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W SKROCIE

SCHARF W., WIESZCZYCKA W.: Particle accelerators for
industrial processing (part 2); EiN nr 4/2001, s. 4-14.

The applications of over 1000 electron beam (EB) accelerator pro-
cessors used recently worldwide span technological fields from
material modification to medical sterilization and food processing.

The performance level achieved by the main manufacturers is dem-
onstrated by some selected parameters of processors in the energy
range from 0.1 MeV to 10 MeV. The design of the new generation
of low cost compact in-line and stand-alone accelerators is dis-
cussed.

JONAK J., PODGORSKI J.: Wplyw geometrii ostrza na wielko$é
elementu wiora generowanego w procesie skrawania materialu
kruchego; EiN nr 4/2001, s. 14-20.

W artykule przedstawiono wyniki symulacji MES, dotyczacych
wplywu geometrii ostrza (wielko$¢ kata natarcia i przylozenia) na
zasigg propagacji szczeliny generujacej gldwny element wiora.
Stwierdzono, ze wzrost kata ostrza (mniejsze katy natarcia
i przylozenia), sprzyja wglgbnej penetracji szczeliny pierwotnej,
utrudnia splyw materialu po powierzchni natarcia a tym samym
nie sprzyja formowaniu glownego elementu wiora.

JONAK J., PODGORSKI J.: Influence of the cutting wedge on
the formation on the chip size formed in the cutting process of
brittle materials; EiN nr 4/2001, s. 14-20.

The article presents results of FEA simulations on the influence of the
geometry of the cutting wedge (size of the angle of rake and clearance)
on the crack propagation extend that generates the main chip element. It
was found out that an increase in the angle of the cutting wedge (smaller
angles of rake and clearance) favours in-depth penetration of the pri-
mary crack, makes material flow on the rake face difficult, and at the
same time does not favour formation of the main chip element.

Altenbach J., Altenbach H.: Trends in Engineering Plate Theo-
ries; EiN nr 4/2001, s. 21-30.

The paper summerises some basic trends in modelling and analy-
sis of refined plate theories not primary from a mathematical as-
pect but from the viewpoint of engineering application and of an
increasing reliability of engineering structure analysis. Shear rigid
and shear deformable plate models including shear correction fac-
tors or kinematical warping effects can be formulated. An extended
two-dimensional theory for transverse shear stress analysis yields
improved results, the influence of singularities on the global struc-

ture behaviour must be considered and the kinematical degree of
freedom of plate models is an important criterion in structural analy-
sis of folded plate structures.

Composite materials have become an increasing importance in
engineering structures. Multilayered, laminated and sandwich plates
are used in aerospace and many other industries. Thin-walled struc-
tures composed of composite material have generally a moderate
thickness and low transverse stiffness. An adequate modelling of
structural plate elements should be given by refined plate theories.

MAZURKIEWICZ D.: Wplyw wybranych parametrow
konstrukcyjnych ukladéw wieloostrzowych na efektywnosci
skrawania materialéw skalnych; EiN nr 4/2001, s. 31-37.

Artykut przedstawia wyniki badan laboratoryjnych zmierzajacych
do okreslenia wptywu wybranych parametréw konstrukcyjnych
uktadow wieloostrzowych na efektywno$¢ procesu skrawania
materialow kruchych pochodzenia naturalnego, takich jak wapien
czy piaskowiec.

BAJUK A., GLUCH K., MICHALAK L.: Laserowa jonizacja
probki wspomagana matryca; EiN nr 4/2001, s. 38-46.

Laserowa jonizacja probki wspomagana matryca (MALDI - Ma-
trix Assisted Laser Desorption/Ionization) jest nowa metoda
stosowana w spektrometrii masowej od potowy lat osiemdziesiatych
w badaniach cigzkich biomolekut. Wykorzystuje ona stata matryce,
ktora petni kluczowq rolg w ich procesach jonizacyjnych. Procesy
te (desorpcja, jonizacja) inicjuje tutaj krotkotrwatly (kilka
nanosekund) impuls §wiatta laserowego. Dzigki tzw. "migkkiej"
jonizacji w metodzie MALDI znajduje ona zastosowanie
w badaniach cigzkich biomolekut takich jak peptydy, biatka, kwasy
karboksylowe i wiele innych. W artykule zawarte sq podstawy
dotyczace spektrometrii masowej zwiazkow biologicznych, a takze
informacje na temat procesu jonizacji za pomoca desorpcji
laserowej. Ponadto zaprezentowane sa wyniki najnowszych badan
przeprowadzonych metoda MALDI w Zaktadzie Fizyki Stosowanej
Instytutu Fizyki Uniwersytetu Marii Curie-Sktodowskiej
w Lublinie.

CHLOPEK Z., PIASECZNY L.: Uwagi o modelowaniu
w badaniach naukowych; EiN nr 4/2001, s. 47-57.

W pracy przedstawiono krytyczne podej$cie autorow do
modelowania w badaniach naukowych. Zaproponowano syste-
matyke poje¢ zwiazanych z modelowaniem oraz ich klasyfikacje.
Rozwazania zilustrowano przyktadem modelowania uktadu
stonecznego.

MAZURKIEWICZ D.: Multi-tool sets constructional parameters
influence on rock materials cutting efficiency; EiN nr 4/2001,
s. 31-37.

The paper presents some results of laboratory tests, which aim was
to determine influence of multi-tool sets constructional parameters
on final efficiency of rock materials cutting process.

BAJUK A., GLUCH K., MICHALAK L.: Matrix Assisted Laser
Desorption/Ionization; EiN nr 4/2001, s. 38-46.

MALDI (Matrix Assisted Laser Desorption and lonization) is
a quite new method used in the mass spectrometry since the middle
of eighties in studies of heavy biomolecules. It uses a solid matrix
that is crucial in the ionization processes of macromolecular sub-
stances. These processes (desorption and ionization) are initiated
by a few nanoseconds laser pulse. Because of its "softness", MALDI
has the application in the analysis of biomolecules such as pep-
tides, proteins, carbohydrates, oligonucleodites and others. This
article presents basics of the biomolecule mass spectrometry first
of all, but also some general pieces of information about sample
ionization processes by MALDI. Some of the results obtained by
using TOF spectrometer, in the Division of Applied Physics, Insti-
tute of Physics, Marie Curie-Sklodowska University, are also pre-
sented.

CHLOPEK Z., PIASECZNY L.: Remarks about the modelling
in science researches; EiN nr 4/2001, s. 47-57.

The paper presents authors' critical approach to modelling in sci-
ence researches. Systematic of notions concerning modelling and
their classification are proposed. Considerations are illustrated with
an example of the system modelling.
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0d Redakcji

Zapraszamy do lektury czwartego w biezqcym roku numeru kwartalnika "Eksploatacja i Nie-
zawodnos¢" wydawanego przez Polskie Naukowo-Techniczne Towarzystwo Eksploatacyjne pod
patronatem Komisji Lubelskiej Polskiej Akademii Nauk.

W glownej, recenzowanej czesci naszego wydawnictwa znajduje sie tym razem szes¢ artyku-
tow naukowych, poswieconych zagadnieniom teorvetycznym, jak i praktycznym. Pierwszy z tekstow
to druga czes¢ obszernego przegladu dotyczqcego akceleratorow czqsteczek oraz ich zastosowan
przemystowych w takich dziedzinach, jak sterylizacja medyczna, przetwarzanie zywnosci i innych.
Zagadnienia efektywnosci skrawania specjalnej grupy materialow kruchych jakimi sq materialy
skalne i ceramiczne omawiane sq w artykule analizujqgcym wplyw geometrii ostrza skrawajqcego
na wielkos¢ wiora generowanego w czasie skrawania. Podobnej tematyki, cho¢ nieco w innym
ujeciu, dotyczy analiza wplywu parametrow konstrukcyjnych uktadow wielonarzedziowych na efek-
tywnos¢ procesu skrawania materiatow kruchych pochodzenia naturalnego. Kolejny z tekstow
recenzowanych prezentuje wyniki najnowszych badan nad laserowq jonizacjq probki wspomaga-
nq matrycq, jakie przeprowadzano ostatnio w Instytucie Fizyki UMCS. Na zakonczenie proponu-
jemy tekst prezentujqcy rozwazania o modelowaniu w badaniach naukowych.

Jak w kazdym numerze, i tym razem w dalszej czesci prezentujemy tekst dotyczqcy wspotpra-
¢y miedzynarodowej i programow europejskich. Tym razem na temat nowej oferty Komisji Euro-
pejskiej w zakresie wsparcia integracji krajow kandydujacych z europejskq przestrzeniq badaw-
czq.

W dziale "Osrodki naukowe i przemystowe" przedstawiamy Europejska Federacje Narodo-
wych Towarzystw Eksploatacyjnych, ktorej jak mamy nadzieje PN-TTE stanie sie wkrotce petno-

prawnym czlonkiem.

Dr inz. Dariusz Mazurkiewicz

Redaktor Naczelny
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Waldemar Scharf
Wioletta Wieszczycka

PARTICLE ACCELERATORS FOR INDUSTRIAL
PROCESSING (PART 2)'

The applications of over 1000 electron beam (EB) accelerator processors used recently
worldwide span technological fields from material modification to medical sterilization and
food processing. The performance level achieved by the main manufacturers is demonstrated
by some selected parameters of processors in the energy range from 0.1 MeV to 10 MeV. The
design of the new generation of low cost compact in-line and stand-alone accelerators is

discussed.

5. Radiation Processing Linacs

More than 1500 accelerators are functioning con-
temporary in the industry and in the R&D processing
centers all over the world (Table 1) and about 200
machines from this group are linacs. Several compa-
nies now offer rf linear accelerators in the 10 MeV
region (Table 16). Used in the electron mode, a higher
energy beam has better penetration and will process
a wider range of product. For example, the high en-
ergy systems at 10 MeV can penetrate and treat up to
40 mm of water, whereas the low energy system of
about 1 MeV can only treat about 3 mm of water.
Less dense materials, e.g. cardboard boxes for medi-
cal sterilization (~0.15 g cm™) are penetrated propor-
tionally deeper (Fig. 6).

These high energy levels are required to penetrate
the product while the sterilized product is contained
in the final shipping packaging. The in-line steriliza-
tion system is one where the electron beam irradia-
tion system is integrated directly into the production
process. This can be accomplished with a small elec-
tron beam system dedicated to each production line
or several lines feeding a single electron beam sys-
tem. In either configuration the type of electron beam
system can be designed to process cartons or single
products in their sterile packaging (Table 15).

Excluding steam, the current US market is esti-
mated at 245 million cubic feet of sterilized product.
This market is sub-divided into; 133 million cubic

*Part I was published in EiN nr 2-3/2001

feet processed by ethylene oxide (EtO); 95 million
cubic feet by gamma and 17 million cubic feet by
accelerators. The trend towards contracting out ster-
ilization services reflects in the growth of irradiators.
Over the past five years there has been an increase of
74% in the North American irradiator licensed ca-
pacity (46).

The design of an electron beam sterilization facil-
ity requires the integration of the accelerator, product
handling system and shielding. The size and power
of the accelerators as well as characteristics of the
product handling system are determined by the type
and volume of products to be sterilized. The system
controls must track the product as it moves from the
non-sterile area through the electron beam to the ster-
ile area. The system must not only monitor identifi-
cation, position, orientation etc., but also isolate those
products which for any reason may not have been
properly sterilized. The shielding design is a function
of the requirements for the accelerator and product
handling system with an overriding concern for
worker safety (47).

A stand-alone system differs from the in-line ap-
proach in that the electron beam system is not directly
integrated into the production process. This approach
is generally used to process many different types of
products in their final shipping carton configurations.
Stand-alone systems come in many sizes and are gen-
erally classified according to the power of the accel-
erator (small 1-5 kW, medium 10-20 kW and large

4 ExspLoATACJA | NiEzAWODNOSC NR 4/2001
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25-150 kW) - the larger to the power, the more prod-
uct volume can be processed. Power ranges above
35 kW are available but are seldom applied to medi-
cal device sterilization applications due to the diffi-
culty in control issues at such high process rates.

Tab. 15. Comparison of Sterilization Processes

High-pressure
Steam
Sterilization
Sterilizationjexposing hight-  exposing| irradiation of| irradiation of
Mechanism|pressure stegm ethylene| Gamma-ray| high energy
over 12% oxide gag fromCS° | electron beam

EOG | Gamma Ray Electron Beam
Sterilization Sterilization| Sterilization

dryup  |waste to sigunable to stop
treatment | treatment i Gamma-ray] > SoPPed

required | required | radiation pﬂvvel;;?uroe Is

The cost for electron sterilization is a strong func-
tion of volume treated (Fig. 22). In the past the maxi-
mum reliable power level for electron accelerator was
between 10 and 20 kW. At this power, gamma rays
from cobalt 60 provide strong price competition. At
higher powers the economics of the process becomes
limited more by the availability of the product to be
treated in any one place rather than the power of ac-
celerator.

2,00
1,50 {{Cu:ubaltﬁlil
I,DD - .Il rTmrw]a
0,50 -

0,00 - }

10 20 300 40 50 a0 10

Power, kW

Fig. 22. Cost of sterilization as a function of power
(throughput)

Today, however, rf electron linacs are frequently
limited to an average beam power of only 10 to 30
kW (Table 16). The design of these accelerators is
restricted by the characteristics of commercially avail-
able klystrons (usually S-band or L-band). To achieve
higher beam power, higher duty cycle and/or the use
of lower frequencies are necessary.

Penetrability 1.less than
gamma-ray
3 no high 2. penetrability,
penetrability depends on
energy of
electron beam
Processing batch batch | continuous| continuous
Mode processing | processing processing| processing
.ﬂ;?;essmg several hours nl]grﬁotgfsn several hours less than miTlut
Other electron be:

5.1. High Energy Linacs

Thomson-CSF Linacs. In 1956 Thomson-CSF
created the department of Electron Accelerators. In
1987 General Electric buys the branch CGR and con-
centrates on the medical business. Industrial and sci-
entific market are being covered by a new founded
company MeV Industry which is joint venture be-
tween SHI and GE. Table 17 lists characteristics of
CIRCE linacs manufactured by Thomson-CSF [F16].

In 1986 Thomson-CSF Linac installed the first
accelerator used for food preservation in a chicken
factory called SPI. This machine produced 5 kW
power and 7 MeV energy. They could treat 3 tons of
deboned meat per hour at 3 kGy. This machine was
operating three shifts per day and 230 days per year.
Variable costs were less than 0.02 $ per kilo. In 1990
this machine was replaced by a new accelerator type
CIRCE 10 MeV 10 kW, allowing them to double the
throughput.

Tab. 16. Electron rf Linear Accelerators for Industrial

Processing
Manufacturer Electron Beam power,
Model energy, MeV kW Frequeng
Medium Energy Range
Denki Kogyo Co, Ltd. 0.3-0,9 126 200 MH
Electronshower
RPC, Industries 2 10 S-band
Budker Institute of
Nuclear Physics 0,1-2,5 up to 40 120 MH
ILU
High Energy Range

Varian
Mega Ray-Series 2-10 0,6-5 S-band
HITESYS [F24]
Ste-Power STERIL 4-10 ! S-band
TORYI
Elektronika 2-10 6-12 S-band
Efremov Institute,
UELV-8 4-12 12 S-band
Thomson CSF
CIRCE 1/1II 5-10 10-20 S-band
Mitsubishi Heavy Ind. 8-11 25 S-bad
Scanditronix
EB 10 10 30 S-band
Titan Beta, Titan Scan 3-10 1-50 S-band
Technical Systems,
Ltd. (Harwel) 10 50 L-band
IBA 3-10 150  107,5M
Rhodotron '
AECL
IMPELA 10 50 L-band

The subsidiary in Belgium of Mélnlycke, a Swed-
ish company (number one in non-woven medical dis-
posable supplies) uses Thomson linacs for steriliza-
tion. Their throughput is 70.000 m® per year and the
density ranges from 0.11 to 0.20.

ExspPLoATACJA | NiEZAWODNOSC NR 4/2001 5
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This facility is equipped with 2 accelerators type
CIRCE 10 MeV 20 kW placed vertically, facing each
other, so as to irradiate products from both sides at
the same time (Fig.23).

Tab. 17. Parameters of CIRCE accelerators mfd. by
Thomson-CSF [F16]

CIRCE II| CIRCE Il | CIRCE II| CIRCE Il
-10 -20 -20-B -10

Energy,
MeV 10 10 10 5&10
Beam
power, kW 10 20 18 10
Max pulse
repetition 310 550 500 450
rate, H?
Scanning
width, cm 30t0 100 30to10p 30to 100 30to 100

Y Beam pulse length 1215

The advantages of this modular system are the
following: 1) if the machine breaks down, the other
can be used, 2) simple handling system: all-in, all-out
(it allows to avoid the use of a turning-over device).
This facility is an example of big in-house facility
(the project started beginning in 1989). The 10 MeV
electrons, in cases of double side irradiation admit
a maximal surface weigh of approximately 6.5 g cm™.

‘n IF’-III

.l
scanning hom
accelerating section
Fig. 23. System for radiation sterilization equipped
with two 10 MeV, 20 kW CIRCE opposite rf
linacs (SCA Mélinlycke SA Clinical Products,
Belgium [F22])

At present, Thomson-CSF developed STERBOX
(Fig. 24) sterilization system for use in-line.

Table 18 lists STERBOX throughput and dose
parameters for sterilization and food processing.

NIEFA Linacs. Scientific Production Complex of
Linear Accelerators and Cyclotrons (NPK LUTS) is
an independent subdivision of the Efremov Institute
of Electrophysical Apparatus (NIEFA) [F17] that was
established in 1945. More than a hundred of linacs
were manufactured and presently are working in Rus-
sia and abroad. For electron beam sterilization, for
food processing and industrial irradiation technolo-
gies NIEFA produce the new generation of electron
linacs.

pibe ambedded

cmcm.f/ c

—~ 2 an
Fig. 24. STERBOX Sterilization System: a) View,
b) Principle of Product Transport System

Tab. 18. Performance of STERBOX System

Products Throughput, Dose, kGy
per hour

Syringes 6000 25
blood-tubes 10000 25
non-wovens 400 units 25
petri-dishes 6000 10
Cereals 15T 1,0
sea-food 10T 3

poultry, meat 0,8T 5

spices 04T 10

Linac type UELV-8-15S-1 is working in energy
range 4-12 MeV with max beam power 15 kW and
12 kW as for long term operation. Continuos output of
the x-ray beam is up to 300 Gy m? min"'. The machine
is designed for two-three-shift mode of operation.

At present, there are 8-9 commercial linacs for
sterilization at plants and irradiation centers. In the
near future, it may be 13-14 linacs used for these pur-
poses (22).

Mitsubishi Processing Linacs. The main cause
of the instability of most of the S-band linacs is the
thermal instability of the accelerator guide under an
intense heat load. In some cases, 20 to 30 kW rf power
is dissipated in a 1 to 2 m accelerator guide with less
than 10 cm diameter cavities. Beam loss in the accel-
erator guide an additional lumped heat load to some
part of the accelerator guide where the beam is lost.

6 ExspLoATACJA | NiEzAWODNOSC NR 4/2001
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The intense and uneven heat load distorts the cavities
of the accelerator guide to destruct a correct accelera-
tion phase relationship and cause the beam instabil-
ity. That is why in the past the maximal beam power
of rf linacs was limited to 15-20 kW (Table 16).

Mitsubishi Heavy Industries design concept is to
reduce the rf loss and beam loss to the theoretical limit.
System construction is shown on Fig. 25.

B e
deck £f wangow Sy PTOEIR magaet
Adwssron { \
el T e ) slenesd '“1 " ey gl
; s y ooyl 'l e
d w 1 |_ | s — f '_
": J-‘:“ “i‘!i e t ol \
f“_‘l:..l_,
o I r I."l ] - 't ok 1]
— o = ‘l—""'"a ke ‘._'__ T ""I‘
Hystron ""-"‘n 1r-r|-I|-ran\1 Fr nu.'m_'_ = |
tank un puide scan hofn T—i— l
Ti-Alloy beam "-"-—.' =T —-H1|

wanidow

abject

Fig. 25. System construction (accelerator side view)
mfd. by Mitsubishi Heavy Industries [F18];
after Y. Kamino (24)

A travelling wave CG type guide is selected
because a circulator and dummy load system for the
input wave guide which constitutes a major loss can
be deleted with the travelling wave guide and the
klystron output port can be connected directly to the
input port of the accelerator guide. The guide
parameter is selected as 2 m long (60 cavities) and
0.38 Neper (attenuation factor) CG type to get the
10 MeV beam energy at the nearly heaviest loading
condition with available klystron power of 4.8 MW
at the guide input by the load line analysis. The beam
current is 360 mA (Fig. 26). The initial 8 cavities of
the accelerator guide the tapered buncher section and
the disk spacing is determined by the electron phase
analysis to get the best bunch suppression ratio for
tight energy spectrum and the phase limit of -90 deg
(just on the crest of the accelerating field) for the best
energy conversion efficiency. The energy conversion
efficiency of the accelerator guide is as high as about
70% (measured value) and nearly the theoretical limit.
This good energy conversion efficiency reduces the
heat load of the accelerator guide to as low as 10 kW
(average) under the 25 kW beam power operation.

400 mA 360 mA 340 mA 340 mA

BEND
ACCEL |y MAGNET |_4, BEAM >

E-GUN

v

GUIDE | | |ENERGY SCANNER
SLIT
TRANSMISSION  ggoq 95 % 100 %
EFFICIENCY

Fig. 26. Efficiency scheme of Mitsubishi sterilization
linac; after Y. Kamino

The dose uniformity of Mitsubishi sterilization
linac is indicated in Fig. 27.

gl' SE (KGy]

¥ el EE |
=385mm STAN 3885mm
GEMTER
Fig. 27. The dose uniformity of Mitsubishi steriliza-
tion linac

In March 1995 two machines were delivered to
HOGY Medical Co., Ltd., one of the major medical
device suppliers in Japan. The system availability is
as high as 98%. Guaranteed beam power of next gen-
eration of these linacs is 28 kW (25).

Titan Scan Systems. The Titan Corporation of
San Diego (California, USA) [F10] has developed an
n integrated electron beam system for the radiation
sterilization of medical devices. The system employs
a 10 MeV, klystron driven electron linear accelerator,
a carrier based materials handling system and a graph-
ics biased information and control system.

The facility is divides into four areas: a process-
ing room, a control room and a product staging area.
The processing room is shielded concrete structure
with walls and roof ranging from 2.1 m to about 3.1 m
at the thickest point directly in front of the electron
beam. The processing room contains a 1.4 m long
standing wave accelerating section, magnetic systems
to focus and scan the 10 MeV 10 kW electron beam,
and overhead power and free transport conveyor and
the under-beam process table.

Power supplies and utilities are located in adja-
cent modulator room, which is separated from the
processing room by a shield wall so it can be occu-
pied during operation. The control room houses the
computers and sub-systems that control, monitor and
document the sterilization process. An isolated do-
simetry lab is located in the control room area. Pro-
cessed and unprocessed product is separated by
a chain-link fence to prevent intermixing. Denver,
Colorado facility occupies about 2700 square meters
including office space.

ExspPLoATACJA | NiEZAWODNOSC NR 4/2001 7
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Because the linac system is specifically designed to
function as part of a medical product sterilization system,
it is built with a component safety margin allowing
continuous, 24 hour per day operations. The horizontal
accelerator axis provides for two-sided irradiation of
medical products with bulk density in the range from
0.03 to 0.30 g/cm’. The beam is scanned in the vertical
direction to accommodate packages up to 51 cm in height
at the front surface of the carrier (26).

The new Surebeam 10/15 is designed as an end-
of-line sterilization system which sterilizes the prod-
uct in its final shipping case configuration. Process-
ing rates will vary dependent on dose and product
density and will average from 10 to 13 cubic meters
(350 to 450 cubic feeds) per hour. The customers have
been able to achieve economic payback on Surebeam
systems in less than 3 years (27).

IBA Rhodotron System. Ion Beam Application
(IBA) is a small Belgian company producing a par-
ticle accelerators [F19].

The Rhodotron invented by Pottier (28) is a new
kind of electron accelerator, based on the principle of
recirculating a cw beam through a single coaxial cav-
ity resonating in metric waves. The rose-shaped pat-
tern described by the acceleration path gives rise to
the name Rhodotron, rhodos in Greek means rose.

This design makes it possible to easily achieve
the acceleration of high intensity electron beams to
high energies. The beam passes several times along
different diameters in the median plane. After each
pass, the beam is bent by a magnet and then sent back
to the accelerating cavity, the trajectories having
arosaceous shape. In the Rhodotron cavity (TEM
mode), the electric field is radial and the magnetic
field is azimuthal having zero value in the median
plane. Focusing of the beam is achieved by proper
edge shaping of the deflecting magnets.

A continuous mode (100% duty cycle) is the best
solution for industrial processes. The size of the ma-
chine is defined by the fundamental resonance fre-
quency of the cavity. The available commercial pow-
erful amplifiers are limited in frequency to about 100
MHz. The number of passes is limited to about 10 by
the size of magnets and the energy gain per pass is
limited to abut 2 MeV by power of existing continu-
ous rf cavity. Hence, the energy range of the Rhodotron
beam is 1 to 20 MeV. The electrons are generated in
a vacuum environment by the electron gun, located
at the outer wall of cavity (Fig. 28). The electrons are
then drawn away and accelerated by the radial elec-
tric field, which transmits energy to them. The elec-
trons undergo a first acceleration toward the inner wall
of the cavity. They then pass through openings in the
center conductor.

eoaxdal accelerating
cavily

Fig. 28. a) Median section of Rhodotron, with elec-
tron trajectories shown; after J. Pottier (28);
b) View of Rhodotron

This accelerating cavity is a half-wavelength co-
axial cavity (a tube surrounding a central conductor,
both tubes having coincident axes), shorted at both
ends and resonating in metric waves at 107.5 MHz.
The cavity is brought to an alternative electric poten-
tial which creates an electric field between external
tube and the central conductor. This electric field is
radial and exhibits rotating symmetry. In the median
plane the electric field is maximum and magnetic field
is zero. This plane makes it convenient for an accel-
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erated beam to be recirculated along several different
diameters without perturbation of the electron trajec-
tories by the magnetic field.

