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MONTE CARLO SSIMULATION OF THE ELECTRICAL
CONDUCTIVITY OF RUBBER COMPOUNDS DURING
SILANIZATION

Jan HRONKOVCf,,I\/Iarian KUBI'_IHAl, StanislavaII,\IARH%,
Ondrej BOSAK, Martin TOTH', Jan KALUZNY*

Abstract

Monte Carlo simulation of temperature dependencelettric conductivity of a model
mixture system, which involves reaction with foxder kinetics, was carried out on the basis
of chemical kinetics lawsThe temperature dependence of the conductivity ubber
compoundsduring the process of silane treatmemés studied experimentallgimulated
temperature dependence of conductivity was compardd measured experimental results.
The obtained experimental results and the datavedrifrom numerical simulation are in
satisfactory agreement. Effective method for maoimgoand control of silane treatment of
rubber compounds directly during the material pregieon process can be proposed on the
basis of the abovementioned finding.

Key words

Monte Carlo simulation, chemical kinetics, reactiof first order kinetics, rate constant
of reaction, silane treatment

I ntroduction

Rubbermixtures have attracted attention of materials netdygists for several decades
because these materials have found wide applicatidhe manufacture of tires. Silane or
silica treatment of resin composite is a very int@or technology step within the rubber
mixture preparation which is oriented on crossihigkand reinforcement of silica/silane-filled
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rubber compounds. The purpose of the presented Eafmefind a method for investigation of
the effect of silane treatment on rubber composiésostructure. Silanization to indirect
resin composite enhances significantly higher batngth, and bonds strength are affected
by the type of silane treatment ultimately. Applioa of a silane treatment improves the bond
strength to indirect resin composite for repair.imtgoal of the silanization process study is to
find the most effective silane system. The expeeesuggests that the silane treatment should
be considered to be a chemical reaction which &yiolg laws of chemical kinetics. Chemical
kinetics deals with the problem of the speed withiclv a chemical reaction occurs.

Theory of chemical reactions analyses the factuas dffect the reaction speed and looks
for the information useful for determining how tle&action process occurs. The speed of a
reaction is the rate at which the concentrationseattants and products change. It is well
known that chemical reaction affects the physical ehemical properties of reacting system.
In case the charge carriers are products of thetioga it is expected that the electric
conductivity of the system changes continuouslynduthe reaction process, because values
of electrical conductivity are considered to bessiare to concentration of charge carriers.
Nevertheless, there has been no experimental ordtieal study to determine the effect of
chemical reaction process on the temperature deperdf electrical conductivity of system
during the reaction. Our contribution deals witisthroblem in connection with the rubber
compounds silanization process.

Theory

The study of dielectric properties of industriablber compounds is of great practical
interest. As it is known, the electrical condudiiviof rubber is caused by presence
of impurities which transfer ions and thus electeigrrent. The mechanism of electrical
conductivity in the concerned materials was inggdgd in our earlier experiments [1, 2, 3,
4]. However, the mechanism of electrical conductivity rubber compounds during the
process of silane treatment is not even clearadntim the present paper, we investigate the
problem of changes of electrical conductivity otlsueactive dielectric system within the
numerical approach. In most of transport mechanisndels, the electrical conductivity is
explained by means of concentration of charge earin structure. We suggest that the
electrical conductivity of rubber compounds systeéuning silane treatment reaction can by
determined as:

0 =0p, T 0y, (1)

where Opy is electrical conductivity of reactionless compdsinof structure andg; is a
contribution of reactants to electrical conductivitVe expect that both contributions in (1)
follow Arrhenius equation [5, 6, 7]:

_Ea QY

JPOI = aOle o ' JSiI = 0-02 (CN ) € o ’ (2)

where activation energy of charge carriers in ieatdss compounds, and activation energy
of charge carriers in reactan&™ do not have to be equal. Pre-exponential facter
depends on immediate concentrati@q of that reactant which contributes to electrical
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conductivity of the system. We expect that the daet, is proportional to the reactant
concentratiorCy, i.e. the factowp, may be expressed as:

0, =K'C,, 3)

where K'is constant. For determination ag it is essential to know how the concentration of
the reactanCy changes when reaction progress:

Cy=C(tT). (4)
We start with the rate law for the reaction, whiclows first-order kinetics [8]:
dC,
=-cC, , 5
p Gy (5)

wherec; is the reaction rate constant which depends opaeatureT and follows Arrhenius
equation in the form [9, 10]:
_ED

c =Be'. (6)

Ep is activation energy of the reaction aBds constant. If we consider both the time and
temperature dependence of concentrafigmve obtain:

dﬁ:_ac'\‘a_-r+acN :qaq“+ac'\" (7)
dt 0T odt ot oT ot

wheres is the rate of temperature change. If we condidear changes of temperature during
reaction, then:

dT
=—=const. 8
=5 (8)
After substitution (7) in equation (5) we obtain:
aC,, . 9C,
+—=-cC. 9
oT ot o ®)
Solution of equation (9) is expected in the form:
Cu =Gy (tT) =49 x(T) (10)

and after substitution (6) and (10) to (9) we atfotai
1 0x(T), poe o 1 (

n—————*+-+Be kK =- —r (11)
x(T) ot (1) 9
Problem of solution of equation (11) leads to tbgtrdifferential system:
B
ULGX(T)+Be Goo (12)
x(T) oT
_ 1 0(t) o (13)
p(t) ot
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where C"is constant. System (12), (13) is solvable andt&wiwof this system can be written
in the next form:

" T _Ep
C 10 o
(T-To)-B J'e KT dT

x(T)=e R (14)
#(t)=A'e“" , where A" = const. (15)

To is initial value of reacting system temperaturewdyich the reaction runs. Consequently,
the concentration of the reacta&@i can be expressed as:

T _Ep T _Ep

C—"T—QTO—C't—EJ' e kT 4T o T_)-C'1 —Ej ek dT
Cy=o(t)x(T)=K e "o = A e[” j 77 gl : (16)
Assuming (8) the linear dependence of system testyer on time can be written as:
T=nt+b, a7)
whereb is constant, and next we find:
= C"(I—tj:C"(”Hb—tj=C"—b. (18)
n 1 1
Thereby the solution (16) can be rewritten as:
Blewar
n
C,=Ae ™ : (29)
where:
S
A=A'e”’ e” = cons 120
Pre-exponential factagy, can be obtained by substituting (19) to (3).
—gie—%d‘l" —;B} o gt
0, =KAe ™ =Ce © , where K'A=C= const (21)

Consequently assuming (21) in (2), we can find atrdoution of reactant to electrical
conductivity gs; as:

(s)
B )

[ T
o, =Ce

ED
J where: Z(T):EjekT’ dT . (22)
U 4
Expression (20) indicates the temperature deperdehceactant contribution to electrical
conductivity of reacting system under the conditidmeaction with first order kinetics. In the
frame of the model described above, we considdratidnly concentration of one reactant
changes during the reaction involving only a oregsiechanism. In summary, we have
proposed a simple model with emphasis on the cremé&action effect on the electronic
transport behaviour in a mixture system. This effeceflected through the changes of charge
carriers’ concentration which is proportional tce tiboncentration of reactant. Numerical
simulation of temperature dependence of electdoaductivity can be realized by means of
result (20). There are difficulties in evaluatingetintegral expression in (20) because the
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integral cannot be evaluated analytically. Highifeetive Monte Carlo methods can be
applied for its evaluation [11-18].

Experiment and simulation

Rubber compounds marked as SCR-3-X prepared inetyve range from 140 °C till
145 °C were investigated experimentally. Duratibsitane treatment process of the prepared
samples was from O till 7 minutes. Temperature ddpeces of AC electrical conductivity of
prepared samples(T) were persistently measured by GoodWill LCR 819 puop@nt at linear
increasing temperature (1fin ™) until to 170 °C. Details of the investigated reblnixture
composition and experiment details can be fourjd]inin the next text, we will substitute the
letter X in the sample identification symbol by the duratad thermal exposure of the sample.
Comparison of the obtained results showed notalbiferehces between the data of AC
electrical conductivity measured during the finstldhe second cycles of heating process. The
abovementioned differences can be seen in Fig. ithwshows the graphs of temperature
dependence of AC conductivity of SCR-3-7 samplds levident that the increase of AC
electrical conductivity measured during the firgtle of heating process is caused by the
silanization process since such increase is notsunable in the second cycle. The results
showed that if the duration of silane treatmen& gmple increases, then the size of the area
below measured curveyT) gradually decreases in both the first and the stoycles of
heating. In case of some samples, we observeditirian of silanization reaction at the first
cycle of heating, and then the reaction continuadng the second cycle. That fact was
registered as a smaller maximumafl) curve measured in the second cycle. The values of
electrical conductivity of non-silanized sample E&3-0) were lower than we expected. It can
be concluded on the basis of the mentioned reshdtisif the increase of AC conductivity
values (i.e. differences between valu€3) measured in the first and the second cycles of
heating - see Fig.1) respond to the chemical r@actte, then the size of the area below the
curve represents the charge carriers concentratlioh is proportional to the size of the
concentration of reactive substances. The deperdanihe size of area below the measured
o(T) curve on mixing duration is shown in Fig. 2. Alscan be seen, the mentioned
dependence of area on mixing duration decreasearlin(except the sample 0 min, which
was mixed and heated only to 110 °C). This respomdise fact that the silane treatment was
in progress during the mixing already and only [fzeion of treatment during the AC
conductivity measurement was observed there coesdgu

8_
6,0x10 o o
-1. .-' ..... .
o[S.m] .
- - Sla.u.] -
4,0x10° . . 5 .
- 2,0x10%
L} H -
- . i
2,0x10% - -
" 1,0x10°4 .
...... H0g° gPooo
0,04 oo DDDDDDDDDDDDDDDDDDD o .
20 40 60 80 100 120 140 160 180 R R

T[°C] t [min]

Fig. 1 Temperature dependence of AC electricaFig. 2 Dependence of size of area below
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conductivity of sample SCR-3-7 measured aheasureds(T) curves on mixing duration
1 kHz and with heating rate 1°C-riin

M in case of the first cycle of heating

O in case of the second cycle of heating

We simulated the measurer{T) curves by the model presented above. That needs
determine some parameters contained in (20) and tihese parametets,. can be calculated
persistently. The best numerical fit of the meaduemperature dependence of electrical
conductivity of system during silane treatment mbst obtained during the process of
simulation. Results are shown in Fig. 3.

1,5x10'; Fig. 3 Temperature dependence
-1 of AC electrical conductivity of sample
o[S.m] SCR-3-5 measured at 1 kHz and with
1,0x10' heating rate 1°C-mih
M in case of the first cycle of heating
O in case of the second cycle of heating
Solid lines represent simulated data

5,0x10°1

0,0

20 40 60 80 100 120 140 160 180
T[°C]
Conclusion

Potential applications of the presented methodracmmputer aided optimization of the
rubber compounds silane treatment process. Prelsantaerical investigation indicates that
the formula (20) could be usable for the processibber compounds silanization modeling.
This make possible to use AC electrical condugtieg a measure of the extent of chemical
reaction. Then we can realize an effective analsd control of silane treatment process and
find possibilities for the process improvement.sToontribution was supported by the Slovak
National Science Foundation under VEGA No0.1/06454h0 KEGA 327-010STU-4/2010
grants.
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INFLUENCE OF Bi ON THE MICROSTRUCTURE EVOLUTION
OF SOLDER JOINTSIN MICROELECTRONICS

Emil LECHOVIC, Beata SZEWCZYKOVA, Erika HODULOVA,
Koloman ULRICH

Abstract

The aim of this article is study the influence ofoB the microstructure evolution of
lead-free solder joints in microelectronics. They kiactors affecting the reliability of
electronic products are the interfacial reactioms golder joints, the secondary products of
which are brittle intermetallic compounds. Formatiand growth of intermetallic compounds
are dependent from the chemical composition ofesodshd base material, from the effects
time of the moltent solder on the base material fnach the operating temperature. It is very
important to mention that these reactions occurardy near the contact of the base material
and molten solder in the process of melting andicgdhe soldered joint, but they continue
even after the solder solidifies.

Key words

soldering, lead-free solder, reliability, interméia compound, bismuth

Introduction

The unhealthy effect of lead to the environment Andhan health has accelerated the
research and development of solder in directiom abmplete elimination of lead. Besides
higher melting temperature and worse wettabilityor(f different temperature profile,
different flux...), the lead-free solders diffeoifn the lead containing solders also by different
electrical and mechanical properties.

The most of lead-free solder alloys are setup mdamithe addition of a small amount of
the third and fourth alloys to the binary alloydrder to enhance their properties. Bismuth is
added to the solder alloys in order to decreasentieiing point, improve mechanical

Emil Lechovi, MSc. Eng., Beata Szewczykova, MSc. Eng., Erikddtava, PhD., Koloman Ulrich, Professor,
PhD. — Institute of Production Technology, Facuatyaterials Science and Technology in Trnava, Skov
University of Technology Bratislava, ul. J. Botu, 287 24 Trnava, Slovak Republic, e-mail:
emil.lechovic@stuba.sk, beata.szewczykova@stubaridg.hodulova@stuba.sk, koloman.ulrich@stuba.sk
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properties and increase of creep resistance. Bisalso enhances the wettability, what can
play the role in the use of lower soldering temper([1, 4].

The alloy systems with the Bi addition are usedhsyJapanese producers of electronics.
They use the alloys with high amount of Sn, ma#hAgBi and SnAgCuBi.

The typical compositions were tested by the Jamapesject NEDO (New Energy and
Industrial Technology Development Organization) ABEB.0Ag2.0Cu0.5, and later by IMS
(Intelligent Manufacturing Systems) project — SnAF#2.0Cu0.5. Only a low amount of
bismuth content is necessary to reduce melting ¢eatpre and achieve better wettability.
The addition of higher amount, approximately 5-2B%decreases the melting point to the
temperature of eutectic SnPb solders, but goodeptieg of SnAgCu alloy system disappear

[6].

The influence of intermetallic compounds on thejoint reliability

The most widespread questions regarding lead-BEeisreliability is the growth of the
intermetallic compounds which are localized on theerface between the solder and
substrate. All the known base materials and coatingelectronic together with the active
element (Sn) the molten solder form the intermietaibmpounds (IMC) on the solder —
substrate interface. Their occurrence on the conéaea indicates that a good-quality
metallurgical joint [2].

Unwanted is mainly the excessive IMC growth, indlbg the joint heating in working
process (changes of atmosphere temperature or tatupe changes due to heat abstraction
from the cover) and leading to the growth of IMCtlte heavy thickness, and thus the solder
— IMC interface becomes a source of cracks formaditd spreading.

The growth begins at the room temperature and moes$i to the area of working
temperature of electronics. The growth of layerd aracks brings about the degradation of
mechanical and electrical properties which is nemtdd by the decrease of electrical
conductivity of joint. The more cracks in the laydre higher the transfer resistance, which
causes higher heat strain of the joint and furdsdension of the layer and cracks. This
process leads to the joint degradation and gragtathe non-functional joint [3, 7].

The excessive growth also consumes the basic raeththereby gradually reduces the
soldered joint. This may result into the adhesmsslto the substrate which is not wetted by
the solder, or into the formation of cracks du¢hi® strain in the intermetallic layer owing to
its excessive thickness [3, 5].

Experiments

A four-element alloy SnAgCuBi with a small amou®5 and 1.0%) of bismuth was
chosen for the experiment. The basic material wsedCu with 99.995 % purity, a frequently
used material in electronics. The joints Cu - SnBGlL0.5BI0.5 and Cu -
SnAgl1.0Cu0.5Bil1.0 were formed by hot plate soldgrimhe soldering temperature was
255 °C through 5 s.
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The samples produced were subsequently annealédCaf C for 15 days and were
collected from the vacuum furnace at intervals of 3, 7, 11 and 15 days.
For observations of IMC (shape and size) presenthén structure of solders and at the
interface of soldered joints, light optical micropy was used. To assess the representation of
different phases present, the line EDX microanalys&s carried out.

Results

The microstructure of the interface of solderedij@u - SnAgl.0Cu0.5Bi0.after the
process of soldering followed by heat treatment a&town in Figs. l1la, b, c.
After soldering (Fig. 1a), the structure of sold&sAgCuBI0.5 consists predominantly of
fine-grained structure. The phases®&u and AgSn which change their shape and size after
the heat affecting are dispersed in the volumelofes. These phases are formed from Ag and
Cu, which are contained in the composition of sade

Since the use of soldering materials based on @wBanformation of IMC CgBus can be
observed at the interface of Cu-substrate/soldes.size of IMC layer does not get oveni
After annealing, another reaction layer is formetha interface of substrate and¢Suphase
documented as G8n (Fig. 1b).From Fig. 1b, 1c it is evident that with increasamgnealing
time the thickness of the IMC at the interface afgb increasing while causing significant
thickening of solder’s structure.

SnAgCuBi0,5 SnAgCuBIi0,5

\ CUesns Cu3$n
s 10 pm Oum
Cu — Cu |1_|
SnAgCuBi0,5
Ag3Sn
CUesns
Cu CusSn / 10 pm

Fig. 1 Microstructure of the interfacial area of Cu-SriA@Cu0.5Bi0.5 soldered joint
a) after soldering T=255°C,t=5+s
b) aged at 160 °C for 24 h
c) aged at 160 °C for 360 h
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Growth of CySn phase can be explained by the fact that thehiigness of Cgbns
phase leads to Cu diffusion at the interface, aou@, to the lack of Sn, a phase rich in Cu
(CusSn) appears at the interface of the soldered jgint vice-versa, if Sn phase is located
close to the interface, the growth of phaseStwis faster and reaches greater thickness due
to the reaction of Sn with Cu.

Morphology of the IMC is significantly differentMC CusSry is initially characterized by
its high inequalities in comparison with laminatedSn phase. Over time, however, serrated
shape of Cgbns phase takes laminated shape with a unique layscatlop. During the
longest time of annealing 360 hrs (Fig. 1c), atieddy continuous layer of the two phases of
average thickness of 2im was formed. The thickness of the IMC in view leé imnechanical
properties of the phases can be considered laggarfor the joint to be reliable.

In Figs. 2 and 3 of the line EDX microanalysis, 8teucture of heat affected soldered
joint together with the individual increased phas@sm be observed. The line analysis
confirms the presence of A§n and CgSns phases near the interface. Generally, however,
larger particles tend to G8ns phase and smaller particles tos89 phase.

¢ SnAgCuBi05
: O\

A\

T T T T —
8um /DIV 20pm /DIV
Fig. 2 Linear EDX microanalysis of Fig. 3 Linear EDX microanalysis of
Cu — SnAg1.0Cu0.5Bi0.5 solder joint interface ~ Cu — SnAg1.0Cu0.5Bi0.5 solder joint interface
aged at 160 °C for 24 h aged at 160 °C for 360 h

Structure of soldeSnAg1.0Cu0.5Bil.@fter soldering shows granular structure. Apart
from scattered A¢pn phase of various shapes and dimensions, thafiomof CySrg in the
form of the letter "F" was observed in the voluniesolder. During the annealing of solder
joints, there is a change in the growth and shapG.
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The sequence of formation at the IMC is the samia &1AnCuBi0.5 solder, i.e. as the
first is the formation of C4brs phase, and up to the heat affected is the formatfotine
second phase of @dn (Fig. 4b, c). Similarly, during the annealingg tsurface of IMC
CusSns also smoothens, but more intensively. It changes fserrated shape to scallop one.
"Smoothing" is the most intensive after the londese of annealing (Fig. 4c).

SnAgCuBi1,0 ‘ ~ SnAgCuBi1,0
CugSns * ?
CuzSn CueSn 10 um
10 pm 3 6N15 M

Cu |_ll| Cu =%

SnAgCuBi1,0

AgsSn
CugSns
CuSh 10 pm
Cu Us

Fig. 4 Microstructure of the interfacial area of Cu-SrAQCu0.5Bi1.0 solder joint
a) after soldering T=255°C,t=5s
b) aged at 160 °C for 24 h
c) aged at 160 °C for 360 h

When compared with the solder containing lesshg,thickness of IMC decreased at the
interface. SNAgCuBI1.0 solder also varies in thiekiess of phases (A§n and CgSrg)
located in the volume and quantity of solders potipg long-scallop skewer (G8ns phase)
of the interface to solders. These changes, mitrdsire refinement, can be attributed to
greater number of particles Bi contained in Sn-acas.

The line EDX-microanalysis (Figs. 5 and 6) of CBnAgCuBil.0 joint confirms the close
interface, which is made of @dn and CgSrs phases. This was confirmed by the unique
occurrence of Agsn phases in gross IMC Cu6Sn5. As in the solderg®ui0.5, the
presence of Bi precipitates in Sn-rich areas oBB& microanalysis failed.
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—
8um /DIV 20um /DIV
Fig. 5 Linear EDX microanalysis of Fig. 6 Linear EDX microanalysis of
Cu — SnAg1.0Cu0.5Bil1.0 solder joint interface  Cu — SnAg1.0Cu0.5Bi1.0 solder joint interface
aged at 160 °C for 24 h aged at 160 °C for 360 h
Conclusion

From the results of the study of interface the sid) lead-free joints it is clear that,
during the annealing (aging) services, there ageifstant structural changes. Adding 1% Bi
to system of SnAgCu alloy leads to refinement aimgrsize of intermetallic phases in the
volume of solders and suppressing the growth layenrstermetallic phases at the interface in
soldering joints and thus to the improvement of tbl@bility of joints. The presence of Bi
precipitates owing to the low content (0.5 and 1.0¥%Bi alloys in the systems of SnAgCuBI
was confirmed.
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CONTRIBUTION TO THE INVESTIGATION OF SURFACE
ROUGHNESS MODELS OF GRINDED PLASMA-JET SPRAYED
CERAMIC COATINGS

Zdenko LIPA, Jozef PETERKA, Peter POKORNY, StefahGLAV,
lvan BURANSKY

Abstract

Ceramic coatings acquired by plasma-jet sprayinge aronsiderably rough and
inaccurate as for dimensions. To achieve a smoathaccurate surface, it is necessary to
shape them and improve their technological propsrtirhe surface roughness is one of these
properties.

Key words
ceramic coating, roughness, surface, plasma-jed\dpg
I ntroduction
Real surface can be formed by one or several layeyarious chemical compounds or
various textures and properties. These layers ceyinate in natural way as a result of
production and utilisation of parts (hardening,dation) or in artificial way by deposition.
Several techniques of deposition with differentisture of layer can be used. These layers on
surface can be called surface layers (subsurfgeedpor coatings, too.
Properties of coatings
Coatings might have some properties similar to qumeperties even when coatings’

composition does not differ too much from the cerebmposition. Other properties might
completely differ from the properties inside thetp@hese properties can be geometrical
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(length parameters), mechanical (e.g. hardnessgttr), physical (e.g. thermal and electrical
conductivity), chemical (e.g. anticorrosion), teclogical (e.g. machinability and welding
property).

Sometimes, a coating can have inapt geometric dretoproperties (e.g. high roughness
and porosity) and it is necessary to modify thefiisTan be done by removing a damaged or
affected layer. Layers are added and removed hpustechnologies. When the size of an
added or removed layer is in a micrometre scalen tmicro technologies can be applied.
Similarly, Nano and Pico technologies can be used.

Layers with specific properties are made by PlaSpeaying on material’s surface, e.g.
wear proof or electrically insulating coatings. Saimes, mechanical treatment may cause
cracks and then local or general unstuck of coaioayrs. It is primarily a consequence of the
fact that individual characteristics of coatingsg(ematerial of coating, its structure and
mainly the type of binding between the coating araderial) were not taken into account.

Basic characteristics of coating shot plasma arc

Ceramic coating AD; + 13 % TiGQ which was made by plasma spraying of powder
AMDRY 6224 compound was chosen, on which interntediayer NiAl (powder AMDRY
956) was applied. The device used was Plasma khnie€o SNECMA system at IMMM:
Slovak Academy of Sciences and the background rahtgas cylindrical aluminium alloy
with dimensions D40x30. The thickness of coating @&mm.

In plasma spraying technology, material is fed iptasma beam in a powder form. In
plasma beam, powder particles are heated, mel@derelerated by exhalants of plasma gas
and collide with roughed surface of material. Aftepact, distorting the shape of flat disc,
they cool quickly to form a typical layered structuréheltemperature in the longitudinal and
transverse direction of the plasma beam is nots#mee, but it decreases with the distance
from the beam axis. Individual particles of a diffiet size are moving in the plasma beam
using different paths, and heat up themselves ttingeand evaporation temperatures.
Typical structure of coatings with much non-homaggn is gradually formed by the
deformed particles. Non-homogeneity is caused mdyl non-deformed particles that are
formed due to the fact that their heating tempeeatn plasma beam is low or it dropped
before they had rammed the surface. The coatirastains pores, cracks and jet material
particles on the surface of the substrate, anchéfmephases formed during heating or cooling
the coating layers.

Those coatings are formed to overlap the differdeformed particles distributed
unevenly. The result is a film which has a rougtiasie with pores. This also applies to other
types of metallic and ceramic plasma sprayed cgstiRoughness of the coating is mainly
dependent on the grain size powders. The surfaggngohas a roughness which is usually
higher than the usual requirements for the qualitgurface of mechanical parRegarding
the dimensional requirements, it is necessary miy to finish (smooth) the surface of
coating, but also to machine it to the requested. $otential ways of coating’s machining are
listed below.
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Coatings processing

As mentioned above, to perform dimensional coroectf a coated part, it is necessary
not only to reach requested roughness, but alschimadhe coating in order to reach
requested dimensions. However, adding another lafyeoating (plasma spraying) usually
does not improve dimensional accuracy; there isedrio find a way how to correct the size
by removing a thin subsurface layer of the coatilmgycase of machining of cylindrical
surfaces (in the case of our samples), turningndgng, polishing and superfinishing can be
taken into account. The last two methods requioerabination with grinding, as there are
stricter requirements for them regarding the pnevi@perations or starting state of the
surface. This particularly concerns superfinishimggardless the needs of a special
superfinishing machine and tool, and thereforerplasprayed coatings are not considered so
far.

