vse teze
razlaga dogajanja v sodobnem poslovnem okolju.
Tradicionalna zamisel sama zase ne more pojasniti
in razloziti uspeha ali neuspeha proizvodnega
podjetja ([1]1in [3]). Zacne se iskanje nove zamisli, ki
bo ponudila teoreti¢ni okvir podrocju proizvodnih
strategij.

Z uveljavitvijo sodobnih proizvodnih zamisli,
ki so temeljito zamajale nekatere predpostavke
tradicionalne zamisli proizvodnih strategij, so
poskusali nadomestiti zamisel proizvodnih strategij.
Zacetek devetdesetih postreze z zamislijo vitke
proizvodnje [4]. Najpopularnej$im organizacijskim
tehnikam, zdruzenim pod imenom vitka proizvodnja,
se pridruzijo Se proizvodne zamisli, to so agilna
proizvodnja, fraktalno podjetje in mnozinska
prilagodljivost.

Omenjene zamisli zavracajo heterogenost
proizvodnega podjetja, kot temelj strateskega
obnasanja v podjetju. Proizvodna podjetja so
heterogena glede na vire in sposobnosti, zato
proizvodna strategija Se vedno pomeni biti predvsem
zmozen delati drugace od konkurence. Iskanje
nadomestila za proizvodne strategije v sodobnih
proizvodnih zamislih pomeni ponovno vracanje v
obdobje taylorizma, ko obstaja le en najboljsi nacin
za obvladovanje proizvodnih procesov [5].

Zamisel vitke proizvodnje izhaja iz okolja
japonske avtomobilske industrije. Se ve¢, gre za
zamisel, ki je nastala na podlagi raziskovanja poslovne
prakse v Toyoti. Ni tezko ugotoviti, da zamisel, ki temelji
na specifi¢nosti avtomobilske industrije in celo enega
samega primera, ni prenosljiva v vsa poslovna okolja.

Vodilni avtorji zamisli agilne proizvodnje [6] in
[7], fraktalnega podjetja [8] in mnozinske prilagodljivosti
[9], poskusajo nastete zamisli predstaviti kot generi¢no
strategijo z namenom, postaviti skrajno prilagodljiv
sistem, ki naj bi bil imun za stroske, povezane z rastjo
kompleksnosti. TakSen sistem bi naj bilo mogoce doseci
predvsem z uporabo napredne proizvodne tehnologije
in sodobnih informacijskih sistemov. Avtorji sicer
priznavajo, da sama tehnologija e ni dovolj [6]. Dodajajo
Se kopico sodobnih poslovnih procesov, to so strateske
zveze, ploscenje organizacijske strukture in
osredotocenost na kljuéne kompetence. Tako te zamisli
pomenijo predvsem lepljenko vedine sodobnejsih
poslovnih zamisli, ki so se pojavili v sodobni literaturi o
menedzmentu.

Sodobnim proizvodnim zamislim ne gre
odrekati pomena, ki ga imajo za afirmacijo proizvodnih
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mained extremely robust in spite of changes in the in-
dustrial business environment [1]. The most impor-
tant strategic decision with respect to manufacturing
processes is the selection of competitive criteria that
will support the competitive advantages of an organi-
sation. Decisions about the selection of competitive
criteria require compromises as some competitive crite-
ria exclude each other [2]. In spite of its robustness, the
traditional concept of operations strategy is becoming
increasingly inadequate when it comes to explaining
events in the modern business environment. On its own,
the traditional concept cannot explain and remedy the
success, or lack of success, of a manufacturing organi-
sation ([1] and [3]). A new concept is being searched
for that will offer a theoretical frame for the field of op-
erations strategy.

The creation of modern manufacturing con-
cepts has utterly shaken some of the assumptions
about the traditional operations-strategy concept: it
was to be replaced by something else. The beginning
of the nineties featured the concept of lean produc-
tion [4]. To most popular organisational techniques
under the joint term of lean production were added
such manufacturing concepts as agile manufacturing,
fractal organisation and mass customisation.

These concepts reject the heterogeneity of a
manufacturing organisation as the basis for strategic
behaviour in the organisation. Manufacturing organi-
sations are heterogeneous with respect to resources
and capabilities; operations strategy thus still means
to be capable of working differently than one’s com-
petitors. In the modern manufacturing concept, search-
ing for a replacement for operations strategies means
returning into the era of faylorism with only one best
way to manage manufacturing processes [5].

The concept of lean production comes from
the Japanese automobile industry. What is more, the
concept is based on a study of business practices in
Toyota. 1t is not hard to understand that a concept
which focuses specifically on the car industry is not
transferable to all business environments.

The leading authors of agile manufacturing [6]
and [7], fractal company [8] and mass customisation
[9] try to present their concepts as a generic strategy
with the aim of establishing an extremely flexible sys-
tem that should be immune to costs arising from com-
plexity. Such a system could be attained, especially
with the use of advanced manufacturing technology
and modern information systems. The authors admit,
however, that technology itself is not sufficient [6].
They add a bundle of modern business approaches,
such as strategic alliances, the empowerment of the
organisational structure and focusing on key
competences. These concepts thus represent a mo-
saic of the most recent business concepts that have
appeared in modern management literature.

Modern manufacturing concepts should not
be denied the important role they play in the affirma-
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procesov, vendar same zase ne morejo postati
zamenjava za proizvodno strategijo. Proizvodne
zamisli niso same sebi namen, pac pa sredstvo, ki
odpira nove priloznosti. Vsaka od proizvodnih zamisli
mora biti prilagojena specificni situaciji podjetja in
njegovemu polozaju v poslovnem okolju. Ali
povedano drugace, biti mora v okviru proizvodne
strategije podjetja.

Nov teoreticni okvir, na katerem bo temeljilo
raziskovalno podrocje proizvodnih strategij, mora
omogociti razlago dogajanja v sodobnih proizvodnih
podjetjih. Priblizati se mora statusu paradigme, kakor
jo definira Kuhn [10]. Paradigma identificira in definira
raziskovalna vprasanja, s katerimi se bodo spopadli
raziskovalci s podro¢ja proizvodnih strategij. Teorija
proizvodnih virov, ki se je uveljavila na podroc¢ju
strateSkega menedzmenta in na podrocju teorije
industrijskih organizacij, se pojavlja kot teoreti¢ni
okvir, znotraj katerega bo temeljilo podrocje
proizvodnih strategij. Raziskovalna vpraSanja, s
katerimi so se spopadli raziskovalci v okviru
raziskave, predstavljene v tem prispevku, izhajajo iz
teoreti¢ne zamisli teorije proizvodnih virov.

1 TEORETICNO OZADIJE

Bistvo teorije proizvodnih virov se kaze
v trditvi, da je konkurencni polozaj podjetja
definiran s skupkom edinstvenih virov in
sposobnosti ter odnosov med njimi [11]. V
njenem osrcju je predpostavka o heterogenosti
podjetij. Ne obstajata namre¢ dve enaki podjetji.
Vsako se ponasa s svojo edinstveno bazo virov
in sposobnosti. Tudi isti vir bo v razli¢nih
podjetjih razli¢no ucinkovit. Viri in sposobnosti
so nemobilni ali omejeno mobilni. Podjetje, ki v
svoji bazi nima vira ali sposobnosti, potrebnih
za dosego konkurenc¢ne prednosti, jih ne more
kar preprosto (brez stroskov) prenesti iz baze
drugega podjetja.

Literatura teorije proizvodnih virov intenzivno
opisuje lastnosti, ki jih morajo imeti viri in sposobnosti,
da postanejo temelji konkuren¢ne prednosti ([12] do
[14]). Biti morajo redki, neposnemljivi, nepregledni,
kompleksni in historiéno odvisni.

Pozornost teorije proizvodnih virov je bila
ob njenih zacetkih usmerjena k raziskovanju pomena
virov, ki jih je predstavljala kot specificno
premozenje za podjetje. Ti viri so lahko oprijemljivi
ali neoprijemljivi. Mednje sodijo tehnologija, patenti,
avtorske pravice, individualno inzenirsko znanje,
ekspertno razvojno - tehnolosko znanje, sloves. V
zadnjem Casu se pozornost teorije proizvodnih virov
preusmerja iz proucevanja stati¢nih virov k
prouc¢evanju dinamic¢nega procesa razvoja
sposobnosti [15]. Sposobnosti pomenijo procese,
ki omogocajo, da podjetja ucinkovito in uspesno
izbirajo in izvajajo dejavnosti, potrebne za

tion of manufacturing processes, yet they cannot,
by themselves, become a replacement for operations
strategy. Manufacturing concepts are not intended
for themselves, rather they are a means to open up
new possibilities. Every manufacturing concept needs
to be adapted to the specific situation of an organi-
sation and its position in the business environment.
In other words, it should feature in the context of an
organisation’s operations strategy.

A new theoretical frame for operations-strat-
egies research should make it possible to explain the
events in modern manufacturing organisations. It
should approach the status of a paradigm, as defined
by Kuhn [10]. The paradigm identifies and determines
the research questions that will be tackled by schol-
ars from the operations-strategy field. Resource-
based theory, which was created within the fields of
strategic management and industrial organisation
theory, has become a theoretical frame within which
the operations-strategy field will be placed. The re-
search questions tackled by the authors of the re-
search presented in this paper result from the theo-
retical context of resource-based theory.

1| THEORETICAL BACKGROUND

The essentials of resource-based theory lie in the
assertion that the competitive position of an organisa-
tion is determined by the sum of its unique resources and
capabilities, and the relationships between them [11]. It is
centred on the presumption of the heterogeneity of or-
ganisations, i.e. that two equal organisations cannot ex-
ist. Each organisation is characterised by its unique re-
source base and capabilities. The same resource will re-
sult in different levels of productivity in different organi-
sations. Resources and capabilities are either immobile or
of limited mobility. The organisation that lacks a resource
or the capability necessary to achieve a competitive ad-
vantage, cannot simply adopt, without costs, the re-
sources or capabilities of another organisation.

The literature on resource-based theory describes
in detail the features that resources and capabilities should
possess to become the fundamentals for a competitive
advantage ([12] to [14]). They should be rare, inimita-
ble, non-transparent, complex and path-dependent.

In the beginning, the attention of resource-based
theory was focused on studying the importance of re-
sources, which, according to the theory, meant the spe-
cific assets of an organisation. These resources can be
either tangible or intangible. They encompass technol-
ogy, patents, copyright, engineering knowledge, expert
R&D knowledge, technological knowledge and image.
Lately, the attention of resource-based theory has shifted
from the study of static resources to the study of the
dynamic process of capabilities development [15]. Ca-
pabilities represent the processes that enable the or-
ganisation to effectively and successfully select and
implement the activities that are necessary to meet cus-
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zadovoljevanje potreb kupcev izdelkov ali storitev
[16]. Sposobnosti so tiste kombinacije virov in
procesov, ki pomenijo temelje konkurencne
prednosti za izbrano podjetje, ki posluje v dolo¢enem
poslovnem okolju [17].

Viri in sposobnosti so integralni del proizvodnih
procesov, zato teorija proizvodnih virov s svojo
introvertiranostjo pomeni ustrezen teoreticni okvir za
raziskovalno podrocje proizvodnih strategij. Gagon [ 18]
poudarja, da je teorija proizvodnih virov lahko
teoreti¢ni okvir za razlago vsebine, ki na podrocju
proizvodnih strategij povzroca najve¢ nesoglasij.
Teorija proizvodnih virov odpravlja reaktivno in
obrambno vlogo proizvodnje, ki jo ta zaseda v hierarhiji
strateSkega nacrtovanja. V nasprotju s tradicionalno
zamislijo ne obravnava stati¢nih odlocitev med
konkuren¢nimi kriteriji. Poudarja dinamicne poti, s
katerimi proizvodno podjetje prehaja na razli¢ne
proizvodne ravni [3]. Hayes in Pisano [19] poudarjata
stratesko prilagodljivost podjetja, ki omogoca
spreminjanje narave kompromisov in doseganje
razli¢nih kombinacij konkurenénih kriterijev v nekem
obdobju. Teorija proizvodnih virov osvetli uporabo
sodobnih proizvodnih zamisli v novi lu¢i. Sodobnih
proizvodnih zamisli, ki so se uveljavile kot najboljsa
praksa, teorija proizvodnih virov ne predstavlja kot
splosno resitev za proizvodne probleme, ampak jih
predstavlja kot dokaz, da podjetje, ki metodicno razvije
sposobnosti in zavestno is¢e priloznosti za njihovo
uporabo na trgu, lahko doseze izrazito konkuren¢no
prednost.

Kljub popularizaciji teorije proizvodnih virov
na podrocju proizvodnih strategij ([17] do [22]), sta
njena uporabnost in sposobnost opisovanja
poslovne stvarnosti odvisna od pojasnitve nekaterih
nedorecenosti. Raziskovalci intenzivno opisujejo
znacilnosti, ki jih morajo imeti sposobnosti, da
postanejo temelj konkurenc¢ne prednosti.
Predstavljajo primere, ki dokazujejo pomen
sposobnosti v proizvodnih podjetjih. Proucevanje
procesa, kako se sposobnost akumulira, pa ostaja
zunaj raziskovalne agende. Raziskovalci
predpostavljajo, da podjetja zZe kako razvijejo
sposobnosti, ki s svojim pomenom pomenijo na trgu
temelj konkuren¢ne prednosti. Obravnavanje
sposobnosti skozi staticno perspektivo ima za
posledico, da se sposobnost predstavlja kot nekaj,
kar je Ze po definiciji vredno na trgu. Kako sposobnost
doseze razvojno stopnjo, ki ji zagotavlja vrednost na
trgu, pa ostaja nepojasnjeno.

Motivi za raziskavo, predstavljeno v tem
prispevku, so izhajali iz zelje, pojasniti dinamiko
procesa akumulacije sposobnosti. Vsebino raziskave
lahko predstavimo v dveh splosnih raziskovalnih
vprasanjih:

- Kaks$en je mehanizem, po katerem poteka
dinamicni proces akumulacije sposobnosti v
proizvodnem podjetju?
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tomers’ needs, when it comes to buying either products
or services [16]. Capabilities are those combinations of
resources and processes that represent the fundamen-
tals of competitive advantage for a selected organisa-
tion operating in a certain business environment [17].

Resources and capabilities are an integral part
of manufacturing processes, therefore resource-
based theory, with its introversion, represents a theo-
retical basis for operations strategy research. Gagon
[18] argues that resource-based theory can repre-
sent a theoretical frame for the explanation of the
content, which is the source of most conflicts in op-
erations strategy. Resource-based theory does away
with the reactive and defensive role of manufactur-
ing in the hierarchy of strategic planning. Unlike tra-
ditional concepts, resource-based theory does not
place static decisions among competitive criteria. It
stresses dynamic ways that raise a manufacturing
organisation to different manufacturing levels [3].
Hayes and Pisano [19] point to the strategic flexibil-
ity of an organisation that allows it to vary the nature
of trade-offs and to achieve different combinations
of competitive criteria in a definite time period. Re-
source-based theory puts the use of modern manu-
facturing concepts in a new light. It does not take
modern manufacturing concepts that have proved to
be the best practice as a general solution for manu-
facturing problems, but as a proof that an organisa-
tion can achieve a competitive advantage as long as
it systematically develops capabilities and willingly
seeks opportunities to use them on the market.

In spite of the popularity of resource-based
theory in the field of operations strategy ([17] to [22]),
its applicability and capability to describe business
reality depend on the want of clearness and preci-
sion. Scholars describe in detail features that capa-
bilities should possess to become the basis of a com-
petitive advantage. They present examples showing
the importance of capabilities in manufacturing or-
ganisations. The study of the capability-accumula-
tion process, however, is not put on the research
agenda. Scholars presume that an organisation some-
how develops the capabilities that are important on
the market as a source for competitive advantage.
When capabilities are studied through the results
arising from a static perspective they are presented
as being valuable on the market, by definition. It re-
mains unexplained, however, how capability achieves
a level that would ensure the company’s value on the
market.

The motivation for the research presented in
this article originated in a wish to explain the dynam-
ics of the capability-accumulation process. The con-
tents of the research can be grouped into two gen-
eral research questions:

- What is the mechanism of a dynamic capability-
accumulation process in a manufacturing company?
- Is the capability in the accumulation process al-



Pandza K. - Buchmeister B. - Polajnar A. - Palcic¢ |.: Proizvodna strategija - Operations Strategy

- Ali je sposobnost v procesu akumulacije vedno
pomembna in vredna v poslovnem okolju?

2METODOLOGIJA

Stiri uspe$na slovenska proizvodna podjetja
so ponudila okolje za poglobljeno raziskavo.
Raziskava je potekala v podjetjih Primat d.d., Etid.d.,
Gorenje d.d. in v strateski poslovni enoti Sava Print iz
podjetja Sava d.d. V okviru tega prispevka je
nemogoce predstaviti vse Studije primerov, zato je v
poglavju Rezultati predstavljen Studij primera iz
podjetja Primat. Ugotovitve, predstavljene v poglavju
Razprava, so pridobljene na podlagi induktivne
analize med vsemi $tirimi Studijami primerov.

