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1. INSTITUTE FOR MATHEMATICS AND |NFORMATICS

PROFESSORDR. SCNDOMOL NC
DIRECTOR OFINSTITUTE

Dear Reader,

Our Institute consists ohreedepartmentsDepartment of Mathematics(head:

Prof. Dr . ZdDkeparfrentof forgatigs( @aedd: Prof . Dr.
Mo | n § r External Department of Applied Informatics (head: Fof. Dr.

Andras Edelmayer)s located atthe Computer and Automation Research

Institute of the Hungarian Academy of Sciend®TA SZTAKI). Our research

activities in 2011were as follows.

Department of Mathematics

In 201%he first year of the a thregear research projectdnDy nami ¢ model |
of stagestructured mults peci es popul ation systemso,
Scientific Research Fun@OTKA), has been successfully closed, with 19
publications, 16 of them prepared in international cooperatiith,a cumulated

impact factor12.405. Further research fieldare mathematical demography,

patch detection in forest use, réiahe observer design for solar heating systems,

marine fishery with reserve area, gatheoretical modelling of economic
behaviair, etc. Two PhD theses entitle@Absolute convergence of double
trigonometric Fourier series and Walsho u r i e ra n s0m e stabifty of
second order differential equations wi i
successfully defended.

Department of Informatics:
The Departmentds research activities f
fields:

T Application of enviromental informatics and modeling methodologies. A
VLS database and a geostatistical model was developed for the Paks NPP
in the areaof groundwater level forecasting with consideratahriver-
level trends.

T Analysis of qualitative parameters of dynamical systems. The research was
financed by OTKAand provided contributions tome-dependent problems
with differential algebraic methad conditionaland phasedimited control
problems. The research resulted in 20 articles in international journals and
16 articles in international conference proceedings were published with a
cumulated impact factor of 13.469.
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I Laguerre representatidvasel polereconstruction method. This method
forms a promising approach to the identification of frequency domain
models ofvarioussystems whilallowing good practical applicability

External Department of Applied Informatics

The Department focuses on ®m and control theory application, fault
detection, distributed networkingdvanced filtering methodénother field of
research is intelligent metering and transportation vehicle fleet guidance under
traffic conditions.



Institute for Mathematics and Informatics

ESTABLISHMENT OF OPTIMAL REALIZA TION - NDEPENDENT
CoOST FUNCTIONS

S8§ndor MOWMMRANDA, MS8r k NOLNCR
Alexandros SOUMELIDIS

1Department of Informatics, Institute for Mathematics and Informatics
2| aboratory of Unit Operations, Department of Chemical Engineering
FacultyofEngle er i ng, University of Los Andes, M®
3Department of Macroeconomics, Institute of Econonsaent Istvan University
4System and Controls Lab, Computer and Automation Research Institute
Hungarian Academy of Sciences

Abstract

In practical appbations systems are usually given in inputput forms. The

cost of operating a system depends on its state, input and output variables. Since
the same system can be described by different realizations, the cost functions
must not depend on the realizaticonsidered. In this paper realization
independent cost functions will be introduced and examined, and methods for
their optimization will begiven

Keywords

Input-output systems, realizations, verticutype systems

1. Introduction
Consider a finite dimesional realization of an inpautput system

x=Ax +By X0) 6,
y= Cx (1)

The inputoutput function can be given as
t
f (u)(t) = CPpxp At -s)BU' 9 d (2)
0

Let DI R EIR™ F IR™™d RXe R " The cost function can be defined
as follows. For a pair diu,y) of input and output define
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|(u,y)=TF”\(<Dy,y> {EyY (*Ful (dy (ep 1 + (3)

This cost function is obviously realizatiomdependent. Consider next a
realization S=(A,B,C) of our inputoutput system. Obviously=Cx, and
therefore the cost function can be rewritten usingsthte variables.

Js(u,¥)=1(uCx =

=F(CDox % {ECK ) pRul (Cak + *)

+{eu) 4) =

:f{(sz,x> E(xY (Fuy (& x (eh D

LEMMA. Assume that for realization S=(A,B,C¥ k and the rank of C is Kk,

then the realization independent cost function | can be rewritten by using cost
functionJs.

Proof. By assumptiorDs, E;, ds areknown. We shall show how matric&s E
and vectord can be determined. They can be obtained by solving the following
equations

1. C'DC=D,
2. EC=E (5)
3. Cd=d,

By premultiplying eq. 5/1 byC and postmultiplying eq. 5/2 by ‘Cand
premultiplying eq. 5/3 b we have

cc'D(cC)=cn ¢,
E(CC)= EC, (6)
cC'd=Cd.

The rank ofcC I R¥*isk, so this matrix is invertible. Therefore

D=(CC)*Cné(CC)*,
E=E.C(CC)* ()
d=(CC)*Cd.

10
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1Y) = F{{(CC) CRE(CO)* v ¥ { BT CO™ yh @®)

0

+(Fu,u) £(CCY'Cd, y (+e i 1t
From which the assertion follows
Next, we shall discuss the problem how tcdgnction Js changes when

realizationS= (A,B,C)is transformed to realizatidd é = ( A6, B6, C6) .
LEMMA.Assume t hat reali zations S and S6©o

A, =P'APR B =P* B C; L4l

Then

3 9= (DX} $E XK (Ful (X { 8u D)

T

u

= H(PD.Px ) {EPKY GFub (Pd X ( o]

0

Proof. By using equations 5.1..5.3 we have

Dy =CsDCs XCH DCH #(C,DCLP B DS
E,=ECs,=HCH FEQ P EP
d;=Csd {CsAd P(CJ Pd

from which the assertion follows.

2. Optimization of input-ouput systems

First an optimum problem concerning inguuttput systems will be formulated.
Let Ul R™be a convexet suchthatOi Uandsi R* A functionu:[0,T]- U
is calledh-feasible, or simply a feasible control, if

1.U is piecewise continous
2. f(u)(Ty)= A.

Let the set oh-feasible controls be denoted by, MVe shall optimize functions
u- I(u, f(u)) on set M. Formally the following problem is defined

11
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Minimize (u,y)- 1(u,y) (7)

Subject to

y=f(u)

y(0)=y(Tu)= 4.

A realizationdepedent necessary condition is first verified.

THEOREM 1.Assume thatg/ M, is an optimal solution of (7). Let S=(A,B,C)

be an arlitrary realization of the inpubutput system f. Then there exist a vector
v/ R*and solutions and; o, 0 ofthedifferental equations

X=Ax By
j/=Aj 2CDCx GEy C=
x(0)=0,Cx(T) #,/(T) €v

such that in every (one sided) continuity point tgthe minimum principle

minll 0. BU)+ (ECK(), § £ Fuy (re

=/ o). Buy (1)) FECx(D, w(d) (e y(}- 8
Proof.Consider the following optimal control problem:

X=Ax +Bu
x(0)=0,Cx(T) # 9)

30 =D} {Ex K BFul (4 K ( s

It is obvious, that(u,x)s feasible if and only ifu/M,Then y=Cx and
g(Ty)=Cx(Ty)=A. Furthermorels(u,v)=I(u,CX=I(u,y), and therefordu,,xo) is an
optimal solution for (9) if and only it/ M.is an optimal solution for (7). If
only if uy/ My.is an optimal solution for (7), then«w) satisfies the minimum
principle of Pontryagin associated to problem (9) wiobquivalent to relations

(8)

For time optimum problems sufficient conditions can easily be derived. Assume
that the functional has the form

Tu

lu,x)=f{L =, (10)

0

12
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then problem (7) is called tirmgptimum problem. This is a special case, whe
0=D ir**,0 E I™A0 F= "™A d =0 eA ™We shall demonstrate
that under certain additional conditions the minimum principle is sufficient. This
additional condition is tha® [ U is an interior point ofU. In this case the
following theorem holds.

THEOREM 1.Let w/ M,.. Assume that S=(A,B,C) is a controllable realization

of inputoutput system f.If there exist vector VR* and solutionsx, 7o , O of
differential equations

X= Ax +By,
j= A (11)
X(0)=0,Cx(T) #,/(T) €\

such that the minimum principle
U o0 Buo(9) = min( (0. BY (12)

Proof. Consider the tim®ptimum problem

Xx=Ax HBu
x(0)=0,Cx(T) # (13)
T,- min!

Since S is controllable and © is an interior point, we are able to apply the
general formulation of the minimum principle of Pontryagin for optiofa
general positions, thathe process @Xg) which satisfies the minimum principle
is time-optimal, and so, ¢is optimal for problem (7).

3. Optimization of verticum-type systems

I n our earlier papers (Mol ns§&r (1987a,
publicati ons 10Q) W8 hasezseea that ander ce?ath conditions
input-output systems can be represented by vertietype realizations. Assume

that realizatior5=(A,B,C)has the special block structure

13
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% =A% B
% =AX tAx, By

X=AXx *h.x. Bu

14
x(0)=0,% (0) =0,...x (0) 0 (14)
yO = COX()v
ylzcl)g_l
Y =G x
where
ATRYY, AL TR?™ B R" ™,
" ' ! ! (15)
CIR.8n =n &m m & &
i=0 P9 e
Introduce matrices
&Dy Dy, D, ©
o]
D:ijlo 0
x: o)
o]
(ﬁ)'o D =
ar, F, F, ©
o]
F :iz10 ) (16)
%S ,O
aq:'O Fn 9

o

1]
B B BE B o
IOO}ROOZ

L]
o

o

{&. E....E).e €6 &..,.9

If conditions

14
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hold, then the above matrices are said to be vertimumpatible. Cost function
Js can be then rewritten as

Js(u,x):Tru“-’«C' DCx>> { ECx W (+Fu) <+*Cd>x

ey O &L (§06xY (BGxY

i=0 o |+1

17)

(Fu.u)+(G'd, x) £e.u) aJ(um, a7

where Js is the cost function of subsystein where thei™ control system is
defined as

x=Ax +A,z Bu
x(0)=0, (18)
Y, =G x.

Obviously, cost functiods;depends also on the fixed functimrFor any fixedz
define verticunV, as follows:

X=AX +A,z Bu
X = A Xy HALX By, (19

X =AX A Lx. Bu

And define cost functiody; as
|
Iy (U Uy Yy X Xy oen s X)=Q J (H, X).
j=1

Assume thatUER™ is a convex set and can be described as the Descartean
. |
producty = (I‘) Ui of convex setdJ); £ R™. Let u:[0,T,l- _OOUi be piecewise
i=0 i=
continous. A cotrol u is called (5,2 feasible withA=(/, A.., € ), if the
solutionx(0)=0, x.2( 0 ) = Q(Q)=0,satisfiesC x(T,)= /1. Let M, denote the
(f,2) feasible controls. Consider now the following optimization problem:

15
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X=Ax tA_,z Bu

K+1:A-R)l(l\‘-+iA]j,+Z -Blil-Fll +

: (20)
X =Ax AL x. Bu

%(0)=0,...x(0) =0Gx [ ) A ....Cx(T) f
Iy (U Usgs Y X, Ky yeey X - min!

Assume that with procesfuo, U+10, € ,10.%dd € 10) Xthis problem has a
minimum. Let the minimum be denoted by

JMi(Z)=MrT(]7ir1z)\],i(Lil, W reees By X3 Xg 3eey X) (21)

By using the principle of dynamic programming, the following is obtained. If
(Uoo o, € yoXobl € 10)Js optimal, then@y,o) and(Uoo, Uo € i10Xlo €1 X
1,0) is optimal for problem

= AX +Bl
%= A% A% BUY
: (22)
).g-lz A-l)l( T +A 1 22( 2 - B 1iu-1
X(0)=0...,%.,(0) =0G% [ ) &...
""Ci-lx -l(-E):hi B
3, (40 +A L (U, %) - mint
and furthermore
mind 3, (U, %)= (3, (x) +A.1 (4, ) (23)

for all i=1,2...,. The corresponding optimwgrinciple is given netxas

THEOREM 3. Assume thatoul M is an optimal for problem (7), and
S=(A,B,C) is a verticuntype realization of system f. It is also assumed that the
blocks of cost function | are verticuoompatible. Then for all i=1,2...,| there
exist vectors ¥ Rkj(jzi) and solutions X0, € 40,% 0 € 10) Of differential
equations

16
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fi: (A" f A, .f 26QCx CEy Ca,
f|-1: (A, /f, A. F2€ D 1% X CHE ,u 10 Cid) .
f|: (A f 2GQCX G"Elu,o |C|+d)

%(0)=0...,5x(0) =0Gx [ ) # ... CxT,)=4h,
fi(Tu)zq*\{""’ AT) =C| v

suchthaO, (f,, £i0...,, ) and equations

min& (7,0.84)+(E G xa(0y) £ Fuop) ey =

=8 (700U 6(0) £EG Xo(0 uo() ¢Fpud)) (Bue®)

J

are satisfied at all continuity points t of u

Proof. The principle of dynamic programming implies thaujfis optimal for
(7)then (Uio, Usro, € ,i0X%dd € 10)i8 optimal for Qi ,) of the verticum type
realization of S=(A,B,C).The minimumprinciple of this optimality implies the
assertion.

Remarks.l. The differential equations of the theorem contain the undefined
trajectoriesx,. However hey are known, since fromp o, Ui, € o thely can be
determined by solving the corresponding control differential equations. The
equations for;, x.1, € ,ase simply the repetitions of those equations, and the
uniqueness of the solutions implies thagt € ,axe really the solutions.

2. Assume that the optimudy, (z) can be represented in the integral form
Tu
Ju, (D= AK(t Z9) di
0

then the minimum principle can be also formulated for problenf u, is
optimal for (7), then for ali=1,2,é | there exist vectors;/ R4, (¢i-1) and

solutionsxpo, € i.1.0%/ 00, €/,i.1,00f differential equations

17
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X=AX B
X =AX A BY

)'g—lz A—l)l( T +'i6\ 1- 22( 1 —-B liu—l,(

fo: 'A(A; { ’Q*io 1f2€oDooCoXo C6+Eouoo *Codz

fi-zz(A*-z 2 "'Al‘ i 20 b 2{: Do £ X o
+C_,E Ly 2,0 G ,d ).

fa= AL, + KX ) 2¢+1Di, O
+C|*.15 al 10 +¢ )

%(0)=0....%,(0) =0C% () Ay ... Cxs (0) fry,
fo(T,)=CoVy..., £(T) =G .V,

suchthat{,, f,... ,.£,) Oand

EPLT%((f;,O(t),Bj u)+(E G xo(d ) £ Fpp) (e u)

a (f,00.B,us(0) €E G xXo(d yol) (HF ol ue())

j=0

+(e, uo(D))

at all continuity points ots. The condition that the optium has an integral
representation can not be verified easily since even in special cases the relation
between the optimum and inital conditions is rather complicated.

Conditions for time optimum can be also formulated for vertitye
realizations. Assme that0/ U is an interior point ofJ. If (0,...,0 / O; (U)=U

is an interior point if and only if 0 U, is interior in eachU;. Under these
additional assumptions the following theorem can be verified:

THEOREM 4. Let y I M, and assume that S=(A,B,C¥ ia controllable
realization of inpubutput system f. If there exist vectorg Rkj(jzo...l) and
solutions Koo, € 40,Ko0 € 1,0) On differential equations

18
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X=AX B Uy
%= AX A% B

X =AX AL X, B
foz 'Abé A*&,o 1’f

*

f|-1: ALl A f
fi= A f
such thatj(oo, €j 40), 0 and equation

mind (7, 0.84)= & /.05y o)

u;l U i=0
holds for all continuity points ofgithen y is a timeoptimal control.

Proof. The assertion follows from Theorem 2.

Remark.Conditions for controllability of realization S have been given in our
earlier papers (Molnar, 1987a,b,c).
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IDENTIFYING HARMONICS IN MECHANICAL SYSTEMS
BY USING HYPERBOLIC WAVELET CONSTRUCTS

AlexandrosSOUMELIDIS!, S §MOINAR? FerencSCHIPP

systems and Control Lab, Computer and Automation Research Institute
Hungarian Academy of Sciences
2 Department of Informaticsnétitute for Mathematicand Informatics
Department of Numerical Analysis, Faculty

Abstract

Identification and detection of periodicor almost periodi¢ phenomena in the
behavior of mechanical systems plays fundamental role in systsignd quality
assessment, and maintenance. An adequate mode to identify periodicities is the
derivation of thepolesof the spectral functions Fouriertransforms or transfer
functions. The classical methods of frequency domain identificat&preading

from thoseusingFFT-based spectral estimaiti to the representations irticenal
orthogonal base$ cannot ultimately solve this problem. A new method
identifying the poles of functions belonging to the Hardy spdcen the unit

disci correspondingo the spectral representation of discétee signals and
systemsi is introduced. The method is based on the hyperbolic wavelet
constructions generated on the Blaschke group. An algorithm is outlined that on
the basiof frequency domain measurementadeesults in efficient estimates of

the poles.A numerical simulation example is also presented to illustrate the
efficiency of themethod.

Keywords

System identification, Mechanical systems, Harmonic vibrations, Distinate
signal representations, Gipuepresentations, Wavelets, Hyperbolic geometry

1. Introduction

Identification and detection of periodicor almost periodi¢ phenomena in the
behavior of mechanical systems plays fundamental role in system design, quality
assessment, and maintenandee €lastic mechanical components with inertia in
combination with losses arising from friction and drag result in harmonic
vibrations that can either be normal component of the system operation or
artifact. External forces and moments can influence théemsydehavior in
directions that can enhance the periodic efféctby arising resonancebs
resulting in harmful phenomena; let us refer to the collapse of the Tacoma
Narrows Bridge (Washington, US, 1940) by the cause of a resonance

20
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catastrophe. Applying #ge components (pneumatic, hydraulic or electrical
actuators, motors, drives), i.e. components that inject additional energy into the
system, involve further effects that can result in periodic processes.

Identifying periodicitiesi implying both real peodic processes and damped
vibration phenomena can be performed on the basis of applying the rules of
physics (i.e. the Newton axioms, the conservation rules, or the elements of the
Lagrangian or Hamiltonian mechanics complementing them with the réiles o
elasticity, friction, etc.), which can be considered as the use of the paradigms of
the deduction. Modal analysis a classical method used in mechanical
engineering is mainly based on this paradigm, analyses or simulations can be
performed on deductily constructed models of the systems; structural or finite
element models (FEM) are typically used.

An alternative way of identifying periodicities in mechanical systems arises
from using the paradigm of induction, i.e. by acquiring knowledge on the basi
of observations, practically concluding upon measurements. Signal processing
combined with the principles of systems theory forms the conceptual basis of
doing this: analyzing frequena@omain or spectral representations of signals,
and the transfeiunctions associated with inpatutput models of systems gives
adequate tools for detecting periodicitieBice periodic components in signals
appear as peaks of different height and width in the spectral functions. The
classical tool to detect periodicitissFouriertransform. Fourietransform maps

the timedomain signals onto spectral functions, hence plays fundamental role in
the theory, furthermore, due to its computationally efficient discrete realizations
I the algorithm of Fast Fourigransform (FF) 1 it has also become a powerful

and popular means of practical spectral analysis methods. One can be state that
digital signal processinfy especially in the context of spectral analysisegins

with the discovery of the FFT; for the details and themissues of the clagsil
spectral analysis see e.g. (A.V. Oppenheim al 9.

However spectral analysis based on FFT can efficiently be performed, the exact
spectral behavior fothe systems cannot be determined in this way. Spectral
peaks cannot beeparated in many cases, as well as analyzing the height and
width of the peaks does not result in unique solutions for determining all the
periodicities that are present in the signals.

A deeper view in the spectral behavior of signals and systems adiiddeed if

the notion ofpolesis introduced. The poles are associated with the transfer
function of linear timdnvariant systems; the transfer function has the form of
rational functions that can be described by sets of poles and zeros. Since digital
processing methods are aimed to elaborate, let us focus on disoeeystems,

i.e. to systems with inputs and outputs being sequences. A commonly used class

of discretetime signals are thosbelonging to the sequence clags. The

21
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spectral representation of these signals can be obtained by itedlesb
z-transform that maps stable signals onto the unit disc on the complex plane with
poles residing within the unit circle. An efficient mathematical description of the
spectral reprgentations of discretéme signals belonging to stable systems is
the theory of HardypaceH? on the unit disc, that can be considered as the
orthogonal complenrg of the space spanned by thransforms. Since there
exist a unique ont-one mapping deveenH? and its orthogonal complement

H?, the H? nomenclature will be used hereinafter in the paper. An excellen
introduction to Hardy spacemcluding also H® in the context of signal

processing and systems theory can be foundire@. K. Chui and G. Chen
1992)

The frequencydoman or spectral functions in thkl? theory correspond to the
boundary funtions of the complex functionk (2)I H?, i.e. to F(€ %) where

¥ denoteshe circular frequency related to the Nygdistquency belonging to
the timedomain sampling rule. It is assumed that the tifomain signals are
uniformly sampled with frequency obeying to the Shannon rule of sampling,
hence the spectral fations are péodic with period W, where 1, denotes the

circular sample frequency. Any discrete measurement in the frequency domain
results data on the unit circle, i.e.rfoormalized circular frequencyy a

complex vaIueF(ei ") that can be interpreted as an amplitude and a phase
associated to the given frequency. Deriving the periodic components belonging
to a $gnal or system associated with(z) function in H? on the basis of
physically realizable measurementgams deriving the the poles Bf(z) on the

basis of boundary function |ooint§(ei %) . This is an approximation problem in
H?2.

In association with ibrating mechanical systems it should be mentioned that the
notion of poles is in strict connection with linear timgariant systems, hence

the methods described here can be used in these types of systems. This is the
reason that harmonically vibratingssems are referred in many parts of the
present paper. Harmonically vibrating mechanical structiirest least as
abstractioni occur very frequently everywhere in the industry, transportation,
buildings, etc. Using these methddat least in local sendein systems that do

not obey to linearity or timévariance is subject of present and future research.

It is obvious that classical FFHiased spectral methods cannot solve the
approximation problem set up above, hence cannot derive or estimate the pole
belonging to signals and systems. In the 80's the linear rhadet spectral
methods based on autoregressive (AR) and autoregresewiagaverage
(ARMA) models and their variants resulted in new opportunities. The system
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identification methods createzh this basis solved many problems and became
standard methods built in software packages of scientific computations and
became parts of popular textbooks, €.g.Ljung, 1999) Among others the pole
estimation problem in system models of predefined &iraci.e. pole estimation

has been solved as a parametgimation problem. Structumstimation
remained essentially unsolved, some attempts to solve the problem, e.g. the
information criteria, resulted only in particular solutions. An explicit method
among the parametric identification methods that aims to estimate periodicities
in noisy environment is the Promgethod (attributed to baron Gaspard de Prony
from the 1819. century) and a variant of it, the Pisarenkethod(S. L. Marple

1987)

In the90's a more general theory &f> and H® approximations has been used
in the field of system identification that resulted in the principles of rational

orthogonal base¢P. S. C. Heubergeat all, 2005). TheH? approximation
problem has been solved as infinite sequence of nested subspaces generated by
finite sets of poles. Exact knowledge on the exact pole locations results in finite
representations involving unique rational function represientaHence the
efficient use of the rational orthogonal bases in system identification needs a
priori information on the pole locationt at least approximately. Special
attention paid on the problems of pole selection and valid&lioBokorat all,

1999, T. O. e Silva, 2005)There exist methods to refine the pole locations
starting from an approximate placement of pol@ds Soumelidis, 2002)
however the general peldentification problem has not been solved so far.

Starting from the results of théndory of rational orthogonal bases a new
approach of identifying poles of futiens belonging to théH ? space on the unit
disc D i denoted byH?(D) in the forthcomingi will be introduced in he

paper. The method is based on the hyperbolic wavelet constructions generated
by the group formed upon the Blaschke functibrskey notion in the theory of
rational orthogonal basésand the Laguerre representations. Based upon the
hyperbolic metric gnerated by the Blaschke group a method is set up that can
find the poles of the function under consideration, and an algorithm is outlined
that 1 by using frequency domain measurement dateesults in efficient
estimates of the poles. A numerical simigiatexample will also be presented to
illustrate the efficiency of the method.
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2. Laguerre systemrepresentations, Blaschkdunctions, hyperbolic
geometry, wavelets

A key concept in theH?(D) system and signal representations is the dbliees
function based upon a parameldr D, which can be considered asiaverse
pole(b=1/ p) of the function. The Blaschke function is defined as

B()=e2P (ziC,b €bh p B: D=T) 2.1)
1- bz

whereD and T denotes the open unit disc and the unit circle,aetdely. If
bi B, then B, isanl- 1 map onT andD, respectively. The restrictions of

the Blaschke functions on the seD or T with the operation
(B, °B,)(2:=B,(By(% form a group In the set of the parameters

B =D 3T let us defir the operation induced by the functiormpmsition in
the following way B, - B, = B,, . The group (B,°) will be isomorphic with
the group ({B, bl B}, 9 . The neutral element of the groufB,o) is

e :=(0,1) iB and the inverse element b= (b,€) iBisb'=( be, .
It can be proved that the map

~12- 3|
r(z,z)=—"="=- ¥B(2)|
|1- z2 z | (2.2)
(le = B(zl,l)1 21’ % ID)
is a metric onD , called pseudohypeolic metric (see e.dL. Ahlfors, 1973).

Moreover the Blaschke functiorts, (bl D) are isometries with respect to this
metric, i.e.

r(B,(z), B(2))= £z 2 ( biD, z z D). (2.3)

The lines in this model are the sets

L, ={B(nN: 1 = L<«b B,
i.e. circles crossing perpendicularly the unit circle. This model is known in the
hyperbolic geometry as the unit disc Poiaodel.

The discrete Laguerfinctions are defined by

24



Institute for Mathematics and Informatics

L(2)= Y [bf (12_;2) (ziD,b D, n ). 2.4)

1- bz
Using the function

Fb(z);:—‘/e(l'ﬁlgr) (b:%be) B,b O, e Iz D), (25)

andthe Blaschke maps according to (2the discrete Laguerfeinctions can be
expressed in the form

L =FB} (b ¥b1) B,n N). (2.6)

n —

The Hardy spackl? forms also a Hilbert spaasith the scalar product
X 1 v N i
af,g 8 —=f f(é) &) dt( f g H). 2.7
2p "k

We introdice the collection of operatort), : H*(T)- H?*(B) (bi B)
defined by

U f =F,foB, (f TH*T),b B). (2.8)

It is known thatU,, (bl B) is a unitary reprgentation of the Bischke group
B (M. Pap and F. Schipp, 2006).

() Uq(Ugf)) =U, pf ,
(i) aJ,f,Ug 8 Faq(f,gl H*(T)).
The discrete Laguerinctions L‘:] can be introduceds image of thepower

function h,(2) := Z' by the representatiod, :
L =U;*h, (n iN,b &1) T). (2.9)

SinceU, is unitary,U, =U ' #J _, and consequently for any, ni N
) b1 34 B,U.h  heh= @,

n!’ —m

(i) af, 1% & EUa.h  UF .k .
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Thus the discrete LaguerFmurier coefficients of f are equal to the
trigonometric Fourier coefficients of the functidd, f . This relation can be
used to compuetthe discrete Laguerfeourier coefficients

The representation of any functiofii H?(D) in the Laguerresystem can be
expressed as

f(2= a G, (2, (2.10)

where C, ; coefficients i i.e. the so called Laguerfourier coeficients

belonging to functionf i can be compted by the scalar produc'@zf,Lt,’1
(ni N).

The unitary representation of the Blaschke group allow us to introduce the
concept of the weelets in the spackl 2(D) .

The wavelet transformi first formulated in the field of geophysics
(P. Goupillaug 1984) than improved byY. Meyer, 1990) (S. G. Mallat, 1989)
and (I. Daubechies, 1988) gained numerous applications several areas of
science. Its success in applying it in signals and systems theory raisesg
others- from its localization capabilities both in the time and frequency domain
of signals. The conventional wavelets has been constructhdnidle signals

belonging to thel?>(R) space.
The continuousvavelet transform on a functiof | L?( R) is formed by taking

translation and dilation of a functign named themother waveletthe integral
operator wih the kernel

yrx =P iR b0, kg F)  (211)

/p

is calledwavelet transform:

(\Mf)(na)?ﬁﬁf(»fge)% sh= By (8 ER). @12
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where &, C means the iner product of the Hilbemspace L*(R). A
reconstruction formula also exists,dam me conditions concerning , the
function f I L*(R) can be reconstructdtbm its wavelet transforntV, f. To

ensure the existence of the wavelet transformitgndverse the mothexavelet
¥ should satisfy somadmissibilityconditions expressing it qualitativelyy

should be localized in respect of its independent variable. See for more detailed
introduction on the continuous wavelet transforn{@ K. Chui, 1992)and (l.
Daubechies, 1992)

In the continuous waveléransform (2.12) the mothevavelety is dilated ad
translated by the paramete{®,q) as it can be seen (2.11). In the wavelet
transformy is submitted to araffine transformwhich can be formulated as
follows:

L)=px g (x R a: (9 Al (0=) (= 2)):
The set ofaffine maps ((a,ai A) form a group with respect to function
composition. The identitylement of this groupsithe map?,(X) := X, while the
inverse element of , is the inverse function of this maipe. /' = {1, Where
at=@a/p, q/ pif a=(p,g IA. Introducing a group operation oA
by aca =(pp,q +tA) (& =(p.9) [A,j £2) we get a group
(A,°) isomorphic to the group of affine s, i.e.