Subsequent turning of coatings is not taken intmact, because the turning of coatings
is suitable for coatings with lower hardness andséh were not the subject of our
investigation. Our interest is focused on the grigaf coatings in particular.

The choice of the method and conditions of maclkinuil depend on the strength of ties
in the interface (i.e. when the coating does nal p#f), we may seek the conditions for
cultivation (mainly cutting rates), making it pdsl&i to achieve the desired surface roughness
and dimensional accuracy of parts. Cutting processaluated by various parameters such as
life of the cutting tool, cutting force (or its c@mnents), roughness of the machined surface,
shape of chips and so on. Basic characteristidheotutting process in machining coatings
are cutting force (components and specific cuttiegistance) and the temperature of the
cutting. Cutting force and cutting temperature gnith increasing the cutting depth of the
layer displacement, the absolute value of a negangle of the forehead and the hardness of
the coating. Cutting speed has a significant imfigeon the cutting temperatuta.addition,
cutting force and cutting temperature also affebepproperties of the coating (e.g. thermal
conductivity), and other machining conditions (¢og] lubrication, etc.). Cutting force has
components, which tend to rip lamella coatings fieach other or the entire coating from the
base. This is true for almost all modes of maclginin

Adhesion of coating to the substrate is about iered lower when compared with the
strength of the compact material, and therefore dpplication of the same machining
conditions suitable for compact materials usuahdis to success in machining coatings.

Successful machining of plasma spraying coatingsaily depends on:
. the coating material, its structure and physicodhahproperties,
. the selection of the way and conditions of maclgnin

Size of cutting forces and temperature can infleeparticular choice of cutting ratios
(cutting speeds, feed and depth of cutting laylar)their determination, we must take into
account the restrictions on the exercise machheerequired durability of the instrument, the
required surface roughness and adjustable levalstbhg conditions for the machin&s it is
the same group of variable cutting conditions,datermination of the cutting ratios has to be
considered as an optimisation issue.
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Current plasma spraying coating thicknesses araitab® mm in the light of the
necessary layer collected. Considering the funatiotpating thickness 0.3 mntptal
machining allowance is approximately 0.3 mm.

Grinding of plasma sprayed coatings

Ceramic coatings can be machined by super-harénguthaterials such as corundum
Al,O3, SiC carbon corundumy,C diamond and cubic boron nitrigg,NB. These cutting
materials are used for grinding tools; therefor@ding is the main method of machining of
ceramic materials.

Grinding is characterized by removing small slitstbe cut layer and a large (indefinite
but limited) number of teeth in gear (grinding ai with random geometry. Average value
of the instrument’s orthogonal face angles is megdaround-30°). Furthermore, there is a
high cutting speed resulting in high cutting tengpere. Abrasive grains are gradually worn
and abrasive wheel is filled with waste products goinding which rises the cutting
temperature and cutting force. Properties of gngdvheels and grinding conditions should
be appropriately determined in order to avoid ogatimg of the surface layers of the coating,
the emergence of crack, or peeling off. Grindst@neharacterized by abrasives, abrasives
texture, types of links (bonding materials), thedm&ss of the bonds, the structure (porosity),
or impregnation of binder.

Basic recommendations for the choice are:
- Select an abrasive material with low wear raseeasy to chop and restore cutting edge
(diamond, cubic boron nitride, silicon carbide)
- Select granularity according to the type of opera(bigger grain size for roughing and
smaller grain size for finishing)
- Hardness of the bonds must ensure release oteblugrains from the grinding disc.
Therefore, select soft disks (hardness bond marked K)

Metal binding is suitable for diamond grinding wiger roughing, and bitumen binding
for finishing.

Cutting rates should be in the following limits: @k of the cutting layer should be in the
range from 0.002 to 0.02 mm (larger for roughingaller for finishing). The feed rate of
workpiece should be in the range from 80 to 300 mim*. Peripheral speed of grinding disc
(cutting speed) should be in the range 15-35 nwvghile rather lower rates are recommended.

Due to the existence of pores in the coating, tiredgd surface is more opaque when
compared to the grinded surface of the steel. Wiamding, it is recommended to use
suitable cooling fluid of 3 to 5% solution of H elsion.

Mathematical model of experiment
A study of parameter grinded surface coat’s wilharetic mean deviation of assessed

profile Ra. Regarding the circumferential speewofkpiece y, feed rate of workpiece and
depth of cut, etc., dependence of power type casbemed
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Ra=Cg, Vg [V (&, 1) (

which is transformed to a linear formula

log Ra =log Ga+ cilog o + :log v + zlog &, (2)
which can be presented as the following linear exatitical model of shape
y = bo +bixq + bpxz + bexs (3)
and if x0 = 1, we get
Y = laXo +bix + X + baxz . (4)

The challenge is to determine the coefficiengs ta, b, bs. This must be ascertained

experimentally, for example method of planning expents. The above mentioned variables
Vo, V5, etc. are called the natural factors and variakjes;, X, X3 are called coded factors.

The natural factors determine the upper, lower amddle level setting values for the

experiments, ie VOMaXoMin, Vostr, Vimaxs Vimin, Vistrs 8max 8bmins 8bsts aNd transformation

_ 2llogv, ~logv,,,)

1= +1 (5)
Iongmax - IogVOmin
2(logv, —logv

, = ( gv; g fmax)+1 (6)
Iogvfmax - Iogvfmin
2\loga, —loga,,.,

. - ( p p! )+1 (7)
Iogapmax - IOgapmin

the received upper, lower and middle levels ofdbeded factors x1, x2, x3 in the values 1, -1,
0, although fictitious factor x0 is a constant \elt.

Plan of experiments for the linear model can hesitated by Fig. 1.

Fig. 1 Model plan of experiments
where the set values for the experiment is showthattop of the cube. Peaks can be

numbered as paragraphs 1 to 8, e.g. for pointtin $ke experiment values vOMinmM, 8min
for Item 4, set in the experiment values vOmaxay &min. Point O is at the centre of the plan
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and shall be subject to the set valyg, Wi, ast- We developed a matrix plan of experiments
using the following Table 1.

Table 1
Point
of Vo Vi 2 Xo X1 X2 X3 Yi XiiYi | X2iYi | XaiYi
plani log Ra
1 Vomin | Vimin | Sbmin +1 -1 -1 -1 Y Y1 Y1 Y1
2 Vomax | Vimin Smin +1 +1 -1 -1 y Ty - Y2 - ¥
3 Vomin Vimax Somin +1 -1 +1 -1 ¥ - Y3 VY3 - Y3
4 Vomax | Vimax | Sbmin +1 +1 +1 -1 y T Yy T Va - Y4
5 Vomin Vimin Amax +1 -1 -1 +1 ¥ - Y5 -Ys tYs
6 Vomax | Vimin | @max | *1 +1 -1 +1 ¥ *+ Y6 - Ye V¥
7 Vomin | Vimax | Smax +1 -1 +1 +1 y - Y7 Ty Ty
8 Vomax | Vfmax | @max | *1 +1 +1 +1 y T Vs + Vs + Vs
>=8 8 0 0 0 | 2vi [Zxayi|XZ Xa¥i| 2 XaiVi
i =1to 8, N =8 (the number of points)
then the coefficients will be:
1 1
b.=—) x,y. =— . 8
0 N z Qi yl N zy| ) (
1
b, = Nlei Yi 9)
1
b, = Nzxzi Yis (10)
1
b3 = Nzxai Yi - (11)

Obtaining the coefficients gb by, by, bz, and their substitution into (3), which also
represents the transformation relations (5), (6),we receive a specific formula (2) and its
specific antilogarithm formula (1) for our experints.

Place of formula (1), which is dimensional non-hg®eeous, we can use dimensional
homogeneous shape of the equation:

vo ) (v, \* (a )
ResCufon | o) g 2] 12)
v Ostr sttr apstr
here we need to consider the following transforomatelations
v v
Z(Iog % —log Omaxj
— VOstr V(Etr +1
|Og VOmax _ |Og VOmin
V(Etr V(Etr

X, (13)
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X, (14)
fmax f min
Iog fstr log sttr
Z{Iog % —Iogapmax]
X, = aapstr aépsfr +1 (15)
pmax pmin
log log 3

then in Table 1 for valuesovv;, then is needed to used denominato§s, Wisr, bstr
Calculation of the coefficientspbby, bp, bs, however, will be under (8), (9), (10), (11).
Equations (1) and (12) have different constantsafd Cia

Eventually we can use standard equation for caioglahe physical quantities of Ra,
depending on the variableg, X, X3, instead of equation (1):

Ra=K X% X% [X%..., (16)

where K is a numerical constant dependent on tbeelof X;, X5, Xs. . . relevant variables,
and g, e, &. . . the numerical exponent (integer or fragments)

Then a system of physical units has to be specdgedhat each relevant variable has a
physical dimension. Units can be selected with gespo SI. Then exponents, &, 6. . .
should be taken so as the monitored variable ¢etsdimension with respect to SI. These
requirements are rather due to the fact thatréég@mmended to use the Sl, and not because it
Is the only way possible.

Further on, the procedure well known from the mxatralculus can be used. We can
proceed as follows:

- Construct the dimensional matrix so that we wiiter the dimensions (length L, mass M,
time T, the temperature) into the heading of matrix lines, while we willrite involved
values into the headings of matrix columns.

- The acquired dimensional matrix can be divid#d two sub-matrices from the top so that
the first sub-matrix (the upper one) will be squanel called a basic dimensional matrix P.
The other sub-matrix is called an additional dinemsl matrix Q. Basic dimensional
matrix must be regular (with non-zero determinaift)pt, the regularity can be achieved so
that one line is replaced by another line of subrx&). -

- Determine the basic rank-dimensional matrix P.

- According to Buckingham Theorem, dimensionalatopun with values of X

(X1, X5, X5..X,) =0, 17)
can be transferred to the formula with non-dimenagiparameters;:
llJ(T[l,TEZ,T[3...T[m) =0, (18)

then it is always m <n:
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m=n-r, (19)
where r is the rank of the matrix p.

- According to the rules of matrix number, we Miilld the inverse matrix P 'to matrix P, then
we will find the coefficient of matrices QP’, there determine the matrix-QP' to matrix
QP," and after that we will attach a unit matrix fhe system, obtaining thus the matrix E,
which is the exponent matrix of the variablg$a individualr - parameters.

T, = X1 X 52 [X 8. X n (20)
Formulas (5) for individuat — parameters are called primary definition forrsula
- Then write so-called “criterial equation”:
o = Oy Oge..mr (21)
wheremnp and yare constants to be determined.

- Finally, from criterial equation, we eliminateettsearched value, thus getting so called
fundamental equation, for example in the form

Ra=k &, (V—fJ , (22)
VO

where Vf is the feed rate of the workpiece.

Experimental conditions and results of grinding of ceramic coatings

BUA 16 grinder which had two C 49 80 K 9V and D@B4100 B Il grinding discs was
used for grinding. A modified lathe SV 18 R withrasive (polishing) Al203 grain belts of
120 and 400 (fine) and SiC particle size 240 (rafime) was used for polishing. Corundum
grains (AbO3) size 40, 63, 100 (coarse and fine) were usebl&sting.

To detect the surface roughness, Surtronic theRahnK Taylor Hobson Ltd.) was used.

Grinding conditions were for grinding with grindinlgsc of silicium carbide as follows:
- Cutting speed (circumferential speed of grindiigeels) y=30m /s
- Circumferential speed of workpiece = 20 m / min
- Longitudinal feed f = 4.5 mm
- Depth of cutting layerga= 0.005 mm

Grinding conditions for grinding diamond grindindneels were as follows:
- Cutting speed (circumferential speed of grindiigeels) y=30m /s
- Circumferential speed of workpiece = 20 m / min
- Longitudinal displacement f = 4.5 mm
- Depth of cutting layerga= 0.01 mm

Conditions of polishing with the above-mentionedsaive belts were as follows:
- Polishing speedv=11.3m/s
- Longitudinal feed with hand

For a method of planned experiments on grindingdisa D 107 C 100 B VII (thicker
size, mean concentrations and harder of phenoldii®hyde bonding) conditions were:
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-ve=30m/s
- Vomin = 17.59 m / min
- Vomax = 35.18 m / min
- Vimin = 750 mm / min
- Vimax= 1500 mm / min
- &min = 0.02 mm
- domax= 0.04 mm
- Vostr = 25.13 m / min
- Visyy = 1000 mm / min (Err =5 mm, R s¢= 200 min-1)
-V = f.n,v
- dostr = 0.025 mm
where R, is the frequency of rotation of the workpiece.

Results obtained were as follows:

- Arithmetic mean deviation of assessed profileoRdhe basis of AICu4Mg after spraying
plasma showed values of roughness Ra 5.029um

- Interlayer NiAl (0.055 mm) after spraying plassteowed values of roughness Ra = 615
0.9um

- Ceramic coating AD3; + 13% TiQ (0.5 mm) after spraying plasma showed values of
roughness Ra = 3.150.29um

- Ceramic coating AD3 + 13% TiQ after buffing wheel siliciumcarbid showed valués o
roughness Ra = 0.830.22um

- Ceramic coating ADs + 13% TiQ after diamond grinding wheel showed values of
roughness Ra = 0.820.23um

- Ceramic coating ADs + 13% TiQ after abrasive belt (which was polished) with@y
grains size 120 and 400 showed values of roughHRass1.6 74 0.46um

- Ceramic coating AD3; + 13% TiQ after abrasive belt (which was polished) with@d and
SiC grains 120 grain 240 showed values of roughRess 1.23t 0.51um.

- A method of planning experiments at grinding wathdiamond grinding wheel, we found
dependence (for Ra 0.9, 0.95, 0.96, 1.00, 1.00, 1.06, 1.17, 1.52 mm

Ra=0,370V " V7> )% [um] (23)
v 015 Vv 023 a 029
resp.Ra= 1020 —2° £ § m 24
P-Ra=1 [ﬁ 2513j [ﬁloooj EE 0025} lum] ()
and also
Ra=02370vg* 0 ** ) @md*  [um] (25)

v 015 ,£N\02 (023 a 029
= 0 - W p
Ra ]’02[€ 2513} [ésj [ﬁzooj [E opz5j [hm] (26)

if heq is equivalent thickness of chips and formula diso(for external grinding to round)
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_Vvolfla,  vglvila,
“" 60y, (b, 60V, [h, [b,

bs is the width of grinding disc [mm] .

[mm] (28)

Discussion

We have not found the formulas for grinding of aogs similar to ours (formula 23 to 28)
in the professional literature, Similar relatioms &nown for grinding the compact materials.
Maslov [9] found the relationship:

Ra= (4903/;0,97 m;vo,ls [ﬂ);015)ﬁi§’56 if 075 wg,ﬁs [um] . (29)

The term in parentheses is based on the varialmfitthe cutting speed.vworkpiece
diameters g and width (thickness) grinding disg, kand f is axial displacement. When
considering the frequency of rotation of the wodga nw, the relationship (41) can be
rewritten using the formula

Ra= (490@;0,97 m;vo,lS Eb;O,lS m—,075)@3,56 B/f 0,75 WS,GS [um] ’ (30)

w

while the expression in brackets is replaced bydbstants in our formula (23) to (28).
Formula (29) resulted from the experiments. Inédargcale experiments, more values can be
considered, however in equation (29) they are takenaccount by the constant 490. These
values can be: the coefficient of rigidity of grind machine tool and tool holder, the
coefficient of the properties of grinding wheel (tmlication of abrasive coefficient, binding
type coefficient, binding hardness coefficient,ding impregnation coefficient, granularity
coefficient and coefficient of porosity of grindingheel), the coefficient of cutting fluid
properties, the coefficient of grinding time (numioé strokes) and the coefficient of spark-
out time (number of spark-out strokes).

Values of exponents of cutting conditions’ paramrsetee more interesting than the above
mentioned constant. Formula (29) also says thagmoess of grinded surface is affected
mostly by feed velocity (in axial direction), artteh by tip velocity of work piece, and finally
by the depth of the cut (stroke, feed, etc.). Haveexperiments brought the following rate:
depth of cut, feed velocity and at least tip velcThis can be justified as follows:

When grinding very hard materials (including cogs)) grinding wheel is markedly
worn, the rate material removal declines and moedenal is pushed awayreed and
particularly infeed (stroke, depth of cut) can Isedito overcome the deformation forces by
cutting forces. Infeed can therefore substantialiijience the material removal rates and also
roughness of the grinded surface.

Conclusion

The achieved results can be taken into accountdatings’ machinability, also called
micro-machinability. At present, it can be consatkeras absolute micro-machinability
according to the achieved surface roughness (deswlicro-geometric micro-machinability),
because we did not define standard conditions dietustandard instrument, and so we could
not yet determine the relative machinability ackevoy buffing the surface roughness
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(relative micro-geometric micro-machinability grind). If machinability by grinding we
called grindibility, we could talk about the abgeluor relative micro-geometric micro-
grindibility.

Ceramic and hard metal coatings obtained by plaspnaying exhibit high roughness,
porosity, and indeed cannot always meet the reapgnés of the manufacturer on the quality
of the surface. It must therefore be carefully deid to avoid overheating of the surface layer
coating (may cause cracks) and possibly to avossipte peel off coating from the substrate
and to prevent the deterioration of the bearingeurofile, which should result in a decrease
in carrying capacity of the surface coating, insezh friction and wear in the possible
exploitation of a coated part.
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PROCESS CENTERLESS RECESS GRINDING

Andrej MALIK, Augustin GOROG

Abstract

The article deals with special centerless grindusing various methods, particularly the
centerless grinding recess methods. The resultsealsuring the surface roughness of frontal
and cylindrical areas of a workpiece, as well as thundness of the cylindrical surface of the
workpiece are presented in the paper. Qualitatiseameters of the machined surfaces are
supplemented by the course of the grinding procdéss.change in the shape of the workpiece
in the process of grinding causes also the charfgeosition of the workpiece in the work
zone.

Key words
centerless grinding, quality parameters, the gmylprocess

I ntroduction

The principle of each method of grinding is withded of material by abrasive grain.
Abrasive grain is a cutting wedge with random getoynand orientation. When grinding, the
workpiece material is removed by a hard flint gnmgowheel at high cutting rates. [1]

Centerless grinding is used for grinding smoothinclyical components, which are
inserted between two discs. One of them is a grondiheel and the other a regulating wheel.
Workpiece rotates at a peripheral speed of theingtaegulating wheel.

Centerlessradial grinding (Recess)

Recess grinding is used for machine parts that hareress, shaped or conical surfaces,
or, where appropriate, more coaxial cylindricalfaces without centres. Workpieces are
inserted into the backstop between the grindingragdlating wheels, the axes of which are
parallel [1].
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Specific features of centerless recess grinding

Specific features of centerless grinding reces$oatkare:
1. Movement (feed) of one of the discs in the radiedaion of grinding. At the end of this
movement (feed), the workpiece receives the fimakdsion;
Axis of the wheels are parallel with the surfacehaf leading slide;
Smooth procedure, since there is no axial movewiaihe workpiece.

w N

However, in the real procedure, the regulating wi@ens a minute angle (0.5 °) with
the surface of the leading slide. This arrangemehigch is typical for this method, is here to
prevent the workpiece from oscillating in the axditection. The inclined axis of the
regulating wheel is pressed against the front efdilece backstop.

Wheels are converging either manually or automiyicln this method, we can grind
the parts of various shapes to a certain lengthane H, where fax is the maximum length
of the piece of ground. Workpieces are insertedrambved manually or by using tanks.

Grinding process is usually carried out with a acef of the workpiece pressed to surface
of the leading slide and regulating wheel. The deanf the shape of the workpiece in
grinding leads to the change of the location of thorkpiece in the work zone.

Recess grinding process

In Fig. 1 is a scheme of instant positioning thekpeece during a single revolution when
in-feed grinding.

original position of the axis
of the workpiece

don dew-1/4t dopt
» 1 < » 2 < »

axis of the workpiece

Fig. 1 Scheme of instant positioning of the workpiecennih-feed grinding
a — starting the process; b — intermediate positibithe workpiece; ¢ — position after one
revolution of the workpiece; 1 — grinding wheek-2egulating wheel; 3 — leading slide. [2]

[y

The tool path feed rate is marked t.

If allowance is taken with certain parts of thefsce, the workpiece decreases and is
shifted to the regulating wheel Fig. 1 b).

Thus, the workpiece does not have a correct cytatrshape after one revolution,
because the depth of grinding over the turn varfesreceive the workpiece of a precise
circular shape, it must be kept rotating withotedal feed.

When grinding, the geometrical axis of the workpigmsition is constantly changing
while remaining parallel to its initial positiond=il c).
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Fig. 2 The ratio of diameters of the workpiece before after grinding [2]

Dok — grinding wheel diameter, ;R — regulating wheel diameterg,d- workpiece diameter
before, @y, - workpiece diameter after, h — height of the vpieke axis connecting the
wheels centers,pa- half of a chord limited by an intersection libetween the centers of
wheels with the outer surface of the workpieag— center displacement of the workpiece
axis X,A; — center displacement the workpiece axis Z.

ao =& 1)

(D“ Dyt doy duh] (Dn,;{'zl'l'uh.l:l )2 _ [h— dzjz A, (2)
A= ﬁ(m) LA, ";”3“; 3)
(Rexttore)” = (h—n)? + (2 + (qp—1) +4y) @)

The system of equations (2), (3), (4) must be sbwi regard to gl Ax ,Az. In a special
case whemp = 0, h = 0, the system takes the following shape:

T p
Dy . +d Do g td = "
w-rf2 ob __ JJ{ F-Ifz nh.u) _ ﬂz’, + ﬂ-x : (5)
dop—d .
ﬂ'Z: oh - oh.o : (6)
[ Bl
Dy .Fc';"i:lh.:l _ *qllﬂ% + (Dh.?{;dub —t4 ﬁx) ' (7)

When substituting the expression fior in equation (6) in equations (5) and (7), and take
them to the power of two, we get:

(Goscdon _ ) EEE ) _(dua—ﬂdua.a)z; (8.1)

-
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-
= =

[:Dh.Ff"'"*'uh.u): _ (Da itdon —t4 ﬁsz_F ("—"'uh_ duh.njz _ (8.2)
After further adjustments, we will have a systenegfiations (8) in the form:

d 2%

o~ Zab.o — —_ .
: Bx = oy (9.1)
dnb.nﬂ‘dub 1+— E‘X=;r_i‘:}: ) (9.2)
2 h.xToh
a% (t-ay)’

When omitting the memberBs.x + @b g Dyp.i + dox in the system (9) , which do not
affect the required accuracy of calculation, fraqua&tions (3) and (9) we get:

dab.ﬂ = dﬂb —t; (10)
A= (11)
= (12)

It is evident that dependences (10), (11), (12)vatal for the addition of the removal of
any thickness, however only with the differencet thariablent will be substituted fort,
wheren is the number of revolutions of the workpiece witlthe period of removing the
allowance.

The property of centre workpiece displacement keriainto account when setting the
grinders. It should be noted that with increadinglifferenced,, - o IS also growing fast.
Line heighth can be determined from the geometrical relatigrsshi

Similarly, this applies to centerless grinding-tigh manner, yet the nature of the
workpiece movement is much more complex. Workpisamtated and thus its axis stops to
be parallel with its original position.

These movements in the piece-through grinding tea@ducing the workpiece diameter
approximately by variablg which was previously set up in the grinding maehiwith the
same setup in center grinding, the workpiece diamebuld decrease Rt

In centerless grinding, the variable-throudgh - dop o is usually called theepth of cutA
double depth of cut for grinding center is indickterespectivel\2t.

To avoid misunderstanding, varialbjevhich can only be regarded an instantaneous depth
of cut will called allowance of angle [2].

Change profile and qualitative parameter s surfaces workpieces

To determine the impact of in-feed centerless gnidon a circular profile and the
parameters of the surface (roundness and surfagghmess), we carried out a series of
experiments within which the parts shown in Figw&re manufactured. Components were
made of ST 37 - 2K. Their diameter was @ 9-3gdiameter of semi-product before grinding
210.04°%®). Grinding was made on MULTIMAT 208 machine whilsing the grinding wheel
400x30x203 99BA/96A 60N7V (STROH flat diamond), wéging wheel 300x30x127
A120RL152R7 and leading slide was straight. Grigdmachine working time was 9.8 sec.
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a) b)
Fig. 3 Workpiece a) before and b) after grinding

Fig. 4 shows the round profile section measuredfeelected part before grinding. Below
the picture, specific parameters of measured rguofile and surface roughness are listed.

For comparison, Fig. 5 shows one of the measuredilgg after grinding and the
measured parameters.

Fig. 4 Profile before grinding
AZ 6.34um; P 3.28um; V 3.05um; RO3um
Roughness before grinding: Ra 1.59um; Rz 8.99uni,. ®Kum

Fig. 5 Profile after grinding
AZ 5.25um; P 2.50pum; V 2.74pmg 8 79um
Roughness after grinding: Ra 0.55um; Rz 4.37un).R@um
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Both displayed profiles (Figs. 4, 5) have represgon parameters — the parameter values
are the closest to the average values. Roundrd&$svas reduced by grinding in average by
17%, while the part in the region of moun® (vas reduced by 24% and the depressidfis (
by 10%. Radial wheel run-ouR{) was reduced in average by 17%. All the surfacghoess
parameters observed were reduced significantlyefeifit parameters of 51 to 65%).

Conclusion

The experiments proved that the centerless plumigeligg improves the parameters of
circular profile and surface roughness. Howevesrdlare cases where grinding can worsen a
qualitative parameter. It concerns particularlyaaourate mutual positioning of the workpiece
surfaces. For example, in a way-through centedessling of outer surfaces (especially with
a small of length/diameter ratio of a componeast, ing-shaped components) nonuprightness
of the cylindrical surface of the workpiece regaglits face can be a bit bigger. This will not
happen with plunge grinding.