Because the Rhodotron operates in a continuous
wave (cw) mode, it does not need a klystron to am-
plify the accelerating rf signal. Instead, it uses a cath-
ode driven tetrode which, by design, always operates
at peak efficiency.

Rhodotron is available in three models: 1) TT100:
3-10 MeV, 1-35 kW, 2) TT200: 3-10 MeV, 1-80 kW
and 3) TT300: 3-10 MeV, 1-150 kW. As yet, eight
systems are sold (30). Rhodotron models have "wall-
plug to beam power" electrical efficiency of better
than 20, 31, 43% respectively. With TT100 model
footprint is only 1.6 m in diameter and a height about
1.75 m.

At 10 MeV / 35 kW Rhodotron based steriliza-
tion unit, for example, a realistic capacity of about
100.000 m*/year a Rhodotron -based sterilization fa-
cility can demonstrate and unit sterilization cost of
about $14 per cubic meter (less than $0.40 per cubic
foot), inclusive of investment and operating expenses.

IMPELA System. AECL [F20] is developing
a family of industrial irradiators based on high-power
electron linear accelerators to cover beam energies
around 10 MeV at average beam powers from 50 to
60 kW. This family of industrial irradiators, called
IMPELA (Industrial Materials Electron Linear Ac-
celerators), has been designed for applications where
combinations of dose, penetration, and volume are
high. Processing can be done in electron or x-ray
mode. The electron beam energies ranging from 5 to
18 MeV at beam powers of 20 to 250 kW.

This pulse (~200 ms) accelerator was designed to
provide low electrical stress (<100 kV, ~2.5 MW,
3 MeV m'), low thermal stress (20-45°C) and low
mechanical stress (1.3 GHz) in a shielded vault
(~400 m?) and provide sufficient energy and power
to meet the requirements of the established cross-link-
ing and sterilization industries. Three accelerators
have been built so far and have reached over 20.000
hours of commercial operation in Canada and the
United States.

IMPELA beam energy 10 MeV can penetrate at
typical shipper of medical products 60 cm (24 inches)
thick. Beam power of 50 kW makes it possible to ster-
ilize up to 2.5 tones of such product per hour.

5.2. Medium Energy Linacs

Single Cavity Accelerators ILU-type. An resonant
single-cavity accelerator was developed at Budker
Institute of Nuclear Physics [F7] to cover the elec-

tron energy range from 0.1 to 2.5 MeV with the aver-
age beam power up to 40 kW (34). Fig. 29 shows the
principle of operation of the accelerator.

) _

Fig. 29. Principle of operation of an accelerator ba-
sed on one pass single cavity coaxial reso-
nator: 1) high frequency generator, 2) elec-
tron gun, a) simplified electric diagram, b)
electric field density distribution across the
resonant cavity, c) cross section of a coaxial
resonant cavity

The toroidal cavity is made of two isolated halves
- one half partly entering the order - is mounted inside
the stainless steel vacuum tank. The side surfaces of
these halves form a coaxial capacitor, which shorts
out the cavity rf current. The lower half of cavity is
isolated from the body and is supplied via the
inductivity with a constant negative voltage for
suppressing the multipaction discharge and pre-
venting the ion leakage from the accelerating gap.
For exciting the cavity, the auto-generator with a
common grid circuit is used. The cavity is connected
to the generator tube anode via the inductive loop
without the use of intermediate feeder and produces
the anode circuit. The use of such a scheme simplifies
substantially the accelerator design and decreases the
accelerator overall dimensions. The generator back-
coupling mode is tuned by varying the gap in air
capacitance between the cathode and anode and with
the cathode tail length.

The constant voltage (1 kV) from the separate
power source is applied to the autogenerator anode in
order to improve its operation stability. This power
source is connected to the secondary winding of the
pulse transformer. In this case, the autogenerator is
operated in continuous mode (115-120 MHz) at a low
level of supplied power. When the pulse high power
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is applied to the tube anode, the rf voltage envelope
on the accelerating gap has practically the same form
as that of the pulse anode power at high load of reso-
nator with the beam of accelerated electrons.

In period 1978-93 about 32 ILU-type accelerators
was manufactured.

Denki Kogyo, Co. Electronshower System.
Denki Kogyo developed an electron beam irradiation
system, similar to ILU, without a bending magnet, in
which the beam is accelerated vertically and scanned
in the horizontal plane because in most cases materi-
als are irradiated in the horizontal plane. The system
is named Electronshower (ES) and has an energy range
of 300 to 900 keV. The maximum energy rating of
900 keV is not a technical limit but is chosen for the
practical reason those electron machines whose beam
energy is lower than 1 MeV can be used without gov-
ernmental permission (Japan). Fig. 30a shows a cross
sectional scheme of Electronshower and Fig 30b its
view.

An electron beam is extracted with the dc anode
voltage of 5.5 kV from an electron gun mounted in
the entrance side stem. The velocity of the extracted
beam is modulated by the rf field at the bunch gap
and electrons are concentrated at the acceleration gap
in the narrow phase of the main acceleration field.
The beam accelerated at the gap is focused by the
solenoid coil in the exit side steam and transported
into the scanning magnet. The magnet is made of
stacked thin iron plates 0.5 mm thick to reduce the
eddy current and the pole piece has a semi-circular
boundary to keep the beam spot rather insensitive to
the deflection angles. The waveform of current excit-
ing the magnet can be adjusted to obtain a good uni-
formity of dose over a scanning length. The beam is
scanned over a length of 25 cm and extracted through
the window (titanium foil, 0.03 mm thick). Samples
are placed in a box below the foil and are irradiated.
The window is cooled by nitrogen gas and the oxy-
gen density in the box can be kept lower than 100 ppm.

The self-excited oscillator delivers an output
power of more than 100 kW in the accelerating cav-
ity in pulse mode at frequency more than 175 MHz.
Footprint of accelerator is 1.5x0.9 m and height 1.85 m
(Fig. 30b).

RPC Technologies Linac System. RPC Tech-
nologies [F4] has developed a 10 kW scanned elec-
tron linac system for medium energy industrial
processing such as in-line sterilization. The pa-
rameters are: electron energy: 2 MeV, average
beam current: 5.0 mA and scanned width: 0.5 m.
Accelerator is vertically mounted, the system
height above the floor is 3.4 m, and the footprint

a} clogtron gun
L oscillator
bunchgap — &
vollage I 1
pick up ‘h’
acoclernting gap - - 3
[
turba i
pump R e
!1] Beam

E K-illllllllg.. LA
| magnet S TN

Fig. 30. Electronshower system: a) cross sectional
scheme, b) view,; mfd by Denki Kogyo [F21],
after T. Fujisawa et al. (37)

is 0.9x1.2 m? The typical processing cell inside
dimensions are 3.0 m by 4.2 m high with concrete
sidewalls 0.5 m thick aboveground level. The
products to be sterilized have densities ranging
from 0.19 to 0.58 g cm? (41). Estimated oper-
ated cost is $5 per m? (annual output 12.700 cu-
bic meters).

10 ExspLoATACJA | NiEzAWODNOSC NR 4/2001




NAUKA | TECHNIKA

5.3. Comparison of Linacs

The reason why dc machines are used in energy
ranges lower than 5 MeV, are because the electric
power efficiency of a dc machine is better than that
of a rf machine, and the principle and technology of
dc machines are well established compared to those
of rf type. An rf accelerator, however, is much smaller
than a dc machine in energy ranges higher than 300
keV and no accessory is required such as a reservoir
for SF, gas for a dc machine. Furthermore, an rf ac-
celerator is more reliable than a dc machine because
no insulator is used in the area where the strong elec-
tric field is generated.

Medium and high energy linacs are mainly de-
voted to medical sterilization. By the end of 1993,
there were 18 plants doing commercial sterilization
on large scale; 7 in North America, 8 in Europe and 3
in Japan. It is expected that in 2000 this number will
be doubled. Performance comparison of modern linac
systems for medical sterilization is given in Table 19
(33). The present designs routinely achieve a 24 hour
per day duty cycle. Today, systems routinely operate
more then 7000 hours per year, with maintenance
performed in less than 8 hours per week. Unsched-
uled down time has been measured consistently at least
than 5%.

Irradiation of food has been approved in 37
countries for more than 40 products (42). Low doses
up to 1 kGy control the trichina parasite in fresh pork,
inhibit maturation in fruits and vegetables, and control
insects, mites and other arthropod pest in food.
Medium doses, up to 10 kGy, control bacteria in
poultry and high doses - above 10 kGy - control
microorganisms in herbs, spices, teas, and other dried
vegetable substances. Quantities irradiated are not well
documented, however, it is generally accepted that
alone for spices the per annum treatment increased
from about 25.000 t in 1992 to ca. 100.000 t in 1994
with still increasing tendency until today (42).

Use of EB facilities would supplement gamma
processing, especially in a situation where existing
gamma irradiators could not meet a sudden increase
in demand for processing capacity. For example, in
Germany alone, annual consumption of poultry was
about 1.000.000 t in 1994. To treat the quantity at
a dose of 1 kGy a processing capacity of about 15
commercial facilities - each 2-3 MCi Cobalt - 60 or
10 kW 10MeV-electrons - would be required, 24 h
per day and 365 days per year (43). Until now only a
few accelerator systems are operating worldwide for
commercial processing.

Tab. 19. Performance Comparison of Linac Systems
for Medical Sterilization,; after Titan Scan
Electron Beam Systems (33)

System size
P t
arameter Small Medium
Beag‘ ENEIOYY | 2.3MveV/1,5kW | 4-6MeV/ 10kw
ower
System 1) 1)
footprint , n§ 65 65
£| approx. 4,000single 70-90
5 -
Throughput g prod\:\;lgtes I%/)Shlﬂ/ nPishiftweel)
Capital cost | £ System$1,800,00 System $2,300,00
approx. | £| Facility $100,000 | Facility $100,000
'”ad'igk';‘dg;d“a] irradiate individual
Capabilities packaged cartons single or
components single double sided
sided ouble sidel
Small Medium Large
Beam energy 10MeV/ 4- | 10MeV / 10- 10MeV / 25-
Power 6kW 20kwW 50kw
System 1) )
footprint , n % %6 350
‘g approx. 70- 267- 667-1,332
Throughput | 2| 90 ni/shift / | 534nt/shift/ nt
g weelk week) | /shiftiweeR
5| System System System
Capital cost | 8| $2,300,00 | $4,000,000| $5,300,000
approx. | ”| Facility Facility Facility
$100,000 | $800,000 | $1,300,000
I irradiate individual cartons single or
Capabilites double sided

) dose 25 k@ in material with <0.0% cm®densiy

6. High Energy Pulsed Power Accelerators

The technology base for Repetitive Energy Pulsed
Power (RHEPP) was originally developed to support
defense program applications. As RHEPP technology
matures, its potential for use in commercial applica-
tions can be explored based on inherent strengths of
high average power, high dose rate, cost efficient scal-
ing with power, and potential for long life perfor-
mance. The 300 kW, 2 MeV RHEPP II accelerator is
now in operation (Scandia National Laboratory) as
a designated DOE User Facility, exploring applica-
tions where high dose -rate (>10® Gy s™!) may be ad-
vantageous, or very high average power is needed to
meet throughput requirements. Material surface and
bulk property modification, food safety, and large-
scale timber disinfestation are applications presently
under development (38).
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RHEPP technology development is focused in
areas requiring repetitive, short-pulse, large area
beams; very high average power electron beam (100's
of kW) or x-ray outputs, or where high dose rates
(>10% Gy s), may be advantageous over commer-
cially available dc or rf accelerator technologies
(Fig.31). Magnetic switching, an essential component
in RHEPP technology can also produce multi-kilo-
joule pulses at 100's of pulses per second (pps) rates,
enabling applications not easily serviced by conven-
tional switching technologies. Combining these fea-
tures with a capability to scale cost effectively to
megawatt level systems, RHEPP represents a cred-
ible building block. At present this technology is be-
ing commercialized by QM Technologies [F23].

DC Accelerators  RF Linac RHEPP

— =
= 50 ns pulses

Mode: continuouws =
at 10%s-1040' He

=10 s macno-

baam pulses at 180°s Hz
Poak - 107187 Gyls
ratg.  100-10° Gyls 1010 Gyls - ¥
Mo W S0OKW-7
Limiz 0¥ SO0-160 KW .

Efficiancy; =55-95% = B-A 0% 0%

{o-boam)

Fig. 31. RHEPP e-beam characteristics in compari-
son to commercial accelerator technologies;
after L. X. Schneider et al. (38)

8. References

7. Conclusion

The situation in the field of low energy, i.e.
0.1-0.3 MeV processors, is stable: it is mainly the
production of the updated 1960s and 1970s designs
that has been continued. The growth in the use of these
self-shielded high current accelerators is being pulled
by the attention to the elimination of solvents and air
pollutants from coating and printing operations. The
different situation obtains for the accelerators in the
medium energy range of 0.5-5.0 MeV. The core of
the industrial accelerator business remains in this
medium-voltage area, where the traditional use of EB
processing for the crosslinking of wire and cable jack-
eting and films remains the major end use.

Work on new designs is being focused mainly on
the high-energy (5.0-10 MeV) machines. Most of the
designs of the new generation accelerators are low-
cost compact on-line and stand-alone systems featur-
ing high reliability (over 95-98%). From the point of
view of accelerator technology, there have been con-
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the market acceptance for this new generation of
machines, with their ability to deliver beams with
greater penetration, is still evolving. What seems to
be a decisive factor in the more intensive future de-
velopment of applications of accelerator processors
is their cost-effectiveness, with special emphasis
placed on unit cost of processing.

There is still lack of commercially manufactured
high-power (21000 kW) accelerators which would
lead to a widespread use of accelerator techniques that
require high power beams.
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WPLYW GEOMETRII OSTRZA NA WIELKOSC
ELEMENTU WIORA GENEROWANEGO W PROCESIE
SKRAWANIA MATERIALU KRUCHEGO

INFLUENCE OF THE CUTTING WEDGE ON THE
FORMATION ON THE CHIP SIZE FORMED IN THE
CUTTING PROCESS OF BRITTLE MATERIALS

W artykule przedstawiono wyniki symulacji MES, dotyczqcych wplywu geometrii ostrza (wiel-
kos¢ kqta natarcia i przylozenia) na zasieg propagacji szczeliny generujqcej glowny element
widra. Stwierdzono, Ze wzrost kqta ostrza (mniejsze kqty natarcia i przylozenia), sprzyja wgltebnej
penetracji szczeliny pierwotnej, utrudnia splyw materiatu po powierzchni natarcia a tym sa-
mym nie sprzyja formowaniu gtownego elementu wiora.

The article presents results of FEA simulations on the influence of the geometry of the cutting
wedge (size of the angle of rake and clearance) on the crack propagation extend that generates
the main chip element. It was found out that an increase in the angle of the cutting wedge
(smaller angles of rake and clearance) favours in-depth penetration of the primary crack,
makes material flow on the rake face difficult, and at the same time does not favour formation

of the main chip element.

1. Wprowadzenie

Dla wydajnosci i energochtonnos$ci procesow dra-
zenia skal, istotne jest odspajanie przez kazde z ostrzy
glowicy urabiajacej, w jednym przejséciu, jak najwigk-
szej objetosci urobku. Oprocz jak najwickszego prze-
kroju poprzecznego warstwy materialu usuwanego
przez jedno ostrze, istotne znaczenie ma tutaj jak si¢
wydaje, uzyskanie jak najwigkszego zasiggu szcze-
lin pierwotnych, generujacych gléwny element wio-
ra. Wiaze si¢ to z faktem, ze propagacja wspomnia-
nych szczelin, odbywa si¢ z minimalnym nakladem
energii. Stad tez powinno si¢ dazy¢ do wytwarzania
warunkow, w ktorych zasigg szczelin pierwotnych
generowanych przed ostrzem, bedzie jak najwigksza,
przez co i objgtos¢ materiatu odspajanego w elemen-
tarnym cyklu skrawania, bedzie réwniez jak najwick-
sza.

Poniewaz w chwili obecnej, mechanika tego pro-
cesu jest stosunkowo stabo poznana, stad tez na ba-
zie analiz MES, podjeto probe analizy tego zagadnie-
nia.

1. Introduction

From the point of view of efficiency and energy
consumption of the process of rock cutting, it is im-
portant to ensure that each of the cutting wedges of
the tool head loosens the biggest possible amount of
winning at one go. Beside the biggest possible cross-
section area of the material layer cut off by one cut-
ting wedge, it seems that that the biggest possible
extend of the primary cracks that generates the main
chip element are significant. It is related to the fact
that propagation of the cracks takes place with the
lowest possible energy input. Hence, we should at-
tempt to create conditions in which the extend of pri-
mary cracks generated in front of the cutting wedge
would be the biggest, which will make the volume of
material loosened in the elementary machining cycle
the highest possible.

Since at the moment relatively little is known on
the mechanics of this process, an analysis of this prob-
lem has been undertaken on the basis of the FEA
programmes.
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2. Model strefy skrawania, zalozenia do
modelowania

Poniewaz z wczedniejszych obserwacji i badan [np. 1,
2] wynika, ze na wielko$¢ widra istotny wptyw moze mie¢
geometria ostrza, stad tez w prezentowanych badaniach
MES, zwrdécono gldwna uwage na wyjasnienie kwestii
wptywu wielkosci kata ostrza (a tym samym katow na-
tarcia i przylozenia ostrza), na zasi¢g szczeliny genero-
wanej przed ostrzem, ktorej konsekwencja jest odspaja-
ny widr, o okreslonych rozmiarach.

Do analizy zagadnienia wykorzystano model me-
chaniczny strefy skrawania, przedstawiony na rys. la,
ktorego dyskretyzacje siatka elementow skonczonych
oraz sposob utwierdzenia weztow brzegowych, przed-
stawia rys. 1b. Wymiary strefy skrawania przyjeto:
D = 50mm, L = 90mm, | = 20mm, grubo$¢ warstwy
skrawanej & = 12mm, promien zaokraglenia krawedzi
skrawajacej r, = 1,5mm, wielko$¢ kontaktu powierzch-
ni natarcia ze skrawanym materiatem /4’ = 6mm. Pomig-
dzy ostrze (1) a skrawany materiat (3) wprowadzono
tzw. warstwe kontaktowa [3] (2) o sprezysto-idealnie-
plastycznej charakterystyce materiatu (model Drucke-
ra-Pragera), umozliwiajaca analiz¢ zagadnien kontak-
towych, za pomoca standardowego oprogramowania
MES (system ALGOR). Ostrzu narzucono wig¢zy umoz-
liwiajace mu jedynie przemieszczanie si¢ zgodnie
z wektorem predkosci skrawania (v ) lub tez zgod-

A
3 L%,Z
T 1
Ly
I 109
D —~ | =

2. Model of the cutting zone, assumptions for
modelling

Since previous observations and studies [e.g. 1, 2]
showed that cutting wedge geometry can significantly
influence chip size, in the present FEA studies attention
was paid to the explanation of the problem of influence
that the value of the cutting wedge angle (and hence
rake and clearance angles) exerts on the extend of the
crack generated in front of the cutting wedge and the
resulting loosening of a chip with a certain size.

A mechanical model of the work zone was applied
for the analysis of the problem. The model is presented
in Fig. 1a. Digitisation of the model with the mesh of
finite elements and fixation of the boundary nodes are
presented in Fig.1b. Dimensions of the work zone as-
sumed were: D=50 mm, L=90 mm, [=20mm, the thick-
ness of the work layer was A=12mm, radius of the cut-
ting edge rounding », =1, 5mm, the area of contact of the
rake face with the machined material 2'=6mm. The so-
called "contact layer" [3] (2, Fig.1a) with an elastic-ab-
solutely plastic material characteristics (Durcker-Prager's
model) was inserted between the cutting wedge (1, Fig.
la) and the work material (3, Fig.1a) which enabled
analysis of the problems related to contact with the ap-
plication of a standard FEA software (the ALGOR sys-
tem). Movement of the cutting wedge was restricted by
constraints that allowed only for its transfer in line with
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Rys. 1. Model mechaniczny strefy skrawania (a) oraz jego dyskretyzacja (b): I - ostrze, 2 - warstwa kontaktowa,
3 - skrawany material, h - grubos¢ warstwy skrawanej, h' - diugosé strefy kontaktu powierzchni natarcia ze
skrawanym materiatem, r_ - promien zaokrqglenia krawedzi skrawajqcej, D, L - rozmiary obszaru modelo-
wania, [ - odleglos¢ krawedzi skrawajqcej od brzegu probki, a, g, - kqty natarcia i przylozenia, v, - pred-
kos¢ skrawania, F, - sita wymuszajqca ruch ostrza (skrawania)

Fig. 1. Mechanical model of the work zone (a) and its digitisation (b): 1- cutting wedge, 2 - contact layer, 3 - machined
material, h - thickness of the machined layer, h' - length of contact between the rake face and the machined
material, v, - radius of rounding of the cutting edge, D, L - size of the modelling zone, | - distance between the cutting
edge and the edge of the sample, a, g - rake and clearance angles, v, - speed of machining, F, - exciting force

for the cutting wedge movements (machining)
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nie ze zwrotem sity wymuszajacej (F). Zagadnienie
przeanalizowano dla dwoch modeli geometrycznych
ostrza tj. dla: a) a, = 59 Y, = 5%, b) a,= 2,5° Y, = -7,5%,
oraz dla sprgzysto-idealnie plastycznego (Druckera-
Pragera) modelu materialu skrawanego. Poniewaz
system MES ALGOR, nie posiada procedur umozli-
wiajacych wyznaczanie wytgzenia dla materialow
kruchych, jako kryterium stanu granicznego przyjgto
kryterium Podgorskiego [4], w postaci:

0,-C,+C,P1,+C,1Z =0 (1)
gdzie:
0, - naprezenie Srednie,
T, - naprezenie oktaedryczne,
FE C, C, C, - wspotczynniki zalezne od parametrow
wytrzymato$ciowych skrawanego materiatu [4].

Korzystajac ze specjalnie opracowanych proce-
dur, oraz z informacji zapisanych w plikach *.pin oraz
* out systemu ALGOR, dotyczacych aktualnych wiel-
kosci naprezen s_, Sy S S W weztach siatki mode-
lu, okreslano wytezenie materiatu, korzystajac z za-
leznosci:

W=— )

gdzie:
W - wskaznik wytezenia materiatu,
T, - styczne naprezenie oktaedryczne, wyznaczo-
ne z aktualnych napr¢zen, obliczonych z wyko-
rzystaniem systemu MES,
T, - warto$¢ naprezen granicznych, wyznaczona
z kryterium stanu granicznego Podgorskiego.

Dla warstwy kontaktowej zatozono fikcyjne war-
to$ci parametrow tj.: kat tarcia wewnetrznego @ = 1,
kohezja ¢ = 0,IMPa, liczba Poissona vV = 0,4 oraz
modut Younga E = 103MPa. Dla skrawanego mate-
riatu przyjeto odpowiednio: v = 0,2, ¢ = 69°,
¢ = 3,7MPa, E = 104MPa oraz wytrzymato$¢ na jed-
noosiowe rozciaganie f, = 2MPa, wytrzymalo$¢ na
jednoosiowe $ciskanie f = 40MPa. Zatozono zatem
bardzo duza asymetri¢ wytrzymatosci, ktora charak-
teryzowata skrawany materiat kruchy.

Do ostrza przyktadana byta krokowo narastajaca
(0 5% w kazdym kroku) sita wymuszajaca jego prze-
mieszczenie (F), az do momentu stwierdzenia w kto-
rym$ z weztow siatki MES skrawanego materiatu, sta-
nu granicznego. Po zidentyfikowaniu wezta, w ktorym
osiagnigty zostal powyzszy stan, w miejscu tym rozpi-
nano siatk¢ oraz generowano pod wyznaczonym wcze-
$niej katem, zarys szczeliny oraz powtdrnie genero-
wano nowa siatke MES. Sytuacj¢ powtarzano dla
kazdego nastgpnego kroku rozwoju szczeliny przed
ostrzem, az do osiagnigcia jej maksymalnego zasiggu.

the vector of the cutting speed (v ) or in line with the
sense of the exciting force (). The problem was
analysed for two geometrical models of the cutting
wedge, i.e. a) a,= 5 Y, = 5% b) a = 2,5 ¥, = -7.5"and
for elastic - ideal plastic (acc. to Drucker-Prager)
model of the work material. Since the FEA ALGOR
system does not contain procedures that enable de-
termination of effort for brittle materials, the
Podgorski criterion [4] in the form given below, was
assumed as the criterion for the limit condition:

04 =Cy +C,PT,+C,15 =0 (1)
where:
0, - mean stress,
T, - octaedric shear stress,
P - is the function of the third stress invariant (J),

C, C, C, - coefficients related to the strength pa-
rameters of the machined material.

Applying special procedures and information re-
corded in the *.pin and *.out files of the ALGOR sys-
tem on the actual values of Spo S0 8,08 stress in the
nodes of the model mesh, material effort was deter-
mined on the basis of the relation below:

To
w=_" )

Ty

where:
W - an index of material effort,
T, - shear stress determined from the actual stresses
calculated by means of the FEA system,
T - the value of limit stresses determined from

g
the Podgoérski limit state criterion.

For the contact layer the following fictitious val-
ues of the relevant parameters were assumed: angle
of inner friction ¢= 1, cohesion ¢=0, 1MPa, Poisson's
ratio v = 0,4, and the Young's modulus £ =/03MPa.
Parameters assumed for the machined materials were
as follows: v=10,2, 9= 69°,c = 3,7MPa, E = 104MPa
resistance to uniaxial f, = 2MPa, compression
[, = 40MPa. Hence, a very big asymmetry of strength
that characterised the machined material was assumed.