Raziskava je izvedena v skladu s procesom
induktivnega oblikovanja teorije [23]. Objekt raziskave
je proces akumulacije sposobnosti. Zanj je znacilna
kompleksnost, slaba strukturiranost in dinami¢na
histori¢na odvisnost. Uporabljena metodologija Studija
primerov je ustrezno orodje za spopad s tak$nim
pojavom. Godfrey in Hill [24] poudarjata, da so
kakovostne metodologije, kakr$ne so Studije primerov
in etnografske raziskave, najboljsi nacin za proucevanje
znacilnosti strategij, na katerih temelji teorija
proizvodnih virov. Postopek induktivnega oblikovanja
teorije in izbrana metodologija Studija primerov
ustrezata, saj mora pojasnitev rezultatov zagotoviti opis
in razlago dinamike procesa akumulacije sposobnosti
in ne rigoroznega definiranja vzro¢no-posledi¢nih
razmerij.

V raziskavi je uporabljena razvojna in vzdolzna
perspektiva. Vec¢ina empiri¢nih raziskav s podrocja
proizvodnih strategij uporablja pre¢no perspektivo.
Uporaba evolucijske in vzdolzne perspektive,
uporabljene v pri¢ujoci raziskavi, pomeni pomemben
metodoloski prispevek k raziskovanju na podrocju
proizvodnih strategij. Logika in mehanizem procesa
akumulacije sposobnosti se zaradi dinami¢ne
historiéne odvisnosti ustrezneje proucuje skozi
vzdolzno perspektivo. Van de Ven [25] predlaga
definiranje teorije procesa, ki jo uporabljajo raziskovalci
pri svoji raziskavi. Proces akumulacije sposobnosti je
na podlagi induktivne pojasnitve dogajanja v podjetjih
opisan kot zivljenjski cikel. Lastnosti posamezne faze
zivljenjskega cikla je mogoce opisati z evolucijsko
teorijo procesa.

Izvedba raziskave je od raziskovalcev
zahtevala, da v podjetju identificirajo sposobnost,
sledijo procesu akumulacije sposobnosti, razumejo
poslovni okvir, v katerem je identificirana sposobnost
vredna in pomembna na trgu, in opredelijo posredna
merila za spremljanje razvoja sposobnosti. Winter [26]
poudarja, da je sposobnosti mogoce posredno meriti
z za podjetje specificnimi merili izvedbe, klju¢nimi
kriteriji ali celo vrednotami.

Intervjuji, poslovna dokumentacija in
opazovanja so bili metode zbiranja podatkov,

ways important and valuable in the business en-
vironment?

2METHODOLOGY

Four successful Slovenian manufacturing organi-
sations offered to provide a framework for an in-depth
field research. The research was performed in the follow-
ing joint-stock companies: Primat, Eti, Gorenje, and in the
strategic business unit Sava Print, a part of Sava, also a
joint-stock company. It is impossible to present all four
case studies in this article, therefore only the case study
of Primat will be presented in the Results section. The
findings in the Discussion section were obtained with
the inductive analysis of all four case studies.

The research was performed with inductive-
theory building [23]. The object of the research was the
capability-accumulation process. This process is char-
acterised by complexity, bad structure, idiosyncrasy and
path-dependency. The applied case-study methodol-
ogy was an appropriate tool to tackle such a phenom-
enon. Godfrey and Hill [24] point out that qualitative
methodology, such as case studies and ethnographic
research, present the best way to study the idiosyn-
cratic characteristics of strategies on which the resource-
based theory is grounded. The inductive approach to
design the theory and the selected case-study method-
ology are adequate because the interpretation of re-
sults must ensure the description and dynamics of the
capability-accumulation process and not the rigorous
definition of cause-consequences relationships.

Evolution and longitudinal perspective are
used in the research. The majority of empirical inves-
tigations from the field of operations strategy use
transversal perspectives. The application of evolu-
tion and longitudinal perspective in this research rep-
resents an important methodological contribution to
the research into operations strategies. The logic and
mechanisms of the capability-accumulation process
are studied through the longitudinal perspective due
to path-dependency. Van de Ven [25] suggests defin-
ing the process theory used by scholars in their re-
search. The capability-accumulation process is de-
scribed as a life cycle of an organisation due to the
inductive interpretation of events. The characteris-
tics of the individual phases of a life cycle can be
described with the process-evolution theory.

The research required from scholars to iden-
tify capabilities, study the capability-accumulation
process, understand the business context within
which the identified capability is valuable and impor-
tant on the market, and set indirect measures to study
capability development in an organisation. Winter
[26] argues that capabilities can be indirectly meas-
ured with specific performance measurements, key
criteria and even the values of an organisation.

Interviews, business documentation and ob-
servations were all methods for collecting the neces-
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uporabljenih v raziskavi. Intervjuji s kljuénimi osebami
v podjetjih so obicajno trajali 2 do 3 ure. Vsi intervjuji
so bili posneti. Poslovna dokumentacija in arhivski
dokumenti so bili ob intervjujih drugi vir podatkov.
Uporaba vec¢ razlicnih virov je izboljsala notranjo
veljavnost raziskave. Za raziskavo je bila pomembna
vsa poslovna dokumentacija, ki je omogocala
spoznavanje kompleksne poslovne stvarnosti, in
tista, ki kakovostno kakor tudi koli¢insko podpira
podatke, pridobljene z intervjuji. Tretji vir zbiranja
informacij so opazovanja, ki pa so bila vklju¢ena zgolj
v Studiju primera iz podjetja Primat. Pri tem velja
omeniti, da je bil raziskovalec §tiri leta neposredno
vkljucen v operativne dejavnosti podjetja. Raziskava
v okviru tega Studija primera ima zato zelo izrazito
etnografsko komponento.

Analiziranje podatkov in zamisli so potekali v
skladu z znacilnostmi induktivnega oblikovanja
teorije. Gre za iterativni proces zbiranja podatkov,
analiziranja in interpretacije. Iterativni krog se ne konca
s prvo interpretacijo. Tej sledi ponovno preverjanje
ali zbiranje novih podatkov na podlagi novih
spoznanj.

3REZULTATI

Primat d.d. je podjetje, ki v zadnjih letih, z 290
zaposlenimi, stalno ustvarja dobic¢ek. Za ugodne
poslovne rezultate v zadnjih letih gre zahvala
predvsem proizvodnemu programu varnostne
opreme. Ob njem so Primatovi izdelki zaokroZeni Se v
programu kovinskega pohistva, ki zagotavlja 30 %
prihodkov od prodaje in programu skladis¢ne
opreme, ki prispeva 10% prihodka.

V podjetju identificirana sposobnost hitrega
razvoja izdelkov po narocilu je u€inkovita predvsem
v poslovnem okviru, v katerem mora podjetje hitro
razviti izdelek ustrezne varnostne stopnje po narocilu
kupca. Mehanska varnost je opredeljena z ustrezno
varnostno stopnjo. Ta ne pomeni zgolj neke najmanjse
tehni¢ne ravni, ki jo mora zagotoviti izdelek, kar je
znacilno za overitve v mnogih industrijskih panogah.
Varnostna stopnja, ki jo ugotovi neodvisen
preskusevalni laboratorij in zanjo izda potrdilo,
pomeni pomembno konkurenc¢no merilo, s katerim
podjetje pridobiva narocila na trgu. Poslovni okvir, v
katerem je identificirana sposobnost najuspesnejsa
in naju¢inkovitejSa, predstavlja trzni segment blagajn
za bancne avtomate, ki zagotavljajo skoraj 30%
celotnega prihodka podjetja.

Banc¢ni avtomat je zapleten izdelek, ki ga
sestavljajo finomehanske komponente za poslovanje
z gotovino, racunalnisko krmilje z elektronskimi
komponentami in blagajna, v kateri se nahaja gotovina.
Za proizvajalca ban¢nega avtomata pomeni blagajna,
ki zagotavlja mehansko varnost, nabavni izdelek.
Proizvajalec blagajne je dobavitelj proizvajalca
ban¢nega avtomata. TaksSna povezava zahteva od
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sary data for the research. Interviews with key people
in the organisation lasted 2-3 hours on average. All
the interviews were recorded. Besides interviews, busi-
ness documentation and archival documents were also
used as a source of data. The use of different sources
enhanced the internal validity of the research. For the
research all the business documents that led to an
understanding of business reality were important, as
were those which supported the data obtained in in-
terviews, either qualitatively or quantitatively. The third
source of data collection was observation; it was, how-
ever, only used in the case of Primat. It should be
pointed out here that for a period of four years the
researcher was directly involved in the operative ac-
tivities of the organisation. Within this case study, the
research thus bears a clear ethnographic component.
The analysis of data and conceptualisation were
performed in agreement with the characteristics of induc-
tive-theory generation. This was an iterative process of
data collection, analysis and interpretation. The iterative
cycle does not end with the interpretation of the initial
data. The repetition of verifications and the collection of
new data based on new findings necessarily follow.

3RESULTS

The joint-stock company Primat, which has
290 employees, has recently been making a profit.
Favourable business results in the last years are due,
in particular, to the manufacturing of safety equip-
ment. The company also manufactures metal furni-
ture, which accounts for 30 % of the sales revenue,
and warehouse equipment, which accounts for 10 %
of the revenue.

The company’s capability to quickly develop prod-
ucts to order is efficient, especially in such a business
context in which the organisation, by order of a buyer,
must quickly develop a product with a suitable safety level.
The mechanical safety of a product is determined by the
safety level. According to certificates in numerous indus-
trial branches, the safety level is the minimum technical
level that a product must guarantee. In contrast, the safety
level established by an independent laboratory and the
subsequently issued certificate, represent an important
competitive measure that ensures the company’s orders
on the market. The business context, within which Primat’s
capability is most successful and efficient, is the market
segment of strongboxes for automatic teller machines (cash
dispensers), which accounts for almost 30 % of the total
income of the organisation.

An automatic teller machine is a complex prod-
uct consisting of fine mechanical components to ma-
nipulate cash money, a computer control consisting
of electronic components, and a strongbox contain-
ing cash. The strongbox, which ensures the mechani-
cal safety, is a purchasing product for a producer of
automatic teller machines. The manufacturer of
strongboxes is his supplier. Such trading conditions
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proizvajalca mehanske varnosti ustrezen nabor
sposobnosti in virov.

Narava poslovanja pri dobavljanju blagajn
proizvajalcu ban¢nih avtomatov je, glede na tipologijo
proizvodnih procesov, sestavljena iz dveh korakov.
V prvem koraku gre za razvoj po narocilu. Proizvajalec
blagajne mora razviti izdelek ustrezne varnostne
stopnje. Izmere definira naro¢nik. Problem razvoja se
ne skriva neposredno v izmerah blagajne. Kar zadeva
njih, bi lahko bil proces definiran kot prilagajanje
standardne izvedbe po naro¢ilu. Problem se skriva v
zagotavljanju varnostne stopnje. Za preskusSevalni
laboratorij gre za popolnoma nov izdelek, ki ga je treba
znova preskusati. Proizvajalec blagajne se torej sreca
zizzivom, prilagoditi Ze znane resitve novim zahtevam
ali razviti nove resitve in kombinacije. Imeti mora
izvedenisko znanje na podroc¢ju zagotavljanja
mehanske varnosti, da lahko hitro in u¢inkovito najde
reSitev za konstrukcijo blagajne. Pri tem pomaga
poznavanje preskuSevalnih procesov, ki jih
uporabljajo preskusevalni laboratoriji. Hiter razvoj
prototipov terja obvladovanje napredne proizvodne
tehnologije, predvsem racunalnisko podprtega
konstruiranja in racunalnisko krmiljenih obdelovalnih
sistemov ter dobro organizacijo prototipne delavnice.
Se tako dobro strokovno znanje in obvladovanje
sodobne tehnologije pa ne bi bilo dovolj, ¢e se
podjetje ne bi bilo pripravljeno hitro odzivati in
prilagajati zahtevam kupca.

Uspesno razvit in preverjen izdelek pa Se ne
pomeni konca poslovne zgodbe. Ta se v svojem
trznem pomenu $ele prav zacenja. UspeSen razvoj po
narocilu je potreben pogoj za pridobitev posla. Po
podpisu pogodbe preide proizvodni postopek razvoja
po naro€ilu v proizvodni postopek, ki je nekaksna
mesSanica med izdelavo po narocilu in izdelavo na
zalogo. Slednji pa zahtevajo drugacne sposobnosti.
Zagotoviti je treba kakovost procesa izvedbe narocil,
obvladovati stroske serijske proizvodnje, zagotavljati
zanesljivost in hitrost dobav ter obvladovati nabavne
poti.

V Primatu so pridobili sposobnosti, ki so
potrebne za obvladovanje procesov po nacelu
izdelave po narocilu in izdelave na zalogo. Vendar se
sposobnosti, ki ga razlikujejo od konkurence, skrivajo
v razvoju po naroéilu. Stirje meseci od zagetnega
povprasevanja do uspesne overitve izdelka, kar so
dosegli v Primatu, pomenijo za industrijsko panogo
resni¢no malo ¢asa. Tisti, ki je zmozen razviti blagajno
ustrezne varnostne stopnje v Stirih mesecih, ima
sposobnost, ki je v tem poslovnem smislu predstavlja
konkurencno prednost.

Sposobnost hitrega razvoja izdelkov z
zahtevano varnostno stopnjo po naroéilu kupca je
dandanes na trgu priznana. Vendar je svojo vrednost
na trgu dosegla v zivljenjskem ciklu, opredeljenim z
evolucijsko dinamiko. Pandza in Polajnar [27]
strukturirano predstavljata kronologijo dogajanja.

require from a producer of technically safe products
a set of capabilities and resources.

In supplying strongboxes to the producer of au-
tomatic teller machines, business operations are done in
two steps, regarding the typology of the operations proc-
esses. The first step is the development of the product to
order. The strongbox manufacturer must develop a prod-
uct with a certain safety level. The product’s dimensions
are set by the buyer. The problem of product develop-
ment does not lie in the product’s dimensions. With re-
spect to them, the process could be defined as an adap-
tation of standard types to order. The problem lies in
ensuring safety levels. The strongbox is a completely
new product that must be tested anew by the testing
laboratory. The strongbox producer is therefore faced
with the challenge to adapt known solutions to new re-
quirements or to develop new solutions and combina-
tions. He should possess expert knowledge in the field of
mechanical safety assurance to find quick and efficient
solutions for designing the strongbox. The knowledge
of testing procedures used by testing laboratories is of
great help. The rapid development of prototypes requires
a knowledge of up-to-date manufacturing technology,
especially that of computer-supported design and CNC
systems as well as good organisation of a prototype
workroom. Expert knowledge and the application of mod-
ern technologies, however, would not be sufficient if the
company were not willing to respond and adapt to the
customer’s demands.

A successfully developed and certified product
is, however, not the end of the business story. The
commercial part of it is still to come. The successful
development of a product to order is a prerequisite to
arrange a deal. After signing the contract, the process
of product development to order is transformed into a
process that is a mixture between manufacture to order
and manufacture to stock. The latter, however, requires
different capabilities. It is necessary to ensure the qual-
ity of the order-realization process, manage mass-pro-
duction costs, ensure the reliability and speed of deliv-
eries, and master the purchasing channels.

Primat has acquired the capabilities required
for mastering production processes to order and to
stock. However, capabilities that distinguish Primat
from its competition lie in the development to order.
It cannot be denied that four months from the initial
demand to the successful certification of the product
is an extremely short period of time. A company that
is capable of developing a strongbox of a suitable
safety level in a four-month period possesses a ca-
pability that represents a competitive advantage in
this business context.

Primat’s capability to quickly develop prod-
ucts to order with a required safety level is nowa-
days recognized on the market. However, its value
on the market was achieved in an evolutionary dy-
namic life cycle. The chronology of events is pre-
sented by Pandza and Polajnar [27].
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Zacetna faza procesa (1989-1991)

Na obnasanje podjetja v zacetni fazi, ki jo
opredeljuje razkorak med sposobnostmi, ki jih
poslovno okolje zahteva, in sposobnostmi, ki jih
podjetje obvladuje, vplivata dva segmenta. Strateski
nacrt, s katerim se je zelelo podjetje ustaliti v
poslovnem okolju, postavi okvir za akumulacijo
izvedenska tehni¢nega znanja s podro¢ja mehanske
varnosti. Vzporedno pa podjetje se odzove na
spremenjene zahteve na trgu, ki narekujejo hiter
odziv na zahteve kupcev, in si tako pripravi temelje
za sposobnost hitrega razvoja izdelkov po narocilu
kupca. V zacetni fazi akumulacije sposobnosti v
podjetju, sposobnosti hitre reakcije in razvijanja
izvedenska znanja na podro¢ju varnostne opreme
Se niso povezovali. Zdruzili sta se v evolucijskem
razvoju.