All the methods of centerless grinding may causg tiine outer (grinding) surfaces and the
inner surfaces of the workpiece are not exactiglignment. Coaxiality of surfacés changed
by pass-through grinding along the length of thekpizce.

This abaxial is usually consideredamdom deviationin fact, this phenomenon is caused
by specific features of centerless grinding andai be affected. If the grinder is properly
adjusted, a larger amount of appliance is usedthadoptimum allowance of grinding is
retained, it is possible to achieve the accuradynéoextent of the prescribed tolerances after
grinding.
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USING ARAMISFOR MEASUREMENT OF DEFORMATION
OF THIN-WALLED PARTSDURING MILLING

Jozef PETERKA, Ivan BURANSKY

Abstract

This paper describes deformation measurement of thin-walled parts by ARAMIS
measuring system. During the milling, machine and workpiece may deviate from required
geometry. Thin-walled parts are primarily used in automotive, aerospace and energy
industries. ARAMIS s a system for optical 3D deformation analysis for static or dynamically
loaded specimens and components. ARAMIS measuring system can be used for determining
the deformation of thin-walled parts during milling.

Key words

ARAMIS deformation, milling, thin-walled parts, measuring deformation

| ntroduction

Peripheral milling of flexible thin-walled parts & commonly required operation. Thin-
walled parts are used primarily in automotive, apaze and energy industries. During the
milling, tool and workpiece are in contact. Theeeffof cutting forces is a deflection from the
ideal component shape. The problem during millifgthon-walled parts is chatter. The
flexibilities of the cutter and plate produce sevéorced and self excited vibration during
peripheral milling. Self-excited chatter vibrationscur due to dynamic interactions of the
cutting process and structure. Chatter vibratioedratiated by transient vibrations, and their
stability depends on the axial and radial depthcat; cutting speed, workpiece material
hardness and structural properties of both toolvemidkpiece [3].

The peripheral milling of very flexible plate sttuces made of aluminium alloy is studied
in this paper. Some authors have presented thésedout milling thin-walled partsBudak
and Altintas presented a dynamic model for perigherilling of very flexible plates [1].
Ratchev presented his paper on error compensation strategylling flexible thin-wall parts

2].
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Optical measuring system ARAMIS

ARAMIS (Fig. 1) is the system for optical 2@formation analysis [4]. It is ideally suited
to measure, with high temporal and local resoluasnwell as with a high accuracy, three-
dimensional deformation and strain in real comptmand material specimens. For static or
dynamically loaded specimens and components, ARAMIBws for non-contact and
material independent determination of 3D coordimated 3D displacements, 3D speeds and
accelerations, plane strain tensor and plane stage#n material characteristics.

BASIC DATA OF OPTICAL MEASURING SYSTEM ARAMIS [} Table 1
System Configuration 5M
Frame Rate 15 Hz up to 30Hz
Camera Resolution 2448 x 2048 pixels
Measuring Area mm2 to > m?2
Strain Measuring Range 0.01 % up to > 100%
Strain Measuring Accuracy up to 0.01 %
Sensor Dimensions 510 x 230 x 200 mm3
Weight 3 kg

Fig. 1 Optical measuring system ARAMIS|[4]

For the 3D deformation and strain measurementsohiect to be loaded is viewed by a
pair of high resolution, digital CCD cameras. 3Dage correlation photogrammetry
technology is a unique combination of two-cameragmcorrelation and photogrammetry. A
random or regular pattern with good contrast ishe surface of the test object, which
deforms along with the object. The deformationto$ thin-walled part under different load
conditions is recorded by the CCD cameras and atedu

Random pattern on surface
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Milling thin-walled part and defor mation measur ement

Milling is a multiple point, interrupted cutting egation. Because of the multiple teeth,
each tooth is in contact with the workpiece foraction of the total time [3]. The finished
surfaces, therefore, consist of a series of elemhesurfaces generated by the individual
cutting edges of the cutter. Due to the natureetdtive contact between the workpiece and
the tool, the chip thickness is not constant bauttstwith a zero thickness and increases in up-
milling and starts with a finite thickness and asses to zero in down-milling. The down-
milling (Fig. 3) of thin-walled parts is better tihap-milling.

The dimension of workpiece was 100x80x10 mm. Tregpslof thin-walled part is show
in Fig. 2. Material of workpiece was EN-6082 AIMg®i1 aluminium alloy which has good
machinability.

- 100 - 1 Ay
A A
(-
I
% ! fz -
'L -t |
Fig. 2 Shape of thin-walled part Fig. 3 Down-milling

The workpiece is a 10 mm thick aluminium platewls cantilevered by clamping one
end in a vice with a clamped length of 27 mm anddih of 200 mm. The cutting tests were
carried out on a 5-axis high-speed milling centi®CH105 linear. The free-end was down-
milled (Fig. 3) using a bull nose end mill, helical 30°ptflute tool with a diameter of 20 mm
with MEGA-T coating. Overhang of tool was 55 m#or the experiment, the following
parameters were used: depth of cut (DOC) 10 mmtinguspeed 314 m/min, width of cut
(WOC)1 mm without cutting fluids. 3D optical measigy system ARAMIS was used for
deformation measurement.
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Fig. 4 Measurement set-up

Experimental results

Figures 5, 6, 7 shown colour deviations maps inouar positions of cutters. At the first
immersion, the deformation of parts at the begigresan be seen. The maximum deviation
during milling was 2.5 mm. The maximum deviationswaused by the parts vibration, this
vibration was accompanied by unpleasant sound. déwsation of parts was changed during
cutting, just moves with the cutter. After millinthe maximum deviation was to a value of

0.01 to 0.05 mm.

Fig. 5 Colour deviation map of thin-walled Fig. 6 Colour deviation map of thin-walled
part when tool isin starting position on part part when tool isin middle position on part
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Fig. 7 Colour deviation map of thin-walled
part when tool isin end position on part

From the measured data, displacement of pointsaits gcan be graphically evaluated.
Chosen points and their layout are shown in Figur&he result of the experiment was the
graph of displacement of measured points (mm) enel ¢s) shown in Figure 9. Displacement
measured points were evaluated with regard toixeel fpoints. Colours of points correspond
to colour curves measured by determining the changposition of point in time. The
maximum deformation reached endpoints (red and paiets). These are places where the
cutter enters and exits from thin-walled parts.ré&yaisite for the experiment was that the
greatest deformation will be around the end points.

Section length [mm]

.\?/v.

3. Measurement points

P CCEEEE TR

3. Fixed points

./ : \.

Length y-difference [mm]
(=]
g
|

1
-0.053 — T T T T T 1
128 135 140 145 150 155 160 165 169

Stage 161 Strain stage []
Fig. 8 Position of measurement points and Fig. 9 Result from ARAMI S software
fixed points
Scientific asset

The asset of this paper is the presentation oféve method of measuring deformation of
thin-walled parts. This method is used for realetimeasurement. It is possible to compare
the results from ARAMIS with FEM analysis.
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Conclusion

The issue of thin-walled milling is very extensiviéhe article deals with one of the main
aspects of the production of thin-walled parts, asdecially with their deformation during
milling. Method of monitoring strain components igal-time using 3D optical system
ARAMIS was first used in experiment. The resultstloé experiment make it possible to
better understand the behaviour of thin-walled conemts during milling.
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INFLUENCE OF CUTTING MEDIUM ON DEFORMATION
OF THIN RIBS

Jozef PETERKA, Ivan BURANSKY, Eva KUCHARIKOVA

Abstract

Influence of cutting medium on tool life or qualitiyworkpiece is well-knowfthis paper
deals with the influence of cutting medium on defdron of thin ribs made by milling. The
machining of thin ribs exhibits various problembkeTpaper describes some of these problems
and contains basic information on several typesutfing media used in machining. Chatter
is generated by machining of thin ribs. This chatiguses surface waviness. If the chatter is
oversized, it is possible to measure the deformatio the experiment, TRITOP noncontact
measuring system for measuring thin ribs’ defororatvas used.

Key words
cutting medium, deformation, thin ribs, non contaetasuring, milling
Introduction

Machining can be defined as the process of remomatgerial from a workpiece in the
form of chips. This process is performed within MIJ\(W - machine, T- tool, W- workpiece,
J — jig) system. The cutting media are integrakaf this system. In general, the cutting
medium can be divided into the following categof@®s gaseous, liquid and solid.

Cutting medium has influence on dimensional acouea surface quality of workpiece,
especialy in case of thin ribs. This type of wodga is used patrticularly in aircraft industry,
as well as energetic and automotive industry mabdgause of weight decrease of final
product (e.g. aircrafts, turbine, etc.). Thin rdve made by milling.
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Milling is a multiple point, interrupted cutting epation. Because of the multiple teeth,
each tooth is in contact with the workpiece foraction of the total time [3]. The finished
surfaces, therefore, consists of a series of el@ahaunrfaces generated by the individual
cutting edges of the cutter. Due to the natureet#tive contact between the workpiece and
the tool, the chip thickness is not constant, barts with a zero thickness and increases in up-
milling and starts with a finite thickness and d@mses to zero in down-milling. The
peripheral milling of flexible thin-walled parts &commonly required operation. During the
milling, tool and workpiece are in contact. Theeeff of cutting forces is that there is a
deflection from the ideal component shape.

Cutting medium characteristics

The prime functions of cutting fluid are effectigeoling and lubrication. With the supply
of cutting fluids, the friction is also reduced.€le functions and effects require the cutting
fluids to be in a fluid form. There are also cotesis media such as fats or powder lubricants.
Though the friction can be reduced, they are ntd ttbdecrease the heat in cutting area and
that is the reason why they are not used so fralyudrhe main application fields for these
lubricants are thread cutting or special formingragions [4]. Only the gas media have not
been employed in manufacturing so far, because #plication is difficult. If particular
gases are applied properly, they can remove the dreh also reduce the friction if their
chemical properties are suitable [Blowadays, the air-mist cooling is also expandingtba
cutting fluids are still the most applicable coglimedium in metal machining. Besides
cooling and lubrication effects, they also haveeotfunctions [4]. Main functions of cutting
fluid involve [1]: cooling, lubrication, removing hqps and metal fines from the
tool/workpiece interface, flushing and preventidrcarrosion.

Thin ribs

Thin rib can be described as a workpiece consistingery thin plates. Thin plate in
machining is that, even at a minimum cutting foregeso deformed, that the local thickness
in critical place is different, such as guide vaafer milling or surface waviness are formed
due to chatter. The concept of a thin wall compbmaeans that it consists of walls; the
thickness is extremely small compared with othenatisions such as wall height and wall
length. The shape of thin-walled parts can varyn-Walled parts can be divided into single-
walled parts and thin-shape complex parts. Defaomaif thin-walled parts in the machining
process is shown in Fig.1. Material ABCD (Fig. hosld be ideally cut, but, due to the
oscillation, A'BCD material is cut. After millinghe machined surface material passes back
and BDB 'material which should be removed is ciit Dhis causes, that the wall thickness is
thinner at the top and wider at the bottom of tladl.w

3D Coordinate measuring system TRITOP

TRITOP"™M (Fig.2) is an industrial, non-contact optical measy system for exact 3D
coordinate acquisition of discrete object points.shown in Fig. 2, the system consists of a
laptop including the evaluation software, the @QiTRITOP camera, coded and uncoded
reference points and a scale bar set with accessf@]. Coded reference points ensure an
image set that can be evaluated and allow for aaficroalculation of the camera positions. In
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addition, so-called orientation crosses are aviglalhich are factory-equipped with several
coded points. Uncoded reference points are usedetermine the 3D coordinates of the
measuring object and are identified automaticafy TRITOP software. In each TRITOP

measuring project, the scale bars are the referfemadetermining the dimensions. We used
photogrammetry camera system with resolution oB22nillion pixels. The cameras are
based on professional digital reflex camera hows{egy. Nikon, Canon, Fuji) in connection
with a manual fixed focus lens and a ring flashclEARITOP camera system is factory-

verified and certified in order to guarantee theasging accuracy.
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e A ]

/
| Lutfing material

|
f
|
|
i

Thin rib

Fig. 1 Thin rib milling

Fig. 2 Non-contact optical measuring system TRITOP

This mobile technology supports time-optimized noea@shents for on-site quality control

and deformation analysis. All relevant object ppiate marked and, using a photogrammetric
camera, images of the object to be measured apedext from various angles of view. Then,

the TRITOP software automatically calculates the ®idrdinates of the adhesive markers
and object characteristics from these digital insalg¢. Photogrammetric is the technique of
measuring objects (2D or 3D) from photo-grammes.
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Experiment

The cutting tests were carried out on a 5-axis sjgied milling centre HSC 105 linear,
with a 42 000 rpm spindle. The tool was a carbidmdrical end mill with two cutting edges,
16 mm diameter, 30° helix angle, 0.5 mm cornerusdand_= 50 mm overhang.(D=3). A
small overhang is necessary to consider a rigitecon the spindle. The cutter was mounted
in a HSK 50A thermal holder. The workpiece was mafle6082 aluminium alloy. The
machining of the thin wall starts from a solid pladbf the dimension 100x80x10 mm.
Deformations of the part were measured inxtdirection, the perpendicular feed direction,
by TRITOP, a non-contact optical measuring systétmaddition to parts deformation,
average surface roughness Ra was measured. Aodlent; 5% emulsion Blasocut BC25
was first used and then air. Cutting conditionsenas follows: depth of cut — 5 mm, width of
cut — 2 mm, cutting speed — 301.44 m/min, millingthod - down milling.

Helical cutter

Thin rib . I Uncoded points |

Coded points\

Fig. 3 Machining set-up

Results

The deformation of thin ribs is shown in a deviaticolour map. The results of
deformation at different cutting medium are shown Figures 4-5. The difference in
deformation was minimal. The deformation componerdsurred mainly at the top of the
wall in both cutting media, about the same as @aden in Fig.4 and Fig.5. We can say that
cutting medium (air, emulsion) has a significanfpanot on the deformation of thin wall
milling. Cutting medium is reflected more on theatity of the surface.
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Fig. 4 Colour deviation map of thin rib using air Fig. 5 Colour deviation map of thin rib
using emulsion

Roughness was measured by using Surtronic 3 +.mid@suring positions are shown in
Figure 6. Surface roughness of thin ribs is givefable 1.

2.

Fig. 6 Measuring position

ROUGHNESS OF THIN RIBS SURFACE Table 1

Measuring position 5% emulsion Blasocut BC 25
0.46 0.32
1.22 0.34
1.26 0.58

Scientific asset

Asset of this paper is pointing out the importanteutting medium in milling the thin
ribs. Contribution is a summary of basic cuttingidl characteristics; it describes problems
with thin ribs and noncontact measuring method efodnation by TRITOP optical
measuring system. Experimental results proved tfeuence of cutting medium on
deformation and surface quality of thin ribs.
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Conclusion

Cutting medium plays an important role in machinimgerations and has impact on
productivity, tool life and quality of work. Thedh-speed machining of aluminium and its
alloys does not use emulsion, but only air. Howewatrthe speed of 10,000 rinit is
recommended to use emulsion, since, in additidmetter lubrication, cooling and removing
chips and metal fines from the tool/workpiece ifgee, which has no significant effect on the
deformation of thin-walled parts, it leads to highsurface quality. Cutting conditions
(particularly the depth of cut) remain the most artpnt parameters influencinghe
deformationof thin ribs.
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SELECTION OF MATERIALSAND TECHNOLOGY FOR FORMING
THE LAYERSRESISTANT TO ABRASIVE WEAR

Silvia REVESOVA, Pavel BLASKOVITS

Abstract

This article deals with the selection of materifds forming wear resistant layers within
agricultural machine parts wear. We can achieveursgg hardness, wear resistance and life
extension of agricultural machine parts and tooysthe selection of a suitable material and
surfacing technology.

Key words

tribology, abrasive wear resistance, electric aufacing, filler material for abrasive wear

I ntroduction

Studying wear is characterised by many differepeats and it is mostly influenced by
the complexity of materials interaction on a fuontl surface as well as by operation
conditions. In machine elements, there is a grasheddr in the result of friction. This is
considered to be an undesirable effect in mostscaleerefore, we have to search for the
possibilities to prevent it thus extending the techl life of a component. Surfacing presents
one of these possibilities. Searching for the pmltsi of cutting the costs of changing the
worn or damaged machine elements has led to thelgmwent of a wide range of surfacing
technologies. Increasing the safety and extendiegtiéchnical life of machines and devices
are important requirements of modern technology. &de also add the requirement for
simple maintenance, as well as simple and less¢oneuming repairs in solving the random
failures or operation accidents.

Silvia Revesova, MSc. Eng., Pavel Blaskovits, Psede, PhD. - Department of Welding, Institute addRrction
Technologies, Faculty of Materials Science and feldgy in Trnava, Slovak University of Technology
Bratislava, J. Bottu 25, 917 24 Trnava, Slovak Réipue-mail: silvia.revesova@stuba.sk,
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Wear is the (permanent) change of shape, sizeaturfss of material layers that usually
form the surface of solids. It occurs as a resuftiction and out of technologically required
shaping or required change of material charactesif3].

Slovak technical standard 01 5050 classifies wedbllows: adhesive, abrasive, erosive,
fatigue, cavitation and vibration wear. Wear camehmany forms that depend on the surface
topography, contact conditions and environment.

Abrasive wear

Abrasive wear belongs to such wear types that cmouromost frequently in machine
elements of industrial installations and it preser-to 80% of overall volume [4]. It can also
originate from other wear types in the course ofcWhhe free particles are being formed.
These particles are becoming stiffer than the pareaterial. This happens under the
influence of either intensive plastic deformation,air oxygen oxidation. Abrasive wear rate
can be reduced by:

load reduction — particles will not be imprinteddseply into the material surface and the
riffles will be shallower
hardening — with the same effect as it is in presipossibility [6]

Abrasive wear consists in separation of surfacésgar undulation of another surface or
particles that are situated between the frictiomaar It mainly depends on load, slide-way
length and hardness. The influence of number, amk shape of the particles is also very
important [5]. Riffles belong to typical surfacendages in abrasive wear.

In abrasive wear, it is necessary to distinguistwben two critical phases, namely the
process of imprinting the abradant into the surfabere the imprint hardness and destruction
process are the limiting factors. Interatomic béorde and the composition strength between
structural components reciprocally at the bordégrains play a decisive role [4].

Experimental programme

Subject of this experimental programme presentedcchoice and evaluation of surfacing
(Fig. No. 1, Fig. No. 2, Fig. No. 3) made out usthg technology of hand arc surfacing with
using of filler materials by Welco Company (Weldearodes 1702 S, 1707 S, 1709) for
surfacing layer resistant to abrasive wear. Orpdrent material S 355J0 (constructional steel
according to Slovak Technical Standard 11523), wkled the filler materials to three layers.
We were searching for such sample that would be @aough, resistant to abrasive wear and
contain minimum amount of chrome at the same tsoeit would not burden the welder’s
health and the environment. Chemical compositiotheffiller material is presented in the
table No. 1.
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Pridavny material 1707 S

4 Pridavny materidl 1709
fatisciy S & i

Fig. 1 The surfaced sample No. 1 Fig. 2 The surfaced sample No. 2 Fig. 3 The surfaced sample No. 3

CHEMICAL COMPOSITION OF APPLIED FILLER MATERIALS Table 1
Parent material

11523 Chemical composition (%

Electrode C Mn Si S P Cr Ni Mo V W Fe
No.1-1702 S| 0,75 11.7| 0.15/0.002 0.02| 4.2 3.1] 0.35] - - | 79.728
No.2-1707S| 0.4 0.3 08| - - 8 - 1 0.6 - 88.9
No. 3-1709 0.6 0.5 0.4 - - 4 - 8 1.1] 1.7 83.6

This type of surfacing belongs to plainer and naayadalso the most widespread ways of
surfacing concerning the availability of devicesl dneir undemandingness in handling. Heat
needed for the parent material and electrode ngeltcluding the cover, generates in the
electric arc. Fusion metal can be alloyed through ¢lectrode cover and corestock. In
surfacing, it is necessary to keep the arc shoiit,is possible to provide the protection of the
metal pool against the air atmosphere and nootwedhe alloying elements [1]. Surfacing is
carried out by laying down weld beads using thegitdinal or transversal method and
covering the beads by 1/4 up-to 1/3. Surfacingaiely made on a vertical plane. Thickness
of a surfacing layer is usually of 2 or more militres and it can be resistant not only to
wear, but also to collision, pressure, corrosian |&].

One of the important aspects in the surfacing m®de the choice of the electrode.
Correct choice of the electrode can improve thep@nties of a surfacing layer, increase
hardness, toughness and stretch out the life atifumal area.

Sample preparation
Three types of surfacing were selected for the exy@atal testing. Sample No. 1 surfaced
by 1702 S electrode without pre-heating, sample 2Nsurfaced by 1707 S electrode and No.

3 surfaced by 1709 electrode with pre-heating up-200 °C following the producer’'s
recommendation.
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Surfacing parameters:

Welding current intensity: | = 120 A (all samples)
Welding voltage: U = 22 V (all samples)

Direct current of reversed polarity was used.
Diameter of electrodes: 3.2 mm

Electrodes were dried at 300 °C for 2 hours befize

Testing methodology

Aim of this testing was to determine the most dldaurfacing layer resistant to abrasive

wear. We selected three basic tests for evaluation:

1.
2.

metallographic testing (macroscopic and microsgopic

hardness testing (microhardness measuring — miatobss attests mainly to the character
of the structure and its homogeneity. At the layederlayer interface, it attests to the
character of the weld and the amount of mixingfillex and parent material);

testing of the abrasive wear resistance accordirgjdvak technical standard 01 5084.

Experimental programme evaluation

Metallographic testing

a)

Macrostructural analysis results — macroscopic masien was carried out with naked
eye and a magnifying glass. We were observing rdiffie damages of the welded-on
material surface as well as the equality and thesknof the surfaced layer. At the
meltdown border line in sample No. 1 (Fig. 4) weseived a slag. In sample No. 2
(Fig. 5) in the third surfacing, it is possible abserve disintegrity of the size 0.5 mm.
Heat affected zone is indistinctive. In sample Mo(Fig. 6), there was no disintegrity
compared by sight such as lack of inter-run fuseavjties or pores.

Fig. 4 Macrostructure of the sample No. 1 Fig. 5 Macrostructure of the sample No. 2
(1702 S) (1707 S)
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Fig. 6 Macrostructure of the sample No(13709)

b) Microstructural analysis results — we used lightnmscopy for prepared cross-sections,
according to the sample preparation procedure falographic testing. Selection of the
corrosive depended on the chemical composition naflyaed sample. Sample No. 1
surfaced by 1702 S electrode was corroded by 3 %atdl, and samples No. 2 and 3
surfaced by 1707 S and 1709 electrodes were catrbgel0 % of Cr@ Analysis was
focused on the evaluation of the surfacing intgghuttering microstructural analysis, and
heat affected zone of the base material. In Fijloe7, we can see the parent material —
surfacing transfer. The surfacing layer is of at cdsracter and the parent material is of
ferritic - pearlitic structure and polyendric mogbbgy. Bainitic structure occurs here and
it causes the fact that the melted parent materialloyed from the filler material of the
electrode and carbidic particles originate consetjyieAt the interface, there is formation
of a fine-grained structure in the result of retailization process within the surfacing of
another layer.

l::";ll.-,"-}__\..ll."_:l ! i I'. . " :I -
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e

Fig. 7 Microstructure of a transition zone, parent madér
— surfacing of a sample no(1702 S)
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Transition zone (Fig. 8) consists of a dendriteedixvith the parent material. We assume
high density of precipitates and carbides withia #filoying elements (Cr, Mo). Heat affected
zone, which is now indistinctive, has grain thas hat coarsened and it comprises polydedric
morphology of ferrite and secreted pearlite aldregtiorders of ferritic grains.

* ST . "“
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Fig. 8 Microstructure of a transition zone, parent matéria
— surfacing of a sample No. 2 (1707 S)

Figure No. 9 shows a detail of the surfacing mittature. The surfacing microstructure
is characterized by similar dendrite morphologyihsamples. The surfacing microstructure
character around the heat affected zone — dendotphology is not distinctive, borders of
columnar grains are markedly corroded, and thisheanaused by precipitation of secondary
phases. On the basis of the surfacing chemical oseitign, we assume that these are the
carbides of alloying elements.

i. 9 Micotructre of . transition zone prent magér
— surfacing of a sample No. 3 (1709)
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Microhardness measurement

Microhardness of individual samples made out byrdharc-drop surfacing technology
was measured in 15 places of sample cross-sedtiosample No. 1 (Fig. 10), the lowest
average value of microhardness was measured ama#si probably caused by the chemical
composition of parent material (1702 S). The sumadardness in samples No. 2 (Fig. 11)
and No. 3 (Fig. 12) changes from 262 to 762okbV(Tab. 2). In these locations, the
concentration of chrome probably rises. The meassuefacing microhardness is presented

in Figure No.13.
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Fig. 10 Measuring the microhardness
on the sample No. 1 - 1702 S
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Fig. 12 Measuring the microhardness
on the sample No. 3 - 1709
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Fig. 11 Measuring the microhardness
on the sample No. 2 -1707 S
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Measured out average microhardness of hard surfaced samples

Fig. 13 Measured out average microhardness of hard sedaamples

Test of resistance to abrasive wear according eé3lovak technical standard 01 5084

Before measuring the wear resistance, we weighedstmples individually on the
electronic weighing machine with an accuracy of If) After weighing, we tightened the
sample into the holder of the tester and loadeddmgpressive force of 0.25 N. The sample
was moving radially from the edge to the middle wehié automatically stopped. Thereafter,
we picked it and cleaned it. Abrasive cloth waslaepd and we put on another sample.
Reference indicator ¥y, = 0,35715 g was obtained after the abrasive wierecsample from
the material 12 014.20 in such way that is spetifrethe Slovak technical standard 41 2014.
After testing, we weighed the samples again andguke measured values, we figured out
the weight reduction and relative resistance tasilbe wear.