An exciting force that increased in leaps (by 5%
in each leap) was applied to the cutting wedge. The
force moved the cutting wedge () till the limit con-
ditions were achieved in one of the nodes of the FEA
mesh of the work material. After node identification,
the mesh was removed and a draft of the crack was
generated under the angle that had been previously
determined. Then a new FEA mesh was generated.
This situation was repeated for each of the consecu-
tive steps in crack development in front of the cutting
wedge till its maximum extend was achieved.
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Z uwagi na ograniczone mozliwosci systemu AL-
GOR, kierunek propagacji szczeliny wyznaczano korzy-
stajac z informacji zawartych w pliku wynikowym *.out,
aw szczegolnosci za§ wartosci naprezen 7 O O, W We-
zlach siatki modelu, korzystajac z ogdlnej zaleznosci:

1 20,,
gdzie: 6, - ("),
skad kat propagacji szczeliny (a) wyniesie:
180
a=6,—- )

3. Wyniki analizy

W wyniku tak przyjetych zatozen oraz przepro-
wadzonej analizy stwierdzono, ze dla ostrza ostrego,
o matym kacie ostrza (a=y=5"), szczelina penetruje
jak na rysunku 2.

Z kolei dla ostrza, ktore posiada ujemny kat natar-
cia (y=-7,5) oraz mniejszy kat przytozenia (a = 2,5°),
szczelina penetruje znacznie glebiej, daleko ponizej
poziomu powierzchni obrobionej, jak na rys. 3.

Displacement

o
at}
m
o
T
@

cooooooo
og———mru

Rys. 2. Propagacja szczeliny generujqcej gtowny ele-
ment wiora, przed ostrzem dla a = y= 5’

Fig. 2. Propagation of the crack generating the main
chip element in front of the cutting wedge for
a=y=15°

W trakcie badan stwierdzono, ze stosunkowo duzy
promien zaokraglenia krawedzi skrawajacej, utrud-
nia modelowanie procesu skrawania. W pierwszym
etapie przemieszczania si¢ ostrza, materiat pgka
w strefie powierzchni przyltozenia, na zakonczeniu za-
okraglonej krawedzi skrawajacej. W dalszym etapie
wnikania ostrza, pojawia si¢ strefa rozdziatu kierun-
ku sptywu materialu wzdtuz zaokraglonej krawedzi
skrawajacej. Okazuje si¢, ze mozna wyodrgbnié pe-
wien punkt "graniczny" wspomnianej krawedzi. Ma-
terial lezacy ponizej tego punktu, nie tworzy wiora,
lecz jest wciskany pod ostrze. Materiat lezacy powy-
zej tego punku, sptywa swobodnie wzdhuz powierzch-

Since the possibilities of the ALGOR system are
limited, direction of the crack propagation was deter-
mined on the basis of data in the resulting *.out file,
and especially the values of the 7, O O_stresses in
the nodes of the model mesh from the general relation:

1 20,,
where: 8, - (),
hence the angle of crack propagation (a) is:
180
a=0, " @)

3. Results of analysis

As aresult of the above assumptions and the analy-
sis carried out it was found out that for sharp cutting
wedges (with a small angle of the cutting wedge), the
crack penetrates as in Fig. 2.

And for the cutting wedge with a negative rake
angle (y = -7,5% and a smaller clearance angle
(a = 2,5%), the crack penetrates far deeper, below the
level of the work surface, as in Fig. 3.

Rys. 3. Propagacja szczeliny pierwotnej (nizszej) oraz
szczeliny wtornej, przed ostrzem o kqtach
a=2>5oraz y=-7,5

Fig. 3. Propagation of the primary crack (lower) and
the secondary crack in front of the cutting
wedge with the angles: y=-7.5" and a=2.5°

The present studies showed that a relatively big
radius of the cutting edge rounding makes modelling
of the cutting process difficult. At the first stage of
the cutting wedge dislocation, material cracks in the
zone of the surface of clearance, at the end of the
rounded cutting edge. At further stages of the cutting
edge penetration, a zone of separation appears in the
direction of material flow along the rounded cutting
edge. It seems that a certain "border" point can be
distinguished on the above edge. The material located
below this point, flows freely along the rake face form-
ing a chip. As a result, a secondary crack situated
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ni natarcia, tworzac wior. W efekcie, moze pojawiaé
si¢ szczelina wtdrna, usytuowana nieco powyzej
szczeliny pierwotnej. ROwnoczesnie tez, material usy-
tuowany pomigdzy szczeling pierwotng a szczeling
wtorna, jest przemieszczany za ostrzem, ciagle zmie-
niajac stan rownowagi powstajacy w strefie wierz-
cholkow szczelin (rys. 3).

4. Podsumowanie

Przeprowadzona analiza nie dala jednoznacznej
odpowiedzi co do zasiggu szczeliny pierwotnej gene-
rujacej gtowny element widra, zaleznie od parame-
trow geometrycznych ostrza. Uzyskane trajektorie
szczelin sg zblizone w pewnej czgsci do sugerowa-
nych przez Evansa [5] (ksztalt zblizony do okregu)
jak tez Nishimatsu [6] (ksztalt lukowo-prostolinio-
wy). Jak wykazuje praktyka np. [2], rzeczywisty prze-
bieg wspomnianych szczelin jest o wiele bardziej zto-
zony niz to sugeruja Evans i Nishimatsu. Wedtug
sugestii autoro6w badan [6], rzeczywista trajektoria
szczeliny, w pierwszym etapie jej propagacji, jest
zblizona do sugerowanej przez Nishimatsu. W dal-
szym etapie, jej trajektoria jest zblizona do opisanej
przez Evansa.

Zaktocenia w analizie wprowadza istnienie pro-
mienia zaokraglenia krawe¢dzi skrawajacej, powodu-
jac powstawanie efektu rozdziatu kierunku sptywu
materiatu po ostrzu. Aktualnie brak jest blizszych
danych co do zachowania si¢ i rozwoju strefy
zmiazdzenia w elementarnym cyklu skrawania, stad
tez trudno$ci w odpowiednim zamodelowaniu tego
procesu.

Ogolna tendencja, jaka wynika z przeprowadzo-
nej analizy jest, ze zasigg szczeliny, a zatem i obje-
to$¢ (wielko$¢) odspajanego, gtownego elementu
wiora ro$nie, gdy maleje kat natarcia ostrza. Nalezy
mie¢ jednak na uwadze, ze gwattownie rosnie wtedy
takze obciazenie ostrza (sita skrawania i normalna).
W efekcie, energochlonno$¢ procesu moze rowniez
rosnaé. Niezbedne sa jednak bardziej szczegdlowe
analizy w poruszanym temacie, celem znalezienia
optymalnych parametréw ostrza, tj. takich, dla kto-
rych wielko$¢ odspajanego wiora bedzie jak najwick-
sza, przy ewentualnie, relatywnie niskim przyroscie
obcigzenia ostrza.

Dopracowania wymaga technika generowania
szczeliny 1 wyznaczania jej kierunku, zwtaszcza pod
katem automatyzacji generowania siatki po wydhu-
zeniu szczeliny o jej nastgpny krok. Dotychczasowe,
reczne prowadzenie tych prac, moze by¢ przyczyna
generowania btedéw np. w przewidywanym kierun-
ku propagacji szczeliny. Dotychczasowe wyniki ana-
liz mozna jednak uzna¢ za obiecujace.

a little above the primary crack, can appear. At the
same time the material situated between the primary
and secondary cracks, is displaced after the cutting
wedge, continuously changing the state of equilib-
rium generated in the sphere of the tops of cracks

(Fig.3).

4. Summary

The analysis carried out did not give a unique an-
swer as to the extend of the primary crack that gener-
ates chip element in relation to the geometrical pa-
rameters of the cutting wedge. The obtained
trajectories are close to the solutions suggested by
Evans [5] (shape close to a circle) or Nishimatsu [6]
(shape of an arch- straight line). As can be observed
in practice [2], the actual course of the above men-
tioned cracks is far more complex than suggested by
Evans or Nishimatsu. According to the suggestions
of the present authors [6], the actual trajectory of the
crack in the first stage of its propagation is close to
the one suggested by Nishimatsu. At further stages,
its trajectory is close to the one described by Evans.

Some disturbances in the analysis are introduced
by the very presence of the radius of the cutting edge
rounding that gives the effect of separation in the di-
rection of the material flow along the cutting wedge.

The general tendency that results from the present
analysis is that the extend of the crack, and hence also
the volume (size) of the loosened main chip element
increases when the angle of the cutting wedge clear-
ance decreases. However, it should be borne in mind
that the load on the cutting wedge rapidly increases
(total cutting and normal force). As a result, energy
consumption of the process can also increase. It is
necessary to carry out a more detailed analysis on this
problem in order to find the optimum parameters of
the cutting wedge, i.e. the parameters for which loos-
ening of the chip will be the biggest with relatively
low increase of the wedge loading.

Technology of crack generation and determina-
tion of crack direction especially in respect of auto-
matic mesh generation after the crack has been pro-
longed by its next step, requires further elaboration.
The so far applied manual methods of determining
the course of crack trajectory can result in the gen-
eration of mistakes. However, the results obtained so
far are very promising.
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TRENDS IN ENGINEERING PLATE THEORIES

The paper summerises some basic trends in modelling and analysis of refined plate theories
not primary from a mathematical aspect but from the viewpoint of engineering application and
of an increasing reliability of engineering structure analysis. Shear rigid and shear deformable
plate models including shear correction factors or kinematical warping effects can be formula-
ted. An extended two-dimensional theory for transverse shear stress analysis yields improved
results, the influence of singularities on the global structure behaviour must be considered and
the kinematical degree of freedom of plate models is an important criterion in structural ana-
lysis of folded plate structures. Composite materials have become an increasing importance in
engineering structures. Multilayered, laminated and sandwich plates are used in aerospace
and many other industries. Thin-walled structures composed of composite material have gene-
rally a moderate thickness and low transverse stiffness. An adequate modelling of structural

plate elements should be given by refined plate theories.

1. Introduction

Modelling and analysis of plates and plate struc-
tures are basic problems of mechanical structure ana-
lysis in civil and mechanical engineering. The classi-
cal Kirchhoff's plate theory was for a long period the
predominant model in engineering applications, e.g.
in bridge-building, shipbuilding, etc. The structural
elements of these engineering constructions were in
general single layered plates composed of metal or
reinforced concrete. Their mechanical properties were
on a macroscopic level homogeneously through the
thickness and the structural response was isotropic
or orthotropic.

A suitable extension of the geometrically linear
Kirchhoff's plate theory has been presented by von
Karman. In selected thin-walled structures the values
of the displacements and the plate thickness are of
the same order. The nonlinear terms in the kinemati-
cal plate equations affect the stress and the deforma-
tion states of the thin plate and must be partly consi-
dered. The necessity to apply the von Karman's plate
equations is connected with the loading level and the
plate geometry. Note that loading conditions and geo-
metrical relations which are typically for the use of
the Kirchhoff's plate theory in dependence on the
material model (elastic, plastic or time-dependent) in
some cases demand the introduction of the von
Kérman's plate equations.

Nowadays there is a growing use of composite
materials and modern lightweight structures employ
plate elements consisting of three or a much greater
number of layers. The material of the layers can be

either homogeneous or inhomogeneous. Typical three-
layered structure elements are sandwich plates. The
outer layers are made of high strength material, e.g.
homogeneous metal faces or fibre reinforced multi-
layered faces. They cover the inner layer consisting
of a soft and rather homogeneous material, e.g. a foam,
or of an inhomogeneous material, e.g. a cellular fil-
ler. The first serious applications of sandwich struc-
tures concerned the aircraft industry, because san-
dwich structural elements created lightweight design
and improved strength properties and corresponded
functional requirements and mechanical characteri-
stics.

At present, sandwich and multilayered, lamina-
ted plates are widely used in various fields of engine-
ering, for instance in aircraft and rocket constructions,
machine building, automotive industry, oil produc-
tion, civil engineering, energetics, sports industry, etc.
Modelling and analysis of sandwich and laminated
plates is a more complicated problem of engineering
plate modelling and yield an increasing significance
of extended, refined plate theories. First steps in this
direction were presented by Reissner and Mindlin for
homogeneous moderately thick plates.

All engineering plate concepts reduce the three-
dimensional equilibrium, kinematical and constituti-
ve equations of the mechanics of deformable bodies
and describe approximately the mechanical response
of plate structures by a two-dimensional model. The-
se engineering concepts based in general on hypothe-
ses of the deformation or stress states. Figure 1 sum-
merises some linear plate models with different
approximations of the in-plane and the transverse di-
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splacements and or the in-plane and the transverse
stresses, respectively. Also mixed approximations of
displacements and stresses are possible and can be
useful. In the equations of the displacement approxi-
mations ua(xﬁ,z) are the in-plane displacements and
w(xﬁ,z) the transverse displacement or the plate de-
flection. uao(xB) are membrane displacements, w(x

the deflection of the middle surface of the plate, ¢a(xB)
are cross-sectional rotations. and are sets of functions
in product series expansions for the in-plane displa-
cements and the transverse displacements. The second
term in the product series expansion for in-plane di-
splacements with a set of functions Yf(z) introduces

* Displacement approximations
Uyxz2) = u(xy) - zw (x,)
w(xﬂ,z) = w(xg)

Uy (xpz) = ua”(xﬁ) + Z¢a(xﬁ)
w(xﬁ,z) = w(xﬁ)

U (Xyz) = ua{’(xﬁ) - W xy) + gba(xﬁ)]4z3/3'h2

w(xﬂ,z) = w(xg)

a coupling between the in-plane and the transverse
displacements and allowing to impose restrictions on
the distributions of the transverse shear stresses of
a plate. Most applied classical and refined plate the-
ories can be incorporated in the product series appro-
ximation as special series of the general expansions,
e.g. Kirchhoff's, Hencky's, Preuler's or Touratier's
plate models [2, 3]. Plate modelling that incorporate
conditions on the transverse normal stresses are not
included in these approximations. It demands addi-
tional terms in the series approximation for w(xﬁ,z)
which contain second derivatives of u?, and w’.
Asymptotic integration methods or concepts of the

X0 4y

Kirchoff (1850)

Hencky, Boll¢é (1974)
Mindlin (1951)

Levinson (1981)
Reddy (1989)

¢ Displacement approximations - Product series

%(xﬁ,z):gtﬁ(xﬁyﬂ(z)ém&(xﬂwz)

w(xﬁ,z) = w(xﬁ)

¢ Stress approximations

12z
(g, ’UB’TaB):F(MG'MB’MHB ),

30 27,
= ar1-(==
f = S 1= 22y
30,22 122,
O =15 3(h)]

* Mixed approximations

Meenen,Altenbach (1999)

E. Reissner (1944), (1950)

E. Reissner (1984), (19870)

Fig. 1. Two-dimensional modelling of thin and moderately thick plates, linear plate theories
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introduction of deformable two-dimensional directed
surfaces are more mathematical techniques and are
not considered in this paper. For more information
see, for example, [4].

2. Engineering Theories for Isotropic Plates

A classification of engineering plate theories can
be given by
¢ small deflection linear theory for thin plates,
* small deflection linear theory for moderately thick
plates, and
* large deflection nonlinear theory for thin plates.

These classical plate models for homogeneous iso-
tropic plates are connected with the fundamental pa-
pers of Kirchhoff, Reissner, Mindlin and v. Karman
[1]. Figures 2 and 3 show the kinematical hypotheses
and the stress distributions for these classical models.

The Kirchhoff's plate model yields, from viewpo-
int of engineering applications, reasonable accuracy
in the analysis of various global response parameters
like deflection, vibration, buckling, etc. This simplest
and most widely used plate model in classical struc-
tural mechanics based on the following assumptions:

* Points on a normal to the undeflected midplane of
the plate lie on a normal to the midplane of the
deflected plate, i.e. a lineal element of the plate
extending through the plate thickness, normal to
the midplane in the unstressed state, undergoes at
most a translation and a rotation and mains normal
to the deformed middle surface. The lineal element
through the thickness does not elongate or contract
and the plate behaviour in thickness direction is
shear rigid.

® The slope of the deflected plate in any direction is
small, so that its square may be neglected in com-
parision with unity.

® The midplane of the plate is a "neutral plane", i.e.
any midplane stresses arising from the deflection
of the plate into a non-developable surface may be
ignored.

® The stresses normal to the midplane, arising from
applied loading, are negligible in comparision with
the normal stresses in the plane of the plate.

Experimental tests and analytical or numerical
reference results of three-dimensional plate problems
qualify the Kirchhoff's assumptions if an elastic iso-
tropic plate is sufficiently thin and its transverse de-
flection is small compared to its thickness. The con-
tradiction between the number of physically motivated
boundary conditions and the order of the governing
differential equation can be overcome by introducing
"Kirchhoff's edge forces". From a theoretical point of

view the Kirchhoff's plate theory underestimates the
transverse deflection and overestimates natural fre-
quencies and buckling loads.

The von Karman's plate model is in combination
with the Kirchhoff's assumptions based on the funda-
mental additional assumption that geometrical non-
linearity can not be neglected, but that the strains and
the square of rotations are small compared to unity.
So, in a more correct view, the von Karman's plate
theory, which is restricted to small strains, but mode-
rately large rotations must be termed as a "moderate-
ly large deflection theory" but, customarily, we find
in literature the technical term "large deflection the-
ory". The von Karman plate theory predicts the de-
flection and stresses in thin plates with reasonable
accuracy for deflections having the order of the plate
thickness.

The Kirchhoff and the von Karman plate theory
are based on three independent kinematical degrees
of freedom that means three independent translations
for all material points of the middle surface, if there
are transverse and in-plane loadings. If the plate lo-
ading is restricted to transverse loading only, the in-
dependent kinematical degree of freedom reduces for
Kirchhoff plates to one. The Reissner or the Mindlin
plate theories include approximately the effect of
transverse shear strains and yields a simple refined
plate theory by introducing assumptions on the di-
splacement distribution over the plate thickness, which
is less restrictive than the Kirchhoff assumption. The
improved plate model has five kinematical degrees
of freedom: three translations and two independent
rotations. These shear deformable linear plate models
of Reissner and Mindlin can be simple extended to
anonlinear shear deformable plate model for mode-
rate large deflections by including the von Kérman's
geometrical nonlinear relations [5].

The shear rigid von Karman plate model has been
used in creep damage analysis. This problem is ma-
thematical formulated by a non-linear initial-boun-
dary problem which can be solved numerically. Nu-
merical examples demonstrate the significance of the
geometrical nonlinear plate theory in the creep-da-
mage analysis even for moderate deflections [6].

3. Classical and Refined Theories for Multi-
layered Plates

The modelling of multilayered plates, i.e. san-
dwich and laminated plates, based on an analogy with
the modelling of isotropic, single-layer plates, sec-
tion 2. But there are two principal different appro-
aches for a two-dimensional plate modelling of mul-
tilayered plates [7]:
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Fig. 2. Kirchoff's, Reissner's and Mindlin's plate models:

a) Shear rigid Kirchoff model,
b) Shear deformable Reissner's and Mindlin's model
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Fig. 3. Membrane and von Kdrman's plate models:

a) Membrane,
b) Shear rigid and deformable von Karmdan models
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.The hypothesis of a broken normal. The plate the-
ory is deduced using a layerwise description. The
so-called partial layerwise plate theories assume
layerwise expansions for the in-plane displace-
ments only, the full layerwise theories use expan-
sions of all three displacement components.

2.The hypothesis of a mechanical equivalent single

layer. The plate theories are formulated for the en-
tire layer package and not for separate layers.

Theories of multilayered plates have to take into
account the inhomogeneous distribution of the me-
chanical properties over the plate thickness and the
anisotropic response of any single layer and of the
equivalent layer. For the analysis of local plate re-
sponses, ¢.g. delamination, or for sandwich and mul-
tilayered plates with great differences in the layer
thicknesses and the mechanical layer properties, the
layerwise theories should be used. The description of
the cross-sectional deformations of each layer is also
in the layerwise theory not correct, but the error is
much less than the error of a equivalent single layer
model. If the layer thicknesses and the layerwise elas-
tic moduli vary not so much, the equivalent single
layer plate models estimate the global response pa-
rameters, e.g. deflection, eigen-vibration, buckling,
with a sufficient accuracy. An alternative approach if
the layer thicknesses and the layerwise elastic moduli
are significantly varying is demonstrated in [8]. In
this case an improved determination of the shear cor-
rection can be useful and the global estimates show
a good agreement with results based on improved
theories.

In general, layered composite plates are slender
structures and their displacements and in-plane stres-
ses are obtained quite accurately by means of two-
dimensional plate theories. These theories based on
assumptions concerning the distribution of the in-pla-
ne displacements. Restricting the modelling on lami-
nated plates with a great number of fibre reinforced
layers, the most simple theories based on the equiva-
lent single layer hypothesis assume linear distribu-
tions of the in-plane displacements. The general used
models in engineering applications are the classical
laminate theory (CLT) and the first-order-shear-de-
formation theory (FOSDT) 9.

ul(xl’ Xy xj) = ”(xp xz) + le’UI(xl’ xz)’
e, ¥, %) =V, 6) x5 (1)

K, Xy X) = WG, )

In Egs (1) u, v are the in-plane displacements in
the middle surface of the plate and w is the out-of-
plane displacement, i.e. the deflection. In the CLT we
have ( =-0w/0x , a =1, 2 and in the FOSDT the ¢,

are independent kinematical functions. In contrast to
the CLT or the FOSDT modelling of isotropic plates,
multilayered plates with an unsymmetrical stacking
sequence of the layers have a coupling of in-plane
and out-of-plane response for tranxzsverse loading and
the kinematical degree of freedom is 3 (CLT) or 5
(FOSDT). For plates with strong changes in geome-
try or folded plate structures it can be necessary to
expand the FOSDT by including transverse shear de-
formations and thickness effects.

ul(xl’ Xy xs) - u(xl’ xz) + x3l’Ul(xl’ xz)’
w5y X 3) = VE, X) Fxp ) Q)

us(xr Xy xs) = W(xl’ xz) + x3l,ll3(x[, xz)

In this extended sense the FOSDT-6 is characteri-
sed by 6 independent degrees of freedom, Eq. (2).
Numerical tests demonstrate that for standard pro-
blems with a simple geometry the results are very si-
milar for a modelling with 5 or 6 degrees of freedom
and therefore mostly in engineering applications the
FOSDT-5 version with 5 degrees of freedom is used
[10]. The reason for such limitation is that the magni-
tude of the assumed drilling ¢, of the normal is much
smaller in comparison with the other two rotation,
because the deformability of a thin-walled structure
even in the case of moderate thickness is very small.
Counter-example are presented, fort example, in [11].

The Kirchhoff's plate theory is unable to describe
the mechanical behaviour of structural elements for
which the transverse shear strains are not negligible.
Nevertheless the CLT is used in many engineering
applications and enable a simple structural design and
optimisation of laminate stacking, etc. The FOSDT
proposed an extended kinematical model with addi-
tional degrees of freedom and included transverse
shear deformations. But the FOSDT yields a linear
distribution of the in-plane displacements and a con-
stant distribution of the transverse shear stresses over
the plate thickness which is incompatible with the real
structural response. A simple way to improve the de-
termination of the transverse shear stiffness can be
the introduction of a shear correction factor [8, 12,
13].

Recently by several authors so-called high-order-
shear deformation theories (HOSDT) [14, 15] are
developed:

Uy (Xq,X;,%3)

Zai fi(Up, X, )%

Uy (X1, %% ) = ib.gi(xlixz )X 3)
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Up( X, %, %) = Zblgi(xl!xz )Xs

These series must be truncated so that the number
of functional degrees of freedom is limited, e.g.
FOSDT-5

bozco;«fo:”’ &~V h():W’
a[:blzl;clzolflzlp,glz%)
bl

=c=0,i>1

Higher order approximations lead warping in-plane
displacements (Fig. 4) and also non-constant transverse
displacements over the thickness. In [16] a special zig-
zag-function is proposed for FOSDT-modelling that
leads to improved in-plane responses and allows to
include thickness effects as well as transverse shear
and transverse normal stresses. The use of HOSDT
increases the computational effort rapidly whereas the
gain in accuracy is small. Thus higher order theories
are of advantage from a mathematical research, but
in structural analysis only within a relatively narrow
band-width of problems. The FOSDT approach is
sufficient for determining in-plane stresses even if the
plate slenderness is not very high [17].

For isotropic plates the in-plane stresses are often
fully sufficient in structural strength analysis. Multi-
layered composite plates are however inhomogene-
ous and anisotropic and to specify delamination or
other failure modes transverse shear stresses and nor-
mal out-of-plane stresses must be known too. Using
local applications of equilibrium conditions and inte-
grating the derivatives of the in-plane stresses over
the plate thickness lead to a so-called extended two-
dimensional theory and yield excellent results for
transverse shear and normal stresses if a mechanical
loading applied on laminated plates with cross-ply or
angle-ply stacking [18, 19]. In some cases of non-
linear temperature distribution higher order approxi-
mation theories or three-dimensional modelling sho-
uld be used [20].

4. Singularities and Plate Responses

In structure analysis of plates different kinds of
singularities can greatly influence the local and glo-
bal structure behaviour [21]. It is well-known that con-
centrated forces or moments and sharp notches or
cracks yield singular stress fields. But there are some
other problems in modelling plates with singularities:

* Concentrated forces acting upon a very thin plate
with a membrane response or concentrated mo-
ments acting upon a Kirchhoff plate are quite im-
proper models. In the first case the membrane has

>
o5

CLT
HOSDT

~FOSDT

Fig. 4. Geometry of a undeformed lineal element.
CLT: rotation u, , FOSDT: independent rota-
tions ¢, HOSDT: independent rotations and
warping

no resistance to a concentrated force and already
the smallest concentrated force results in infiniti-
ve deflection. Point supports to membranes of any
shape will have for the reason of no resistance no
influence to their vibration behaviour, i.e they will
not change the frequencies. In the second case
a Kirchhoff plate has no rotational resistance to
a concentrated moment and consequently influen-
ce coefficients or stiffness matrices according to
the classical plate theory are meaning full for con-
centrated forces but meaning less for concentrated
moments. Furthermore point constraints can not
resist rotations, they are only capable of supplying
transverse concentrated forces to constrain the di-
splacement. The calculation of static deflections
or bending moments, of buckling or vibration mo-
dels of pointwise clamped plates became unaccep-
table.