Faza ucenja (1991-1995)

Za obdobje ucenja je v podjetju znacilno zelo
intenzivno akumuliranje izvedenska znanja s podrocja
mehanske varnosti. Eksperimentiranje z materiali,
konstrukeijskimi reSitvami in tehnoloskimi procesi je
pripeljalo do izvedenskih znanj. Ta so se akumulirala
z intenzivno interakcijo med Primatom in
preskusevalnimi laboratoriji. Ti so s svojo logiko
preskusevalnih procesov narekovali razvoj
tehni¢nega znanja, pa tudi nekaterih organizacijskih
ukrepov in obenem predstavljali organ, ki izbira
ponujene resitve. Ce so preskusevalni laboratoriji z
overjenjem Primatovih izdelkov potrjevali obstoj
sposobnosti, pa to ni mogoce trditi za druge dele
poslovnega okolja. Kljub temu, da so se Primatovi
izdelki zaceli pojavljati v pregledih overjenih izdelkov,
ki jih objavljajo preskusevalne ustanove, in se je krog
mogocih kupcev poveceval, preglednica 1 pokaze,
da so overjeni izdelki zgolj simboli¢no prispevali k
prihodkom podjetja. Kljub neobstoju oprijemljivih
finan¢nih ucinkov ni bilo mogoce kar zamenjati
strateSke smeri. V podjetju so vztrajali na izbrani poti
tudi zaradi tega, ker je poslovno okolje prek
preskusevalnih laboratorijev potrjevalo vrednost
akumuliranega tehni¢nega znanja.

Faza potrditve (1995-1996)

Posel z ban¢nimi avtomati pomeni prvo
izrazito potrditev poslovnega okolja, da so v
podjetju akumulirane sposobnosti dobile
vrednost na trgu. Preglednica 1 prikazuje velik
skok pri delezu prihodkov od preskusenih izdelkov
mehanske varnosti. Skok je posledica prihodkov,
pridobljenih s poslom z mednarodnim podjetjem,
ki mu je Primat zacel dobavljati blagajne za ban¢ne
avtomate. Za fazo potrditve je v Primatu znacilno,
da je podjetje hitro in odlo¢no reagiralo na
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Initial phase (1989-1991)

Two segments affect the behaviour of the com-
pany in the initial phase. This phase is characterized by the
gap between the capabilities required by the business en-
vironment and those mastered by the company. The stra-
tegic plan with which the company wanted to position
itself in the business environment was a framework for the
accumulation of expert engineering knowledge in the field
of mechanical safety. Simultaneously, the company reacted
to the changing demands of the market that dictate a quick
response to customers’ demands. It thus prepared the
foundations for the quick development of products to the
buyer’s orders. In the initial phase of capabilities accumu-
lation, the company found no links between quick reac-
tions and expert-knowledge development in the field of
safety equipment. The two were only to be linked in the
evolutionary development.

Learning phase (1991-1995)

The learning phase is characterized by the inten-
sive accumulation of expert knowledge in the field of me-
chanical safety. Experimenting with materials, structural
solutions and technological processes lead to the acquisi-
tion of expert knowledge. It was accumulated with inten-
sive interaction between Primat and testing laboratories.
With their testing logic, the laboratories dictated the devel-
opment of engineering knowledge, but also made their
influence felt in some organizational measures. The labora-
tories represented an authority for deciding on offered
solutions. While the testing laboratories, by certifying
Primat’s products, confirmed the existence of capabilities,
this cannot be said for other segments of the business
environment. In spite of the fact that Primat’s products
started to appear in lists of certified products, which are
regularly published by testing organizations, and the circle
of potential buyers increased, spreadsheet 1 shows that
the certified products only symbolically enhanced the com-
pany’s income. In spite of the non-existence of tangible
financial effects, the strategic orientation of the company
could not be simply changed. The company persisted
with the selected orientation also because the business
environment, via the testing laboratories, confirmed the
value of accumulated engineering knowledge.

Confirmation phase (1995-1996)

The business with the automatic teller machines
was the first to gain a clear confirmation from the business
environment that company’s accumulated capabilities had
gained value on the market. Spreadsheet 1 shows a great
jump in the income share from products tested for their
mechanical safety. The jump resulted from the income
gained though cooperation with a multinational organisa-
tion to which Primat started to deliver strongboxes for
automatic teller machines. The confirmation phase is char-
acterized by the company’s quick and determined reaction



Preglednica 1. Merljivi podatek za oceno sposobnosti

Table 1. Quantitative data for capability performance measurement

Leto Prihodki od prodaje overjenih Delez overjenih izdelkov v skupnih
Year izdelkov (DEM) prihodkih od prodaje [%]
Revenues from sales of certificated | Share of certified products in net revenues
products (DEM) from sales [%]
1991 579.743 3.2
1992 / /
1993 1.056168 7.7
1994 769.99¢0 —dl
1995 —T017.737 63~
1996 N5461.725 < > 303 A
1997 5.736398 N o—
1998 4.105.921 N 20
1999 8.452.888 35,8
priloznost, ki se je pojavila na trgu. to the opportunity that emerged on the market. Experi-

Eksperimentiranje z razvojem novih izdelkov in
preskusanje v preskusevalnih laboratorijih, ki je
bilo rezultat smotrne odlo¢itve o doseganju
primerljivosti izdelkov s konkurenti, je pripeljalo
do akumulacije izvedenskega znanja. To se je ob
poslu s proizvajalcem ban¢nih avtomatov zlilo s
sposobnostjo hitrega reagiranja na zahteve
kupcev, katere zametki so se pojavili v zacetku
devetdesetih kot nujna reakcija, ki jo zahteva
poslovno okolje. Obe sta se v zivljenjskem ciklu
zlili v sposobnost hitrega razvoja izdelkov z
ustreznimi varnostnimi stopnjami po narocilu
kupca.

Faza eksploatacije (1996-1999)

Za fazo eksploatacije je znacilno, da podjetje
uporablja ze akumulirane sposobnosti pri poslovnih
priloznostih, ki se pojavljajo na trgu. Poslu z
mednarodnim podjetjem se pridruzijo Se drugi
podobni posli. Podjetje poskusa z investicijami v
proizvodno tehnologijo in organizacijske ukrepe
vzdrzevati raven akumulirane sposobnosti. V okviru
razvoja druzine blagajn Starprim v Primatu
poskusajo razsiriti uporabnost sposobnosti na trzni
segment, v katerem akumulirana sposobnost ni tako
znacilna. Akumulacija sposobnosti ni ve¢ izrazito
krmiljena s signali poslovnega okolja. V podjetju
se zavedajo pomena akumulirane sposobnosti, zato
jo z razli¢nimi ukrepi in investicijami zelijo
dograjevati in vzdrzevati.

Pobudna faza (1999- )

Za pobudno obnasanje podjetja je znacilen
odmik od preproste uporabe sedanjih sposobnosti
za pojavljajoce se poslovne priloznosti k dejavnemu
ustvarjanju priloznosti. Primat v odnosu do kupca
blagajn za ban¢ne avtomate nima vec zgolj reaktivne
vloge in mu podreja svoje sposobnosti, ampak mu na

menting with the development of new products and the
testing of products in testing laboratories, which was the
result of a rational decision to attain comparability with
competitors’ products, led to an accumulation of expert
knowledge. In doing business with the producer of auto-
matic teller machines, expert knowledge mingled with the
capability of a quick response to customers’ demands,
which originates from the necessary reaction demanded
by the business environment at the beginning of the nine-
ties. Expert-knowledge accumulation and the capability to
respond quickly to customers’ demands were combined
with the capability to rapidly develop products with ad-
equate safety levels to the buyer’s demands.

Exploitation phase (1996-1999)

The exploitation phase is characterised by the
company’s exploitation of accumulated capabilities in
business opportunities emerging on the market. Other
business is added to the business with multinational
organisation. With investments into manufacturing tech-
nology and with organisational measures, the company
tries to maintain the level of accumulated capabilities.
With the development of the family of Starprim strong-
boxes, Primat tries to expand capability applicability to the
market segment in which accumulated capability is not as
characteristic as in the first one. The accumulation of capa-
bilities is no longer controlled by signals from the business
environment. The company is aware of the importance of
accumulated capability, therefore it is trying to maintain
and upgrade it with different measures and investments.

Proactive phase (1999- )

The proactive phase is characterized by the shift
from simple exploitation of the existing capabilities for
emerging business opportunities towards the active
generation of opportunities. Primat no longer plays a
reactive role, subordinating its capabilities to the buyer
of strongboxes for automatic teller machines, but ac-
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podlagi ze akumuliranih sposobnosti dejavno
predlaga mogoca poslovna sodelovanja. V Primatu
so med prvimi v Evropi overili blagajno za bancne
avtomate V. varnostne stopnje, ¢eprav zanjo niso
dobili neposrednega narocila.

4 RAZPRAVA

Namen raziskave je bil zagotoviti opis procesa
akumulacije sposobnosti. Kompleksnost in dinami¢na
histori¢na odvisnost proucevanega pojava omejujeta
moznost matemati¢nega opisa proucevanega
procesa. Kljub temu je v tem ¢lanku predstavljen
matemati¢ni opis, brez ambicij po rigoroznem
matematicnem modeliranju odnosov med
spremenljivkami.

Razlaga rezultatov raziskave je pokazala, da
je dinamiko procesa akumulacije sposobnosti
mogoce opisati kot zivljenjski cikel, sestavljen iz petih
faz:

{caP}

pri ¢emer sta CAP proces akumulacije sposobnosti
in P, faze zivljenjskega cikla. Obstoj razli¢nih faz, s
katerimi je opisan obravnavani proces, je mogoce
prepoznati na podlagi empiri¢nih podatkov.

Proces akumulacije sposobnosti vsebuje
logiko razvoja, ki ga usmerja od faze do faze. Vsaka
faza je definirana s prejSnjo. Na ta nacin je zajeta
histori¢na odvisnost procesa:

Proces akumulacije sposobnosti je mogoce
predstaviti kot kumulativno in vezano zaporedje faz,
ki si sledijo, pri ¢emer vsaka prispeva k naslednji fazi.
Vsaka faza torej izhaja iz prejSnje. Vsaka faza je tudi
kompleksnejsa glede na akumulirane sposobnosti.

Faze se medsebojno razlikujejo po vplivu, ki
gaimajo razli¢ni vplivni dejavniki na razvoj akumulacije
sposobnosti. Te je mogoce predstaviti kot vplivne
dejavnike podjetja, oznacene z indeksom f, in vplivne
faktorje poslovnega okolja, oznacene z indeksom .
Dimenzije faz zivljenjskega kroga so predstavljene z
vektorjem:

pri cemer so C sposobnosti podjetja, R, viri podjetja,
CU, kupci, ¢, konkurenti, S, dobaviteljiin 7 razvoj
tehnologije.

Vpliv posameznih dejavnikov na faze procesa
akumulacije sposobnosti je predstavljen z uteznim
vektorjem:
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{B}:{Cf’Rf’

{}={a.p.r.0.6¢}

tively suggests possible business cooperation based
on accumulated capabilities. Primat was among the first
companies in Europe to certify a strongbox for an auto-
matic teller machine of the 5" safety level, although the
company has not received a direct order.

4 DISCUSSION

The aim of this discussion was to set a styl-
ised mathematical description of the capability-accu-
mulation process. The complexity and path-depend-
ence of the studied event limit the possibility of its
mathematical description. The mathematical descrip-
tion presented in this article has no ambition to rigor-
ously model mathematical relationships between the
variants.

The interpretation of the research results
shows that the dynamics of the capability accumula-
tion process can be described as a life cycle consist-
ing of five phases:

(1),

where CAP is the capability accumulation process
and P, are the phases of a life-cycle. The existence of
different phases, with which the studied process is
described, can be identified with empirical data.

The capability accumulation process contains
development logic which directs it from one phase to
another. Each phase is determined by the previous
one. Path-dependence is thus ensured:

f({Pa}) ).

The capability accumulation process can be pre-
sented as a cumulative and linked sequence of phases
that follow one another, with each one adding to the next
one. Each phase thus results from the previous one and
is more complex with respect to accumulated capabilities.

Phases differ according to the effect of differ-
ent influential factors on the capability-accumulation
process. These can be represented as organisation-
oriented impact factors described with the index f,
and market-oriented impact factors described with
the index m. The dimensions of the life cycle phases
are represented with the vector:

j

where C , are the capabilities of the organisation, R,
are the resources of the organisation, CU are the
buyers, ¢ are the competitors, S are the suppliers
and T is the technological development.

The influence of individual factors on the
phases of the capability-accumulation-process
phases is presented with the vector

CcU ST

m>*m

C.»

m?>

€)X

@,
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pri cemer so « koeficient vpliva akumuliranih
sposobnosti podjetja, £ koeficient vpliva virov
podjetja, ¥ koeficient vpliva kupcev, & koeficient
vpliva konkurentov, ¢koeficient vpliva dobaviteljev
in {koeficient vpliva tehnoloskega razvoja. Vrednosti
uteznega vektorja se od faze do faze spreminjajo.
Zapisemo lahko:

(R ={B}-{1,

Vplivni dejavniki v posameznih fazah razli¢no
vplivajo na postopek akumulacije sposobnosti.

Koeficienti vpliva niso medsebojno
neodvisni. Med koeficienti vpliva podjetja prihaja
do sinergijskih u¢inkov pri prehodih iz ene faze v
drugo. Isto velja tudi za koeficiente vpliva poslovnega
okolja. Mogoce je definirati dva sistema, kar omogoci
dvodimenzionalno predstavitev obravnavanega
procesa:

where o is a coefficient of the impact of capabilities
accumulated in the organisation, S is a coefficient of
the impact of resources of the organisation, yis a coef-
ficient of the impact of buyers, d'is a coefficient of the
impact of competitors, ¢ is a coefficient of the impact of
suppliers, and ¢ is a coefficient of the impact of techno-
logical development. The value of the weight vector
changes from one phase to another. Thus we can write:

i=1,...5
©)-

Impact vectors differently affect the capabil-
ity-accumulation process in different phases.

Impact coefficients are not mutually inde-
pendent. Synergistic effects occur among organisa-
tion-oriented impact factors in passing from one phase
to another. The same is true for market-oriented im-
pact factors. Two systems can be determined, which
enables a two-dimensional representation of the stud-
ied process:

S, =(a.p) ©)
Sn=(1:0,6:¢) .

pri Cemer sta S sistem vplivnih koeficientov podjetja
in S sistem vplivnih dejavnikov poslovnega okolja.
Med koeficienti obeh sistemov prihaja do sinergijskih
ucinkov, ki jih predstavljata sinergija vplivnih
dejavnikov podjetja o, in sinergija vplivnih
dejavnikov okolja o, .

Empiri¢ni podatki dokazujejo, da vplivni
dejavniki okolja izrazito usmerjajo proces akumulacije
sposobnosti v prvih fazah. V zadnjih fazah procesa
pa odlocilno vlogo za usmerjanje procesa akumulacije
sposobnosti pripada vplivnim dejavnikom podjetja.
Ali drugace, sinergijski u¢inki med vplivi okolja so
vecji v prvih fazah procesa, v zadnjih fazah pa
prevladujejo sinergijski u¢inki med viri in ze
akumuliranimi sposobnosti. Evolucijska dinamika
vplivnih dejavnikov in njihov vpliv na postopek
akumulacije sposobnosti so prikazani na sliki 1.
Posamezni vplivni dejavniki imajo razlicne numeri¢ne
ali simbolne vrednosti, pri cemer slika la predstavlja
njihovo splosno gibanje.

V zacetni fazi in v fazi ucenja poslovno okolje
izrazito usmerja postopek akumulacije sposobnosti.
Gre za odzive na zahteve poslovnega okolja in jasne
znake, da obstaja razkorak med zahtevanimi in sedanjimi
sposobnostmi. Za fazo potrditve je znacilno, da
poslovno okolje potrdi ustreznost v evolucijskem
procesu akumuliranih sposobnosti. V fazi eksploatacije
podjetja zelo izrazito in ciljno usmerjeno dograjujejo in
vzdrzujejo na trgu potrjene sposobnosti. V pobudni
fazi pa gradijo svojo strateSko razpoznavnost na
akumuliranih sposobnostih. Za zadnji dve fazi
zivljenjskega kroga akumulacije sposobnosti je torej

where S fis the system of organisation-oriented im-
pact coefficients, and S the system of market-ori-
ented impact coefficients. There are synergistic ef-
fects between both systems, i. e. the synergy of or-
ganisation-oriented impact factors o,and the synergy
of business-oriented impact factors o .

Empirical data show that the capability-accu-
mulation process is clearly directed by market-oriented
impact factors in the first phases. In the last phases of
the process, however, a decisive role in directing the
capability-accumulation process is given to organisa-
tion-oriented impact factors. Or, in other words,
synergistic effects of the business environment are
greater during the first phases of the process, while
during the last phases, synergistic effects between re-
sources and already-accumulated capabilities prevail. The
evolution dynamics of impact factors and their influence
on the capability-accumulation process are shown in Fig-
ure 1. Individual impact factors have different numerical or
symbol values; Figure 1 presents their general movements.