In the compared surfacing types, the relative tasce to abrasive wear is different. In
order to find out which surfacing is the most resis to abrasive wear, we calculated the
average relative resistance for each sample.

for surfacing 1702 S..........cooeevvviinnnnnn AW =1,8183
for surfacing 1707 S.........ccooiiinnneen AN 0= 2,4600
for surfacing 1709 .........coeeeviiiiviiiim DY apr= 2,6955

The best resistance to abrasive wear was agaiheddxry the sample No.3. It is suitable
for cutting tools of all types. Surfacing is chaeaized by high resistance to abrasive wear but
it also has the advantage in terms of economiclahiy and mainly in terms of chrome
content which was the lowest, especially in thimgie. Thanks to the Cr content reduction in
the layer, Cr content in welding fumes reduces sintiltaneously it does not pose a burden
to the environment and the welder’s health.
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Discussion on theresults

Applied filler materials were selected on the gmbwf chemical composition and the
recommendation according to the company cataloGheome content in the filler material
increases toughness, oxidative resistance of the, wansit temperature of notch toughness
and notch sensitivity. Chrome and carbon form clwomcarbides that are characterised by
high wear resistance, but even small amounts cfettldements unfavourably influence the
man’s health and the environment. The advantageammbination to chrome is molybdenum.
Their content increases hardeability of steel aadiimess at higher temperatures, which was
also proved in the sample No. 3 hardfaced by 1&@®elde. Despite the lowest content of
chrome and the highest content of molybdenum,aithied the best results (the highest level
of microhardness and abrasive wear resistance)jn@tne macrostructure observation, we
did not notice any lack of inter-run fusion, ca@#tior pores. Sample No. 2 also reached high
level of hardness and abrasive wear resistance ekdawthe content of chrome was at the
highest level in this sample. Weld beads forminigradurfacing is regular. In sample No. 1,
we recommend to change the surfacing parametecaube it reached the lowest level of
hardness, and abrasive wear resistance. By visuditat, we found some surfacing defects.
These were probably caused by the low molybdenurteabin the surfacing material.

Conclusion

Present spurt technical development imposes inagasquirements on the quality of
manufactured machine components. The requirememprise particularly the operational
reliability, component life, but also the requirame for precise parameters and quality,
adequate toughness, corrosion resistance, resstanendividual types of wear such as
collision, pressure etc.

All these requirements imposed on machine compsraarinot be, in most cases, secured
by only one kind of material. Also by this reasondividual layers are coated onto the parent
material of a component by surfacing technologyeskh layers mainly function as a
protection, but they are also resistant to cormspressure, collision and other individual
wear types. The component is renovated in this wag,new component is then hardfaced.

Following this knowledge, the development of nelleffi materials is very important.
These materials should reduce chrome content isuHacing so that their ability to reduce
the resistance to given wear types does not dexreas
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EFFECT OF REDUCTION IN THREE-DRAWN AND TWO-DRAWN
SINGLE-RUN TECHNOLOGY ON ROUGHNESS OF INNER SURFACE
OF TUBES

Martin RIDZON, Cubica ELEKOVA, Jana LISKOVA, Jozef BILIK

Abstract

The paper deals with the production of could drgwecision seamless steel tubes with
three-drawn and two-drawn single-run technologyhe Taim of experiment is to verify the
possibility of drawing rolled tubes of siZeé 70 x 6.3 mm (material E355) with three-draw
single-run technology without intermediate recrylgtang annealing on the final siz& 44 x
3 mm in the fixed reduction and two-draw single-technology’/ 70 x 6.3 mm without
intermediate recrystallising annealing on the fisate/7 50 x 3.75 mm in the fixed reduction
and with size/7 70 x 6.3 mm without intermediate recrystallisimgnaaling on the final size
[745 x 3.75 mm in the fixed reduction. Advise thearhphoice of the reduction on roughness
of inner surface of tubes.

Key words

reduction, three-draw and two-draw single-run teslogy, roughness of surface

I ntroduction

Under the name of drawing tubes, cold-forming meahging which the original
material (tube) forms in beams, its cross-sectlmimks, thins up or the thickness of wall of
pipe enlarge and length increases. The processmirig moves in several draws, depending
on the original and final size of the tube. The amgant task is the choice of proportional
reduction for the particular cross-sections becalisainbalanced decomposition of reduction
results into tension and deformation or cracks rdutihe pulling, that will consequently
influence the roughness of tubes’ surface.
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Experiment

The experimental material is non-alloy structutebsgrade E355 (see tab.1) which was
used to produce hot rolled tubes’ size70 x 6.3 mm.

CHEMICAL COMPOSITION OF EXPERIMENTAL MATERIAL E355 Table 1
C 0,1800 | Mn 1,1800 Si 0,2300 P 0,015p N 0,0140 Cr,050D

Ni 0,0800 | Mo | 0,0200 Ti 0,0020 \ 0,0030 Nb 0,0010 N 0,0090

Al 0,0230 Zr 0,0020 | Ca| 0,0022] As| 0,0060 W 0,010  Zn0,0040

Cu | 0,2000 Sn 0,0160| Pb| 0,0010 G 0,0032 Sb 0,0q40  |d®0010

The experiment was contucted to the following tedbgical process:
Deburring— chemical treatment> drawing tube at a fixed mandrel roller other
operations. Detailed view of the internal tube acefis shown in Fig.1., Fig. 2., and Fig. 3.

Fig. 1 Detail of the inner tubes’ surface material E359267x5, first- draw, b) @50x3.75,
second- draw c) @44x3, third- draw

Fig. 2 Detail of the inner tubes’ surface grade OR-3) &35, first- draw, b) @50x3.75,
second- draw
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Fig. 3 Detail of the inner tubes’ surface grade and OR35px4.35, first- draw,
b) @45x3.75, second- draw

Determining of thefinal reduction:

- Specified final reduction with three-drawn single technology of drawing tubes from
(070 x 6.3 mm to final diametér44x 3mm is 69.35 % which was consequently divided
into three draws.

- Specified final reduction with two-drawn singleartechnology of drawing tubes from
0 70 x 6.3 mm to final diametér50x 3.75 mm is 56.78 % which was consequently
divided into three draws.

- Specified final reduction wittwo-drawn single-run technology of drawing tubes from
0 70 x 6.3 mm to final diametér45x 3.75mm is 61.45 % which was consequently
divided into three draws.

Experiment evaluation

After various draws in the samples was measureghmess of the inner surface of tubes
and was considered whether the sample properteesa@ording to EN 10305-1. Surface
roughness was measured by Taylor Hobson touchlgradter Surtronic 3 + (Fig.4), in
according to STN EN ISO 4287. Principle of measweinthe sensing tip of the arm moves
at a constant speed across the surface and pidhis upequality. The device provides output
numerical values for the standard characteristicsurface roughness on the display or
graphical output (measured profile and curve ofrttagerial profile share) in the monitor.

Fig. 4 Touch profilometer Surtronic 3 +
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For the experiment were monitored and measureasaltithe arithmetic mean deviation Ra
considered profile. The measured values were aactstt in following charts:

« 3 material E355, ¢70x6,3 - @57x5 - 50x3,75
o Je 2,45 - 44x3
£
2z 2
g =
Eg 15 1,2
; g2 1 0,76
o a 0,47
£ 0,5
[+14]
3
& 0
O 1s 25 3s

Fig. 5 The resulting roughness values of tubes /a] [
0 — rolled tube (intermediate input), 1s — firshdmn, 2s —second dawn, 3s — third drawn

material E 355, ¢70x6,3 - ¢55x4,75 -

850x3,75
2,5 2,34

1,5

0,5

Roughness of inner surface of
pipes Ra (um)

Fig. 6 The resulting roughness values of tubes /a] [
0 — rolled tube (intermediate input), 11s — firsawn, 12s —second drawn

material E 355, 70x6,3 - #55x4,35 -
©45x3,75

2,5

1,5
0,92

0,5

Roughness of inner surface of
pipesRa (pm)

o} 21s 22s

Fig. 7 The resulting roughness values of tubes /ia] [
0 — rolled tube (intermediate input), 21s — firsawn, 22s —second drawn
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The required roughness Ra value according to EN03Q3and formed by heat-treated steel
E355 + C (symbol + C means - no heat treatment #iféelast cold forming) Ra isidm.

Conclusion

The consequential roughness of inner tubes’ suthasdarge influence on the choice of
a proportional reduction in the individual sectioy mistaken determining of reduction
would be express to roughness of surface and theaRa would be greater than according to
EN 10305-1. According to this standard is givennigx. arithmetic mean value of deviation
Ra = 4um, while the charts show that these samples byittirawn single-run technology
was roughness after third drawn Ra Qu#7and by two-drawn single-run technology was
roughness with reduction 56.78 % after second dridar0.64um and with reduction 61.45
% was after second drawn Ra Oh. It follows that the material in terms of rougkse
verifies the requirements in standard to EN 10305uitable for forming other operations
related to roughness of surface.
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ELECTRON BEAM WELDING OF DUPLEX STEELS
WITH USING HEAT TREATMENT

Ladislav SCHWARZ, Tatiana VRTOCHOVA, Koloman ULRICH

Abstract

This contribution presents characteristics, metaiu and weldability of duplex steels
with using concentrated energy source. The first pathe article describes metallurgy of
duplex steels and the influence of nitrogen orr thelidification. The second part focuses on
weldability of duplex steels with using electroratmeaimed on acceptable structure and
corrosion resistance performed by multiple runsdefocused beam over the penetration
weld.

Key words
duplex stainless steel, electron beam welding, tireatment

I ntroduction

Duplex stainless steels are very attractive coostmial materials for service in
aggressive environments. Their physical propeidies between those of the austenitic and
ferritic stainless steels, but tend to be closehtse of the ferritics and to carbon steel. Such
steels offer several advantages over the commderatis stainless steels. The duplex grades
are highly resistant to chloride stress, corrosimcking, have excellent pitting and crevice
corrosion resistance and are about twice as steriige common austenitic steels.

The first-generation duplex stainless steels pexvigood performance characteristics, but
had limitations in the as-welded condition. Thesrithtions confined the use of the
first-generation duplex stainless steels, usuallyhie unwelded condition, to a few specific
applications. The heat-affected zone of welds lbadtbughness because of excessive ferrite
and significantly lower corrosion resistance thiaat tof the base metal. Nitrogen alloying of
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duplex stainless steels enhances HAZ toughnessa@nasion resistance, which approaches
that of the base metal in the as-welded conditiditrogen also reduces the rate at which
detrimental intermetallic phases are formed.

Normally, duplex steels are weldable using weldimgcedures generally used for high
alloyed steels. The experience with such compagigtimew welding method like electron
beam welding is still limited. However, there haween a few successful applications and
there is every reason to expect that procedurédbevitieveloped more fully.

Chemical composition and metallurgy of duplex stainless steel

Duplex stainless alloys have 18 % to 28 % chromi@®, % to 7.5 % nickel and
low carbon contents. Some of the alloys will alswé additions of nitrogen, molybdenum
and copper. Chemical composition of some duplegesiuplex and hyperduplex steels are
given in Table 1 [8].

The second-generation duplex stainless steelsediged by their nitrogen alloying. It is
generally accepted that the favourable properfi¢iseoduplex stainless steels can be achieved
for phase balances in the range of 30 to 70 %téeand austenite. Figl shows the typical
microstructure of duplex stainless steel.

The interactions of the major alloying elements,
particularly chromium, molybdenum, nitrogen, andkei,
are quite complex. To achieve a stable duplex &trec
e —— that responds well to processing and fabricatiane ecnust
be taken to obtain the correct level of each ofs¢he

e o elements.

- Mechanical properties of duplex stainless steeés ar
w excellent in the temperature range from - 50 °Ga0 °C.
ee—— % When steel is subjected to elevated temperatures,
numerous different solid state reactions can takeep
These lead to the formation of different precigsat
resulting in detrimental changes in the properbéshe
material, especially in its toughness. When dudieels
are exposed to temperatures over 300 °C they apeptible to 475 °C embrittlement. During

heat treatments in temperature range 500 °C — @)@dplex stainless steels are prone to
microstructure changes and precipitation of int¢aflie phases.

Dark phase = ferrite

Fig. 1 Typical microstructure
of duplex stainless steel

CHEMICAL COMPOSITION OF SOME DUPLEX STEELS SANDVIGAF Table 1
Steel EN ASTM Chemical composition (%) PRE
grades C max. Cr Ni Mo N
Sl 2208 X2CrNiMoN22-5-3 S$32205 002 | 22 57 | 31 017 | 35
(duplex)
SIal= 280 X2CrNiMoN25-7-4 S$32750 003 25 7 4 03 | 4
(super duplex)
SAF 2707 HD | 5> CiNiMoN27-6-5 $32707 | 003 | 27 | 65 | 5 | 04 | 49
(hyper duplex)

PRE — Pitting Resistance Equivalent
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The iron-chromium-nickel ternary phase diagram isoadmap of the metallurgical

behaviour of the duplex stainless steels.

1400

1200 |

1000 ! 1832

shown

A section through the ternary at 68 % iron
= L . (Fig. 2) illustrates that these alloys solidify as
Ltol o ferrite. As temperature decreasés 1000 °G,
| 2552 austenite develops. For cast duplex, a structure
3 of austenite islands in a ferrite matrix can be
[ / observed. For wrought alloys,
2192 the microstructure has morphology of laths
o |./ ¥ of austenite in a ferrite matrix.
| Thermodynamically, because the austenite is
| forming from the ferrite, it is impossible for the
" alloy to go past the equilibrium level of
,cH ——Hom x| austenite. However, as cooling proceeds to
! lower temperatures, carbides, nitrides, sigma

800 1472 ) . i
! and other intermetallic phases are all possible

%Ni 0 5 10 15 microstructural constituents [1, 2].

wor 0 #s 20 19 The effect of increasing nitrogen is also

in Fig. 2. Another beneficial effect

of nitrogen is that it raises the temperature
Fig. 2 Section through the Fe-Cr-Ni  at which the austenite begins to form
Ternary Phase Diagram at 68 % lron  from the ferrite. Therefore, even at relatively
rapid cooling rates, the equilibrium level
of austenite can almost be reached. In the secendrgtion duplex stainless steels, this effect
reduces the problem of excess ferrite in the HAZ [5

Electron beam welding of duplex stainless steels

Electron beam welding uses energy from a
high velocity focussed beam of electrons made
to collide with the base material. When
electrons in a focused beam hit a metal surface,
the high energy density instantly vaporizes the
material, generating a so-called key hole (Fig.

3). Welding direction
A characteristic of this phenomenon is that T

allows the unique capability for deep, narrow
welds with very small heat affected zones
(HAZ) and minimized thermal distortions of
welded assemblies.

Depth-to-width ratios of up to 40:1 have
been achieved in production for many years.
With high beam energy, a hole can be melted
through the material and penetrating welds can
be formed at speeds of the order of 20 m/min.
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Welds are made in vacuum, which eliminates contatian of the weld pool by gases.
The vacuum not only prevents weld contaminatioant Iproduces a stable beam.

The concentrated nature of the heat source makes pitocess very suitable
for stainless steels. The available power can badilse controlled and the same
welding machine can be applied to single pass weldif stainless steel in thicknesses
from 0.5 mm to 40 mm [4, 5].

Characteristic of a problem

Electron beam welding process is used without tuktian of filler metal and is not very
suitable for the welding of duplex stainless steesthe welds will be very high in ferrite.
Such a weld must be quench-annealed in order tthgetorrect structure.

Electron beam welding is especially suited to poedwints of heavy section materials in
one or two passes. Unfortunately, it tends to pcedapid cooling rates and therefore highly
ferrite in the melt zone, particularly in thin decis. Nevertheless, the toughness remains high
which can be attributed to the very low oxygen eahin the weld. Still the qualification of
the procedure must be alert to the possibility>afessive ferrite in the HAZ and even in the
weld when the high speed welding capabilities esthmethods are considered.

The cooling rate has a considerable impact on tlsteaite-ferrite ratio developing at
ambient temperature. This means that slow coolingses a higher austenite content
than rapid cooling, during which approx 60 to 90éfgite is to be expected (Fig. 4). In this
way it is possible to influence the ferrite-austeniratio, depending on the weld
process and weld geometry.

Electron beam

f

Rotation

Austenite

e\

Structure of weld after
{ welding, by a sharp

. focused electron beam,
i 4 approx. 60 % ferrite

Fig. 4 Welding of duplex steel by a sharp focussed eledisam
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In order to guarantee a balanced ferrite/austeniie of the weld, heat treatment after
welding, and solution annealing is recommended, twitavever represents an undesired
operation increasing the welding costs. Solutioneating temperature should be approx.
1,080 °C and holding times of around 2 — 3 min / mvall thickness, followed by a rapid
water quench. In order to avoid the developmena gigma phase, the cooling time from
950 °C down to 700 °C should not be more than it

Low heat input may result in undesirable proportainferrite in weld and in the heat
affected zone and in corresponding loss of toughraesl corrosion resistance. Maximum
average ferrite content should be within 40 to 50%.

We try to solve the mentioned drawbacks of beandiwglduplex steels application of
post-heat after welding by a defocused beam witkrsd passes along the weld zone (Bjg.

Defocusing electron beam

g

. Defocusin

Austenite

Structure of weld after

heat treatment, by a
3 defocused beam,

DAY approx. 45 % ferrite

Fig. 5 Heat treatment by a defocused electron beam

The post heat is realized by a combination of defowy (efocusing curreftand
oscillation of electron beam with a certain swaeneration of alternating course set on
generator with subsequent cooling down in vacuum.

Parameters of post heat:
. acceleration voltage,
electron beam current,
.- defocusing current,
oscillation of electron beam by generation of sinarse with 90° phase shift,
- number of passes after welding [3].
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Own contribution

Our own contribution to this article is a theoratioverview of solution to the problem of
weldability of duplex stainless steels. This agidescribes technology of heat treatment after
welding for the purpose of acquisition of desiredperties. The paper defines the parameters
of heat treatment after welding by electron device.

Conclusion

Exceedingly low heat input may result in fusion esrand HAZ which are excessively
ferritic with a corresponding loss of toughness aodosion resistance. Exceedingly high
heat input increases the danger of forming inteathetphases. It is generally agreed that the
characteristic benefits of duplex stainless stassachieved when there is at least 35% ferrite
with the balance austenite. The heat input intreduzy the controlled post heat, applied after
welding, enabled to affect the proportional voluofeferrite in weld metal. These results
suggest that such a procedure leads to positiuitses
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THE ASSEMBLY OPERATION SEQUENCE MODEL

Stefan VACLAV?, Katarina SENDERSKA

Abtract

The research within the development of digital dactconcept concerns also the
assembly process as an important part of the pridolic This paper presents an assembly
operations sequence model as a part of design Emhimg method for the assembly process.
This model enables to obtain a precise graph priegiem as a tool for computer support.

Key words
assembly, assembly operation sequence, orientgrhgra
Introduction

Digital factory is a new concept based on the aptibn of digital models, modelling
and simulation. This concept has a great potemdiatapid and effective solving of the
products and production systems. The assemblypast @f the production processes requests
a systematic consideration owing to the processmshplexity and lower level of
development.

Assembly operation sequence planning

One of the important approaches is the developraethe theoretical and methodical
procedures of assembly process formalization asdekact description. The increased
possibility of computer support in the assemblyigleprocess requires the new CA-oriented
models for various design and planning tasks.
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The main goal in the developed integrated methbgicacedure for assembly process
design was to create a scope in which the desigaremove in a large knowledge base and to
use relatively independent methodical tools. Theerbly operation sequence planning is a
part of a complex system of assembly process astgrsydesign. All approaches in this filed
use some types of graph presentation [1], [9].

Model of assembly operation sequence planning

The general scope of the proposed model of asseopasation sequence planning is a
hierarchical division of the assembly operationnpiag into three levels minimum. These
levels come out from the assembly operation dé&dimitin this model, there is the assembly
operation defined as a process of joining of minimA parts or product components that
must be carried out at one place and must be &dissince the division of this joint process
into “smaller entities” can cause a failure of piosi, orientation or other requested
parameters. After finishing the assembly operatitve, assembled product can be stored,
positioned, clamped, tested etc. without any impathe quality.

This definition defines three main levels of plamnithe assembly operation sequence.
The basic level is planning the assembly operatooording to the above-mentioned
definition. The lower level is planning and anahgsithe assembly actions contained in the
operation. The higher level is oriented to analysamd planning the operation aggregations.
This level is very useful for more complex produgth number of parts about 30 and more)
and by generating the assembly operation sequeagants. All this three levels are in
correlation. The analysis can be carried out onlamgl. The transfer between the levels is
simple.

The methodical procedure of assembly operationesempiplanning — basic level (Fig.1)
supposes the integration of product structure @sérably operation sequences into one unit
that represent the process nature, i.e. givestirgaelation the objects (assembled product
parts and assembly results) with the performediaciiassembly operations).

I dentification of the assembly operation inputs

The first step is the decomposition of the prodotit “the parts” e.g. inseparable items
from the point of view of assembly, and the defamtof the set of product parts.

The second step is the identification of the setssembly operation.

The set of assembly operationg M{O1, O,, Os...} and the set of a product parts; ¥
{S1, S, Ss...} are in correlation than can be expressly formdliZéhe elements of both sets
are in graphical representation graph tops anddiagions between them are the graph edges.
The elements of the setdMput into” the set M. The main parameters of this relation are
input part number and the order of their input.

I dentification of the assembly operation outputs

After performing every assembly operation, an asdemoint is defined. The set of the
assembly operation results can be written @s=NIV1, V2, V3 ... i}, where 4 is the final
productand  is the number of assembly operations.
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MODEL OF ASSEMBLY TECHNOLOGY PROCESS SEQUENCE
integration of assembly operation sequence
and
product structure

set of a product parts set of assembly operations
MS:{S.L! SZ! 83,} MOZ{OIH OZ! QB}
~ v
identification of the inputs and outputs
\/

set of a assembly results
MV = {Vlu V2,V3’ }

!

graph model and incidental
matrix

Fig. 1 Analysis steps of assembly technology processimode

Graph of assembly operation sequence

Graph model of assembly operation sequence (FigiR)inputs and outputs and with
several parameters is implemented under the fatigvdonditions. The graph tops are the
elements of part set dand elements of the assembly operation resulMsge.g. inputs and
outputs of assembly operations. In the graph is kdsed the number of the parts. This data
gives an answer to the question, whether all padgsee used. The elements of assembly
operation set Mare represented byractangle.The relations are represented by an oriented
graph edge, which is described(gg), wherei is the number of elements put into assembly
operation angl is the order of their input.

It is possible to describe the graph model in trenfof incidental matrix. The incidental
matrix contains the same information as that caethin the graph.

The model application

The presented model was applied for a large nurabelifferent product types in the
Slovak companies as well as in the university tirgrand research. The analysis enables for
instance to create a technologically correct asgerméquence from a 3D model of the
product (Fig.3). Fig. 4 shows a 3D model of a peat@ar - ventilating grid. By the analysis
of the assembly technology process sequence fpthiduct, the above described approach
was used. Fig. 5 shows the result, a model of dsiyaiechnology process sequence for one
sub-assembly of the ventilating grid. Incidentakmxafor this graph is presented in Fig. 6.
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On this basis, type technological assembly seqeoicearious assemblies and products
as gear pump, water pump, ventilating grid, bué@inder, wiper mechanism, door hanger
etc was designed. The model of the assembly sequeas successfully applied for all these
products or assemblies with the result that thergesn of the assembly sequence by this
model is correct and it can express all possibtamts of the assembly process.

set of a product partsd{S;, S, S5, ...}

o
----------------------------------------------
o »,

@i, J) D .. relations between

¢ / ~~~~~ A Pproduct parts and

. assembly results
Operation 1 and

assembly operations

(i, )

set of assembly
operations

MO = {Oli OZ! ()3}

etc.

l (i)

Operation n

set of assembly results
A MV _{Vll V21V3 }

K
.. o
+
(I J) O
! Q
0
0
0
o

Fig. 2 Principle of assembly operation sequence model

Fig. 3 Printscreens of the assembly sequence createddr8D model of the product
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Fig. 4 Analyzed product - ventilating grid of personat ca

Ipc 1pc 1pc
| /
(1.2) (1.1) (1.2)

:

O; Insert

(1.1)

(1.1) l

O, Insert

l (1.1)

Fig. 5 Model of assembly technology process sequenantosub-assembly
of the ventilating grid
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set of a product partsdf {S;, S, S ...} and set of a assembly results
My ={Vy, V2,V3 ..}

+ input, - output A
- \ - - TT~o N
Operations \\\SIT&_ _Sfi 1 _V_l 1. —\LZ, P
+[Oslnsert > \;arz)— ~+(1,1) > @] ~~
!/ N
| ¢ \
‘Oz Insert 7 N +(1,2) | +(1,1) [E@DY -
~ - ~ M
-~ - ~ o - — - -
set of assembly operations
Mo ={O, O, Os..} description of the relations between product pamts assembly results

and
assembly operations

Fig. 6 Incidental matrix for assembly technology processugnce graph

Conclusion

On the basis of the obtained results, we can sattlile great advantage of this approach is
the possibility to obtain a logical linear formaestription. Defined model can use the
computer support. This concept enables also toyamahore complex products and to express
parallel operations. The possibility of viewing &gelection enables individual application,
modular implementation and interconnection. The ehdglprecise, can be simply stored and
repetitively used for standard components. This eagBossible to develop a standard or
unified model of the assembly operations sequenicthé standard or unified components.
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IMPORTANCE OF PROJECTSIN AUTOMOTIVE INDUSTRY

Zdenka GYURAK BABE.OVA, Zuzana LENHARDTOVA,
Dagmar CAGANOVA, Stanislava WEIDLICHOVA-LUPTAKOVA

Abstract

For automotive companies, research and developrtenhe key to success for new
generation of products. The aim of this articléadsaccent the importance of innovations and
innovations-focused projects in automotive indusfRelevance of co-operation between
automotive industry and educational institutionsx@iced in the article, too. Furthermore,
history of automotive industry in Slovakia is auglil in the article. Main part of the article is
focused on project AUTOCLUSTERS.