¢ Interior sharp corners will produce infinite stres-
ses, i.e singularities in classical plate theories. The
singularities can also have significant effects upon
the global behaviour of the plate. Stress singulari-
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ties in sharp corners can be represented exactly [22,
23]. For various types of corners are different sets
of functions which satisfy the boundary conditions
exactly. These are the so-called corner functions.
Only if these corner functions are added to ano-
ther global set of displacement functions, the cor-
ner stresses can be accounted properly. If the Ritz
method is utilised e.g. for free vibration analysis
of plates, mathematically complete sets of admis-
sible displacement functions, which only satisfy
geometric boundary conditions, yield upper bound
approximations to the frequencies and the exact
values may be approach as closely as desired if
sufficient terms are taken. But if a set of corner
functions will be added the convergence will be
accelerated rapidly. The same situation is for fini-
te element analysis.

* For a shear deformable plate, e.g. the Mindlin pla-
te, already a concentrated force acting transverse
to the middle surface results in infinitive deflec-
tion and so the Mindlin plate has a different re-
sponse in comparison to the Kirchhoff plate, and it
is a quite improper mathematical model for singu-
lar forces too. A real concentrated loading is di-
stributed over a small area and the Mindlin plate
model yields a correct modelling.

5. Solution Procedures

Analytical and numerical solution procedures for
the different plate models are discussed and summe-
rised in various monographes and textbooks, e.g. [1,
24, 25, 26, 27, 28, 29].Analytical solutions are limi-
ted to plates with simple geometry, e.g. rectangular
or circular plates, and plates with simple elastic re-
sponse, e.g. isotropic, orthotropic or quasi-orthotro-
pic, etc. In most cases analytical solutions can be for-
mulated in terms of infinite series and the effect of
truncating the series on the accuracy of the solution
have to be estimated. The few closed analytical plate
solutions are limited to very special problems.

The validity of approximate plate theories, i.e. of
the displacement or the stress approximations can be
assessed by comparing their predictions with analyti-
cal solutions of the three-dimensional equations of
elasticity. This problem is discussed in various rese-
arch papers, e.g. in [30] for the anisotropic equations.

Approximate plate solutions can be given as nu-
merical solutions or approximate series solutions with
sets of trial functions. The most general solution pro-
cedures are numerical methods, i.e. the finite element
method and the boundary element method, based on
variational or energy methods, on weak formulations
of boundary problems or on the theory of singular
integral equations.

Applying the finite element methods available in
a great number of research and commercial finite ele-
ment programs, all problems can be solved, but de-
pendent on the selected plate theory the numerical
effort can be increasing rapidly, especially for multi-
layered or three-dimensional plate modelling. But for
the simple Mindlin's plate model numerical problems
may arise too. A first problem, termed as shear loc-
king in finite element solutions, due to vanishing shear
deformation terms in the variational displacement
based formulation. A second problem of domain di-
scretisation based on numerical methods is the incre-
asing effort to find a suitable discretisation, i.e. a su-
itable element mesh which allows to represent the
boundary-layer solution arising in the case of several
types of boundary conditions. Various techniques are
available to overcome these problems, e.g. [31], ho-
wever, it is difficult to make general conclusions on
the influence of the shear correction for different bo-
undary conditions and loading types if only numeri-
cal results are given.

For plates with simple geometry, e.g. with stra-
ight line boundaries, the variational methods of Ritz
and Galerkin can be recommended to construct accu-
rate approximate solutions. In the last years it could
be demonstrated that the variational iteration method,
based on the Vlasov-Kantorovich approach, yields
good approximate solutions for various plate theories
and optimal one-term approximate analytical solutions
for general boundary conditions [32, 33, 34, 35, 36].

6. Conclusions

Engineering plate theories got many impacts to
improve the structure analysis of two-dimensional
structures. The increasing importance of composite
materials required refined theories for sandwich and
laminate plates. Stress analysis and life-time predic-
tions of thin-walled structures operating at elevated
temperatures require to include the modelling of cre-
ep-damage behaviour and a generalisation of the so-
lution procedures. The paper summerises some se-
lected aspects of trends in engineering plate theories.
Further ideas and overviews on relevant research pa-
per are given, e.g., in [2, 37, 38, 39].
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WPLYW WYBRANYCH PARAMETROW KONSTRUKCYJNYCH
UKEADOW WIELOOSTRZOWYCH NA EFEKTYWNOSC
SKRAWANIA MATERIALOW SKALNYCH

MULTI-TOOL SETS CONSTRUCTIONAL PARAMETERS
INFLUENCE ON ROCK MATERIALS
CUTTING EFFICIENCY

Artykut przedstawia wyniki badan laboratoryjnych zmierzajqcych do okreslenia wplywu wy-
branych parametrow konstrukcyjnych ukltadow wieloostrzowych na efektywnos¢ procesu skra-
wania materiatow kruchych pochodzenia naturalnego, takich jak wapien czy piaskowiec.

The paper presents some results of laboratory tests, which aim was to determine
influence of multi-tool sets constructional parameters on final efficiency of rock

materials cutting process.

1. Wprowadzenie

Definiujac proces obrobki skrawaniem okresla sig,
ze "... jest on czg$cia procesu wytwarzania elemen-
tow urzadzen technicznych, w trakcie ktérego przed-
miot obrabiany uzyskuje wymagane ksztatty, wymiary
i jako$¢ powierzchni przez usuwanie warstw naddat-
ku zamienianego na wiory" [16]. Definicja ta stano-
wi jednak pewne uogodlnienie, w efekcie czego pomi-
jane jest szerokie zastosowanie obrobki skrawaniem
w szczegolnych przypadkach, do jakich nalezy mig-
dzy innymi skrawanie materiatéw kruchych. Anali-
zujac proces skrawania materialow kruchych pocho-
dzenia technicznego [16] oraz naturalnego mozemy
stwierdzi¢, ze wciaz istnieje niedostatek odpowied-
nich opracowan dotyczacych tego zagadnienia zaro6w-
no teoretycznych, jak i doswiadczalnych. Istota pro-
cesu skrawania klasycznych materialow, jakimi sa
metale znana jest w wielu aspektach, a jej powszech-
nos$¢ nie podlega najmniejszej dyskusji. Zupehie od-
miennie jest w przypadku materiatow kruchych, gdzie
przy pracach nad analiza procesu skrawania wciaz
napotykamy na liczne trudnos$ci. Szczeg6lnie ma to
miejsce w przypadku analizy wptywu wybranych
parametrow konstrukcyjnych uktadow wielonarze-
dziowych na efektywnos$¢ procesu skrawania mate-
riatlow kruchych pochodzenia naturalnego.

1. Introduction

"

Cutting process can be defined, as "... part
of technical devices production process, during
which workpiece obtains required shapes, sizes
and surface quality as a result of allowance re-
moval, which is changed into chips" [16]. This
definition can be considered as to be some gen-
eralization, in which some important applica-
tions of cutting process are neglected. It is es-
pecially related to the process applications for
brittle materials cutting, such as technical and
natural (rock materials). When analysing tech-
nical brittle [16] and natural materials cutting
process we can notice some lack of elaborations
of this kind of materials cutting process, both -
from theoretical and practical point of view. The
theory of classical materials cutting process,
there is metals cutting is well known in several
different aspects. It is completely different in
the case of brittle materials, when we are faced
by several problems during most analytical and
empirical investigations. These problems appear
especially when we try to analyse influence on
multi-tool sets constructional parameters on ef-
ficiency of natural brittle materials cutting pro-
cess.
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2. Skrawanie skal glowicami wieloostrzowy-
mi w Swietle rozwazan literaturowych

Z przeprowadzonych dotychczas badan [m.in.:
1,2,3,4,6,7,8,9, 15, 17, 18] zmierzajacych do
okresélenia optymalnych warto$ci parametrow pro-
cesu skrawania skal w uktadach wieloostrzowych
wynika, ze jest to zagadnienie ztozone i nie pozna-
ne odpowiednio doktadnie. Otrzymywane wyniki
badan w tym zakresie sg do$¢ rozbiezne. Moze to
by¢ migdzy innymi efektem roéznicy geometrii na-
rzedzi skrawajacych stosowanych w badaniach, jak
i roznic na przyklad kata bocznego rozkruszenia
wynikajacych ze zroznicowanych wlasciwosci ba-
danych materiatow skalnych, kierunku skrawania
oraz glebokos$ci skrawania. Roznice te prawdopo-
dobnie wynikaja rowniez z faktu analizowania pro-
cesu skrawania materiatow kruchych wylacznie
w uktadzie jednego ostrza, co stanowi istotne uprosz-
czenie.

Z przeprowadzonej przez autora analizy dotych-
czasowego stanu wiedzy z zakresu badania procesu
skrawania skal glowicami wieloostrzowymi wynika-
ja migdzy innymi nast¢pujace wnioski:

¢ analizujac parametry konstrukcyjne elementu ro-
boczego, dotyczace skrawania skal w uktadzie wie-
loostrzowym nalezy bra¢ pod uwage cechy kon-
strukcyjne glowicy skrawajacej oraz rozmiesz-
czenie nozy, uwzgledniajac podziatke poprzeczna
t i podziatke katowa ¢, liczbe linii skrawania oraz
liczbg nozy w jednej linii,

® podstawowym parametrem decydujacym o wiel-
kosci sit wystepujacych w procesie skrawania ma-
teriatdbw kruchych oraz wartosci energii jednost-
kowej jest podzialka linii skrawania (podziatka
poprzeczna),

* ze wzgledu na pozyskiwany sortyment skrawanej
skaly nalezy dazy¢ do zapewnienia jak najwigk-
szej giebokosci skrawania /1, (odpowiednio do wia-
sciwos$ci skrawanego materiatu), co mozna mig-
dzy innymi uzyska¢ redukujac odpowiednio liczbe
nozy w linii skrawania,

® przy stalej glgbokosci skrawania opor ro$nie wraz
z powigkszeniem podziatki poprzecznej,

* wilasciwy dobor podziatki poprzecznej i katowej
powinien nie tylko zapewnia¢ odpowiedni uktad
skrawania w powiazaniu z glebokos$cia skrawania,
ale rowniez umozliwiaé osiagnigcie jak najnizszej
wartos$ci energii urabiania,

® zbyt duza liczba nozy na glowicach skrawajacych
powoduje zbedne straty energii na procesy ubocz-
ne towarzyszace skrawaniu,

2. Rock cutting with multi-tool heads in
literature

Several experimental and theoretical investiga-
tions, which aim was to determine optimal values of
rock cutting parameters with the use of multi-tool sets
prove, that this topic is complex and not well enough
known [1, 2, 3,4,6,7,8,9, 15, 17, 18]. Results ob-
tained from these investigations and researches are
usually different and for several reasons cannot be
compared. These differences in results obtained dur-
ing experiments come from differences in geometry
of cutting tools used in tests, differences of cut mate-
rials mechanical and physical properties, cutting di-
rection or cutting depth. Another explanation of these
differences is also typical way of process analysis.
Most researchers analyse the process only from one,
single cutting tool point of view. This way of analysis
can be described as important simplification of real
conditions, having huge influence on final results.

From author's literature studies on analysis and
investigations of multi-pick cutting process param-
eters (especially in the case of natural brittle materi-
als), follow such inferences as:

® When analysing constructional parameters of cutting
head or another working element, in the case of rock
materials cutting with the use of multi-tool sets, one have
to take into consideration constructional properties of
cutting heads together with rules of cutting tools placing
onthe head. It means, that from this point of view, among
several parameters important for process final result and
its efficiency there are: lateral scale between tools (7),
angular scale between tools (), number of cutting lines
and number of cutting tools in each line.

¢ The basic parameter deciding about cutting forces value and
value of unitary cutting energy during natural brittle mate-
rials cutting is the scale between cutting lines (lateral scale).

¢ For achieved cut rock material chip size one should try
to make provision for the highest possible cutting depth
(h,,), what among other methods can be obtained as
a result of reduced number of cutting tools in lines.

¢ If the cutting depth has constant value, the value
of cutting resistance grows together with increasing
value of lateral scale.

® Proper choice of lateral and angular scales values
should provide not only correct cutting tools con-
figuration in relation to cutting depth value, but
also possibility to achieve the lowest values of ener-
gy consumed during rock materials cutting process.

* To highest number of cutting tools on multi-pick
heads causes needless energy loss on additional
processes, which appear during cutting.
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¢ dla obnizenia wartosci sit skrawania stanowiacych
podstawowy parametr decydujacy o efektywnosci
procesu skrawania, niezb¢dne jest dobranie po-
dziatki linii skrawania (podziatki poprzecznej ¢)
w taki sposob, aby powiazaé¢ ze soba parametry
ruchowe i konstrukcyjne maszyny przy uwzgled-
nieniu wlasciwosci skrawanego materiatu.

Ostatecznie stwierdzi¢ mozna, ze badania wpty-
wu wybranych parametrow konstrukcyjnych glowi-
cy wieloostrzowej na proces skrawania materiatow
kruchych pochodzenia naturalnego sa jak najbardziej
celowe. W $wietle przedstawionej analizy literaturo-
wej, okreslenie zalezno$ci wartosci sity skrawania
jako funkgji ¢, i t/h,, z technologicznego punktu wi-
dzenia jest w pelni wystarczajace do poznania cha-
rakterystyki tego procesu w skali makro, i w dalszej
kolejnosci do okreslania na przyktad optymalnego
rozmieszczenia nozy skrawajacych na glowicy wie-
loostrzowe;j.

3. Badania laboratoryjne zaleznoSci efektyw-
nos$ci skrawania materialéw skalnych od
wybranych parametréw konstrukcyjnych
ukladéw wieloostrzowych

W celu dokonania petnej analizy wptywu wybra-
nych parametréw konstrukcyjnych uktadow wielo-
ostrzowych na efektywno$¢ skrawania materiatow
skalnych przeprowadzono odpowiednie badania la-
boratoryjne [8, 11, 12, 13, 14]. W ich trakcie analizo-
wano, w jaki sposob podziatka poprzeczna ¢ rozmiesz-
czenia nozy, podziatka katowa ¢, oraz gteboko$¢
skrawania /1, wptywaja na obciazenie poszczeg6lnych
narzedzi uktadu wieloostrzowego. Celem tak prowa-
dzonych prac byto migdzy innymi okreslenie, w jaki
sposob nalezy rozmieszczaé narze¢dzia na glowicy
skrawajacej, aby wykorzystujac efekt ich grupowej
pracy uzyska¢ maksymalna efektywno$é procesu
skrawania. Ponadto wyniki prac pozwolity na uzy-
skanie dodatkowych informacji o przebiegu procesu
zarowno w skali mikro, jak i makro.

Dla przyktadu, analizujac w tym celu jeden z prze-
biegéw wykresu obrazujacego zaleznos¢ wartosci sity
skrawania od glgbokos$ci skrawania przy réznych
wartos$ciach podziatki poprzecznej dla noza NKP-2w
numer 1 (rys. 1 a) stwierdzono, ze wartos¢ sity skra-
wania ro$nie wraz ze wzrostem glebokosci w niemal
identycznym stopniu dla wszystkich analizowanych
warto$ci podziatki poprzecznej. Dla t,)=0" nie wida¢
znaczacego wplywu podziatki poprzecznej na war-
tos¢ F . Podobnie, przy podziatce katowej ¢,=5"
(rys. 1b) charakter przebiegu krzywych oraz warto-
Sci sil skrawania sa zblizone. Jedynie ksztalt wykresu
jest w tym przypadku bardziej paraboliczny, z mak-

¢ Cutting force value is the most important factor deciding
about cutting process efficiency. To reduce value of cut-
ting forces during natural brittle materials cutting, one have
to select proper value of cutting lines scale (lateral scale 7)
in such way, which ties together constructional and explo-
itation parameters of cutting head or the whole machine,
taking into consideration properties of cut rock material.

Finally, we can certify that analytical and empirical
investigation in the field of rock materials cutting pro-
cess, especially related to multi-tool sets constructional
parameters influence on the process efficiency are impor-
tant and technologically needed. Basing on above pre-
sented results of literature studies we can be sure that proper
determination of cutting forces values as a function of
angular scale value (¢, ) and linear scale to cutting depth
quotient value (#,,), is quite enough to get knowledge of
the process in macro scale, especially from the techno-
logical point of view. Such knowledge makes us able to
determine optimal cutting tools arrangement on the head.

3. Laboratory experiments on rock cut-
ting efficiency dependence of selected
multi-tool sets constructional para-
meters

Laboratory experiments were carried out to make
detailed analysis of selected multi-tool sets construc-
tional parameters influence on rock materials cutting
efficiency [8, 11, 12, 13, 14]. During the experiment
and later experimental data analysis, it was analysed
how the values of: lateral scale between cutting tools
(#), angular scale (¢)) and cutting depth /4, result on
cutting forces values measured on cutting tools group
placed on the multi-pick head. The aim of such in-
vestigations was to determine how cutting tools should
be arranged on the multi-tool heads to make possible
use of their group work effect, and as a final result -
to achieve maximal efficiency of the cutting process?
In addition, results of these experiments gave us ac-
cessory knowledge about the process, both - in micro
and macro scales.

For example, when analysing one the figures pre-
senting cutting force value on the first tool of the set
(NKP-2w type) as a function of cutting depth for dif-
ferent values of lateral scale (fig. 1 a), it was noticed
that cutting force value grows together with increased
cutting depth value for all analysed values of the lat-
eral scale. For #,=0" important influence of the lateral
scale on the cutting force doesn't appear. Similarly,
when angular scale value was equal to 53¢ (fig. 1 b)
function shape and cutting forces values are almost
the same as in the previous case. Only function shape
in this case is more parabolic, with the highest cut-
ting force value stabilizing on the level equal to
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symalna warto$cia sity skrawania stabilizujaca si¢ na
poziomie F,=2.70 kN. Bardzo ciekawg zalezno$¢ zaob-
serwowano, gdy podziatka katowa osiagneta wartos¢
t,=10° (rys. 1c). Odlegtos¢ katowa pomigdzy poszcze-
g6lnymi nozami byta w tym przypadku najwigksza z do-
tychczas analizowanych. Krzywa opisujaca zalezno$¢
F =f(h,) jest tutaj wyrazna parabola, przy czym szyb-
szy wzrost wartosci sity skrawania ze wzrostem glgbo-
kosci zaobserwowano przy podziatce =45 mm niz przy
t=60 mm 1 t=100 mm. Omawiany przypadek dotyczy
noza numer 1, a wigc wyprzedzajacego. Wyraznie wi-
dzimy tutaj pewien wpltyw podziatki poprzecznej, jak
1 katowej na warto$¢ mierzonych na tym nozu sit skra-
wania. We wszystkich analizowanych tutaj przypadkach
(rys. 1a, 1b, 1c) wartos¢ tej sity stabilizuje sig na zblizo-
nym poziomie w obszarze h, =25 mm.

Na podstawie tak przeprowadzonych w warunkach
laboratoryjnych badan skrawania skat w uktadzie wie-
loostrzowym oraz uzupehiajacym je analizom modeli
teoretycznych [8, 11, 12, 13, 14], mozliwe jest wycia-
gnigcie migdzy innymi nast¢pujacych wnioskow:

® Uzyskanie optymalnej efektywnos$ci procesu skra-
wania skat glowicami wieloostrzowymi w aspek-
cie minimalnych wartosci sit skrawania mozliwe
jest poprzez odpowiedni doboér wartosci parame-
trow konstrukcyjnych charakteryzujacych glowi-
ce skrawajace (h,, t, t)).

* Projektujac uklad nozowy glowicy skrawajacej na-
lezy tak dobra¢ jej parametry, aby zapewni¢ grupo-
we oddziatywanie nozy unikajac jednocze$nie wy-
konywania skrawania wymagajacego uzycia sit
skrawania o duzych wartosciach. W wyniku prze-
prowadzonych badan stwierdzono, ze dla analizowa-
nego zakresu glebokosci skrawania przy pracy row-
noleglej uktadu nozy ich wzajemny na siebie wplyw
wystepuje jedynie przy podzialce poprzecznej nie
przekraczajacej t=45 mm. Przy przesunigciu katowym
nozy obnizenie wartosci sit skrawania mozliwe jest
przy zastosowaniu ¢ z zakresu 40 do 60 mm. Powy-
zej t=60 mm kazdy z nozy pracuje samodzielnie i nie
podlega wptywowi nozy sasiednich.

® W analizach procesu skrawania materiatdéw kru-
chych, bazujac na rozwazaniach teoretycznych
cze$¢ autorow przyjmuje liniowa, a czgs$¢ - poteg-
gowa zalezno$¢ wartosci sily skrawania od grubo-
$ci warstwy skrawanej. Przeprowadzone badania
wykazaly, ze analizujac skrawanie wapienia noza-
mi typu NKP-2w oraz Rapid 83, przy ich pracy
rownoleglej zaleznos¢ F =f(h,) nalezy traktowac
jako funkcje liniowa, natomiast przy rozstawionym
uktadzie nozy - jako potggowa.

* W efekcie analizy wynikow badan laboratoryjnych
stwierdzono, ze w przypadku skrawania z niezerowa
podziatka katowa ma miejsce zwigkszenie wartosci

F =2.70 kN. Very interesting relation was also no-
ticed when the angular scale value reached z,=10’
(fig. 1 c). Angular scale between cutting tools in
that case had the highest value among all analysed
before. The curve presenting relation F =f{(h, ) was
clearly parabolic, and the highest increase of cut-
ting force occurring with increase of cutting depth
value was noticed when lateral scale was equal to
t=45 mm, not when =60 mm or t=100 mm. This
case refers to the first tool in the multi-pick cut-
ting set. In that case we can clearly notice some
influence of both - lateral and angular scales val-
ues on cutting forces values measured on the tool.
In all analysed cases (fig. 1 a, 1 b, 1 ¢) cutting
force value reached stabilization level when
h,=25 mm.

Basing on described above laboratory experi-
ments analysing rock cutting process with the use of
multi-tool heads and additional analysis of theoreti-
cal models [8, 11, 12, 13, 14] we can come to con-
clusion that:

* Jtis possible to achieve optimal efficiency of rock
cutting process with the use of multi-tool heads
(in the aspect of minimal cutting forces values),
as a result of proper cutting head constructional
parameters characterized by cutting depth, late-
ral and angular scales between cutting tools and
its lines.

* When designing tools set on the cutting head it
is necessary to choose its geometrical parame-
ters in the way, which makes possible to use ef-
fect of their work group, avoiding cutting, which
requires use of high value cutting forces. As a re-
sults of laboratory experiments and further tests
we can conclude, that for the parallel work of
the tools, their group work effect appears only
when lateral scale value doesn't exceed =45 mm.
When angular scale is different than 0°, cutting
forces reduction in analysed research object was
possible only when lateral scale was equal to 40
to 60 mm. Above =60 mm each tool works se-
parately and is not influenced by any other tool
of the set.

* In the analysis of natural brittle materials cutting
process, basing on theoretical investigations, some
authors use linear, while others involution relation
between cutting force value and cutting depth.
Laboratory experiments on NKP-2w and Rapid-
83 tools show, that when the tools work in a paral-
lel system the function F =f(h,) is linear. Otherwi-
se the function has involution form.

* As a result of laboratory tests it was noticed, that
when the angular scale was different than z,=0,
cutting force value measured on the first tool in
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sit skrawania noza pracujacego z wyprzedzeniem
w stosunku do nozy cofnigtych srednio o okoto 25%.
Skrawaniu glowicami wieloostrzowymi towarzyszy
ciagta zmiana warto$ci glgbokosci skrawania od zera
do &, , powodujaca jednoczesnie chwilowe wzro-
sty warto$ci sity skrawania na poszczego6lnych no-
zach. Stwierdzono, ze zastosowanie przesunigcia
katowego nozy w zakresie 6 do 80 (noze NKP-2w)
oraz okoto 50 (noze Rapid 83) powoduje wolniej-
szy wzrost wartosci sily skrawania nozy cofnigtych
oraz szybsza stabilizacjg jej wartosci.

Na podstawie przeprowadzonych badan modelo-
wych okreslono, ze w przypadku uktadu nozowe-
go pracujacego z podziatka katowa >0 , optymal-
na warto$¢ ilorazu #/h, dla nozy typu NKP-2w
wynosi okoto 2 do 4, natomiast w przypadku nozy
Rapid 83 miesci si¢ w zakresie 3 do 5.
Stwierdzono, ze z uwagi na kryterium efektywno-
$ci skrawania oraz charakter pracy noza, korzyst-
niej w poréwnaniu z nozem NKP-2w pracuje ndz
Rapid 83, szczegodlnie w zakresie glgbokosci skra-
wania do 20 mm i podziatek katowych rozmiesz-
czenia nozy nie przekraczajacych wartosci 50.
Celowe jest kontynuowanie badan laboratoryjnych
o podobnym profilu, celem okreslenia wptywu
wartosci pozostalych parametrow charakteryzuja-
cych skrawanie materiatow kruchych na pracg
uktadéw wieloostrzowych, szczegodlnie w aspek-
cie modyfikacji geometrii ostrza skrawajacego.

4. Podsumowanie

Jak wynika z rozwazan przeprowadzonych w ni-
niejszej pracy, okreslajac parametry konstrukcyjne
uktadu nozowego na glowicy skrawajacej nalezy bra¢
pod uwagg szereg réznych czynnikow, czesto wza-
jemnie si¢ znoszacych. Dlatego tez projektujac taki
uktad wieloostrzowy nalezy doj$¢ do kompromisu
zapewniajac optymalne parametry skrawania, oraz
minimalne kruszenie materiatu skalnego przy jak naj-
mniejszym poborze mocy. Na tej podstawie mozna
jednoznacznie stwierdzi¢, ze ustalenie geometrii roz-
mieszczenia nozy na glowicy skrawajacej w aspek-
cie minimalnego, a tym samym optymalnego obcia-
zenia narz¢dzi wymaga znalezienia odpowiedniego
kompromisu pomigdzy parametrami istotnymi dla
tego zagadnienia. Kompromisem sa w tym przypad-
ku wlasnie odpowiednie wartosci parametrow t/h, i ¢,
o warto$ciach z analizowanego obszaru rozwiazan.
Nie mozna bowiem dobra¢ odpowiednich warto$ci
parametrow konstrukcyjnych glowicy wieloostrzo-
wej, analizujac je wybidrczo lub bez uwzglednia ich
wzajemnego na siebie wpltywu.

the set was 25% higher than the same force me-
asured on any other tool of the multi-tool cut-
ting set.