Cooly =l,en-

The continuous wavelet transform can be defined on the basis ofdfaarp

1 .
U, f=—="fol_, (@ Xp,d A). (2.13)
Jp

It is easy to see that the coIIectic(hla,ai A) is aunitary representationf the
group (A,°) on the HilberspaceH :=L*(R), see for proofs ifC. E. Heil
and D. F Walnut 1989) The wavelet transform can be expressed by this
representation in the form

W, )@= aUy @y Hla A) (214)

where &, O is the scalar product ofd . Hence the conventional continuous
wavelet transfom can be referredsaffine wavelet transform.
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A similar transform can be introduced by usithg unitary representation on
H?(D) U, (bl B) defined in(2.8).

W = 4,U; @, s HID),b B), (2.15)

where &, C is the sclar product in the Hardy spadd ?(D) . This construction
forms a transform related to the Blaschke group analogous to the wavelet
transform on the affine group. The functiércan be considered asetimother
wavelet. The operations realized by the -paeameter subgroupér,l)l' B,

(ri [0,1)) and (0,€)i B, can be associated with the translation and dilation
operations respectively. Translation in the un#icdcorresponds to a rotation,
hence (0,e)l B, really correspondsto the translation parameter. The

correspondence betwedn, 1)i B, and the dilation parameter belonging to the

affine wavelet is not so evident. A dilation effecan undoubtedly be observed
on the Blaschke group elements depending on the distance of thelr fzeno

the unit circle, however it cannot be separated from the rotation. Fifjure
presents four instances of the unitary represientdelonging to thdunction

/ (2) = z as an example with different group elements, i.e. Blaschke function
associated withb=(r,d) equal to (0.8,1), (0.9,1), (0.95,1, (0.99,1)

respectively. As it aa be observed that as parameteiincreases toward the
unit, the peak formed by the function gets sharper.

The constructiorf2.15)1 as it is related to the hyperbolic Blaschke grougan
be referred aBlasdkeor hyperbolic wavelet

According to (2.9) the Laguerre system generates a sequence of hyperbolic
waveletson the basis of mother wavelgt(z):= Z'. The elements of the

wavelettransform sequence can be computed as the Lagteuarser
coefficients belonging to the Laguerre representation of the function to be
transformed. There exist efficient algorithms to compute Lagdeueier

coefficients belonging to the peesentation of any function inH?(D)
(A. Soumelidis, FSchipp, and J. Bokp2002)

3. A method ofidentifying poles

Let A denote the set of rational functions with poles falling outside the closed
unit disc. It is obvious that functions
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ra(2)=———— (aiD,z D,n N) (3.1)

i
i

vl

Fig. L Unitary group representation on functig(e) = z for different bi Bl.

belong toA . & :=1/a is a pole of multiplicity(n+1) of the functionr,

n,a’
which isthe inverse map o& with respect to the unit circl@ will be referred
as the'inverse pole” of the functiom, , in the subsequent part of the paper. It is

well known that the functions of for (3.1) generate the function cldss i.e.
any f1 A can be expressed in the form

f=a

p
k=1

me-1
I'ak !1; : _:é./kiri,ak’ (3.2)
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where akl' D (k=1,...,P) denote the inverse poles of thenction f with
their multiplcity m, .

The following lemma will be used in computing the Lagudtoeirier coeffi
cients off.

Lemma 3.1 For every functiongi A

(n)
w0 %@ N D) (3.3)
‘ n!
Proof. By definition
1 v g(ét)emt
, 6 —— =
@ n,a p(l ae|t)nik

1 d)é 1 .
=0 gn( )n+ldt ryr ZIQ qZ)rHLdZ
7(e - a) 2p143( za)
Hence by Cauchy integral formula we get (3.3).

In the case ifim, =1 the associated term will b%yak , and the conjugate of the
LaguerreFourier coefficients belonging to it are directly given(By8) as

Aot OLHa), (3.4)

that is equal to coefficient, ;. To indicate thaic, ; coefficients belong to the

paramete used in the Laguerre repeggation, let us denote them gg; (b) .

Suppose that the system under consideration contailysaosingle pole of
multiplicity 1, in this case the conjugated Lagudrmrier coefficients are

given asc, ; (b) = L2(a), and the quotients

q,(b) = ”:lff((b)) =5,(3 (n N), (3.5)

form a constant sequence and its elemanésequal toa Blaschke function
applied toa. This fact can be used to idegtthe position of inverse pola,
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éc:n+1,f(b) f
& b ¢

(3.6)

where Bb_1 is the inverse ofB,, i.e. a is given by applying a hyperbolic
transform corresponding to the @rge group element belongingho

This concept can be extendedmultiple poles, it will be shown that in the case
of multiple poles there exist a region Bf where the sequence of the quotients
generated by the conjugated Lagudforirier coefficients converge.

Let the inverse polesa,, az,...,qal' D of function f be fixed. Applying the
hyperbolic distance as definbgt (2.2) let us introduce subsetsdfas follows:
D, ={b ID: r(h a) amax. b 3)},

P (3.7)
D =D (i 42...P).
j=1

-1i -O.i8 -O.iS -0.:1 -0.i2 (I) 0i2 014 018 018 ‘;
Fig. 2.DomainsD; belonging to a paiof poles.
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-1i -O.iB -O.i6 -O.it -O.i2 (I) 01.2 Of4 056 058 1I
Fig. 3.DomainsD; belonging to three poles, one of them isolated.

Concerning these sets a rather informative interpretation can be given: the set
I‘ij :={b iD r( a‘! b :(’q'! b} (38)

can be considered as the hyperbolic perpendicular bisectoe pthts &, &,

that dividesD in two hyperbolic haHplanes. Let the following notations be
introduced:

D,={b iD: r(a,h >ta, b}

) (3.9)
D, ={b ID: r(a,B <ta, b}

The setsD, can be generated as an intersection ofyperbolic halplanes,
i.e. according to the definitions {8.7) and(3.9)

D = (P] D, (i 4.2...P) (3.10)

As a consequence the sel3 are hyperbolically convex regions, i.e. any

hyperbolic line segment connew two points beloging to anyD, is located as
a whole in the same region.

An example illustating theplacement of region®, belonging ta2 poles can be

seen in Figure 2. The limit between the two regions is a hyperbolic line
satisfying the condition(3.8). In Figure 3 an additional pole has been taken
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(pole no. 3), however it cannot generatenonempty region, i.e. regiob,
cannot be seen.

It will be shown that in any point & the limit

@) =lim 1 ® A (3.11)
mo ¢ (h)

n, f

does exist, and it can be used toorestruct the poles of functiof . It shaild be
mentioned that operatd® defined on domairA is nonlinear.

Theorem 3.1 For any rational functionf of theform (3.2)in any pointb of
D the limit(3.11)exists, and

(@)®)=B(a), biD (i £2...,P) (3.12)

In the case of poles of multipity 1 for the speed of convergence the estimation

Cn+1,f (b)
C..¢ (D)

- Bo(ai)‘ O(d)(n N,b Dg 1 (3.13)

can be given
The proof can be found . Schipp and A. Soumelidig011)

According to Theorer.1
B'(X)D)=4g (biD,i £2..,P) (3.14)

which can be used to reastruct all the poles with regioB®, , O belonging to
them.

4. Algorithm of identifying poles

On the basis of Theore®.1 and its corollary(3.14) a practically realizable
method can be constructed for the reconstruction of system pylesiig

frequencydomain signal measurements. Two problems hdmeteolved within
the procedure:
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1. Estimation of the LaguersBourier coefficiets belonging Laguerre
parametet on the basis of frequency domain measurements.

2. Reconstuction the poles as a limit of quotients of consecutive Laguerre
Fourier coefficients.

The Laguerrdé=ourier coeficients belonging to functionf and parameteb

can be computed as trigonometric Fourier coedfits of the unitary

representatin U, f . An efficient estimation of them is obtained by computing

discrete Fourier transform of functids, f discretized in a specific nonuniform

scale obtained as the inverse of shecalled argument function beiging to the

Blaschke functionB, i see for details ifA. Soumelidisat all, 2002)and

(A. Soumelidisat all, 2011)

In the reconstruction of poles the critical point is finding the limit from finite
number of quotients' values. In the most cases the quotient values are stabilized
and represent an approximately constant value above a giveniirnkdisxvalue

can be considered as the limit. If the quotients are not stabilized within the
number of the eamputed oefficients, a new selection di is advantageous.
Finding multiple poles, or all the detectable poles can be done by selecting a
sequence of parametebs arranged randomly or in arbitraryder. Poleswith

empty regionsD, according to(3.7) remain hdden, i.e. no any selection bf

exists that leads to a reconstruction of them.

5. A numerical example

The identification of the poles of a simulateadtion pssessing3 poles, one
real pole with inverse pole positioa, = 0.8 and residue/, =1.5, as well as a
conjugated comiex pair of poles in positiom, ;= 0.8 ’i—:‘oi%, with associated

residues/ , , =1 is presented.

Figure 4 and 6 presents a visualization of the iteration processes for finding
specific poles. Té poles that belong to a givel and the Laguerrparameter

usedare drawn bycolor and white cicles, respectively. The elements of the
guotient sequence generated by (3&¥ transforrad by the hyperbolic

transform Bb_l to locate them at the same region where the poles are located,
and these are drawn by white points in therigu Firthermore, theD, regions,

that are givenn (3.7), and belong to several poles are visualized in the
figures withcolorsidentical with those athe poles.
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emor=4.554860-007
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Fig. 6. Example 2 Finding poleéz.
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Fig. 7. Example 2 Abs of L-F coefficients, AbsPhase of sequencg.
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The pole tdbe identified in Example 1 ig,, hence the parametdy is selected
to lie in the regionD,, i.e. b=0.2 £ Similarly, in Example 2b=0.76"%
has been selected in the regiDy with the purpos¢o find a,.

It can be observed that the transformed sequences of the quotients converge to
the specific poles in both examples. The convergence can be checked on the
lower two diagrams in FigureS and 7 for both examples respeatlly. The
absolute value and the phase of the quotient sequences has been plotted against
the indices. The upper diagram in these figures depicts the absolute value of the
LaguerreFourier coefficients belonging to the specific representation. The
reconstration errori defined as a roaneansquare difference is rather small

in both examples, typally it falls in the magnitudd@0™®°... 107.

The third polea, can be identified analogously t&,, dueto the symmetry of
the current pole locations. The iderdii poles represent the functioh with
high accuracy,f can be reconstructed by them with romtansquare err in

the magnitude less thad°.

Conclusion

A new method of identifying poles of functions belonging to thé space on

the unit discD has been presented in the paper. The method is based on the
hyperbolic wavelet constructiongenerated by the group formed upon the
Blaschke functions and the Laguerre representations. Based upon the hyperbolic
metric generated by the Blaschke group a method has been set up that can find
the poles of the function under consideration, and anitidgohas been outlined

that T by using frequency domain measurement dateesults in efficient
estimates of the poles. The pole identification method presented give an ultimate
solution in identifying periodicities in harmonically vibrating mechanical
structures on the basis of measurement data.
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SOME RECENT RESULTS ON STABILITY PROPERTIES
OF SECOND ORDER DIFFERENTIAL EQUATIONS
WITH STEP FUNCTION COEFFICIENTS
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Abstract

In this paper we examine two problems related to differential equations with step
function coefficients that have been discussed in our recent papers and in the
unpublished thesis of the second author. First, we consider secondieder |
differential equations, where both elasticity and damping coefficients are step
functions. For such equations, we give sufficient condition for the existence of a
small solution, i.e., the existence of a figwmial solution tending to 0 with
respectto x ast tends to infinity. For the proof of the theorem, as a tool, we
recall our earlier result guaranteeing the existence of a small solution of linear
systems of difference equations of arbitrarily finite dimension. Here, we also
generalize this re#tuto some nonlinear systems of difference equations. As a
second problem, we consider the Armellliinelli-Sansone theorem for second
order linear differential equations with varying elasticity coefficient. This
theorem gives a sufficient condition guateeing that all nottrivial solutions of

such equations are small. We present the extension of this theorem te the so
called halflinear differential equations in the case when the coefficient is a step
function. Halflinear differential equations have maimportant applications,
e.g., describing the mechanics of certain -Nawtonian fluids. For the
extension of the ArmelliaTonelli-Sansone theorem to the hhifear case, we
needed to prove a new theorem on the asymptotic stability of two dimensional
systems of linear difference equations. The proof is based on a geometric
method which also applies for the nonlinear case.

Keywords

small solution, asymptotic stabilityArmellini-Tonelli-Sansone theorentinear
ODE, damping, stefunction coefficients, nalinear difference equatiomalf-
linear differentialequation

1. Introduction

Consider the second order differential equation
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x"+a(t)x H (1)

describing the motion of a linear oscillator with varying elasticity coefficient.
The FSorliny theorem (see eg.(SzegR, ) sh®5 %hat if
a:[0,=)- [0,m) is a monotone nedecreasing function, then all nanivial

solutions of equatioffl) are oscillatory, the local maxima od,|i.e. the size of
the amplitudes is neimcreasing, and the distance betweensecutive maxima
of [x|, that is the distances between consecutive local extrermaard non
increasing.

Definition 1 A norttrivial solutionx, of equation(1) is calledsmallif
!im % (t) =0.

Milloux (Milloux, 1934), Prodi (Prodi, 1950)and Trevisan(Trevisan, 1954)
proved that if a:[0,2)- [0,2) is differentiable and nodecreasing, then

equation(1) has at least one small solution if and onlirifi, , a(t) == holds.

Milloux also constructed an example with a step functioafficienta, where
not all nontrivial solutions of equatior(1) were small. Hartmar{Hartman,
1948)investigated the linear system of differential equations

x'= A x ()

where x is an m dimensional vector and is an m3 m matrix having real
continuous entries with doma[®,a) . He proved the following:

Theorem 2 Suppose that for all solutions x of equation (@), , X(t)|| <uo
holds. Then equation (2) has at least one small solution if alydfon

hrA(s)ds- -a (t- n). (3)

According to Li ouyv(3)neanéthathephasevwlenm,of condi
system(2) tends to zero attends to infinity. Based on this result, Hartman
(Hartman, 1948)extended the theorem dflilloux, Prodi and Trevisan to

systems of equations, furthermore, he proved that instead of differentiability, it

is sufficient to assume the continuityaof

The ArmelliniTonelli-Sansongsee e.gMacki, 1982 theorem was the first to

give a sufficient ondition guaranteeing thatl non-trivial solutions of equation

(1) are small with the following concept. A nondecreasing function

f:[0,a)- (O,2) with lim,_ , f(t) == is called to growintermittentlyif for
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every €>0 ther is a sequenc(a,h)}, of disjoint intervals such that
a- @ asi- @,and

imsupa qhak 60,8 (f(a.)- 1) <

i- =@ k=1

are satisfied. Roughly speaking, this condition means that the groddaofot
belocated to a set of small measure. If such a sequence does not exikisthen
called to growegularly.

Theorem 3 If a is continuously differentiable and it grows to infinity regularly
ast- o, then all nortrivial solutions of equatio (1) are small.

It is important to note that this stability property is weaker than the asymptotic
stability of the trivial solution of equatidii).

The simplest case of intermittent growth is a monotonously increasing step
function. Such equations hawan important role for example in the field of
control theory thanks to the walled BangBang principle. Differential
equations with step function coefficients can be rewritten as systems of
difference equations, thus the proof of theorems on such ensatian be
deduced to the proof of statements on difference equations.

2.0n small solutionsof second order linear differential equations with step
function coefficients

We consider the equation
X'+c(t)x'+a’(t)x =0 (4)

describing the motion of an aBator where both elasticity coefficiera and
damping coefficient are step functions. Namel{t, }"_,, {a }._, and{c }’_,
are real sequences with the following properties:

0=t,<t, <2 <t ,<t, <2 ; lmt, =52,
n- o

a,>0, ¢, 20 (n=122),

furthermore,a(t) = a, and c(t) = ¢, on the intervalt,_,,t,) . In the case when
lim, ,&,=2 and damping doesnidct, i.e.c, =0 (n=2122), the first
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author(Hatvani, 1998)ave the following sufficient condition on the existence
of at least one small solution of equat{dh

Theorem 4 (Hatvani, 1998 Assume that the above conditions sequences
{t.}=, {&},-, are satisfied and suppose thdm, ,a, =2 and c,=0
(n=12,2 ) holds. If

a e a
a maxj I L0 <
n=1 |' ar*|+1 y

then equatiorf4) has at least one small solution.

It is natural to guess that damping helps weaken this condition and even the
conditionlim _ , a, =% . In fact, as the main theorem of this section we prove

the following, which is, in addition, an improvement of an earlier result of the
authors (Hatvani Sz ®k e lay well. 226tnlé/,) the following theorem

corrects conditions (i) and (ii) in Theorem 3.2 ofHat vani , Sz®kely
which were not accurate.

Theorem 5 Assume that the above conditions on sequefiegh._,, {C.}n-

and{t }._,, are satisfied, and let us introduce the notation

o
= L 2a. ¢ )(t ¢t 2}
gn 2an+cn[( a'n n)( n nl) }
Suppose, in addition, that
0] a,>c, /2 (n=122),
(i Amg 2 3=,

holds.Then equation (4) has at least one small solution.
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Equation (4) is equivalent with a two dimensional system of difference
equations, therefore for the proof of our treorwe need a sufficient condition
guaranteeing the existence of a small solution of such system. To this end, we
recall a theorem of the authors which gives a necessary and sufficient condition
for the existence of such solutions of arbitrarily finite digienal systems.

Consider the following nonautonomous system of difference equations

X =M%, n=012.2 (5)

where ml N, x I R™ is a column vector andM, I R™™ is an m3 m

matrix having real entries. For vectoxs= (x*,2 x™", y=(y,,2 y")'l R™
and matrixM denote byx Gy, || X||, ||M ||, respectively, the scalar product, the
Euclidian norm and the matrix norm, i.e.
x: XY, IIxIEVX & M llE maxivx .
i=1

A nonttrivial solution{x,}_, of equation(5) is calledsmallif lim ., x, =0.

Our following theorem is an &mnsion and even a sharpened version of
Hartman's theorem on linear systems of differential equations to linear systems
of difference equations. Namely, we showed that the condition that the phase

volume of systen(5) tends to zero astends to infinity,i.e. 6::O|detMn| =0

is necessary and sufficient to have at least one small solution, if we require in
some sense only the boundedness of the solutions.

Theorem6(Hat vani , S Supposel that, ther2 & B B R such that
for every p,ql N, (0¢ p ¢ q)we have

<K.

HO:=DM”

Then there exists at least one small solution of (5) if and only if

O ldetm, | = C.

n=0

Now, we are ready to prove Theorém

Proof. Introducing the variabley =Xx'/a, (n=12,2 ), equation(4) can be
rewritten into the first order system

X'=ay, Yy'=ax gyt ,¢t <, n=122). (6)
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Since the solutions of equati¢f) are continuouy differentiable on the interval
[0,=), therefore the functionX'=a,y has to be continuous on the same

interval. Accordingly, ift: (x(t),y(t)) is a solution of equatiof6) on the
interval [0,2), then we require that the functidrt  y(t) is continuous from
the right for allt? O and satisfiesa,y(t, - 0) =a.,,y(t,) for n=12,2 ,
where y(t, - 0) denotes the lefband side limit of y att,. This means that

equation (4) for x is equivalent with the following system of first order
differential equations with impulses

X'=a,y, y =ax gy (f, teh)
=& vyt 0, £2, .
y(t,) 2 y(t, 0), n

+1

(7)

Introducing the polar coordinategr,/) by the equationsX=rcos ,
y=rsin/ , we carrewrite systeng6) into the form

r'=-crsin’y,

Jj'=-a,- C—2”sin2/' (t,,¢t<t,,n=122). ©

Note, that condition (i) implies thay '(t) ¢ 0 holds for all ti [t ,,t)

(N=1,2,2 ). Using the identitysin’/ =(1- cosZ/ )/2 and the Newton
Leibniz theorem, we get the estimate

tn

- b qin? P
in"&9 - ¢ in/ @) dt=- ¢, 5L WO g
r (tn- 1) th1 th1 / (t)
S N AYE J (1) o2
o R sin“/ (t)/ '(t) dt=-c, f sin“u du ©)
n I C, . . n C, .
ta- @, - —SinZ/ (t) /(-9 a +-—sin2u
2 2
J (1) - J 1) §
¢- C”C fpin’u du=- —C”C Felu- sin2ug E
an+3"/(tn-0) an+2“I82 4 ﬁ'(tn»O)f/
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2an+c 8(/(t - 0)-/ (1) - —(SIHZ/ (t,- 0)- sinZ/ (t, 1))H

From the second equation (@) we obtain the following estimation fgr
. Ch .~ C,
J'=-a,- ESIHZ/ ¢-a, +E t.,¢t<t, n=122).

By integration we get the inequality

ty

J (€)= J (t- 0 == (1) dt 2

tn-l

C

n

2

-GSO

n J[-n-l)'

O%}mo

Now, we can continue estima®):

In r(tn - 0) ¢
r(tn—l)

- n.
2 +C)@(a“ 6)t, to) 2 g > (10)

Let M, denote the fundamental matrix for equat{e)) i.e.

é-X(tn'o) QM(l) Xﬁn—l)
S(t,-0 277 y& )

The vector(X(t,), ¥(t,)) " is defined by equatiof¥):

) oz ) 5@-0 Lo A
Jt,) _@ - = 0-0 T vLg

1

where

) @)
ni-

0
&
8

M, .=

-OO0D: Ot

Rg 8

Obviously, any stability property of equatid@r) is equivalent with the same
stability property of the diffieence equations
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o

M., T (n=12,.). (11)

n = yr@l

Qo
<
- QIO

<3

¢

Using estimation (10) we can estimate the norms of matricel\dr(f)l
(n=1422):

‘ ety r(tn 1) X% | (12)

where the supremum is taken in the case of eaciiaad where is positive at
time t, ;. Thus, we have

M., lmaxt 2 11 |

s
| e a
¢expe&§1ax|a“ 11=expé 2 I a>qa” 14,

It can easily be seen that due to condition (iii)

6“Mk_l“¢6e S% +In maxei 1uﬁ’
k=p é |ak+l yU

eJa s 002
=e ea%i InmaxaklagﬁK
grg 2 [Bea yl

holds for artirary p, @ (1¢ p ¢ g). According to Theoren® it is enough to
show that for systeril1) é::0| detM,, |- 0 is satisfied as well. To sdhis,

we recall the inequality

detM] ¢ Mm]",
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which holds for anym3 m (mi N) matrix having real entries. Based on this
inequality and estimatg 2) we have

A N ) 2y
Oldetm, ,|= O3 |dem?] ¢ oje up (-0 O
k=1 k2 Sy k=1 [ A (;O<r(tnl) I’(tn 1) =

g _era o

¢ Oexpg g+ §=eped & g +n 2§

k1 € A& ék=1C A )

From condition (i) it follows thaO::0| detM . |= 0, thus wth an application
of Theoren®t the statement is proved.

Remark 7 Conditions (ii) and (iii) in Theorem 5 are independent of each other.

By the choicec, =0, t,=n anda, =a>0 (n=12,2 )it can be seen that

(iif) does not imply (ii), because in both expressions all elements are 0. To show
the opposite direction lec, =0, t, =n (n=122 )and definea, in the
following way:

a =2, a,, = 2K, Ay = 22k +1), k=122
Since lim,_, a, =@, therefore (ii) holds, but according to the estimation
below (iii) doesnoét:

ot [ 22k+1)
2(k+1)

ég-1u

20 4 4aeq 1 ep-1lg, .0
2 In In 1
a3 W E2 8
EER

which cannot beniformly bounded for afl¢ p<q).
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Remark 8 With the aid of the inequalitx- 12 In X one can easily see that in
the caseC, =0 (n=21,2,2) Theorem 5 follows from the theorem of Hatvani
(Theorem 4)

3. On small solutions of nonlinear difference equations

In this section we examine the possible extensions of The6remmonlinear
systems of difference equations in a similar way to the discussiprSiz ® k e | vy ,
2011) Consider the difference equation

X.,=f(nx) n=012,.., (13)

where mi N, x [ R™ is a column vector, and function§(n,{) have the
following properties for alini Ny:

f(n®:D, R -R,ranf(n® BD,,,

f(n,0)=0, f(n,® ICY(D),
where D,, is a convex domaiifn =0,1,2 ). Define

F@ p®: #(g)oQof(p) (O¢p @pq IN)

furthermore, letF’(q, p;: D,- R (j=12 ,m) be thejth component of
function F(q, p;Q) i.e.

aFY(q, p; X
e . (
F@pXY=g : 1
$quw!

Since F(n,0,Q is the flow of equatiorf13), then for a solutiof x }°_, of (13)
F(n,0;%,) = X, holds. For a functiong: R"- R denote by grady(x) the

gradient vector o, i.e., grady(x) =(ug(x)/ux1,2 ,ug(x)/uxm). Let H, E D,
be the closure of a bounded and connected open set. Theth theage ofH,
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under the flow of equatio(@3)is H, =F(n,0;H,), and the phase volume of
H_is

n

mH,) = fjdetF '@, 0;x) dx

Ho

where m is the Lebesgue measure. Furthermore, et pH  and

intH =H\pH be the closure, the boundary and the interior of abEtR"™,

respectively.

With the aid of a Lyapunov function, Karsai, Graef and Graef, Karsai, Li,

2000) gave a sufficient condition for such equations to have at leastnoalé s

solution. Currently, with the application of our topological method of proof used

in the proof of Theorerd (Theorem2.2n( Hat vani , S wekdouddl vy , 20
only conclude such result which is a consequence of their theorem. Nevertheless,
since theconditions in our theorem are based only on the right hand side of
equation(13), we present thisresultaswidle e al so i n). ( Sz®kel vy,

Theorem 9 Suppose that there exists a closed 4] around the origin and a
number K >0, such that for all p,gqi N, (0¢ p¢qg), j=12 ,m and
xI H,

llgradF ' (g, p; ¥) [I¢ K (14)

holds, furthermore

Li_rr! fjdetF ‘(n,0;x} dx= C. (15)
HO

Then equation (13)ds at least one small solution. In particular, if

limdetF '(n,0;x)= C (xi H,)
then the assertion holds.

Proof. Denote bys, any point of H, closest to the origin. It is easy to see that
condition (15) implies lim_ . s, =0. Let r, be one of the pointxi pH, for
which F(n,0;x) =s, holds. Since H, is compact, there is a convergent
=ri H,.

subsequencgr, }, of the segence{r } ,, such thatlim,_r,
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We will show that the solution with initial point is a small solution, i.e.,
lim_ . F'(n0r)=0 (j=12 ,m). Let us fix an indej (L¢ j ¢ m). Since
F(n.Gr,)- Oand|r-r | O asl- o, for every e>0 there is an
I'l N such that ifl >I', then|F/(n0;r) |< e/(2K) and||r - r, | e/(2K)

are both satisfied. Now, chooke I Then, since the origin is a fixed point, for
n >n- we have

[F' (MO BIF 0,07)-F 6,01, )] ' 1,
=[F’(n,0;r) ' (,0r, )|

+|F'(nn 4F®.0F ) F (O.n 16).

ApplyingLagr angeds t h-saar fumtiors dor botlv exgressions,
we get

|FI(n0;r)|¢|gradF ! (n,0,x,) @r - r,) |+lgradF’ (n,n +L,4,) & (n,0;r, ) |
¢ llgradF’ (n0;x) IAU(r - r,)) [I+llgracdF’ (n,ny +L/4) [|AF (01, ) |

<K £ K _° &,
2K 2K
where x; =r +(1- /)r, and A, =n,F(n,QOr,) for some /j,nji [0]].
Since e andj were arbitrarily chosen the theorem is proved.

y

Remark 10 From the proof one can easily see that condition (14) implies that
all solutions of equation (13) are bounded.

Remark 11 In case of the linear equation (5§ (q, p; X) :(C):zp Mn) X,

therefore the sufficiency of Theorem 6 follows from Theorem 9.
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4. On stability of second order halflinear differential equations with step
function coefficients

In the final section we consider the hiaftfear second order differential equation
X"| X' +q) | x]* x =, nl R, (16)

which is animportant generalization of the second order differential equétijon

and was introduced by Imre BihaBihari, 1957)and Cr p §(EberEl ber t
1981) They called it halinear because its solution set is homogeneous, but it is

not additive. By the apppriate choice of coefficient§n= p- 1), equation

(16) can be transformed into the w&hown equation
rOFN 4 B &  F() Fx[*sgnx p>1, (17)

which can be considered as a generalization of theaked SturrLiouville
differential equation

(r(t)x)+c(t)x=0.