In the initial and learning phases the business
environment clearly directs the capability-accumulation
process. The business environment reacts and gives clear
signs that there is a gap between the required and the
existing capabilities. The confirmation phase is charac-
terized by the fact that the business environment con-
firms the adequacy of the capabilities accumulated in the
evolution process. In the exploitation phase the organi-
sation clearly and purposefully upgrades and maintains
capabilities confirmed by the market. The last two phases
of the capability-accumulation life cycle are character-
ised by the level of accumulated capabilities that deci-
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SL.1. Evolucijska dinamika vplivnih koeficientov in njihov vpliv na postopek akumulacije sposobnosti
Fig. 1. Evolution dynamics of impact factors and their influence on the capability-accumulation process

znacilno, da raven ze akumuliranih sposobnosti
odlocilno vpliva na postopek. Ali drugace povedano,
sinergijski u¢inek med vplivnimi dejavniki podjetja
usmerja postopek akumulacije sposobnosti.

Omenjene ugotovitve izzovejo dosedanja
teoreti¢na spoznanja. Avtorji s podrocja teorije
proizvodnih virov predpostavljajo, da sta poslovno
okolje in proces akumulacije sposobnosti neodvisna.
Priznavajo edino, da morajo sposobnosti trgu
ustrezati. Njihova perspektiva je izrazito stati¢na in
obravnava podjetja v ozkem casovnem obdobju.
Obravnavanje procesa skozi vzdolzno perspektivo je
pokazalo, da postopek akumulacije sposobnosti ni
neodvisen od poslovnega okolja, saj ga v zacetnih
fazah zivljenjskega kroga zelo izrazito usmerja.

Raziskava v poslovnih okoljih je pokazala, da
ima sposobnost razli¢no vrednost v razli¢nih fazah
Zivljenjskega cikla. Se ved, v zaGetni fazi in v fazi uéenja
je vrednost sposobnosti, specificne za podjetje,
manjSa od sposobnosti, ki jo zahteva trg.
Poenostavljeno je razmerje med gibanjem vrednosti
sposobnosti, specificne za podjetje, in gibanjem
vrednosti, ki jo zahteva trg, prikazano na sliki 2.

Ce je mogoée predstaviti gibanje vrednosti za
specifiéno sposobnost, je mogoce definirati proces
akumulacije sposobnosti kot:

cAp=[vC, -di
0

pri Cemer pomeni VC, predstavlja gibanje vrednosti
za podjetje specificne sposobnosti in t, Cas
konjunkturnega zivljenjskega cikla. Podobno je
mogoce zapisati zahtevano sposobnost trga:
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sively influences the process. Or, in other words, the
synergistic effect between the organisation-oriented im-
pact factors directs the capability-accumulation process.

These findings challenge previous theoretical
issues. Scholars in the field of resource-based theory
suggest that the business environment and the capa-
bility-accumulation process are independent. What
they do acknowledge, however, is that capabilities must
suit the market. Their perspective is explicitly static
and transversal. It studies manufacturing organisa-
tions in a short time interval. Studying the process
through a longitudinal perspective has shown that
the capability-accumulation process is not independ-
ent of the business environment; what is more, it clearly
directs it in the initial phases of a life cycle.

Research in business environments has shown
that capability has a different value in the different
phases of a life cycle. What is more, in the initial and
learning phases, the organisation-specific capability
value is lower than the market-oriented capability value.
The relationship between the organisation-specific ca-
pability value and the market-oriented capability value
is shown in a simplified way in Figure 2.

If variations of value can be represented as a
specific capability, the capability-accumulation proc-
ess can be defined as:

@,

where VC, is the organisation-specific value move-
ment and t_ is the time of the growth life cycle.
Similarly, the market-oriented value can be written
as:
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SL. 2. Zivljenjski cikel procesa akumulacije sposobnosti
Fig. 2. Capability-accumulation process life cycle

te
RCAP = [VRC, -dt
0

pri Cemer je VRC = gibanje vrednosti zahtevanih
sposobnosti. Vsakokratno strmino krivulje lahko
oznac¢imo kot koeficient dinamike poslovnega okolja.
Mogoce je predpostaviti, da poslovno okolje stalno
zahteva bolj$e sposobnosti. Ve¢ji koeficient dinamike
poslovnega okolja pomeni, da v hitreje rastocih
industrijskih panogah zahteve po sposobnostih
hitreje naras¢ajo. Pomeni, da je vrednost sposobnosti
odvisna od poslovnega okvira.

Razkorak med sposobnostmi podjetja in
sposobnostjo, ki jo zahteva poslovno okolje,
definiramo kot:

AC =VC,(1)~VRC, (1)

Odvisnosti med razkorakom in znacilnostmi
posameznih faz je mogoce pojasniti takole:

VC/(t) - VRC (1) <0 = prevladujo¢ vpliv koeficientov iz S, ali 6<<c,
VC(1) - VRC, (1) > 0 = prevladujoc vpliv koeficientov iz S.alic >>C,

(9)’

where VRC, is a market-oriented capability value.
Every inclination of a curve can be determined as a
coefficient of business-environment dynamics. It can
be anticipated that the business environment continu-
ally requires better capabilities. A higher coefficient of
business-environment dynamics means that in faster-
developing industrial branches the requirements for
capabilities increase more quickly. The capability value
is thus dependent on the business context.

A gap between organisation-specific capabili-
ties and the capabilities required by the business
environment is determined as:

(10).
The relationships between the gap and the

characteristics of individual phases can be explained
as follows:

a11).

VC(1)-VRC, (1) <0= prevailing impact of S coefficients or 0<<c,
|48 ,(t) - VRC (1) > 0 = prevailing impact of S, coefficients or 6F>Gm

V zacetni fazi in v fazi ucenja, pri kateri
obstaja razkorak med zahtevanimi sposobnostmi
in sedanjo sposobnostjo, vpliva na postopek
akumulacije sposobnosti poslovno okolje. Podjetje
v teh fazah $e ni akumuliralo sposobnosti, ki bi
dosegale raven zahtevanih sposobnosti, zato se v

In the initial and learning phases, when there is
still a gap between the required and the existing capa-
bility, the business environment affects the capability-
accumulation process. In these phases the organisa-
tion has not yet accumulated the capabilities that would
equal the level of the required capabilities, therefore the
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podjetjih odzivajo na zahteve poslovnega okolja.
Od faze potrditve dalje, raven Ze akumuliranih
sposobnosti odlocilno vpliva na razvoj procesa.
Podjetja se zavedajo pomena na trgu potrjenih
sposobnosti.

Pojavi se logi¢no vprasanje, kdaj se proces
akumulacije sposobnosti konéa in kaj se zgodi po
pobudni fazi. Razlaga empiri¢nih podatkov je
omogocila definiranje zivljenjskega cikla, katerega
znacilnosti zajamemo v predstavljenih fazah.
Proucevan zivljenjski cikel je mogoce imenovati
konjunkturni zivljenjski cikel, saj vrednost
sposobnosti podjetja naras¢a in presega zahtevano
vrednost. Konjunkturni zivljenjski cikel se lahko
prekine, ¢e se vrednost zahtevane sposobnosti hitro
dvigne. Do tak$nega pojava lahko pride ob prodoru
konkurenta, ki je razvil sposobnosti obvladovanja
nove tehnologije ali z organizacijskimi ukrepi izrazito
dvignil svojo sposobnost. Sklepamo lahko, da je
celotni zivljenjski cikel procesa akumulacije
sposobnosti sestavljen iz zaporedja konjunkturnih
zivljenjskih ciklov. Celoten zivljenjski cikel akumulacije
sposobnosti se zaustavi samo v primeru propada
podjetja ali s kak$no drugo dramati¢no spremembo.

Proucevanje zaporedja konjunkturnih ciklov
procesa akumulacije sposobnosti je lahko smer
nadaljnjih raziskav. Seveda pa bi bilo treba pri taksnih
raziskavah obravnavati zelo dolga ¢asovna obdobja.

5 SKLEPI

Namene pric¢ujocega prispevka je mogoce
predstaviti v dveh vsebinskih sklopih. V prvem,
teoreticnem delu Zzelimo predstaviti teorijo
proizvodnih virov in njen pomen za raziskovalno
podrocje proizvodnih strategij. Sporocilo prispevka
je, da lahko teorija proizvodnih virov s svojo
introvertiranostjo predstavlja teoreti¢na zamisel, ki
bo usmerjala raziskave na podroc¢ju proizvodnih
strategij. V drugem delu je predstavljena raziskava, ki
je potekala v stirih slovenskih proizvodnih podjetjih.
Spoznanja, pridobljena v induktivnem raziskovalnem
procesu, prispevajo k novim spoznanjem na podrocju
teorije proizvodnih virov. Vzdolzna perspektiva
raziskave je omogocila opis akumulacije
sposobnosti kot zivljenjskega cikla. V posameznih
fazah procesa razli¢ni vplivni dejavniki razlicno
vplivajo na postopek akumulacije sposobnosti. V
zacetni fazi in v fazi ucenja na postopek izrazito vpliva
poslovno okolje. V naslednjih fazah pa raven ze
akumulirane sposobnosti izrazito usmerja postopek.
Izsledki raziskave dokazujejo, da sposobnost ni
nekaj, kar je ze po definiciji vredno in pomembno v
poslovnem okolju, ampak to Sele postane, ko njeno
vrednost potrdi trg.

Raziskovanje akumulacije sposobnosti skozi
vzdolzno in razvojno perspektivo lahko predstavlja
pomembno smer raziskovanja na podrocju
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organisation responds to the demands of the business
environment. From the confirmation phase onwards,
the level of accumulated capabilities decisively affects
the process development. The organisation is aware of
the importance confirmed by the market.

A logical question arises as to when the capa-
bility-accumulation process stops and what happens
after the proactive phase. The interpretation of empiri-
cal data has enabled us to define a life cycle whose
characteristics have been included in the presented
phases. The studied life cycle can be designated as a
growth life cycle, because of the value of the organi-
sation’s capability increases and surpasses the re-
quired value. The growth life cycle can be stopped if
the value of the required capability rises quickly. Such
a phenomenon can occur when a competitor pen-
etrates the market because he has developed capabili-
ties to master a new technology or has clearly increased
his capability with organisational measures. We can
conclude that the total life cycle of the capability-ac-
cumulation process consists of a sequence of growth
life cycles. The capability-accumulation life cycle, in
its totality, can fail only due to a total collapse of an
organisation or some other dramatic change.

The study of the growth life-cycle sequence
of the capability-accumulation process can be a topic
for further research. However, long time periods
should be considered in such investigations.

5 CONCLUSIONS

The purpose of this paper is twofold. In the
first, conceptual part we want to present the resource-
based theory and its importance for the research of
operations strategy. The article is designed to com-
municate the idea that resource-based theory, while
being highly introverted, can represent a theoretical
concept for directing research in the field of opera-
tions strategy. The research presented in the second
part was performed in four Slovenian manufacturing
organisations. The knowledge obtained in the re-
search process makes a contribution to resource-
based theory. The longitudinal perspective of the
research has enabled us to describe capability-accu-
mulation as a life cycle. In individual phases of the
process, different factors differently affect the capa-
bility accumulation process. In the initial and learn-
ing phases, the process is clearly affected by the
business environment. In subsequent phases, how-
ever, it is the level of accumulated capability that
directs the process. The research findings prove that
capability is not something that is valuable and im-
portant in the business environment only by defini-
tion, but that it becomes valuable when its value has
been confirmed by the market.

The research into capability accumulation via
the longitudinal and evolutionary perspective can
significantly direct research in the field of operations



Pandza K. - Buchmeister B. - Polajnar A. - Palcic¢ |.: Proizvodna strategija - Operations Strategy

proizvodnih strategij. Poznavanje dinamicnega
procesa akumulacije sposobnosti lahko pomaga
vodjem proizvodnih podjetij obvladovati proces, ki
je zaradi zapletenosti, posebnosti in dinamicne
histori¢ne odvisnosti tezko obvladljiv.

! Omeniti velja, da se v angle$ki terminologiji ime proizvodni
menedzment vse bolj umika izrazu operations management.
V okviru slednjega so dejavnosti, potrebne za fizicno
proizvodnjo izdelka, integrirane z dejavnostmi upravljanja
nabavne in distribucijske mreze, uvajanja novih izdelkov,
menedzmenta kakovosti, menedzmenta tehnologij in
merjenja izvedbe. V slovenskem prostoru $e ni poenotenja
okoli izraza, ki bi opisoval vsebino, ki jo v angleski
terminologiji opisuje beseda operations. Pojavljajo se
termini npr.: procesni menedzment in izvedbeni
menedzment. Zato je v slovenskem delu prispevka
uporabljen izraz proizvodni menedzment, v angleskem
prevodu pa operations management. Neenotnost v
terminologiji dokazuje, da proizvodni menedzment kot
znanstvena panoga $e ni uveljavljena v Sloveniji. Slednje je
seveda, glede na pomen proizvodnega menedzmenta,
anahronizem, vendar je to Ze tema, ki izstopa iz okvira tega
prispevka.

strategy. A knowledge of the dynamic-accumulation
process can help managers of manufacturing organi-
sations to master the process that is otherwise diffi-
cult to manage due to its complexity, idiosyncrasy
and path-dependence.

! Tt should be noted here that in English terminology the
term manufacturing management is being increasingly
replaced by operations management. The latter
encompasses the activities needed for the physical
manufacture of the product and the management of purchase
and distribution networks, new product introduction,
quality management, technology management and
performance measurement. In Slovene terminology no term
has yet been found to describe the contents of the English
term operations. There are terms such as procesni
menedzment and izvedbeni menedZment. Therefore, the term
proizvodni menedzement is being used in the Slovene part
of the article, while operations management is being used
in the English translation. This terminology gap shows
that in Slovenia operations management has not yet become
a scientific discipline. With respect to its importance, this
is an anachronism, yet this topic is not within the scope of
this article.
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Gradnja uporabniskega vmesnika na temelju

programskega paketa MATLAB za studij
sistemov

Building a User Interface Based on MATLAB for Control
System Studies

Martina Les - Boris Abersek

Sodobna programska oprema ponuja visoko interaktivno kakor tudi ucinkovito ucno okolje za ucenje
teorije sistemov in simuliranj za mnoga podrocja Studija tehnike. Predstavljeni prispevek opisuje razvoj in
izvedbo ucnega pripomocka za ucenje teorije linearnih sistemov, ki povezuje skripta v elektronski obliki s
primeri v Matlabu in Simulinku prek graficnega uporabniskega vmesnika za obe razlicici Matlaba. 5 in 6.
To je graficna uporaba, ki daje Studentom dodiplomskega studija pregleden in preprost pripomocek pri
ucenju teorije linearnih sistemov v maternem jeziku. Studentom daje osnovo za samostojno ucenje in ucenje
na daljavo. V prispevku smo se posebno posvetili predstavitvi graficnega vmesnika in njegove strukture, kar
smo ponazorili Se s primerom. Na koncu smo opravili Se analizo uspesnosti razlicnih metod poucevanja z
racunalnikom.
© 2002 Strojniski vestnik. Vse pravice pridrzane.

(Kljucne besede: teorija linearnih sistemov, Matlab, orodja u¢na, vimesniki grafi¢ni, vimesniki uporabniski)

Software technology provides a highly interactive and powerful learning environment for system
theory and simulation in some engineering disciplines. This paper describes the development and
implementation of an educational tool for linear systems theory that connects electronic manuscripts with
examples in Matlab and Simulink through a graphical user interface for versions 5 and 6 of Matlab. This is
a graphical application that offers undergraduate students additional support by presenting linear systems
theory in their native language. It provides students with a foundation for independent studies and distance
learning. The main focus in this paper is given to the graphical interface structure, which is illustrated with

an example. We conclude the paper with an analysis of different computer-assisted learning methods.
© 2002 Journal of Mechanical Engineering. All rights reserved.
(Keywords: linear systems theory, Matlab, teaching tools, graphical user interfaces)

0UVOD

Programska industrija ponuja dandanes
ucinkovita uéna okolja za ucenje razli¢nih tehni¢nih
vsebin. Poucevanje teorije sistemov je zapleten
postopek, saj le-ta vsebuje veliko koli¢ino
teoreticnega znanja in matemati¢nega ozadja.
Posledica tega je, da se je velikega dela teorije
sistemov zelo tezko uciti brez vizualizacije. Vizualizacijo
in simboli¢no ra¢unanje je mogoce opraviti v Matlabu,
ki je interaktivni programski jezik za izvedbo
znanstvenih in inzenirskih izraunov, in izhaja iz
laboratorija za delo z matrikami (Matrix laboratory).
To pomeni, da vecina operacij temelji na matri¢nih
postopkih. Matlab ponuja tudi grafi¢no okolje za
izdelavo grafi¢nih uporabniskih vmesnikov (GUV), ki
omogoca gradnjo prijaznejSega okolja za uporabnika
programov — lastnih uporabniskih vmesnikov,
pripomockov in predstavitev. Uporabniski graficni
vmesnik lahko pripomore pri organizaciji in omogoca

O0INTRODUCTION

The software industry provides a powerful
learning environment for different engineering
disciplines. The teaching of systems theory is a
complex process because it contains a lot of
theoretical knowledge and has a mathematical
background. As a consequence, many concepts that
are involved in systems theory are difficult to learn
without visualization. The visualization and the
symbolic computations can be done in MATLAB™,
which is an interactive programming language for
scientific and engineering computation, based on a
matrix laboratory (Matrix laboratory). This means that
most operations are organized as matrix operations.
Matlab also provides a graphical user interface (GUI)
tool, which makes it more user friendly and allows
advanced users to build their own interfaces, tools
and visual presentations. A GUI can help to organize
and provide easier access to examples and additional
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lazji dostop do primerov in dodatnih uporab. Veliko
Stevilo Matlabovih orodij nam daje sicer zelo dobro
podporo pri reSevanju razli¢nih problemov, sintakse
se je mogoce z lahkoto nauciti, toda veliko Stevilo
funkcij (in Stevilo se nenehno poveéuje) ze povzroca
neucinkovito uporabo. Da bi se izognili temu
problemu, je treba skrbno organizirati primere in jih
dobro dokumentirati. To je bila tudi osnovna zamisel,
zaradi katere smo se lotili gradnje uporabniskega
vmesnika, ki povezuje dodatno Se skripta v
elektronski obliki (predavanja in racunalniske vaje).