Key words
automotive, industry, innovation, project, clusters

Introduction

Automotive industry is one of the most importanesmot only in Slovakia but in the

region of South East Europe as well. This indusgyelops continually and belongs to the
most quickly advanced sectors. Automotive induptiges claims to many areas and industry
segments. An ever-present competition forces thenzabile factories to strive be the best in
order to keep their market shares. It gives vehema&m innovations and looking for new
ways of co-operation.

Automotiveindustry in Slovakia

The first automobile factory in Slovakia was esti®d relatively early in Banovce nad
Bebravou. The largest expansion of large-scale ymtimh for automobiles Tatra was
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registered in the 70’s of the 20th century. La#dier the changes in socio-political situation,
Volkswagen, an international corporation, entetss $lovak market in 1991. Furthermore,
after the Slovak government introduced regulatiorarea of income tax from 1998, a stream
of new investment started to pour into the autoweotndustry in Slovakia. Qualification,
labourers’ workmanship as well as low labor costsamt an attractive opportunity for
investors. Besides main component suppliers foomaative industry, there were also
suppliers of spare parts as new investors, whodddcio invest in Slovakia. In 2003, the
headstone of the technologically newest automdadory PSA Peugeot Citrden Corporation
was established in Trnava. Last year, this autoladactory became the biggest producer of
automobiles in Slovakia. In 2004, the building warkKia Motors Slovakia plant began in
Teplicka nad Vahom near Zilina. Kia Motors Slovakia i® tfirst production factory of
company Kia Motors Corporation in Europe. Thesgquts attracted many other investors
and thereby stimulated the establishment and dpredat of new industrial parks.

Co-operation with educational institutions

High technologies used in automobile industry pemednds on people working in this
industry. That is why the co-operation of autometimdustry with educational institutions is
so vital. Such cooperation presents potential aidems for all co-operative partners. Some
educational institutions provide methodical andhtecal support for laborer/employee
trainings for particular jobs and work positionslosgr co-operation enables educational
institutions transmit up-to-date knowledge fromambtive industry to the students. Up-to-
date knowledge, applicable study programmes andhdnels-on approach enable to educate
students whose profile will meet the requiremeifithe automotive industry. The agreement
between the Slovak University of Technology in Biava and Volkswagen Slovakia
Corporation is one of the most significant projedise co-operation agreement between the
Faculty of Mechanical Engineering of the Slovak \@émsity of Technology in Bratislava and
Volkswagen Slovakia Corporation was signed in Sapter 2009. The co-operation
agreement involves development of the study prograsn“Automobile production” and co-
operation in the areas of science and researcderelopment. The “Automobile production”
programme will be the first study programme witleds on this area in Slovakia. The first
applicants for this study programme can apply emndahademic year 2010 — 2011. Mutual co-
operation should enable to involve students anehsisis to do the research and development
activities in the area of technologies and produrctnethods.

Increasing requirementsin automotive industry

Increasing requirements in automotive industry gagcal for their interdisciplinary
nature. These demands stem from the area of temlias) performance, safety, environment
and many others.

The current focus in the automotive industry is #nea of environmental technologies,
their development, application and adaptation &dirrent system. It brings to the fore green
innovation and new environmental standards in papgluction in order to develop cleaner,
more economical and attractive cars. Supply congsamnust respond flexibly to the
development in automobile factories which linkosgly to the green car, increasing rate of
electronic and software components, requiremengfeater security in vehicles, integrated
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traffic management, navigation systems, networkingd linking intelligent vehicles, reducing
vehicle weight and other areas. [1]

Permanent impulses form consumers and competit@isfar new technologies, new
functions and further implementation of innovatioithese demands concern not only
automobile factories themselves, but their supplees well. That is because the automobile
factories derive benefits from using suppliers oy for requested components delivery, but
also for development of these components. Autoradhittory can thus confide not only in
factory development platform but also in developmemrkrooms of factory suppliers.
Providing such a development has many requirementéch need to be performed
complexly. That is the reason why it is helpful fioterested participators to create networks
which enable to perform these requirements. Thesgfthere is a growing importance of
projects, which facilitate establishment of suchwoeks and clusters focused on knowledge
transfer to particular subjects in automotive indus

South East Europe Transnational Cooperation Programme AUTOCLUSTERS

Project “The international co-operative networkeafucational and research institution
with subcontractors and other bodies active inmotove industry” started in 2009 and this
project will continue until 2012. Project logo cbe seen in Figure 1.

ACSEE

AUTOCLUSTERS

Automotive network for innovation

Fig. 1 Project logo

The Project brings together Universities, R&D ingtons, SME support facilities from
EU-15, NMS as well as IPA to prepare and creatditeeautomotive network in SEE. The
second level clustering activities proposed byptmect are strictly oriented on the activities
which are improving the innovation capacities ie tiegion and improve technology and
know-how transfer — improving the innovation citcléne project in the first stage analyses
the cluster's development and best practices adfussregions as well as sets up the
connection with other existing European activiiieghe automotive clustering. The second
stage of cluster activities in the project is ceteitly focused on improving the innovative
capacity in the region and improving the technolagyd knowledge transfer, which
contributes to the innovation cycle.

The project is focused highly towards producingarete results, and addresses the main
challenges that are specific for both SEE regiahasross the whole EU territory.

Project aims and schedule
Clustering in automotive industry is at a greatlam comparison to some other industries

in the SEE region. The clusters identify the issuesnnovative capacities and in the
innovation cycle, by identifying which project tddress by proposing specific second level
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clustering activities based on the long time exg®e in auto industry of some partners and
capacities of others. Activities are based on thengr's experience in previous projects in
auto-industry and clustering.

Aims

There are three main issues we would like thisgatdjo focus on:

Requirements for implementations of new technoggparticularly according to the new
European strategies and policies.

Innovation capacities - Lack of labour on the markainly in the area of highly qualified
workforce for automotive industry.

Innovation circle - Lack in co-operation between R&iniversities), SME’s and car (part
producers).

In case of NMS (New Member States), candidate c@mstpotential candidate countries

and neighbouring countries, co-operation betwednstries and universities is still at lower
level, which is negatively affecting the sustaimatbevelopment of the automotive industry in
SEE.

Primary objectives

The project is built up on the experience from pras activities in Automotive industry

(NEAC, Automotive Clusters, Belcar, TCAS, I-CAR-@nd in line with EU policies,
especially in clustering and automotive industrige Tramework’s project aims to:

Create the first sustainable network in automotnaustry in SEE region with specific
focus on innovation activities.

Create partnerships which consist of institutionsmf New Member States, non-EU
members as well as well experienced institutioosfEU-15.

Invite in the network not just clusters and othBtESsupporting facilities but directly also
R&D institutions and universities.

Improve innovative capability by carrying out théudies of innovation capacities,
exhibitions in universities and dissemination otspaf our activities, exchange studies
and networking activities.

Prove the concept by carrying out the project sasmphd by generating the proposals to
FP7.

Secondary objectives

The secondary project objectives are to:

Speed up the usage of NMS potential (as well adidate’s countries, potential candidate
and neighbouring countries.

Identify the conditions for more efficient technglotransfer as well as to prove the
concept by pilot project implementations.

Promote automotive industry to universities andtimer R&D institutions.
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» Increase competitiveness between institutions iR &fgion to focus on and contribute in
finding of solutions for global problems in Induystr

= Create conditions for networking in finding solutsoto global problems in Industry.

= Identify available opportunities for further deveioent of co-operation through
community or national programmes and other fundimgrces.

Expected outputs of the project and project contribution

The project aim is to develop cooperation among eékiesting SMEs with research
institutes and universities in the automotive indusphere. This is the second level of
implementation of cluster activities in order tdhance innovation capacity, the effectiveness
of technology transfer - to improve the innovatioycle in the automotive industry and
through projects clearly address global objectivescilitation of innovation, knowledge
economy and information society. The project cdmiion to the attractiveness of the region
has to be also taken into account. Taking the pestof the European Fifteen, the new
Member States and candidate countries, togethdr thié¢ proposed activities, including
intensive cooperation and exchange will lead taucety disparities between regions and
cooperating significantly contribute to the polalycementing Europe.

The main project output involves:

= Permanent network of co-operation in the automatidestry of South East Europe.

= Continuous exchange programme activities as agbarto-operation network.

= Confirmation of the concept through financing snpatijects from three specified areas.

» Preparation of three proposals for 7th RP and therdhree projects from specified areas.

» Preparation of three studies and one methodoldgyrésults can be taken in different
industries and regions.

Other results and outputs with highly positive irtipan the innovation capacities and
innovation circle worth to mention involve ten eadge study visits (with 200 participants),
10 exhibitions at universities (with 3000 visitgrene exchange experience seminar (with
invitation of other relevant stakeholders), and gdoicational seminars in each region.

Project focus on innovation

The project’s aim is to develop the network of &rg SME facilities together with R&D
or universities in automotive industry. The purpadehe project is to realize the second
level clustering activities with the objectives itacrease innovation capacities, increase
effectiveness of technology transfer — improveitirvation circle in automotive industry,
and through the project clearly address the gladigéctives — facilitating innovation,
knowledge economy and information society. The mbution into improving the
attractiveness of the region should be taken im@aicas well. The invitation of the partners
from EU-15, NMS and IPA countries together with pweed activities including intensive
cooperation and knowledge-exchange is a clear ibotitsn to the EU cohesion policy by
diminishing the gap between participating regions.
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Conclusion

Integration of the Slovak research capacities im® projects focused on automotive
industry will secure retention of high skilled lalyowith high added value in Slovakia. The
only chance for Slovakia is innovation, researctl davelopment, in case of removing the
manual assembling in automotive industry towardst.EEhis is the reason why it is important
to focus on high tech laboratories and innovatioojgets. There is no other way than to
prepare people for automotive industry and invaheamm into the productivity development.

This article is an output of “Project AUTOCLUSTERSThe international co-operative
network of educational and research institutiorhvgtibcontractors and other bodies active in
Automotive industry”, which is funded by the EU @mdhe SEE Programme.

™
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|ointly for our common future EURQPEAN UNION

Fig. 2 Logo of SEE and projects co-funded by the Elanpgnion
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CLAIM AND CONTINUOUSIMPROVEMENT

lveta PAULOVA!, Miroslava MERAVA

Abstract

The claim will always represent the kind of infotioa that is annoying to recipients.
Systematic work with claims has a positive valughe company. Addressing the complaint
has a positive effect on continuous improvemerns péper was worked out with the support
of VEGA No0.1/0229/08 Perspectives of quality mamege development in coherence with
requirements of Slovak republic market.

Key words
claim, continuous improvement, customer
Introduction

There is no need to say, that claimed or retupreducts are alwaythe less welcomed
forms of feedback from customers. Claims and complaints will, however, remain a dtad
part of our lives, organizations, and that is whisilogically expected that the organization
establishes procedures and mechanisms to worktigélc with complaints and claims.
Senior management is responsible for assurancéhatrganization has created a process for
handling complaints and identifies its objectivéismust be satisfied thahe complaint
handling process is planned, designed, implemented, and that it is maintained and
continuously improved in line with the complaint of the organization. Selecting the suitable
claim system can be a significant task due to tblesrinvolved in going with the wrong
decision [5]. Learning by doing can be costly, there so the more complex the systems
involved — just think of products such as spacdtisuand organisations such as big supplier
networks [6].
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Claim and continuous improvement

The complaint and the claim will always represeme kind of information that is
annoying to recipients. But this may be the reaban we should prevent them. Systematic
work with complaints and claims is in fact a pagtcharge [1].

What is meant by the concept of positive charge? Every complaint is a communication
with the customer in which an organization can fandource of guidance and information.
Through transparent and systematic record thorqugkdmined failures of the product, a
wide base of information can be created, that isnaaluable tool in the ongoing filling of
such amendments and actions that lead to continummueases product reliability. Claim
enables to gain ideas for improvements in measwatyanalysing the customer's needs, its
own product quality control, technology supply alstribution organization.

Dissatisfied customer may not always be in the wafleadversaryHis disagreement
points to weaknesses in the organization and allows him to remove and it is in the interest of
the organization to keep him. This method of comication with customers will often detect
small defects of the product before they becomeondgficiencies, which are removed with
high costs and may also lead to a significant tfssustomers in favour of competition [2].
Claims and detailed analysis of their causes amy wealuable information for future
improvement of all activities of the manufactumespectively suppliers. Although they mean
more effort and additional costs, they have nelglegpotential for future savings, as long as
the causes of negative perceptions in projectpem@anently eliminated [1].

In short, we will define what we mean bgntinuous improvement. Improving quality by
today's terminology is seen as a part of qualitpagament focused on increasing capacity to
meet quality requirements. These are activitiesedimt achieving a higher level of quality
compared to the previous situation [4].

Now, we would like to point out to address compiairfrom the field and then
implemented corrective and preventive measuresarmptocess of cables in the company. The
company offers complete energy solutions and sesvior global IT and telecommunications
market. The production of energy products and systehe company produces cable sets,
entering into manufactured products.

Accrued claims NC 5984 and NC 6008 is a serioublpro related to cable eyelets, see
Figures 1 and 2.

o
BMK 445 905/

Fig. 1 Claim NC 5984 of BMK 445 905/ 6R1A product
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K 445 011/ 24R1A

Fig. 2 Claim NC 6008 of BMK445 011/ 6R1A product

In dealing with both claims, we followed the metbhtmyy 8D. After the identification of
the problem, the establishment of the team (Qualiyartment) and precise definition and
guantification of the problem, we started to takeramediate action.

Regarding NC 5984, we found the basic informatitmirty-one systems were ordered by
customers, 5 pcs of BMK 445 905/ 6R1A were cheokél the customer and the 3 pc had
a problem with cable eye, i.e. loose cable éyehe latter case, the NC 6008, it was found
that in one cabinet BMK 445 011/ 24R1A, a cable msyeeleased (dropped) from battery
cable during installation. In both cases, the chlling a cross section of 70 rhm

In the first step and the primary information that we found, prodactmber "cable
problem” NTM 445 905/ 6R1B - TFL 103 107 / 08 wdsritified. An immediate 100 %
check of cable in stock was carried out, sedeTab
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SELECTED CABLE FOR 100 %NSPECTION

Table 1
Selected items Pieces
NTM 2110 000/ 4R1A 20
TRE 211061/ 1003R1A 61
TRE 211061/ 1004R1A 107
TRE 211061/ 1005R1A 110
TRE 211061/ 1006R1A 107
TRE 211061/ 901R1A 274
TRE 211061/ 925R1B 276
TRE 211061/ 927R1B 494
TRE 211061/ 975R1A 37
TRE 211052/ 1 80
TRE 211052/ 2 96
TRE 211052/ 4 84

After 100 % of control cables and cable sets, & foaund that all the items were in order.
In the second step we took control of all manufactured and finishewducts in stock,

entered into with "cable problem", see Table 2.

SELECTED PRODUCTS FO R 100 %

INSPECTION Table 2

Selected items Pieces

BMK 211 0000/ 4R1A 12
BMK 211 0000/ 7R1A 1
BMK 447 905/ 27R1A 2
BMK 447 905/ 28R2A 1

3/ BKY26104R1B 36
BMY 201 301/ 1R1A 5

BMK 445 901/ 73R2A 10
BMK 447 085/ 312R1A 2

After 100 % inspection of selected items, all tygesept the cabinet BMK 2110000 /
4R1A were all right. Cabinet BMK 2110000 / 4R1A wasnediately corrected. It should be
noted thathe principle of the control was manual pullingtieé cables.

In thethird step, we focused on the cable shop, where we found sot@esting facts:

« Discrepancy between the used crimping machine KlgBkess) and tool Chamber,

» Cable lugs Chamber and machine Klauke were notcgighe in this combination,

» Cable lugs Chamber were thin — walled with diffeed.6 mm (external diameter) towards
Cable lug Klauke,

* Most suitable combination is Chamber crimping maeland Chamber tool,

» Pull test in cable shop area is missing,

» Cable lugs which are used in Cable shop area Chambe

98



» This issue occurred when previous Ericsson cable exahanged for Top Cable (new
supplier from April 2009).

In thefourth step, we took immediate remedial action:

* Tool Klauke was taken from Cable shop area,
* Tool Klauke was changed on Chamber tool.

In the fifth step, we provided a pull test conducted with the aasist of other divisions.
Samples were prepared in our cable shop with dienmeff 35, 50 and 7@ for each type
of 5 pcs. After the tensile test, we obtained addél observations, see Table 3.

RESULTS OF PULL TEST Table 3
Record of pull test
Date | Number of cable] Toal Result

2.12 2009 1.1 KM 051 90
2.12 2009 1.2 KM 051 90
212 2009 1.3 KM 051 90
2.12.2009] 1.4 KM 051 [
2.12.2009 15 KM 051 90
2.12.2009 21 KM 051 90
2.12.2009 22 KM 051 a0
2.12.2009 2.3 KM 051 a0
2122009 2.4 KM 051 50
2.12 2005 2.5 KM 051 90
2.12.2009 31 KM 051 90
2.12.200% 3.2 KM (51 90
2. 12,2009 3.3 K 051 il
2.12.2009 3.4 KM 051 90
§2.12.2003 3.5 KM 051 50

Table 3 shows that cable No. 1.4 withstands onlykiil@gram, while other cables
withstand the maximum value (90 kilograms). It ddobe noted that the test check was
regarded only as a reference for us because tohimeaon which we performed the test is
used for much smaller diameters.

Conclusion

Root cause was that the machine tool was from another manwfac After an exchange
of the Chamber instrument type, claims of a simiature have not occurred. Within a frame
of preventive measurements, we found a company ithable to practise the testing
procedures of cables. Each cable has a diametaeghinimum size by a force that must be
met. For each diameter 3pcs are made, where 1pestél up to its destruction and the other
2 pcs are tested up to their minimum power theecéibls to withstand. We sent all of our
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manufactured types of cables to the companiesntb dut the 100 % satisfaction and the
promise that no similar case will be repeated torki

Complaints and claims set a detailed analysis efrthauses and are very valuable
information for future improvement in all activisef the manufacturer. They are a fair mirror
of how the delivering organization systematicalkamines perception and sells the needs of
its customers as a part of its quality managemesten.

Professionally selected claim management systermordsffthe opportunity to retain
customers in the case of a complaint and to impcorggomer loyalty.
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GLOBALIZATION EFFECTS ON SPECIFIC REQUIREMENTS
IN AUTOMOTIVE PRODUCTION

Yulia SURINOVA, Iveta PAULOVA

Abstract

Currently, there is worldwide overcapacity in the industry - and this has forced
manufacturers to contain and even reduce costs. Globalization makes it possible to use the
world best improvement techniques in order to reduce costs and satisfy customer.

Key words

customer specific requirements, customer satisfaction, globalization, tools and methods
of quality management

Introduction

As the automobile business grows, it is also bengnmore competitive. Competitive
pressures have forced most companies to increasie thcus on using world best
improvement techniquesh major benefit of globalization is an access tgpiavement
technigues being developed around the world.

Automotive companies are finding that globalizatioffers many challenges and
opportunities. By establishing an integrated mamegg system, companies can manage the
complexity of a global operation so that they carelage these opportunities where it makes
sense for their business.

Customer special requirements versus ISO and othestandards

Automotive production is one of the key branchestrd Slovak economics. Plenty
of world automotive suppliers have come to Slovakiapen their production factories. There
were also new Slovak factories opened to meet ¢eeof the automotive giants [1]. At the
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time of economic crises, each organization maledaett to effectively manage its internal
and external processes. It finally leads to settweg specific requirements for suppliers.

Nowadays, high quality of products and affordalyiegare important, yet not enough to
succeed on the global market. Personal relatigressific requirements and knowledge are
very important too. Satisfaction of customers’ reestiould be the primary organizational
goal. If the organization wants to be successtuhust follow customers’ needs and satisfy
these needs as soon as possible. In order toysatistomers’ need in all processes, the
organization should establish the management systelhmake it work for the customer.

It is not enough to build the quality managemeistesy according to ISO 9001:2009, not
even enough to meet the requirements of ISO TS496909 developed especially for
automotive production. It is important nowadaysnieet the specific requirements of each
customer. Different customers have their specéguirement based on their special market
strategy in order to satisfy customers’ needs bekien the competitive organizations do.
These special requirements are often based on theuats of the American quality
management standards QS 9000 or the European staridaquality management VDA.

The American organizations often require that teppliers use QS 9000 manuals such
as APQP (Advances Products Quality Planning), PEABduction Part Approval Process),
MSA (Measurement system analysis), SPC (Statistralcess Control), FMEA (Failure
Modes and Effects Analysis) and others. The Eunomegomobile producers usually require
from their customers to meet for example VDA 4.2FMEA, to meet VDA 6.1 in terms of
audits and EMPB products approval process. Thesgust some of the basic customer
requirements for automotive production. Besideseheequirements, automotive producers
often have some special needs which they want shgipliers to fulfil (Fig. 1).

ISO 16 949:2002
QS 9000 manuals
VDA manuals

Fig. 1 Quality management system structure in supply house for automotive production
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To be successful, the organization should flexitdgct to satisfy customers’ needs.
Financial success is contingent on reaction tinge @rtlays amount. It is important to adapt
organizational strategy to this trend.

Application of new trends in tools and methods of gality management

Globalization brings the application of new tootslanethods in different factories all
over the world. There are quality management taold methods which used to be applied
only in particular countries. Nowadays, those mdshare widely used all over the world in
different production branches.

Product development process is one of the key ptaduprocesses. Each development
system has its advantages and disadvantages.slivayithe American automobile producers
such as Ford, Daimler Chrysler and General Motagelbped an integrated system for
product development. Since that time, Advanced lbduality planning (APQP) and
Production Part Approval Process (PPAP) are widslkd not only in America, but also by
the Korean and Japanese automobile producers. &rap European automobile producers
prefer APQP and PPAP instead of VDA standards.

Advanced Product Quality Planning is a formal stadzed and structured method of
defining and implementing steps to produce a prothat satisfies the customer. PPAP is a
part of approval process within APQP. APQP is anrevork of procedures and techniques
used to develop products in industry, particuléin automotive industry. It is quite similar to
the concept of Six Sigma.

The Production Part Approval Process (PPAP) is usélde automotive supply chain to
establish confidence in suppliers and their pradagprocesses, by demonstrating that"....all
customer engineering design record and specificagguirements are properly understood
by the supplier and that the process has the palteiot produce a product consistently
meeting these requirements during an actual pramuctin at the quoted production rate.”
Version 4, March 1st 2006 [1].

Japanese are famous for their statistical methpdsasic (Japanese) toolsf quality
managements are widely used all over the worldceSthat time, one more Japanese method
has become famou8S (Seiri — Chipping, Seiton — Visual disposition,is®e— Clearance,
Seiketsu — Standards building, Shitsuke — Improvejmis a method which has to bring
tidiness and discipline to the workplace. Many aigations have started to use this method
even though discipline is the traditionally Jap@né=ature. 5S brings systemization to the
workplace, making subsequently the managementraystesier. It saves time and money.
This is one of the most often used tools for hoaspkg, standardization and continuous
improvement.

5S method the G8D methodhas become extremely important for many orgaromatin

the world as well. The 8D methodology is a tool jfooblems root causes analysis, corrective
actions definition and problems of repetitive ocence elimination. The 8D is a technique
for products and processes improvement. 8D metlbgglas a team-oriented problem solving
tool, which consists of 8 basic steps. Team wortoissidered to be much more efficient then
individuals’ efforts subtotal. This tool preventeetcommon mistakes made by individuals or
problem solving teams, who frequently develop edgmalutions to the wrong problem - or
disguise the evidence of failure with quick fixegheut finding the root causes [2].
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The 8D methodology comes from the USA. The U.S.egoment first used the 8D-like
process during the World War |, referring to itditary standard 1520 (Corrective action and
disposition system for non conforming material)rd~&otor Company first documented the
8D method in 1987 in a course manual entitled “Teamnted problem solving”. This course
was written at the request of senior managemerth@fPower Train organizations of the
automaker facing growing frustrations of the sameblems that were recurring year after
year [3].

There are also many new tools and methods of guaktnagement which have become
widely used together with the 8D. They are for egkmhs / Is not analysis and5Why tools.
Is / Is not analysis is very easy to implement egjgtesents an efficient method to analyze
process shortcomings. It is usually used in terinstep 4 Root Cause Analysis of the 8D
tool. Is a very efficient way of how to define whatd not been done in order to prevent the
analyzed problem occurrence.

“If you don't ask the right questions, you don't the right answers. A question asked in
the right way often points to its own answer. Agkquestions is the ABC of diagnosis. Only
the inquiring mind solves problems." said Edwardlrigtt.

Another globalized Japanese toobisVhy. The methodology was designed by Sakichi
Toyoda and was first implemented in Toyota Motorgooation. The architect of the Toyota
Production System, Taiichi Ohno, described the ysmmethod as "... the basis of Toyota's
scientific approach ... by repeating why five timestil the nature of the problem as well as
its solution becomes clear [4].

Globalization effects on specific customers’ requements

Specific customer’s requirements are a componel8OfTS 16949:2009 that cannot be
ignored. In fact, customer’s specific requiremeants more important in ISO/TS 16949:2009
than they were in QS-9000 and VDA standards, wtdohsidered them as part of the
standard. Detailed customer specifications can rbplemented into the processes by
following a documentation strategy. Mapping the c#ipe customer’s requirements to
processes is the least risky, and so the best,ntmtation strategy. Adopting a common
process for the entire organization and clearlycathg different ways should be performed
to satisfy different customers [5].