A motivation of the qualitative analysis of hiiliear differential equations is for
example that many physical phenomena can be described by such partial
differential equations whicmtlude the saalled p-Laplacian operator. In the

one dimensional case, under certain conditions, these equations can be
transformed to the form of16), or equivalently of(17). The p-Laplacian
operator is the following:

D, u(x): =div (][Bu(x) ||”* Bu(x)),

where x=(x,2 ,x,)I R", p>1, D is the gradient, furthermore,

div:arkilg/uxk is the divergence operator. A specific example for the

application of haHinear differential equations the mechanics of certain non
Newtonian fluids, namely, for which the connection between shear gfrg$s

and shear velocitydu/dy) is
; _ %n_lﬂ-j
¥ Cldy| dy
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where /1, andn are constants charactarig the fluid (in case ofi =1 the fluid

is Newtonian and, is the viscosity). Some examples for such fluids are milk,

paints, melt of certain polymers, and slurry with mineral dust. Besides
applications (seee.gBogn 8r , ( ROdLO§ n, the qualithtivg theory of
half-linear differential equations has attracted much attention (see, e.g., the
monographs(Agarwal, 2002) ( Do g | T, ( D@0 4), I eahdSthe, 2005
references therein).

For equation(16) Bihari (Bihari, 1984)proved an ArmelliniTonelli-Sanone

type theorem, namely, he proved that the trivial solution (b6) is
asymptotically stable with respect to if coefficient q is continuously
differentiable and tends regularly to infinity ds @ . Such result for this
equation with irregularly (or intermittently) growing coefficients was unknown
until the appearance of our pageHat vani , Sin @ik sekctipnwe2 01 1)
give a sufficient condition for the asymptotic stability of thei&ligolution with
respect tox in the case when coefficientis the most typically intermittently
growing, that is wheu is a step function. In the proof of our theorem we could
successfully replace the method used for the linear dasel(in (16)) to a
geometric technique which does not require linearity. What is more, this new
method of proof allows us to sharpen the known results for the linear case.
Therefore, our results not just include, but even sharpen the Arniesimalli-
Sanmetype theorems of Elberf(Elbert, 1996/97) (Elbert, 2001))for linear
differential equations with step function coefficients, thus we first introduce this
method to linear systems of difference equations.

To this end, we investigate the asymptotic iitstof the trivial solution of the
linear system of difference equatiof® in the case when it is two dimensional.

It is well-known that iff)::0|| M, ||=0, then all solutions of equatidB) tend

to zero asn- © (see e.g.(Agarwal, 1992). Elbert (Elbert, 1997)gave a
sufficient condition for the asymptotic stability under the assumptions: (i)

O max{||M, [Ii <z, (ii) 0<Q_IIM,II. (iii)
é::o max{|detM, |1} <= . His proof was based on estimation of the norm of

sone special matrices and a "tricky" decomposition of matribés. To

investigate equatio(b), we define a difference equation on the plane which has
the same stability properties as equatimn The construction of this equation is
based on the polar factorization theorem (see &lgcobson, 1958)Let

al 0 ocdéay, - siny
=||M A : , 0¢d ¢1,n=012 , 18
X ” n ”86 dn 95|§/|/n cos X, n n :L ( )
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where d, and W, (n=012 ) can be calculated from rm&es M,,2 M, .
Using a geometric method of proof,inHat vani , Sve shewed that 201 1

conditions (i}(iii) of Elbert's theorem can be weakened.
Theoreml1l2(Hat vani , S3updosthat , 2011
im supQ, M, fl<=

a minfl-d,1 -d_}sin®w,, =, (19)

n=0
then the zero solution of difference equa(ib®)is asymptotically stable.

From a geometric point of view, the dynamics(d8) consists of consecutive

rotations and contractions along the x i s . Due to the contr a
distance from the origin decreases except the points which are transformed onto

thex axis by the rotation. Conditiofi9) guarantees that there is no point which

stays"close"to/th)eaxis after the rotations, t hat
closeto ko (kl Z), and, in addition, that the
Based on Theorerh2, as the main result of our pageHat vani , Sz®kely

we could successfully extend the ArmeHlifonelli-Sansone theorem &econd
order halflinear differential equations with step function coefficients to the case
n>1.

Theorem13( Hat vani , See®kleahdy, 2011)

0=t, <t <2 <t <t,<2, Limtk:o,

0<@, ¢ ¢2 ¢q ¢q., ¢2 1!(i_ka:°-

Then all nortrivial solutions of equation
X"|x'[t+q |x[* x=C (t ¢t 4., k=012) (20)

are small, if

n+l

~

(6]
& min;1- P Esaeor (ke 5[0

k=0 i
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The function S appearing in the theorem is the-called generalized sine
function, that is, the solution of the initial value problem

&S| S+ S]* =0
i S(0)=0, SY(0) .

Note, thatS satisfies the identity| S(F)|™ +|S'(F)["* 1. The proof is

similar to the one of Theored®?, but due to the appearance of the generalized
trigonometric fundbns we have to modify our estimations. The main difficulty
is that exact addition formulae for these functions are unknown. Unfortunately,
our method of proof cannot be applied directly to the dasen <1. Although,

our conjecture is thathe theorem remains valid in that case as well. Earlier
results on the existence of a small solutions of equétiéyand(20) (Atkinson,
Elbert, 2000 Hatvani, 2009, and the extension of the Armellifbnelli-
Sansone theorem to equatidr®) in the coninuous case (seihari, 1984 are
valid for arbitrary n>0, in addition, the proofs of these theorems did not
require to distinguish cases with respectntoWe ran computer simulations
which also support our conjecture. We hope we ganepit by modifying our
technique of proof.
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Dear Reader,

The Institute for Process Engineering is a dominant education and research unit
at the School of Mechanical Engineering that was founded as integrations of two
earlier independent departments (Department of Automotive and Thermal
Tednologies and Department of Energetics and Food Industry). The current
institute consists of three professional working areas (Automotive Technologies,
Energetics and Measurement Technologies)

During our educational and scientific activities we paid speespects to the
following topics:
I Basic technical knowledge forming the appropriate engineering approach,
I Engineering thermodynamics, electrical engineering and electronics,
T Basic and applied knowledge of energy conversion, energy utilization and
energyeconomy,
I Special technical knowledge for development of environmental industry
and utilization of alternative energy sources,
i Basic and applied knowledge of automotive andro#id techniques and
technologies
i Disciplines of measurement technology and psscengineering needed to
control, regulate and automate different engineering processes,
T Environmental and marketonscious development of production and
processing technologies.

Following our tradition, the Institute for Process Engineering is eagmetent
the most significant scientific activities from the year of 2011.
In last year we paid special attention on the following scientific topics

T Modelling of terrain and towed vehicle interactions. In frame of this topic
we designed and tested mathdoatmodels to determine the stresses on
vehicles moving on different types of terrain.

T Analysing the microwave assisted drying Processes of fruits, vegetables
and grains. During this research warlby using the results déboratory
experimentsi we detemined the typical energy efficiency factors for
microwave drying of some sorts of agricultural products. Furthermore, we
detected the nethermal effect of the microwave energy.
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T Investigation of different heat pump systems. The objective of this project

was to find the most suitable solution for heating and cooling conference
rooms and other office buildings.

Utilization possibilities of renewable energy sources. This research topic
was about the probable thermal utilization of wind, solar and geothermal
energy for heating and air conditioning.

Modelling different engineering processes from energetic point of view.
Inside this activity we tested different mathematical models (theoretical,
empirical and semémpirical) that are frequently used to simulate
agicultural energetic processes.

More details and other information can be foundw.fomi.gek.szie.hu
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ANALYSING THE MICROWAVE DRYING PROCESS OFPOTATO,
APPLE AND ONION SAMPLES FROM ENERGETIC POINT
OF VIEW

J8nos BEKE, Zol t 8n KURJCK, Kor n®lI

Departnentof Energeticsinstitute forProcess Engineering

Abstract

From the practical point of view the efficiency of the energy transfer during
drying must be considered as dominant parameter. Although the energy
consumption of dehydration under microwave ditians is theoretically lower
even by an order of magnitude than that of convective drying, the real efficiency
of energy transfer in the microwave field is influenced by numerous factors. In
this study, the most determinative relations between the enteaggfer
efficiency and the drying parameters were investigated. During the experiments
several different drying parameters were set up to study the effects of domain
variables in the apple, potato and onion drying process.

Based on laboratory experimente determined the typical energy efficiency
factors for microwave drying ofhe investigated sample$§urthermore, we
detected the nethermal effect of the microwave energy.

Keywords

Microwave drying, vegetables, ntimermal effect

1. Introduction

Drying is acompound ancenergy consuming process. Moreover, drying in
agriculture is a much more complex procedure than in industry, because in
parallel with reducing the water content of the living material, physiological and
morphological changes occiBo,the parameters of the drying procebsuld be
selectedbn a scientific base in order to prevent structural damage to the product
and to optimize the drying process energetically (Mujumdar, Beke 2002).

Microwave energy transfer is based on various fortarpmation of the drying
material behaving as dielectric substance. Part of the electric energy is
transformed into heat, which is suitable to eliminate the redundant moisture
content.
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Agricultural products are not homogenous dielectric materials, tleirssipecial
charactdstics largely influence their behaviour in microwave fields, and make
processes more difficult to acquaint (L

2. Theoretical backgrourd

By puting moist material ito a microwavecavity, it causes space perturlmati
and changes the resonance frequency of
and Beke 2000)

e+_Wm87 (1)

Since for biological materialex1 and a0 using the practical perturbation
equationfoed @& dt he next t ewderivedquati ons can b

o Kfo
= o 2
. Kf, - 20pf @
O._ P
U s ea0 & B ®)

In the case of electromagnetic radiation emitted upon a metal surface the
Lebedevtype jetpressure f§,) is well known, which is based on the law of
energy and moment mmnBeke20e r vati on (LudS§

=Ce

p]p c SP (4)
|

By introducing the reflection coefficientGée/e) the density of the absorbed
energy comes from the following formula

_ C,cosY,

_—Cm cosY (1' G)Céi (5)

m

The microwave energy of a magnetron is forced through a fshagled
antenna, and to prevent the bypass radiation wave traps are applied.
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The electomagnetic energy is reflected towards the sample surface with the help
of special plates, which are adjusted to the following calculated Brearsgés
(Y). In this cas&5=0.

er?

2- .
Y =arct rr?e '“1' (6)

In cases of usual measuring systems the instrinsaw detected performance
(Pq4ep, and the real relevant performance can be calculated by usingt¢héiesb
coupling coefficient (g) as follows

CdB

P=109 &, [W] (7)

It is an essential problem that normally in biological materials there is no
homogenous internal moisture and temperature distribution, because these types
of materials are living tissues with complex composition and their biochemical
processes continue during the significant part of the treatment (Obermayer et al.
2009). Based onrpvious scientific findings, it can be assumed, that besides the
usual microwave field parameters and the physical properties of the material
placed in microwave zoné depending on the apparatus construcfiothe
applied microwave performance and theidesce time have also significant
influence on drying process.

3. Materials and methods

Measuring instrumentation

For measurements, a special microwave deviceuseg whose powecouldbe
continuously adjsted using a toroid transforméuring drying, he transmitted

and reflected energy of the magnetron were measuma] the dissipated
performance was calculated. The temperature and moisture content of the
entering and outgoing air of the drying chamber were also measured. The set

of the measuringistrumentation can be seen in Fig. 1.

Change in the sampleds mass was measur g
sample holder. Samples were turn@@ degrees after each measurement to
compensate the effect of the Aleomogeneous microwave field. To prave
precipitation of the moisture evaporating from the samples, the drying chamber

was ventilated with a fan.
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jo—s Tmagneﬁon

Figure 1. The measuring setup
1. toroid transformer; 2. transformer and switch unitm8gnetron;4. sensor for transmitted energy
(Pr); 5.sensofor reflected energy @; 6. sample holder; halance; 8 and 9. power meters
10. data recorder

Sample preparation

Drying experiments were performed using three materials, potato, apple and
onion, which have different characteristics. To ensure thee satarting
parameters, sample preparation for the three materials was done in the same
way. They were cut into 10 mm cubes, of which180 grams were placed in

the drying chambers (see Fig.2.)

The microwave drying continued until the materials reachd8% moisture
content, depending on the starting produce. After that, the samples were placed
in a drying oven for 24 hours to determine the entire moisture content in
accordance with the ASAE standards.

Figure 2. Prepared sampl§otato and onion)
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Measurements for each product were performed at 140 and 160 transformer
voltage accompanied by 456 and 523 Watt power.

4. Results and discussion

Potato drying

Average input and output moisture data of potato drying obtained fronigtite e
series of experiments can be seen in Table 1.

Table 1. Moisture content of potato drying

Ur[V] w [%] w, [%]
140 80.27 18.31
140 79.39 19.75
140 79.37 19.25
140 80.56 19.08

Averagé*® 79.90 19.10
Dm,,=60,10 g/sample

160 80.61 18.58

160 80.49 18.71

160 81.50 19.45

160 81.01 19.59

Averagé®® 80.90 19.08
Dm,=61.14 g/sample

The obtainedkinetic curvesare shown byrigure 3 Thenthe drying rate curves
were calculated (Figure 4). Microwave perfamae can be seen in Figure 5.

Mosturecontent;w [%]

Time;t [min]

Measurements: - #+ 5 === g~k 7 s g oot 4 anfen ) =3 come g

Figure 3. Kinetic curves of potato drying
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Drying rates of potato drying
R*=0,9966 « pot_160V_1

= pot_160V_2
- R=09854 a pot_160V_3

R?=09972 e pot_160V_4
0,8
R = 0,9492 pot_140V_1
0,6
pot_140V_2

Drying rate; v [X/min]

041
R-o0sgie 5POLI4OV_3

s

021 y / 2,

i e

R = 0,6696 pOt“14O V‘4
o=

0,01 01 1 10
Moisture content; X [kg/kg]

Figure 4. Drying rates of potato drying

By looking at the obtained diagrams, it can be seen at first glance that there are
significant differences between the results coming frbe 40V and 160 V
series. V@ can observe much large deviations between the measured values
coming from the 140 V series than those of the 160 V series.

Energetic properties of microwave field for potato drying TI°C]
Pi MW 709 70
Pr W]

Pab [W] 600 |

+ 50
40
300 {° 30
200 | 20

100 4

0 200 400 600 800 1000 1200

Time; t [s]

o~ Pi_140 V —— Pr_140 V = Pab_140V ~#— Pi_160V —+— Pr_160V —— Pab_160 V —o—T_140V =~ T_160 V

Figure 5. Energetic properties of microwave field for potato drying

These phenomena can be partlysed by the apparatus construction and partly

to the bigger and nondescript convective and surface heat loss taking place
during the experiments. However, the rate of increase in the drying intensity
between the 140 and 160 series cannot be explaineg by thasons entirely. It

is probable that other factors such as energy absorption or rate of dissipation
have serious influences on the dewatering process. To clarify these problems
more precisely, additional experiments and discussions are needed.
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In spite of some obscurity in data of the 140 series, it is evident that by applying
magnetron performance of 160 V, the energy utilization becomes more efficient.
As Figure 5 shows, coming to the end of drying process the temperature of the
magnetron reaches pt&cally the same high value in both cases, but the 140 V
series has longer interval of high temperature and consequently, in this case, the
energy loss is higher.

Apple drying

The apple cubes to be dried ha® 86 more moisture than the potato samples
and there were some differences in the final moisture content as well (Table 2.),
but these differences had no significant influences on the drying parameters. By
processing the measured data from apple, similar kinetic and drying rate
diagrams to potato werobtained (Figure 6 and 7). As far as the field parameters
are concerned the magnetron temperature reach€’C &t the end of the
dewatering process in both cases argimilarly to the case of potato dryirng

the longer period of high temperature belohgthe 140 V series (Figure 8).

Table 2. Moisture content of apple drying

Ur[V] w1 [%] w;[%]
140 86.43 17.54
140 87.06 20.46
140 86.82 17.95
140 87.77 16.88

Averagé*® 87.02 18.21
Dm,,=67.16 g/sample

160 89.28 16.65

160 89.72 14.77

160 88.97 24.01

160 91.24 20.61

Averagée® 89.80 19.01
Dm,,=69.92 g/sample
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Kinetic curves of apple drying

Moisture content; w [%]

0 5 10 15

Time; t [min]

—+—ap_160V_1 —=—ap_160V_2 ——ap_160V_3 —e—ap_160V_4
——ap_140V_1 ——ap_140V_2 ——ap_140V_3 —c—ap_140V_4

Figure 6. Kinetic curves of apple drying

Drying rates of apple drying

R?=0,8926 +ap_160V_1

35
R?=0,9773| wap_160V_2

RZ=0,9897 4ap_160V_3
25

R?=0,9334| e ap_160V_4

R?=0,8413 ©ap_140V_1

Drying rate; v [X/min]
N

R*=0,483 | Dap_140V_2

R?=0,4859 4ap_140V_3

0,5
R=0,685 | 0ap_140V_4
0
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Moisture content; X [kg/kg]
Figure 7. Drying rates of apple drying
Energetic properties of microwave field for apple drying T [°C]
Pi W] 700 920
Pr W] 80
Pab [W] 600
+ 70
500
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400 50
300 40
30
200
20
100 10
0 0
0 200 400 600 800 1000 1200 1400 1600
Time; t [s]
0-Pi_140V —~—Pr_ 140V —+—Pab_140V —®-Pi 160V <+ Pr_160 V —4— Pab_160V ——T 140V * T 160 V

Figure 8. Energetic properties of microwave field for apple drying
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Onion drying

The moisture content adnion samples are listed in Table 3 and the process
parameters are in Figure 9, 10 and 11. As the data show, onion has the slowest
drying process amongst the investigated samples. The most probable reason for
this phenomenon is the special leafage stread@ionion. Under influence of the
energy and mass transport that takes place during drying, the onion leaves move
away from each other while a wax layer forms on their surfaces. This wax coat
reduces the moisture diffusion to the surface and the surfameeonent transfer
coefficient as well. Toward the centre of the onion sample, this process is
enhanced and the distances between the leaves is becoming less and less. As a
result of this process, the mass transport inside the material continues while the
outer leaves become dried and their surface completely closed by the wax film,
thus the moisture movement from the inner parts of the samples is almost
blocked.

Table 3. Moisture content of onion drying

Ur[V] wi [%] W, [%]
140 92.68 19.47
140 92.83 18.%
140 93.27 19.68
140 94.63 19.74

Averagé*® 93.35 19.48
Dm,,=73.39 g/sample

160 93.62 18.08

160 93.54 18.14

160 93.13 20.08

160 93.94 21.13

Averagé®® 93.36 19.36
Dm,,=73.40 g/sample

Kinetic curves of onion drying

Moisture content; w [%]

Time; t [min]

—+—on_160V_1 —=—on_160V_2 ——on_160V_3 ——on_160V_4

—=on_140V_1 =~on_140V_2 —#—on_140V_3 —-—on_140V_4

Figure 9. Kinetic curves of onion drying
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T re)
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Figure 10. Dryingates of onion drying

Drying rates of onion drying

R?=09707| *On_160V_1

~

=on_160V_2

R2=06315 4on_160V_3

o

*on_160V_4

on_140V_1

Drying rate; v [X/min]
w a

27 e i 419 Ton_140V_2
!

R?=0,8462 on_140V_3

on_140V_4

Moisture content; X [kg/kg]

Figure 11. Energetic properties of microwave field for onion drying

Energetic comparison
The typical energetic parameters are listed in Table 4, 5 and 6 for potato, apple
and onion respectively.

Table 4. Energetic parameters ofgotdrying

Ur Wia | Waa| Ga | Qoa
W. J W J ia a
v | W Wb | | o) | 7]
1 234081 | 201106
N (o] (@] [o0) o)
2 222741 185215| @ | 5 | & | @
— 160V ol 3 16 S
3 225914 | 200289 g 8'7 ('; %
4 235287 | 197670
5 276834 | 234308
| - | < | ~ ~
6 239157 | 201954 um) g o <
— 140V I\ > o ™
l 259259 | 212302 g &i %’ %
8 274874 | 225219
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The tables display the relevant transformer voltage),(the used energy
amounts of different measurement series;, (Wy), the mean values for
transformer voltage of 140 V and 160 V and finally the averagef&penergy
consumptions (g in J/g water) calculated on the incident and the dissipated
microwave energy. Potato has a rather intensive dewatering process. Although
the morphological structure of apple somehow is similar to that of potato the
mass tansfer coefficienti especially in the end of the apple dryiiigis
definitely lower. The sugar content of these samples may explain this. It is
possible that partly caramelized sugar is hindering the moisture movement
through the cell wall. Because of thawv diffusion coefficient in onion drying

the difference in energy consumption between the 140 and 160 series is
significantly higher than those of potato and apple drying.

Table 5. Energetic parameters of apple drying

UT Wi Wd Wia Wda Cia Oda
M Ml Ul [ | [ |[/d]][J/g]
1 264180 | 225758
=l o | | | o
2 348969 | 276686 | & | & | o | ©
— 140V o | o | @ |
3] 353260| 266835 | & | B [ @ | &
4 350466 | 266378
5 308180 | 240952
|~ | (o] N~ (0] —
6 312510 243155| Q | B | » | &
— 160V 3121318
7| 310709 | 249409 | £ | & | 3 | &
8 325437 | 242315
Table 6. Energetic parameters of onion drying
U-|- Wi Wd Wia Wda qia qda
M Ul M [ | D | /gl | [/d]
1 370555 | 290474
1 [a2] < ™ <
2 359351 | 287259 | & | D o o
— 140V S | @ ) 3
El 335317 | 280147 | € | X | 2 | ¥
4 369108 | 294579
5] 350388 | 279046 o
6 344502 | 278936 | S g g
— 160V o | ¥ S N
[ 7 | 335714 | 269962 | & | N < )
8 342205 | 270215

Using the specific dissipated energy consumption of potato dryigga& base
unit (Ry=1) we can create a relative parameter that gives us a chance to compare
the dryingprocess of different samples from energetic point of view (Figure 12).
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Figure 12. Comparison of relative energy consumption of different materials

By carrying out experiments a serious anomaly could be experienced, because
especially in the most intelve dewatering interval a part of the exiting
moisture was liquid and the material temperature was higher than those that
could be derived from the classical heat balance theory. In this way, it is possible
that the moisture movement is partly forced tme nonthermal effect of
microwave energy. This wave pressure causes a pressure gradient pointing to the
surface. To clarify this question theoretically some indirect evidence can be
found for its existence using the classical jet pressure equation

p,=€cosY, +ecosY,- e, cosY, @)

By substituting the@=e,/e) reflection coefficient and taking into consideration
the possible simplification possibilities the following expression is obtained

p, =€ cos’Y, (1+Q)- ¢ cosY, e, - sit Y, (1- G 9)

When the radiation is established undee ttelevant Brewster angle, the
reflection will cease@= 0). In this cases,=1, which is impossible under the
usual conditions of drying biological materials.

If we visualize the most intensive interval of the dewatering process, the
pressure gradient caed by the wave pressure of microwave radiation can be
shown directly. In the Figure 13 notable amounts of liquid water can be
observed among particulates that came from the drying substance without phase
change, thus the moisture movement cannot be cduystte thermal effect of
microwave power entirely.
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Figure 13. Liquid water among drying apple particulates in electromagnetic fierd (&0V)

5. Conclusion

It is evident that drying intensity mainly depends on the morphological structure
of the treatd material. However, besides the energy and mass transport, the
microwave energy can induce physicochemical changes that have significant
influences on the drying intensitin order to optimize energy consumption, the
applied microwave performance andidesice time should be harmonized with
the features of the material to be dried.

It is most probable that in the constant drying rate period of substances with
high moisture content the nahermal effect of microwave energy plays some
role in the drying bbiological materials.

Symboles

D diffusion coefficient

Cae coupling coefficient

E electric field strength

K ratio between the absorbent and the resonator
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performance

ratio of specific energy consumptions
Poynting vector
temperature

voltage

volume

energy

moisture content (dry basis)
specific heat

wave velocity

wave density

frequency

mass

i jet pressure

q specific energy

t time

v drying rate

w moisture content (wet basis)
We electric energy density

W magnetic energy density
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Greek letters

reflection coefficient

angle wae related to surface normal

dielectric constant

imaginary component of complex dielectric constant
real component of complex dielectric constant
wave length

magnetic permeability

density

angle frequency

frequency drift

T 7378826

w O
=

ubscripts
magnetron
transformer
average
absorbed
incident
reflected
detected
dissipated
material

o=~ —9o o
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0 empty chamber
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EXPERIMENTS WITH GROUND SOURCE HEAT PUMP SYSTEM
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Abstract

The objective of the project was to find the most suitgoleition for heating

and cooling a conference room in ah i ce buil ding at Ged
Ground source heat pump system assisted by four solar photovoltaic cells for
electric energy generation was installed in 2009. For a collector system two 100

m deep Utypetubes were placed in separate boreholes. Themysorks in

heating and cooling mode. The heat pump is not used for cooling. The excess

heat is delivered to the soil by a heat exchanger situated in a depth of 15 m.

This research project are supported by the European Union dimthooed by

the Europan Soci al F412.0.811/@/AKMRN@LR0003).

Keywords

Ground source heating, heat pump, solar energy, heating, cooling

1. Introduction

The price of fossil fuel and the need for an independent and pollution free
energy source motivates businesses andseholds looking for alternative
energy sources in Hungary especially for heating and coing m| 1997)

Heat pumps are suitable for the weather in Hungary as it can provide heating in
winter and cooling in summer and soil conditions in this geducaparea are
suitable for collecting heat from the relatively high temperature gr¢tindt h ,
2008) The disadvantage of heat pumps is that they require external power and
as a solution it is possible to combine it with a solar system for electricity
geneation. A solar assisted ground source heat pump system is installed in one
of the office Dbuildings at Gede°el Il R. Th
cheaper, cleaner and more independent heat energy source.

2. Design and installation

A solar assiste@yround source heat pump system is installed for heating and
coolingal00mconf erence room of an office bui
heat pump requires electricity and to provide cheaper and more environmental
friendly energy solar collectors areeds for power generation. The system

consists of a heat souregground collector system, watt-water heat pump
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which raises the temperature of the collected heat and transfers it in form of the
water to the heat reservoir (HR) and further to a heailwlisibn systeni water

is transferred from the heat reservoir to-&mil units (Ochsner,2007) The
collector system consists of two 100 m deep boreholes. A location of boreholes
and a floor plan of conference room are shown in Figure 1.

e ———

\Coue;gtor system -
Boreholes

) e el ) M I 7271407,

- "Room : !

7% - Conference Room

s/

13,38

Figure. 1.Plan of conference room and borel®le

P2 T

Figure 2.Solar assisted heat pump system
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There are two different types of ground source heat pump sy$temdirect
expansion system where a refrigerant is circulated through the heat pump and
the collector system; d@ran indirect system where a mix of water with antifreeze
circulates through the collector system and the refrigerant circulates only in the
heat pump. In this case it is an indirect sys{&teimlen.d.). The distribution

heat system of the conference mo@onsists of four series connected-&ail

units, the heat exchangers in which water is circulated and heated or cooled air is
transferred to the roombyaféh- t h,. 200 8)

The system is assisted by four solar photovoltaic cells for electricity giemera
to run the circulation pump. System is shown in Figure 2.

3. The components of the heat pump system

The system consists of two parsprimary and secondary side which are
separated by the heat punfpww.hidro-geodrilling.hy. The primary side
consiss of a vertical ground collector system with the heat exchanger and the
secondary part consists of a heat distribution system with foucdigsn A
compressor of the heat pump works periodically by turning on and off. To
maintain a correct and constanovil a heat reservoir is used. In summer in
cooling mode the heat exchanger is used without using heat pump. Figure 3. and
Figure 4. shows a schematic and components of the installed heat pump system.

\ Temperature

Fone 3 T f Current ®
g ﬁ 'mH-v- » Air flow [o]

Figure 3. Primary side with measuring points
1. Heatpump 2. The secondary side (return pipe) 3. Compensator container 4. The primary side of
the refrigeration heat exchanger 5. The secondary side of the refrigeration heat exchanger 6. The
secondary side (outgoing pipe) 7. The branch of the primer sideo{ogtgipe) 8. The secondary
side (return pipe) 9. Recharging tap 10. Boreholes return pipes 11. The boreholes outgoing pipes
12. Relay tap in case of refrigeration in summer
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Temperature +
Current ®
Air flow (o]

Figure 4. Secondary side with measuring points
1. Heat pump 2. Heat reservoirGompensator container 4. Heat exchanger for refrigeration in
summer 5. Circulation pump 6. Fanil units 7. Cleaning units

In heating mode heat is collected from the soil by a special ligoitk of water

and glycol running through 4ty/pe tubes situat in boreholes. In heat pump the
heat is transferred to a refrigerant by heat exchanger and the temperature of it is
increased by a compressor and the heat is transferred to the secondary loop by
the heat exchanger and is delivered to a heat reserverewihe heated water is
stored. It equalizes the temperature of the water because the compressor works
periodically. The water flow is circulated by a pump and transferred to four fan
coils. In cooling mode the process is reversed but a ground heat escligng
used for giving the heat to the soil directly. The heat exchanger is in the 100 m
deep boreholes. By using cooling heat exchanger the power requirement is
lower.