V zadnjem desetletju so mnogi avtorji
predstavili posamezne predmete, zapise in
eksperimente z uporabo racunalnika [1]. Mnogi
uporabljajo World-Wide-Web kot servis za medmrezje
in brskalnike (naprimer Internet Explorer ali Netscape)
za navigacijo. Nekateri avtorji so predstavili tudi delo
z virtualnimi inStrumenti, kakor npr. LabView ([2] in
[3]), drugi spet simulacijska in animacijska orodja ([4]
do [6]), toda le redki so predstavili program za celotni
predmet ([7] in [8]). Vecinoma je to posledica zelo
obseznega dela, ki je potrebno za pripravo takih
predmetov.

Ker sestavljajo osnovo teoriji sistemov
teoreti¢na in matemati¢na predznanja, je velik del le-
teh zelo tezko razumeti brez vizualnih predstavitev, je
bilo izdelano orodje za Studente dodiplomskega
Studija, ki se prakticno prvic srecajo z Matlabom, bodo
pa nadaljevali s Studijem tehnike in simuliranj. S tem
smo pokrili najprej samo vse podrocje teorije linearnih
sistemov. Uporabniski vmesnik in okolje smo
pripravili v taki obliki, da ga je mogoce razsiriti na
podobne predmete.

1 POUCEVANJE TEORIJE LINEARNIH SISTEMOV

Tradicionalno poucevanje teorije linearnih
sistemov poteka prek predavanj, v katerih ucitel]
razlaga teorijo in demonstrira tipicne resitve nekaterih
primerov. Studentje irijo svoje teoreti¢no znanje z
raCunalniskimi vajami, za katere pa je potrebno vecje
teoreticno predznanje kakor tudi matemati¢na podlaga.

Na Univerzi v Mariboru so bila izdelana
razli¢na orodja, ki so jih uporabljali tudi Studenti (npr.
LSD, PADSIM, ASSO), saj so bila pripravljena v
maternem jeziku. Razlog za uporabo drugih
programskih jezikov, kot npr. Matlab, LabView,
MatCad in drugih je bil v velikem razvoju in Siritvi
njihovih zmogljivosti, kakor tudi v njihovem
poenotenju in vedno veéji standardizaciji in splosni
uporabi (tudi v industriji). Vedno ve¢ pozornosti pri
regulacijah in simuliranjih dandanes posvecamo
Matlabu in Simulinku, posledica pa je veliko primerov
in funkcij, ki so na voljo v zadnjih letih.
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applications. Many of Matlab’s toolboxes offer a lot
of support for different problems. It is easy to learn
Matlab’s syntax, but the number of designed
functions is still increasing and this can lead to
ineffective use. To overcome this problem, the
examples should be well organized and documented.
This was the basic idea: to build an additional user
interface with links to manuscripts (lectures and
computer exercises) in electronic form.

In the last ten years, many computer-based
engineering courses, curricula and experiments have
been presented [1]. Many of them use the World
Wide Web as an Internet service and software
interfaces (e.g. Microsoft Explorer or Netscape
Navigator) for navigation. Some authors emphasize
the use of virtual instrumentation, such as LabView
([2] and [3]), others use simulation and animation
tools ([4] to [6]), but only a few complete courses
have been presented ([7] and [8]). Mostly, this is a
consequence of the extensive work needed for the
preparation of the courses.

Systems theory consists of a lot of theoretical
knowledge and a mathematical background. As a
consequence, many concepts involved in control
systems theory are difficult to understand without
visualization. The Linear Systems Theory Education
Tool is designed for undergraduate engineering
students, who are generally working with Matlab for
the first time, and will continue with engineering and
simulation studies. It covers the full Linear Systems
Theory course. The interface and the environment
are organized in such a way that they can be extended
to similar courses.

1 TEACHING CONTROL SYSTEMS THEORY

Traditionally, control systems theory is taught
by a lecturer, who explains the theory and
demonstrates typical solutions for some problems.
The students broaden their theoretical knowledge
with computer exercises, which require a lot of
theoretical knowledge and a mathematical
background.

At the University of Maribor some special
control systems education tools, LSD, PADSIM,
ASSO, prepared in Slovene, have been used in
exercises. Another reason for using computing
languages such as Matlab, LabView, or MatCad is
the rapid development of different technical
computing languages, their uniformity and use in
many industrial applications. Increasing attention in
control engineering has been given to Matlab and
Simulink. As a result, many examples and functions
have been prepared in recent years.
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2 PROGRAMSKO ORODJE IN TEHNICNI
RACUNALNISKIJEZIK

Racunalniska simuliranja, simboli¢no racunanje
in vizualizacijo lahko naredimo z uporabo Matlaba. Ta
interaktivni programski jezik omogoca preprosto
odkrivanje napak, njegova orodja pa ponujajo veliko
podpore inzenirskemu delu. Studenti pri vajah
pripravijo simuliranja in poiscejo resitve v Matlabu za
razli¢ne naloge s pomocjo ucitelja ali demonstratorja.
Ugotovili smo, da je tak postopek sprejemljiv za
Studente, Ceprav imajo Studenti probleme z novo
sintakso in veliko koli¢ino funkcij in postopkov. Seveda
je omejitev tudi licen¢nina za Matlab, kar pa lahko same
uredijo izobrazevalne ustanove.

Naprednejsi uporabniki lahko zgradijo lastne
uporabniske vmesnike, pripomocke in vizualne
predstavitve z uporabo grafi¢énega uporabniskega
vmesnika (GUV) v Matlabu, toda med vajami jih ne
uporabljamo zaradi pomanjkanja ¢asa in poznavanja
programskega jezika.

Matlab in njegove uporabe so pripravljeni v
angleskem jeziku. Za inzenirje je neizogibno, da
uporabljajo angles¢ino, toda uporaba tujega jezika
lahko povzroc¢i dodatne probleme pri posameznih
Studentih zaradi napa¢nega razumevanja slovnice ali
pomoci. Zelo pomembno je tudi, da dajemo karseda
veliko informacij v maternem jeziku. Najvec kar lahko
pri tem naredimo je, da izdelamo uporabniski vmesnik
v slovens¢ini. Tako omogocimo Studentom
natanénejse ucenje, ki je zaradi tega tudi veliko lazje.

3 UCENJE Z UPORABO RACUNALNIKA IN
ORODIJE ZA TEORIJO LINEARNIH SISTEMOV

Sodobne uc¢ne metode izpostavljajo pomembnost
posameznega $tudija, ki mora biti kolikor je mogoce
avtonomno, dejavno in prilagojeno posameznikom. Da
bi lahko ponudili tak studij, moramo ponuditi poleg knjig
Se veliko razli¢nih virov. V zadnjem desetletju je bilo veliko
novih zamisli in metod predstavljenih v okviru Studija na
daljavo. Elektronski viri, na primer skripta v elektronski
obliki ali uporabe z racunalnisko podporo lahko naredijo
Studij zanimivejsi, toda veliko bolj pomembno je uporabljati
nove tehnologije in neprestano prilagajati znane metode.
Tako je predstavljeno orodje pripravljeno za Studente
dodiplomskih programov tehni¢nih smeri. Orodje
povezuje dvoje skript v elektronski obliki in veliko Stevilo
primerov, izdelanih v Matlabu in Simulinku prek graficnega
uporabniskega vmesnika.

Slika 1 prikazuje prehod med tradicionalnimucenjem
na racunalnisko podprtim ucenjem, ko nekatere vire
uporabimo v elektronski obliki. Povezavo med knjigami
pripravljenimi v elektronski obliki, in ra¢unalniskimi vajami
udejanimo zuporabniskim vmesnikom, ki hkrati omogoca
uporabo mnogih drugih uporab, npr. pomoc, vizualizacijo
in dodatne opise snovi. Predlagamo, da predavanja $e
vedno obdrZijo glavno vlogo pri izobrazevanju.

2 APROGRAMMING TOOL AND TECHNICAL
COMPUTING LANGUAGE

Computer simulations, symbolic computations
and visualization can be done in Matlab. These
interactive programming languages allow for easy
debugging and their toolboxes give a lot of support
for engineering. The students prepare simulations or
find solutions for different tasks using Matlab with
the support of the teacher and a demonstrator.
Students find this approach quite acceptable,
although they need to acquaint themselves with new
syntax and many new functions and principles.
However, there are some limitations in their use
because the students need to have access to Matlab
software. This can be arranged by educational
institutions.

Advanced users can build their own interfaces,
tools and visual presentations using the GUI in
Matlab, but the GUI normally remains unused during
the courses because of a lack of time and a lack of
programming-language knowledge.

Matlab and all its applications use English.
Therefore, it is necessary for the engineers to use
English, and this can cause other problems for some
students who misunderstand the grammar or the help.
For this reason it is very important to provide as
much information as possible in the students’ native
language. What we can do is to build a user interface
in Slovene. This gives the students the possibility to
learn more exactly and much more easily.

3 COMPUTER-ASSISTED LEARNING WITH THE
LINEAR SYSTEMS THEORY EDUCATION TOOL

Contemporary teaching methods emphasize the
importance of individual studies, which should be as
much as possible autonomous, active and adapted to
the individual. To provide such studies, many different
sources, in addition to the books, should be available.
In the last decade, distance learning has provided many
new ideas and methods. Electronic sources, such as
electronic manuscripts and computer-assisted
applications, can make studies more interesting, but it is
very important to use new technologies and adopt
modern methods. The Linear Systems Theory Education
Tool is designed for undergraduate engineering
students. This tool connects electronic manuscripts and
many examples in Matlab and Simulink through a GUL

Figure 1 presents the transition from traditional
to contemporary computer-assisted learning, where
some media can be organized in electronic form. The
connection between books prepared in electronic form
and computer exercises can be realized through a
user interface, which also provides the use of many
other applications, such as help, visualization and
additional descriptions. We expect that lectures will
keep their main role in education.
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tradicionalno
poucevanje
(traditional
teaching)

L

[predavanja (lectures)]

&

[ knjige (books) ]

1

-0

racunalniske vaje
(computer exercises)

/ racunalnisko podprto ucenje
’ l" . .
&7~ | computer assisted learning

knjige (books) - (Adobe Acrobat Reader, HTML)

- povezava razli¢nih informacij z viri - kazalo, indeks, ...
(link between different informations and resources - table
of contents, index, ...),

- povezava na reSene probleme (link to the solved
problems),

- pomo¢ (help), ...

reSeni problemi in primeri (solved problems and examples)

- simulacije (simulations),

- pomoc (online help),

- opisi (show),

- povezava elektronskimi skripti (link to the books), ...

Sl. 1. Tradicionalno ucenje in racunalnisko podprto ucenja: razvoj s pomocjo uporabniskega vmesnika
Fig. 1. Traditional learning and computer-assisted learning: the further development provided by a user

interface

Graficni uporabniski vmesnik, izdelan v
Matlabu. smo prvotno izdelali le z namenom, da bi
povezali primere v celoto. Zatem smo sledili zamislim
o Studiju na daljavo in glede na to je nastalo orodje za
ucenje teorije linearnih sistemov.

4 GRAFICNI UPORABNISKI VMESNIK

Predstavljeno grafi¢no orodje za ucenje teorije
linearnih sistemov je sestavljeno iz glavnega navigacijskega
izbora in Stirih glavnih graficnih enot: podizborov za
navigacijo po poglavjih, pomoc, predstavitev (tutoriali) in
grafi¢no okno. Dodatno smo pripravili S¢ pomo¢ v pisno-
povezovalnem jeziku (PPJ) HTML (Hyper Text Markup
Language) in povezavo s skripti, spremenjenimi v
elektronsko obliko. To graficno okolje daje predstavitev in
pomo¢ v Matlabovih standardnih oblikah, ki so le
malenkostno prilagojene (npr. navigacija in vznikajoci izbori
so dodani v slovens¢ini). Na sliki 2 vidimo glavne strukture
predstavljenega graficnega vimesnika (GUV).

GUYV je zgrajen tako, da je mogoca sprememba v
druge jezike v glavnem le s preprostim prevodom
komentarjev. Orodje je mogoce poljubno razsiriti na dodatna
poglavja in primere, pri ¢emer nas omejujejo le moznosti
izvedbe znotraj Matlaba in zmogljivost racunalnika.
Ucinkovitost graficnega vimesnika je povecana z uporabo
Matlabove kode p, kakor tudi z uporabo veémedijskih in
drugih pripomockov ucenja na daljavo prek medmrezja.
Vse nasteto omogoca prihodnje dograjevanje.

Dokumentacijaza PPJHTML (pomo¢) in skripta
so v elektronski splosni prikazovalni obliki (SPO) PDF
(Portable Document Format) kot samostojni uporabi.
Vse skupaj je povezano v enotno uporabo (sl. 3).
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A GUI was prepared in Matlab. First, it was only
designed to provide a connection between computation
examples and simulations. Following the new ideas from
distance learning a more comprehensive Linear Systems

Theory Education Tool was developed later.

4 GRAPHICAL USER INTERFACE

The Linear Systems Theory Education Tool
consists of a main navigation menu and four main
graphic units: submenus for navigation through
chapters, help, show (tutorials) and a graphic
presentation window. Additionally, HTML-help and

connections to electronic manuscripts are prepared.

This graphical environment provides show and help
in Matlab standard forms, they have only been
changed in some details (e.g. navigation controls and
pop-up menus are supplemented in Slovene). Figure
2 presents the main structures of the presented GUI.

The GUI was built in such a way that changing
to another language only requires a simple translation
of the comments. This tool is also easy to expand to
an arbitrary number of topics and examples, and is
only limited with the realization possibilities in Matlab
and the computer’s capacity. The effectiveness of
the user interface is improved by the use of Matlab’s
p-code as well as multimedia and distance-learning
capabilities from the during World Wide Web, for

future developments.

HTML documentation (Help) and electronic
manuscripts in PDF are self-dependent applications.
However, they are connected through a GUI with

Matlab help (Figure 3).
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GRAFICNI UPORABNISKI VMESNIK

(Graphical user interface)

pomoc¢ (help)

pomo¢ - Simulink
(help - Simulink)

pomo¢ - Matlab
(help - Matlab)

opisi programa (show)

opis programa

pomoc (help)
glavni menu
‘main menu
— 1
1
menu Z
(menu Z)
|
\
\ \
primer X model Y
(example X) (model Y)
primeri in modeli (examples and models)

(program description)

Sl. 2. Graficni uporabniski vmesnik — osnovne strukture
Fig. 2. Graphical user interface — four main structures

¥} Help
File Edit %iew Go “Web 'Window Help

[_[O] x]

Help Mavigator 1[

Huct titer: €5 41l € Selected)| Select

o 9% *|§‘Findmpage.l ﬂ

[ uvad
Contents | Favorites I

ﬁ Documentation Mot Fol
o R12 Release Nates
@ Support and Web Servi
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Zgradha e predstavijena na nasledni sliki.

=] _addto Favorites |

44 Show (help) ‘

HTML Help

Model | - Help funt

Help

Cm) G )| (orsrar) (sre

.

JET S [ I ) A

[Mammanu}‘_.-[ Matiab )__"[

H Simulink help
Simulink Simulink b7 |
5

Ready

S1. 3. Dokumentacijav PPJ HTML (v Matlabovem oknu za pomoc)
Fig. 3. HTML documentation (browsed in the Matlab Help-window)

5 STRUKTURA UPORABNISKEGA VMESNIKA

Osnovni izbor omogoca preprosto navigacijo
skozi poglavja. Vsako poglavje je samostojna neodvisna
enota v lastnem standardiziranem oknu, ki uporablja
skupno masko, toda z razlicnimi lastnostmi (sl. 4).