Globalization brings the best improvement tools ameéthods which have been
developed in different countries and companiesutnout the world. Organizations help
each other to improve their internal and extermatesses. Using the same tools for the same
processes in different organizations in the worddps the suppliers who can use familiar
techniques to communicate with different custonaed satisfy different customers’ needs.

Despite the globalization advantages, modern orgéiobns make their best to develop
unique products and services to satisfy their ecasts. Modern organizations want to offer
their customer something more than the competdrganizations do. In this manner, specific
customers’ requirement phenomenon develops.
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New technique creation
within organization el o L The technique is used

(Customer specific / outside the organization
requirement)

Fig. 2 Globalization vs. Specific customer requirements

Thus the globalization phenomenon in fact generatesv specific customer’s
requirements. These specific requirements will sdmtome globalized and used in
competitive organizations (Fig. 2). This may bdezhfjlobal continuous improvement spiral.

Summary

Globalization is a process which, in terms of gyalnanagement, introduces the
application of similar improvement techniques iffatent organizations in the world. On the
ground of the particular tool efficiency, it becosn@ famous methodology which is used in
different organizations all over the world. Theheigues such as APQP, PPAP and 8D are
the example of the quality management techniqukadjiation. However, in order to satisfy
customers’ needs and to offer the customer sonweteiktraordinary, the organizations
continuously specify their special requirements.adtually drives the global continuous
improvement process.

This paper was written WitVEGA support No. 1/0229/08 Perspectives of quality
management development in coherence with requiremén of the Slovak Republic
market.
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CRITICAL RATE OF THERMAL DECOMPOSITION OF PURE
AND IMPREGNATED LIGNOCELLULOSIC MATERIALS

Tomas CHREBET, Karol BALOG

Abstract

Contribution deals with monitoring the impact offenw velocity around the sample, the
oven temperature during thermal decomposition aatire of the sample for the minimum
mass flux rate needed to initiate flame combustide. used the samples of lignocellulosic
materials, particularly spruce wood, pure cellulpfiax, cellulose impregnated by 5%, 10%,
15% water solution of KHC{and by 5%, 10%, 15% water solution of (NHHPO.,.

Key words
critical mass flux rate, air-flow, lignocellulosioaterials
Introduction

Based on experimental observations, the criteriagoition were set up in order to
determine the moment of ignition. The idea of uskmgical rate of flammable gases
generation in critical conditions was first propdd®y Bamford. On the base of experimental
results of convection thermal stress of definedngegtoy wood samples and numerical
solutions of conduction heat transfer equation, fathet al. identified critical rate of fuel
transfer from condensed phase in the gas phaselfsustained process of flame combustion
after forced ignition. The minimum rate of formatiof volatile combustible products 2.5:40
g.cmi’s* near the surface of the condensed phase of woodetasmined [1, 2, 3].

Used materials

To verify Bamford criteria, we selected a samplesfuce wood. Cellulose is the main
component of wood and the most flammable productsreleased from it. KHC9and

Tomas Chrebet, MSc. Eng., Karol Balog, ProfesBbR. - Institute of Safety and Environmental Engitirag,
Faculty of Materials Science and Technology in Venélovak University of Technology Bratislava,
Paulinska 16, 917 24 Trnava, Slovak Republic, d:manas.chrebet@stuba.sk, karol.balog@stuba.sk
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(NH4).HPO, were used as the flame retardants witch causeficettéhn during active thermal
decomposition and catalyze the reaction going aeftaemperatures (dehydration, thermal-
oxidation) [4]. The following concentrations of aelants were used: 5%, 10% and 15%. Flax
Is not a well explored cellulosic material, so weudsed on it.

Equipment and measurement procedure

The basis of the test equipment (Fig. 1) is eleally heated hot-air furnace according to
ISO 871 standard [5] (Setchkin furnace) (1). A slmp a steel sieve is placed into the
furnace (2), to better monitor the airflow effelet.the furnace, there are two thermocouples
(3), one is about two centimetres above the sampiethe other approximately a centimetre
below the sample. Air is forced to the furnace ioypamp; the flow is regulated by flowmeter
(4). Under the furnace, there is a weight (KERN RI5D-3M) (5). Sieve with the sample in
the furnace is linked with the weight using a glasd (6), which is flat extended on both
sides, for stability. Four centimetres above thempe, there is a source of ignition. An
electric coil of kanthal wire was used as a soofagnition (7).

i

,

0

.

.
===

Fig. 1 Testing equipment

The temperature for determining the critical rate fthe formation of degradation
products of different samples was determined froenthermogram [6] under the condition of
dynamic heating 5 °C.mih when the highest rate of weight loss was obsered each
sample, four measurements were made at a givenetatope and speed of airflow in the
oven 30, 20, 10, 0 mm's (calculation according to standard [5]). From trexord
of temperature course, we determined whether theegs was ignition or burning.
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Results
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Fig. 2 Dependence of mass loss rate from time for spruoEhat a temperature 320 °C
at different speeds of airflow

0,030
—— Air-flow 30 mm/s
0,025 E— A!r-flow 20 mm/s
— Air-flow 10 mm/s
— Air-flow 0 mm/s
@ 0,020 +
2
2
@ 0,015
[7)]
[72]
ie)
% 0,010 4
©
=
0,005 +
0,000 +
T y T T T T T T T T T : T
0 100 200 300 400 500 600
Time (s)

Fig. 3 Dependence of mass loss rate from time for putelose at a temperature 320 °C
at different speeds of airflow
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Fig. 4 Dependence of mass loss rate from time for flaxtamperature 270 °C
at different speeds of airflow
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Fig. 5 Dependence of mass loss rate from time for caltuimpregnated by 5 % water
solution of KHCQ at a temperature 230 °C at different speeds dfcair
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Fig. 6 Dependence of mass loss rate from time for csuimpregnated by 1 0% water
solution of KHCQ at a temperature 220 °C at different speeds dfcair
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Fig. 7 Dependence of mass loss rate from time for calimpregnated by 15% water
solution of KHCQ at a temperature 220 °C at different speeds dfcair
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Fig. 8 Dependence of mass loss rate from time for caluimpregnated by 5% water
solution of (NH),HPO, at a temperature 260 °C at different speeds dfcair
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Fig. 9 Dependence of mass loss rate from time for caldulmpregnated by 10% water
solution of (NH),HPO, at a temperature 300 °C at different speeds dfcar

114



0,014 -
| |——Air-flow 30 mm/s
0,012 - —— Air-flow 20 mm/s
| |—— Air-flow 10 mm/s
— 0,010 1 — Air-flow 0 mm/s
@
=) |
fo) 0,008 H
© i
i 0,006 |
e |
3 0004
©
= |
0,002 -
0,000 -
0,002 ' ' ' ' l : T ' T - T - T
0 50 100 150 200 250 300
Time (s)

Fig. 10 Dependence of mass loss rate from time for cslulmpregnated by 15 % water
solution of (NH),HPO, at a temperature 300 °C at different speeds dfcawr

Review and discussion

Bamford suggested the critical rate of flammablsegageneration as a condition for
ignition of wood degradation products. The valuehi$ critical rate is 2.5.1Dg.cm?s* near
the surface of the condensed phase. In Fig. 2¢ kethe mass loss rate for spruce wood at a
temperature 320 °C. The mass loss rate in the mbafenitiation of flame combustion was
approximately 0.0035 g’s The used samples had the shape of cubes witlosH& cm and
weight approximately 2 grams. After the conversadmrmass loss rate per unit, the area of
consequential mass flux rate was 2.49.cm?s* witch corresponds with Bamford criteria.
The samples were burning at the speed of airflon28Gnd 10 mm’

In Fig.3, courses of mass loss rate of pure calkilat a temperature 320 °C can be seen.
The ignition of degradation products in samplepute cellulose occurred at a mass flux rate
2.63.10° g.cmi’s® from the sample, which is about 10 times less thathe sample of spruce
wood. After the initiation, fire occurred for motiean 5 seconds at the speeds of airflow 30,
20 and 10 mm%

The courses of mass loss rate depending on the speérflow at temperature 270 °C for
flax are shown in Fig. 4. The ignition of degradatiproducts was at mass flux rate
7.44E-05 g.ciis' from the sample. After the initiation, the sampdarnt more than
5 seconds at a speeds of airflow 30 and 20 thm.s

For the samples of cellulose impregnated by watdutisn of KHCG; a significant
reduction of the temperature was observed, at witiehmaximum mass loss rate against the
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pure cellulose was observed on a thermogram, 5%iigoltemperature dropped to 230 °C,
and 10% and 15% solution temperature dropped td@2@s can be seen in Figs. 5, 6 and 7,
the minimum mass loss rate needed for ignitioneased when compared to pure cellulose,
which was also reflected on the minimum mass fate;rin case of 5% solution it is 4.46°10
g.gmzs'l, for 10 % solution it is 5.08.10g.cm’s® and for 15% solution it is 7.72.2@.cm

S~

For the samples of cellulose impregnated by watkttion of (NH;),HPO, reduction of
the temperature was also observed, when the theamoghowed the maximum mass loss
rate, 5% solution temperature dropped to 260 °Gyd 40% and 15% solution to the
temperature of 240 °C. The minimum mass loss fateignition of 5% solution of
(NH4).HPO, (Fig. 8) compared to pure cellulose increasedjemsonstrated by the increase
in the minimum mass flux rate to 6.4871§.cni’s’. For the samples impregnated with 10%
and 15% solution of (NP:HPQO, at temperature 240 °C, mass loss did not achiexveadte
needed to initiate the flame combustion.The necgssemss loss rate to ignition was not
achieved even after increasing the temperaturd@®°g8 (Figs. 9,10). Mass flux rate at the
maximum mass loss rate was calculated and it casfemed that the initiation would occur
at the rates greater than 7.25.10-5 ¢fsfor 10% solution of (NH),HPQO, and 6.62.10-5
g.cm?s™ for 15% solution of (Nk),HPOy.

All measured values are more clearly presentedalierl.

MEASURED VALUES OF MASS LOSS RATE OF TESTED SAMPLES

(MLR - MASS LOSS RATE) Table 1
Tempe- | Speed of T|r_ne_ Mass Average Square | Mass flux
Sample rature |airflow to igni- loss Ignition value of density |rate
1y | tion rate MLR 2 P!
(°C) (mm.s") (s) 9.5 method (9.5) (g.cm?) |(g.cm“s))
320 30 264| 0.004|Burning
Spruce woo 320 20| 251] 0.003 Burn?ng
320 10| 287| 0.004|Burning
320 0 293| 0.003|Ignition 0.0035 0.142] 0.000249
320 30 236| 0.006|Burning
Pure 320 20 242| 0.007|Burning
Cellulose 320 10| 250/ 0.004|Burning
320 0 268 0.004]Ignition | 0.00525 0.01] 2.63E-05
270 30 243| 0.008| Burning
Elax 270 20 215| 0.009 Bur_n_ing
270 10| 247| 0.008|Ignition
270 0 281| 0.007|Ignition 0.008| 0.0186 7.44E-05
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Tempe- | Speed of T|r_ne_ Mass Average Square | Mass flux
Sample rature | air-flow to igni- loss Ignition value of density |rate
(°C) (mm.s?) tion jrate | hethod |MER (g.cm® | (g.cm®s?)
(s) (9.57) (9.sh
230 30| 268| 0.008|Burning
Cellulose + 230 20/ 258 0.009 Burning
5% KHCOG; 230 10/ 287| 0.008|Ignition
230 0 327| 0.008|Ignition | 0.00825 0.0108 4.46E-05
220 30| 258| 0.009 Burning
Cellulose + 220 20| 262| 0.008|Burning
10% KHCG 220 10, 301] 0.01|Burning
220 0 368| 0.008|Ignition | 0.00875 0.0116 5.08E-05
220 30| 157| 0.012|lgnition
Cellulose + 220 20| 157| 0.012|lgnition
15% KHCGy 220 10| 217/ 0.012|lgnition
220 0| 248/ 0.013|Ignition | 0.01225 0.0126] 7.72E-05
260 30| 215| 0.013|Burning
celulose + 260 20| 227| 0.012]Ignition
(NH,),HPO, 260 10 272 0.012|Ignition
260 0 298| 0.011]Ignition 0.012 0.0108 6.48E-05
Il 300 30 - | Nothing| -
e lose * 300 20 -| Nothing -
(NH,);HPO, 300 10 - | Nothing| -
300 0 - | Nothing| - 0.0125 0.0116 <7.25E-05
300 30 - | Nothing| -
Celose * 300 20 | Nothing -
(NH,),HPO, 300 10 - | Nothing| -
300 0 - | Nothing| - 0.0105 0.0126 <6.62E-05

0,0003

0,00025

0,0002

0,00015

0,0001

Mass flux rate (g.cm2s%)

0,00005

1]
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Cellulose +5% Cellulose + Cellulose + Cellulose +5% Cellulose + Cellulose +
KHCO3 10% KHCO3 15% KHCO3 (NH4)2HPO4 10% 15%
(NH4)2HPO4 (NH4)2HPO4

Spruce wood Cellulose Flax

Fig. 11 Minimum mass flux rate for ignition of tested nniaie
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Conclusion

The use of KHC®and (NH),HPO, water solutions showed the significant decrease in
temperatures, at which the maximum mass loss ratarereased critical mass flux rate for
the initiation of flame combustion were observedtliermograms. In the case of using 10%
and 15% solutions of (NhLHPO, the necessary mass loss rate for initiation was no
achieved.

Fig. 11 shows the comparison of the critical ma&ss fate for the tested samples. The
difference between the mass flux rate of sprucednayal other samples is due to the shape of
the sample, while spruce wood was used in a culibébgide of 1.5 cm, while other samples
were of a flat shape and provided therefore greatdace from which the pyrolysis products
were released. Confirmation of Bamford criteria egivthe possibility of using this
measurement procedure to determine the criticabhess rate also of other materials.
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THE IMPACT OF VESSEL WALL THICKNESS
ON BURNING RATE OF ETHANOL

Miroslav NOVOTNY, lvana TUREKOVA

Abstract

A significant influence to burning rate of flammabiquids has vessel wall thickness.
Dependence of the burning rate of vessel wall tlesk resulting from the thermal balance of
a system :flammable liquid and vessel. If the tiesls of the walls comes to changes, the heat
transfer through the walls of the vessel is chaggiithe article deals with the velocity of the
burning rate of burning time and vessel wall thieks containing ethanol.

Key words

flammable liquid, ethanol, burning rate, vesselfaickness

| ntroduction

Burning rate as one of the most important parammeai€burning of flammable liquids is
using in mathematical dependencies to simulateofirtammable liquids. Uniform methods
to set burning rate of flammable liquids don’t exaspresence. To determine burning rate are
using old study results or experimental resultseadd by different methods. Burning rate of
flammable liquids was getting by different ways anethods in last studies ( table 1).
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BURNING METHODS FROM DIFFERENT AUTHORS Table 1

Vessel dimensions Study Specification
citation
Vessel to cone calorimeter, [1] Burning rate in the vessel without specificaso
cylindrical vessel 0,44 mand 1 n and burning rate on the cone calorimeter
Diameter 8 mm, 10 mm, 12 mnp [2] Injection into arbng sphere
Cylindrical vessel, diameter 1( [3] Vessel specifications, material : steal, coppgr
mm - 304 mm glass, dimensions and wall thickness

Mass burning rate is defined as burned liquid nm@gsg) in time unit (min, h) from
surface unit (cm2,m2) (8). The parametres of velsaek significant impact to burning rate.
The parametres that affect burning rate from charistics of vessel are shown in Picture 1.

Vessel diameter

Wall thickness

Vessel height

Vessel filling

Fig. 1 Vessel impact to burning rate

Thermal balance

Heat transfer to liquid at burning of flammableuiids can be divided to heat transfer from
vessel walls through flame radiation and throughinimg residues convention. Heat is
transferred from the liquid through the vesselhi® ambient. Heat balance between the total
heat input and the total heat loss in the combustystem which includes both the liquid fuel
and the vessel must be examined (3).
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The total heat input into the combustion systems@ generally expressed as (3):
Qin,s = cond,| + Qconv,l + Qrad,l + cond,v + Qconv,v + Qrad,v ’ (1)

where Qone Qeonv and Quq are the conductive, convective, and radiative heatd the
subscripts L and v correspond to the liquid fuel #re vessel, respectively.

The total heat loss, that is, the sum of the haaisfer from and heat accumulation in the
combustion systern@,_ .. can be given by correlation(3):

out,s

Qout,s = Qg + er | + er,v + sensl + Qsensv + refl | + Qrefl,s + Qv,air + Qv supt ? (2)

where:

Qq is the total gasification heat of the liquid,

Qr is the reradiation,

QsensiS the heat required to increase the sensibledieasubstance,

Qe is the reflection of the incident radiation,

Qv air IS the convective heat from the vessel to theosading air and is supstituted by, Q
water When the vessel is cooled with water,

Qv, suptis the heat loss from the support of the vesséltha pipeline for measuring sensors
which penetrates through the vessel.

The model of heat transfer is in Picture 2.

Maximum
temperature

\\ / line
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\ Entrained
\ air
Qcond. \\‘\\
| N
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A meon oo
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=~ Quus | ' ! ! ‘ | | * 411
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Fig. 2 Heat transfer in the vessel and liquid [3]
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Heat balancein vesse
Heat input into the fuel

The heat input into the fuel is generally expressed
Qin,v = Qrad,v + Qconv,v + Qcond,v + Ql,v (3)

The radiative heat from the flame to the insiddas@ of the vessel Q v, is generally
neglected because of its quite low values of saerfatich are exposed to radiation in
comparison with surface of liquid. Radiative he@nsfer is not neglected in large liquid
decline in relatively large average of vessel aM@cm. At large ullage heights (H> 0,2d), the
convective heat Q., v becomes large, because the hot gas mixture aaf@ircombustion
products entrained into the ullage of the vesseltates in the ullage (4) and transfers heat
convectively to the wall surface.

Assuming that the radiative heat is transmittednfrthe isothermal and homogenous
flame through a nonabsorbing medium and its rafléiets at wall and fuel surfaces are both

Qrad WV

equal to zero, the ratio of radiative heats —— is expressed approximately as (3) :
rad,|
_ (g +a-¢)
r= : 4) (
@+ - @ +4)
where
H
= 5
¢=5 (5)

From eqgn (4) , its seen that r increases with esirgy fi and is equal approximately to 1 at
H=0.35d. Therefore, the sum of convective hegtQ and radiative heat & v is expected to
be comparable to or larger than that to the fudkse at large ullage heights. The conductive
heat from the flame to the edge of the vessghdQ, is dominant in small scale pool fires
(D<2cm).

Heat loss in the vessd

The heat loss in the ves9g} ., is expressed by(3):

Qout,v = er,v + Qrefl,v + Qv,air + Qv,l + Qv supt + Qsensv ’ (6)

where Q. is the sum of reradiations  at the outside and @', at the inside of the vessel
wall. The reradiation @  is not negligible when the boiling point of theef is high, the
ullage height is large, and(or) the thermal coniiigtof the vessel is poor, because the
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temperature of the wall rises to a high levebqQ will also not be negligible at the low fuel
level especially when the vessel wall surface iarge. QensyIiS negligible compared with
Qsens4 because the bulk volume and the specific hetteof/essel material are generally very
small compared with those of the liquid fuel.

The convective heat from the vessel wall to the&ig; is very small compared with that
to the fuel Q, but becomes dominant at large ullage heights artia vessel of very poor
thermal conductivity and very thin walls. (23)Wh#re height of the vessel is small, the
convective heat at the bottom of the vesse| @ Q. or Q air Or Q water may become
considerable, depending on the fuel, the ullagghiethe material, thickness and height of
the vessel, and the burning time.

Experimental part

General purpose of the experiment was to monitogngphic dependency of burning rate
in time in conatiners with different wall thickrses.

The dimensions of the vessel are shown in Tabdes 2yell as vessels material.

THE DIMENSIONS OF THE VESSELS ablle 2
Vessd Inner diameter Wall Vessels material | Height [mm]
of vessel [mm] thicknesses
[mm]
thick 60 8 Structural steel 45
Moderate thick 60 4 Structural steel 45
thin 60 2 Structural steel 45

Experiment was made in two steps, we followed mgmate parameter by change of wall
thicknesses:
1. Filled with ethanol at 50 % ( H 0,2 d) (Picture 3.)
2. Filled with ethanol at 100 % ) H = 0) (Picture 4).

0,02

0,018

0,016
@
E - 0,014
> ‘w 0,012 ——thick (8 mm)
= % _._moderately
g E; Ll thick (4 mm)
w
1]
g 0,006

0,004
0,002
0 -

0 500 1000 1500 2000
burning time [s]

Fig. 3 Ethanol mass burning rate in dependency of by time
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Maximum of mass burning rate was for vessel, winat thicker walls (8 mm) and the
longest time of burning was for thin — walled (2 By comparing the result time of ethanol
burning in vessels with different wall thicknesssmaund, that the burning time in thin —
walled vessel, compared with thick — walled is egsd by about 750 seconds, wchich
corresponds§]22 %.

The curves in Picture 3. Can be divided into 3gdn the heat balance of the curve in

Picture 3. Describes the following process:

1. Transfer of energy from the flame to vessel watid #ammable liquid, when the vessel
with thick wall reaches higher mass burning rdtantvessels with thin walls.

2. Stabilization of the mass burning rate as a restilvessel walls and ligiud partially
overheating.

3. Subsequent changes in the final part of curve msequence lack of oxygen and low
levels of flammable liquids.

Vessel with wall thickness of 8 mm is more compgkchcourse of the curve, while the
remaining two curves have almost the same courstéeafance of temperatures. It is caused
by thick walls, which absorb alarger share of h&zam the flame. This reduces the
proportion of energy defection from the vessel svaito the environment (Q, Q, ;. )-

Thick — walled vessel creates good insulating doons for the energy produced by
burning. The thin — walled vessel, heat penetratese easily into the surrounding of the
vessel and @, Q, ,, share powering in the relationship (6) is incregsi

,air

Increased of mass burning rate also means incrédesemount of flame, which is
described by mathematical relationships in stu®8,7). During the burning was captured
flame in photograps shown in Picture 4. Imagesweade in the positions shown in Picture
3.

Position Thick (8 mm) M oderate thick (4 mm) Thin (2 mm)
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Position

Thick (8 mm)

M oderate thick (4 mm)

Thin (2 mm)

Dependence of burning rate to flame hight was cowd in the second part of burning

Fig. 4 Height of the flame during burning

process description.

Differences at the beginning of burning rate curae caused by transfer system vessel-
liquid. It results of images comparation and bogniate curve with thick wall (first part of
Picture 3).In this part of curve, the burning re¢aches significantly higher values as in the
other cases, however this fact is not noticeablemages, it is in line with heat transfer
through the vessel wall. In first part, the highestues achieves the vessel, which has thick
walls while the flame is the same as in case of dmd moderately thick vessel, because the
wall of the vessel consumes bulk volume of eneogystheating.
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In the second part of the experiment (Picture bamodl reaches edge of the vessel (100 %
filling) (experiment made in the same conditions¥nal burning rate is similar to previous
experiment. Ethanol was burning longest in the elessth thin walls and it was burning
shortest in the vessel with thick walls. The bugnin thin-walled vessel was prolonged
approximately about 750 seconds (10 %).

0,016 -
1 2 3 4 5 6 T
0,014 +—H—+— = = -
| LI
2 0,012 - K k IRl
;,':: 0,01 ‘1 — A v ? t{\.}wvv \J-“-v“"w\,,‘f moderately
E rsE' wmf'\- ~thick (4 mm)
3 0,008 7 ~—thick (8 mm)
ﬁ i 0,006 thin (2 mm)
W
[1+]
E 0,004
0,002

0 4 1 T T I T T T 1
0 500 1000 1500 2000 2500 3000 3500 4000

burning time [s]

Fig. 5 Ethanol mass burning rate in dependence on burtilmg

In curves comparison in Picture 4 we can see ttetargest growth of mass burning rate
in begining part achieved curve of thin-walled \ets# differs of Picture 3 in experiment 1.
This fact is caused by burning near vessel aperfbomsequence of this is both of ideal
access of flame to oxygen and vessel wall ovenhgadi progressive. Especially overheating
of thin-walled vessel occurs faster and also floeeethe growth of the curve is faster in first
part of graph. Subsequently the burning rate jigdie case of every vessel). This is caused
by desrease of the liquid level and consecutivecieicy of the oxygen.

The behavior of the flame during the burning ofligaid is in the Picture 6.

Position Thick (8 mm) Moder ate thick(4 mm) Thin (2 mm)
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Position

Thick (8 mm)

M oder ate thick(4 mm)

a
| ]
a
o
| |

Thin (2 mm)
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Position Thick (8 mm) M oder ate thick (4 mm) Thin (2 mm)

Fig. 6 Height of the flame during burning

Both of the height of the flame and the burning nraach more stable values at the 100 %
vessel filling as at the 50 % vessel ethanol fijlin

Temperaturedistribution in liquid

Changes of burning rate are in the line with chaofgihickness of vessel walls and with
the temperature distribution in liquid. For betterderstanding of the problem, temperature
measurement was realized in the vessel by thernptefu The thermocouples were
distributed in 1/3 of vessel height. The first thecouples was placed close to the wall of the
vessel, and second one in the middle of the vesdrlve the thermocouples was 25 g of
liquid, which correspond with thermocouples disitibn in the middle of liquid, because the
liquid level was in 2/3 height of the vessel.

The result of the experiment is seen in picturdffe vessel with thin wall had faster
increase of temperature at the beginning of burnimgontrast to thick wall, which absorb
energy, and increase of temperature seems to barliAfter a while, the vessel with thick

wall gets higher values, which is caused by refepsif accumulated energy in the walls of
the vessel.

g A Ao A e
L]

¥ —=thick 1
o »-thick 2
2 thin 1
- & thin 2
o
E
2

D T T T T T
0 200 400 600 200 1000 1200
burning time [s]
Fig. 7 Temperature process on the wall (curve 1) anthénmiddle (curve 2) of the vessel
in dependence on burning time
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Discussion

Influence of thickness of vessel walls has sigaific influence to burning rate. The
increase of burning time increased about 22 %. eCladifferences were achieved in
experiment no. 2, because of better access of @tlawward air, and so the part of transfer
energy is decreasing. Differences between thintaiotk walls of the vessel are caused by
heat transfer from vessel to surround.