4. Measuring system

The measuring points of the system can be seen on the Fig. 3. ding 4.
numbers of the measuring points are in dotted circles, the notation is the
following:

openair temperature in the shade,

air temperature in the heated or cooled room,

air temperature from the air mixer No. 4.,

temperature of the ogbing pipe to the fawoils,

temperature of the incoming pipe of
of cooling,

temperature of the a favils return pipe,

ownE

~N
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8. temperature of the ret
9. temperature othe water in return pipe from the heat reservoir,
10. temperature of the water in the outgoing pipe from the heat pump to the

heat reservoir,

11. air temperature from faooil units,
12. glycol temperature in outgoing pipe from system to the boreshol

collector,

urn pipe of

13. glycol temperature in outgoing pipe at the divisors,
14. glycol temperature in return pipe at the divisors,
15. soil temperature in 2,5 m depth,
16. glycol temperature in return pipe from bore holes collector to the heat

pump.

5. Results

To analyse the performance of the system monitoring was carried out.
Measurements were made for a period of 20 days starting from 30th of October
2010 to 18th of November 2010. Temperatures in 16 different points were
measured. Most significant retil of
temperatures of 24 hour measurement in 6th of November are shown in Table 1.

minimal, maximal and average

Table 1.Measured temperatures

Max TA C MinTAC Average TA C
Temperature of the soil (16m deey 13,4 11,7 12,6
From the heat pump (out) 37,5 24.9 27,7
Back to the heat pump (in) 30,1 24.9 27,1
Air temperature in the room 25,0 23,4 24,3

40
38
36
34
32
30

Temperature (oC)

28
26
24

22
0 12 24

36 48 60 72

84 96 108

Time (x10 min)

120 132 144

HR out == HR return == == Average out == « = Average return

Figure 5. Outgoing and returning water temperatures of the heat reservoir (HR)
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Temperature parameters are closed to design ones. The difference béagveen t

heat pump minimal and maximal temperature is because the compressing
process of the heat pump doesndét happe
time was 10 minutes. Figure 5. shows
diagram of outgoing and returningater of the heat reservoir.

r
z

24 hours period of temperatures of borehole exchangers and the soil in 16 m
depth are shown in Figure 6. The green line shows the soil temperature in 16 m
depth which is between 11,8 and 13, 4AC.
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—Borehole out — Borehole back — Soil (16 m deep)
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Figure 6.Soil and Utubetype borehole exchanger temperatures
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Figure 7.Electric consumption of the system
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To analyse the performance of the hall system it is significant to analyse the
consumption of the electricity. The system provides electrical energy for-comp

ressor, farcoil units and the circulation pump. Performance of the system in a
cold winter day when average outdoor temperatwe is A C

i s shown in
During a 24 hour period the compressor of the heat pump works with interval 17

i 25 min. The electric power consption of the compressor unit during
compressor turoff only about 380 W, in turon state the electric consumption
increases up to 3100 W. Electric consumption ofdaits varies from 279,7 W

to 292, 2 W and the <circul anl26mandpump 6 s
129,9 W.

A variation of the supplied water temperature to-dails and the supplied air

temperature to the room is shown in Figure 8. The supplied water temperature
varies from 24,5 AC to 31,5 AC. And t
21,0 AC to 23,8 AC.

1 i
30

28 ! 1’\_ [ [

—
-

ll.llll
26 0%

Temperature °C

\ ! \ N N X \
24

20

0 6 12

18 24
Time (h)

Suplied water to FC [l Suplied air temperature

Figure 8. Fancoil performance

Measured data proves that the project system meets the requirements. The
operation was satisfactory and there was no trouble during a long period.
Measured temperatures are close to designed temmsraturd a comfort
temperature +22 AC (N 2AC) was provide
coldest months of the year.

Energy consumption of the running systérheat pump, circulation pump and

fan-coils is shown in Table 2. It is compared with energpstmnption of a

natural gas boiler heating system combined with a separate climate control

which would be required to heat and cool the same room. Savings of energy and
carbon emissions of one year are shown in the table.
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One year energy consumption was 12@ MJ (Heat pump 10368 MJ,

circulation pump 1728 MJ, facoil units 583,2). By using a traditional heating

system with boiler and climate control this number could be 4,6 times bigger and
saves about 45236 kg carbon emiyeamrsi on al
Energy consumed by a circulation pump is provided by solar panels on the roof.
Parameters and the performance of solar panel such as size, collected energy of

one nf and a factor of a performance, working hours of a year and produced

energy in op year are shown in Table 3.

Table 2.Energy consumption of the heat pump system compared to the energy consumption of a
traditional system

kWh/year MJlyear kWh/ year MJ/ year
Natural gas
burner 11550 51975 Heat pump 2880 10368
Split clime 1650 5940 Circulation pump 480 1728
FanCoils 162 583
Together 13200 57915 Together 3522 12679
Saving 45236 MJlyear
CO, Saving 3871 kglyear
Table 3.Performance of solar panels
m? KW/m? h hiyear | kWh/year
1,8 1000 0,16 2100 604,8

As shown in tald solar panels provide 604 kWh/year but the circulation pump
requires only 480 kWh/year. Cost of t h
drilling of 100 m deep borehole in Hung

6. Conclusions

By installing a ground source heat pump systemehergy consumption and

CO2 emissions are reduced. This solution for heating and cooling provides
comfort for users as temperatures are easy to regulate and the system does not
require maintenance. The system works error free and provides heating and
cooling just by changing a position of a switch. The congsliereergy is reduced

by 4,6 times which makes up to 0 135 70
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electricity and natural gas tariff in 2011) making the system environmental
friendly and cost effective for the business. The results of measured data shows
that system works without any disorders and appropriate to designed parameters.
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M ODELLING OF TERRAIN AND TOWED VEHICLE INTERACTION
L § s zURMAIG® ®t ¢S5, Ldfos LAIB

Department of Automotive Technologystitutefor Process Engineering

Abstract

The purpose of the research is to design and test a mathematical model to
determine the stresses on vehicles moving on different types of terrain. Vehicles
towed across terrain are acted upon by forces originating from the towing
vehicle and from the groungkhicle relationship, the latter comprising dynamic
forces due to soil unevenness and forces due to rolling resistance. The impact of
the ground on the vehicle depends on the geometrical features of the terrain and
mechanical properties of the soil. Thetieating force affecting the moving
vehicle is related to the effective profile, and the damping effect is the result of
the friction among soil particles. A complex mathematical model will be
developed using analytical mathematical models and the nuimegfats of

field experiments on a test field. The activating function derived from the model
will be tested on a purposkesigned test bench. For certain problems of forces
acting on moving vehicles, the equation describing terrain conditions permits a
more exact definition of forces which hitherto have only been estimated.

Keywords

effective profile, terrairvehicle relationship, micrkaand macreobstacles,
purposedesigned test field, terrain condition, test bench

1. Introduction

There are several adeeated fatigue testing methods for vehicles travelling on
terrain, but compared with lortgrm operational tests under real conditions
(Kiss, 2004, bench durability test$ even at identical running times are
frequently found to result in different faie modes. The reasons for the
discrepancies have not yet been established. It may be conéladed survey

of published research that no method of testing has been devised which is
capable ofmodellingreal terrain and real soil (Kiss, Lai®Q07).

Many test systems have been designed to model extreme terrain conditions.
These are aimed at gathering the most possible information, in the least possible
time, on vehicle faults associated with motion across terrain. Analysis of the
faults permits modificadns to the structure, and the process is repeated until the
required performance is achieved under the test conditions.
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2. Objectives

The purpose of the present research is to model the gneeimdle relationship.

Specifically, the aim is to describe thec t i vat i ng f IP66ctes ( Kon

which the vehicle is subject by consequence of the terrain profile, i.e.-rarcto
macro obstacles, and the inhomogeneity and mechanical properties of the soil.
The mathematical model will permit the determinatiotoafds arising from the
groundvehicle relationship in various terrain conditions. The model, by means
of a purposéuilt test bench, will permit a towed vehicle to be subjected to loads
simulating any of the extreme terrain and soil conditions which tlnéclee
might encounter in reality. The model may be used to address all problems
involving the relationship between the soil and the towed vehicle.

Existing terrain modelling procedures are restricted to a very small number of
profile variations and lead ta narrow range of outcomes. Since the failures
during the tests arise only from the particular terrain modelled, modifications
lead to a construction which withstands only the test conditions. Real terrain
conditions generate a much wider range of adtmaforces, and machinery
developed with previous test methods does not necessarily fit its intended
purpose. A satisfactory model of terrain profile must incorporate the unlimited
variations of activating frequencies which occur in reality.

3. Comparison of field durability test and rolling test bench

A comparative durability test was performed on a towed vehicle (header trailer).
It involved durability tests on two identical vehicles, one running under real
conditions, and the other on a rolling test benthe two methods led to
different failure modes. Under real conditions, large amplitude swings caused
the lampholders at the end of the long frame structure to break off. The much
more intensive rolling test bench test caused cracks at the king piheaneht

axle welds. In both cases, the structure had to be strengthened.

The comparative tests demonstrate that the rolling test bench does not simulate
the forces occurring under real conditions.

4. Previous test methods and their limitations

There are far different procedures most commonly used in the testing of towed
vehicles.

The field durability test (I) involves running under real terrain conditions for a
period equal to the lifetime. This method gives a good approach to real loads on
the vehicle sticture, but is very timeonsuming and is difficult to extend to all
possible terrain conditions
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Figure 1. Field durability test

The next method involves a purpedesigned test field (Il). This has the
advantage of shortening of the time to failure. anificial obstacle field,
however, can only include a very small number of terrain obstacles, is difficult
to convert, and carries the great disadvantage of damaging the tractive structure
together with the towed vehicle.

The most commonkemployed testmethod uses a rolling test bench (lll). The
towed device is fixed to the end of a drawbar and it wheels are set into rotation
by eccentric rollers. The eccentricity and the rotation induces vibration in the
structure, thus modelling vibrational accelenasidgrom field obstacles. This is a
much lower cost test and leads to failure in a short time. Further advantages are
that the amplitude and intensity of vibrations can be altered by adjusting the
eccentricity and speed of rotation, and that it permits eoatjye tests, because

the conditions can be repeated. The method has several drawbacks, however.
The most severe is that it does not model real conditions. It is not capable of
simulating many of the activating forces to which vehicles (Fek&®y3
moving on terrain are exposed. A vehicle traverses combinations of-raiwio
macraobstacles on real terrain, and is therefore subject to activating forces
which vary suddenly, dynamically and within wide limits. The eccentricity on a
rolling test bench is mah smaller in scale than the natural variation of terrain
profile, and so only to a very small extent models the dynamic effects of
gravitational forces acting on the axles when a vehicle traverses large terrain
obstacles. The real activating forces amsef to impulse loads than constant
intensity and constar@mplitude vibrations. A further major defect of the rolling

test bench is that it does not simulate the large dynamic forces generated by
braking and acceleration.

The fourth method is the shakeg r(IV), on which the vehicle is set into
vibration by computecontrolled hydraulic activators. This is the method used to
test offroad vehicles, because it best models the forces acting on a vehicle
traversing terrain. It is very costly, however, an@ thutcome very much
depends on how well the program simulates the terrain conditions. To be able to
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test devices towed on terrain, the forces arising from the terrain profile and the
traction characteristics would have to be determined and modelled.

Figure 2. A test bench in operation

5. Micro- and macro-obstacles

Obstacles are categorised by height: madrstacles are larger than 250 mm,
and micreobstacles are smaller than this. Maolwstacles divide into step
trench and barrier obstacles. The irdetion of vehicles with such obstacles is
the subject of terraimehicle interaction theory. The first and most important
criterion for determining the mobility of a vehicle is whether the geometrical
design of the vehicle permits it to cross the obstdof@ortant design criteria

for the test field are that the towed structure crosses the terrain obstacle without
sliding off or falling over, and does not collide in any direction. The vehicle
stoppage condition for a terrain obstacle may be described ttacla curve
obtained by approximation via the VSE function. To calculate the accelerations
generated as the vehicle traverses terrain, a differential equation of dynamic
balance may be written for each degree of freedom of the vehicle model.

M+ K g+ Sy = sx(t) + kit) (1)

The lifetime of the vehicle is to a large extent determined by the magnitude of
the horizontal vibration accelerations arising from the terrain profile.

Vibrational accelerations are set up by maastacles corresponding to the
terrain elief and by micreobstacle$ those smaller than 250 mircovering the
surface of the soil. Investigation of the miarbstacles and their effect on the
structure is a much more complex task, because the corresponding profile types
can only be describedybstatistical functions. The mathematical relations
describing surface unevenness of the terrain are called stochastically distributed
processes. Stochastic processes are a physically related group of events or forms
with identical statistical parametefBo ensure that the model as far as possible
approximates real conditions, the terrain profile curves describing the-micro
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obstacles should be recorded on the type of terrain used by the vehicles. Test
fields should be constructed with mienbstacles whosdistribution of size and
density corresponds to real conditions.

Different soil types have different mechanical properties. These properties are to
a large degree influenced by the inhomogeneity and moisture content of the sail
and the ambient temperatufdne inhomogeneity derives from the mixture of
different soil types, vegetation and other foreign matter. Vehicles traversing the
terrain often contact the surface vegetation rather than the soil itself, and this
also has differing mechanical propertiefieTinhomogeneity thus considerably
affects the soil éds mechanical propertie
moisture contact, which is expressed by the moisture uptake ability of the sall,
pF. The temperature also influences the state of thesdithus indirectly the
moisture content. All of these factors greatly influence the mobility, and hence
the lifetime, of a vehicle moving on the terrain. They must be taken into
consideration in the construction and use of test fields, especially for
comparative tests.

The influence of the soil and the terrain conditioms tbe vehicle structure
depend®n a great many factors. Models have been produced for wheels rolling
on various soils, but at present there is no model which properly describes the
relaionship between the flexible soil and the flexible wheel.

6. Vehicles to be tested (header trailers)

Description of forces acting on towed vehicles requires more than theoretical
equations of motion and activating functions. There are some forces generated
by terrain conditions which can only be described by measurement. These have
to be recorded via measurements on a suitable towed véhicl¢his case, a
header trailer. Any vehicle, however, may only be tested on terrain conditions
for which it was degjned, i.e. those it will traverse when in use.

\ =10 -7‘
Figure 3. Header trailer
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The runningwheeled towed structure (header trailer) is subjected to a variety of

forces as it moves across the ground. Braking and acceleration exert forces on

the vehicle via therda wb ar . The header trailerds o
braking forces at its wheels. The weight and the inertial force act at the centre of

mass of the structure, as does the centrifugal force during turning. There is a

force arise originating from rolltn r esi st ance i n-vehidee vehi
relationship and dynamic forces originating from soil unevenness ({racch
macraobstacles). The magnitude and intensity of these forces influence the
vehiclebs I|ifetime. Thos measufeinentarethan on/l
dynamic forces arising from braking and soil unevenness.

In order to determine the relationship between towed vehicles and the sail, the
geometrical and mechanical parameters of the header trailer must be determined,
because these inBunce the results of the measur e
alters the effective profile, and the traction speed affects the intensity of the
activating forces. The effects of these parameters must be properly taken into
account before drawing any generahclusions.

7. Test field

The prime consideration in the design of the test field is that it should approach

the size and distribution of real terrain obstacles. In order to determine this
distribution, terrain profiles (Le€009 must be measured undeat conditions.

There is an unlimited number of possible combinations of soil and terrain
conditions in nature, and so the number of variations must somehow be
restricted. Firstly, obstacles which wo
geometry areexcluded. Secondly, the most relevant terrain conditions are those

which the vehicle is likely to encounter during use. It is also important to
exclude terrain profile combinations which are known from experience to make
only a small contributiontoreduci on of the vehicleds | if
consideration for the test field is the need for a higher frequency of terrain
obstacles than that measured in real conditions, owing to the geometrical
dimensions of the test field and the limitations of tewailable for testing.

There are several other circumstances to be taken into account in the design of

the test field. The mechanical properties, vegetation and moisture content of the

test field soil must not differ substantially from the real conditidrieen there

are the damage which maerand micreobstacles may cause to the tractive

vehicle and the need to prevent health hazards to the person driving it.

Given these boundary conditions, the op
field. This confguration permits the tractive vehicle to travel on a different path

than the towed vehicle and therefore be spared many of the stresses acting on the
towed vehicle.
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The vibrational accelerations induced by the surface profile are measured as the
trailer traverses the test field. Measurements are made ovedepgamined
distance. Any failures are recorded for purposes of comparison.

8. Construction of the model

The mathematical description of the external forcesrayias the towed vehicle
moves across terrain comprises the dynamic relationships presented above and
the measured forces ascribable to terrain unevenness and traction. The measured
and calculated forces are combined into a complex mathematical modes for th
towed vehicle. Activations functions are then derived from the model and used
to simulate, on a purpodmiilt test bench, the forces which act on the vehicle
under real conditions. The magnitude and intensity of the forces depend on the
velocity of travé and weight of the vehicle, the accelerations occurring during
operation, the geometry of the terrain and the vehicle and the mechanical
properties of the soil type.

Modelling Terrain Conditions

Terrain profile

[

Purpose-designed test
bench

Activation
Mechanical properties function
of the soil

———= Model (10 >

Dynamical force on
the drawbar

[—

Figure 5. Modelling terrain conditions
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The activation forces given by the model musetreertain boundary conditions.
First of all, the maximum force acting on the structure may not exceed the force
required for the immediate failure of the vehicle, i.e. no terrain profile may be
formed which the vehicle cannot traverse without failure.tidéei may the
intensity of the activating forces exceed the critical suddiure value.
Another boundary condition is that the minimum activating force must be
greater than that which the tyre absorbs through its damping properties, because
such activatig forces have a negligible effect on vehicle lifetime.

By building a test bench to simulate an arbitrary combination of terrain
conditions, it will be possible to generate activating forces equivalent to those
occurring under real conditions. The test diemwill permit different vehicle
constructions to be compared.

The goodness of the model is most effectively determined by a comparative test.
Under identical conditions, two identical towed vehicles should display the same
failure mode. The comparativestewill involve a durability test of one vehicle in

the field, and of another on the purpose built test bench. If similar faults occur in
both tests, the model may be pronounced satisfactory.

9. Expected resultsand conclusion

T A mathematical model which deribes forces acting on vehicles traversing
terrain, and which permits forces equivalent to real forces to be modelled.

i The ability to test the effects of various terrain conditions on the vehicle
structure without the use of test fields.

I The possibilityof simulating terrain conditions which in reality occur only
under extreme conditions, enabling greater safety to be designed into
vehicle structures.

T Incorporation into the model of how the damping properties of various soll
types compare to the propestief hard road surfaces.

I The characterisation, via the model, of the mechanical processes which
occur as a pneumatic tyre traverses the soil, thus providing better insight
into the tyresoil interaction.

T Applications in comparative testing, since the satioh may be repeated
at any time.

T The determination of the effects of different soil types and terrain profiles
on vehicle structures.

T More precise definition of several problems for which the forces acting on
vehicles traversing terrain have hithertoyolbéen approximated.

T Production of extreme terrain effects independently of environmental
effects on the vehicle.

T Validatability. Every test may be repeated at any time, implying
applicability to proving procedures.

i Considerable reduction in the duratiordaost of vehicle testing.
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Nomenclature

mass matrix
damping matrix
stiffness matrix
displacement vector

X1 <l x| Z|

activating vector

Referenes

Fekete A. (1978): Some effects of vehicle speed on soil compactions. Proc. 6th
Int. Conf. ISTVS, Vienna, Austria Vol. lll. pp. 1021033.
Komg8§ndi, Gy. (1966) Establishment of ph
the relationship between the shemgdam and tractive force
characteristics. Landtechnische Forschung 4.
Kiss, P. Laib, L(2007) Soil deformation and rolling resistance in the-thel
interaction, proc. of the joint north America, Aftacific ISTVS Conf. and
annual meeting of Japanesmiety for terramechanics, CD SPNo: 2007
52-0339, Fairbanks, Alaska.
Ki ss, P. (2004) The tr actstatiobasy per f or man
conditions, book of abstracts AgEng 2004 Conference Engineering the
Future, p. 35853. ISBN 9676019258, D 20040277/4, Leuven, Belgium.
Lee,R. C. (2009) Stochastic terrain and soil modeling forrai@dmobility
studies. Backsburg, Virginia.

91






3. INSTITUTE FOR ENVIRONMENTAL ENGINEERING
SYSTEMS

PROFESSORDR. IS T vV CRARKAS

DIRECTOR OF THEINSTITUTE ‘ ‘ ‘

The Institute for Environmental Engineering Systems consists of two
departments as Department of Environmental and Building Engineering and
Department of Physics and Process Control. There are several research activities
going on in the Institute havingiterrelations in order to find new scientific
solutions concerning to the environmental engineering requirements. It gives a
strong opportunity for sustainable development and allowing common way of
approach in the solution of different nature of problems.

Form the results of the current research activity the following topics are selected
out to publish in the recent issues of the Journal:

Dear Reader,

Technical background of very high efficiency GaAs based solar cell preparation
I This work represents the electronicdamechatronic contredystem for
molecular source of beam epitaxial equipment. The control of motors and
temperature of molecular sources happens with a-lfiged control
system.This work was conducted by an external expert carrying on his
PhD in our Instute.

Characterizations based an experimental of two photovoltaic module
technologies
T This paper concerns on characterizations of two different photovoltaic
module technologies, i.e. polycrystalline silicon and amorphous silicon.
Further outcome is thahe improvement of both PV modules can be
studied and achievedrhis work was conducted by an Indonesian PhD
student of the Institute.

Surface waves at convectidiffusion processes through porous media:

T The partial differential equation describing sitaneous convection and
diffusion through porous media is discussed. It is shown, that the Riccati
type ordinary differential equation playing a crucial role in some
contemporary modeling procedures
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Analysis of energy behavior of buildings:

T During the bilding operation time one of the possible ways of energy
saving is reduction of heating during the time the building is not in use,
while suspending the cooling. Simulations were carried on using different
building structures considering thermal mass.
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SURFACE WAVES AT CONVECTION -DIFFUSION PROCESSES
THROUGH POROUSMEDIA

Csaba MS Z C R'DKaus GOTTSCHALK, | st vEn FARKAS
Bernadett GYARMAT, Cgnes?® BCLI NT

! Department oPhysics andProcessControl, Institute for Environmental Engineering Systems
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Abstract

The partial differential equation describing simultaneous convection and
diffusion through porous media is discussedeétad, particularly from the point

of view of its general nonlinear charactdt is shown, that the Riccatype
ordinary differential equation, playing a crucial role in some contemporary
modelling procedures of the simultaneous cotigadiffusion prollems may

be treated in a refined manner, by taking into account the genuine dispersiv
character of the porous bulk.

Keywords

Convection, diffusion, Riccatiype ordinary differential equation, percolation

1. Introduction

The powerful methods of the nauuilibrium thermodynamics have always
played and play even nowadays a role of continuously increasing importance at
establishing of fluid mechanics and continuum haetdcs in generdl Ver h 8 s,
1997]. They also represent the most effective tools for accdeseribing of

crucial physical properties of dissipative structures (to which belong e.g. the
RayleighB®n ar d c¢ o n,uWiffarenttypes ofreaetioddiBusion systems
etc.[Argyris et al., 2010]), whose theoretical and experimental investigation is

the forefront of research activity in the field of complex systems in general.

Since mathematical modeling of the conveciiliifusion processes (which also
belong to the circle of hierarchically organized complex transport phenomena
indicated above) lpys a crucial role in mathematical modeling of many
important engineering problemfPascal, 1993], [Kirschner et al., 2004]
elaboration of novelnd more accurate models of this problem represents a
permanent task, whose complexity is reflected in théimear character of the
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ordinary differential equations (ODEs) and partial differential equations (PDES)
to be solved. The basic PDE is

K. B(B(c) ¢ L. O,
Wt dc m@ (1)

where C=C(?,t) denotes the concentration distribution function to be
determined, D =D(c,T,..)is the (usually) thermodynamic statependent

diffusion coefficient andK = K(C) is the concentraticdependent hydraulic

conductivity coefficimt while zaxis correspond to the direction of the
gravitational acceleratiofhe soltion of thenonlinearPDEs of typg1) may be

even of solitonic character and regsirapplication of the most effective
calculation methods developed within frameworktolhh e Pai nl ev® t heo
the most general description of such phenonj@oate anl Musette, 2008]. As

it is well-known, solitons may exist due to balance between dispersion effects,
which try to expand the initial localized wave packet, and nonlinearities trying to
localize it. By careful analyses of the@and similar)opposite effe Fan [Fan,

2000] proposed aew general method for effective solving of nonlinear PDEs,

which are of importance for the whole nonlinear physics. The essence of the
powerful methodapplied in this studgan be explained as follows: the linear

term of highst order must be balanced with the nonlinear terms in the initial

PDE to be solvedlherefore, the travellingvave form of the general solution of

the convectiordiffusion problemis obvious. Then, uisng d 6 Aype mber t

independent variables, i.@=c( z x y+ 1t | cohsi, thegeneral form
of the solutiorwill be [Fan, 2000], [Elwakil et al., 2004]:

o(z) = Afa w+)w )

3.3, =const(1 ¢i @, (2)
€)

whereql 0* and the component solution functions obey the Ridgpé ODE

dw L : :

d—:k + Awith A k &s a prameter depending on the actual experimental
z

conditions and to be determined subsequently.
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2. Relevance of the Riccatiype ordinary differential equations at modeling
of the convectiondiffusion processes

In the @se of the simplest type dfimultaneousconvecion-diffusion (in
agreement with the equ. (1)) we wikve:

Ke_ fc,
v K XM (4)

where V denotes the macroscopic fluid flow velocity, which is frequently
assumed to be of constant value at modelling of the conuatiffosion
problems. It is wetknown (e.g.[Eck et al.,, 2008] that the simultaneous
convectiondiffusion processes result in appearance of travelling waves of
concentration changes in fluids undergoing macroscopic flois.also known,

the elastic sdace waves (uslig called Rayleightype waves l[andau et al.,
1999)) may be represented by solutions of the wave equation:

2u

u—tz' C2 5u @,
H (5)

whereu now denotes a component of the longitudinal or transversal deformation
vector andc is the elevant longitudinal or transversal velocity. If we use a
rectangular coordinatgystem and assume, that the continuous elastic medium
fills the infinite halfspace z < 0, the travelling waves propagatingp X-
direction can be given by the expression

— A(kx-ut)
u=¢ f( 3, )

whoseinsertion into (5) givegnmediately:

d’f
dz

: W
e

w0 &QJO

|- G+t

(7)

Another weltknown example froncontinuum mechanics is related [Landau and
Lifshitz, 2000]to propagation of gravity waves on the free fluid surfacesyTh
form is (the meaning of symbols is analogous to those used at the calculation
procedure leading to (¥)

2
dZI- k?f =0,
d 8)

97



Institute for Environmental Engineering Systems

i.e. both (7) and (8) arde facto Riccattype ODEs in linearized form (see the
first part of the Appendix in thisespect).