1z vsakega okna je mogo¢ preprost dostop do
Matlabove pomoci s kazalom na vsebino teorije
linearnih sistemov. Kolikor je le mogoce, so vse
operacije standardizirane — tako npr. prikazovanje
signalov (sl. 5), pomoc¢ in opisi poglavij — tako
imenovani prikaz (sl. 6).

SUSER INTERFACE STRUCTURE

The main menu allows for simple navigation
through the chapters. Each chapter is an independent
unit with its own standardized window, using the
same mask but different properties (Figure 4).

From each window, easy access to the Matlab
help with a table of contents of Linear Systems Theory
is possible. The tasks are also standardized as much
as possible, these tasks include signals visualization
(Figure 5), help and chapter descriptions, see (Figure

STECJINISKI L
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) Teoiia sistemov M= ) Teorija sistemov: uvod HEE

Zelim Dstalo. Zelim Ostalo.

Teorija sistemov: uvod
Teorija linearnih sistemov

 Zapis in risanje signalov v Matlabu

Poglavja € Osnovni bloki v Simulinku

© Casovni premik signalov
Elementarni signali € Vektorski in skalami produkt v Simulinku
Elementi linearnih sistemoy

Laplacova transformacija

Fourierjeva transformacija
Ztransformacjia

Opisi sisternov

Diferenciainaldiferentna enatha
Vhodne-izhodni opis linearnih sistemoy
Sisterni v prostoru stanj

Teoremi inizreki

Tearija sistemnov z uporabo Matlaba (Vaje)

|

Sl. 4. Glavni izbor in izbor za poglavje Uvod
Fig. 4. Main menu and menu for chapter Introduction
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Sl. 5. Graficni prikaz rezultatov je mogoce prenesti v standardno graficno okno (za primer v delovnem oknu)
Fig. 5. Graphic window could be exported to the standard graphic windov (for example in main window)

# Dpis poglavia [ O] %]

1. Stopnitni inimpulzni odziv -
Meptas

2. Diferencialna enatba .

3. Sistemska funkcija

4. Diskretne aproksimacije

5. Stabilnost sisternov _
AutaPlay

5. Stabilnast sistemaw po razliénih kriterijh:

- po Hurwitzu [dva primera),
- po Routhu,
- pa Jun,

Sl. 6. Pomoc¢ v Matlabovem prikazu
Fig. 6. Help provided by Matlab show
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6 DOKUMENTACIJA IN SKRIPTAV
ELEKTRONSKIOBLIKI

Obic¢ajno uporabljamo pomo¢ v Matlabu s
klicem pomoci v Matlabovem delovnem prostoru:
help ime_funkcije. Ta oblika je skromna, zaradi tega
sta mogoc¢i $e dve dodatni obliki pomoci: pomo¢ in
prikaz (razsiritev demonstracijskega dela Matlaba).
Matlabova pomo¢ omogoca interaktivne povezave,
prikaz pa je razsirjen tudi $e z vizualizacijo. Studentom
smo omogocili uporabo obeh oblik.

Dodatno smo dve knjigi — teorijo in vaje —
deloma prevedli v PPJ] HTML, v celoti pa v SPO
vrste PDF. Dodali smo nekatere dodatne operacije:
povezave na poglavja, slike, pomembnejse kljucne
besede in slike. S tem smo uredili skripta v
primernejso obliko, primernejSo tudi za Studij na
daljavo.

7PRIMER

V tem poglavju bomo prikazali uporabo orodja
za teorijo linearnih sistemov skupaj z dokumentacijo
pri dolocanju stabilnosti sistema po Routhovem
kriteriju.

Izberemo poglavje: Matemati¢ni modeli in
zatem Routhov kriterij. Ze iz izborov je razvidno, da
lahko izbiramo med primeroma za zvezne in diskretne
sisteme, vendar le v Matlabu (ostala dva gumba:
Matlab in Simulink ostaneta siva). Ko zaZzenemo
program s funkcijo Routh (ki smo jo sami dodali) z
gumbom Izbrano, dobimo naslednji izpis v glavnem
oknu.

% Stabilnost po Routhovem kriteriju (VhodlzhodRouth)
% Opis funkcije in delovanje ...

% Dodatni primeri: ROUTH, VHODIZHODROUTHD

% Zvezni sistem s karakteristicno enacbo:
KE=[1452];

CharactEqgn = poly2sym(KE,’x’)

CharactEqgn =

XA3+4*xN2+5%x+2

% Funkcija Routh daje naslednji rezultat:

R = Routh(KE)

Routh =

[ 1, 9]

[ 4 2]

[9/2, 0]

[ 2 0]
Sistem je stabilen!
Polynom =
XA3+4*xN2+5*x+2
RouthTable =
1.0000 5.0000
4.0000 2.0000
4.5000 0
2.0000 0

6 DOCUMENTATION AND ELECTRONIC
MANUSCRIPTS

Usually, Matlab help is retrieved from the
workspace by typing the kelp function_name. This form
is very poor, thus, two additional help applications can
also be used: Matlab-help and Matlab-show (enhancement
of Matlab-demo). Matlab-help provides interactive help
with links and Matlab show also provides enhanced
visualization. We give the students both possibilities: we
have prepared help using both applications.

Additionally, two Systems Theory books, theory
and exercises, have been rewritten and transferred into
HTML and PDF formats. Some additional operations
have been supplemented, such as links to some
important keywords (from Index), chapters or pictures.
This makes those electronic manuscripts to be prepared
also for the distance learning.

7 STABILITY CRITERION -AN EXAMPLE

In this section we demonstrate the use of the
Linear Systems Theory Education Tool together with
the electronic manuscripts for determing stability
according to the Routh criterion.

We chose Mathematical models from the main menu
chapter and then we chose the Routh criterion. We can find
out from the chapter graphical menu that the examples are
available for continuous and discrete systems, but only for
Matlab. The other two check buttons (Matlab and Simulink)
are gray and not available. The Selected button starts the
program (with function Routh, not included in Matlab) in
the main Matlab window, with the following result.

% Stability according Routh criterion (VhodlzhodRouth)
% About Routh criterion ...

% See also: ROUTH, VHODIZHODROUTHD

% Continuous system with characteristic equation:
KE=[1452];

CharactEqgn = poly2sym(KE, x’)

CharactEqgn =

XN3+4*xN2+5*x+2

% Function Routh gives the following result:

R = Routh(KE)

Routh =

[ 1, 9]

[ 4 2]

[972, 0]

[ 20
System is stable!
Polynom =
XA3+4*xA2+5*x+2
RouthTable =
1.0000 5.0000
4.0000 2.0000
4.5000 0
2.0000 0
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Izbrani primer prikazuje sintakso funkcije
Routh in njeno uporabo za izbrani primer. Pomoc je
organizirana na nacin, kot je to obi¢ajno v Matlabu.
Uporabimo jo lahko v Matlabovem delovnem oknu
ali pa s pritiskom na gumb Pomo¢ v enem izmed
izborov. Dokumentacijo v PPJ HTML je mogoce
priklicati iz Matlabovega okna ‘Pomo¢’ ali pa podobno
kakor prej s pritiskom na gumb ‘pomo¢ HTML’.

Vsako poglavje ima svoj lasten opis, ki je
graficno bolj obsezen in za katerega smo uporabili
Matlabov prikaz (sl. 6).

Primer kratko prikazuje principe grafi¢nega
uporabniskega vmesnika in njegovo uporabo.
VKkljuéili smo mnogo drugih primerov in pri tem skusali
uporabiti ¢cimve¢ razlicnih metod. Vgradili smo na
primer tudi grafi¢no orodje RLTOOL, v katerem smo
spremenili le pomo¢ v slovenscino.

8 PRIMERJAVA DVEH RAZLICNIH
RACUNALNISKO PODPRTIH METOD UCENJA

Konéno smo povabili stduente k izpolnjevanju
vprasalnika o dveh razli¢nih racunalnisko podprtih
ucnih metodah:

- racunalniske vaje z video predstavitev ob stalni
pomoci ucitelja,

- individualno reSevanje problemov z uporabo
predstavljenega orodja in ucbenikov.

Zajeli smo dve razlicni populaciji: v prvi skupini so
bili Studentje, ki so se praviloma prvikrat srecali z Matlabom,
v drugi skupini pa Studentje, ki so se z orodjem Ze srecali.
Postavili smo jim podobna — primerljiva vprasanja in
odgovori so bili presenetljivo podobni. Bistvene ugotovitve
je mogoce videti v analizi odgovorov (sL. 7).

Iz odgovorov je mogocCe zbrati
najpomembnejse sklepe: s predlaganim orodjem
prispevamo k preglednosti, povec¢amo koli¢ino
informacij, pove¢amo stopnjo samostojnega dela in
prispevamo z znanjem k drugim predmetom.

This example shows the syntax of the Routh
function and how it is used for a specific problem.
Help is organized in the same way, as is usual in Matlab.
We can use it from the Matlab main window or it starts
after clicking on the “Help” button in chapter or main
menu. The HTML documentation can be browsed from
the Matlab help window (relative to the chosen
example) or with a click on the ‘HTML Help’ button.

Each chapter also has its own description,
which is graphically more comprehensive and is
based on Matlab Show (Figure 6).

This example briefly presents the principles
of'this GUI and its usefulness. Many other interesting
examples using different techniques provided in
Matlab are also included. For example, a graphic tool
RLTOOL is incorporated, in which the ToolTips are
rewritten in Slovene.

8 COMPARISON OF DIFFERENT COMPUTER-
ASSISTED LEARNING METHODS

Finally, we invited students to answer
questions about two different computer-assisted
learning methods:

- video presentation with exercises in a computer
room and the assistance of a teacher,

- individual problem-solving using the presented
tool and manuscripts.

We invited two different groups to the
comparison: the first group consisted of first-time
users of Matlab and the second one of advanced
users. Both groups received comparable questions
and the results of the comparison were very similar.
Some of the results are in Figure 7.

From the answers it is possible to conclude
that this tool contributes to the clarity of the presented
information and to the quantity of information,
enlarges the amount of independent work and
contributes knowledge to other courses.

Dovolj informacij
(Enough inform.)

Preglednost Uporabnost primerov
(Clarity) (Useful )

work)

Samostojno delo

of

Zelja po nadaljevanju  Uporabnost drugod Uporabnost drugod
(Want to continue?)  D/N (Usable for other  (degree of usage)
courses Y/N)

Ponujeno znanje
(Given knowledge)

Sl. 7. Analiza odgovorov
Fig. 7. Analysis of answers
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9RAZPRAVA

Racunalniska in programska tehnologija lahko
igrata pomembno vlogo pri prikazovanju resitev za
ucenje na daljavo in za vsezivljenjsko ué¢enje. Mnogi
trzni paketi, ki so dostopni na trziScu za tehni¢ne
predmete, so zelo zapleteni za uporabo ali pa ne dajejo
dovol;j funkcij, da bi lahko z njimi izvedli zelene naloge.
Matlab je interaktivni programski jezik, ki pripada prvi
skupini zaradi velike koli¢ine funkcij. Predstavljeno
orodje je moc¢no graficno orodje, s katerim lahko
izvajamo izobrazevanje in je odprto za razli¢ne
razsiritve. Daje mo¢no pomoc¢ z uporabo mnogih orodij
in funkcij znotraj Matlaba. Izdelano je bilo znamenom,
da bi dali pomo¢ v maternem jeziku. Kljub vsemu
povedanemu ucenje iz reSenih problemov lahko
uporabljamo le kot dodatno pomo¢, ki ne more
nadomestiti klasicnega izobrazevanja.

9 DISCUSSION

Computer and software technology can play a
significant role in solutions for distance and life-long
learning. Many of the commercial packages available
on the market for engineering courses are either very
complex to use or do not provide all the necessary
functions to achieve particular tasks. Matlab is an
interactive programming language that belongs to the
first group because of its large number of functions.
The presented Linear Systems Theory Education Tool
is a powerful graphical tool for carrying out engineering
education and is suitable for improvements. It
provides a lot of support using many of the available
tools and functions in Matlab. This tool is designed to
provide support in the students’ native language.
However, learning from solved problems is only
intended to augment, not replace, classical education.
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Rekonstrukcija odvaljnega bata zracne

vzmeti

Reconstruction of an Air-Spring Piston

Tomaz Bester

Odvaljni bat, ki ga izdeluje Goodyear EPE (Engineered Products Europe), prenese vse obremenitve,
ki jih zahtevajo evropski tehnicni standardi , v primeru, ko je podprt po celotni spodnji povrsini. Ce je
odvaljni bat podprt samo po delu povrsine, ne prenese vseh zahtevanih obremenitev. Za resitev problema je
bila najprej narejena trdnostna analiza odvaljnega bata, nato pa je bil bat spremenjen, tako da je zdrzal vse
zahtevane obremenive.
© 2002 Strojniski vestnik. Vse pravice pridrzane.

(Kljucne besede: vzmeti zra¢ne, bati odvaljni, analize trdnostne, modifikacije)

An air-spring piston, produced by Goodyear EPE (Engineered Products Europe), is able to withstand
all the loads that are required by European Engineering Standards when it is supported on its entire lower
surface. When the piston was only supported on a part of the lower surface it was not able to withstand all the
loads. To solve this problem we made a strength analysis of the existing piston. The piston was then modified
so that it was able to withstand all the required loads.
© 2002 Journal of Mechanical Engineering. All rights reserved.

(Keywords: air springs, pistons, strength analysis, modifications)

0OBREMENITVE ODVALINEGA BATA 0LOADS ON AN AIR-SPRING PISTON
Zra¢na vzmet [7] je sestavljena iz odvaljnega An air-spring [7] is made of an air-spring pis-
bata, meha, blazilnika in zgornje plosce (sl. 1). Evropski ton, a skin, a rubber damper and an upper plate. Ac-
tehni¢ni standardi [6] za zra¢ne vzmeti predpisujejo, cording to European Engineering Standards [6] an
da mora vzmet prestati dinamicni preskus, preskus air-spring piston has to pass a dynamic test, a static
na utrujanje in preskus na razpoc¢ni tlak. test and a pressure test (Fig. 1).

zgornja (upper
plodéa plate)

%L%%\

gumijast meh
blaZilnik S (skin)
(rubber y, i
damper)
Oc_ivaljn! bat _
spodnja plosta .~ (air-spring piston)
{bowl) 3 =

Sl. 1. Odvaljni bat zracne vzmeti
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Pri dinami¢nem preskusu mora zracna vzmet
prestati tri milijone ponovitev pri spremembi visine
vzmeti 50 mm, tlaku v mehu 6 bar in frekvenci 1,25 Hz.
Vpetje vzmeti je prikazano na sliki 2. Izkusnje kazejo,
da v tem preskusu odvaljni bat obic¢ajno ni kriticno
obremenjen, ampak se poskodbe zaradi utrujanja
navadno pojavijo na mehu, kjer pride do spuscanja
zraka.

Preskus na razpocni tlak zahteva, da se meh
zracne vzmeti pri visini vzmeti 300 mm napolni z vodo
pod tlakom 18,2 bar. Pri tem tlaku ne sme priti do
poskodbe meha ali odvaljnega bata.

T

e

30

415

S0,

: /
42g %

S0

Sl. 2. Dinamicni preskus
Fig. 2. Dynamic test

Stati¢ni preskus zahteva, da morata odvaljni
bat in blazilnik zdrzati obremenitev s silo 180 kN. Pri
tem preskusu se preskuSata samo odvaljni bat in
blazilnik vzmeti. Vpetje odvaljnega bata je odvisno
od izdelovalca podvozja, tako je lahko podprt po
celotni spodnji povrSini, ali pa je previsno podprt,
kakor prikazuje slika 4.

Odvaljni bati, ki jih izdeluje Goodyear EPE, so
izdelani iz umetnih mas ali jekla. Za plasti¢ne bate, ki
jihizdeluje Goodyear EPE, se je pri preskusih izkazalo,
da prenesejo vse obremenitve, ki jih terjajo evropski
tehni¢ni standardi, razen staticnega preskusa s

During the dynamic test the air spring has to
withstand three million cycles at an amplitude of
50mm, a pressure of 6 bar and a frequency of 1.25 Hz.
The suspension of the spring is shown in Fig. 2. Our
experiences show that in this case the piston is usu-
ally not critically loaded, while the damage usually
occurs to the skin, which causes air to leak from the
spring.

The pressure test (Fig. 3) requires that the air
spring is filled with water at a pressure of 18.2 bar
while the spring is 300mm high. This pressure must
not cause any damage to the air spring.

300

Sl. 3. Preskus na razpocni tlak
Fig. 3. Pressure test

The static test requires that an air-spring pis-
ton and damper withstand a loading of 180 kN. In this
way only the piston and damper are tested. The sus-
pension of the piston depends on the undercarriage.
The undercarriage manufacturers use two ways of
supporting the piston, some support it on the whole
lower surface, and others only on a part of the lower
surface, as shown in Fig. 4.