* When we use cutting with multi-tool heads the
cutting depth value changes from zero to /1, _caus-
ing temporary increase of cutting force value on
the tools. It was noticed that for angular scale va-
lue from 6 to 80 (NKP-2w tools) and about 50 (Ra-
pid 83 tools) causes slower increase of back tools
cutting force value and its faster stabilization.

¢ Basing on described experiments it was noticed
that for the cutting set working with angular sca-
le z,>0° optimal value of #/,, for NKP-2w tools is
equal to about 2 to 4. In the case of Rapid 83 is
equal to 3 to 5.

® When comparing work efficiency and work cha-
racter of both analysed tool types - NKP-2w and
Rapid 83, especially for cutting depth not higher
than 20 mm and angular scales between tools lo-
wer than 50, better results were obtained for the
Rapid 83 toll than for NKP-2w.

¢ It is necessary to continue this kind of experiments
and investigations aiming to determine another
parameters (typical for rock materials cutting pro-
cess) influence on multi-tool heads work results
and efficiency, especially in the case of cutting tool
geometry modification.

4. Final conclusions

From described above laboratory experiments it
follows, that when determining constructional param-
eters of the multi-tool cutting heads, and especially
parameters of the tools set - it is necessary to take
into consideration several different parameters, which
sometimes even drift each other. It means that design
of such multi-tool set requires finding a kind of com-
promise, which assures optimal cutting process, for
example technological parameters. This way we can
be find that determination of cutting tools placing on
the mullet-tool head in the aspect of minimal, there is
optimal tools load, requires finding proper compro-
mise between parameters important for this matter.
Compromise in this case means proper values of such
parameters as #/h,, and ¢, there is values from analysed
solutions area. It is impossible to make proper choice
of discussed multi-tool head constructional parameters
analysing all off them separately, without taking into
consideration their interdependence.
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LASEROWA JONIZACJA PROBKI
WSPOMAGANA MATRYCA

MATRIX ASSISTED LASER
DESORPTION/IONIZATION

Laserowa jonizacja probki wspomagana matrycq (MALDI - Matrix Assisted Laser Desorp-
tion/lonization) jest nowq metodq stosowanq w spektrometrii masowej od potowy lat osiem-
dziesiqtych w badaniach ciezkich biomolekui. Wykorzystuje ona stalq matryce, ktora petni
kluczowq role w ich procesach jonizacyjnych. Procesy te (desorpcja, jonizacja) inicjuje tutaj
krotkotrwaly (kilka nanosekund) impuls swiatla laserowego. Dzieki tzw. "miekkiej” jonizacji
w metodzie MALDI znajduje ona zastosowanie w badaniach ciezkich biomolekut takich jak
peptydy, biatka, kwasy karboksylowe i wiele innych. W artykule zawarte sq podstawy dotyczq-
ce spektrometrii masowej zwiqzkow biologicznych, a takze informacje na temat procesu joni-
zacji za pomocq desorpcji laserowej. Ponadto zaprezentowane sq wyniki najnowszych badan
przeprowadzonych metodq MALDI w Zakladzie Fizyki Stosowanej Instytutu Fizyki Uniwersy-
tetu Marii Curie-Sklodowskiej w Lublinie.

MALDI (Matrix Assisted Laser Desorption and lonization) is a quite new method used in the
mass spectrometry since the middle of eighties in studies of heavy biomolecules. It uses a solid
matrix that is crucial in the ionization processes of macromolecular substances. These processes
(desorption and ionization) are initiated by a few nanoseconds laser pulse. Because of its
"softness", MALDI has the application in the analysis of biomolecules such as peptides, proteins,
carbohydrates, oligonucleodites and others. This article presents basics of the biomolecule
mass spectrometry first of all, but also some general pieces of information about sample
ionization processes by MALDI. Some of the results obtained by using TOF spectrometer, in the
Division of Applied Physics, Institute of Physics, Marie Curie-Sklodowska University, are also
presented.

1. Wstep

Laserowa jonizacja probki wspomagana matryca
(MALDI - Matrix Assisted Laser Desorption/Ioniza-
tion) jest nowa metoda stosowana w spektrometrii
masowej od potowy lat osiemdziesiatych. W meto-
dzie tej jony powstaja w wyniku proceséw oddzialy-
wania pulsujacej wiazki laserowej z tzw. matryca,
w ktorej znajduja si¢ molekuty badanej substancji
[1,2]. Matryca - zwykle kwas aromatyczny - pochta-
nia energi¢ promieniowania lasera, a przez to zapew-
nia desorpcjg 1 jonizacjg¢ zawartych w niej molekut.
Wytworzone w tym procesie jony sa nastgpnie kiero-
wane do analizatora mas, ktorym jest zwykle spek-
trometr mas dzialajacy na zasadzie pomiaru czasu
przelotu jonow (TOF-MS - Time Of Flight Mass Spec-
trometer) [3,4].

1. Introduction

MALDI (Matrix Assisted Laser Desorption and
Ionization) is a quite new method used in the mass
spectrometry since the middle of eighties. It uses
a solid matrix and the laser light. Ions are formed as
a result of directing a pulsed laser beam onto a sample
holder with a sample dissolved in a matrix [1,2]. The
matrix - usually an aromatic acid - absorbs the laser
light energy and causes desorption and ionization of
sample molecules. Created in such a way ions are di-
rected into the mass analyzer, usually Time Of Flight
Mass Spectrometer (TOF-MS) [3,4].
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Dzigki tzw. "migkkiej" jonizacji MALDI jest do-
bra metoda do badan nad zwiazkami "wielkoczastecz-
kowymi" takimi jak peptydy, biatka, wegglowodany
iinne [5,6,7,8].

W artykule zawarte sa przede wszystkim podsta-
wy dotyczace spektrometrii masowej zwiazkow bio-
logicznych, ale rowniez informacje na temat procesu
jonizacji za pomoca desorpcji laserowej. Ponadto za-
prezentowane sa wyniki najnowszych badan przepro-
wadzonych metoda MALDI w Zaktadzie Fizyki Sto-
sowanej Instytutu Fizyki Uniwersytetu Marii
Curie-Sktodowskiej w Lublinie.

2. Jonizacja prébki za pomoca metody MALDI

Jonizacja probki za pomoca metody MALDI prze-
biega dzigki matrycy, ktdra posredniczy w procesach
przenoszenia energii do badanej substancji i nastep-
nie jej jonizacji. Dzigki niej mozliwe jest badanie
zwiazkow nielotnych i "wielkoczasteczkowych".
Wtasciwie wybrana matryca powinna:

- dobrze absorbowa¢ promieniowanie z zakresu dtu-
gosci fali uzytego lasera,

- latwo sublimowac,

- podesorpcji dostarcza¢ duzej ilo$ci jonow niezbed-
nych do jonizacji molekut prébki.

Rys. 1 przedstawia struktury chemiczne najczgsciej
stosowanych matryc.

Owing to its "softness" matrix-assisted laser des-
orption and ionization is a good method for the mass
spectrometry of macromolecular compounds, mainly
biomolecules such as peptides, proteins, carbohy-
drates, oligonucleodites and others [5,6,7,8].

This article presents basics of the biomolecule
mass spectrometry first of all, but also some general
pieces of information about sample ionization pro-
cesses by MALDI. Some of the results obtained by
using TOF spectrometer, in the Division of Applied
Physics, Institute of Physics, Marie Curie-Sklodowska
University, are also presented.

2. Sample ionization by MALDI method

Sample ionization by MALDI proceeds with the
help of the matrix that intermediates in energy trans-
fer to the studied substance, makes the sample ion-
ization easier and enables studies of nonvolatile and
macromolecular substances. A proper choice of the
matrix is very important. It should:

- absorb radiation from the wave length range of
a used laser well,

- sublimate easily,

- after desorption, give large quantity of ions neces-
sary to sample molecules ionization.

The structures of most often used matrixes are shown
in Fig. 1

COOH C==C— COOHk
H H
N

nicotynic acid

cinnamic acid

OH
N
OH

2,5 - dihydroxybenzoic acid (DHB)  picolinic acid

HCO

HO _IC-:I:IQI_COOH

H,CO

3,5-dimethoxy-4-hydroxycinnamic acid

(sinpinic acid)

Rys. 1. Struktury zwiqzkow chemicznych najczesciej uzywanych jako matryce w metodzie MALDI

Fig. 1. Chemical structures of compounds often used as matrixes in MALDI method
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W pierwszym etapie rozpuszcza si¢ badang prob-
ke w lotnym rozpuszczalniku (woda, acetonitryle,
metanol). Nastgpnie roztwor ten miesza si¢ z roztwo-
rem matrycy, tak aby zawarto§¢ probki byta duzo
mniejsza (1:10000) w stosunku do matrycy. Okoto
1 ul tak sporzadzonej mieszaniny umieszcza si¢ na
stoliku desorpcyjnym (rys. 2) i suszy strumieniem
chtodnego powietrza az do catkowitego wyparowa-
nia rozpuszczalnika. Wszystko to ma na celu uzyska-
nie jednorodnej warstwy zestalonej mieszaniny probki
1 matrycy. Proces przygotowywania tej mieszaniny
ma decydujacy wpltyw na desorpcjg i jonizacjg mole-
kut probki.

sample holder

l

sample
and matrix
mixture

+HV °

desorbed
molecules

Rys. 2. Stolik desorpcyjny w zrodle MALDI
Fig. 2. Laser desorption sample holder in MALDI source

Po doktadnym osuszeniu stolik umieszczany jest
wewnatrz komory analizatora, zwykle spektrometru
masowego. W spektrometrach mas z pomiarem czasu
przelotu jonéw najczesciej uzywa sig impulsowego la-
sera azotowego generujacego promieniowanie o dtugo-
$ci fali A = 337 nm. Zogniskowana na powierzchni sto-
lika wiazka lasera o$wietla obszar o $rednicy okoto 100
pum. Impuls lasera o czasie trwania rzedu kilku nanose-
kund, wywoluje seri¢ nastgpujacych procesow [9,10]:

- absorpcj¢ promieniowania gldwnie przez materiat
matrycy,

- odparowanie mieszaniny matrycy i probki na gle-
bokos$¢ okoto 0,5-1 pm,

- termiczng dysocjacje molekut matrycy i ich jonizacje,

- reakcj¢ jondw matrycy z molekutami badanej sub-
stancji i ostatecznie wytworzenie jonow probki
(kationow badz anionow).

In the beginning of measurements, the studied
substance should be solved in any volatile solvent
(distilled water, methanol, acetonitryle). Next the
sample solution is mixed with the matrix solution.
The amount of the first one should be smaller
(1:10000) in comparison with the second one. Then,
one should put about 1l of this mixture on the sample
holder (Fig. 2) and let the solvent vaporize in the air
stream. The aim of this is getting unform cristallization
of the studied substance and the matrix mixture. This
is very important stage because the quality of the mass
spectrum depends on the sample desorption and ion-
ization in the matrix material.

@
pulsed laser
be\a:m

to TOF analyser
>

+

+

After precise drying, the sample holder is put into
the analyzer of the mass spectrometer usually. In the
case of TOF-MS a pulsed nitrogen laser is used
(A =337 nm). A laser beam is directed onto the probe
and focused on the area of diameter of about 100 pm.
Laser pulse lasting several nanoseconds causes series
of following processes [9,10]:

- absorption of radiation mainly by the matrix mate-
rial,

- sample evoporation to a depth of 0,5-1pm,

- thermal dissociation of the matrix molecules and
their ionization,

- matrix ions reactions with the studied substance
and finally sample ions (cations or anions) forma-
tion.
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Wytworzenie jonéw z neutralnej czasteczki moze
odbywac si¢ na drodze: termicznej dysocjacji, ktorej
towarzyszy powstanie pary kation - anion, oderwa-
nia badz przylaczenia elektronu, przylaczenia badz
oderwania protonu lub przylaczenia kationu.

Wskutek oderwania elektronu powstaje dodatnio
natadowany jon M* (1), podczas gdy przytaczenie
elektronu owocuje kreacja ujemnego jonu M- (2)

MOM -M* (1)

MOM -M” 2

W rezultacie przytaczenia n - protonéw utworzony
zostaje dodatnio n-krotnie natadowany jon M ™ (3)

M+nH* O - MH™ 3)

gdzie: n - liczba przylaczonych protonow.
W wyniku oderwania n protonéw otrzymujemy
n-krotnie natadowany ujemny jon M" (4)

MH, O - M™ 4)

gdzie: n - liczba oderwanych protonow.

Jony niektorych zwiazkow, powstate na drodze
przyltaczenia protonu, moga okaza¢ sig niestabilne ze
wzgledu na kowalentng naturg protonu, dlatego bar-
dziej prawdopodobnym jest dla nich proces przyta-
czenia kationu (5)

M + Kation® 0 — MKation® Q)

Wytworzone jony sa nastgpnie przy$pieszane
w polu elektrycznym i kierowane poprzez analizator
do detektora. Procesy prowadzace do ich formowa-
nia nie trwaja dhuzej niz kilka nanosekund, dlatego
aby przebiegaly efektywnie, wymagana jest duza jed-
norodno$¢ mieszaniny probki z matryca. Jej przygo-
towanie powinno uwzgledniaé: wybor wilasciwej
matrycy i rozpuszczalnika, sposob ich mieszania oraz
naktadania na stolik.

Bardzo krétkie impulsy laserowe o duzej gestosci
energii, w warunkach wysokiej prozni (10%+10% Tr),
powoduja raczej odparowanie molekul anizeli ich
rozpad [10]. Taka sytuacja ma miejsce w przypadku
zwiazkoéw charakteryzujacych si¢ duzymi masami
atomowym np. biatek, podczas gdy substancje o ma-
sach atomowych nie przekraczajacych 1000 Da ule-
gaja czgsto w tych samych warunkach fragmentacji.
Wyjasnienie tego procesu jest nastepujace. Zaabsor-
bowana przez duza czasteczke energia ulega rozpro-
szeniu na wigksza liczbe jej stopni swobody. W przy-
padku mniej ztozonych czasteczek proces absorpcji
prowadzi do rozrywania wiazan chemicznych [11].

During ions creation particularly the following
processes may take place: thermal dissociation with
creation of the cation-anion pair, electron ejection,
electron capture, protonation or deprotonation,
cationization.

As aresult of the electron ejection a positive charge
of M is produced (1), on the contrary to the electron
capture where a negative charge of M is achieved (2)

MOM -M* (1)

MOM -M” 2

Protonation is the addition of n protons to a mol-
ecule to create a "n" charged, positive M"* ion (3)

M+nH* O - MH™ 3)

where n is a number of protons added to a molecule.
Deprotonation means the ejection of n protons and, as
result of this, getting a "»" charged, negative M" ion (4)

MH, O - M™ 4)

where 7 is a number of protons ejected from a molecule.

Because many compounds do not form stable mo-
lecular ions when they are protonated, the other reac-
tion is needed. Cationization results in creation of
a charged complex and involves the noncovalent ad-
dition of a positively charged ion, different from
a proton, to a neutral molecule (5). It produces a stable
molecular cation on the contrary to protonation, where,
because of the covalent nature of a proton, a cation
achieved may undergo fragmentation

M +Cation® 0 — MCation® Q)

Ions created in this way are accelerated in an
electrical field and directed through the analyzer
to a detector. The total time of mentioned above
processes does not exceed few nanoseconds. So, if
we want them to proceed efficiently, it is neces-
sary to have a very homogenous probe. That is why
its preparation method before a measurement
(choice of a proper matrix and a solvent, a way of
mixing them and putting on a sample holder) is very
important.

Very short laser pulses of the great energy density
directed onto a sample, placed in high vacuum condi-
tions (1010 Tr), cause rather its evaporation than
decomposition [10]. It is true in the case of such sen-
sitive materials as proteins of great molecular masses,
while substances of M<1000 Da undergo fragmenta-
tion in the same conditions very often. Explanation
of this process is, that big molecules have many steps
of freedom, so that the absorbed energy is dispersed
without tearing chemical bounds [11].
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3. Niektore aspekty metody MALDI

W metodzie MALDI istnieja pewne zasady, kto-
rych nalezy przestrzega¢ aby prawidtowo przeprowa-
dzi¢ analiz¢ badanej probki [11]. Probka powinna by¢
analizowana zaraz po jej spreparowaniu, tak aby zmi-
nimalizowa¢ stopien jej zanieczyszczenia.

Sposdb jonizacji czasteczek zalezy od tego, jaka
grupg funkcjonalng reprezentuje badany zwiazek. La-
twiej jest zjonizowac aminy, kwasy czy amidy anizeli
grupy hydroksylowe, estry, ketony badz aldehydy. Po-
niewaz peptydy zawieraja grupy amidowe i aminowe,
dlatego korzystniej jest jonizowac je poprzez przyta-
czenie protonu lub tez jego oderwanie - w przypadku
gdy zawieraja w swej strukturze wiazania kwasowe.

Kwasy karboksylowe zwykle formuja jony na drodze przy-
laczenia dodatnich jonéw Na' lub K*, co prowadzi do utworze-
nia kompleksow A+Na* lub A-+K". Te, ktore zawieraja grupy
amidowe, ulegaja jonizacji poprzez przylaczenie protonu.

Znaczacy wplyw na jako$¢ uzyskanego widma
masowego ma ilo$¢ uzytej probki w stosunku do ma-
trycy. Zbyt mata spowoduje niemozno$¢ jej wykrycia,
natomiast nadmiar moze doprowadzi¢ do sttumienia
sygnatlu pochodzacego od probki sygnatem matrycy.

Otrzymanie wlasciwego widma masowego bada-
nej substancji uwarunkowane jest takze jej rozpusz-
czalnos$cia w rozpuszczalniku matrycy. W przypadku
ztego dopasowania rozpuszczalnika nie zajdzie jej
odparowanie i ostatecznie szanse na uzyskanie jakie-
gokolwiek sygnatu beda znikomo mate.

Kolejnym waznym czynnikiem jest czystosc i jed-
norodno$¢ mieszaniny probki z matryca. Jakiekolwiek
zanieczyszczenia moga spowodowac "zasmiecenie"
widma masowego sygnatami pochodzacymi od tych
zanieczyszczen [12]. Z tego wzgledu zalecane sg pew-
ne procedury oczyszczania, ktorych nalezy przestrze-
ga¢ aby widmo masowe bylo pozbawione zbgdnych,
a trudnych w interpretacji pikow. Procedury te zosta-
na omowione po krotce w dalszej czeSci artykutu.

Czasami otrzymanie wlasciwych danych moze oka-
za¢ sig trudne nawet jesli mieszanina probki z matryca
jest czysta. Przyczyna moze tkwi¢ w miejscowym "wy-
paleniu" desorbowanej warstwy przez kolejne, zbyt cz¢-
ste impulsy lasera, lub w niejednorodnosci tej warstwy.
W takiej sytuacji nalezy zmieni¢ miejsce desorpcji lub
przemiata¢ powierzchnig zestalonej mieszaniny probki
Z matryca za pomoca jonizujacej wiazki laserowe;.

Kluczowa rolg w technice MALDI odgrywa matryca.
Jej wybdr 1 przygotowanie (patrz wyzej) bardzo czgsto de-
terminuja jako$¢ otrzymanego widma masowego [11].

Innym waznym czynnikiem jest zawarto$¢ roz-
nych soli w materiale probki. Ogolnie, im mniej za-
wiera ich probka tym lepsza jest jako$¢ otrzymanego
widma. Oczyszczanie z soli mozna przeprowadzi¢ za
pomoca metod chromatograficznych.

3. Some aspects of MALDI method

There are some rules, that one should follow in
order to get good mass data [11]. Just after a sample
is prepared it should be analyzed, so that the possibil-
ity of degradation is reduced.

Dependly on the type of a functional group on the
studied molecule, different ionization mechanisms are
preferable. It is easier to ionize amines, acids and
amides than hydroxyl groups, esters, ketones and al-
dehydes. Because peptides contain amide and amine
groups, it's readily to ionize them through protona-
tion or deprotonation - when acid bonds are present
in the peptides structure.

Usually carbohydrates form ions via catio-
nization through the addition Na® or K*, forming
A+Na' or A+K" ions. Some of them contain an
amide bond. Then they are ionized through accept-
ing a proton.

The amount of a used sample has a meaningful
influence on the quality of a mass spectrum. Detec-
tion will not be possible if there is too little of it. On
the other hand, too much may cause signal suppres-
sion.

Obtaining good mass data depends on sample's
solubility in the solvent or matrix solution. Vapor-
ization will not proceed if the compound is not
soluble in the matrix or solvent. Finally, there would
be a small chance of getting any signal from the
sample.

The next thing one should remember about is
purity and homogeneity of it. Any impurities may
cause the spectrum to be full of "rubbish" - sig-
nals from substances that actually we are not in-
terested in and that are quite difficult to interpret
[12]. This is why there are some purification pro-
cedures one should follow if wants to obtain clean
and accurate data. These techniques are closely
associated with sample preparation techniques,
which are going to be described in the next part
of this article.

Sometimes it may be difficult to get good signal
although the probe is clean. Quite often the reason of
it is burning of desorbed layer by too often laser pulses
or inhomogeneity of this layer. In such situation,
moving of the laser beam around the probe helps. Also
creation of the uniform matrix material coating onto
the surface of the MALDI's probe makes it less nec-
essary to hunt for the signal.

The matrix plays a key role in MALDI. The choice
and preparation of it (see above) determines the qual-
ity of the mass data very often [11].
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Istnieje wiele procedur przygotowywania miesza-
nin probki z matryca w oparciu o powyzsze czynniki.
Kazdy badacz zajmujacy sig¢ analiza substancji za
pomoca MALDI ma swoja wlasna technologie, po-
dobnie jak wiele jest sposobow naktadania tej mie-
szaniny na stolik desorpcyjny. Zawsze jednakze war-
to jest, przed przystapieniem do pokrywania jego
powierzchni roztworem badanego zwiazku, przemy¢
jaroztworem matrycy w celu usunigcia ewentualnych
nieczystosci

4. Analiza biomolekul za pomoca MALDI

Dzigki swoim zaletom MALDI jest bardzo przy-
datng metoda w analizie masowej cigzkich biomole-
kut takich jak peptydy, biatka, kwasy karboksylowe
i wiele innych [5,6,7,8]. Metoda ta daje dobre rezul-
taty w polaczeniu ze spektrometrem mas z pomiarem
czasu przelotu jonow [1,2]. Stosuje si¢ tutaj zar6wno
stoliki jedno jak i wieloprébkowe (rys. 3). Ten drugi
sposob jest o tyle wygodny, ze daje mozliwos¢ jed-
noczesnego zatozenia wielu prébek i tym samym
umozliwia szybsze wykonanie pomiarow.

multisample

probe

single sample
probe

[

The less salts the sample contains, the higher sen-
sitivity is and finally the better spectrum we obtain. It
can be achieved via using some purification methods
such as liquid chromatography.

There are many recipes saying how to prepare
good probe. Matrix and sample proportions are not
fixed. Every one has got his own and such, there are
many ways of putting the mixture onto the sample
holder. It is worth washing its surface with the matrix
solution to remove impurities.

4. Biomolecules analysis by MALDI

Thanks to its many advantages MALDI is very
useful for the mass analysis of macromolecular
substances such as peptides, proteins, carbohy-
drates and many others [5,6,7,8]. It gives good
results in connection with time of flight mass spec-
trometer [1,2]. Sample holders may be single or
multisample (Fig. 3). The second one is comfort-
able, because it ensures preparing many samples
simultaneously.

Rys. 3. Jedno i wieloprobkowy stolik desorpcyjny uzywany w metodzie MALDI

Fig. 3. The single and multisample probe used in MALDI

Przy badaniu peptydéw metoda MALDI procesy
jonizacyjne moga zachodzi¢ nawet w obecnosci soli.
Powstaja wowczas kompleksy: A+H*, A+Na*, A+K",
(A...). Najlepsza matryca dla peptydow jest kwas
2,5-dihydroksybenzoesowy, ktory w poréwnaniu z in-
nymi nie daje duzego tta w niskim zakresie mas
(200-1000 Da). Przyktad widma uzyskanego w opar-
ciu o t¢ matryce w Zakladzie Fizyki Stosowanej In-
stytutu Fizyki UMCS w Lublinie przedstawiony jest
narys. 4. Jest to widmo insuliny (Insulin From Bovi-
ne Panereas, M = 5734 Da) otrzymane jako $rednia
z 256 strzalow lasera.

Jonizacja protein zachodzi na skutek przylacze-
nia jednego, dwoch lub trzech protonéw. Poniewaz
sa to zwiazki o bardzo duzych masach atomowych
(przyktadowo masa bovine serum wynosi 66431 Da),
detekcja jest tutaj znacznie mniej wydajna anizeli
w przypadku peptydow. Oprocz informacji struktu-

As a result of peptide ionization there may be
formed: a protonated molecular ion A+H" first of all
or A+Na*, A+K* adducts as well. Therefore MALDI
may proceed here even in the presence of salts and is
able to measure such complex mixtures as those ad-
ducts. The best matrix for peptides is 2,5-dihydroxy-
benzoic acid (DHB). Compared to others it doesn't
give big background in low mass range (200-
1000 Da). The example of a mass spectrum obtained
owing to this matrix in the Division of Applied Phys-
ics, Institute of Physics, Marie Curie-Sklodowska Uni-
versity is presented in Fig.4. It is the spectrum of in-
sulin (M = 5734 Da) received as the average of 256
laser shots.