The dispesion phenomenoran be very naturally assigned to the conveetion
diffusion equation [Eck et al., 2008], which, as it has been presented previously
is of the form (4). Even in linear approximation discussed briefly in the
introductory m@rt, this equation is able to reflect the most essential features of
travelling waves with dispersive character. Namely. if we use the usual solution

form of travelling wavesu(x,t) =u, @) (u, denotes the maximal value of
the oscillating vector congment) its direct substitutianto (4) givesdirectly:

w=vk- iD|K’. ©

Then, following some of the newest developments in the genezalytiof
diffusion-convectionprocesses e.g. [Fan, 2Q0@ve may state, that extensive
application of the Ricati ODE has its roots in thebove cited (fandau et al.,

1999], [Landau and Lifshitz, 2000]classic modeling methods leading to
accurate descriptions of the Rayleiybe surface waves. According to our
knowledge this aspect has not been emphasizedchén literature. The above
described simple example may be directly generalized to the case of
simultaneous convection and diffusion of several components and the
Lagrangian representation dhe continuum mechanics has proven to be
particularly suitabldrom this point of view M®s z 8r os and BS8Il int ,

3.Anovet ype application of the Riccati ds

In accordance with theelations (A,1) and (A)Bfrom the Appendix, we are also
going to use here the linearized variant of thecRii ODE by specifying

h(x) =1 an(p)é(“, where the coefficients are of stochastic character, i.e. in

the relationa, =an(p) the independent variablé p will be defined as the

actual percolation probability. Firstly, let us assume, thatethie only one
Adomi nant t eassion, arnd accardng te theenwvel solution method
we proposén this paperthe Riccati equatiowill be redefinedn the form of:

yi- ¥ -g,(p O 0. (10)

In this case, the solution can be written (agairube of the MAPLE computer
algebra system) as:
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e & a6 a "s @06
c&y@+3 A (P Ja(p*"- 1-2 a(Px  up
S ah+2 n +2 S nE2 n 2+ ue
y(x)=—25 : G 4=
e a LN 0 a ns 20
o2l 2|/a,(p) O gY 2 2/a(p ® uo
g Sh+2’ n +2 3 ng2’ n 2+ 38
& ¢ - c u-~-
o) a 2 (0]
eYaen+3 2/a (P O § g y=1 2/ (poe” a
e §1+2 n + :.a‘( 2 ) 21+2' n £ ou
o Ou
e a 6 a n 256
éc‘]ael 2,/a,(p) O gY & a(p o a6
g Zh+2 n 8 nZ2 n 2+ 38
é ¢ * c u-~
(11

whereC is an integration constant, whilKk,x) and Y(k,x) denote the Bessel
functions of kth order, which are of the first kind, and second kind respectively.
It is obvious, hat the basic invariance property of the Riccati ODE explained by
relations (A,5- 9) is reflectedin the form of thesolution (L1), too. Similarly, if

we perform linearization of th@DE (10), wehave to solve:

d?u )
- a,(p)&X"u(x)=0.

The solution of iis ODE can be obtained directly (again, we used the MAPLE
10 system), and its final form is more conasenpared to (12

a 40 10
& 2\- a, O<2 0] 2\- a, O<2 0]
U(X):Clx&O]aefl ,—po+C \&G’ 1 —pO,C C, =const,
HA+2 n+2 n+2
¢ + (; +

13

i.e. the final result is explaideagain by Bessdunctions of the first and second
kind, respectively, rd of the same order. The effective treatment of the general

convectiondiffusion problem by usingh(x):a an(p)O(” instead of the

n
single homogeneous term in (10) is then straightforward.
4. Conclusions

It is shown, thathe surface waves appearingcanvectiondiffusion processes
can be described in a much more refined manner by use of Bgsselpecial
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functions compared to the earlier descriptions. Moreover, this modelling method
could also be incorporated igqnosturggener al
|l evel zonesod at such kinds of drying pr

Appendix - Some basic invarianceproperties of the Riccatitype ordinary
differential equations

(1.) Linearization
The Riccatitype ODE as a typical nonlinear differential equation, whose general

forms is yi=f(X)y" +9(X y H ), by the integral transformation
i

u(x)=e UM dycan be directly prescribed as

FOui-i f (i +f (9 o) u( ¥ iF (¥ bk 0y

which is already a higher order, but linear ODE. Particularly,f{of)* 1

(accompanietdy g(x), 0 and g(x)* O respectively) we will have:

(A2)
ui-ig(xu H( N 6
uitih(x 0. A3)

(2.) Invariance with respect to the homography group transformations
As it is welkk n o wn | in gener al case the Riccat

presentsubsection in the form ofyi+ f(x) Y +g( ¥ y H } 0) can not

be solved by the method of quadratures. In the case, when we know a particular
solution {/,(x)) of its, it is possible to represent the general solution as

y(x)= % (% +(i) o

where u = u( X) denotes a general solution of a Berneglpe ODE (to which

the initial Riccati- type ODE is reduced via use of the particular solugi¢x)).
Therefore, knowing the particular solutiog(), the complete solution
oftheRiccha i 6 s ODE mea.g.[Cdnte and Musette, 20085
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,C =const

Y(X) =Y (X) + = (X) A i (X)

(A)5)

Since the general solution of the latter can be derived by two quadratures, the
abovegiven simple solution formA,5) is particularly suitable for detailed
studies of tk basic invariance properties of the solutions of thecaitype
ODEs [ Mi t r i Nemelyjelimjnatitgth® 8ohstar@ from this equation

and the one obtained by its derivation, wavaragainat a Riccatitype ODE:

F G |F G| 46 H| |[K Fla |H K|,
yi=|_. [T~ 1*l, . jay+| .. Yy
H K Fi Gi {|Gi Hi |Ki Fly Hi Kj

(A6)

Then,the transformation of thenknown function

- CEC IS yoe
SR EE T 6 AU A

(defining the M° bedatsonfgrma mppings ewgiMareel y a p p |
et al., 2009]) leads again to a Ricagpe ODE in the form of:

Zi(+F(X Z( 3 +Q X & k H{ X 0; (A8)

where:

£ _QiS- QS #f® 4gSQ #S, _ RT RT i#R g¥R ’h
QT- RS ’ QT- RS ’
_RiS- RS #QTi-QT 2+f RQ gSR gT@ hST
QT- RS A9)

G
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Abstract

During the building operation time one of the possible ways of ergaiging is
reduction of heating during the time the building is not in wéele suspending
the cooling We are examining an officbuilding model using a TRNSYS
program determining how the Annual energy consumption is forimaesed on
different operating scheduleginer heat loadsnd ventilation conditionsWe
also ran the simulation using different building structwessideringthermal
mass

Keywords

Discontinuous heatinghermal massnergysaving thermalmodel

1. Introduction

One of the most important questions nowadays is possibilities of reducing
energy consumption while increasing the energy efficierope of the
possiblities for energysaving in existing buildings lies using discontinuous
operation times. The comfort parameters which are required for the building
users are guaranteed only during the operating time of the building. The building
heating, cooling and mechigal ventilation systems are switched off for the

l ongest time possible. Because of the
equipment is to be switched on before the operating time, in order to ensure that
required comfort parametemsill be provided. Because of the conservation
reasons during the heating period they usually limit the cooling down by
defining the lowest inner temperature allowed (Fekete I., 1985).

In the case of the given building it is important for the operator to know which
various usemodes will require which amount of energy. During the designing
process it can be important to know the structure of the building because of the
impact of the building structure on the energy efficiency.

Regarding the above mentioned questions, aee hcreated a model of an
existing building using TRNSYS in two versions: one with a small thermal mass
construction and one with a big thermal mass construdetrys Tri Bhaskoro

2011) We have created different Annual simulations varying operatrandes.
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2. Description of the model

2.1.Building, building structures

The building is a twdevel, flat roofed, frees t andi ng of fice buil d
useful floor area is 713,86. The building is located in m above the Debrecen.

Ground floor is locted at +0,1/ and first floor at +3,77m above the pavement
levelThe buil di ngds | ongideunth tmeadirectianxof s f or
North. Offices, meeting rooms, tea kitchens, sanitary facilities, machinery room

and a corridor are located on thedt, while the server room can be found on

the ground floor levelThe floor level and the ground level are connected by a
staircaseFigure 1shows the overview layout plan of the building.

17

ST N

_16

115

Thermal zones on the ground level
Thermal zones on the first floor

&8ss | a
P Wl B3 o0 4=

Figure 1. he building overview layout plan
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The chaacterictics of the bordering materials are summarized in the following
Table

Table 1. Characteristics of the bordering structures

Structure Name Type Overall heat Specific
transfer factor thermal mass
[W/m"2K] [kg/m"2]

The small specific mass versio(Building with light structure )

External wall _Light -

LS structure External wall 0,26 32,00
Internal wall
Holding wall _ Light- (between
LS structure heated areas) 0,16 32,00/ 32,00
Internal wall
Bulkhead_ Light - (between
LS structure heated eeas) 0,54 32,00/ 32,00
LS Slab_ceramics Inner slab 0,19 32,00/35,00
LS Slab_laminate parquet | Inner slab 0,19 32,00/11,00
LS Roof (final ceiling) Roof 0,21 32,00
The big specific mass versiofFerro-concrete wall structure with cantinuous exterior side insulation)
FC External wall_FC External wall 0,26 514,00
Internal wall
(between
FC Holding wall_FC heated areas) 2,08 385,00/ 385,00
Internal wall
(between
FC Bulkhead_FC (=PTH) heated areas) 1,70 68,00/ 68,00
FC Slab_ceramics Inner slab 0,75 146,00
FC Slab_laminate parquet | Inner slab 0,73 132,00
FC Roof (final ceiling) Roof 0,21 305,00
Both structure versions of the same building
Window
(external, wood
Identical Window and PVC) 1,60
Glazed door
Identical Door (external, steel 1,80

Door (interior,
to an unheated

Identical Internal door space) 1,80
Floor (laid on

Identical Ceramic floor sail) 0,85 146,00
Floor (laid on

Identical Floor laminate parquet soil) 0,85 13200

I'n both structure versions the premise:

not taking into consideration the differences in wall thicknesses. The windows
was built with glazingdbs solar factor
factor d 0,55. We were not taking into consideration differences in linear
overall heat transfer factor which exist because of the structure differences,
although they exist in reality. This watjre bordering structureés both versions

of the building structurewill have identical heat loss factor.
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2.2 Thermal zones

As the Figure 1. shows, building was divided into 18 zones. Each zone consists
of the rooms of the same expected thermal behavior (the same orientation, the
same function, the same required ing&rair conditioning parameters, etc.).
Neighboring premises are in thermal connections with each other. The internal
walls within the zones on the floor leviehve also been defined because they
must be counted with during the calculation because theyaptale in the heat
storage process.

2.3 Mechanical equipment

Heating and coatg of the premises are provided by using individually regulated
convector units. Heating and air conditioning units capacities are determined by
MSZ 04140/3 and MSZ 04.40/4 sandards (heat demands acabling heat
loads).

The ventilation of the premisesn be either by infiltrationbased ordefined
number of air changes, or mechanical ventilation based on defined

fresh air flow rate. In the case of mechanical ventilationptature of the
supply air during the heating seasof i& AdBnst., otherwise it iB4A Econst.
Mechanical ventilations installed with a recuperator, with definkdat transfer
efficiency. The mechanical installation provides the fresh air flow raterdiog

as defined by thmMSZ CR 1752:2008tandard.

The heating season cové&2520and62338760hours periods during the year.

2.4.Usemodes
Theuseof the building is described by the following parameters.
The required inner temperatures values dutireguseperiod and the values out
of the operating time (reduced) are determined according to the following
Defined temperatures:

Temperatures during the heating period:

Machinery rooms: 15AC

Archives operating time 19AC,
non- operatingtne 15 AC

Other premises operating time 22AC,
non- operatingtime 15 AC

Temperatures during the cooling period

Machinery rooms -- (no cooling
Sanitary rooms: -- (no cooling
Server 24AC
Other premises operating time 24 AC,

non- operating time-- (no cooling.

In the case of discontinuous heating, the whole heating system in the model
restarts automatically depending on the outer temperature and the time elapsed
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since the switch off. We have determined the control paema such a way

that at the start of the operating time the zone temperatures usually reach the
defined values.

The inner heat loads originating from men and computers can take maximal
values during the operating time, and equal zero out of the ojgtiatie.

The mechanical ventilation can take maximal values during the operating time,
and are always zero out of the operating time. While the mechanical ventilation
is in progress there is no infiltration.

There are two options regarding the operatingetirthe first is continuous
operation 24h (seven days a week), the other is discontinuous operatidn
useper working day (¥19h during the day) and nseduring the weekends.

3. Simulations

When creating the models we were running a Annual simuolatiith
meteorological data provided by the TRNSYS program for Debrecen, Hungary.
We are one by one taking into consideration the spedifsegharameters (heat
load, mechanical ventilation) during individual simulations as the Table 2.
shows.

Table 2 Simulation combinations

Sequence Heat load '\\il;?tri]lgrt}g:r?l Operating time
number |- 100% 0 100% C%T;'ZEOS Désgovcg?;ggségh
1. X X X
2. X X X
3. X X X
4, X X X
5. X X X
6. X X

We ran the simulationsing the six combinations for big and small thermal mass
buildings.

During the course of the simulations the TRNSYS program collected the data
about the Annual heating and cooling energy consumption.

In order to make a comparison, we have convetitedobtained data to the
consumption of the primary energy. Heating coefficient of performance
Ck=1,01,primary energy conversion factor J{@ndensation, natural gas fueled
boiler). Cooling EER=3, electricakimary energy conversion factor=2,5.

These de& are validonly in Hungary (see 7/2006. (V.24.) TNM regulatiobt

it is necessary to express all the eneuggs through theuse of the primary
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energy (Z°1 d A., 2006) . (I'n another <col
well).
4. Results
Wehavesumar i zed the results in the Tabl e g
as well as t he findivdoadly reguabethéanegidtersienemgy u d e
consumption. The AVentilation heatingo
ventilation energy consumptio
Table 3.Simulation resultsAnnual energy consumptions
g a2 2ol . o |Zone heating| Zone cooling| Ventilation Ventilation |Heating sum| Cooling sum
52| %c| 88| §E heating cooling
=1 28] 2> "7 kwhia [kWh/a] [KWh/a] [kWh/a] [KWh/a] [kWh/a]
= 0 con 86 750 6 433 86 750 6 433
£ o |di 65 180 4 340 65 180 4340
83 con. | 33940 75 940 33 940 75 940
3 &l 1000 dis. 43 090 35 260 43 090 35 260
& ’ 1000 |-con- | 14010 89 970 271599 1776 285 609 91 746
°[ dis. 16 960 45 920 82 545 1102 99 505 47 022
g1 o con. | 86880 3831 86 880 3831
E o Lds. 64 050 2 962 64 050 2 962
g con. | 31550 72 210 31 550 72 210
g 100% dis. 40 560 31310 40 560 31310
= 10006 |con- | 11480 86 610 271 599 1776 283 079 88 386
[ °| dis. 14 630 43 160 82 545 1102 97 175 44 262
Table 4. Annual gimary energy consumption
_ = o Heating Cooling Sum Achievable energy
g @ =0 g ) £ o primary primary primary savingsi
5 g o3 85 ©E energy energy energy discontinuous
2 I = G > QL= ating ti
= @ & operating time
= [kWh/a] [kWh/a] [kWh/a] [%]
@ 0 con. 87 618 7720 95 337
[ .
£ 0 dis. 65 832 5 208 71 040 25,5%
©
% con. 34 279 91128 125 407
s dis. 9
= 100% 43521 42312 85 833 31,6%
£ con.
& 100% . 288 465 110 095 398 560
dis. 100 500 56 427 156 927 60,6%
" 0 con. 87 749 4597 92 346
2 .
g 0 dis. 64 691 3554 68 245 26,1%
= con. 31 866 86 652 118 518
g dis.
= 0,
s 100% 40 966 37572 78 538 33,7%
om con.
100% . 285 910 106 063 391 973
dis. 98 147 53 115 151 261 61,4%
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Additionally: the inner heat load (people and computers heat emission) in the
case of continuous operating timeZ0h) will be153100 kWh/awhile in the
case of discontinuous operating time will be 71630kWh/a.

5. Conclusions

Without taking the mechanical nlation and heat loads into consideration, the
discontinuous operation provides heating and cooling energy savings. In
practice, that would represent an office building which is not crowded, in which

there is nauseof computers and has no mechanicaltvation system.

In a case of not having mechanical ventilation, but with internal heat loads we

can see that the discontinuous operation is less favorable considering the heating
energyuse. That means two things. One, that the inner heat load heats the
building during the operation time and therefore lowers the heat consumption.

Out of operation there is also need for heating in order to achieve a temperature
which is lower than prescribed, therefore that lower temperature has to be
achieved through thaseof the heating system. The previously described impact

for the continuoususe operates throughout the heating season, while if the
operation is discontinuous it operates only during the operating time. The other
thing, that the continuous operation ®t the same as the case of a

di scontinuous operation without | ower e
discontinuous operation with heating reduction will require more energy, but it
means that the continuous opereathd on do«
heating, but that the inner heat load continuingly lowers the heating energy
consumption. During the discontinuous operation we have lower the heating
consumption, but out of the operation time we cannot count on the inner heat
loads. In reality, tht kind of building could be a regular crowded office
building, with computers and cooling system, but still without mechanical
ventilation.

The previously described impact can be also applied in those buildings which

have mechanical ventilation and big @mt of internal heat loads. The heating

energy consumption is bigger in the case of discontinuous operation, but in this

case we also have to take the mechanical ventilation energy consumption into
considerati-op. oThehe@®umgo hishcase gshe us t h
discontinuous operation will be more favorable. This tells us thatgaef the

ventilation heating system will consume much more energy than the individually
controlled convective heat emi tters. I
categry office building.

In any case the consumption of the primary energy is lower in the case of the
discontinuous operation (calculated by the Hungarian primary energy conversion
factors) (Fekete I., 1985).
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The value of the primary energy saving will bereased if the amount of the
inner heat loads increases and mechanical ventilation is in use. It also increases
the consumption of the primary energy.
The building with a big thermal mass structure uses less energy in all the
examined cases, and bigger mgyesavings can be achieved with discontinuous
operation.
We would like to draw your attention to the following:

T The heat loss factors are identical for both building structures

I The TRNSYS is calculating with the solar energy heat gains and with the

heatstored within the structure during the course of the simulation

6. Summary

The results of the simulations clearly show that the more detailed calculation of
the effects of the inner heat loads, ventilation and the environmental effects can
lead to differat results than expected. For example: heating energy consumption
in case of a building with big inner heat load, without mechanical ventilation and
discontinuous operation can be bigger than in a case of a continuous operation.
The further detailed modealxamination helps us to evaluate and interpret the
results. A building with big inner heat loads and continuous operation is not the
same as the case of a discontinuous operation without lowered heating, therefore
the continuous operation is not necesgaétjual with the use without heat
lowering.

Different kind of operation modes of a building can be examinedketailsby
thermal modeling. In a case of a given building the energy consumption can be
determined in advance which can provide help when makitechnical,
economical and business decisions.
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Abstract

This paper concerns arharacterizes of availability (exergy) of two different of
Photovdtaic (PV) modules technologiese. polycrystallinesilicon (included
crystalline silicon technology) and amorphous silicon (included -ftin
technol ogy), under G°d° | | TRe PVHnodulgsa r vy c |
placed on surface orientation positiohté East for facing to Souttazimuth
an gl with aailfangle 30 (b). The actual operational data, such as solar
irradiation @), current (), voltage ¥) and electrical powelP) are used in order

to characterizes both of above module technologiesharacterizes the exergy
efficiency of PV modules, firgjl the exergy of the total solar irradiation for
considered locations is neededeEy losses,sathe result of the irreversibilities

in the process, also will Heund in these characteristics. Further outcome from
this works, the real possibility impronent of both PV modules (i.e. electrical
efficiency) can be studied, observed and achieved.

Keywords

Exergy, polycrystalline technology, amorphous silicon technojogmpirical
data and electrical efficiency.

1. Introduction

As fossil fuel prices have Bs and concerns over greenhouse gases (GhGs) and
global climate change have increased, alternative technologies for producing
electricity have received greater attention. Among the technologies that may
help to address these concerns is solar photovdRacsystemswhich capture

solar radiation and convert it directly into electrical enetgyPV applications,

solar cell/module is a basic building block to construct PV sys(parel/array)
through its connection both in series or parallel, in ordesbt@in the desired
main parameter such asrrent () or voltage(V). Currently,direct cost of solar

PV systemis widely acknowledged to be much greater than fossil fuel
generation or many other renewable enexgyrcesBorenstein, 2008).
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The output paver of PV system golar cellémodules/panel/arrayjan be affected
by many factors, such as irradiance, temperature and malérégataw material
of solar cellsmainly can beclassifiedinto silicon and compoundspeanwhile

the PV system technology can ¢etegorized as thifilm and crystalline, as can
be seerin Tablel.

Table 1.PV categories based on technology and material

Technology Material Sub-material
Wafer based 1. Mono/single crystallinsilicon, s¢Si
crystalline Silicon 2. Poly/mulii i crystallinesilicon, m¢Si
silicon 3. Heterojunction with intrinsic thin layer, HIT
PV 1. Amorphous silicon, 5i
silicon 2. MicrocrystalSiine sili
Thin film 3. Multi Junction (Tandem), example:Si/aSi and
micromorph silicon (eBifec-Si)
1. Copper- Indium- (Gallium) - Selenide, CI(G)S
Compound 2. Cadmium telluride, CdTe

It is well known that most of theadiation 6olar energy) absorbed by a PV
system is not converted into electricity (electrical energy) but contributes also to
increase the temperature of the module (thermal energy), thus reducing the
electrical & ciency.

Conversion efficiency, defined as the ratio bestw the produced electrical
power (electrical energy per secormaid the amount of incident solar energy per
second, is one of the main performance indicators of PV cells and modules.
Table 2 provides the current efficienciesdifferent commercial PV mades
(International energy agencies, 2010).

Table2. Current efficiencies of different PV technology commercial modules

Wafer based-Si Thin film
SGSi mc-Si & Si; aSi/ec-Si CdTe CIS/CIGS
14-20% 13-15% 6-9% 9-11% 10-12%

Testing (conducted tan experimental data) and modelling efforts are typically

to quantify and then to replicate the measured phenomenon of interest. Testing
and modelling ofPV systemperformance irthe outdoor environment is very
complicated and influenced by a variety of interactive factors related to the
environment and solar cell physics. In order to effectively design, implement,
and monitor the performance of photovoltaic systems, a performaondel

must be able to separate and quantify the influence of all significant fdctors.
view of this, it is now becoming essential to look for various aspects in order to
increase the PV energy conversion into eleityrian its application in the field.
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State of the art about research and development in PV field in order to get the
PV solar cells/modules with high efficiency and logst can be seen in Figure 1.

US$0.10/W USS$0.20/W i __Usso.sow
W7 7
[ 4 e ~~— Thermodynamic
/ f 77 limit

New
concept
-] X
>
Q
g USS$1.00/W
°
. =
CIGS w e :
S e e Present limit
@ S s 53 50w
I/ o sl \
e - % e ik
T'hin Film _/ 0 100 200 300 400 500 ~

‘_S 3
Cost, US$/m? e

Figure 1. Costefficiency analysis for firsgeneration|(), secondgeneratior(ll), and thid-
generation (lll) photovoltaic technologies

The sec al | e dg efmntelriartd o n PV o0 nanmostructurese Anb as ed
important advantage for nanostructsmlar cells is that they can be used to
incorporatenew physical mechanisms that allthe efficiency greaterthan that

of a ongjunction solar cel(Razykov et al., 2011)

In thermodynamic point of view, photovoltaic (PV) system (cell/module/panel/
array) performance can be evaluated in terms both energy and exergy
(availability). Energy analysis (engetic) is based on the first law of thermo
dynamics meanwhile exergy analysis (exergetic) is basdmbthnthe First and

the Second Laws of Thermodynamithilike energy, exergy is not subject to a
conversion law (except for ideal or reversible procesge®rgy is consumed or
destroyed, due to irreversibility in any real processes. The exergy consumption
during a process is proportional to the entropy created due to irreversibility
associated with the process.

In the framework of the PV Enlargement prajeEEU, since October 005, a

fixed frame 10 kWp gricconnected PV array system has been installed at Szent
|l stv8n University (SzZIlIU), Gede°el Il R, Hun
system is 3Dfor tilt angle ) and 8 to East (South facing) for azimuth angle

(9). The sytems usedwo different of PV technology i.e. polycrystalline PV
technology (ASELO0) and amorphous silicon PV technology (8. The
schematic diagram ohe installation can be seen ilgére 2 (Farkas et al., 2008

and &res et al., 2009
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Sub-gystem No. 1~ No 2 No 3
ASE-100 DS40 DS40
— Ambient air
temperature
Inverter Inverter @@ @ @ : sy
1

CTTT

I I I

kw o] 1 kW kW _ 5
Power meter | i|[Power meter | Power meter Analog in DATA logger
Modem/display | :
out

f ’ | Digital in
e
[

kW S, . % -
: Pl( t §
Power meter P\?l:‘;.(;y @ @ """
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Figure 2.Schematic diagram of a 10 kWp giednnected P\arrayat Sz ent | st v8&8n Uni v
Gedel IR

Previously, exergyevaluation (yearly bases) of both above PV modules
technol ogies have beeen performed theor
and Aphotonic ener gy br amlysisevere takan famo nt hl y
PV*SOL 3.0 software packages, which acquires data from MeteoSyn,
Meteonorm, PVGIS, NASA SSE, SWERR(sirawan et al., 2011).

In this research, an exergetic evaluation of PV module, as a basic component of

a 10 kWp gridconnected PV array system at SzZsti8n Uni ver skt vy, Ge
Hungary, will be presented based on experimental data rédergeneral

exergetic model, whiclnvolves simultaneous both of The First Law and The

Second Law of Thermodynamics. As a long term target of this research, a new
method tooptimize and increase the overall performance of-goithected PV

array system at Szent I8tv University, as shown in Fig. 2., can be studied,
observed and proposed.

2. Availability (exergy) analysis of PV modules

The other name of availability is aNable energy or available warlbut
currently all these terminology has been formulatesl an exergystandard
definition). The exergy of a thermodynamic system is the maximum work that
can be done by the system when undergoes reversible processemthéted
system into complete thermodynamic equilibrium with a defined reference
environment. Exergy is always destroyed when a process involves a temperature
change. This destruction is proportional to the entropy increase of the system
together with itssurroundings. The destroyed exergy has been called anergy
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(Agrawal et al., 2011)Generally, correlation between energy, exergy and
anergy can be written as follow:

Energy = exergy + anergy (1)

Exergy analysis identifies the location, magnitude and tharceo of
thermodynamic inefficiencies in a system. This information, which can not be
provided by other means (e.g., energy analysis), is very useful for the
improvement and cosdffectiveness of the system. The exergy analysis is based
on the second law othermodynamics, which includes accounting the total
exergy inflow, exergy outflow and exergy destructed from the system.

Exergy analysis of PV model based on terminology fluxes energy and entropy,
can be seen ifFigure 3. All in and outgoing fluxes in théhermodynamic
balance equations for energy and entropy must be kriradiation energy flux
densities are denotesl(W.m?) , and entropy flux densities(W.m?.K™). The
arrows indicating the energy fluxes show the respective content of available
energy(Labuhn et al., 2001).

-'h'ouf = "1 [sre e Sem +f(f’rz ~"em’]

:],S',-n "1‘7!)1 ]
"1(7ouf = "1 [(7re + eem]

glass~_
N

semiconductor

. ])‘ll
Figure 3. Energy fluxes Modebf PV system

Based onFigure 3, the electric powel, (W) is calculated from the energy
balance equation:

0= A(Qn - eout)' 6' Fel (2)

and the entropy balance equation:

0=A(3n' Sout)' g"‘Aﬁ&r (3)
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After elimination of the heat fluﬁ, finally Py can be determined as follow:

IDel

A = (Qn - eout)"'-r(sout' S‘in)' T4, (4)

where 4, is the entropy production rate per surface area (WK, A is the

photovoltaic area of the module Im@ is the heat flux (W.M), e is the flux
energyi reflection (W.n?) and €emiS the flux energy emission (W.ri).

3. Method of evaluation

To simplify the concept such as shown in equationsi(1) 4 ) , t he MfASan
d i a g msecamdbe seen in Figurecan be implementess a guidanci order
to get all the parameters values (Kabelac, 2008).

Enut ’ Q
outgoing radiation
energy and heat

To
Ein

incoming
radiation energy

solar energy
conversion device

Sirr

| _— irreversibilities

)

P
Exiy electric energy

radiation exergy

Figure 4. Energyand exergy flow diagrams in lso energy conversion device

It is known that the main energy soa of PV system and othsolar devices is
the solar irradiance incident ¢ime modules. To evaluate the exergy efficiency of
PV modules therefore, firstly the exergy of the total solamadiation (W) for
considered locatiorare needed, and can be expressed as follow (Petela, 2003):

& a1 &0
4T, 14,0
Beolar=G% A3 - 22 +=@ag 5
solar ég 37T, 3(; Sﬁg (5)
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The exergyelectricalefficiency of a system in general can be given as:

Ao = Eonut - g<electrical+ ﬁ(thermal*' ES(dest - és(electrical"' Iy
ex é‘in

Iy =a EXdest = @desithermal"' é(destelectrica

solar

solar

(6)

(7)

I, contains both internal and external losses. Internal losses are electrical exergy
destruction, Bxgesgelectrica @Nd external losses are heat 10SE&gesihermar
which is numerically equal t@erma for PV system analysis (Joshi et al.,

2009).
Il n prac
et al., 2011):

tice,

equation (6) <can

P V3|
hex= %utz el  _

n é(solar é(solar

be

(8)

where P, is actual electric power generated by PV moduled By, is

exergy of the solar radiatigthe maximum electrical power obtainable from the
radiation).
Based on equation (8), the value of destroyed exergy (anergy) can be evaluation
as well.
System in kyure 2 is equipped with datlagger,which recordng and colledng
the dataNot all data are recorded. Teftwaresystemcalculates 10 minutes

average values from the measured data and these averages are recorded to the
hard drive of the PClhe screenshaif the data loggeduring the data collection

is presenteéh Figure 5.
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Time 12:05:22
Date 14/05/2007

Data are saved in file

Monitoring program PV Enlargement

(16 Diff.-channels)
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Global irradiance
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DC Voltage Sub1
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Cycle Time
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278 °C
981.1 W2

21343 W
21315 W

63.0 ms

T mod Sub2 [ 585 °c
DC voltage Sub2 2608 V
DC current Sub2 1.9 A
DC power Sub2 m W
AC power Sub2 m W

Figure 5. Screenshot of the data logd®€ during data acquisition process

repl ac



Institute for Environmental Engineering Systems

4. Results and discussion

Figures 6 and 7 show the values of the overall radiation incident on the inclined
plane of the PV modes, G (W/m?); the exergy of the radiation incident on the
inclined planeEx-solar (in W/m?); the power supplied by the PV modulBjn
W/n?); the major loss exergy (exergy destroy) as a consequence of the
irreversibilities of the proces€x_loss(in W/m?); actual electrical efficiency,
Eff_act(%); and exergy efficiencygff_ex(%); both for ASE 100 and DS 40.