The air-spring pistons manufactured by
Goodyear EPE are made of plastic materials or steel.
Tests of the plastic pistons have shown that they
pass all the tests except the static ones, when only a

T80kN

0.0

Sl. 4. Staticni preskus s previsnim vpetjem bata
Fig. 4. Static test
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previsnim vpetjem. Za resitev problema je bila najprej
narejena trdnostna analiza sedanje konstrukcije, pri
obremenitvi, kakrSno predpisuje staticni preskus, in
previsnem vpetju.

1 TRDNOSTNA ANALIZA SEDANIJE
KONSTRUKCIJE

Trdnostna analiza sedanje konstrukcije (sl. 5)
je bila narejena z uporabo metode kon¢nih elementov
v programskem paketu Ideas [3]. V analizi se ni
upostevalo, da zaradi prevelike obremenitve pride do
plastifikacije in porusitve, zato s to analizo nismo dobili
natanénih napetosti na batu, ampak ta analiza razkrije
mesta, na katerih se pojavijo najveéje napetosti, in da
kriterij za primerjavo razli¢nih variant. V modelu
kon¢nih elementov ([2] in [4]) so bili uporabljeni
desetvozliscni piramidni elementi. Ker je odvaljni bat
simetricen, je bilo mogoce modelirati samo polovico
bata.

Bat je na obeso v primeru previsnega vpetja
pritrjen samo z dvema vijakoma in na spodnji ploskvi
podprt na manj ko polovici povrSine. Matica vijaka je
jeklena in je vstavljena v bat med brizganjem umetne
mase. Zaradi svoje oblike matica preprecuje pomikanje
bata v navpicni smeri na spodnjem robu matice, pa
tudi v vodoravni smeri. Ker bi modeliranje matice
terjalo lokalno zgostitev mreze in s tem povezano
podaljsanje zZe tako dolgega racunanja, v modelu
konénih elementov ta matica ni bila modelirana, ampak
so bile na povrsini, kjer matica preprecuje pomik v
navpicni smeri, postavljene podpore v tej smeri. Na
sliki 6 so prikazane podpore na mestu, kjer je v bat iz
umetne mase vstavljena matica (v smereh, kjer so
omejitve pomika, so puscice). TakSen model ne
uposteva elasticnosti vijaka in matice, vendar je
modul elasti¢nosti vijaka in matice bistveno vecji od
modula elasti¢nosti umetne mase, ki obdaja matico,
zato je taksSna poenostavitev dovoljena.

Bat je podprt z jeklenim kvadrom na enako
veliki povrsini kakor v primeru previsnega vpetja.
Jeklen kvader je po vsej svoji spodnji povrsini podprt
v navpicni smeri. Tak$no vpetje je zelo podobno

Bester T.: Rekonstrukcija odvaljinega bata - Reconstruction of an Air-Spring Piston

part of the lower surface is supported. To solve this
problem a strength analysis of the existing piston for
a static test was carried out for an overhanging sup-
port.

1 STRENGTH ANALYSIS OF THE EXISTING
PISTON

A strength analysis of the existing piston (Fig.
5) was made using the finite-element method and the
Ideas computer program [3]. The analysis did not
consider that plastification and perhaps even destruc-
tion might occur due to overload; therefore, this analy-
sis does not provide the exact stresses on the piston,
but only the location of the maximum stress, and this
gives the criterion for a comparison of the different
designs. In the finite-element model, ten-node tetra-
hedron elements were used ([2] and [4]). Since the
piston is symmetrical, we only need to model half of
1it.

Sl. 5. Sedanja konstrukcija
Fig. 5. Existing air-spring piston

In the case of the overhanging support the
piston is screwed down with only two bolts and
supported on less than half the lower surface. The
nut is made of steel and is inserted into the piston.
Because of its shape the nut does not allow move-
ments in the vertical and horizontal directions.
Modelling of the nut would require condensation
of the mesh around the nut; this would result in a
considerable increase in the calculation time. There-
fore, in the finite-element model the nut was not
modelled; however, restraints were set in the verti-
cal direction in the place where the nut restrains
the piston. Fig. 6 illustrates this particular case
(the arrows show the directions in which the
displacements are restrained). Such a model does
not consider the elasticity of the bolt and of the
nut, but because the bolt and the nut have a much
greater module of elasticity such a simplification
is admissible.

The piston is supported with a steel block on
the same surface as shown in Fig. 4. The steel block
is supported in the vertical direction over its entire
lower surface. Such a suspension is very similar to
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Sl. 6. Podpore
Fig. 6. Restraints

tistemu na preskusevaliScu za stati¢ni preskus. Poleg
ze prej opisanih podpor je treba, zaradi simetrije,
namestiti podpore tudi pravokotno na ravnino prereza
bata. Bat je od kvadra oddaljen za Imm zato, da se
lahko med kvader in bat postavijo tako imenovani
elementi Spranje, ki povezujejo vozlis¢a kvadra in bata.
Elementi Spranje prenasajo samo tlacne sile, ne pa
tudi nateznih, tako da dovoljujejo poveCevanje
razmika med batom in kvadrom. Model kon¢nih
elementov je prikazan na sliki 7.

Pri dejanskem preskusu je odvaljni bat
obremenjen s predpisano silo prek gumijastega
blazilnika. Modeliranje tega blazilnika bi zopet mo¢no
povecalo Stevilo konénih elementov v modelu in s
tem podaljsalo cas racunanja. Poleg tega je blazilnik
iz gume, ki je zelo deformljiva, kar pomeni, da ne bi
ve¢ veljala predpostavka, da so na modelu samo
majhni pomiki. Poleg tega ima guma nelinearno

Desetvozlicni
piramidni
elementi
Ten-node
tetrahedron
elements

Elementi

spranje
Gap

elements

Sl. 7. Model koncnih elementov
Fig. 7. Finite-element model

the suspension with the static test. In addition to the
previously mentioned restraints, it is necessary to
set restraints perpendicular to the section plane of
the piston. All the restraints are shown in Fig. 6. The
piston is set 1 mm above the steel block, so that the
gap elements can be placed between the piston and
the block. The gap elements carry only the
compressive forces and therefore allow stretching of
the nodes on both surfaces in the contact. The finite-
element model is shown in Fig. 7.

During the actual test the piston is loaded
with the prescribed force on the rubber damper. Mod-
elling of this damper would substantially increase
the number of elements and thus prolong the already
long calculation time. Furthermore, the damper is
made of rubber, which is very deformable, and so the
assumption about small displacements would no
longer be true. The rubber also has a non-linear char-

Najvetja napetost

Maximum stress 3990 MPa

hn

Sl. 8. Najvecja primerjalna napetost
Fig. 8. Maximum equivalent stress
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karakteristiko v diagramu o—e¢, kar bi zopet mo¢no
podaljsalo ¢as racunanja. Modela konénih elementov,
ki bi uposteval vse zgoraj nastete fizikalne pojave,
racunalnik, ki je bil na voljo, ni bil zmozen resiti, zato
je bil narejen poenostavljen model, na katerem se je
sila enakomerno porazdelila po povrsini, na kateri
blazilnik nalega na bat. Ker gre za razmeroma zgoscen
vnos sile, ta poenostavitev ne vpliva bistveno na
napetostno stanje.

Odvaljni bat je iz umetne mase AG3(H)(K), ki
jije dodano 30% steklenih vlaken, ta so enakomerno
porazdeljena po celotni prostornini, zato lahko
predpostavimo, da je material izotropen. Material
izdeluje General Electric [1]. Materialne lastnosti so
povzete po katalogu izdelovalca in Machinery’s
Handbook [5]:

Natezna trdnost: ou =170 MPa
Modul elasti¢nosti: E=9800 MPa
Gostota: p=1,36 g/lem®
Poissonov koli¢nik v=0,3

Meja plasti¢nosti ni podana, vendar lahko
re¢emo, da je enaka natezni trdnosti, ker ima material
skoraj povsem linearno karakteristiko v diagramu o —¢.

Rezultati linearne analize z metodo kon¢nih
elementov so smiselni samo v primeru, da napetosti
ne presezejo meje plastiCnosti. V obravnavanem
problemu so rezultati (sl. 8) analize mo¢no presegli
mejo plasticnosti, zato napetosti, ki so prikazane na
slikah, niso stvarne, saj prej pride do plastifikacije in
porusitve. Lahko pa iz teh slik ugotovimo, kje so
mesta, kjer se pojavijo najvecje napetosti. Na sliki 8
se vidi, da se pojavi najvecja primerjalna napetost na
robu povrsine, kjer je bat podprt s kvadrom, hkrati pa
je to tudi mesto, kjer je rebro povezano z notranjim
valjem.

2 SPREMINJANJE OBLIKE VALJA, DA BI
ZADOSTILIZAHTEVAM STANDARDA

Zunanja oblika valja se ne sme spreminjati,
saj bi to pomenilo spremembo karakteristike vzmeti,
zato lahko na batu spreminjamo samo lego in debelino
reber. Prav tako ne smemo spreminjati lege pritrdilnih
matic. Najprej se je spremenila lega reber, tako da so
lezala pravokotno na previsni rob (sl. 9), da se je
obremenitev porazdelila na vec reber. Poleg
geometrijske oblike so se na modelu konénih
elementov spremenili tudi elementi v dotiku. Namesto
tako imenovanih elementov Spranje so se med obe
dotikalni povrSini na mesta, kjer pricakujemo dotik
med povrSinama, postavili togi elementi. Uporaba
togih elementov bistveno skrajSa Cas racunanja.
Razlike v rezultatu med modelom s togimi elementi in
modelom z elementi Spranje so minimalne, ¢e pravilno
napovemo mesto, kjer pride do dotika povrsin. Zato
so se v trdnostnih analizah vseh razli¢ic uporabljali
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acteristic in the o-¢diagram. Consideration of all these
phenomena would require too much time for the com-
putations, so a simplified model was made, where the
prescribed force was uniformly distributed over the
lower surface of the damper. Because we have a rela-
tively concentrated transferance of the force, this
simplification does not significantly influence the ten-
sions in the piston.

The air-spring piston is made of a plastic ma-
terial called AG3 (H)(K), which has 30% of glass fi-
bres that are uniformly distributed over the entire
volume, so that the material can be considered iso-
tropic. The material is produced by General Electric,
and its properties, reproduced from the General Elec-
tric [1] catalogue and Machinery’s handbook, are as
follows [5]:

Tensile strength: on=170 MPa
Modulus of elasticity: E=9800 MPa
Density: p=136g/cm’
Poisson’s ratio: v=0.3

The yield stress is not given, but since the
material has an almost linear characteristic we can
assume that it equals the tensile strength.

The linear finite-element method gives us rea-
sonable results only when the tensions do not ex-
ceed the yield stress. In our case the yield stress was
exceeded. Therefore the stresses that are shown in
Fig. 8 are not the true ones — because destruction
would occur first. However, we can locate the most
critical places where the maximum stresses occur. We
can see in Fig. 8 that the maximum equivalent stress
occurs on the edge of the surface, where the piston
is supported with a solid block. At the same time this
is the place where the rib is connected to the inner
cylinder.

2MODIFYING THE SHAPE OF THE PISTON TO
SATISFY THE NEEDS OF THE STANDARD

The external shape of the piston should not
be changed, as this would change the characteristic
of'the air-spring piston; therefore, we can only change
the position and thickness of the ribs. The position
of the nuts should also not be changed. Firstly, the
position of the ribs was changed so that they were
perpendicular to the edge of the block. Secondly, the
type of finite elements in the contact was changed.
Instead of gap elements rigid elements were placed
on the nodes where we anticipated contact between
the surfaces. The use of rigid elements significantly
reduced the computation time. The difference be-
tween the model with a gap and the model with rigid
elements is minimal, that is if the nodes where the
contact of the two surfaces occurs are correctly pre-
dicted. That is why in strength calculations of all the
variants rigid elements were used, except for the last
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togi elementi, razen pri zadnji varianti, ki se je preverila
tudi z modelom z elementi $pranje. Rezultati
trdnostne analize (sl. 10) kazejo, da so se napetosti
bistveno zmanjsale, Se vedno pa so vecje od natezne
trdnosti, zato bi se ta izvedba bata na preskusu
porusila. Se vedno je najbolj problematiéna
zgostitev napetosti na mestu, kjer je rebro povezano
znotranjim valjem.

S1. 9. Varianta 1
Fig. 9. Variant 1

V naslednji varianti sta bili rebrom iz prve
variante simetricno dodani Se dve, tako da eno od
teh reber lezi na robu podpornega kvadra (sl. 11). S
tem se bistveno zmanjSa povrsinski pritisk na robu
kvadra. Rezultati analize (sl. 12) so pokazali, da so
sedaj napetosti ze blizu dovoljenim, zanimivo pa je
tudi to, da najvecja napetost ni ve¢ na srednjem rebru,
ampak na obeh rebrih ob njem.

Sl. 11. Varianta 2
Fig. 11. Variant 2

V tretji varianti so se zgolj dodale zaokrozitve
s polmerom 5 mm na mesta, kjer se krizajo rebra (sl.
13). Rezultati trdnostne analize so pokazali, da so se
napetosti na previsnem robu zmanjsale, vendar Se
niso manjse od natezne trdnosti. Pokazalo se je tudi,
da so napetosti na mestu, kjer je matica vstavljena v
bat, sedaj vecje od tistih na previsnem robu (sl. 14 in
15).

variant, which was checked with gap elements. The
results of the strength analysis (Fig. 10) show that
the stresses were substantially reduced, but they are
still much greater than the tensile strength, so this
variant would still break during the static test. The
concentration of stress is still the most problematic
area in connection with the ribs and the inner cylin-
der.

b

Najvedja napetost 7
oy Vs Maximum stress 1590%1'59\&\“6

SL. 10. Najvecja primerjalna napetost
Fig. 10. Maximum equivalent stress

In the next variant, two new ribs were sym-
metrically added to the existing ribs, so that one of
these ribs lies on the edge of the steel block (Fig. 11).
This significantly reduces the surface pressure near
the edge of the block. The results of this analysis
have shown that the stress is now near to the permit-
ted stress. It is interesting that the maximum stress is
no longer in the middle rib, but on the ribs beside it.

e T 2.20EH05
==y N
Najvedja napetost

Maximum stress

220MP;K Ty, 1885405

\\ 8.860404

\\ B . 66E+04
A
\ L 2 2\7\904

\ 9 wotorl

Sl. 12. Najvecja primerjalna napetost
Fig. 12. Maximum equivalent stress

In the third variant, rounds with a radius of 5
mm were added to the rib joints (Fig. 13). The strength
analysis results (Fig. 14 and Fig. 15) showed that the
stress was reduced near the edge of the block, al-
though it is still greater than the permitted stress. It
was also shown that the stresses near the nut are
now greater than the stresses near the edge of the
block.
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Sl. 13. Varianta 3 Sl. 14. Najvecja primerjalna napetost na dotiku
Fig. 13. Variant 3 Fig. 14. Maximum equivalent stress in the contact
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Sl. 15. Najvecja primerjalna napetost
Fig. 15. Maximum equivalent stress

V Cetrti varianti (sl. 16) so bila vsa rebra In the fourth variant, all the ribs were slightly
nekoliko debelejsa kakor v tretji varianti, medtem ko thicker than in the third, while the nut was not
se matica vijaka ni spreminjala. Rezultati trdnostne changed. The results of the stress analysis showed
analize (sl. 17 in 18) so pokazali, da so napetosti na that the stresses on the edge were now lower than
previsnem robu manjse od natezne trdnosti, medtem the tensile strength while the stresses near the nut
ko so napetosti ob matici vijaka $e vedno prevelike. were still too high.
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Sl. 16. Varianta 4 Sl. 17. Najvecja napetost v dotiku
Fig. 16. Variant 4 Fig. 17. Maximum equivalent stress in the contact



Bester T.: Rekonstrukcija odvaljinega bata -

Najvetja napetost

Maximumstress ~ 200MPa
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Sl. 18. Najvecja napetost ob matici
Fig. 18. Maximum equivalent stress

V peti varianti (sl. 19) se je znizala debelina matice
vijaka zato, da je prislo ve¢ materiala nad njo, poleg tega
pa se je bat odebelil tudi ob straneh matice. V modelu
kon¢nih elementov so se med dotikalnima povrSinama
zopet uporabili elementi Spranje, da ne bi bilo nobenih
dvomov o pravilnosti rezultata. [z rezultatov (sl. 20, 21)
je razvidno, da so napetosti v tej varianti povsod manjse
od natezne trdnosti, tako da bi ta varianta zdrzala
obremenitve, ki jih zahtevajo evropski tehnicni standardi.