Connection between flame height and burning rate wablished by many authors.
Experiments described in this study show flame wehaduring burning and they are
compared with burning rate. The curve of burnirtg kas divided to 3 parts. In the first part,
the biggest differences were caught; however, #ighth of flame doesn’t change.

While in the second and third part of the figures tlependence is manifested. It is caused
by heat transfer and by energy balance in the lidssthe first part, the energy is released to
liquid and to walls of the vessel. In the second #mird part, the energy is utilized for liquid
gasification, and participates in height of flame.

Conclusion

According to frequent utilization of burning rateparameter of flammable liquid burning
is not much measured. Nowadays, the burning rateesdo the background. Differences and
variances from mathematical simulations are oftetvesl with correlation of different
coefficients. In spite of their usage, significamdccuracies are brought into real behaviour of
liquids. Therefore, significant role plays experirted data verification, which are utilized in
mathematical modelling. This fact is in it more eekable, that experimental results, which
we measured, confirm, that change of wall thickrieseeases burning time about 10.22 %,
whereby literature and mathematical formulas daliw this parameter.
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ROLE OF PROCESSMODELSIN SAFETY MANAGEMENT

Miroslav RUSKO, Dana PROCHAZKOVA

Abstract

Management is a type of human activity that estbl and ensures the system functions.
The process models and project models are currarggd for management support. Main
aim of the process model is to describe the passieVelopment tendencies as a consequence
of certain phenomenon and to define functions awld of functions. The process models
enable to compile procedures and scenarios fossthuations that have similar features. They
are suitable for planning, response and renovatibm this paper, we present the risk
management model used at present in professiorzatipe, two simple models from daily
practice and the evaluation of process models fisicmanagement.

Key words
management, risk, safety, model

I ntroduction

Life, health, security and a chance of developraet important for each human. In
integral sense, the safety is a set of measures@ities aimed at conservation, protection
and sustainable development of all protected istsr@asic protected interests are the human
lives, health and security, property and welfar@eyvimnment, technologies and the
infrastructures facilitating the human Ilifg]. In concord with proclamation of the EU, the UN
and other world organisations and with professidmalwledge, it is necessary to ensure the
safe community, safe region, safe state, safe Eeues safe world in order to conserve
sustainable development of human society.

With regard to the present findings, the safety ag@ment of territory directed to
sustainable development concentrates on:
- preceding the disasters if possible,
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- removing the causes of origination of severe desastpacts or at least reduction of their
frequency of occurrence,

- mitigation of unacceptable disaster impacts byveméve measures and activities,
preparedness, optimal defeating the disaster impa@udl induced critical situations (i.e.
shortening the emergency situation duration to atatxe level),

- ensuring the territory renovation after disasted starting the further development.

Strategic proactive management and its tools ad teshit this target there.

Selected Tools Supporting the M anagement

The management is a type of human activity thatbdishes and ensures the given system
functions. It is a conscious way of applying thedretical and practical knowledge of top
managers directed to identification and diagnogishe problems and targets in a given
system, matters of defeating the problems, detextioim of procedures for required targets
reaching and on implementation of procedures cdedewith supervisory mechanisms
directed to the aim in order that required targeight be optimally reached. The tasks are to
diagnose each problem, to decide rationally, tdiseadecision-making in given real
conditions.

It is evident that the management is successfuy @nlit is based on professional
knowledge and experience. To obtain required knogde and experience, we must
permanently collect, process and verify data, perfqualified assessment that can only be
done by qualified and experienced specialists. @ltksnands can be met only on the state
level. Therefore, in developed countries, there dierent organisational structures,
dependent on the state administration organisatiah monitor safety, disasters etc. and
prepare grounds for decision making and strategieldpment of land.

The management consists of making individual denisit consists of the following
steps:

- assembling and processing the information witheesfo the fact that processing must be
adequate to particular problem (i.e. that data gesg methods for needs of safety
management must respect that big disasters witlastigwe impacts occur rarely, and
therefore, the procedures respecting the great arstéw, i.e. algorithms based on extreme
or marginal estimations must be used,

- recognition of solution variants,

- searching for optimal problem solution,

- own decision making.

To make the decision making objective and qualjfies necessary:

- to have a sufficient number of information, its edijve processing and cognition of
suitable reactions,

- permanent reaction to an access to new findings,

- to understand the solved problems in connectioth®&r vicinity and in their internal
structure,

- to combine the suitable knowledge, experience amd mformation in order to obtain
practical way of problem solution,

- credible data assessment.
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In decision making, it is necessary to consider:

- the judgement of present conditions and presenisidacmaking from the viewpoint of a
future development,

- the qualitative factors and strategies of diffeqgatticipants,

- the fact that the future is multidimensional andefinite,

- the fact that each system must be investigatedddotially and systemically,

- the fact that information and strategies are natnaébut tendentious,

- that more approaches complement each other,

- the fact that there are prejudices against thetegiies and humans which should be
prohibited.

Decision making must be objective and qualifiecorrrthe viewpoint of the knowledge
that might be decisive in systemic concept, denisnaking can be classified as:

- standard; all is known and standard procedureslafisn are also known,

- well structured; there is a clear and quantitayividscribed structure of problem in systemic
concept and the optimizing methods may be used,

- weekly structured; i.e. there are not only uncattes but also unclearness in case of several
elements of structure of judged system. To put vrabmtrol, the methods of system
analysis that join exact mathematical methods wadhmalised quantitative considerations
(i.e. heuristic methods) must be used. Decisionimggleuristic methods are the methods of
decision making analysis that are usually diviohd:

. decision making tree (process model),
. decision making matrix.

Assessment of process models is often performedhbyDelphi method [2] and the
assessment of decision making matrixes is perforoyethe way described in appropriate
handbooks , e.g. [3];

- non-structured; i.e. there are uncertaintiesangigg many elements, links and flows of the
judged system. Their solution is possible by thpegxmethods. Expert methods simulate
intellectual procedures of specialists. They argedaon the scenario of process in which a
decision maker is directed to solve partial proldenh decision making in certain logic
procedure of considerations and activities conmkeeteéh generation and assessment of
different variants of solution of a given problexpert systems can be classified as
diagnose and generative (designing) ones [4, 5]support decision making, case studies
are processed [6] that use qualitative data in v eveabling to obtain the idea of frequent
solution of problem in certain context determined diven conditions in the evaluated
system and its vicinity.

When selecting a method of decision making, itesassary to respect the nature of the
solved problem, determine aims of solution, cradar solution and possibilities of collecting
the necessary input information. In a domain ofllaafety management, it is necessary to
realise that the majority of problems is connectéth uncertainties and unclearness induced
by fact that the human system has been continuaieshgloping in permanently changing
outer medium, and that to fulfil the safety managettargets, it is necessary to choose a
good strategy for ensuring the human system sgamid sustainable development.

Strategy is a set of rules for decision making urtle conditions of uncertainties and
unclearness. The development of strategic managemetompanied by formation of
effective tools started in the second half of tl#h2century, when methods of operating
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analysis based on the creation and assessmentiaftgaof possible evolutionary tendencies
of system were processed. In the 70s, the proggseach was worked out which was in the
80s linked with the systemic approach that represknet interface and complex view on a
given reality.

To produce variants of processes, the methods leiteet on the estimation or on the
mathematic modelling are used today. When seleaimgethod for decision making, it is
necessary to respect the nature of the solved garghbiletermine aims of solution, solution
criteria and possibilities of collection of necagsanput information. The first group of
methods comprises the methods of analogy, bramstgy brain writing, panel discussion,
Delphi method, Gordon methods (technique of creatihnking), application of fuzzy sets,
and application of fractals [7]. The methods basednathematical modelling are based on
the time series processing. Excessive exactituddanconstruction of exact models often
leads to overestimation of theoretical viewpointsl a0 non-respecting the real needs and
possibilities of future users. Pragmatic approéesed on the analysis of real situation and on
building a model suitable just for it, depends be tnethodology of model compilation —
objectivity, non-prejudiced and comprehensivendsdata, capabilities and competence of
professionals.

There is always an effort to divide the problemoit hierarchy of sub problems of
different orders, i.e. structure the problem. Peablstructuring has two dimensions, namely
the problem decomposition and the level of abstraaif problem representation.

For management support, the process models angrtipect models are elaborated at
present [8]. Main aim of the process model is tpictepossible development tendencies as a
consequence of certain phenomena, pertinentlyrtadefunctions and role of functions. The
application of process model is suitable for repeadctivities that can be structured and
consecutively described. The typical case is tloelyoction enterprise with a serial production.
The application of project approach is converselytable for unique projects, e.g. big
buildings, software development etc. Individual jpots allocate in life cycle own and
external sources according to momentary need. Thgeqd approach has always higher
uncertainty and is worse described by tree model [8

Process M odéels

Fundamental for process management is the elaboratiprocess models. Modelling is a
specific sort of cognition of reality that is ara@uns. It is an efficient activity that we have
been using in case of complex process / activitpjéct etc., when we want to investigate
only certain matters, i.e. the existing realitysisnplified or sometimes only reduced or
magnified. During the modelling, we elaborate theded of identified reality (mathematical,
thought, oral, graphical, physical (imitation)) folefined purpose, that (following from
condition of isomorphic or homomorphism represeatgtmay give great evidence capability
that is only valid in the extent of reality for dmamodel. Mathematical and physical models
come from analogies among physical quantities. mbdel compiled according to principles
for physical model has the same physical natutbesbject. The model compiled according
to principles for mathematical model has a difféneature, but its function is perceived by
the set of equations identical with the set of éigna describing the items of original.
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Mathematical models we can classified accordinthéodifferent viewpoints. According
to the character of parameters and deciding vasd¥l], the models are divided into:

1. Deterministic models, i.e. models in which all paeders are fixed deterministic values
and in which there are only deterministic quardgitend relations, i.e. nor uncertainties
neither unclearness are allowed.

2. Stochastic models, i.e. such models in which astleme parameter that is a random
guantity occurred and there is no unclearnessdeeations from reality connected with
blunder error at collection or at interpretationdata, measurement or with lack of data or
with non-linearity of process or with intentional mon-intentional neglecting sure actions
or events). It means that at least one decisivalarin model is a random quantity.
Uncertainties connected with this random quanbtywith these random quantities) may
be assessed by the methods of mathematic statiBticbability distribution of random
variables in the model is known (in practice thirbution is deduced either from logic —
theoretical considerations or by methods by mathieaiastatistics or by expert methods).

3. Models with unclearness are sometimes called gitee. the ones when there is at least
one quantity that is random, but its distributieml{ke stochastic models) is not known
and cannot be determined by logic — theoreticalsicierations or by the methods of
mathematical statistics (usually owing to low numbkeevents) or by expert methods. We
usually say that we only know bottom and top linmtshese quantities in these models.

Modelling is one of the methods used for solving thAsks of practice if inputs and
outputs are known. Terminologically, clean-out nledee e.g. the models:
- fuzzy multi-criteria,
- conceptual or qualitative,
- uantitative,
- dynamic and simulative,
- ecological effectiveness.

Chosen typology of continuous discrete decision e®téads to classification into two basic
groups, namely multi-criteria discrete models andltrpurpose continuous optimising
models. The other possible classification is adogrdo so called degree or “softness” or
“hardness”, i.e. according to completeness and racguof input information. There are
models of certain softness type (SOFT) and cehardness type (HARD).

Process models belong to the category of qualdathodels on the basis of process
analysis and graphical representation. In the $0asb century, many different technologies
have been developed. The most popular methods ther©MT (Rumbaugh), the OOAD
(Booch) and the OOSE (Jacobson). Each of theskeatiethad its own value and advantages.
The OMT emphasizes the analysis, the OOAD propasdlthe OOSE behaviour analysis.
The methodologies have been converged; however htree been using their own symbols.
Using the different symbols caused the problemmarket, since one symbol was interpreted
differently by various people. This war of methodss terminated by UML (Unified
Modelling Language) that represents the unificatmfn Booche, Rumbaugh and object
symbols of many others. UML is a fundament/standardhe domain of object oriented
analyses and of proposals based on experiencefeisgionals [10].

Process model supported by qualitative tool enatedescribe actual conditions, to
propose new processes or to optimise existing pease to reveal unnecessary or inefficient
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processes, to simulate and to evaluate possibleadgtspof changes before their
implementation. From the viewpoint of formalised@gss analysis, process models represent
sophisticated tools in which pure graphic represt@ort may be misguided and it may mean
unacceptable simplification of judged system.

Process M odels Supporting the Safety M anagement

As an example, we will show the risk managementehtitht has been used at present in
professional practice, two simple models from daifgctice and the evaluation of process
models for crisis management.

Risk Management Model

The risk management model leads the project medmnproactive continuous risk
management. The risk management process accomlitigst model comprises five steps —
identification, analysis, countermeasure plannimgnitoring and own management. Each
risk goes through these steps at least once.

In the first step, the source of risk, charactepadsible failure of object, operational and
commercial connections are determined. In the skstep, the probability and impacts (for
calculation and mutual comparison of risk) are aeieed. In the third step, countermeasures
leading to risk reduction, risk mitigation and tséer of risk to somebody else are defined. In
the forth step, information on risk and changetsfelements in time is obtained. In the fifth
step, planned actions as reactions to appurtehaniges are performed.

Outputs from risk management process are the follgw

1. Risk assessment document — it includes all information on appurtenant risk.

2. Top risks list — it contains list of selected risks, the solutminwhich has the highest
demands on sources and time.

3. Retiredrisk list - it serves as historical reference to future sleai making.

Process Models Derived for Practice

The following figures (Fig. 1 and Fig. 2) show teamples from practice. The first one
describes the processes necessary to ensure tiréysand sustainable development of land
in the case of traffic accident of tanker. The secone describes the processes that can cause
the destruction of boiler.
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Traffic accident of tanker

Hazardous substancey Hazardous substance
NO YES

e R R —

Explosion, Fire| Explosion, |Explosion,|| Fire,
Leak Fire Leak Leak

foe— =

Rescue and Liquidation Works

¥

Stabilization works Stabilization works
NO YES

 /

Environment contamination Environment contamination
NO YES

v
| LaND RENOVATION |

Mo danger | |[Explosion| | Fire Leak

Fig. 1 The process model describing the tanker traffidcerat

Boiler switch on

I

Circulatory pump Circulatory pump
in operation in operation
YES / \NO \
Boiler is switched Boiler is switched Boiler is in operation
off automatically off by operator

\

Boiler has safety valve Boiler has hot safety valve

N\

Safety valve does not react

Safety valve reacts

Fig. 2 The process model describing the boiler destoucti

Process Models Supporting the Crisis Management

On the crisis management portal of public admiatgin [11] there is the use of process
models for crisis management. Possibilities of daadisation, simulation, processing and
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evaluation of process models for individual domagfscrisis management are described
there. the uses of individual models for crisis aggment in practice, the sequences of works
at life cycle of extra ordinary event or crisisusition with regard to individual specifications
of domains in which they originate are shown. Iptetation of the EU and NATO standards,
compatibility with legislative and other favourabf@operties for domain of teaching,
preparation and training of individual componentstigipating in crisis management are
described. One can find there a description of gutaces and conditions for connection of
process models for crisis management with usedoagadating tools for crisis management
support, including the links to the IT.

Conclusion

Each process is a sequence of phenomena or a&diintspace and time, in which we can
distinguish inputs and outputs. Inside of each @secthere are usually parallel but distinct
sub processes. Each of sub processes is bound egrtéon element in space or to certain
group of elements in process under account. Theepgpomodel is a representation of certain
process directed to a certain target. As targetsnat the same in practice, there are several
process models for one process.

The process models enable to compile proceduresaerdarios for certain situations that
have certain similar features. They are suitabtepfanning, response and renovation. They
are constructed according to real needs. Resulpsaziess model application are the norms,
standards, security, emergency, accident, crisigtjrauity and other plans, disaster scenarios,
response scenarios, renovation scenarios etc.

In management domain, namely in the planning, gassible to use the process models
reflecting the reality type for certain, strictlyrited type of activities. With regard to the
above mentioned theory, each process model mustested whether a given reality
corresponds to model assumptions. If yes, it isiptes to use this model and vice versa.
With regard to the multiplicity and variety of rég it is not sufficient to use only
deterministic and stochastic models, but in thee aaishigher demands on accuracy, it is
necessary to apply the models with unclearnesshichaunclearness is eliminated by expert
methods or by case study methodology [6].

The domain of security, emergency, accident argiscplanning are the domains in which
it iIs necessary to consider the origination of veseeable phenomena (human error at
decision making, lack of necessary sources of ald¥ occurrence of meteorological
conditions, unusual combination of phenomena &tdg,the domain in which it is necessary
to use the process models based on the modelsimstearness because:

- deterministic models that are conservative, i.at #ne very expensive,
- stochastic models do not perceive possible sitnatiecause they are too simplified.

Process models based on deterministic approach Ibese used at sitting, designing,
building and processing the technologies and objeetause they ensure the highest level of
safety with regard to the present knowledge aneeapce.

Process models based on stochastic approach havenbast often used in inspection
activities and routine management of safety ofatenprocesses or objects.
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INTEGRATED PREVENTION AND POLLUTION CONTROL
ASAN IMPORTANT TOOL OF ENVIRONMENTAL POLICY
IN SLOVAK REPUBLIC

Miroslav RUSKO?, lvana TUREKOVA?, Dominika @ENASOVA 3

Abstract

The concept of “integrated environmental protectitakes into consideration all sectors
of environment impacts (air, water, waste) like amplex, instead of a separated view on
each sector. The reason of this concept is thastiistances and emissions outflow from one
environmental sector can cause transport to anodmironmental sector.

New attitude in integrated process represents angbeavhich can be applied within the
segment system of assessment and permitting aigial to the integrated permitting. It is
a new aspect with which we do not have any pralcéixperience with and poses demands on
both sides involved in this process. Integrated nperdoes not mean increased
responsibilities, but allows operators to be adiiveonnected to the permitting and
transposing their own ideas in communication betwthe competent authority and operator,
what the existing practice does not allow.

Key words
IPPC, integrated permit, competent authority, ifistéon, operator
Introduction

Integrated prevention and industrial pollution pation is a set of measures aimed at
pollution prevention, reduction of emissions to, awater and soil, reduction of waste
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generation, and at waste recovery and disposalider to achieve a high level protection of
the environment taken as a whole, whereas focusingdustrial sphere.

Integrated pollution and prevention control presemst shift from keeping each
environmental sector (air, water, waste) to indakactivities. The field of IPPC activity is
consequently divided according to the industrigivétces.

The purpose of Directive 2008/1/EC of the EuropBariament and of the Council of 15
January 2008 concerning integrated pollution preearand control is to achieve integrated
prevention and control of pollution arising fronmethctivities listed in Annex . It lays down
measures designed to prevent or, where not pratgictd reduce emissions in the air, water
and land from the abovementioned activities, iniclgdneasures concerning waste, in order
to achieve a high level of protection of the enmiment taken as a whole, without prejudice to
Directive 85/337/EEC and other relevant Communityfsions.

Environment is a necessary condition of our existeand life. It is the only environment
for life which we have. It is logically necessaoygrotect and develop this environment. The
real guarantee of preserving and improving thegmesituation of environment are laws and
their efficient enforcement.

A very important tool for upholding the environmaniaws to the practice are the
competent authorities which may give sanctions. Miagn executive body in Slovakia is the
Slovak Inspectorate of Environment, which has bestablished by the Slovak Ministry of
Environment.

The Slovak Inspectorate of Environment (SIE) isexperienced controlling authority
providing the state supervision and giving sandida keep the environment in good
conditions and make the state control in integrgexvention and pollution control section

[1].

For activities which SIE initiated immediately afthe IPPC law come into force, it was
necessary to establish the new department and huiskrsonally, materially and also
technically. At the same time, five local departiseof integrated prevention and pollution
control in Inspectorates in Bratislava, Nitra, BemsBystrica, Zilina and in KoSice were
established [2].

Headquarters coordinate the SIE work in the natiand international range. It works
like a second degree — appeal authority to firgtee decisions of local Inspectorates.

L egislative scope

Within the approximation process in the conditiaisSlovakia, the Council Directive
96/61/EC of 24 September 1996 on integrated prewenand pollution control (IPPC
Directive) was implemented by approving the Act 1245/2003 of the Coll. on integrated
prevention and pollution control (IPPC) and RegatatNo. 391/2003 of the Coll., which
regulate IPPC via implementation of the Act No. 2983. Gradually, later amendments of
this Act, such as 205/2004, 220/2004, 572/2004=87d2004, were implemented.

IPPC Directive was recently codified — Europeanli&aent and Council Directive
2008/1/EC of 15 January 2008 on integrated prewerand pollution control.
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Regarding the continuous amendments of individuatddves on important industrial
emissions, the European Commission admitted thecive proposal on Industrial emissions
on 21 December 2007, processing the seven exiBinegtives related to industrial emissions
into a simple, clear and coherent legislative toaluding the following documents:

* |PPC Directive,

» Large Combustion Plant Directive,

» Waste Incineration Directive,

» Solvents Emissions Directive,

e« Three Directives on Titanium Dioxide (disposal, mtoring, pollution reduction

programs) [10].

Directive on industrial emissions should facilitée governmental bodies to specify the
conditions of integrated permission. When the Divec comes into force, the BREF
documents will be obligatory.

Integrated permitting process

Integrated permitting is the process open to géngublic. Except for negotiating
participants and competent authorities, also aba@immunity of physical people, interest
group of juridical people and people connected witlegrated permitting process can be
involved [2].

A demanding and lengthy process beginning with sgndperator a notification and
continuing with running negotiating application geded the publication of the integrated
permission. The integrated process itself begihennoperator submits an application, then
ensues its processing and verifies the informatnainstallation. After oral hearing and each
condition of permission is agreed with operatontha integrated permission is issued [5]. To
issue the integrated permission lasts 90 days fr@hhearing and maximum 6 months from
the process beginning — from clear and corredigdfiin application.

The system of integrated permission brings diffeeglvantages for competent authorities
on one hand, and for operators on the other hdma: system contribution can described as
follows:

 From the operator point of viewconsiderable simplification of process because the
operators need only one application for most deessiin the environment protection
sphere. The example of the application is compileah understandable and clear way. In
case the installation is new, integrated processmected also with building permission.
These aspects make process easier and speed it up.

* From the competent authorities point of vidive advantage of this process is assessing
the activities in permitting installation with orm®mpetent authority instead of existing
permitting by different authorities with often cohigated mutual interconnection. For this
reason, it is possible to set installation condsiavith focus on all environmental impacts
mainly in air protection, water protection and veashanagement area (Fig. 1). This
system simplifies the inspection of permits comdis, carried out by one competent
authority.

« For both sidesdifferent approvals issued up to the present awme concentrated in one
well arranged document — integrated permit [11].
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Fig. 1 Integrated process and its simplification

What does | PPC permit allow?

IPPC permit allows the whole control of the ingtdin and confirms that if the
conditions in the permit are fulfilled, the instlbn will not cause the environment
pollution.

With the IPPC permit, the operator is obligatedige hierarchy of the waste management.
The IPPC permit obligates the operator to use gneffciently.

IPPC permit obligates the operator to take meadorgsrevention of failures and reduce
its consequences.

After finishing the installation activities, IPP@nnit obligates the operator to take some
measures for location remediation and for bringihg environment in a satisfactory
condition. With the IPPC permit, the existent ifiateons should be able to meet the
required conditions in the specified time.

IPPC permit obligates the operator to help durivgihspection supervision.

IPPC permit obligates the operator to supervisesblfnto report violated regulations and
to allow the public access to the obtained daté [12

The deadline for issuing all integrated permits \88410/2007 regarding the Act No.

245/2003 on integrated prevention and pollutionticdrflPPC), and therefore the activities of
Inspectorates involved mainly the permissions dftatation listed in Annex 1 of Act
245/2003.

Integrated permits were issued in accordance wag¢hschedule developed on following

IPPC installations databases. Ttieadline for issuing all integrated permits for EPC
installations in Slovakia was fulfilled to 100 %.

In comparison with previous years, year 2008 washmmuore demanding considering the

huge amount of already issued integrated permiis. dperators often applied for substantial
change (Fig. 2) in installations of functions or fouilding decisions (like approbation
decision).
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M Integrated permissions M Substantiachanges M Building permissions

436

2005 2006 2007 2008

Fig. 2 Integrated permissions, substantial changes anldling permissions issued in each
Inspectorates in period 2005-2008 [3, 4]

Inspectors act not only as a permission competetitoaty, but also as an inspection
authority. In years 2007/2008, inspectors made nmohe on-site visits then in the years
2005/2006 as can be seen in Figure 3. The reassrthaanot many integrated permits were
issued in years 2005/2006.

Act 532/2005 came into force on 1 January 2006 iactianged and amended the Act
245/2003 on IPPC - SIE, extending the competemdidee permitting body in the field if the
air and water protection, waste management andiidibg permission process [5].

H Inspections H Violated permission conditions

236
209

60

16 g

2005 2006 2007 2008

Fig. 3 Inspections made on each Inspectorates in p&@fib-2008 [5,6,7,8]
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BAT and BREFs

The main target of integrated prevention is to gebtenvironment as a whole from
industrial and agricultural pollution by regulatingstallations. It is possible to achieve higher
degree of environmental protection by using BAT. [9]

IPPC Directive for this purpose introduces a newcept known aBAT - Best Available
Technique. BATs are defined as the most effectiveé developed degree of development
using technologies and the way of their operafidrey are made to be set up in an applicable
economic branch. The conditions must be economjicatid technically acceptable with
respect to the expenses and contributions. AnliaBta operator can accept the conditions
only when they are reasonable and at the same o effective in the protection of
environment as a whole.