All data for evaluation is taken from database in May 02, 2007, and evaluation
have performed at constant temperature, i.e. average tempelat May
(16.48C).

1200 18
1000 - T 15
S 800 A ‘;/\Q == T2
£ 600 4 \ to &
2 400- 4 \ +6
200 - T3
0 T T T T 0
0:00 448 9:36 14:24 19:12 0:00
Time
— G (W/m2) Ex_solar (W/m2) P (W/m2)
— — Ex_loss (W/m2) —— Eff_act (%) — Eff_ex (%)

Figure 6. Daily based of exergetic characteristic of ASED (poly-crystalline modules)
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—G (W/m2) Ex_solar (W/m2) P (W/m2)
— — Ex_loss (W/m2) —— Eff_act (%) — Eff_ex (%)

Figure 7. Daily based of exergeticharacteristiof DS-40 (amorphous silicon modules)
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In Figures 8 and 9, the percentage of exergy destr¢geergy), both in PV
modules are shown, refers to the exergy efficiency values.

1200 120
10001 ~ | j—— t 100
< 8001 180
g 600 160 &
< 400 - T 40
200 1 120
0 _"lf’J_ T T \'I‘A‘ 0

0:00 4:48 9:36 1424 1912 0:00

Time

Ex_solar (W/m2)— P (W/m2) — Eff_ex (%) — Ex_loss (%j

Figure 8. Exergy and anergyekergydestroy) of ASELOO (polycrystalline modules)
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Time
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Figure 9. Exergy and anergy (exergy destroy) of-B& (amorphous silicon modules)

Basedon Figures @, itd slear that the actual power extracted from the PV
modules(P) over the day is much less than could be extradiedqola). The
characteristics showed that both the PV modules, in average, laweegergy
efficiency, Eff_ex i.e. 12% and 4% (equal with anergy 88% and 96%) for-ASE
100 and D$#0, respectivelyslight different with an actual electrical efficiency,

Eff_ac).
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Because of the solar radiation ener@y (s always larger than the solar radiation
exergy (B..ar), and the electrical energy and electrical exergy are equal, the

actual (energy) efficiency of the PV modules is always smaller than the exergy
efficiency.

5. Conclusion

An availability (exergy) analysis, as energy behavior of the two pbtitoy
modules, i.e. ASE 100 (polycrystalline silicon) and D% 40 (amorphous
silicon), has described in this paper based on experimental data. The empirical
characteristics, both exergy efficiency and exergy destroy (anergy) that occur in
the system aaresults of reversibilities of the PV modules, have been evaluated
and calculated throughout the day (daily basés). expected, the exergy
efficiency characteristics of ASEIO module (which included -crystalline
materials type) are higher than 38 module (which included thin film
materials type). Further deep analysis and studies are still needed in order to get
possibility improvement of PV efficiency.
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DIRECTOR OF THEINSTITUTE

Dear Reader,

The Institute for Mechanical Engineering Technology (consiststhoée
departments: Department of Material and Engineering Technology, Department
of Maintenance of Machinery, Department of Mechatronics) faced an unusual
year during 2011.

The year was a success of PhD research activities concerning four defended
disseraitions based on a systematic research carried out at the Institute in the
field of materials, technologies and maintenance.

I Concerning small aircrafts in order to increase the aviation safety as well as
to improve the quality of technical and using sersiaenew model of the
service system was developed. The model provides theoretical basis for a
software development connected to the theme, too.

I The abrasion resistance as a newly arisen load of the multilayeiiphot
galvanized coatings was investigatederfBrming rapid comparative
laboratory abrasion tests the coatings with different compositiowipot
galvanized were compared to each other and the empirical characteristics of
wear resistance in the function of frictional length, of speed and of abrasion
medium pressure were determined.

i Extended research of machining and tribological applicability of,ZrO
MgO ceramic surfaces were carried out. Different technological parameters
were analyzed having PCD and CBN cutting tools.

T In the field of renewing techol ogi es the ficold meta
investigated. The connection between the technology and the properties of
cold flamesprayed porous metallic coatings were determined with the
selected powders.

In Mechatronics:

T New results of ER fluids composed wittifferent additives were

successfully investigated as it is shown in the article.

Beside the research activities the whole infrastructure of the laboratories and
workshops were overhauled resulting better condition for the further scientific
work at Insttute for Mechanical Engineering Technology.
More information about the Instituteaww.geti.gek.szie.hu
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THE EXAMINATION OF ELECTRORHEOLOGICAL PROPERTIES
OF T1IO,/MINERAL OIL SUSPENSIONSUNDER FLOW M ODE

LSE8sE¥LIMIFs,zter SCRK¥ZNQSILSs zI

Departmenbf Mechatronicslnstitute for Mehanical Engineering Technology

Abstract

A claim has come up in the research of the mechatronical systems to develop
special materials that can get information from a computer and change their
attribution accordingly. Froma control technology point of view using electric

or magnetic field is the most obvious. One group of these materials is €lectro
rheologic (ER) fluids that change their shear strength feature according to the
electric field appliedElectrorheological (ERjluids composed ofiO, particles
suspended imineraloil (SN 150 A)are studied in this work. The rheological
response has been characterized as a functidieldf strength flow rate and
volume fraction.

The main goal of this work is to build up a testation for determining the
effects and the relationships between Ei fluid parameters and the electric
field applied.The unique ER valve construction and the test apparatus are shown
and also the function tests of this unit have been carried out

Keywords

Electrorheological effecFlow control, Hydraulics
Introduction

The electrerheological effect

The change in apparent viscosity of elegtreological (ER) fluid is dependent
on the applieelectric field i.e. the potential divided by the distance between the
plates. The change is not a simple changeisnosity, hence these fluids are
now known as ER fluids, rather than by the oltem Electro Viscous fluids.
The effect is better described as an electric field dependent y@bhistress
When activated an ER fluid behaves &irmgham plastica type ofviscoelastic
material), with a yield point which is determined by the electric field strength.
After the yield point isreached, the fluid shears adlad, i.e. the incremental
shear stresis proportional to the rate of shear (itNawtonian fluidthere is no
yield point and stress is directly proportional to shear). Hence the resistance to
motion of the fluid can be controlled by adjusting the applied electric field.
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Properties of electroheological fluds

Electrorheological fluids aresuspensionf extremely fine nostonducting
particles (up to 5@nicrometersdiameter) in an electrically insulatirilyid. The
apparentviscosity of these fluids changes reversibly by an order oftap
100,000 in response to afectric field For example, a typical ER fluid can go
from the consistency of lgquid to that of agel, and back, with response times
on the order omilliseconds The effect is sometimes called the Winslow effect,
after its discoverer the Amean inventor Willis Winslow.

Challenges and advantages of ER phenomenon

A major problem is that ER fluids are suspensions, hence in time they tend to
settle out, so advanced ER fluids tackle this problem by means such as matching
the densities of the solidnd liquid components, or by using nanoparticles,
which brings ER fluids into line with the developmentnofgneto rheological
fluids. Another problem ishiat the breakdown voltage of air is ~ 3 kV/mm,
which is near the electric field needed for ER devices to operate. An advantage
is that an ER device can control considerably more mechanical power than the
electrical power used to control the effect, i.ecah act as a power amplifier.

But the main advantage is the speed of response, there are few other effects able
to control such large amounts of mechanical or hydraulic power so rapidly.
Unfortunately, the increase in apparent viscosity experienced bl etextro
rheological fluids used in shear or flow modes is relatively limited. The ER fluid
changes from a Newtonian liquid to a partially crystalline "seand slush".
However, an almost complete liquid to solid phase change can be obtained when
the eletrorheological fluid additionally experiences compressive stress
(MONKMAN, 1995) This effect has been used to provide very effective
clutches or hydraulic valves.

l‘[, ’}’

7
[[:]7

Tz y

Fig. 1. The Bingham model Fig. 2. The shearing tension in the function «
shearing gadient
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Development, structure and operation of an electreheological valve

The ER phenomenon as a material model is described by the Bingham model
related to ER liquids, which is based on the mathematical model describing the
nonnewton liquids(LEE, 2002). The Bingham model is a complex viscoplastic
rheological mode(CSIZMADIA, 2003) As a material model it can be divided
into an ideally ductile an ideally viscous mememR ¢ N ¥9P9 ) (Fig. 1)

Research objectives

The aim of testing flow propertied ¢the ER liquids is to establish a model,
which can be generally applied of testing the behaviors of ER liquids made of
different materials considering the physical data of the applied materials. By
computer simulation the parameters of this mathematicatlein can be
determined, which can be generated by minimum search. As the first step of the
model identification the approximate search of the minimum of the established
target function is accomplished by genetic algorithm, then the refinement of the
resultwith the known numerical methods.

The ER valve

During the further material and application tests it is practical to use a device
which has application possibilities too. In this consideration for further
investigations we need the design of a hydraulic \&R/e, which can be
operated built in hydraulic circuits.

Valve body P] Outer electrode Inner electrode PZ
A /
: = N
4* b > O

e

Oin - Ube

Fig. 3. The ER valve

Development of measuring system for investigating the features of electro
rheological fluids

Applied test principle

Consider two concentric pipes (external and internal reldes) and constant

fluid flow is flowing between them. An electric field will be developed
according to the electric potential applied on the electrodes and the gap between
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the electrodes and all of these causes the change of shearing strengths of fluid.
The magnitude of change can be definitely determined from the pressure drop.
During the test series the fixed parameters relating to the individual set of
measurement are: fluid flow, oil temperature, fluid concentration. The only
variable parameter is: ¢helectric field. The parameter to be tested is the
pressure drop and the calculated one is the shearing strength.

Design of hydraulic measuring circuit

The system consists of three main parts, like: the hydraulic power unit, ER
circuit, data acquisitionral control system. The hydraulic unit ensures the flow
of ER fluid by a driving servo cylinder. The ER valve with flow meter and the
pressure difference meter are fitted into the ER circuit.

Ji:t

i

I

L

[‘ [N
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Olajfiirdé | | H
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Fig. 4. Experimental setup

Test control and data acquisition

The applied N | Compact RI OE programmabl |
modular system; out of its modules we used the analtigdmital converter

(NI 9201), for a dual purpose. On the one hand we applied it in the controlling
process to measure the voltage ngig (which is in proportion to the
displacement) provided by the displacement encoder. On the other hand we used

it in collecting data about the voltage signals corresponding to pressure values
provided by the analogue pressure sensors. The communicatioeen the
Compact RIOE and the computer was ensur e
realised theredl i me contr ol by applying the FPC
programming it in the LabVIEW 2009 software.
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Test results

In my test system flow mode takes placelike the pressure increase process
seen in other professional studies, the cases that | examined showed different
pressure increase. In the following pages | am presenting a typical measurement
result with analysing its course.

‘rhzzo%(nogshlsoA)

Dp Not Filter
—Q
—Dp Filter
—E

Flowrate [I/min] Pressure diference [bar] Electric field [KV/mm)

—
|
2 4 6 8 10 12 14 16
Time [s]

Fig. 5. Pressure increapeocess (m = 20 %, E = 10 kV/mm, Q = 0,42 L/min)

The pressure increase consists of several parts. The pressure of the section that
preceeds the switching on of the electric field is given from the basic viscosity of
the ER fluid éy). After switching on the electric field a rapid pressure increase
can be observed, vhtlissreasureanen was 38ans.Theme (
pressure drop decreases from this point on, reaches a minimum value then it
increases again. Hereinafter threean value between the minimum and
maximum values of this section will be designated pasnary pressure
increase(a®ery).

The secondary pressure increase goes on to a maximum value. The intensity of
this secondary pressure increase is far smaller tharmfthe primary pressure
increase. Its profile can be approached by a linear trend, hereinafter | will name
this section adntensity of the secondary pressure increasédp/dt). The
pressure increase reaches a maximum value, the mean value of this wéktio

be referred to asecondary pressure increast®der.).
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ApPgro
tg(a) = dp/dt

Ap [Pa], E [KV/mm]

Apy

t[s]
& R- pressure increase given from the basic viscpfty]
2 pr1- pimary pressure increase given from the ER efféet]
& prr Secondary pressure increase given from the ER et
dp/dt- intensity of the secondary pressure increfiza/s]
E -electric field [kV/mm]

Fig. 6.The sections of pressure increase in flow mode

Experiment plan

In the tests in permanent flow rate circumstances | switch the electric field step
responsavise and | measure the pressure drop at the valve. miegathe
change of the measured pressure drop in the function of time. The changed
parameters are the ER fluid quantity (Q) flowing through the valve, the electric
field (E), which can be counted from the distance between the electrodes and the
voltage cofrolled by the high voltage amplifier.

Flowrates applied in the experiments:
1st chart: Experimental settings (Flowrate)

Q Q. Qs Qs Qs
[litre/min] [litre/min] [litre/min] [litre/min] [litre/min]
0,42 0,65 0,85 1,05 1,3

I modify the electric field afollows:
2nd chart: Experimental settings (Electric field)

E Ex Es E, Es Es
[kV/mm] [kV/mm] [kV/mm] [kV/mm] [kV/mm] [kV/mm]
0 2 4 6 8 10

Primary pressure increase in the function of the electric field and the flowrate
Having tested the dependency ofetlprimary pressure increase from the
variables (E,Q), | obtained an idea about the mathematical relations of the
pressure increase process. My objective is to define the behaviour of the given
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additive material contentrated (T#SN150A) ER fluids in theunction of the
electric field and the flowrate. For this | set a tvariable function in the case

of every observed parameter. As the first step we need to find a suitable function
and by identifying its parameters we are able to create the right fonatioch

is the best fitting. It could be seen from the results of the measurements that the
electric field dependency of the primary pressure increase can be well
approached by power functions. However, as a result of the tests we can also see
that the vlue of the primary pressure increase changes in the function of the
flowrate to certain extent. In view of this, | chose the following function for
approaching the electric field and flowrate dependency of the primary pressure
increase:

Pery =(a@+b)CEC©+d (D

where:

- Q flowrate[L/min]

- E electric field [kV/mm]

-a, b, c, ®s d parameters

| then fitted this function on the mean values of the primary pressure increase
measured at several experimental settings. | defined the parameters by the least
squares method.

DPeg, =’ [Pa; a =aQtb; b =c'QHd
a=946.2144; b=938.1483; ¢ =-0.2388, d =2.2921
T m=30 [%}; R=0.9960
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Fig. 7.Primary pressure increase in the function of the electric field and the flowrate (m = 30%
additive material concentration T{SN150A blend)
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The figure shows the mean values of the primary pressure increase at several
experimental ettings (Electric field: E =0, 2, 4, 6, 8, 10 kV/mm, Flowrate: 0,66;
0,81; 1,06; 1,31; L/min) To each and every setting five repetitions belong. The
figure also shows the function mentioned above
(Dper, = (@@ + b) GE“®Y), whose parameters (a, b, ¢, dyrevelefined by

the least squares method. Fixed parameter at the measurement: additive material
concentration 30%. The value of the correlational coefficieAt=F0,9960.
Parameters: a = 946,2144; b = 938,1483:@,2388; d = 2.2921.

The approaching funicin, by which the value of the primary pressure increase

in the function of the electric field and the flowrate (at p = 99 % probability
level), in the case of m = 30 % additive material concentration blend, in Q =
0,661 1,31 L/min and E = 0 10 kV/mm vdidity scope:

[pERl = (9462144@"'9381483 C'E-o,238@+2,2921 ° 16010 [Pd

Secondary pressure increase in the function of the electric field and flowrate

After examining the dependency of the secondary pressure increase from the
individual variables (E, Q), | got an image about the mathealatelations of

the pressure increase process. My objective is the definition of the behaviour of
the given additive material concentration (¥®N150A) ER fluids in the
function of the electric field and the flowrate. To do this | set a\tarable
function in the case of every tested parameter. As the first step we must select a
suitable fuction, and by the identification of its parameters we can create the best
fitting spatial function. From the test results it could be seen that the electric
field dependency of the secondary pressure increase could be approached by
autocatalytic functions. As a result of the tests we could also observe that the
secondary pressure increase changes autocatalytically too, in the function of the
flowrate. In view of this | chose the following function for approaching the
electric field and flowrate dependency of the secondary pressure increase:

. . o
Per, =(aCE+b)(%Td@ +(a @"‘b)éewo

Where:

- Q flowrate[L/min]

- E electric field [kV/mm] 5

-a, b, ¢, d, U, b, o9, and U0 parameters

| fitted this function on the mean values of the secondary pressure increase
measured at several experimental settings. | defined the parameters by the least
squares method.
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Fig. 8.Secondary pressure increaseha function of the electric field and the flowrate
(m = 30 % additive material concentration FJEN150A blend)

The figure shows the mean values of the secondary pressure increase at several
experimental settings (Electric field: E = 0, 2, 4, 6, 8 kV/nkhowrate: 0,42;

0,66; 0,81; 1,06; 1,31; L/min) To each and every setting five repetitions belong.

The figure also shows the function mentioned above
(EpERzz(a$+b)<39791+elc+d@ §+(a@+b)&91+;d@ g), whose parameters (a, b, c,

d, U, b, o9, ®s U) were defined by the
measurement: additive material concentration 30%. The value of the
correlational coefficient: R= 0,9980. Parameters: a = 21928; k8848,9;c =
229,72;d=229, 17; U = 173360:-18. = 361380; 2

The approaching function, by which the value of the secondary pressure increase
in the function of the electric field and the flowrate (at p = 99% probability
level), in the case of m 30% additive material concentration blend, in Q = 0,42
71, 31 L/ mii&kVensm validity=scofe:

DPer, = (219280 - 88489)(%—84.

- 1
ci+ 22972 22917

+(173360E +361380Go— = __3° 01117 [P4

g1+e8’°6 146D 5
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The intensity of the secondary pressure increase in the function of the electric
field and the flowrate

Having tested the depéency of the intensity of the secondary pressure increase
from the variables (E, Q), | obtained an idea about the mathematical relations of
the pressure increase process. My objective is to define the behaviour of the
given additive material contentrateliQ,/SN150A) ER fluids in the function of

the electric field and the flowrate. For this | set a-ti@dable function in the

case of every observed parameter. As the first step we need to find a suitable
function and by identifying its parameters we aldeato create the right
function, which is the best fitting. It could be seen from the results of the
measurements that the electric field dependency of intensity of the secondary
pressure increase can be well approached by power functions. However, as a
result of the tests we can also see that the value of the secondary pressure
increase intensity changes in the function of the flowrate to certain extent. In
view of this, | chose the following function for approaching the electric field and
flowrate depadency of the secondary pressure increase intensity:

P~ (at+b) @

dt

Where:

- Q flowrate[L/min]

- E electric field [kV/mm]

-a, b, ¢, ®s d parameters

| fitted this function on the mean values of the secondary pressure increase
intensity meaured at several experimental settings. | defined the parameters by
the least squares method.

dp/dt =a*EP [Pa]; a =a*Q+b; b =cQHd

a=6268, b= 675.3044; ¢ = 0.0426; d = 1.5052
m=30% RZ=0.9622
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Fig. 9.Secondary pressure increase intensity in the function of the electric field and the flowrate
(m = 30 % additive material concentration FEN150A blewl)
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The figure shows the%%) mean values of the secondary pressure increase

intensity at several experimental settings (Electric field: E =0, 2, 4, 6, 8 kV/mm,
Flowrate: 0,42; 0,66; 0,81; 1,06; 1,31; L/min) To each and every seitiag f
repetitions belong. The figure also shows the function mentioned above

d i} o
(d_i) = (ad@+b) GE®"), whose parameters (a, b, ¢, d) were defined by the

least squares method. Fixed parameter at the measurement: additive material
concentration 30%. The valugf the correlational coefficient: R= 0, 9622.
Parameters: a = 6268; b = 675,3944; c = 0,0426; d = 1,5052.

The approaching function, by which the value of the secondary pressure increase
intensity in the function of the electric field and the flowraté (&99%
probability level), in the case of m=30% additive material concentration blend,
iNnQ=04211, 31 L/ mii 8kVns validity=scope:

‘Z—f = (62680 + 6753944 (E**** 25052 4302(Pa/']

Conclusions

I carried out these tests witlhveragebl end
particle size TiQ. In order to develop a stable blend | used Komad 3gga
dispergent. The magnitude of the applied electric field18 &V/mm. | varied

the flowrate in a range of 0,411,3 L/min. The test temperature of the ER fluid

is: 25°C.

| worked out a new measuring system and test method for examining the ER
fluids in flow mode, which is suitable to unfold some ER attributes such as the
secondary pressure increase and the intensity of the secondary pressure increase.
These attributesannot be measuredvith the test systems functioning on the
principle of rotation, which systems are generally used in experiments. With this
test equipment the shear stress increase (the apparent viscosity increase)
originated from the effect of the ERuid can be determined dynamically from

the pressure drop and the flowrate.

| established that in flow mode the pressure increase given from the change of
the shear stress, which is changing because of the step respapseelectirc

field variation conists of two sections: a rapid primary pressure increase right
after the swithing on the electric field, and a secondary, slower (longer response
time) section. | also found out that the intensity of the primary pressure increase
is at least an order of maigude bigger than that of the secondary one.

134



Institute fa Mechanical Engineering Technology

Based on the test results | determined the flowrate and the electric field
dependency of the primary and secondary pressure increase and of the secondary
pressure increse intensity in reference to a givenia€dditaterial concentration

ER fluid.

The connection between tipgimary pressure increaseand the flowrate and

the electric field in the case of a given additive material concentration ER fluid

T can be approached by the following function (the parametethe equation

should be determined in the function of the applied additive material
concentration):

DPer, = (2@ + b) G

The relationship between tlsecondary pressure increasand the electric field

and the flowrate1 in the case of a given adigdie material concentration ER
fluid 7 can be approached by the following function (the parameters of the
equation should be determined in the function of the applied additive material
concentration):

LpERZ:(aCBb)CSeWo (a@”)&?

I OOZ

And finally, the relationshifppetween theéntensity of the secondary pressure
increaseand the electric field and the flowraiein the case of a given additive
material concentration ER fluid can be approached by the following function
(the parameters of the equation should berdéted in the function of the
applied additive material concentration):

P~ (adp+b) &=
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ZIRCONIUM -DIOXIDE CERAMICS TURNING

Gel FLEDRICHR - bert KERESRJLIEISNKECSt v En
Lajos PELLENYI

Department of Material and Engineering Technology,
Institute for Mechanical Engineering Technology

Abstract

The engineering ceramics are such constructional materials which can be used at
essentially higher temperature comparing to materials used till now, at under
heavy physical and chemical load.

The claim to structural ceramicgfor example: zirconiundioxide) is
continuously increased he zirconiumdioxide [Salmang, Scholze (200[7as

basic material having lower hardness and other characteristics is suitable to
machine by tool with regular edge, so in case of piece production or in case of
small andmedium series manufacturing, at quick prototypenufacturing it can
become potential material alike. Its cuttififl® s z 8 r 0 s ,2009]zardp € s |
machinability characteristics has to be known that this could be ensue. My
research work concentrates to onertpaf this, in accordance with the
recommendation of a company producing and developing zircediioxide
semifinished product.

Keywords

Zirconiumdioxide, turning, cubic borenitride, polycrystal diamond, surface
topography, friction

1. Introduction

Greater material removal capacity can be reached by tools with regular edge
than by grinding mainly in case of more complicated surfaces. The advantages
can be perceptible in case of hole machining in particular. The sources of
literature provide minimal refence to the machining with turning of ceramics,
thus to the zirconiundioxide and to the aluminiwoxide. Nowdays the
grinding is the machining after the generally wgpgead sintering.
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2. Material and method

During tests we have machined the surfaceesmic with different settings.
Based on preliminary measurings we established that it is expedient to choose
the depth of cut between 0,01 and 0,05 mm, the feed rate should be between 0,01
and 0,05 mm/rev. immediately at the tool edge. We also carriggreliminary
measurings concerning the approximate value of the cutting speed, this was
around 50 m/min. After turning we made surface topography as well as electron
microscopic exposures from the surfaces machined and we analyzed those. We
have measurethe dry frictional characteristics of the ceramic / steel material
pair with comparing character as a further test of the surfaces turned and grinded
of the ceramic.

2.1. The materials tested

Zirconium -dioxide ceramicspecimerfCeramTe¢(2008)]

The charaieristics of the ZN 40 engineering ceramic is that it has got favourable
physical and chemical characteristics at high temperature range. It has got high
hardness (1250 HV), because of this it can be cut only with polycrystal diamond
and with cubic boronitride tools. The material tested is a zirconium dioxide
ceramic stabilized with magnesium. The diameter of the cylindrical specimens
was 16 mm used at turning tests.

Steelspecimen

To measure the frictional force we placed steel specimen to the cerafaies

The material of the steel plates was St37F dimension 20x20 mm, thickness 1,5
mm. The contact surface was grinded, its average surface roughness was:
R=0,8.

Single-point cutting tool

The cutting tool was a tipped turning tool with 12xIshank. Wehave carried

out my tests with two kinds of inserts (tips) with cubic boron nitride (CBN) and
with polycrystal diamond (PCD). It is expedient to carry out such hard cutting
with these materials.

2.2. Cutting tests

To measure the axial and tangential congus of the cutting force we applied
resistance forcenetertool head between the tebéad and tool shank developed
and manufactured by us. It makes possible to measure the feed rate fprce (F
and the cutting force (Jrin case of straight turning inighform.

2.3. Surface topographical tests

Because of the increasing requirements created against surfaces machined there
is a need to evaluate masided the surface micitopography which means the
surface characteristics by writing up data collected frioensampling surface. |

have made electron microscopic exposures from the ceramic surface machined
with different cutting parameters as well as from surface grinded.
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2.4. Friction tests

We have made an equipment to carry out tribological tests. Duringsheve
pressured the steel counterface with determined normal direction force the
casing surface of the rotating ceramic specimen and in the meantime we measure
the value of the friction force with force meter cell. We have calculated the
friction coefficient characterizing the system from the normal direction force and
the friction force as well as we measured the wear of the steel specimen and its
deformation.

2.5. Complementary tests with thergcamera

The heat developing during cutting has got a geffatt on the material removal
process as well as it effects strongly the tool se#ifiee To study the heat
affected zone developed we made exposures with theamera during cutting.
Considering that the basic material chosen by me for to be mackined
significantly more rigid the heat deriving from internal friction presents oneself
probably in smaller amount.

3. Results

3.1.Results of cutting tests

During tests we have determined the characteristic content and the exponents to
given parameter ofhe empirical connection (feed rate, depth of cut, cutting
speed) taking into also account the cutting speed from the values of main cutting
force measured by using mathematical statistical methods.

Diagram of measured folces (ZrO2-MgO, CBN)
(a=0,02mm;f=0,02mm/re\.; vc = increasing m/min )
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Figure 1. Diagram of main and feed rate forces.
(ve= changing m/min., a= 0,02 mm, f= 0,02 mm/rev.; ceramic: zirconium dioxide, tool: CBN)
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Cutting tests results of ceramic

The Figure 1. shows the characteristic values of measurings carried out with
CBN i tool at uniformly increasing cutting speed. The cuttsgeed (V)
measured along the horizontal axis the cutting forcg&fFan be found on the
vertical axis.

In case of CBNool material the amount of feed rate forces are approximately
the half of the amount of main cutting force. The value came abeututting

force with diamond (PCD) tool. The two forces at the two kind of tools show
similar characters in their trends.

| also show the change of the cutting forces in the next diagram (Figure 2). | set
the cutting speed to 25m/min. value. The valuthefdepth of cut was 0,02 mm.

| changed the values of the feed rate according to f=0,02;-0,03:0,04:0,05
mm/rev.