S1. 19. Varianta 5
Fig. 19. Variant 5

Najvetja napetost
Maximum stress

N

159 MPa

4
A
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In the fifth variant, the thickness of the nut
was lowered so that more plastic material was above
it. In the finite-element model we used gap elements
in order to avoid possible errors in the calculation.
From the results (Fig. 20 and Fig. 21) it is clear that all
the stresses in this variant are less than the tensile
stress, which means that this variant would with-
stand the loads that are anticipated by European
Engineering Standards.
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Maximumstress ~ 190MPa
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S1. 20. Najvecja primerjalna napetost v dotiku
Fig. 20. Maximum equivalent stress in the contact

Sl. 21. Najvecja primerjalna napetost
Fig. 21. Maximum equivalent stress
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3 SKLEP

Ce primerjamo mase in napetosti razli¢nih
variant odvaljnih batov (sl. 22 in 23), vidimo, da proti
sedanjemu izdelku napetosti bistveno bolj padejo,
kakor pa se poveca masa pri izboljSanih variantah,
zato lahko recemo, da zmanjSanje napetosti ni toliko
posledica dodajanja materiala, kakor je posledica
prilagoditve konstrukcije nacinu vpetja. Analize so
pokazale, da je mogoce izdelati odvaljni bat, ki bo
prenesel obremenitve, kakrs$ne terja staticni preskus
po evropski tehni¢ni standardi, vendar bi tako
oblikovan bat prenesel obremenitve samo, ¢e je vpet
natanéno tako kakor naértuje standard. Ce bi bil rob
podstavka postavljen drugje kakor pod rebrom bata,
ta skoraj gotovo ne bi prenesel zahtevane
obremenitve. Ker imajo nekateri izdelovalci podvozja
nekoliko drugacna vpetja, ta bat zanje ne bi bil
primeren. Druga tezava je v tem, da mora biti bat pri
montazi pravilno usmerjen, torej da rebro, za katero je
nacrtovano, da lezi na previsnem robu, dejansko lezi
tam in ne pravokotno na rob.

Obstojeca konstrukcija Varianta 1
Existing construction

S1. 22. Primerjava najvecjih napetosti
Fig. 22. Comparison of maximum stresses

Analiza za primer vpetja po vsej spodnji povrsini
za varianto 5 ni bila narejena. Ker je tak$no vpetje
bistveno bolj ugodno, bi peta varianta zanesljivo zdrzala
stati¢ni preskus tudi za tak nacin vpetja, vendar se
pojavlja vprasanje, ali je primerno uporabljati peto
varianto odvaljnega bata za vpetje po celotni spodnji
povrsini bata, ker je tezja od sedanjega izdelka in s tem
tudi drazja. Po drugi strani je zopet vprasanje, ali je
primerno izdelovati za razli¢ne izdelovalce podvozij
razliéne odvaljne bate. Resitev problema je, da se pod
celotno spodnjo povrsino sedanjega odvaljnega bata
postavi jeklena plosca (sl. 24), ki omili zgostitve
napetosti ob previsnem robu. Tudi ta varianta ni idealna,
saj smo dobili nov element v sestavi zratne vzmeti,
vendar se je v praksi izkazala kot najcenejsa resitev.
Analize takSnega nacina vpetja niso bile narejene, ker je
bilo bolj preprosto narediti preskus, ki ga je bat uspesno
prestal. Z racunalniki, ki so bili na voljo, bi ta nacin
vpetja zelo tezko trdnostno analizirali, saj je raunanje
ze sedaj trajalo nekaj ur, ¢e pa bi v model kon¢nih
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3 CONCLUSION

If we compare the masses and stresses of differ-
ent variants of air-spring pistons (Fig. 22 and Fig. 23), we
see that the stresses drop much more than the mass is
increased, which is why we can say that the reduction in
the stresses is not the consequence of adding the mate-
rial as much as it is the consequence of an adjustment of
the design to the suspension. Our analyses showed that
it is possible to produce a plastic air-spring piston that
would withstand the loads that are anticipated by Euro-
pean Engineering Standards, but such a piston would
withstand all the loads only if it were supported exactly
as it is predicted in the standard. If the edge were to be
placed anywhere else, for example, under the rib of the
piston, this piston would almost certainly not withstand
the required loads. Because some manufacturers have
slightly different supports this piston would not be ap-
propriate for them. The other problem is that during as-
sembly the piston should be adequately oriented, so that
the rib that is supposed to be on the edge of the block is
really there and not perpendicular to it.

S1. 23. Primerjava teze
Fig. 23. Comparison of weights

An analysis of the fifth variant for support on
the whole lower surface of the piston was not made.
Since such a support is much more favourable, the
fifth variant would certainly withstand all the loads
of the static test for that kind of support. However,
there is a question: is it reasonable to use the fifth
variant of the piston for the suspension on the whole
lower surface, because this variant is heavier, and
thus more expensive than the current product? A
possible solution to this problem is to put a steel
plate under the lower surface of the existing piston
(Fig. 24). This plate would diminish the stress
concentration near the edge of the block. This is also
not an ideal solution, but it has been shown in practice
that it is the cheapest solution so far. An analysis of
such a support was not made because it was simpler
to make a test, which the piston passed. To solve this
problem with finite-element analysis would be very
difficult, because computing time, which was several
hours, would have had to be prolonged if we were to
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elementov dodali $e eno dodatno plosco pod valjem, bi s add the additional plate to the model because it would
tem dobili Se nekaj dodatnih elementov in Se eno dodatno not only increase the number of elements, but it would
dotikalno povrsino, na kateri bi morali uporabiti elemente also mean a new contact surface with gap elements.
Spranje. To bi vse skupaj bistveno podaljsalo ¢as Since development in the computer industry is very
racunanja. Ker parazvoj ra¢unalnikov zelo hitro napreduje, rapid, this type of analysis will become increasingly
se bodo podobne analize v praksi vse bolj uveljavljale. common.
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Sl. 24. Drugacna resitev
Fig. 24. Alternative solution
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Instructions for Authors

Clanki morajo vsebovati:

t.

naslov, povzetek, besedilo ¢lanka in podnaslove slik v
slovenskem in angleskem jeziku,
dvojezic¢ne preglednice in slike (diagrami, risbe ali
fotografije),
seznam literature in
podatke o avtorjih.

Strojniski vestnik izhaja od leta 1992 v dveh jezikih,
v slovenscini in anglescini, zato je obvezen prevod v

angles¢ino. Obe besedili morata biti strokovno in jezikovno
med seboj usklajeni. Clanki naj bodo kratki in naj obsegajo
priblizno 8 tipkanih strani. Izjemoma so strokovni ¢lanki, na
zeljo avtorja, lahko tudi samo v slovenscini, Vsebovati pa
morajo angleski povzetek.

Vsebina ¢lanka

Clanek naj bo napisan v naslednji obliki:

- Naslov, ki prlmemo opisuje vsebino ¢lanka.

Povzetek, ki naj bo skrajSana oblika ¢lanka in naj ne
presega 250 besed. Povzetek mora vsebovati osnove, jedro
in cilje raziskave, uporabljeno metodologijo dela,povzetek
rezulatov in osnovne sklepe.

Uvod, v katerem naj bo pregled novejsega stanja in zadostne
informacije za razumevanje ter pregled rezultatov dela,
predstavljenih v ¢lanku.

Teorija.

Eksperimentalni del, ki naj vsebuje podatke o postavitvi
preskusa in metode, uporabljene pri pridobitvi rezultatov.
Rezultati, ki naj bodo jasno prikazani, po potrebi v obliki
slik in preglednic.

Razprava, v kateri naj bodo prikazane povezave in
posplositve, uporabljene za pridobitev rezultatov.
Prikazana naj bo tudi pomembnost rezultatov in
primerjava s poprej objavljenimi deli. (Zaradi narave
posameznih raziskav so lahko rezultati in razprava, za
jasnost in preprostejse bralcevo razumevanje, zdruzeni v
eno poglavje.)

Sklepi, v katerih naj bo prikazan en ali ve¢ sklepov, ki
izhajajo iz rezultatov in razprave.

Literatura, ki mora biti v besedilu ostevil¢ena zaporedno
in oznacena z oglatimi oklepaji [1] ter na koncu ¢lanka
zbrana v seznamu literature. Vse opombe naj bodo
oznadene z uporabo dvignjene Stevilke'.

Oblika ¢lanka

Besedilo naj bo pisano na listih formata A4, z

dvojnim presledkom med vrstami in s 3 cm Sirokim robom,
da je dovolj prostora za popravke lektorjev. Najbolje je, da
pripravite besedilo v urejevalnilku Microsoft Word. Hkrati
dostavite odtis ¢lanka na papirju, vkljuéno z vsemi slikami
in preglednicami ter identi¢no kopijo v elektronski obliki.

Prosimo, da ne uporabljate urejevalnika LaTeX, saj

program, s katerim pripravljamo Strojniski vestnik, ne uporablja
njegovega formata. V urejevalniku LaTeX oblikujte grafe,
preglednice in enacbe in jih stiskajte na kakovostnem laserskem
tiskalniku, da jih bomo lahko presneli.

Enacbe naj bodo v besedilu postavljene v locene

vrstice in na desnem robu oznacene s tekoco Stevilko v
okroglih oklepajih

Enote in okrajsave

V besedilu, preglednicah in slikah uporabljajte le

standardne oznacbe in okrajSave SI. Simbole fizikalnih veli¢in
v besedilu pisite posevno (kurzivno), (npr. v, 7, n itn.). Simbole

enot, ki sestojijo iz ¢rk, pa pokon¢no (npr. ms’,

K, min, mm

itn.).

v

Vse okrajSave naj bodo, ko se prvi¢ pojavijo, napisane
celoti v slovenskem jeziku, npr. Casovno spremenljiva

geometrija (CSG).

Papers submitted for publication should comprise:

Title, Abstract, Main Body of Text and Figure Captions in
Slovene and English,
Bilingual Tables and Figures (graphs, drawings or photo-
graphs),
List of references and
Information about the authors.

Since 1992, the Journal of Mechanical Engineering

has been published bilingually, in Slovenian and English. The two
texts must be compatible both in terms of technical content and
language. Papers should be as short as possible and should on
average comprise 8 typed pages. In exceptional cases, at the
request of the authors, speciality papers may be written only in
Slovene, but must include an English abstract.

The format of the paper

The paper should be written in the following format:

A Title, which adequately describes the content of the paper.

An Abstract, which should be viewed as a miniversion of the
paper and should not exceed 250 words. The Abstract should
state the principal objectives and the scope of the investiga-
tion, the methodology employed, summarize the results
and state the principal conclusions.

An Introduction, which should provide a review of recent
literature and sufficient background information to allow
the results of the paper to be understood and evaluated.

A Theory

An Experimental section, which should provide details of
the experimental set-up and the methods used for obtain-
ing the results.

A Results section, which should clearly and concisely present
the data using figures and tables where appropriate.

A Discussion section, which should describe the relation-
ships and generalisations shown by the results and discuss
the significance of the results making comparisons with
previously published work. (Because of the nature of some
studies it may be appropriate to combine the Results and
Discussion sections into a single section to improve the
clarity and make it easier for the reader.)

Conclusions, which should present one or more conclu-
sions that have been drawn from the results and subsequent
discussion.

References, which must be numbered consecutively in the
text using square brackets [1] and collected together in a
reference list at the end of the paper. Any footnotes should
be indicated by the use of a superscript'.

The layout of the text

Texts should be written in A4 format, with double

spacing and margins of 3 cm to provide editors with space to
write in their corrections. Microsoft Word for Windows is the
preferred format for submission. One hard copy, including all
figures, tables and illustrations and an identical electronic ver-
sion of the manuscript must be submitted simultaneously.

Please do not use a LaTeX text editor, since this is

not compatible with the publishing procedure of the Journal of
Mechanical Engineering. Graphs, tables and equations in LaTeX
may be supplied in good quality hard-copy format, so that they
can be copied for inclusion in the Journal.

Equations should be on a separate line in the main

body of the text and marked on the right-hand side of the
page with numbers in round brackets.

Units and abbreviations

Only standard SI symbols and abbreviations should

be used in the text, tables and figures. Symbols for physical
quantities in the text should be written in Italics (e.g. v, T, n,
etc.). Symbols for units that consist of letters should be in
plain text (e.g. ms', K, min, mm, etc.).

All abbreviations should be spelt out in full on first

appearance, e.g., variable time geometry (VTG).
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Slike

Slike morajo biti zaporedno ostevil¢ene in
oznacene, v besedilu in podnaslovu, kot sl. 1, sl. 2 itn. Posnete
naj bodo v kateremkoli od razsirjenih formatov, npr. BMP,
JPG, GIF. Za pripravo diagramov in risb priporo¢amo CDR
format (CorelDraw), saj so slike v njem vektorske in jih
lahko pri kon¢ni obdelavi preprosto povecujemo ali
pomanjsujemo.

Pri oznacevanju osi v diagramih, kadar je le mogoce,
uporabite oznacbe veli€in (npr. # v, m itn.), da ni potrebno
dvojezi¢no oznacevanje. V diagramih z ve¢ krivuljami, mora
biti vsaka krivulja ozna¢ena. Pomen oznake mora biti
pojasnjen v podnapisu slike.

Vse oznacbe na slikah morajo biti dvojezicne.

Za vse slike po fotografskih posnetkih je treba
priloziti izvirne fotografije ali kakovostno narejen posnetek.
V izjemnih primerih so lahko slike tudi barvne.

Preglednice

Preglednice morajo biti zaporedno ostevilcene in
oznacene, v besedilu in podnaslovu, kot preglednica 1,
preglednica 2 itn. V preglednicah ne uporabljajte izpisanih
imen veli¢in, ampak samo ustrezne simbole, da se izognemo
dvojezi¢ni podvojitvi imen. K fizikalnim veli¢inam, npr. ¢
(pisano posevno), pripisite enote (pisano pokon¢no) v novo
vrsto brez oklepajev.

Vsi podnaslovi preglednic morajo biti dvojeziéni.

Seznam literature

Vsa literatura mora biti navedena v seznamu na
koncu ¢lanka v prikazani obliki po vrsti za revije, zbornike in
knjige:

[1] Tarng, Y.S., Y.S. Wang (1994) A new adaptive controler
for constant turning force. Int J Adv Manuf Technol
9(1994) London, pp. 211-216.

[2] Cus, F., J. Bali¢ (1996) Rationale Gestaltung der

organisatorischen Ablaufe im Werkzeugwesen. Proceed-

ings of International Conference on Computer Integra-

tion Manufacturing, Zakopane, 14.-17. maj 1996.

Oertli, P.C. (1977) Praktische Wirtschaftskybernetik.

Carl Hanser Verlag, Miinchen.
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—

Podatki o avtorjih

Clanku prilozite tudi podatke o avtorjih: imena,
nazive, popolne postne naslove, Stevilke telefona in faksa
ter naslove elektronske poste.

Sprejem ¢lankov in avtorske pravice

Urednistvo Strojniskega vestnika si pridrzuje
pravico do odlo¢anja o sprejemu ¢lanka za objavo,
strokovno oceno recenzentov in morebitnem predlogu za
krajsanje ali izpopolnitev ter terminoloske in jezikovne
korekture.

Avtor mora predloziti pisno izjavo, da je besedilo
njegovo izvirno delo in ni bilo v dani obliki Se nikjer
objavljeno. Z objavo preidejo avtorske pravice na Strojniski
vestnik. Pri morebitnih kasnejSih objavah mora biti SV
naveden kot vir.

Rokopisi ¢lankov ostanejo v arhivu SV.

Vsa nadaljnja pojasnila daje:
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p.p- 197/1V
1001 Ljubljana
Telefon: (01) 4771-757
Telefaks: (01) 2518-567
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Figures

Figures must be cited in consecutive numerical order
in the text and referred to in both the text and the caption as
Fig. 1, Fig. 2, etc. Figures may be saved in any common
format, e.g. BMP, GIF, JPG. However, the use of CDR format
(CorelDraw) is recommended for graphs and line drawings,
since vector images can be easily reduced or enlarged during
final processing of the paper.

When labelling axes, physical quantities, e.g. , v, m,
etc. should be used whenever possible to minimise the need to
label the axes in two languages. Multi-curve graphs should have
individual curves marked with a symbol, the meaning of the
symbol should be explained in the figure caption.

All figure captions must be bilingual.

Good quality black-and-white photographs or
scanned images should be supplied for illustrations. In certain
circumstances, colour figures may be considered.

Tables

Tables must be cited in consecutive numerical order in
the text and referred to in both the text and the caption as Table 1,
Table 2, etc. The use of names for quantities in tables should be
avoided if possible: corresponding symbols are preferred to minimise
the need to use both Slovenian and English names. In addition to
the physical quantity, e.g. # (in Italics), units (normal text), should
be added in new line without brackets.

All table captions must be bilingual.

The list of references

References should be collected at the end of the
paper in the following styles for journals, proceedings and
books, respectively:

[1] Tarng, Y.S., Y.S. Wang (1994) A new adaptive controler
for constant turning force. /nt J Adv Manuf Technol
9(1994) London, pp. 211-216.

[2] Cug, F., J. Bali¢ (1996) Rationale Gestaltung der
organisatorischen Ablaufe im Werkzeugwesen. Proceed-
ings of International Conference on Computer Integra-
tion Manufacturing, Zakopane, 14.-17. maj 1996.

[3] Oertli, P.C. (1977) Praktische Wirtschaftskybernetik.
Carl Hanser Verlag, Miinchen.
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