Proteins ionization occurs owing to the addi-
tion of one, two or three protons. Because they
have much greater masses than peptides (the mass
of bovine serum albumin is 66 431 Da), the ion
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matrix

[2M+H]
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Rys. 4. Widmo masowe jonow dodatnich, uzyskane za pomocq metody MALDI z mieszaniny kwasu 2,5-dihydroksy-
benzoesowego (154 Da) oraz Insulin From Bovine Pancreas (M=5734 Da).

Fig. 4. Positive ion mass spectrum of insulin from bovine pancreas (M=5734 Da) with a matrix of 2,5-dihydroxy-

benzoic acid (154 Da).

ralnych badanych molekut metoda MALDI daje réw-
niez mozliwo$¢ odtworzenia kolejnosci np. amino-
kwasow w tancuchach biatkowych [8].

Inne zastosowanie tej metody to badania kwasow
karboksylowych (DNA, RNA) i innych odgrywaja-
cych wazna rolg w procesach biologicznych [7].
Zwiazki te najczesciej ulegaja jonizacji poprzez odta-
czenie protonu badz tez przylaczenie kationu. Przy-
aczenie protonu prowadzi tutaj zazwyczaj do powsta-
nia niestabilnych jonow. Najczesciej stosowana do
analizy biatek czy oligonukleodytow matryca jest
kwas nikotynowy. Najbardziej popularna matryca,
jaka jest 2,5-dihydroksybenzoesowy (DHB) daje
znaczne lepsze efekty w przypadku zwiazkoéw two-
rzacych aniony anizeli kationy.

5. Whnioski

MALDI jest stosunkowo nowa technika znajdu-
jaca coraz szersze zastosowanie w masowo-spektro-
metrycznych badaniach cigzkich biomolekut. Wyko-
rzystuje ona stala matryce, ktora pelni kluczowa rolg
w ich procesach jonizacyjnych. Procesy te (desorp-
cja, jonizacja) inicjuje tutaj krotkotrwaty (kilka na-
nosekund) impuls §wiatla laserowego. W wyniku
oddziatywania wzbudzonych molekut matrycy i jej
jondéw z molekutami badanej substancji moze doj$¢
do: przylaczenia kationu, przylaczenia lub oderwa-
nia elektronu, przytaczenia badz odlaczenia protonu.

detection is less efficient than in the case of pep-
tides. MALDI, except structural information, en-
ables also determination of peptide or proteins
sequence [8].

Except proteins and peptides, MALDI works well
with carbohydrates (DNA, RNA ) and oligo-
nucleodites (cyclic glucans) that are extremely im-
portant in biological processes [7]. Ionization proceeds
here through deprotonation and cationization, because
while protonation unstable ions are formed usually.
For the analysis of negative ions of oligonucleodites
or proteins picolinic or 3-hydroxypicolinic acid is used
quite often. Despite its many advantages, 2,5-dihy-
droxybenzoic acid (DHB) is effective rather in a posi-
tive ionization mode.

5. Conclusion

MALDI is a new mass spectrometry technology
that makes study of biomolecules routine. It uses
a solid matrix that is crucial in the ionization processes
of macromolecular substances. These processes (de-
sorption and ionization) are initiated by lasting few
nanoseconds laser pulse. Reactions of excited matrix
molecules and its ions with sample molecules result
in: protonation, cationization, electron ejection or elec-
tron capture. Achieved in such a way ions are ana-
lyzed via Time Of Flight Mass Spectrometer (TOF-
MS).

44 ExspLoATACJA | NiEzAWODNOSC NR 4/2001




NAUKA | TECHNIKA

Otrzymane w ten sposob (impulsowy) jony sg anali-
zowane zwykle przy uzyciu spektrometru mas z po-
miarem czasu ich przelotu (TOF-MS).

Uzyskanie prawidlowego widma masowego wy-
maga spetnienia pewnych warunkow takich jak np.
uzycie odpowiedniej ilosci probki oraz zastosowanie
wlasciwej matrycy i rozpuszczalnikow.

Metoda MALDI jest wykorzystywana migdzy in-
nymi do badan w nastgpujacych dziedzinach:

- biochemii - do pomiaru mas czasteczkowych pep-
tydow, biatek, oligosacharydow, oligonukleodytow,
lipidow 1 innych; MALDI daje mozliwos¢ prze-
$ledzenia procesu fragmentacji jonu molekularne-
go oraz odtworzenia sekwencji aminokwasow
w tancuchach DNA,

- chemii polimeréw - do przesledzenia profilu roz-
ktadu mas czasteczkowych; dzigki MALDI moz-
liwe jest wykonanie pelnej statystyki tworzywa
migdzy innymi wyznaczenie wspofczynnika poli-
dyspersji.

Dzigki tzw. "migkkiej" jonizacji w metodzie
MALDI znajduje ona zastosowanie w badaniach cigz-
kich biomolekut takich jak peptydy, biatka, kwasy
karboksylowe i1 wiele innych [5,6,7,8]. Jest to meto-
da, ktoéra moze dostarczaé¢ danych zaréwno o struktu-
rze jak i masach badanych molekut. Pozwala row-
niez na odtworzenie przebiegdéw reakcji zachodzacych
w tancuchach np. biatkowych.
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Zdzistaw Chtopek
Leszek Piaseczny

UWAGI O MODELOWANIU W BADANIACH
NAUKOWYCH

REMARKS ABOUT THE MODELLING IN SCIENCE
RESEARCHES

W pracy przedstawiono krytyczne podejscie autorow do modelowania w badaniach nauko-
wych. Zaproponowano systematyke poje¢ zwiqzanych z modelowaniem oraz ich klasyfikacje.
Rozwazania zilustrowano przyktadem modelowania ukladu stonecznego.

The paper presents authors' critical approach to modelling in science researches. Systematic
of notions concerning modelling and their classification are proposed. Considerations are
illustrated with an example of the system modelling.

Naduzywanie okreslenia "modelowanie" bardzo
si¢ rozpowszechnito w ostatnich czasach. To, co
mozna by nazwaé "ocena", "badaniem", "wyznacza-
niem", poznawaniem" itp. nazywa si¢ niekiedy nie-
potrzebnie "modelowaniem" [1 - 3, 13]. Po pierw-
sze dlatego, ze uzywanie wigkszej liczby nazw,
spetniajacych zadanie zblizone do synonimoéw, uroz-
maica tekst i stanowi warto$¢ - jak gdyby - literac-
ka. Po drugie: jest to wlasnie modne. Wbrew pozo-
rom nauka, cho¢ powszechnie przypisuje si¢ jej
pewne znamiona konserwatywnos$ci w zakresie for-
my, jest - tak, jak i inne dziedziny aktywnosci twor-
czej - szczegolnie tasa na pokusy, jakie sa zawarte
w modzie: wszak forma moze w latwy sposob za-
stapi¢ mozot tworzenia nowych tresci.

Na tle nauk $cistych, w tym technicznych i przyrod-
niczych, gdzie jednak - choéby czesciowo - jest wyma-
gana lub przynajmniej przychylnie oceniana doktadnos¢
1 jednoznaczno$¢ wyrazania mysli, nauki humanistycz-
ne i spoteczne przoduja w szkodliwym ograniczaniu
skutecznosci przekazywania tresci, szczegolnie aktyw-
nie wtedy, gdy tych tresci faktycznie brakuje.

Badanie modelowania jako znaczacego elemen-
tu procesu poznawczego wydaje si¢ by¢ z oczywi-
stych wzgledow w gestii filozofow. W pracach fi-
lozoficznych na temat modelowania zauwaza sig
niestety wszystkie wady, o ktorych wspomniano
powyzej [11, 12]. Wynika to z kilku podstawowych
powoddw, dotyczacych samego przedmiotu rozwa-
zan, jak rowniez wyksztatcenia i predyspozycji lu-
dzi zajmujacych si¢ tym zawodowo, a zatem naj-
aktywniej zaznaczajacych w spoteczenstwie swa
pozycje w tym zakresie.

Overuse qualifications as "modelling" in-
creased very much in last times. Assessment, re-
search, determining, recognising etc. is often un-
necessarily called of a "modelling" [1 - 3, 13].
Firstly: because, usage greater numbers of names,
realising close meaning to synonyms, diversifies
text and create a value - as if - literary. Secondly:
this is just fashionable. Against appearances, sci-
ence even commonly recognised as conservative
in a form in fact is - as other fields of human cre-
ative activity - especially sensitive on temptations
of fashion: in easy way, the form can take a place
of creation a new contents.

Taking into account, technical and natural sci-
ences, where - even if partly - is required or at
least favourable evaluated exactitude and un-
equivocal of expression of thought, humanities and
social science are leading in harmful limitation of
efficiencies of delivering contents, especially ac-
tively when in fact there are not any contents.

Modelling researches, as a significant ele-
ment of a cognition process appears to be
clearly in philo-sopher's regards. In philosophi-
cal works on the theme of modelling, many
defects mentioned above can be noticed [11,
12]. This is result of a few basic reasons, re-
lating to the object of considerations, and also
education and predisposition of people inter-
esting this professionally, so the most actively
marking in society his own position on their
field.
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Na wstgpie nalezy zwrdci¢ uwagg, ze pojgcie
zawodu filozofa w $cistym tego stowa znaczeniu
nie istnieje. By¢ filozofem oznacza zajmowac
pewna postawg intelektualng. Uczelnie ksztatca co
najwyzej specjalistow problemow filozoficznych,
historykow filozofii, literatow filozoficznych itd.
W przypadku tych specjalistow o profilu humani-
stycznym przygotowanie formalne jest zazwyczaj
niezadowalajace, a $Scisto$¢ wyrazania mysli nie
moze by¢ tolerowana w nauce. Nie bez powodu
ten fakt zawsze wzbudzat protesty, jak np. odmo-
wa traktowania metafizyki jako nauki przez Kan-
ta [6, 7]. Podstawowym wymaganiem, aby roz-
wazania bgdace przedmiotem badan mogly by¢
traktowane jako nauka jest mozliwo$¢ $cistego ko-
munikowania si¢. W tym celu nauka musi mie¢
swoj jezyk zdefiniowanych pojg¢, wywodzacych
si¢ hierarchicznie z systemu poje¢ podstawowych
przyjgtych jako aksjomaty. Jest konieczna oczy-
wiscie jednoznaczno$¢ stosowanych okreslen.
W pracach zawodowych filozofow oraz tzw. osdb
"uprawiajacych filozofig", jakze czgsto nawet
o wyksztatceniu $cistym, najczg$ciej zauwaza sig
duze niedoskonalos$ci w stronie formalnej. Czg-
sto uniemozliwia to wrgcz prowadzenia badan nad
tre§ciami zawartymi w tych pracach. Prace takie
charakteryzuja si¢ zatem w wigkszej mierze wa-
lorami estetycznymi niz naukowymi.

Drugi powdd trudnos$ci bogatszego korzystania
z dorobku pisarzy filozoficznych wynika z ideolo-
gicznych wigzow typowych dla tej grupy tworcow.
Od zarania ludzko$ci droga do wtadzy nad ciatami
prowadzi przez wladzg¢ nad umystami, stad maso-
wosc¢ ksztalcenia zinstytucjonalizowanych specja-
listow przewidzianych do dzialalno$ci intelektual-
nej na wysokich poziomach ogo6lnosci, oddanych
ideologii. W ten sposob przez bez mata dwa tysiac-
lecia zostata zmonopolizowana filozofia krggu kul-
turowego Europy przez chrzescijanstwo, podobnie
jak przez kilkadziesiat lat XX w. produkowano ma-
sowo specjalistow od filozofii marksistowskiej
w Zwiazku Radzieckim. Obecnie masowo rozwija
si¢ w $wiecie kultury zachodniej liberalna ideolo-
gia niemocy. Niezaleznie od wysokiej oceny mysli
filozoficznych, uprawianych przez niektérych
przedstawicieli tych grup tworcow, nalezy jednak
zwroci¢ uwagg, ze masowos¢ produkowania specja-
listow filozofii zazwyczaj prowadzi do obnizenia
poziomu ogolnego, do tworzenia niespojnych i nie-
wyrazistych systemow, do braku indywidualnosci.
Jeszcze wigksze ograniczenia wynikaja z wigzow
ideologicznych. W tym przypadku trudno jest wrgcz
oczekiwa¢ oryginalnosci mys$li, skoro musi ona
mie¢ znamiona pracy naktadczej.

First of all we should remember, that an oc-
cupation of philosopher in precise meaning of
this word does not exist. To be a philosopher
means to have a certain intellectual attitude. Col-
leges educate only specialists of philosophical
problems, historians of philosophy, philosophi-
cal writer's etc. In a case of specialists with
a humanistic preparation, the formal education is
often not satisfying, and unequivocal expressions
of thought cannot be tolerated in science. Not
without reason this fact always aroused protests,
e.g. refusal of treatment of metaphysics as a sci-
ence by Kant [6, 7]. The basic requirement, that
the considerations could be called as science, is
possibility of precise communications. In this of
aim the science has to have its own language of
defined notions, hierarchically derived from ba-
sic notions accepted as axioms. Unequivocal of
definitions is of course essential.

In works of professional philosophers and so-
called, of persons "cultivating philosophy", with
scientific education, large imperfections in the for-
mal side can be seen very often. It often makes
impossible to do researches over real contents of
this works. Such works have more often estheti-
cal than scientific value.

The second reason of difficulty in explor-
ing of philosophical writer's results comes from
typical fetters for these groups of creators.
From the dawn of mankind the way to power
over corpses leads through the power over
minds, so the massive education of formal spe-
cialists for intellectual activities on high lev-
els of generality, devoted ideology. In this man-
ner through almost two millenniums, Christianity
monopolised European culture, similarly how
by tens of year's XX century in Soviet Union
masses specialists of Marxism were produced.
At present in the western culture liberal ideol-
ogy of faintness is being developed. Regard-
less of high estimation of philosophical
thought, created by some representatives of
these groups of creators, we should pay an at-
tention, that massive production of specialists
of philosophy usually leads to lowering of gen-
eral level, to creations of incoherent and un-
clear systems, and to lack of individuality. The
greater limitations result from ideological
tights. In this case it is hard to expect origi-
nalities of thought, if it has to have marks of
compulsory work.
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Wszystkie wymienione ograniczenia skuteczno-
$ci prowadzenia dziatalno$ci naukowej przez pisarzy
filozoficznych nasilaja si¢ szczegolnie w przypadku
takiego przedmiotu badan, jakim jest modelowanie.
Pierwszym powodem jest fakt, ze modelowanie sta-
nowi element procesu poznawczego, i jako takie do-
tyczy zagadnien naukowych o najwyzszym poziomie
ogolnosci. Cho¢ ten fakt powinien przemawia¢ na
korzy$¢ tzw. zawodowego uprawiania filozofii, to jed-
nak jednoczes$nie naraza badaczy na ograniczenia ide-
ologiczne. Drugi powdd jest konkretny i znacznie
powazniejszy, mianowicie modelowanie ma swe za-
stosowania w naukach $cislych, gdzie jednoznacznie
jest weryfikowana skuteczno$c tej metody badan. Wy-
maga to zatem rzetelnej wiedzy merytorycznej
i formalnej, aby unikna¢ niebezpieczenstw trywialno-
$ci czy wrgcz ignorancji.

Powyzsze ograniczenia w traktowaniu tematu mo-
delowania sklonily autoréw do przedstawienia w roz-
prawie w zasadzie wylacznie wlasnych przemyslen
i praktycznie zaniechania dyskusji nad rozwazaniami
innych specjalistow, nie jest bowiem celem autoréw
dawanie $wiadectwa swej ewentualnej erudycji w roz-
wazanych tematach. Wynika to w znacznej mierze
z faktu, ze autorzy reprezentuja specjalnos¢ naukowa
w zakresie nauk Scistych, a poniewaz wigkszo$¢ roz-
wazan nad modelowaniem jako elementem procesu po-
znawczego ma charakter ogdlny z przewaga znamion
literackich, mozliwosci komunikowania si¢ nie zapew-
niaja - zdaniem autorow - wystarczajaco duzej skutecz-
nosci, jaka jest wymagana w pracach naukowych.
W celu zapewnienia dostatecznie wysokiego poziomu
komunikatywnosci przedstawianych rozwazan autorzy
staraja si¢ czyni¢ je more geometrico, positkujac sig¢
w miar¢ mozliwosci przyktadami.

Rozwazania ograniczono do modelowania wyko-
rzystywanego w procesie poznania. Nie zajmowano
si¢ zatem modelami, stosowanymi w innych dziedzi-
nach dziatalno$ci cztowieka, zwiazanych m.in.
z nauczaniem, wychowywaniem, ksztattowaniem oso-
bowosci ideologicznej czy dostarczaniem doznan este-
tycznych. Sa to tematy, cho¢ fascynujace, zasadniczo
odlegte od roli, jaka modelowanie spetnia w procesie
poznawczym. Na tle tych rozwazan, zazwyczaj wzbo-
gaconych metafizycznymi ozdobnikami, I$ni sita praw-
dy i pragmatyki, jak oszlifowane kamienie szlachetne,
modelowanie zastosowane w procesie poznania, szcze-
golnie w zakresie nauk Scistych [1, 4, 5, 8 -10, 13].

Do dalszych rozwazan jest przyjmowana gno-
seologiczna definicja modelu [2, 3]: model jest to
twor uczyniony jako odwzorowanie przedmiotu
poznania zgodnie z przyjgtymi kryteriami odwzo-
rowania, ktorego to tworu badania umozliwiaja sfor-
mutowanie sadow odnoszacych si¢ do tegoz przedmio-
tu poznania.

All mentioned above limitations in efficiency
of scientific activity by philosophical writers
grow more in tense especially in case of re-
searches like modelling. The first reason is a fact,
that modelling is an element of cognition pro-
cess, and as such refers to high level of general-
ity scientific problems. Even that this fact
should speak on advantage so-called profes-
sional of tilling of philosophy, it simultaneously
exposes of explorers on ideological limitations.
Second reason is more solid and more serious;
namely modelling has its own uses in sciences,
where efficiency of research methods is un-
equivocally verified. So, it demands of solid and
formal knowledge, in order to avoid of triteness
or even ignorance.

All abovementioned limitations in the theme
of modelling induced authors to introduce in the
paper mainly own considerations and in fact re-
linquish of discussion over considerations of
other specialists - is not the aim of authors giv-
ing certificate of potential erudition in these
themes. Because of the fact that authors repre-
sent scientific specially in area of exact sciences,
and because most of considerations over model-
ling as a cognition process has a general charac-
ter with domination of literary marks, possibili-
ties of communication do not assure - by authors
- necessary efficiencies, which is required in sci-
entific works. To assure enough high level of
communication introduced considerations, au-
thors try to make them more geometric, giving
examples were possible.

Considerations are limited to modelling used
in a cognition process. Models used in other man's
activity like an education; formation of ideologi-
cal individuality or delivery of esthetical experi-
ences had not been taken into account. These are
topics, even fascinating, fundamentally far away
from the role that modelling realises in a cogni-
tive process. On this background, usually enriched
by metaphysical ornaments, sparkles with full
power of truth and pragmatic, as polished precious
stones, modelling used in a cognitive process, es-
pecially in the science area [1, 4, 5, 8 - 10, 13].

For further considerations the gnoseological
definition of the model has been adopted [2, 3]:
model is a creature, made as an image of cog-
nition object in accordance with adopted im-
age criterions; researches of this creature
make possible expression of judgement refer-
ring to this object.
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W $cistym sensie definicja ta ma charakter za-
rowno ontologiczny, wynikajacy z okreslenia spo-
sobu tworzenia modelu, jak i gnoseologiczny - celu
jego tworzenia i zastosowania. Z tego powodu, ze
w zastosowaniach aspekt gnoseologiczny ma wy-
mierne znaczenie praktyczne, tylko on jest zaak-
centowany w opisie definicji. Do praktycznego
aspektu modelowania autorzy beda si¢ zreszta od-
wotywali w tych rozwazaniach wielokrotnie.

W definicji tej pojgcia tworu, przedmiotu po-
znania, odwzorowania, kryteriow i formulowanych
sadéw maja znaczenie powszechnie stosowane i nie
wymagaja wczesniejszej predefinicji.

Kryteriami odwzorowania przy tworzeniu mo-
delu sa przede wszystkim ze wzglgdu na praktycz-
ne cele modelowania kryteria:

- podobienstwa formy (in. strukturalnego lub
morfologicznego),
- podobienstwa funkcjonalnego.

Wiasciwos¢ modelu, wywodzaca si¢ z zasto-
sowania do jego tworzenia kryteriow podobien-
stwa strukturalnego, nazywa si¢ izomorfizmem
(niekiedy: homomorfizmem), natomiast wtasci-
wos¢, wywodzaca sie¢ z zastosowania kryteriow
podobienstwa funkcjonalnego - izofunkcjonali-
zmem [12].

W konsekwencji dotychczasowych rozwazan mode-
lowanie mozna okresli¢ jako tworzenie 1 badanie modelu.

W dalszej czgéci rozwazan jest rozwijana mysl,
ze modelowanie jest niezbgdnym elementem po-
znania, nawet na poziomie powstawania wyobra-
zenia, cho¢ najcze$ciej podmioty poznania nie zdaja
sobie z tego sprawy. Mozna zatem stwierdzi¢
wrecz, ze o zaistnieniu modelowania decyduje
swiadomos¢ tego faktu!

Ze wzgledu na poznanie systematyczna klasy-
fikacja bytéw sprowadza si¢ do podziatu na pod-
miot i przedmiot poznania. W poznaniu przedmio-
tu inspirujace znaczenie ma do§wiadczenie:
zarOwno zmystowe, jak i umystowe.

W wyniku do§wiadczenia zmystowego na pod-
stawie wrazen, bedacych reakcja zmystéw na od-
dzialywania rzeczywistosci, tworzone sa w pod-
miocie poznania wyobrazenia. Na tym etapie
nastgpuja organiczne odwzorowania, stanowiace
- zazwyczaj nie§wiadome - modelowanie. O tym,
ze proces ten spetnia warunki modelowania §wiad-
czy mozliwo$¢ powstawania jako$ciowo znacza-
co roznych wyobrazen na podstawie tych samych
wrazen. Istnieje mozliwo$¢ empirycznej weryfi-
kacji prawdziwosci tego stwierdzenia, jesli tylko
przyjmie si¢ kryteria, na ktérych podstawie moz-
na sformutowa¢ sad, ze wyobrazenia sa jako$cio-
WO zZnaczaco rozne.

In precise sense this definition has ontologi-
cal character, resulting from manner of creation
a model, and also as a gnoseological aspect - the
aim of creation and applying. For this reason,
that in applying the cognition aspect has mea-
surable practical meaning, only it is stressed in
the description of definition. To the practical
aspect of modelling, authors will recall consid-
erations many times.

In this definition, the notions of creature, the
object of cognition, images, criterions and expres-
sion of judgement have commonly used meaning
and will not demand earlier predefinition.

Criterions of image at creation of model are
first of all that from regard on practical aims of
modelling:

- similarity of form (structural or morphological),
- functional similarity.

Characteristic of model, coming from apply-
ing to its creation, criterions of structural resem-
blance, is called isomorphism (sometimes: homo-
morphism), and characteristic, coming from
applying functional resemblance criterions is
called - (isofunctionalism) [12].

As a consequence of above-mentioned consid-
erations modelling can be qualified as creation and
research of model.

In further parts of considerations is unrolled
thought, that modelling is indispensable element
of cognition, even on level of idea formation,
although most often subjects of cognition are
not aware of this matter. So we can declare that
about existence of modelling, awareness of this
fact is decisive!

From regard on cognition, the systematically
classification of beings is reduced to partition on
subject and object of the cognition. In the cogni-
tion of object inspiring meaning has experience:
both sensual and intellectual.

In a result of sensual experience on the
ground of impressions, being reaction of senses
on influences of reality, in the subject of cogni-
tion ideas are created. On this stage the follow
organic images, determining - usually unaware
- modelling. That this process realises model-
ling conditions testifies possibility of formation
qualitatively significantly different ideas on the
ground of these same impressions. There is pos-
sibility of empirical verification the truth of this
statement, if only we will take criterions, on the
base of which, judgement that ideas are quali-
tatively significantly different, can be formu-
lated.
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W wyniku do$wiadczenia umystowego moga
powstawaé zarowno wyobrazenia, jak i byty abs-
trakcyjne. I w tym przypadku istnieje i jest wrgcz
konieczna dowolno§¢ odwzorowania, w czym
spetniony jest warunek modelowania. Zatem juz
u podstaw warunkujacych zaistnienie procesu po-
znania znajduje zastosowanie modelowanie.

Na zwrocenie szczego6lnej uwagi zashuguje
w procesie poznania fakt konieczno$ci dokonania in-
tuicyjnego wyboru przedmiotu poznania jako obiek-
tu doswiadczenia. Ta rola czynnika irracjonalnego
W procesie poznania jest zazwyczaj pomijana - zu-
petnie nieshusznie - wszak moze on mie¢ decyduja-
ce znaczenie dla osiagnigtych wynikow. Akt wybo-
ru jest niewatpliwie aktem tworczym i jako taki ma
sens kreowania rzeczywistosci. Jest w tym rowniez
element modelowania, jako ze wybor obiektu do-
$wiadczenia juz jest pewnym odwzorowaniem do-
$wiadczanej rzeczywistosci.

Na podstawie wrazen i wyobrazen syntezowa-
nych w doswiadczeniach zmystowych i umysto-
wych powstaja spostrzezenia. Sa one zrodtem wie-
dzy i punktem wyj$cia do dziatan, majacych na
celu rozwijanie procesu poznania.

Czesto ze wzgledu na $wiadomo$¢ podmiotu po-
znania jego angazowania si¢ w czyn doswiadcza-
nia przedmiotu przyjmuje si¢ jako graniczne kate-
gorie: postrzeganie i eksperyment (niekiedy
utozsamiany w ogole z dos§wiadczeniem). Przez
postrzeganie pojmuje si¢ dzialanie nastawione na
praktyczne zachowanie si¢ w odrdéznieniu od eks-
perymentu, ktory jest znamienny $wiadomym za-
angazowaniem umystowym. Roznica ta, gdyby ja
sprowadzi¢ tylko do udziatu aktywnos$ci umysto-
wej w procesie poznania, jest w zasadzie umowna,
jedynie $wiadomo$¢ aktywnos$ci umystowej rozroz-
nia te elementy procesu poznawczego.