The main cutting force increases with the increase of the feed rate, however the
value of the feed rate force almost hardly changega=8;04 mm depth of cut

the great degree deviation of the main cutting force allows to conclude to the
damage of the cutting edge. That was proved later by microscopic exposures.

It is also significant the running up of the feed rate force in the beginaimgg.

Both the ceramic and the tool are at ambient temperature in the beginning first
point. During cutting significant amount of heat developed and warning up
starts. As an effect of this the value of the force increases to a certain time then
sets in anear constant value it can be seen in the diagram.

| have also measured the changes of the main cutting force in accordance with
the formers to the polycrystal diamond tool. The value of the cutting speed was,
ve=25m/min. The value of the depth of cut was0,02 mm. The values of the
feed rate were, f=0,00,02:0,03;:0,04:0,05 mm/rev.

Diagram of measured forces (ZrO2-MgO, CBN)
(a =0,02 mm; f = 0,01-0,02-0,03-0,04-0,05 mm/rev.; vc = 25 m/min )
20 02

AN

5
S
b
o
&

[
o

0,1

Feed rate [mm/rev.]

Cutting force [N]
]
Ol
E

+ 0,05

o
—O-
4-0=0-
| 5o

+ 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
length of displacement [mm]

— cutting force —=— feeding force —o— feed

o 4

Figure 2. Diagram of main and feed rate forces.
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Diagram of measured forces (ZrO2-MgO, PCD)
(a =0,02 mm; f = 0,01-0,02-0,03-0,04-0,05 mm/rev.; vc = 75 m/min )
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Figure 3. Diagram of maiand feed rate forces

The trends are similar to the cubic boron nitride tool. The cutting fehows
increasing tendency, while the feed rate force set in to a certain value, then
showed slight decrease.

The cutting force at higher cutting speed (Figure 3) set in a nearly constant value
following a steep running up which was lower than at smé&ier25 m/min.)
cutting speed. The feed rate force following the running up or decreased or had
got the same value. The tool edge caused the deviation of the feed rate force
with great probability.

3.2.Determining the cutting force in the function of pastens

The sources of literature to the cutting fofeeo r v Blarkos 1995 [K° ni g,
Klocke (1997], use a theoretical relation worked out first of all to steels which
is the following in the function of cutting parameters:

F.=C, & &7 [N]
My aimis with the planned tests to be carried out to decide the usefulness of the
preceding equation at cutting ceramic and to determine the necessary parameters

with multivariate linear regression.
The mathematical function matched to the results of testsgaann

F = 477,183@ 0,1646@0,4397@(:—0,2994

It is important to mention concerning the usefulness of the equation that this
relation describes the formation of the measuring results within the pardmeter
range determined in the test plan.
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3.3.Results of topographic sade tests

Results of microscopic examinations andd&@@opographic surface tests

The quality of the surface reflects well the cutting quality. Microcracks develop
on the surface during machining deriving from the britleness of ceramics. It is
undesirablethe developing of cracks because it is indispensable the proper
choosing of cutting parameters.

The 3Dal topographic measurings made numerical the surface roughness
extending in space, the Figu#e shows such a sample surfaces. The surface
characteristis were nearly as good as the surface characteristics grinded in case
of certain cases of the cutting settings.

Figure4. Ceramic surface turned with P@Dol (v.=25m/min., a=0,02mm, f=0,05mm/rev.)

Results of surface check with scanning electron micpesco

For the sake of greater manification we have made scanning electron
microscopic exposures in 100x, 500x then 26fes magnifications from the
ceramic surface machined.

Figure5. Ceramic surface grinded
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The original grinded surface electron micrgsicoexposure can be seen in
Figure 5 The amount of craters as a result of machining can be considered
identical with the machining with PCidol. However the dimension of craters
formed are 3@10% greater. This dimensional difference can increase the
lubricant keeping capacity of the surface. The grinding grains made also the
surface into serrated but because of the smaller dimension of grains the ditches,
grooves, scratches dimension are also smaller:

The exposures with 2000x magnification prove the peoty plastic (ductile)
chip removal (Figuré.) which shows favourable surfacentinuity. This proves
the applicability of turning with polycrystal diamond.

Xz, 888

Figure6. Surface turned with PGIbol v;=75m/min., f=0,04 mm/rev., a=0,02 mm, N=2000x

3.4.Reusllts of frictional model tests and their interpretations

We analyze in the followings the values of the friction coefficient, wear and
deformation got in the friction model testing system produced during my
research work. The polycrystal diamond tool matgroved to be suitable from

the two tool materials used during machining ceramic. Because of this we have
carried out the frictional tests with the specimens cut with PCD tool as well as
with the original surfaces grinded.

Results of friction and weamd their evaluation

On the casing surface of Zy@eramic tested at-%25 and 75 m/min. cutting
speed and 5 different feed rate (f=0;0102:0,03:0,04:0,05 mm/rev.)
machined surface can be found. The width of these are 3 mm one by one. Figure
7. showsthe value of arising friction force developed between the ceramic and
the steel specimen. We distinguished the different surfaces with various colours
and marks. The Ako marks the grinded
mark the feed rates setrihg turning in hundredth millimeter.
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Friction force
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Figure 7 Friction force diagranfbetween steel/grinded and ceramic surface cut)

The friction force didnot

show

signifioc

identical load section. It set in a nearly constalti® within short time (58).

The grinded surfaces also seized with imposing maximum load. It is striking on
the diagram that the friction force increased in such a great extent on the 2. load
level on the ceramic surfaces cut with 0,01 and 0,02 mmksd. rige, that the
surfaces seized in this section. The seizing ensued on the 3. load level on

surfaces cut with greater feed rate.

Friction coefficient
(v =0,23 m/s; PCD; 25 m/min )

o]
Pzl

I
S v e i
oo N St
l

0 100 200 300 400 500 600

700
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= PCD 25 k = PCD 25 5 PCD 25 4 PCD 25 3 = PCD 25 2

— P

CD 251

Figure8. Diagram of friction coefficient (between steel/grinded and ceramic surface cut)

It is evident from the values dfiction coefficients (FigureB.)

t hat

hi gher

values characterize the surfaces machined with smaller feed rate. The value of

143



Institute for Mechanical Engineering Technology

friction coefficient on the surface turned with f=0,05 mm/rev. feed rate remained
at nearly constant value in the sections tesfedlar to the grinded surface.
Fluctuating friction coefficient, char a

3.6. Results of complementary tests with thecaraera

The thermecamera exposure of the heat affected zone developed during cutting
can be seen iRigure9. The exposures prove unambiguously that because of the
good heat insulation of ceramic at the tool point on the workpiece a heat ring is
formed increasing significantly the thermal load of the tool point. In the lower
two exposures the red coloshows the heat ring developed on the workpiece
and the tool point, that is the hottest point.

turning insert

Idészakos mentés Idészakos nentés
Idékbzs -
Hentés SEQ042 29.3
Kovetk.: - ]

Idékiz:
Hentés SEQOL0
Kivetk.: =

Figure 9 Exposures made by therrsamera after cutting.

We have evaluated these tests only with
account exademperature results.

Conclusions

The demand increased in great scale to ceramics with special characteristics by
satisfying environment protection standpoints, too. Different parts can be
produced i nl5% aceuraaygeegauedafted sinterjfgtz, Schulze
(2007]. So in many cases surfaces given has to be also machined in their hard
(~12001400HV) condition. Economical use of sefimished products during
part production is only expedient in case of developing methods with greater
material remval. The forming of microcraks is a serious problem of machining
in hard condition. Reducing these presumes the more favourable machining
beside the suitable material selection.
Based on our research work we have made the following scientific statement:
T We establish in the test field that in case of ZR40 ¢(AI9O) ceramic
basic material with the CBN and respectively PCD tool types having
regular edge geometry chosen by me can be reached plastic (ductile) chip
removal during turning in the cutting paramefeeld set (a=0,02 mm;
f=0,01-0,020,030,040,05 mm/rev.; ¥=2575 m/min.).
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i We have proved with my measurings that in the upper range of the cutting
speed of test field the polycrystal diamond tool is more favourable at
turning zirconiuradioxide ceramicsstabilized with magnesium it can be
used with smaller cutting force than the cubic boron nitride tool.
Furthermore | have established that the polycrystal diamond (PCD) resulted
cutting force similar to the cubic boron nitride at loweg=@6 m/min.)
tesing cutting speed. The occurrence experienced at different frictional
processes. | verified with thermmamera exposures the forming and
different heat rings taken place.

T We have proved with mathematiesthtistical methods that the connection

concerning te main cutting forcem, =C, @* @’ &2[N] to be found in

the technical literature in the tested parameter field (f=0,02 mm/rev,;
a=0,020,04 mm; yv=2575 m/min.) can be extended to turning Z/@gO
ceramic with PCD tool (with the edge geometry imed). We have
determined with my measurings the values of the constant and expbnents
C,=477,183- - x=0,1646 - y=0,4397- - z=-0,29947 and we proved that

the connection can be applied with 95% probability with on the parameter
interval tested.

T We esthlished with digital picturei analyses based on microscopic
exposure that at cutting with cubic
surface damage (microcrack, shell like pitting, etc.) rose on the surface
machinedi concerning to unit zirconiurdioxide surfacei already in that
case when the depth of cut was only 0,02 mm, the feed rate however was
only 0,04 mm/rev. Greater depth of cut and feed rate than this resulted still
more unfavorable surface. The turning of ZR40 ceramic with this type of
tool mateial is only suggested restricted.

I We have established beside the conditions of the test system that the
turning with polycrystal diamond (PCD) turning tool as well as the
grinding process resulted shbBKe pittings, microcracks alike on the
ceramic surfee. The amount of surface damages in unit surface during
turning with PCD approxi mately was O
dimension the ®% surface damage experienced at grinding. The effect of
difference influences the sliding characteristics whied proved with
sliding measurings.

T We have proved with SEM exposures (2000x) that the wrinkles indicating
the phase transformation formed to the effect of the great passive force at
grinding dondt , carpnucesarface machinecie case rofO
usng pol ycrystal di amdnd (PCD) turning

T We have proved with friction tests (bleck-ring tribological system,

St37F grinded steel (R0, 8 mm) Abl ocko surface, !
ceramic Aringodo speci men) EHatmnat hi gh
and at small feed rate (f=0,@02 mm/rev.) the friction resistance is

smaller on the ceramic surface. The surface grinded has got smaller
dimension but into the great number shell pittings the steel worn particles
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seat quickly, which transformihe ceramic/steel friction connection into
steel/steel characteristic friction, which increases significantly the adhesive
component of the friction force.

5. Suggestions

The |l iterature sources donodot refer to t
thus zirconium dioxide and aluminium oxide. Nowdays the grinding is the
machining after the generally wigpread sintering. The development of the
finishedand s e mi finished productsd manuf ac
complex surfaces. The more ecamcal machining of 3Eal surface requires the
further development of tools with regular edge. The zirconium dioxide as basic
material is suitable to machine by tool with regular edge deriving from lower
ceramic hardness and from other characteristics sasi@ of piece production or
small T and medium series production, at quick prototype production can
become potential material alike. To that this should be ensued its cutting, and
machinability characteristics has to be revealed.
The cutting with traditinoal machineool in the mechanical engineering is
foll owed by high speed (HSC) fAhardd mac
Nowdays it is possible to machine complex-&®shape and profile with the
newest Saxis HSC milling for example with machinirgntre on such materials
as copper, graphite, plastic and steel up to 70 HRC hardness.
Two main directions can be drawn up to carrying on resarches.

i Extending the applicability by changing the technological parameters,

I Technology optimization to be suitaliteapplicatiortechnic standpoints.
Further comprehensive elaborating of these fields can be realized with the co
operation and initiating of companies manufacturing ceramic materials and
parts. The attainable further results entail with extending tiadéagical
database significantly.
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ABRASIVE WEAR OF HOT-DIP GALVANIZED MULTILAYER
COATINGS

L8§s8ZYABADI, Lajos PE£K, G&gbor KALC

Department of Maintenarof Machinery]nstitute for Mechanical Engineering Technology

Abstract

The hot dipi galvanizing is a technology used to protect durably the surfaces of
iron i and steel constructions which protective effect depends strongly on the
thickness and dengitof the surface layer. Adhesive sliding conditions and
deformation capacity have been studied in case of comparatively limited
conditions but regulated comparative measuring data concerning abrasive
resi stance there arenot litewature dar ;mptles a |
database of coat producing and of developing companies. These data are
indispensable to develop technology improving the abrasive resistance.

Keywords

Abrasive wear, abrasion resistancetiptgalvanized layer, multilayer coating

1. Introduction

The aim of the research work was to determine with rapid comparative
laboratory abrasion tests that the -Hgd galvanized coatings with different
composition what abrasive resistance got as compared to each other. To carry
out tests basedn such measurings which represent by properly scientifical
sound foundations the differences between the abrasive resistance of coatings
hot-dip galvanized having different compositio®3ur further aim is to present
empirical properties in the functiaf frictional length, speed and the pressure of
abrasive medium for developing technologies improving abrasive resistance.

The aim of our research work was to determine with rapid comparative
laboratory abrasion tests that the coatings with different oeitipn hotdip
galvanized what abrasion resistance got as compared to with each other.
Mechanical loads also affect the products beside corrosive affects at industrial,
agricultural and public place pavement grids at industrial filtersdipot
galvanizedspreading nowadayfglardy, Grega (1997)Antal (1999) Varjas,
KRszegi, G19. b is glreasly a(utllifing 8emand nowadays to develop
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an abrasion and rubbing resistance coatings at surfacediphgglvanized
exposed to abrasion, to sahdnd breakstone scattglang (2010)] There are

not at dispodaneither in technical literature nor in database of -puatiucing

and of developing companies comparative regulated measuring data concerning
abrasion resistancAntal (2002, 2007) B8r c z]y Thdsd €absa9gre
indispensable to develop technology imygng the abrasion resistance.

2. Testing method and equipment

2.1. Coated specimens tested

We have chosen S235JRG2 steel as specimen material used for abrasive tests,
which is the most definite base metal for example of pavement grid. As this
material is desoxidized with aluminiumand not with siliciumi and the
mechanism of layer developing is determined first of all by the amount of
silicium to be in steel, therefore it can be-dgi galvanizing outstandingly. We

have taken into account at deciding sipecimens dimension the tool form of the
abrasion tester, as well as those positions and the geometrical dimension of the
container containing the abrasive medium ensuring abrasion. Figure 1 shows the
dimension of specimen galvanized.

40
<

A 1 OLJ

Figure 1. Specimedimensions

Two types of coating were tested in the function of friction length, speed and
pressure of abrasive medium.

Technigalva: The determining components are the zinc (Zn), aluminium (Al),
lead (Pb) and nickel (Ni) of the zifmath. The coating wasade by dry periodic
technology.

Technigalva heat treatedhe specimens were heat treated in order to the
coating should have zirioon alloy phases in the total cressction.
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The abrasion resistance of coatings depends on its hardness, therefore it is
needed to measure the mienardness. The mictioardness tests showed that the
Techigalva coatings hadr4d HVM in average, while the heat treated coating
had 1066 HVM in average.

Reference Technigalva coatings resulted in average : HV M: 47,1

while the rage:

Rimax- Rmin = 541 41,7 =12,3

The heat treated Technigalva resulted in average: HV M: 106,6
while the range:
Rmax- Rmin = 114,21 89,5 = 24,7

Figure 2. and3. show the SEMictures made from coatings, introducing the
distinguished layers and EDsampling areas. Certain layers, phases can be
separated very good in the thousdold magnification. We have also carried
out EDS (Electron Detector System) tests.

EDS spectra results are summarizedrable 1., a typical measured graphs
zeta phasecan be seen in Figudeand>.

Figure 2. Technigalva layers Figure 3. heat treated layers
O : EDSmeasuring point O : EDSmeasuring point

Tablel. EDS spectra result of Fe, Zn and Pb values (%)

Technigalva ATO Heat treated Te
Layer Fe (%) Zn (%) Pb (%) Fe (%) Zn (%) Pb (%)
1 16,4 83,6 - 47,5 52,5 -
2 10,1 89,9 - 16,3 87,7 -
3 - 100 - 19,6 79,6 0,8
4 - 21,2 78,8 17,9 82,1 -
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Figure4. EDS spectra of Technivalva layer, phase Zeta (3)
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Figure5. EDS spectra of heat treated Technivddyeer, phase Zeta (3)
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known

abrasive medium gen as well as it can be well define but beside in different

conditions with the abrasion tester

Figure6. shows the abrasion tester developed.
The working shaft can be found at the exit side of the wgear on which 3
pcs. arm crosslamps can be found in different héghts related to the base

plate. The specimens to be abraded can be fixed in suitable position on this. To

one tool, to each arm 3 pcs. altogethe6 @cs. specimens can be fixed.
Important characteristic of the credlamps is that the sgimens can be fixed

150

tribotestueryomeduf pemdniisand
principle
modeling. Great number of specimens can be measured at the same time in
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with each other in 9Dincluded position, at their sides in pairs altogether 6
various positions related to the centre of gyration.

The tools are set turned away to one another on the working shaft in top view the
circle is divided to30° sectors. The container containing the abrasive medium
can be put into an outer container in case of demand, which can be filled with
cooling-heating water to the thermal dynamics of measuring procedure can be
regulated.

The abrasive medium was 0/8 OKiype ballast stone. Its average aggregation
density in dry condition is 1,7 tonfiThere is no practically clasiudge content

as it is produced from washed, granulated gravels by knapping. The grain
fraction is between 2 and 8 mm.

Figure6. Thesfsanygo tester with speci mens

The specimens to be in different radiuses move with various different peripheral
speed in the abrasive medium and the height position resutsedif surface
pressure rationsThe abrasion tester makes possibleepkonal complex
evaluation in the function of these variables.

3. Results

3.1.The abrasion and speed connection

We have measured the abrasion of the 6 pcs. heat treated and 6 pcs. not heat
treated specimens placed in all three levels (A,B,C) after ser@wus abrasion

time. | have measured the abrasive wear as the decrease of the layer thickness in

151



Institute for Mechanical Engineering Technology

seven different stage in time, thus getting different sliding distances for each
sample in a given time. The surface pressures in standing (not rotating)
condition:

p: (A level)= 153,83 Pa
p. (B level)= 521,82 Pa
ps (C level)= 902,41 Pa

Testing speed range: 1440 m/min

The specimens covered different length with different peripheral speed moving
on various radiuses. After averaging the abrasion sesubtasured at each
specimen, repeating three times the measuring series the same incline could be
seen at the lines to be adapteable to the plot at heat treated and not heat treated
specimens, too. Based on these the speed independence supposed were proved
by mathematical statistical methods, by covariance analyses at all three levels

at heat treated and not heat treated specimens, too. The abrasion values of all
specimens to be in the different levels can be presented with a single regression
straight lne.

This means that the abrasion values do not depend on the abrasive speed in the
speed domain tested (Figufeand8). There is no significant difference between

the specimens moved with various speeds but placed at the same level.

wear (um)
70 |
60 - = Heat treated, level A
50 | 4 Heat treated, level B Y= 0,0007% + 0,5017
Heat treated, level C R'=09%64 , _ -~
.~ " y=0,0006x+0,3581
0 -7 -~ R?=0,9962
- ( - 1
- )

o
30 - L~
-

y=0,0005x + 0,5453

20 A R?=0,996

10 A

0 10000 20000 30000 40000 50000 60000 70000 S (m)

Figure7. Abrasionv al ues of heat treated specimens on
(hy, h, and h depth)
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Figure8. Not heat treated specimens abrasion val u

3.2.Connection between surface load and abrasion
pl ac@@o olnev dle detdo, diifBfoe raa

The
bec

speci mens
ause of thi

S

t he abrasion values mea

be compared. According to the hypothesis the abrasion values depend on the
load. It can be approximated with linear trdim the apprpriate data to
different levels on the diagrams, the matching is close in each case. The data
appropriate to different levels can be separated visibly however if there is
significant difference between them it has to be examined by regression analysis.

Thew

or st case |

S

where there is the smal

level data of the specimens heat treated. The calculations carried out proved that
there is significant difference between the abrasion values of specimens fixed on
alavdl. TRiBndeans that the amount of surface load has significant
effect on the abrasion values in the system tested. In case of higher load the
specimens have got higher abrasion.

iAO

3.3.Comparing the layer structure of coating and abrasion values

During the tests carried out the wear phenomenon occurs in different layers
depending on the given stagesliding distance- . Thus, the wear process
reached Eta, Zeta, and Delta phases.

The abrasion measured as a resulting effect on the surface of specimegas mean
the continuous decreasing of coatings with layer structure. In Fgared D. it

can be seen how changes the percentaigeof decisive chemicalements in

cer

tain | ayers

of heat treated speci mer

does not influace the abrasion intensity. According to data tested by EDS
spectroscopy the percentage rate of chemical elements in the layers of not heat
treated specimens is formed otherwise, but this compound does not influence the

abrasion intensity of certain layers
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4.Conclusions

We have verified with statistical methods that the intensity of abrasive wear
doesnobt depend on t he frictional spee
conditions developed in caséraulti-layer hotdip galvanized coatings.

This statement is valid both to basic and to hest treated coatings in case of
different compression conditions, too.

Wehave verified by my measurings that R
of multi-layer fot-dip galvanized coatings, where the intensity of abrasive wear
depends on the medium pressure and on the resistance of medium deriving from

it. There is significant difference in the wear intensity of specimens to be in
different pressure levels.

The heat treatment improves the abrasion resistance of the -laydti
Technigalva hetlip galvanized coatings. The higher hardness resulted abrasive
resistance increase in case of each speed and of pressure conditions in the testing
system.

We have proved withSEM exposures and EDS spectroscopy that the heat
treatment resulted different layer structures and compositidesestablished

that the gradient structure of heat treated layers differ substantially from the
structure of basis coating.

We have establishet h a t the |l ayer structure of C
abrasive resistance, the abrasive resi
linear abrasion dynamics of hdip galvanized coatings tested was independent

from the layefi with given composion and hardnessto be in fictional contact

with the abrasive medium.

I have established concerning the abrasive resistance that the resultant effect
comes to full display of the mullayer coatings having inner gradient structure.

There was no effectfdhe inner gradient characteristic in the testing system

onto the abrasion intensity measured but the resultant of the different gradient
structure was the different abrasive resistance.

We have proved with my measurings that the heat treatment procasses
suitable to modify the resultant abrasive resistance by changing the inner
gradient structure.
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Associate Professo
DIRECTOR OF THEINSTITUTE
Dear Reader,

Our Institute consists of three professional areas called departments:
- Department of Applied Management,
- Department of Engineering Economics,
- Department of Material Hanidlg and Logistics.

The activity and the research fields of the Institute can be separated by these
departments, and had the following main research activities during 2011:

Department of Applied Management:
- Development of manufacturing process with qualityanagement
techniques.
- The role of marketing in the innovation ability of the agricultural
machinery manufacturers.

Department of Engineering Economics
- Developing the system of agricultural machinery management based on
integrated enterprise managemersteyn.
- Technical and economic analyses of the farm machinery of arable
farming.

Department of Material Handling and Logistics
- Developing logistical processes by mathematical modeling and
simulation.
- Research of material handling machines with special regpeonveyors.

The results of our activities were published not only in Hungary but worldwide
in different papers and conferences.

The educational activity is very important in our Institute. We have reviewed the
curriculum of our Engineering ManagemeRrogrammes.We developed
different elearning materials and several subjects taught also in English like



Institute for Systems Engineering and Management

Quality Management, Enterprise Management, Farm Machinery Management,
Project Management, Engineering Economics and Industrial Marketing.

More detait about the Institute for Engineering Management are available at:
http://mumi.gek.szie.hu/
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ARENA M ODULES FOR M ODELING KANBAN-CONTROLLED
M ANUFACTURING

J 8§ nB&ENKO

Department of Material Handling and Logistitsstitutefor Systems Engineering
and Managems

Abstract

A company may reap the full benefits of kanban control only after determining
an optimal or neaoptimal system configuration. Finding such a configuration
requires methods that can determine key performance measures, such as
replenigiment cyck, average fill rates, average inventory levels, etc. In
industrial applietion the kanbaitontrolled systems are complicated multi
stages systems with restricted manufacturing capacity. Therefore, the existing
analytical (mathematal) methods are only plied to determine just mentioned

key performance meares fast and raw way. On the other hand the computer
simulation is widely usable method and it may generally be used to analyze the
true performance of a complexssm

Keywords

Module,simulationmocel, Karban system, Arena

1. Introduction

The production management approach -budtime (JIT) gained worldwide
prominence when the rest of the world noticed the increasing success of
Japnese companies in the late 1970s and early 1980s. As one majdioopéra
element of JIT, the kanban control system became a popular topic in western
research and industry. Manufacturing companies outside Japan began to use
kanbans to control production and flow of materidhe Kanban system was
originally developed by dyota Motor Corporation, and it waguised in 1954.

At the beginning, the system had been introduced tentatively in one section of a
factory. After that, the system had been expanded to the entire manufacturing
system and was established as a form oftelsnique in 1970 (Toyota Motor
Corporation 1988). Since then, the Toyotadorction system (TPS), hich has

only one element Kanban system, becamd weown worldwide. As for a
Kanban system, it has attracted international attention because it differs
completely from the traditiongbushproductioncontrol systemkKanban system,

that is JIT maafacturing, adopts the pull production system where items are
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processed at the upstream qass, by receiving instructions from the
downstream process.

A vast amoun of studies on the Kanban system has been performed from the
standpoint of production management. As for determining the number of
kanbans, several approaches have been presented using techniques such as
mathematical programming, Markov chain and wation. Some analytical
evaluation methods can be found in the literature, particularly sbereg with a

single product. Analytical (mathematical) evaluation methods are needed that
can determine key performance measures quickly, even if these methods only
approximate the true performance of the systéindingthe bestconfiguration
requires methods that can determine key performance measures, such as
replenishment cycleaverage fill ratesaverage inventory levelgtc. Computer
simulation may generally based to analyze the performance of a system, but to
identify an optimal configuration, many different system variants may have to be
evaluated.

In this study, a series of the modules are developed for developing simulation
models on the flowwype multisage Kanbanmanufacturing system. This study
focuses the Kanban system, i.e., fliieglecard and thedualcard kanbanBy

using the proposed modules fKanbansystem, a simulatiorf multistage
manufacturing systentan be developed andrfimed quicklyand easily.

2. Classification of Kanban systems

The least complex variant of a kank@ontrolled manufacturing system with
multiple praducts is a system with a single mystioduct manufacturing facility.
Besides the production facility, the system corgtain scheduling board, an
output store for finished products,rtainers to store and carry finished items,
and one set of kanbans for each product in thesy

Traditionally, a kanban is a tdise card (kanban is Japanese meaning "card" or
"visible remrd"). One kanban must be attached to each container in tpet ou
store. The number of kanbans is limited, restricting the maximum amount of
finished items in the system. When a container is withdrawn, the accompanying
kanban is detached from the contairsad placed on the scheduling board.
Alternatively, the kanban may be detached when the last iteemisved from

the container (this is equivalent to using a fixed number of containers to limit the
maximum inventory of a product). Also, removed kanbarasy e put in a
kanban collection box located in the output store before they are transferred to
the scheduling board, either when a given number of kanbans has accumulated
or when a specifiecamount of time has elapsed from the last transfer. A
detached ofactive" kanban authorizes manufacture of one standard container of
the product indicated on the card. When a container has been filled with the
prescribed number of items, the now "inactive" kanban is affixed to the
container and the otainer is transfieed to the output store.

162



Institute for Systems Engineering and Management

Multi-stage kanban systems may be classified by the rules for transferring
containers from the output store of one stage, say stage m, to the input store of
the following stage, say stagetl. At least four different set of rulemay be

found in the literature. In some systems, the output store of a stage is also the
input store of the next stage. Consequently, there is no need for a transfer
mechanism. In systems with separate output and input stores, the transfer of
contaners from the output store to the input store may be executed at different
points in time. InTable 1 we summarize four different material transfer
schemes. Each type is shortly explained in the followawions

Table 1.Classification of Material TransfecBemes

Output Store Stage Output Store Stage
= I
Input Store Stagm + 1 Input Store Stagm + 1
Type | Type 2 Type 3 Type 4
Withdrawal Withdrawal Fixed quantity, Fixed withdrawal
immedately before immedately after variable wittdrawal cycle, variable
start of production activation of kanban cycle quantity
OnecCard System Two-Card System

Type-1 material transfer. The output store of a stage is also the input store of
the following stage, and material is withdrawn from the store immediately
before start of productio@Figure 1). This scheme has been labeleie material
transfer.