The outcome of the formal information exchange ladorm of BAT Reference
Documents -BREFs. They are gradually being published for all at¢t®d under IPPC.
BREFs summarized and recommended (but not as tinygaBest Available Technique in a
given industrial branch. BREFs are preparedlWyGs (Technical working groups) and are
used as background papers for integrated permitcagipns. TWGs consist of the experts
from EU countries, EFTA countries (European Fread&rAssociation) and associated states,
representing industrial and non-governmental emwrental organizations. These technical
working groups prepare BREFs on the base of thairdd information. The information
exchhange is monitored by the Information ExchaRgeum (IEF) which meets twice or
three times a year and provides official commemiBREFs proposals.

The BREFs target is to provide information about:

* given industrial branch,

e used technologies and processes,

* materials flows,

e emissions limits in EU member states,

* emissions monitored by relevant authorities of E€hrher states, by installation operator,
by European Commission and finally by general mubli

The core of each BREF is a row of elements whield f® identification of what can be
considered a BAT. It is done on the basis of prevismformation and specific emissions
limits set for an industrial branch. At the end edch BREF, there is information about
developing the techniques in a given industriahbha BREF documents should not contain
political views and attitudes.

How to use BREF in the Permit?

When evaluating BAT for the applicant, it is import that the applicant and the authority
make reference to the BAT Reference Documents @s®tdiscuss the choice of document,
investigating possible substitution for dangerouisssances, and then revisiteghnological
processes. It shall be described which dangeroostamces are used in the production, and
what should be done in terms of substitution tcclmeBAT. It shall be described which
processes are used in the production, and whatdshewdone to reach BAT. A subdivision of
this paragraph into single processes can be ukefalarification. All new productions shall
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apply BAT according to the definition in the IPPGrdxtive. For existing companies, it

should be described:

» whether the process uses BAT and if not - why not,

* which terms in the permit that will ensure thatlanptowards BAT will be mandatory for
the installation,

« the time limits and why it is necessary to giveitigtallation time to apply BAT [13].

Conclusion

Integrated permitting is process in which condiidor defined industrial activities in
installations are being set. New installations peemitted to meet the target — integrated
environmental protection and protection of all eomimental sectors, to keep the pollution
degree in environmental quality standards.

The main target of integrated prevention is to gebtenvironment like a whole before
industrial and agricultural pollution by regulatingstallations. In spite of integrated
permitting is still relatively new problematic inarkedly lesser extend come to breaking of
duties which followed from integrated permits. Toperators, which are under the IPPC
Directive, are satisfied, that they don’'t need tswee so many permits from different
competent authorities as in the past. All condgion installation operation are contained in
one integrated permit.

Integrated permit does not mean increased resphitns#) on the contrary, it allows
operators to be actively involved in the procesparimitting and to foster their own concepts
in mutual communication of competent authority apeérator, which former practice did not
allow.
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COMPARSION OF SOLUTIONS OF SECOND ORDER LINEAR
DIFFERENTIAL EQUATIONSWITH CONSTANT COEFFICIENTS

Marcel ABAS

Abstract

In this contribution we compare solutions of secander linear differential equations
with constant coefficients with respect to the fafright-hand side of the equation and to
the form of initial or boundary conditions. We wske that some types of such differential
equations one can resolve by the method of vanaifoconstants and it is not possible solve
them by Laplace transform. On the other hand, safi¢hem are solvable by Laplace
transform and are unsolvable by the method of vimaof constants. The reason for the
comparison is to show that the students of autmnatiave to know both ways of solving
linear differential equations with constant coa#ius.

Key words
linear differential equation, Laplace transform riaion of constants
Introduction
Consider the following problem: solve linear ditatial equation of second order
y'(t)+ay'(t)+a,y(t) = olt) a,a,00 (1)

with either initial conditionsy(t,)=a,y'(t,)=b or with boundary conditions of the form
y(t,)=a,y(t,)=b or y(t,)=a,y'(t,)=b or y'(t,) =a y'(t,) = b. The right-hand side of (1) -
the function g(t) - can by continuous as well as discontinuous (Grw). It is well
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known, that one can solve the differential equatignthe method of variation of constants
only if the function g(t) is continuous (and it is impossible to use thehtmiat\Nhenevelg(t)

is discontinuous). On the other hand, one can stilgeequation with the help of Laplace
transform only when the initial conditions are giv@nd it is not possible to use the method
when boundary conditions are given). In the next,p@ge show the examples of solving the
differential equation in various cases.

Problem solution

Problem 1: Solve the differential equatioy” + 4y =t>+ tyith boundary conditions
(T
y(0)=1 y [Ej =0.

Solution: The equation is an inhomogeneous linear diffea¢etjuation of second order with
- n . :
constant coefficients. Becaude > we cannot solve the equation with the help oflae@

transform. Firstly, we solve the homogeneous difidial equationy” + 4y =0 to obtain the
general solution (complementary function) of thanlegeneous differential equation. The
characteristic equation 8’ +4= @0 A, = 2,4, =-2i. It follows that the two linearly
independent solutions of the homogeneous diffemenéiquation arey, =cos2t and

y, =sin2t and SO complementary function is of the form
Y. = ¢y, +C,Y, =C, COS2t +C, Sin2t.

The right-hand side of the original equation hapecial forrrg(t) =t?+1, so we can use the
method of undetermined coefficients. Because timetion g(t) is a polynomial of degree
two and zero is not aroot of the characteristiciadign, the particular solution of the
inhomogeneous equation will be of the foyy = at® + bt + ¢ with undetermined coefficients

a,b,c. Substituting y, =at’ +bt+c and y, =2a into the original equation we obtain

a=%,b=o,c=%. The general solution of the inhomogeneous equatiathe sum of the

complementary function and the particular soluti®o.

Yg = Ye tY, =CCOS2 +C,sin2t +%t2 +%,

wherec, andc, are arbitrary real numbers. To obtain the coedffitsc, andc, (for given
boundary conditions) we have to derivate the fuimgfj;:

Yy = —2¢,sin2t + 2c, cost +%t.
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Substituting y(0) =1 and y(gj =0 onto y, (t) and Yq (t), we getc, :g, C, :g and the

solution of the equation with boundary conditions G{O;g> is the function

y(t) = Lcosot+ Rsinot + 147 + L.
8 8 4 8

Problem 2: Solve the differential equatiog” -3y’ +2y = g(t), where the functiorg(t) is

. 0fortO(-o0) JLoo) - g
iven by: git , with the initial conditionsy(0) =0, y'(0) =
g yg(){ Lfort (03 y(0)=0,y(0)
Solution: Because the function is not continuous (6rw), we cannot use the method of
variations of constants. Instead, we have to stiigeequation with Laplace transform. For the
originals y",y,y and g(t) we obtain the following images:L[y(t)]=Y(p),

Lly'(t)] = pLy(t)]- y() pY(p), l[y"]—pzl[y()] py(0)-y'(0)= p*¥(p)-1 and

Lg(t)] = jg() p‘dt—jll]‘e ptdt+j0[da“”dt—je ptdt——l[e = p(l e’)

Substituting onto the differential equation we &TY (p) —1)—3pY(p)+ 2Y(p) = %(1—e‘p),

: : : : p+1 e’
from which we obtain the image of the solutiwfp)= - :
p(p-1fp-2) p(p-1(p-2)
After partial fraction decomposition, we will have
-P -P P
E—l1 2D —D o 1E€ + 8 1De . The solution of the differential

p-1 2 p-2 2 p p-1 2 p-2
equatlon y(t) is the original of Y(p) So, for y(t) we have

yt)= L Y(p)] == -2¢' +e %ﬂ(t -1)+€e 7t —1)—%ez(t"1)/7(t ~1) or equivalently

Problem 3: Solve the differential equatiory” -3y’ +2y=t>+ 1yith initial conditions

y(0)=0, y(0)=

Solution: The equation is an inhomogeneous linear diffea¢etjuation of second order with
constant coefficients. Because the right-hand sflethe equation is continuous and,
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additionally, it is of a special type, we can sotlie equation with the Laplace transform as
well as by the method of undetermined coefficients.

a) Method of undetermined coefficients. We solve the homogeneous differential equation
y"-3y'+2y=0. The characteristic equation ¥ —-31+2=With the rootsA, =1 and

A, = 2. The two linearly independent solutions of the hgemeous differential equation are
y, =€' andy, =€” .The complementary function ig. =cy, +c,y, = ge' + c.e”.

The right-hand side of the original equation hapecial forrrg(t) =t?+1, so we can use the

method of undetermined coefficients. As in the pgob 1, the right-hand side of the
differential equation is a polynomial of degree tamd zero is not a root of the characteristic
equation. So, the particular solution of the inhgemeous equation will be again of the form

Y, = at’ +bt+c with undetermined coefficientsa b ¢, Substituting Yy, = at® +bt+c,

y, =2at+b and y, =2a into the original equation we obtaiazé,b:g,cz% The
general solution is the inhomogeneous equalipr y, +y, = ge +022t +%t2 +gt +%, (o}

and c, in O . Substituting the initial conditionsy(0)=0, y'(0)=0 into yg(t) and
Yq (t)= ge' +2¢,e* +t+g we obtain the solution of the differential equatiwith initial
conditions y(t) = —3¢' N PLIE I

4 2 2 4

b) Laplace transform: For the originalsy”,y’,y and t*>+ 1 we obtain the images:
Lly(e)]=Y(p), Ly )] = pL]y(t)] - y(0) = pY(p),
L]y"] = p2L]y(t)]- py(0)- y'(0) = p?Y(p) and L[tz +1]=%+£. Substituting onto the
2
=+

differential equation we gep?®Y(p)-3pY(p)+2Y(p)= 0

. So, the image of the

'O|I—‘.c

p*+2
p*(p-1)
1 3 1

form Y gG£+§El£2+i 30 + -0 . The solution of the differential
4 p 2 p p p-1 4 p-2

equation y(t) is the original of Y(p) So, for y(t) we have
_ 9 3 1., 3, 9
0= L= Zt

solution Y(p) After partial fraction decomposition we get theaige in the

-2)

'O

Yot .3
[-E—+— 3e' et =3+ + St + St + =,
r 2 4 4 2 2 4

N w
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Results and discussions

In the previous section we have seen that the rdstbbsolution of second order linear
differential equation depend on the form of théatigand side and on the types of conditions
setting on solutions. We showed solutions in soaréiqular cases.

Conclusion

Dynamical systems (which are one of main objecthénarea of operations resegraan
be described by differential equations of variouslecs. Frequently, such a differential
equation is ann- th order homogeneous linear differential equatwith constant
coefficients. Looking for a reaction of the system input function, students of automation
often have to solve such (inhomogeneous) equatlonggard to the form of the right-hand
side (input function) and on the type of startimmpditions they have to know both ways of
solving linear differential equations with constaaefficients — the method of variation of
constants and Laplace transform. In this contrdsytive showed how such equation can look
like and how to solve it.
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THE FINANCIAL SECTOR AND SUSTAINABLE DEVELOPMENT

Miroslav RUSKO, Anton KORAUS

Abstract

Growing load and deterioration of the environment can be interpreted as a result of some
external effects interventions. While the positive externalities influence the positive
productional and utilizational functions of other subjects, the negative externalities influence
the negative ones. Both types of external effects can act as parcial or global externalities.
Linking the environmental issues to economy and finance is an important sphere. Co-
implementation of both marketing and environmental audits is an important element of this
sphere too.

Key words
environment, economics, management, audit
Introduction

When considering the planet Earth, the current muaivities are of a global nature.
Significant problems include worsening of the eammental conditions. Humanity nowadays
has the most modern tools of its whole historytatdisposal to influence the environment
(both in the positive and negative sense). Unlichgeonomic growth especially in the states
with developed economies, the so-called countrieghe rich North, and an exponential
growth of human population bring along distortioh aertain systems all throughout the
planet. The present human civilisation affects #nme climate, soil, water, circulation of
substances, live organisms as well as the civitisatself. Environmental problems caused
by human activity are getting more and more glaeali
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Concept of a sustainable development

A recent notion of humanity development identifaly with the economic growth has
now been corrected so that it would lead also thirhent of social goals, in particular to
reduction of poverty, enhancement of the qualitlifef and improved opportunities for better
education and health. This change of orientati@quires a comprehensive approach to the
development of mutual relations management betwegural and human, as well as branch
and structural aspects of development on all IefgIsAs a result of this changed orientation,
a concept of sustainable development was creatddchwis further developed and
internationally applied. Since 1960s the knowlettge an unlimited or uncontrolled growth,
whether of human population, consumption or padlitetc., is not sustainable under the
circumstances of real, existing and limited resesilis becoming more wide-spread [5].

It is therefore necessary to replace the model nofustrial civilisation by a more
sustainable and just concept. Sustainable develafpeuncept is nowadays considered a
possible solution to adverse consequences of gkobatls in the society development and
their negative impact on the environment. The ersigh& put on the need to base this
concept on healthy ecosystems, strong economy atidumctioning social issues [4].

In its draft Sustainable Development (SD) Pringpline EU has declared that SD is the
key factor of all EC policies stipulated by the dtye This document determines the crucial
objectives such as environmental protection, sagaity and cohesion, economic prosperity
and meeting the international responsibilitiesfulfilling these objectives, the EU is guided
by the following political principles: promotion drprotection of fundamental human rights,
solidarity within and between generations, open dedchocratic society, involvement of
citizens, involvement of social and business pastneolicy coherence and governance,
policy integration, use of best available knowledgecautionary principle, “polluter pays”
principle [1].

Nowadays, there are still many areas in Slovakiatarninated by the past and current
industrial activities, which cause serious negatmpact not only on the human health and
life, but lead to the constantly worsening quadihd conditions of the environment. The most
important principles in case of negative impacaathropogenic activities on the environment
is giving preference to preventive measures rdthemn to corrective ones, and application of
the “polluter pays” principle [2].

Prevention or remedying of environmental damageaulshbe implemented via “polluter
pays” principle in accordance with the sustainal@deelopment principles [3].

Quality Management System

The adoption of Quality Management System (QMS)tbase a strategic decision of an
organisation. The proposal and introduction of Qeality Management System in an
organisation is influenced by various needs, smeabjectives, delivered products, used
processes, as well as the size and structure afrganisation. The aim of the standard is not
to introduce a unitary structure of quality managamsystems or a single documentation.
The requirements put on a quality management syspauified in this international standard
meet the requirements put on products. The intemealt standard may be used by internal
and external parties, including certification balien order to assess the ability of an
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organisation to comply with requirements of a costg as well as the regulations and
requirements of the organisation.

An important milestone in the development of gyalihanagement systems was the
issuance of ISO standards of 9000 series in 198%hbyinternational Organisation for
Standardisation, the Technical Committee TC/176 liQuavlanagement and Quality
Assurance. ISO standards of 9000 series were thmrbeg of the path towards the top
quality and were an effective tool of enhancing kvarithin a company via the quality
management system. The first extensive revisioth@de standards was carried out in 1994,
and then the norms were again substantially rexdew@000.

STN EN ISO 9001 (01 0320) is identical with the mdEN SO 9001: 2000 Quality
Management System. Requirements. This standard replaces STN EN ISO 9001 of December
1996 (01 0321), STN EN ISO 9002 of March 1997 (@22) and STN EN ISO 9003 of
January 1997 (01 0323) in their full scope. The téxhe international norm ISO 9001: 2000
was prepared by the Technical Committee ISO/TC “IJ@ality Management and Quality
Assurance”, Subcommittee 1 “Concepts and terminglom cooperation with the CEN
Management Centre.

The standard applies in particular to the orgamsatwhich would like to mark their
products as CE, and therefore they have to comply the new approach to the European
directives, and to other parties involved in thegess. Publication of EN ISO 9001: 2000
concerns Council Decision 93/465/EEC of 22 July 3l@®ncerning the modules for the
various phases of the conformity assessment proesa@und the rules for the affixing and use
of the CE conformity marking, which are intendedoused in the technical harmonisation
directives.

Standard STN EN ISO 9001 is harmonised with ISO014€o that compatibility of the
two standards is beneficial for the user public.

Environmental Management System

The environmental policy focuses, besides the egidin of legislative approach, also on
the implementation of voluntary tools which suppeconomic growth of the company, its
competitiveness, profitability, including new vacas, and helps reduce negative impacts of
human activity on the environment.

The principles and key requirements of the envireni@a management are common
within the application of:
» Standard STN EN ISO 14001 — Environmental Managéi@gstem,
* Eco-management and Audit Scheme - EMAS.

The documents are based on a common principle witiate an active attitude of
companies towards the improvement of their relatmrthe environmental protection, and
differ in the fact that one document requires ¢ersgstem components, while the other only
recommends them. Both technical regulations includeanagement system.

Normative documents for the establishment of theilenment Management System are
the set of ISO standards of 14000 series, withirchvkhe decisive is the standa®iN EN
SO 14001: 2004 Environmental Management System. Specification with instructions for use.
STN ISO 14004 standard specifies the way to f@TiN EN 1ISO 14001: 2004 standards.
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EMAS (Eco-Management and Audit Scheme) is basednoenvironmental management
system pursuant to ISO 14001 standard. On the dthed, however, it enhances the
environmental management to a higher level, becausempany wishing to register within
the scheme has to inform about its environmentaldaot in an open, clear and truthful
manner.

EC Regulation 1836/1993 (EMAS I) allowing voluntaparticipation by industrial
companies in the industrial sector in a Communitp-management and audit scheme
adopted on 29 June 1993 by the EC Council of Mengstame into force on 13 July 1993 and
became effective for individual EU Member Statesfak3 April 1995.

EU Regulation 761/2001 of 19 March 2001 allowingluntary participation of
organisations in a Community eco-management and sciteme (EMAS I1) later amended
EC Regulation 1836/1993 (EMAS 1).

Sustainable development and financial institutions

The interconnection of economics with environmenssues is of great significance.
Banks, insurance companies and other financialtutisins financially saturate production
projects in compliance with environmental requiratse This highlights the significance of
auditing marketing and environmental aspects iselmnnection.

When carried in frame of marketing audit, the emmvmental audit helps to judge whether
the project of potential loan applicant meets thiéeiga of environmental protection in
compliance with legal regulations and standardsirBnmental audit can reveal insufficient
compliance with environmental duties imposed on games within their individual
operative units of production. Subsequently it daglp to prevent or even eliminate
emergency states and eventually increase the piibp&tat the loan applicant will be able to
pay off the loan.

The goal of environmental audit is to judge complethe existent state of business
operation and the impact of used technologies divinlual components of environment (air,
water, soil, environmental protection, noise, vilamas, public health, etc.).

In the past, the main goal of industrial companiess the production as such, often
disregarding the environmental limits. The incre@sproduction gradually increased also the
pollution of environment and food chains. The prdubecame less expensive but their
production was environment-unfriendly.

The current trend is based on harmonisation of ymton with environmental
requirements by means of introducing modern enui@mi-friendly technologies decreasing
the pollution. This process has a beneficial eftetproducing healthy food and improving
public health.

Economics and protection of environment need tmtmlance. Environmentally friendly
production can be economical. This statement do¢slways have to hold true in reverse
order. The prevalence of economic interest can leadpermanent and irreversible
environmental changes.
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Linking of environmental issuesto economics and finance

The performance of environmental audit within thenfe of marketing audit can reveal
particular insufficiencies/inadequacies in the eecbjof loan applicant. These inadequacies can
increase the risk that the loan will not be paifl dhe latter risk can be eliminated by
financial institutions by introducing a clause ofgrovement measures whereby the loan can
be provided upon elimination of environmental in@agcies. Many loan applicants object by
claiming the funds provided by financial institut®insufficient. Nevertheless, the loan can
be designed to include also the funds bound dyréatenvironmental investment and thus the
potential investors are directly forced to purchaseironmentally friendly technologies and
take part in environmental improvement.

Unless the loan applicant meets all environmentadripes, the project represents an
increased risk of emergency states, incurred bssineterruptions, subsequent financial
insolvency and inability to pay off the loan. Inchucases, the risk born by the financial
institution is projected into a loading appliedhe interest rate.

If the applicant eliminates the defined environnaémiadequacies as e.g. by purchasing
environment-friendly technologies decreasing palutof air and water and limiting the
production of waste, the financial institution cdecrease the interest rate amidst instalments
because the applicant has begun meeting his emvéotal duties and the risk born by
financial institution has decreased.

Conclusion

The interconnection of economics with environmenssues is of great significance.
Environmental audit can reveal insufficient comptia with environmental duties imposed on
companies within their individual operative unitspsoduction. Subsequently it can help to
prevent or even eliminate emergency states andtealgnincrease the probability that the
loan applicant will be able to pay off the loan.
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SINGULARLY PERTURBED LINEAR NEUMANN PROBLEM
WITH THE CHARACTERISTIC ROOTS
ON THE IMAGINARY AXIS

Cudmila VACULIKOVA, Viadimir LISKA

Abstract

We investigate the problem of existence and asyimgtehavior of solutions for the
singularly perturbed linear Neumann problem

ey +ky=f(t) k>0,  0< e<<1 tO(ab)

y(@)=0 y(b)=0.
Our approach relies on the analysis of integral &ipn equivalent to the problem above.

Key words

singularly perturbed ODE, Neumann problem, boundaogdition, characteristic roots

I ntroduction

In this paper, we will study the singularly perteddinear problem
gy"+ky=f(t), k>0,  0< e<<1 fOC%(ab) (1.1)

with Neumann boundary condition
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We can view this equation as a mathematical moflehe® dynamical systems with
high-speed feedback. The situation considered Ikereomplicated by the fact that a
characteristic equation of this differential eqaatihas roots on the imaginary axis i.e. the
system be not hyperbolic. For hyperbolic ones tyreacdhics close critical manifold is well-
known ( see e.g. [1], [3-10] ), but for the non-bgimolic systems the problem of existence and
asymptotic behaviour is open in general and leadté substantial technical difficulties in
nonlinear case [2]. The considerations below mawysieuctive for these ones.

0
n=0"

g, - 0" such thaty, (t)
converges uniformly tau(t) on <a,b> where y. is a solution of problem (1.1), (1.2) ands

()
.

We prove, that there exist infinitely many sequm{:q}

a solution of reduced problem (when we put0 in (1.1) ) ku= f(t) i.e. u(t) =
We will consider for the parameter the set, only,

I :<k((n+b1;:—/1]2' k(nt;;a/1f> n= 0Lz

where A > 0 be arbitrarily small but fixed constant which guatees the existence and
uniqueness of the solutions of (1.1), (1.2).

Example. Consider the linear problem
ey +ky=¢€', k>0 0< £<<1 tO(ab)

y(@)=0. ylb)=0.

—ed CO{\/E (b —t)} +e° cos{\/E(t - a)} .
\/E(k”)Si”NE(b—a)} Tkre

g, 0J, the solution of considered problem

& +ol/z)

n

and its solution

y.(t) =

00
n=0"1

y,, (t)=

Hence, for every sequenéen}

t
converges uniformly fon — o to the solution ul(t) :% of the reduced problem of@,b).

The main result of this article is the followingeon

Main result

00
n=0"1

Theorem. For all f DC3(<a, b}) and for every sequen({en} g, 0J, there exista
unique solutiony, of problem (1.1) , (1.2) satisfying

Yy, — uuniformly on (ab) forn - e
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More precisely,

y., () =ult)+olye,) on (a.b)

Proof. Firstly, we show that

y.0)= COSNE& ] a)} | SW b- )}f()dj{\/? (- ﬂf()
\/Esin{ E (b—a)} 2 E

Is a solution of (1.1) , (1.2). Differentiating {2 twice, taking into consideration that

9 1u(19 905=220 a5+ 010

ds (2.1)

we obtain

y.(t)=-

(2.3)

From (2.3) and (2.1) after a little algebraic agament, we get

o kCy ).t
ys_g( y£)+ £

l.e. y. is a solution of differential equation (1.1), @noim (2.2) it is easy to verify that this
solution satisfies (1.2).

Let t, O(a,b) be arbitrary, but fixed. Denote Hy and 1, the integrals
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Then

Integratingl, and |, by parts, we obtain

wecos [fo-9) 0= 1E)
o
s

el Ees -l
Hf S}g

I, =

166

} -jﬁ co{\/g(to—s)}%(s)ds
y.(t,) = f&O);:n\/E(:__;} [si {\/E(b—s)}%(s)ds—zco{\/g(to—s



ys(to)_ f(tO) <

o)l L Esin{\/g(b—s)}f'(éds iIcos{\/E(to—s)}f’(éds.

+ =
The integrals in (2.4) converge to zero fer £,,£,0J,,,n - o
Indeed, with respect to assumption én we may integrate by parts in (2.4). Thus,

NN
5 J% (| (o) +| £ (o) + j COSNE (b- s)} f"(s)d% 5
sﬁ{w'(aw'(bwﬁ (el to-2) (29

e T St
ool
< JEli @ E el ) e so-al) (29)

where = Ij§<u|[|3|1‘( ) and u, = sup| f(t).

(2.4)

Substituting (2.5) and (2.6) into (2.4), we obtama priori estimate of solutions of (1.1),
(1.2) for allt, O(a,b) of the form

R UG RGN OIS
+%\/§{|f’(a)|+\/%(ul+| f(a)+ ,uz(b—a))} (27)

Because the right side of the inequality (2.1ha@ependent o, the convergence is
uniformly on(a,b). Theorem holds.

Remark. As remark we conclude that in the c|af§éa] =| f (b)| =0, the convergence rate is
O(e,),£,0J,, as follows from (2.7).

167



Acknowledgments

This research was supported the Slovak Grant Agency, Ministry of Education of
Slovak Republic undegrant number 1/0068/08.

Conclusion

In our contribution, we determined a convergente oathe solutions of a certain class of
the singularly perturbed differential equationsjeabto Neumann boundary conditions to the
solution of a reduced problem as a small parametatr highest derivative tends to zero.
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