W poznaniu naukowym rzeczywistosci, czego
by ono nie dotyczyto, warunkujaca ten proces rolg
odgrywaja kategorie abstrakcyjne, ktore sa przed-
miotem oceny. Sa to wielkosci: w naukach $ci-
stych zwane wielko$ciami fizycznymi, jako ze
w czystym przyrodoznawstwie nauki przyrodni-
cze moga by¢ w ostatecznosci sprowadzone do fi-
zyki.

Pierwszym systematycznym dziataniem w pro-
cesie poznania w naukach $cistych jest dobor ukta-
du fizycznego przedmiotu poznania. Uktadem fi-
zycznym jest zbior wielkos$ci fizycznych opisujacych
spostrzezenia zwiazane z przedmiotem poznania.

Kolejnym elementem modelowania w procesie
poznania jest tworzenie modelu fizycznego przed-
miotu poznania. Modelem fizycznym jest zbior ele-
mentéw o wzajemnych zaleznos$ciach, ktéry moze
by¢ opisany wielkosciami fizycznymi, przyj¢tymi jako

As a result of intellectual experience both
images and abstract beings can arise. Also in
this case exists and is outright necessary free
choice of image, in which condition of mod-
elling is fulfilled. Therefore at the base con-
ditioning creation of cognition process, the
modelling is applicable.

In the process of cognition, special attention
should be paid on necessity of making an intui-
tive choice of cognition object of experience. The
role of irrational factor in the cognition process
is usually skipped - completely incorrectly - thus
it can have decisive meaning for reached results.
Act of choice is doubtless creative act and as such
has sense of creating realities. There is also in it
element of modelling, as the choice of expe-
rience's object already is certain image experi-
enced realities.

On the base of impressions and ideas
synthesised in sensual and intellectual experi-
ences, observations are created. They are source
of knowledge and the beginning point to activi-
ties, having in view unrolling the cognition pro-
cess.

From regard on awareness of subject of cogni-
tion, its engaging in experiencing of the object it
is often assumed following limiting categories:
perception and experiment (sometimes identified
with experience). Perception is understood as ac-
tivity directed on practical behaviour in distinc-
tion from experiment, which is meaningful con-
scious intellectual engagement. Such a difference,
if to bring it only to participation of intellectual
activity in the process of cognition, is in fact
agreed upon, only consciousness of intellectual
activity differentiates these elements of cognition
process.

In scientific recognition of realities, whatever
it would refer abstract categories play condition-
ing role they are subjects of estimation. This are
quantities, called in natural sciences physical
quantities, as in pure nature, natural science can
be brought to physics.

First systematically activity in the cogni-
tion process in sciences is selection of physi-
cal system of the cognition object. Physical
system is a system of physical quantities de-
scribing observations connected with cogni-
tion object.

The following element of modelling in the cog-
nition process is creation of physical model of cog-
nition object. Physical model is a system of ele-
ments having proprieties and mutual dependencies,
which can be described directly or (and) indirectly
by physical quantities, accepted as a physical sys-
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uktad fizyczny przedmiotu poznania. Na etapie two-
rzenia modelu fizycznego wykorzystuje sig kryteria po-
dobienstwa do przedmiotu poznania. Kryteriami tymi
sa, jak wspomniano wczesniej podobiefistwa formy lub
(oraz) funkcjonowania. Cz¢sto niektore kryteria, szcze-
golnie podobienstwa formy, moga mie¢ charakter po-
stulatu, gdy nie jest mozliwa empiryczna weryfikacja
przyjetego modelu fizycznego. W wielu przypadkach
ta weryfikacja musi odbywac si¢ w sposob posredni:
na podstawie stosownych badan formutuje si¢ hipote-
z¢ o strukturze przedmiotu poznania i kryterium po-
dobienstwa dotyczy wowczas formy modelu fizycz-
nego 1 tejze hipotetycznej struktury.

Modele fizyczne tworzone zgodnie jedynie z kryterium
podobienstwa funkcjonowania z przedmiotem poznania
mozna nazwa¢ modelami behawiorystycznymi (czgsto
uzywane jest rowniez okreslenie "czamej skizynki").

Nastgpnym elementem modelowania w procesie
poznania jest tworzenie modelu matematycznego.
Model matematyczny jest opisem modelu fizycznego
za pomoca aparatu matematycznego. S to zatem opi-
sane z zastosowaniem aparatu matematycznego zwiaz-
ki wielkosci fizycznych, opisujacych model fizyczny.

Sposob modelowania przedmiotu poznania moz-
na przesledzi¢ na klasycznym przyktadzie Uktadu
Stonecznego. Spostrzezenia, ktore od lat towarzyszyly
obserwatorom bezchmurnego nieba, sprowadzaly si¢
do nastgpujacych stwierdzen: sposrdd $wiecacych
obiektow niektore zachowywaly si¢ w miarg uplywu
czasu obserwacji inaczej niz inne. Byly to: Stonce,
Ksigzyc oraz planety - obiekty, ktore wzigly swa na-
zw¢ od sposobu zachowania si¢ "planasthai" (grec-
kie "bladzi¢"). Uklad fizyczny opisujacy te odroznia-
jace si¢ obiekty stanowily wspotrzedne katowe
okreslajace potozenie tych obiektow na sferze nie-
bieskiej oraz czas, przyjgty jako zmienna niezalezna.
Sposrod wielu mozliwych do utworzenia modeli fi-
zycznych do historii przeszly dwa: Ptolemeusza i Ko-
pernika. Pierwszy jest zwany Systemem Geocentrycz-
nym, drugi Systemem Heliocentrycznym. Nazwy te
biora si¢ od zastosowanych przez autoréw kryteriow
podobienstwa formy. Konsekwencja przyjgtych mo-
deli fizycznych sa rozne modele matematyczne ba-
danego uktadu. W przypadku modelu fizycznego
Kopernika model matematyczny jest prostszy, a prak-
tyka badan modelu potwierdzita, ze okazat si¢ on bar-
dziej skuteczny niz model Ptolemeusza. Powszech-
nie stosowana trywializacja problemu jest jednak
stwierdzanie, ktéry model jest prawdziwy, nie ma
bowiem w $cistym tego stowa znaczeniu pojgcia
prawdziwosci modelu: na podstawie badan modelu
sa formutowane jedynie sady, o ktorych postuluje sig,
ze odnoszg si¢ one do przedmiotu poznania.

tem of the cognition object. In the phase of cre-
ation physical model criterions of resemblance to
the object of recognition are used. These criteri-
ons are, as one mentioned earlier resemblance's
of form or (and) of functioning. Some criterions
often, especially resem- blance's in form, can have
character of postulate, when there is not possible
empirical verification of accepted physical model.
In many cases such verification has to take place
in indirect way: on the ground of suitable re-
searches hypothesis about structure of the object is
formulated and similarities criterion refers to form of
physical model and this hypothetical structure.

Physical models created only on the base of func-
tioning resemblance's criterion to the cognition ob-
ject can be called behaviour models (qualification "the
black box" is often used).

The next step of modelling in a cognition process
is creation of mathematical model. Mathematical
model is a description of physical model by means of
mathematical tools. These are relations of physical
quantities describing physical model using mathemati-
cal tools.

The way of cognition model modelling can be
traced on classical example of the Solar System. Ob-
servations, which for many years accompanied to ob-
servers of cloudless skies, were limited to the follow-
ing ascertainments: among shining objects some
behaved in outflow of time of observation otherwise
than others. They were: Sun, Moon and planets - ob-
jects, which took own names from the manner of
behaviour "planasthai"(Greek - "behave different").
Physical system describing these differing objects de-
termined angle co-ordinates qualifying position of
these objects on celestial sphere and the time, accepted
as independent variable. Among many physical mod-
els to the history came two: Ptolemy and Copernican.
The first one is called Geocentric System, and the
second one is called Heliocentric System. Names of
these systems come from form criterions of resem-
blance applied by authors. The consequences of ac-
cepted physical models are different mathematical
models of system examined. In case of Copernican
physical model, the mathematical model is of more
simple, and researches of model confirmed, that is
more efficient than Ptolemy model. However, com-
monly trivialization of the problem is acceptation,
which model is real, in a precise meaning of this word
there in no notion of truth model: on the ground of
model's researches only opinions are formulated,
about which is postulated, that they refer to the object
of cognition.
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Doswiadczenia zmystowe i umystowe

» Wybor obiektu do§wiadczenia
» Wrazenia, wyobrazenia i byty abstrakcyjne O
0 spostrzezenia

Uklad fizyczny

Zbiér wielkosci fizycznych opisujacych spos-
trzezenia zwiazane z przedmiotem poznania.

Model fizyczny

Zbiér elementdéw avzajemnych zalezno$ciach,
ktéry moze by¢ opisany wielkosciami
fizycznymi, przyetymi jako uktad fizyczny
przedmiotu poznania.

Model matematyczny

Opis modelu fizycznego za pomoca aparatu
matematycznego.

Badania modeli matematycznych

» Analiza - zadanie proste

» Sterowanie - zadanie odwrotne
» Analiza wrazliwo$ci

» ldentyfikacja

Rys. 1. Stopnie poznania naukowego

Sposoby klasyfikowania modeli matematycznych
wywodza si¢ z matematyki i z fizyki oraz nauk po-
chodnych od nich.

Wazna klasyfikacja zalezy od wielkosci fizycznych
wystepujacych w modelu. Jedng z wyrdznionych wiel-
kosci fizycznych jest czas. Zazwyczaj przyjmuje sig tg
wielko$¢ jako niezalezna od innych wielkosci (ale nie
zawsze). Jesli wszystkie wielkosci fizyczne wystgpu-
jace w modelu matematycznym nie sa jawnie zalezne
od czasu, to model ten jest statyczny. W kazdym in-
nym przypadku model nazywamy dynamicznym.

Jesli charakterystyki procesow opisywanych
w modelu, w szczegodlnos$ci warto$¢ oczekiwana
i funkcje korelacji wlasnej i wzajemnej, sa niezalez-
ne od czasu, to model nazywa si¢ stacjonarnym. Jesli
w przypadku co najmniej jednego procesu ten waru-
nek nie jest spetniony, to model jest niestacjonarny.
Jako proces jest rozumiana wielkos¢, ktora jest funk-
cja czasu lub innej wielkosci, bedacej rosnaca funk-
cja czasu (najczgsciej liniowa, np. droga uogolniona
w przypadku statej predkosci uogodlnione;j).

Sensual and intellectual experiences

» Choice of experience object
> Impressions, images and abstract beidgs
O observation

Physical system

System of physical quantities describing
observations connected with cognition object.

Physical model

System of elements having proprieties and
mutual dependencies, which can be described
directly or (and) indirectly by physical
quantities, accepted as a physical system of the
cognition object.

Mathematical model

Description of physical model by means of
mathematical tools.

Researches of mathematical models

> Analysis — simple task
» Steering — inverce task
» Analysis of sensibility
> Identification

Fig. 1. Stages of cognition process

Ways of classifying mathematical models come
from mathematic, physic and of sciences derivative
from them.

An important classification depends on physical
quantities existing in model. One of distinguished
physical quantities is time. Usually it is accepted as
an independent from others quantities (but not al-
ways). If all physical quantities appearing in the math-
ematical model are not openly dependent from time,
then model is static. In any other case the model is
called dynamic.

If characteristics of processes described in model,
especially expected value and functions of own and
mutual correlation, are independent from time, then
model is called stationary. If in least one of these pro-
cesses such condition is not realised then model is
called non-stationary. As a process is understood quan-
tity, which is function of the time or other quantity, of
being a growing function of the time (most often lin-
ear, e.g. way generalised in case of constant
generalised speed).
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Spostrzezenia

Sposrod swiecacych obiektow na sferze nie-
bieskiej niektore zachowuja si¢ w miarg uptywu
czasu obserwacji inaczej niz inne: Stonce,
Ksigzyc oraz planety.

Uklad fizyczny

Wspotrzedne katowe okreslajace potozenie
obiektow na sferze niebieskiej oraz czas.

Modele fizyczne

» Modele behaviorystyczne
» System Geocentryczny — Ptolemeusza
» System Heliocentryczny — Kopernika

Modele matematyczne
M.in. prawa Keplera

Rys. 2. Modelowanie Uktadu Stonecznego

Ze wzgledu na uwzglednianie zjawisk relatywi-
stycznych modele dzieli si¢ na relatywistyczne i nie-
relatywistyczne. W tych drugich czas, wymiary prze-
strzeni i masa sa niezalezne od predkosci obserwatora.

Wazna klasyfikacja dotyczy sposobu traktowania
modelowanych zjawisk ze wzgledu na ich okreslonose,
wynikajaca z obowiazywania zwiazku przyczynowo-
skutkowego. Modele, w ktorych migdzy wszystkimi
wielko$ciami fizycznymi moga zachodzi¢ jedynie zwiaz-
ki przyczynowo-skutkowe nazywamy modelami przy-
czynowymi (inaczej: zdeterminowanymi). Jesli w mo-
delu wystgpuje migdzy wielko$ciami fizycznymi
przynajmniej jeden zwiazek nie bedacy zwiazkiem przy-
czynowo-skutkowym, to model nazywa si¢ przypadko-
wym (inaczej: losowym, niekiedy probabilistycznym,
stochastycznym, statystycznym). O sposobie traktowa-
nia modelu jako przyczynowego lub przypadkowego
decyduje na etapie tworzenia uktadu fizycznego lub
modelu fizycznego akt wyboru badacza.

Ze wzgledu na rodzaj zaleznosci wystgpujacych
w modelu matematycznym mozna wyrdzni¢ modele opi-
sane funkcjami lub operatorami. Formalne rozwijanie
klasyfikacji modeli matematycznych przekracza mozli-
wosci niniejszej publikacji. Obowiazuja w tym przypad-
ku reguly powszechnie przyjgte w matematyce. Jedna
z charakterystycznych klasyfikacji modeli matematycz-
nych jest podzial na modele liniowe i nieliniowe. Inna
wazna klasyfikacja dotyczy liczby stopni swobody mo-
deli: modele o skonczonej liczbie stopni swobody (dys-
kretne) i o nieskonczonej (ciagle). Szczegolna kategoria
sa modele o jednym stopniu swobody.

Observations

Among shining objects some behaved in
outflow of time of observation otherwise than
others: Sun, Moon and planets.

Physical system

Angle co-ordinates qualifying position of these
objects on celestial sphere and the time.

Physical models

> Behaviour models
» Geocentric System - Ptolemy
» Heliocentric System - Copernican

Mathematical models
E.g. Kepler lows

Fig. 2. Modelling of the Solar System

Taking into account relativistic occurrences the
models can be divided on relativistic and non-relativ-
istic. In non-relativistic the time, space dimension and
mass are independent from the speeds of observer.

An important classification refers to manner of
treatment-modelled occurrences from regard on there
determinate, resulting from necessity of cause-ef-
fect relations. Models, in which between all physi-
cal quantities, the only cause-effect relationships can
happen we call causal models (otherwise: determined
models). If in the model, between physical quanti-
ties exists at least one relation not being cause-ef-
fect; this model is called accidental (otherwise: ran-
dom, sometimes probabilistic, stochastic or statistic).
The way of treatment the model as causal or acci-
dental, on the stage of physical system or physical
model creation, decides the act of choice of explorer.

From regard on the type of dependencies exist-
ing in mathematical model, models described with
functions or operators can be formulated. Formal
developing of the mathematical model classifica-
tion exceeds framework of this publication. Com-
mon rules universally accepted in mathematic are
obligatory. One of typical classification of math-
ematical models is division on linear and non-lin-
ear models. Other important classification refers to
numbers of freedom degrees of the models: mod-
els with complete number of freedom degrees are
called discreet and with infinite are called continu-
ous. The special category is models with only one
degree of freedoms.
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Istnieje jeszcze wiele mozliwos$ci klasyfikowania
modeli ze wzgledu na przyjete kryteria i cele stawia-
ne w procesie poznania.

Czgsto sa prowadzone rozwazania na temat m.in.
prawdziwosci, doktadnosci oraz najczgsciej pojmo-
wanych wymiennie: adekwatno$ci, odpowiedniosci,
zgodnosci, niesprzecznosci czy trafhosci. Zazwyczaj
w literaturze brak jest dostatecznie formalnych okre-
$len tych wlasciwosci modeli. Na temat prawdziwo-
$ci modelu poglady autoréw zostaty juz przedstawione
wczesniej, natomiast pojgcia doktadnosei i zgodno-
$ci wymagaja zastosowania opisu matematycznego.
W pogladowy sposob kryterium doktadnosci modelu
mozna opisa¢ odleglo$cia charakterystyk, bedacych
zwiazkami wielko$ci: uktadu fizycznego i modelu
matematycznego. Kryterium zgodnosci jest zwiaza-
ne z tendencjami relacji tych charakterystyk. Szcze-
golowe rozwazania na te tematy przekraczaja mozli-
wosci zakresu tej pracy.

Obiektywnymi kryteriami oceny modeli s ponad-
to ich uzyteczno$¢ i skutecznos¢. Uzyteczno$¢ mo-
delu charakteryzuje jego praktyczne zastosowanie,
natomiast skuteczno$¢ - relacj¢ skutkéw badania
modelu do naktadow, zwiazanych z jego uzywaniem.

W literaturze specjalistycznej istnieje zwyczaj przy-
pisywania atrybutow modeli uktadom. W $cistym tego
stowa znaczeniu jest to niestuszne. Uzywa sig¢ okre-
$len np. uktad dynamiczny czy nieliniowy, cho¢ te wia-
sciwosci wystepuja dopiero na poziomie modelu ma-
tematycznego. Wydaje sig, Ze nalezy jednak z pewna
wyrozumiatoscia potraktowac t¢ nieformalnos¢, a - by¢
moze - nawet przyjac taki sposob opisu jako metodg,
ktorej celem jest poprawienie jakosci komunikowania
si¢ w skomplikowanych procesach modelowania.

Podstawowymi rodzajami badan modeli matema-
tycznych sa:

- analiza, czyli zadanie proste,

- sterowanie, czyli zadanie odwrotne,
- analiza wrazliwosci,

identyfikacja.

W modelu matematycznym wielkos$ci mozna trak-

towacé jako:

- wejsciowe,

- wyjsciowe,

- charakteryzujace model.

Zwiazki migdzy wielko$ciami charakteryzujacy-
mi model oraz ich zaleznosci od wielkosci wejscio-
wych i wyjsciowych stanowig jego charakterystyke.
Charakterystyka modelu jest okre$lona przez jego
strukturg 1 parametry.

Analiza modelu polega na wyznaczeniu wielko-
$ci wyjsciowych przy znajomosci charakterystyki
modelu i1 wielkosci wejsciowych. Zadanie odwrotne,
czyli sterowanie oznacza taki dobor wielkosci wej-

There are yet many possibilities for model classi-
fication depending on regard accepted criterions and
aims of the cognition process.

There are many often considerations on the theme
e.g. of truths, exactitudes and most often compre-
hended interchangeably: adequate, suitability, com-
patibility, not discrepancies or accuracy. In litera-
ture, there is usually lack of enough formal
qualifications these proprieties of models. Author's
opinions concerning the truth of model were already
introduced, but the ideas of exactitude and compat-
ibility demand uses of mathematical description. In
simple way, the criterion of model exactitude can be
described by distance of characteristics, being in
relations of quantities: physical system and math-
ematical model. Agreement criterion is connected
with relation's tendencies of these characteristics.
Detailed considerations on these themes exceed the
range of this paper.

Objective criterions of model estimation are also
their usefulness and effectiveness. Usefulness of the
model is characterised by its practical use, and ef-
fectiveness by account of outcome relations of model
researches to outlays, connected with its usage.

In a professional literature exists custom of as-
cribing attributes of models to systems. In exact
meaning this word it is unjustified. For example, uses
of qualifications e.g. dynamic system, or non-lin-
ear, even these proprieties step out only on the level
of mathematical model. However, we should treat
this informality with same leniency, and - maybe -
even to accept such way of description as method,
of which the aim is improvement of communication
quality in complicated modelling process.

Basic types of researches of mathematical mod-
els are:

- analysis, if task is simple,
- steering, if task is inverse,
- analysis of sensibility,

- identification.

In the mathematical model quantities can be

treated as:

- entrance,

- exit,

- characterising the model.

Relationships between quantities characterising
model and their dependencies from entrance and exit
quantities are its characteristic. Characteristic of the
model is definite by its structure and parameters.

Model analysis relies on delimitation of exit quan-
tities at acquaintances of model characteristic and
entrance quantities. Inverse task, that is steering means
such selection of entrance quantities, so at well-known
model characteristic receive required exit quantities.
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sciowych, aby przy znanej charakterystyce modelu
otrzyma¢ wymagane wielkosci wyjsciowe. Analiza
wrazliwos$ci (inaczej czuloéci) zajmuje si¢ badaniem
wplywu parametréw modelu na wielkosci wyjscio-
we. Identyfikacja modelu jest zadaniem wyznacza-
nia charakterystyki modelu na podstawie znajomosci
wielkosci wejsciowych i wyjsciowych. Identyfikacja
moze dotyczy¢ struktury modelu - jest to identyfika-
cja strukturalna Iub parametréw - identyfikacja para-
metryczna.

Istnieje wiele dotychczas niedostatecznie usyste-
matyzowanych problemow zwiazanych z modelowa-
niem, traktowanym jako element procesu poznania.
W szczegoblnosci w celu zmniejszenia niejednoznacz-
nos$ci rozwazan na temat modelowania jest koniecz-
ne zastosowanie do tego celu matematycznych spo-
sobow opisu kryteriow tworzenia, klasyfikowania
i badania modeli. Konwencja przystgpnego przedsta-
wiania pogladow, przyjeta przez autorOw w niniej-
szej pracy, uniemozliwia realizacj¢ tego celu w ra-
mach wykonywanego zadania, autorzy sa jednak
$wiadomi zasadnosci podjgcia takich dziatan, rola
modelowania w procesie poznania jest bowiem do-
niosta, cho¢ czgsto badacze sa tego nieSwiadomi.

Sformalizowanie modelowania w procesie pozna-
nia przedmiotu umozliwia potraktowanie wyznacza-
nia wlasciwosci przedmiotu poznania jako tworzenie
takiego modelu, ktorego identyfikacja jest rozwiaza-
niem tego zadania. Zatem w $cistym tego stowa zna-
czeniu poznanie przedmiotu jest zadaniem identyfi-
kacji jego modelu. Jest to, co prawda, wiedza na temat
modelu przedmiotu, a nie na temat samego przedmio-
tu, ale potwierdza to tylko fakt stuszno$ci negatyw-
nej odpowiedzi, ktora Kant udzielit na sformutowane
przez siebie fundamentalne pytanie: "jak na podsta-
wie przedstawien mozemy wiedzie¢ cokolwiek o rze-
czach?" [6].

W wyniku rozwazan przedstawionych w niniej-
szej pracy dowiedziono tezg, ze modelowanie jest fun-
damentalnym i koniecznym elementem procesu po-
znania. Swiadomos¢ tej prawdy umozliwia poprawe
skutecznos$ci procesu poznania dzigki racjonalizacji
dziatan podejmowanych w tym celu.
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Rafat Wodzicki

II OGOLNOPOLSKIE SEMINARIUM
"KOLEJ LOKALNA W POLSCE"

W dniach 1-3 pazdziernika 2001 odbylo si¢ w Za-
ciszu k. Klonowa nad Brda I Ogolnopolskie Semina-
rium "Kolej Lokalna w Polsce" zorganizowane przez
Ogolnopolskie Stowarzyszenie Samorzadow na Rzecz
Kolei Lokalnych reprezentowane przez prezesa - wi-
cestarost¢ zywieckiego Stanistawa Lacha oraz Targi
Pomorskie "Romex". Patronat nad seminarium objeli,
podkreslajac tym samym waznos$¢ poruszanego pro-
blemu, Minister Transportu i Gospodarki Morskiej,
Marszatek Wojewodztwa Kujawsko-Pomorskiego, pre-
zydent miasta Bydgoszczy oraz przewodniczacy ko-
misji transportu Zwiazku Powiatéw Polskich.

Gléwnym tematem seminarium byla analiza
pierwszego roku funkcjonowania ustawy o komercja-
lizacji, restrukturyzacji i prywatyzacji PKP i wyste-
pujacych w tym procesie szans oraz zagrozen. Re-
strukturyzacja PKP przebiegajaca nie bez wstrzaséw
i bledéw spowodowanych zaszto§ciami historyczny-
mi tak w infrastrukturze, jak i w psychikach wielu
ludzi, spowodowata zawieszenie wielu lokalnych li-
nii kolejowych, takich jak ta przebiegajaca obok miej-
sca seminarium (linia Ztotoéw - Pruszcz Bagieni-
ca -Terespol). Obecnie wlasnie gminy usituja przejaé
takie linie i zmieni¢ warunki ich eksploatacji tworzac
lokalne koleje samorzadowe.

Dos$wiadczenia w dziedzinie regionalizacji innych
kolei panstwowych przedstawit pan Bernard Chante-
messe wieloletni pracownik kolei francuskich SNCEF,
oraz dr inz. Andrzej Kaminski - prezes zarzadu i dy-
rektor generalny firmy "Rail Consult". Oceng funk-
cjonowania samorzadowych przewozéw regionalnych
w ciagu roku pierwszego funkcjonowania ustawy
przedstawit prof. dr hab. Jan Engelhardt. Jak wynika-
o z relacji Bogdana Tofilskiego z Przedsigbiorstwa
Transportu Kolejowego i Gospodarki Kamieniem SA
z Rybnika, bedacego pierwszym przedsigbiorstwem,
ktore uzyskalo koncesj¢ na przewozy kolejowe po
PKP, przy tego rodzaju dziatalnosci spotyka si¢ ono
ciagle z problemami wynikajacymi z form dzialania
PKP.

Uruchomienie optacalnego ruchu na liniach ska-
zanych na kasacje wymaga przede wszystkim wia-
$ciwego rozpoznania parametrow eksploatacyjnych
linii 1 doboru wiasciwego taboru, ktéry najczesciej
nie musi spetnia¢ norm Migdzynarodowego Zwiaz-
ku Kolei (UIC). Przedstawione na seminarium anali-
zy linii przeprowadzonych przez gminy i czynniki
spoteczne na liniach Kwidzyn-Prabuty, Nysa-Glucho-
lazy, czy tez w okolicach Wadowic, wykazaty, ze eks-
ploatatorzy kolejowi lokalnych czgsto nie wiedza jak
i jakie parametry eksploatacyjne nalezy mierzy¢. Pro-
wadzi to do formulowania catkowicie blednych wnio-
skow co do efektywnosci linii, a przez to do ich p6z-
niejszego upadku wynikajacego przewaznie niedo-
stosowania oferty przewozowej do oczekiwan
pasazerow. Podobnie jest w duzych miastach takich
jak Warszawa, gdzie kolej w ogdle nie istnieje w §wia-
domosci mieszkancéw za sprawa np. zupelnego bra-
ku informacji o przebiegajacych w ramach miasta li-
niach kolejowych oraz braku porozumienia migdzy
miastem i PKP w sprawie wspolnego biletu.

W czasie sympozjum odbyla si¢ takze prezenta-
cja oferty kilku firm produkujacych autobusy szyno-
we, przydatne przy eksploatacji linii lokalnych. Wspo-
minano tez o problemach kolei miejskich w Gdyni,
Warszawie i Wroctawiu, gdzie na efektywnos¢ kolei
lokalnych wplywaja inne czynniki niz w przypadku
linii pozamiejskich. Wszystkie te problemy moga
doprowadzi¢ do likwidacji wielu linii tylko z powo-
du braku dostatecznie energicznego dzialania lub bra-
ku odpowiednich przepiséw uwzgledniajacych dzia-
lanie czasu. Bogumit Gierattowski z Centralnego
Biura Projektowo-Badawczego "Kolprojekt" zwrdcit
uwage na skutki likwidacji dworca Warszawa Glow-
na i sprzedazy dzialki przez PKP w celu budowy hi-
permarketu, co znacznie skomplikuje zakonczenie li-
nii radomskiej oraz legionowskiej w centrum miasta.

Parametry ekonomiczne sytuacji kolei lokalnych
zreferowal prof. dr hab. Wojciech Paprocki - kierow-
nik Zaktadu Ekonomiki Przedsigbiorstw Transporto-
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wych Szkoty Gtéwnej Handlowej w Warszawie zwra-
cajac uwagg na mozliwos¢ polepszenia efektywnosci
linii lokalnych przez obstugg pojedynczych wagonow
towarowych obok ruchu pasazerskiego, co polepszy
takze dostgpnos¢ kolejowego transportu towarow.
Odnotowa¢ nalezy, ze obecno$¢ na seminarium
honorowego przewodniczacego UIC (Migdzynarodo-
wego Zwiazku Kolei) dr Andrzeja Wieladka, przed-
stawicieli Glownego Inspektoratu Kolei z dyrekto-
rem generalnym Lidia Ostrowska oraz licznych dzia-
faczy gminnych, pozwalaja mie¢ nadziejg, ze koleje
lokalne bgda wiasciwie wykorzystane dzigki racjo-
nalizacji ich systemoéw eksploatacyjnych, w czym
Polskie Naukowo-Techniczne Towarzystwo Eksplo-
atacyjne deklaruje swoj udzial we wspolpracy ze Sto-
warzyszeniem Sympatykéw Komunikacji Szynowe;.
Oferta obejmujaca zar6wno tabor, zarzadzanie, infra-
strukturg oraz przepisy zostata przedstawiona w ulotce
przygotowanej wspolnie ze Stowarzyszeniem Sym-
patykow Komunikacji Szynowej z Warszawy.
Warto podkresli¢, ze wiele trudnosci kolei w 0go-
le, a lokalnych w szczegdlno$ci wynika z nieprzestrze-
gania prostych zasad eksploatacyjnych. Migdzy in-
nymi sam ksztatt polskiej sieci kolejowej o rdznej
gestosei sieci w kazdym z dawnych zaboréw, wska-
zuje na brak analizy efektywnos$ci eksploatowane;j
sieci przez caly okres powojenny. Z drugiej strony
bardzo dobrze zaprojektowany przed pierwsza woj-
na $wiatowa wezel warszawski - jeden z najlepszych
w Europie - nie jest wykorzystywany w ruchu miej-
skim w warunkach blokowania transportu samocho-
dowego. Swoje istnienie Szybka Kolej Miejska
w Tréjmiescie (dzi$ juz osobna spotka) zawdzigeza

wilasciwie przypadkowi: przypadkowo wyladowano
tu zamiast w Kaliningradzie wagony kolei miejskiej
z Berlina przejgte w ramach reparacji wojennych.

Na sympozjum wskazano, ze koszty obecnego sta-
nu sa ogromne. Mimo wielu juz prob, nie udato si¢
doprowadzi¢ do internalizacji kosztow zewngtrznych
transportu, co calkowicie deformuje rozliczanie jego
kosztow spotecznych i skazuje kolej na nierowna
walkg z lobby samochodowym. Lekcewazace wypo-
wiedzi na temat kolei mozna spotka¢ nawet w publi-
katorach wbrew oczywistym faktom eksploatacyj-
nym. Dotacje, jakie otrzymuje kolej zastgpuja
wlasciwe rozliczenia, powodujac np. czgste twierdze-
nia, ze to samochodziarze utrzymuja kolej, podczas
gdy wspolpraca obu srodkow transportu jest niezbgd-
na dla wykorzystania ich zalet. Przykladowo warto
wspomnie¢, ze Instytut Rozwoju i Promocji Kolei
wygrat dopiero przetarg na uzgodnienie rozktadow
jazdy kolei i autobuséw w wojewodztwie opolskim,
co okazato si¢ wzglednie latwe na poziomie woje-
wodztwa lecz komplikuje si¢ wobec koniecznosci
przekraczania jego granic przez pojazdy.

Jak wigc wida¢ obszar gminno-kolejowy jest na-
turalnym terenem potencjalnych prac Polskiego Na-
ukowo-Technicznego Towarzystwa Eksploatacyjne-
go. Mate i $rednie przedsigbiorstwa, ktére beda
obstugiwa¢ linie takze bgda potrzebowaé naszej
wspolpracy. Efektem bgdzie polepszenie wszystkich
parametréw eksploatacyjnych oraz wynikte z tego
znaczne 0szczgdnosci.

Inz. Rafat Wodzicki

Rzecznik PNTTE
e-mail: wodzicki@eksploatacja.waw.pl
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INFORMACJE O PROGRAMACH
UNII EUROPEJSKIEJ

Andrzej Stepniewski

"WSPARCIE INTEGRACJI KRAJOW KANDYDUJACYCH
Z EUROPEJSKA PRZESTRZENIA BADAWCZA"
- NOWA OFERTA KE

Przystepujac do 5 Programu Ramowego Polska
wplacita sktadke do jego budzetu. Pomimo korzyst-
nych dla nas ustalen okreslajacych wysokos¢ sktadki
na "ulgowych warunkach" oraz pozwalajacych na po-
krycie jej czesci z funduszy PHARE, jak do tej pory
nie udato si¢ odzyska¢ wptaconych pienigdzy. Taka
sytuacja z oczywistych wzgledow jest dla nas krzyw-
dzaca i stata si¢ powodem usilnych zabiegow KBN
i Krajowego Punktu Kontaktowego majacych na celu
wsparcie naszego uczestnictwa w 5 PR. Trwajace po-
nad poét roku negocjacje zaowocowatly rozpisaniem
we wrzesniu br. konkurséw skierowanych wytacznie
do zespotow z krajow kandydujacych (przedakcesy;j-
nych). Polska wérod tych krajow jest najwigksza i po-
siada najwigkszy potencjat naukowy. Stad tez ocze-
kuje sig¢, ze zdecydowana wigkszos¢ wnioskow
grantowych nadejdzie z naszego kraju. Co wigcej
z dotychczasowej praktyki wynika, ze i ilos¢ wnio-
skow zwienczonych sukcesem bedzie pochodzita od
nas. Tym bardziej, ze tym razem konkurencja bedzie
o wiele stabsza - odpadaja uczestnicy z krajow pict-
nastki. Warto wigc poswigcic¢ trochg czasu na zapo-
znanie si¢ z oferta i przygotowac¢ wniosek.

Centra DoskonaloSci

Pierwszy konkurs na Centra Doskonatosci miat
miejsce w 1999 r. W jego wyniku utworzonych zo-
stalo w Polsce 9 Centrow z budzetem wynoszacym
srednio ok. 1 mln euro. Obecnie KE planuje powota-
nie ok. 200 Centréw w 12 krajach kandydujacych.
Za sukces nalezaloby uzna¢ przyznanie nam ok. 50
z tej puli.

Celem konkursu jest pomoc wyrdzniajacym si¢
centrom naukowym krajow kandydujacych w lepszym
dostosowaniu swojego potencjatu badawczego spo-
fecznym i gospodarczym potrzebom kraju oraz roz-
wijaniu zwiazkow z innymi europejskimi o§rodkami

naukowymi. Kazde pozytywnie ocenione centrum
bedzie mogtlo sfinansowac zaproszenie z wyktadami
wybitnych specjalistow z okre$lonej dziedziny, wy-
miang naukowa, publikacj¢ broszur i informatorow,
organizacj¢ konferencji i1 innych imprez majacych na
celu wymiang doswiadczen i prezentacj¢ wlasnych
dokonan, zakup drobnego sprzgtu niezbgdnego do pro-
wadzenia prezentacji.

Oceniajacy wnioski w pierwszej kolejnosci beda
brali pod uwage jako$¢ naukowa centrum oraz jego
strukturg i zarzadzanie, a dopiero w dalszej kolejno-
$ci warto$¢ zaplanowanych do wykonania zadan.
Nalezy podkresli¢, ze Centrum Doskonato$ci moze
by¢ powotane w obrebie jednostki o wydzielone;j
strukturze organizacyjnej i administracyjnej, z wila-
snym programem badawczym, ktora dziata w ramach
jednej instytucji. Stad tez centrum moze by¢ np. ka-
tedra badz zaktad funkcjonujacy na uniwersytecie
(moze by¢ kilka centrow w tej samej uczelni), z nie
ma mozliwosci powotania Centrum przez jednostki
organizacyjne funkcjonujace na réznych uczelniach.

Na ztozenie wniosku jest czas do stycznia
2002 r, a wszelkie dokumenty potrzebne do przy-
gotowania wniosku (wraz z przyktadowym wnio-
skiem opracowanym przez dyrektora KPK dr A.
Siemaszk¢) znajduja si¢ w internecie na stronie:
http://www.npk.gov.pl/centra_dosk/index.html

Dolaczanie do projektow bedacych w fazie
realizacji

Nastepna oferta, ktdra moze zwigkszy¢ nasz udziat
w 5 PR jest konkurs na dotaczanie do projektow be-
dacych w fazie realizacji. Od poczatku funkcjonowa-
nia programu polskie zespoty badawcze miaty pro-
blemy ze znalezieniem odpowiedniego konsorcjum.
Wiele z konsorcjow tworzonych byto w wyniku wcze-
$niej realizowanych grantéw (np. w 4 PR), w ktorych
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polscy uczeni nie mogli bra¢ udziatu. Wynikiem tego
byt wysoki procent wnioskoéw z naszym udziatem od-
rzuconych w czasie oceny. Widoczny tu byt brak do-
$wiadczenia i przypadkowo dobrany sktad konsor-
cjum.

Konkurs, ktory jest w mocy do polowy grudnia
zaktada mozliwos$¢ dolaczania nowych partneréw do
wlasnie realizowanych grantoéw. Aby dotaczy¢ sig
nalezy odszuka¢ odpowiedni projekt i skontaktowac
si¢ z jego koordynatorem przedstawiajac swoje do-
konania i mozliwosci. Po uzyskaniu zgody koordy-
natora mozna przystapi¢ do wypetniania dokumen-
tow, ktore sktadane sa do KE za jego posrednictwem.
Nalezy tu podkresli¢ szczegdlna wagg jaka przykta-
da si¢ do dotaczania do tzw. "sieci tematycznych".
Wejscie do takiej sieci nie powinno stanowi¢ proble-
mu, a korzysci z tego faktu moga by¢ znaczne - szcze-
golnie w aspekcie zblizajacego si¢ 6 PR z planowa-
nymi "mega projektami”. Kontakty nawiazane w sieci
beda nieocenione przy tworzeniu przysztych konsor-
cjow.

Aby odszuka¢ odpowiedni grant lub funkcjonuja-
ce sieci tematyczne nalezy przejrze¢ odpowiednie bazy
danych, ktore znajduja si¢ w internecie pod adresem:
http://www.npk.gov.pl/eoi/index. html

Stypendia dla doswiadczonych naukowcow

Dotychczas schemat stypendiow Marii Curie po-
zwalal polskim naukowcom jedynie na wyjazdy do
instytucji w krajach UE. Obecnie rozszerzono stypen-
dium o tzw.: druga faze (reestablishment phase). Po-
lega ona na tym, ze po zakonczeniu pobytu za grani-
ca (pierwsza faza stypendium) stypendysta moze
ubiegac si¢ o dofinansowanie (do 100 tys. euro) swo-
jego powrotu na uczelni¢ 1 wznowienie pracy nauko-
wej. Pieniadze mozna przeznaczy¢ na zakup sprzgtu,
aparatury, badz zatrudnienie doktoranta.

Oferta ta skierowana jest do doswiadczonych bada-
czy, tj. majacych doktorat i 10-letni staz pracy naukowej,
badz 14-letni staz pracy naukowej. Wigcej informacji oraz
oficjalne dokumenty konkursu znajduja si¢ na stronie:
http://www.npk.gov.pl/prog_hor_1/A1-stypendia.htm

5 PR konczy si¢ w potowie przysztego roku. Jest
jeszcze trochg czasu na decyzjg o udziale w ktoryms
z konkursow. Udziat taki moze sig przyczynic nie tyl-
ko do podniesienia jakosci prowadzonych badan ale
bedzie miat swdj wymiar finansowy. Co wobec ni-
skich zarobkdéw sfery budzetowej jest - jak si¢ wyda-
je - powaznym argumentem za zainteresowaniem si¢
"oferta europejska".

Dr inz. Andrzej Stepniewski

Regionalny Punkt Kontaktowy 5 PR
Instytut Agrofizyki PAN

ul. Doswiadczalna 4

20-290 Lublin

tel. 744-50-61

fax. 744-50-61

e-mail: astep@demeter.ipan.lublin.pl
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MAINTENANCE
A European Perspective

Dear friends in Maintenance

It is an honor to be able to address you through this maga-
zine and communicate with you the ideas in the European Main-
tenance World on the present and the future of Maintenance.

I will address three questions:

1. What is EFNMS , so what are its objectives,

2. What does EFNMS do, so what are its activities,

3. What role can and will EFNMS play in the European
Maintenance Theatre?

Maintenance in its original form was a matter of fixing
whatever was broken down. Be it the roof of the hut, the
point of the arrow or the string of the bow. When it broke, it
was either repaired or replaced. Basically that lasted into
the 1940-ies. Of course, some realised that you should re-
place the oil in your car, but mostly that was done by refill-
ing when the oilbin was (almost) empty: Preventive Main-
tenance!

World War II gave us the development of operation
research. There aspects of reliability and dependability were
analysed and incorporated in the maintenance strategy.
Logistic research became an actual subject. In that devel-
opment maintenance as it was practised was no longer ac-
ceptable: when you think in terms of reliability, you can not
accept that you wait for something to fail before you act!

Maintenance became a science. Colleges and universi-
ties, triggered to do so by the military, started not only think-
ing about maintenance, they also started teaching the sub-
ject. But they needed feed-back from the field. Why?
Because maintenance as a science is a mixture of theoreti-
cal analysis and practical experience. To get that necessary
feed-back, initiatives were taken to create platforms where
experienced professionals could discuss their practices with
the scholars from Academia. That lead to the creation of
National Maintenance Societies: groups of Maintenance
Professionals that would come together to discuss general
or specific maintenance related problems. More often than
not with representatives of the College or the University

present. Members of the Societies are in the first place Com-
panies who have benefit from the discussion and the learmn-
ing process connected with it. Lets be fair: it is good for the
economy of the company and after all their goal is to eam
money! Most Societies also have personal members. Per-
sons who can contribute to the science and the further de-
velopment of it. National Maintenance Societies not only
create this platform for Peer discussions. They also organise
training courses, symposiums, conferences and exhibitions.

‘What has been the contribution of these National Main-
tenance Societies? In the interaction between the maintenance
practitioners and the scientists, equipment for condition moni-
toring has been developed: vibration of rotating equipment,
oil contamination to analyse the condition of bearings. Sys-
tems for on-line monitoring of operational equipment were
developed and tested, for instance for aircraft jet-engines us-
ing RCM, Reliability Centered Maintenance, were created
and developed in such interaction. And many more.

But also management matters. TPM, the Total Productive
Maintenance, developed in Japan and slowly getting accepted
in Europe. A number of computer assist programs, commer-
cial mostly, found their basis in discussions within the National
Maintenance Societies.

It was inevitable that at some point in time somebody
would have the initiative to expand this approach to a Euro-
pean scale. That happened in 1970.

EFNMS was formed in 1970 by 5 European coun-
tries: France, England, Norway, Sweden and The Nether-
lands. This action was taken at the close of a symposium
organized by UNIDO, which centered on the theme:

It is not sufficient to deliver to developing countries
plant, production systems and equipment. What also
should be done is to deliver information, know-how,
instructions and expertise to install, operate and main-
tain this plant and equipment properly. This in such
a way that the user is able to understand the functioning
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of the plant properly, to operate it safely and under op-
timum conditions and to follow proper procedures to
maintain the afore mentioned conditions.

In other words: it is not sufficient to sell the equip-
ment, we also have to deliver education!

Still other words: do not sell fish, teach how to fish!

In the aftermath of this symposium a number of the
participants realized that in a few years time maintenance
would be looked upon not as a mere cost element, but as
a topic of the utmost strategic importance to our industry
and to the development of not only the so called "industri-
alized world", but also, if not more so, to the "developing
world". To prepare for this situation, they decided to es-
tablish a European organization where experience could
be exchanged and knowledge developed for later transfer
to developing countries.

This led to the organization of the EUROPEAN FED-
ERATION OF NATIONAL MAINTENANCE SOCIET-
IES (EFNMS). In this Federation each European country can
be represented by only one, non commercial, organization that
is considered to speak on behalf of Maintenance in that coun-
try. This was done in order to avoid domestic discussions within
EFNMS between representatives of the same country.

The official objectives of EFNMS have been formu-
lated as follows:

The EFNMS is a non-profit organization whose objective

is to improve maintenance for the sake and benefit of the

people in Europe, since maintenance is of great impor-
tance to trade and industry, to the environment, and to pub-
lic wellfare and safety.

EFNMS is governed by a Constitution that says that the
principal body of the Federation is the Council. In that Coun-
cil each member has one representative and an option for an
observer. Only the official representative has the right to vote.
The Council elects a Chairman, who does not represent his
country and who has no vote. Apart from preparing and chair-
ing the Council-meetings, he is also the business-manager of
the Federation. The Constitution also knows a President (an
honorary function), and an Executive Committee. Members
of this EXCOMM are elected personnally for their experi-
ence and expertise and act as a consulting and advising body
to the Chairman and the Council.

An early decision of the Council was to organize a EU-
ROPEAN MAINTENANCE CONFERENCE every other
year, the first one to be in Wiesbaden in 1972. The format
adopted there was that of a three day conference with two
half days of plenairy meetings and four half days of parallel
sessions om specific subjects. This proved to be so success-
ful that it still is the format for the conference to this day.

Presently, however, the economic situation makes it diffi-
cult for maintenance leaders to participate in a conference only.
Therefore, since 1988 in Helsinki, the conference also features
an exhibition. This exhibition, unfortunately, tends to be of
local or national importance only. We are trying a new ap-

proach again: the last conference, in March of the year 2000 in
Sweden, in Géteborg, was organized jointly with the intema-
tionally renowned Underhall-exhibition. This way we try to
make it attractive for visitors to come and participate by offer-
ing them not only a conference with high quality papers, but
also an exhibition of more than local importance only. An ex-
hibition that is aimed at export incentives. An exhibition on
a true European scale.

On the initiative of Past-President Stefano Salvetti
in 1990, EFNMS has created an award, the EURO-
MAINTENANCE AWARD. This award is presented to
an individual or an organization that has significantly
contribtuted to the art of maintenance on a significantly
more than local scale. The award consists of a certificate
and a sum of money of 1000 EURO, funded through the
Salvetti-foundation. Starting in 2000 EFNMS also pre-
sents a "Master Thesis Award" for a student graduating in
the field of Maintenance. This is a Swedish initiative and
the first presentation was be during the EUROMAIN-
TENANCE conference in Goteborg

But first and of the utmost importance EFNMS is to be
a platform where you meet collegues with whom you can dis-
cuss your problems and who are willing to discuss their prob-
lems with you. Open and candidly. Where you help them with
your experience and they help you with theirs. The conference
is important, the quality of the papers is checked very carefully.
The absence of commercial interests is an absolute must. But
the contactwith the other participants is what makes the EFNMS
tick! Discussion, lunches, an official dinner, coffee-breaks. The
same things that make you decide after any meeting whether
or not it was a success.

There are 16 countries in EFNMS now:

The Scandinavian countries Norway, Sweden, Denmark

and Finland

The North-West European countries England, Ireland,

Holland, Belgium

The Central European countries France, Germany,

Switzerland

The Southern European countries Croatia, Italy,

Slovenia, Spain, Portugal

The real question of course is: what is this "good main-
tenance"? We have all seen quite a development in main-
tenance during the past few years. Did not we all start off
with Corrective (or break down) Maintenance? Don't do
a thing untill the equipment has broken down. That de-
veloped into Preventive Maintenance, and presently we
see Condition Based Maintenance. Maintenance in most
industries no longer is a self-supporting department or
division. Maintenance is an integrated function in the Pro-
duction Department. Maintenance no longer is only a cost
factor, it is, as was foreseen at the creation of EFNMS,
a function of strategic importance to the overall result of
of the company. Maintenance people are no longer inter-
changeable parts, they are valuable resources that are
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urged, like other key-personnel, Member Countries of EFNMS and the names of
their National Maintenance Associations

to use their knowledge and ex-
perience to the benefit of them-
selves and of the Company.

EFNMS tries to better
equip the maintenance manag-
ers with the tools to perform
their new tasks.

* Condition monitoring asatool
for maintenance is widely ac-
cepted and is further develo-
ped by industrial companies.

* EFNMS is supporting the in-
troduction of TPM (Total Pro-
ductive Maintenance), the in-
tegration of the Maintenance
function into the Production
function. Operational in Ja-

pan, it gradually becomes ac-

DDV NFV  UTEK KPY

Ultimately EFNMS strives
to introduce LCMS (Life Cycle
Management System) as the
tool for investment decisions.
LCMS incorporates in the deci-
sion process not only the invest-
ment, but also the cost of oper-
ating the equipment, the cost of
maintaining it and, last but not
least, the cost of dismantling
and scrapping. Including envi-
ronmental consequences!

To play its role in this spec-
trum of developments, EFNMS
is active in anumber of projects,
designed to better equip its mem-
bers and the maintenance person-
nel associated with them, to per-
form in this time and in the

cepted in Europe.

* RCM (Reliability Centered
Maintenance) is also subject of EFNMS study and pro-
motion.

* So is outsourcing of maintenance, with the advantages of
cost reduction, but also with the disadvantage of the risk of
losing actual information on the condition of the equipment.

* Two projects operate on a distinct European scale: Tra-
ining and Certification.

- EFNMS develops a maintenance training framework
to make the various national training  programs
compatible with each other.

- EFNMS organizes examinations for maintenance
managers and technicians to obtain a European Ma-
intenance Certificate, proving the capabilities of the
holder based on an inter- national standard.

* Also to further its goals, EFNMS is participating in the
work of the European Standardization Committee TC 319,
Maintenance, and in a number of EUREKA projects.

To maintain also no longer means to keep the equip-
ment running, it means to keep the equipment in top notch
condition. So the equipment, and the Company, can and
will meet the severe conditions imposed upon us for regu-
latory and environmental reasons.

future. Projects not only in the

EFNMS context, but also on
a European scale and in close co-operation with the EU-
REKA-foundation. There is a European Benchmar-king
project, aimed at defining key-figures for maintenance in the
European Industry. We are preparing for a project in the field
of "E-Maintenance", where we will provide maintenance
information on the Internet. Of course also on a European
scale.

All these programs are being developed by the Mem-
ber Societies, not only for the benefit of their members, but
for the whole of the European Industry. And for the benefit
of non-European industries. Close cooperation with
Univerities and Colleges is promoted and maintained.

A chain is not stronger than its weakest link. Presently
EFNMS is strong. We have to strive to remain strong. By giv-
ing our support to our fellow-members. By participating in the
platform, in the open exchange of information. By being really
and truly interested in what others are doing and helping them
to de better by sharing your experience with them. Then they
will share their experience with you. For the better of every-
body involved. For me, for you, for everybody!

ir. A.J. Klijn (02-02-36), College of Amsterdam (1956), University of Delft (1964). Formerly manager of operation and
maintenance of Compressorstations with N.V. Nederlands Gasunie, project manager for the design and construction of Gasu-
nie's corporate headquarters. Past Chairman and honorary member of NVDO (Dutch National Maintenance Society). Past

President of EFNMS (1993-1995). Chairman of EFNMS (1995- ).

EFNMS Chairman Arjo Klijn
Zeemanweg 1

9752 NZ HAREN
NETHERLANDS

e-mail: hetnet.nl
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