Predecessor workstation (m-1) ~ Workstation (m) Successor workstation (m+1)

Workplece Workpiece+ Workpiece Workpiece+ Workpiece Workpiece+
kanban kanban kanban

Oulpul Oulput Outpul
oo Workcell buffer Workcell buffer buffer

1A
Kanban Kanban JI Kanban Kanban

Flgure 1SinglecardKanban system (Typg)

Type-2 material transfer. The output store of a stage is physically separated
from the input store of the next stage. Thatenial from the output store of stage

m is withdrawn immeitely after activation of a kanban in stag#l (the active
kanban authorizes the withdrawal of a container with input material). The
kanban is attached to the container and both join the quedsonih of the
manufaturing facility of stagent1. If the output store of stage m is empty upon
activation of a kanban in stager, then the transfer is delayed until the
manufactuing facility of stage m completes a container with the appropriate
parts.This schemds calledimmediate material transfer
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Type-3 and type4 material transfer. The output store of a stage is physically
separated from the input store of the following stage, and an additional set of
cards, called withdrawal, conveyance, deljyenove, or transportation kanbans,

is used to organize the transfer ofi@ners between the stagésthis study the
name of these set of cardsKskanban and the kanbans organizing moving
inside the production stage are calRdanban(Figure 2. These systems are
commonly referred to as tweard ordual-card kanban sgems, in contrast to
onecard orsingle-card kanban systems that only usesiaglecard type. A
withdrawal kanban must be attached to each container in the input store of a
stage. Whe a container is taken up for production, thehdiawal kanban is
removed and put into a kanban collection box. Eventually, a carrier takes the
withdrawal kanbans out of the box and moves to the output store of the
precaling stage. There, he withdraws allfcontainer for each withdrawal
kanban in his possession, removes the regular kanban from edameq and
attaches one of the withdrawal kanbans instead (the regular kanbans are often
called production kanbans in twoard kanban systems). Then hearies the
containers to the input store of stagel. The removed production kbhans are

put into a box from which they are eventually collected by a worker who places
them on the sclhueling board of stagen. If the carrier finds fewer containers in

the ouput store than he holds withdrawal kanbans in his geiese then he
returns the extra kanbans to stagel and puts them back into the kanban
collection box in the input store of stage!.

Predecessor workstation (m-1) Workstation (m) Successor workstation (m+1)

Viorkpiece+ Workpiece+
+ ‘ B-kanban

Ekanba'\* u.uauup-‘+ | Y ‘ B-<an:a'\+
OV YOV
—Kckapben ____
A « \ A 3

T
Viorkpiece+ Waorkpisce+ Workpieces Workpiece+ Workpiece+ Workpiece+
B-kal K-kanban

Fig. 2.DualcardKanbansystem

The point in time when the o#&r removes the withdrawal kanbans from the
kanban colletion box is determined by one of two different schemes: (1) fixed
quantity, variable withdrawal cycle (tyf# material transfer), or (2) fixed
withdrawal cycle, variable quantity (periodic matetandling, typed material
transfer). In the first scheme, the carrier removes the withdrawal kanbans when a
predetermined fixed number of cards has accumulated. The length of the
withdrawal cycle, that is, theme between consecutive material transferay
therfore vary. With the second scheme, the carrier removes the kanbans
periodically, folloving a predetermined fixed schedule. Here, the withdrawal
cycle is fixed and the number of cards may vary. Note that-3ypwterial
transfer is equident to type-2 material transfer if the fixed withdrawal quantity

IS set to one.
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3. Characteristicsand application of the developed modules

The Arena Professional Edition is an advanced, hierarchical structured
simulation system which provides an interactive enwirent for building,
graphically animating, verifying, and analyzing simulation models. Due to the
hierarchical structure with the Professional Edition, you can design a unique
Arena template that is specific to your particular project, company, or industry
With the Profesional Edition, you can create complete simulation building
blocks, called mdules and after translation modules can be integrated into
template. In our case we will develop different type of kanban modules and will
integrate them into taplate called Kanban.tpo.

The restricted extent of this study does not make possible the detailed
presentation of the steps of thevelopment and the background logic of the
modules therefore we devote more time to outline the characteristics and
applicaton opportuities of the modules. The saléveloped Kanban Process
template consists of six module€ustomer_SCustomer_D Workstation_S
Workstation_D Supplier_Sand Supplier_D which are applicable for mobeg

both of singlecard and duatard Kanbarsystems. In the name of the modules
the extasion S and D refer to singlecard and duatard system. The common
feature of the mdules, that not only the train of thought of their development,
but the logic of their application sitar. To the function ofill models need a
customer and a supplier station that can be modeledGugtomerandSupplier
modules. According to the number of the production staggaired number of
workstatiors can be inserted between the supplier and the custoaienst We
suppose that a batch of parts or jobs is flowed in the model betvatienssand

we do not examine its combination. Stations, rows and resource pictures are
attached to the naoiles to utilize the animated opportunities of Arena model. On
paths Rout§ betveen the stions Statior) can be displayed the motion of the
entities. The pictures of resourceRegource Pictudeshow the state of the
resources Busy Idle, Inactive. The Queuegepresent the length of the queues
inside the modules. The entity piods that symbolize the motion of the
workpieces and kanban cards can be chosen optionally. The time parameters like
interarrival time, or route time may be deterministic ones and stohastic. To the
last cases the available distiilon functions can be piekl from pulidown lists.

In the models the modules namé&iistomer_Sand Customer_Dgenerate
customer demand and provide the péleet. The completed dialogue windows

of these modules are displayedHigure 3 The most important parameters of
modules: te name of the stations, the interarrival time of the customer, the
preparation time of an ordering, the number of the resources, predecessor station
name, move time between the last workstation (predecessor station) and the
customer station. The picturedaaimate kanban cards can be given ojatlig.

165



Institute for Systems Engineering and Management

n

x| P X
. Custamer station info

Sitation name -

Custamer station info

Station name

Interartival time: EXPOQ0) -

Interarrival time: ExPO(10) -
Time units Minutes -

Time units: ’m
Entities per arival: 1

Entities per arrival: ’1—
Preparation time: 5 -

Preparation time: 1 -
Time units Minutes -

Time units: Minutes -
Num of resources 1

MNum of resources: 1
Buffer size for product |2

Picture of K-kanhan Picture.Blue Page b

Fredecessaor station infa

Station name -

Picture of kanban: Ficture Blue Page -

Predecessor station info

Station name ’—Ll Mowve time, ,ﬁ
Move time: ’5— Time units: ,m
Time units Minutes hd
0K ‘ Cancel ‘ Help |
OK ‘ Cancel | Help |

Figure 3Dialog boxesof Customer_%ndCustomer D modules

Workstation_Sand Workstation_Dmodules which simulate the workBons
significantly differ from each other regarding their complexity andrtdata
requirement. In the singleard system the output buffer of the production stair is
the input buffer of next production stakigure 1). Opposite this in a duglard
system the output buffer of the production stair separates from the input
containe of the next production stair phgslly and all production stair has own
input and output bufferRigure 2. The motions between the input and the
output buffer are generated by the inside kanBdkanbar) and between the
output buffer and the input Hef of the next workstation are meged by the
outside kanbarK-kanbar).

Dialog window of singlecard workstation modulé/Norkstation_¥pis depicted

in Figure 4 Beside the station name, which is module and stationifide, the
additional input paramets are the next. The process time and thebeu of
resources determine the capacity of thekstation. The buffer size for material
defines the initial invetory of the input buffer, which simultaneously is the
output buffer of the predecessor statibnthe dialog window the ideffier of

the previous and a next station areigdied field, and the transportation time
can be given optionally. Theetdched or "active” kanban cards are streamed
onto the previous station and thedtinge kanban cards togeer with workpieces
(products) are moved onto the next station.
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Single-card workstation ‘z‘

—Workstation info

Station name
Process time

Tirme unite:

Murn of resources IT—
Buffer size far material: IE—
Picturs of Kanban: W
Picture of product: W

—Predecessar station info

Station name Supplier
Move time 5 -
Tirme unite: inutes -

— Successor station info

Station name

Move time

Tirme unite:

oK | Cancel | Help |

Figure 4Dialog box ofWorkstation Smodule

Dual-card workstation

. Workstation infa i Inside kanban move times

\warkstatio Input buffer->Output buffer: lﬁ
Process time 10 - Time units: l_
Time units: l_ Cutput buffer->Input buffer: lﬁ
Mum of resources |1— Time units: l_

-~ Kanban info —Animation info

Buffer size for product: |2 Ficture of kankan Ficture Fied Page - I
Buffer size for material:|2 Picture of product: Ficture Blue Ball - I

—Predecessor stationinfo———————————————————————— ~ Successor station info

Station name

Station name Supplier Station name:

Move time: 5 - Mowve time:
Tirme units: Minutes - Time units: Minutes vI

Ok | Cancel | Help |

Figure 5Dialog box ofWorkstation_Dmodule

The dualcard workstation\Workstation_[) module has more inputa@meters
(Figure 5. Beside thdisted parameters of the singtard workstation $tation

name Process timeNum of resourceBuffer size for materialinformation of

the predecessor and successor station) here has to grant the buffer size for
product and the move times of the insidenkan yet.
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E x| E X|

Supplier station info Supplier station info

Station name: ’— Station narne: -
Picking time: 1 - Picking time 15 -
Time units ’_ Time units ,_l
Ium of resources: ’1— MNum of resources ’1—
Picture of material W Picture of rawmaterial W
Suecessor station info Successor station info

Station name: ’—Ll Station name: l—Ll
Maowe time: ’5— Move time: 'ﬁ
Time units ’m Time units m

oK | Cancel ‘ Help | OK ‘ Cancel | Help |

Figure 6Dialog boxes oBupplier_SandSupplier_Dmodules

To the animation we may elect optionally pictures for kanban andugirén
both modules. To a duahrd module, logically two stations an input and an
output buffer are attached h can be amated.

Supplier_Sand Supplier_Dnodules provide the material supply andsidering
their function and their parameter claim are totally identiddie dialog
windows of the modules arshownin the Figure 6 The input data of the
modules:the name of the station, the picking timidwe numberof resources
(employees or devices) and the data of the next stAlenconsider the buffers
of these gttions infinite big one, which means thee dlways sufficient raw
material inthesestorags, sothe processsnever starveThe picture of theaaw
material entity leaving the station iptmnal.

Supplier Workstation Customer
R fal Product + B-kanh er?dufl {1
K-kanhan2 roduct + B-kanban _kanhan
= = = = = =
W
huffer, buffer, buffer h
[ i) m— S P e
== = =]
K-kanhan2 ————— —— — — — K-kanban1
i = =
B-kanban
—
=
— — —
Supplier ion1 Customer
m ] O
— —  —] —

Figure 7A model of dial-cardsinglestageKanban system with anation
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Letd sonsidera demonstration for the application of the modules a simple one
dual-card singlestage Kanban process. Customers arrive according to an
exponential distribution with 10 minute average arrival intervals into the system.
The transportation time of tide kanbanK-kanbar) and inside kanbanB¢
kanban are 5 and 2 minute$he picking time is 15 minutes, the process time is
10 minutes on the workstation and the preparation time is 5 minutes on the
supplier station. The length of the simulation time is 100 hours in tmepdxa

Figure 7 depicts the flowchart model and themation of the example. The
flowchart consists of the module instances with queues-lfhalfabove the
modules), with resources (squares on right hand side of the modules) and with
stations (shapes under the modules). In the animation the buffers, tbiesstat
the routes connecting the stations and the entitiesnmdyetween the stations
(kanban cards and workpieces) appear.

|User Specified

Output

Cutput
P Value

Beszallto.Anyag beszalitasok 006833333
intenzitass db permin

Beszallto Anyay beszslitasok 395.00
sTama ossIEsen

Beszallto Beszalitasra 03318
warakozo anyagrendelesek

atlagos szama

Megrendelo Rendeles teljesites 006833333
intenzitass ob permin

Megrendelo Teljesitett 401.00
rendelesek szama osszesen

Megrendelo Termekrendelesek 0.0987
intenzitass db permin

Megrendelo Termekrendelesek 592.00
sTama ossIEsen

Figure 8 Extract from the User Specified statistics

The primary objects of the simulation are the examination of the behawvéor of
given system, the localization of the bottleck of a process and the
determination of the resource utéfion, etc. The answers onto these questions
can be found in the standafntity, Queue, Preess, Resourgestatistics being
made in parallel withthe simulation and in the user definddsér Speidied)
statistics.Statistics defined to Kanban modules inform the intensity of the flows
between the ations, the length of the queues inside the stations, number of the
entities leaving from and aang to the stations. The extract of these statistics
belonging to the saple example may be studiedfigure 8

4. Results
The new modulesdescribed in the study are applicable for modeling single

product, multistages, singleand duaicard Kanban systemssig the modules
complex multistages simation models can be buitjuickly. On one hand the
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function of existing systems can beaymed on the other har@new systems
can be planed with the developed mod€éle modules of mulproduct Kanban
systemsmay be developed similar way with timeentioned cocepts and the
modification of the described module logic.
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Abstract

Agricultural machinery manufacturers have to tise specific instructions to
fulfill customer reqirements.The defectiveproductsare the most significant
contingencyfor the factory and the final customer as well. The aim of quality
management is to minimize the numbervafong components, products and
agricultural equipmentsand to maintain good glity with low costs and high
efficiency, toconserve and expamdarkets for their products.

Quality management methods can be classifiedh different aspects. The
professionaliterature of quality management does not include a widely accepted
categoriation.

In our present paper we are going to descdbe application of a quality
management technique for process development at cob cracker adapter
manufacturers in Hungary. This analysis is intended to reveal the execution level
of the5Stechnique intte case of the individual, the series and the mass product
manufacturers.

Keywords

Manufacturingguality managemenss lean techniquegprocess development

1. Introduction

Nowadays the high quality and the good price are more and more appreciated.
All companies have to produce with excellent quality, affordable price, flexible
and short delivery deadlines. For these reasons it is even more important to
increase the efficiency of the manufacturing. Improving the work conditions and
developing a productivevork environment give good possibilities to produce
more efficiently P a r §11999).

To improve the productivity there is a popular and useful technique, called 5S.
Hiroyuki Hirano thought that items being organized are a key factor of the
productivity. A key aspect of his approach was that the efteeded items must

be stored in the most accessible location and they must be returned to the correct

171



Institute for Systems Engineering and Management

|l ocation after wuse. He used 5 Japanese
5 pillars of the conceptjroyuki Hirang 1995.

Later, this 5S was adopted to the English language, and translated to 5 English
words beginning with AS0 (see table 1)
and lean management there are more translations and version fogtisé BS.

The most widely used 5 names are: sort, straighten, shine, standardize and
sustain. The 5S is a popular lean technique because of its usability.

Table 1.Cross table of correlation between marketing department and innovation performance
(Source:own editing on the basisf Kalkowsky, 2004)

A5 $hdapanese | A5 $hdEnglsih

Clearly distinguish needed items from unneeded a|
Seiri Sort eliminate the | atter.
use.

Straighten ) ]
Set in order Keep needed items in the correct place to allow fa

Seiton Stabili easy and immediate retrieval. Subtitling the items f
abilize the easy identification.

Simplify
. Shine
Seiso Keep the workplace neat and clean.
Sweep
. Standardize The activities of the first 3S made li@fal. Standardize
Seiketsu ) I
Systemize these activities.
Shitsuke Sustain Maintain established procedures and apply them in

corporate culture.

In the daily work of a company, the routines that maintain organization and
orderliness are essential to a steady and effidlew of activities. The 5S
method encourages workers to improve their working conditions and helps them
to learn to reduce waste, unplanned downtime, angraoess inventory
(Productivity Press, 1996).

Accor di ng t o Vo,lhe 5%dasraprese ahe disciplined rmeamwith

its strict and critical management approach (Vollmer, 2004). So the 5S technique
seems to be a useful tool for improving the productivity, but it should be
analysed whether there is any difference among various types of fiood@u8o

we should examinéhe 5Stechniquein the case oindividual, serialand mass
production types.

2. Methods
The basic objective of the research is to explore and andlgggossibilities of
the manufacturing process development with the 5S qualignagement

technique.Our null hypothesis washat there are some differences among
various types of productions based on the application of the 5S method in the

172



Institute for Systems Engineering and Management

corporate practice. To confirm our hypothesis we examined three tymedb of
cracker adaptemanufacturers in HungaryVe made the classification based on
their production type. We differentiat@utlividual, serialand mass produoi.

The production is consideremhdividual, when the products are produced
individually or in very small quantitiewith a wide range of, and the repetition

of the same products is also irregul@ y d, 2@00) The poduction type in

which a certain amount of product will gite theproductionin the samdime is

called serial production. It is characterized byarge quantitiesand same
manufacturing conditionis the entire sere

The mass productionmeans a constant and uninterrupted production with tight
range of production types. The process may be described as mass production, if
the production of the structurglidentical products is a long time constant, and

ot her products arenot wedged 1in the
workplaces are made the same permanent jobs, and allevextensive
application of the flonsystem manufacturing and the autorizat.

For the examination of the application of the 5S techniguehe three
production types we made a questionnaire. This questionnaire has 25 statements
and was rated by theob cracker adapter manufacturevbether the statement is
typical of the comany or not. The sentences concern to the 5 elements of the
5S. It was declared -5 statements abousorting, straightening, shining,
standardizing and sustaining. The representatives of the companies could rate
them with a scale from 1 to 5. The number dams that the declaration is false,
number 5 means that it is very representative to the enterprise. We added the 5
rates by elements and every AS0 coul
company could receive as maximum 125 points.

3. Results

The first step of the 5S is eliminating the unnecessary items, and prioritizing

things per requirements, keeping them in eamigessible places, and

everything else storing or discarding. Although this is the initial part of the

method this element received therat rates (see figure)llt is interesting that

the best ratewere given for the sustainability. The total points were 75, which

mean 25 multiplied by the 3 types of production. This high evaluation maybe

can be explained by that way, that it is eattlemaintain a lower level then a

higher one. It is supportable by seeing the figure 1 in which we can see that the

other cases generally it was given between 3 and 4 points for the statements.
The statements about sorting were:

There i snodt itamaytheumorkplaaee ss ar y

The store places and routes are well marked.

The products are stored well ordered and marked
The places of the working tools are clearly signed

Al S
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Sort

Straighten

Shine

Standardize

Sustain

60

71

-5

15

35 55 75

Figure 1 Cumulative poits of 5S by elemen{Source: own research results)

The sorting elements must be developed in all cases. Even in the case of serial
production there are many possibilities to develop (see figure 2.). In the case of
mass production sorting gives the bestrate to progress.

Received points 15
of SORT

10

wh

0

16

_—
=]

Individual
production

Serial Mass production
production
Type of the production

Figure 2 Received points of SORT by types of produci{Source: own research results)

Items should be arranged in a manner that promotes efficient work flow, with
equipment used most often being the most easily accessible. Workeld sbio

have to bend repetitively to access materials. This 5S element has received the
second best points (see figure 1.). In the figure 3 is shown, that this case the
individual and serial productions rated more representative the statements:

aghwbhpE
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The materibs for the production are stored on their marked place.
The tools after use are resettled on their place.

The workplace makes an ordered impression.

The documents are ordered and easily available.

The rules of storage are clarified and marked.
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3
5]
(B8]

15

Received points
of
STRAIGHTEN |

5

0 T T
Individual  Serial productionMass production
production

Type of the production

Figure 3 Received points of STRAIGHTEN by types of production
(Source: own research results)

Cleaning the workspace and all equipment, and keeping them clean, tidy and
organized is quite important. Based on the figure 4 it seems that these
requirements are easilylfilled by the individual manufacturers. But in the case

of mass production there are more difficulties. The statements of straightening
were in the questionnaire:

The equipments are in adequate state.

The maintenance of machines is suitable.

The workspae it clean and tidy.

The tools are clean and tidy.

The products waiting for delivery are available for cleaning?

12
ER)
20 18
15
Received points 15
of SHINE
10
5
0 T

Indivichial Serial Mass production
production production

agrwnNE

(=]
n

Type of the production

Figure 4 Received points of SHINE by types of product{@ource: own research results)

Work practices should be consistent and standatdixie work stations for a
particular job should be identical. Everyone should know exactly what his or her
responsibilities and tasks are. This 5S element is very important in the case of
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mass production, whetee standardization has a special meaniegabse they

work with huge quantities and it is very importantthat all employees doing

the same job should be able to work in any station with the same tools that are in
the same location in every station. In spite of this in the figure 5 we catmake, t
this element has received the worst rating in the case of mass production. It is
also interesting the outstanding performance of the individual production. The
statements of this element were:

1.

2
3.
4,
5

176

Storage places are clean and ordered

The environment of thequipment is clean and transparent.
The manufacturing tools are ergonomically ordered.

The control of the machines are regular and methodical
The operational environment is secured.

Received points
of
STANDARDIZE |

5

0
Individual Serial Mass production
production production

Type of the production

Figure 5 Received points of STANDARDIZE by types of production
(Sour@: own research results)

25 22
20
Received points 15
of SUSTAIN
10
5
0

Individual Sernal /Iasa production
production production

Type of the production

Figure 6: Received points of SUSTAIN by types of production
(Source: own research results)
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The main task of the last element of 5S it to maintain and review standards.
Once the previous 4 elements have been established, thaypddre new way

to operate. In the figure 6 can be seen

discipline at the 3 types of production. All of them rated the statements with
quite high points:

1. The prescribed coveralls are worn based on the specifisatio

2. The smock of the workers is suitable.

3. The technological discipline is appropriate.

4. The instructions and rules are observed during the production.

5. The work discipline of the employees is proper.
We made also a Cross Tabulation Analysis and as@imretest to prove
statistically if there is any correlation between the type of production and the
application of the 5S. The independent variable were the rates of the statements,
the dependent variable was the type of production. The result of the analysis
rejected a statistically proved correlation between the two variables.

4. Conclusion

After evaluating the results we can conclude that there are differences among the
different types of productions according to the application of 5S. The individual
producton has received the best evaluation. It scored 107 points from the
maximum 125. The serial production received the second place with its 100
points. The mass production scored only 80 points, which means that it has to
develop the most.

The explanation ofhese results can be that in the case of individual and serial
production it is easier to organize the production. But in the case of mass
production there is a huge potential to increase the efficiency of the production
with the help of the 5S technique.

To take advantage of this potential and improve the productivity we propose to
maintain focus on the new way and do not allow a gradual decline back to the
old ways. Other important task of the manufacturers is that while they think
about the new way, tlgealso have to think about yet better ways. And when an
issue arises such as a suggested improvement, a new way of working, a new tool
or a new output requirement, it must be reviewed the first 4 elements of 5S and
make changes as appropriate.

In the othertwo types of productions there is also possibility to elevate the
efficacy of the production with a better over thought introduction of the 5S
method.

Although there is an empirical differenbetween the type of production and the
application degree ofhte 5S met hod, t her e i snbét
correlation between them. In spite of this the examination showed us some
differences, and we can maintain our null hypothe#iiaf there are some
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differences among various types of productions baseldeoapplication of the 5S
method in the corporate practice.
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THE ROLE OF THE M ARKETING IN THE |NNOVATION ABILITY
OF THE AGRICULTURAL M ACHINERY M ANUFACTURERS

Crps§d BAK, Viktor MEDI NA

Department of Applied Managemeitstitutefor Engineering Management

Abstract

The innovation is a basic condition of the competitiveness. The tageanf the
innovation could be enforced only, if the new products and technologies are
supported by suitable marketing abilities. Therefore the task of the innovation
marketing is not only the marketing of innovation, if not supporting the
management toasisfy the rational and right market demand, to increase the
efficiency of the strategy with the communication of the information, and to
increase the social acceptance of the results and diffusion of the innovation. The
marketing activity of the SMEs is weak point in most cases. Based on our
examination the situation is similar in the case of the agricultural machinery
manufacturers, moreover the weak marketing is one of the most critical elements
of their functioning. Our previous results show the mactufrers made efforts for
costumer oriented development. The manufacturers told us, that the opening of
new markets and the increasing of the market shares were one of the most
important goals of their innovation. It was mentioned also the costumerhs in t
focus of their innovation. In our paper we present the marketing activity of the
Hungarian agricultural machinery manufacturers and the examination of the
relations between their marketing activity and the innovation efficiency.

Keywords

Innovation, ago-technical development, industrial marketing

1. Introduction

The current production of the Hungarian agricultural machinery manufacturing
sector, which used to see better days, lags behind the production of the previous
years to a great extent. The orgational structure of the Hungarian agricultural
machinery production has totally been transformed, primarily regarding its
ownership structure. The general problem of this sector is that they can only
spend slight amounts on development an innovationiveléo foreignowned
concerns. As a consequence, loss of market is not surprising as a bit more than
onequarter (2e27 per cent) of the current total domestic market turnover
derives from domestic manufacturers. The extent of market loss and the general
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situation of the Hungarian agricultural machinery manufacturers justify that the
present of this sector must be dealt with by searching the-ouaysf the crisis

and make steps to develop. Before the change of the regime only 27 agricultural
machineryplat s operated mostly fAembeddedo i n
filaegruisi nesso. Due to this fact (among ot
for agricultural machinery in the country were covered by these plants at a more
advanced standard than the aggr of the former Comecon countries. During

the past 120 years the organisational structure of the Hungarian agricultural
machinery production has totally been transformed. Generally, the machine
manufacturers operating as srall mediumsized enterpriss appear on the
mar ket wi t h ifsepar at eo product s usual
Consequently, they are not prisetters, rather price takers. The product line of
the companies that are successful in the international competition primarily
consists ® massproduced and highly automated products. The Hungarian
agricultural machinery manufacturgrartly due to their sizeare not able to
massproduce in such an extent that they could compete with the-West
European, American and Asian companies of hogpital power either in
productivity, price or product range. A drastic innovation wave could mean a
break out of this situation. Regarding innovation, the Hungarian agricultural
machinery manufacturers also significantly lag behind as they can only spend
slight amounts on development relative to foredgmed concerns. As a
consequence, loss of market is not surprising as a bit more thajuarter (26

27 percent) of the current total domestic market turnover comes from domestic
manufacturers.

The conclupns of our paper are based on the examination results of
guestionnaires and -tepth interviews that were carried out at 35 Hungarian
agricultural machinery manufacturing companies. The characteristic features of
the companies that were involved in themnation reflect the situation of the
entire sector in Hungary properly. In our paper first of all the method of the
empirical research is presented where the structure of the questionnaire used in
the research and the process of data recording eswkging are shown in
details.

2. Methods

The basic objective of the research is to explore and analyse the innovation
activity of the Hungarian agricultural machinery manufacturers, its results and
influencing factors. Finally our objective is to have a gahedea of the
innovation activity of the organisations involved, the special features of
innovations, the partners taking part in the processes and the impact of
innovation on the general situation of the companies through our examinations.
Besides the landnew or significantly developed products and technological
procedure innovations, organisational features, marketing activity and the
environment of thennovation are also consideréithe questionnaire serving as
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the basis of primary research embradheee years, from 2007 to 2009.
According to the estimations of experts the number of agricultural machinery
manufacturing companies is between 160 and 170 in Hungary. (A great part of
the enterprises are involved in more than one activity: a lot of piedatty

small enterprises are also engaged in other activities besides machinery
production so that is why it is difficult to define the actual number of
6agricul tural machinery manufacturers?o
are subject to our alysis are small enterprises whose annual revenue does not
reach one billion HUF. As there was not an available list on all the companies on
the basis of which a pattern of probability could have been compiled, the
companies that could be drawn into theeegsh had to be defined in another
way. To find the companies necessary for carrying out the questionnaire, the
address list of MEGOSZ (National Association of Agricultural Machinery
Manufacturers) served as a basis and the heads of this professionaadi@an
were also consulted.

Sampletaking cannot be regarded representative. However, during the research
it was not our objective to draw conclusions that can be generalised for the basic
population. Our basic objective was to give a thorough exammaio
innovation activity and to achieve it. We tried to select the organisations
regarded to be suitable on the basis of preliminary professional considerations.
As such a thorough examination dealing with the innovation activity of
agricultural machinerynanufacturers was not carried out in the past 25 years on
a national level. We consider our research is to resolve discrepancies in the
professional field.

In compliance with the general methodological requirements first of all some
pilot questions weresked on the basis of which the questionnaire was finalised.
Data recording took place between March 2010 and September 2010. The
duration of indepth interviews was various, typically -200 minutes per
interview. A positive feature of them was that datevjglers mainly come from

the senior management (chief executive officer, head of production or technical
manager). In this way firdtand information on the general situation, actual
projects and strategic plans of the organisation involved was gaineléése
reliability of data. The atmosphere of the interviews was typically of honesty and
intimacy. Some of our interviewees have already expressed their enquiry in our
results. The questionnaires compiled on the basis of the interviews and sent out
by post were also accompanied by a guide to filling in. A kind of evaluation of
our preliminary work is that all the responding organisations gave answers that
could be assessed. The statistical processing of data recorded by the
guestionnaires was carried dayt using SPSS 13.0 programme.

3. Results

The success of the innovation is decided on the market, therefore it is important
that the product development how it is prepared and followed by market

181



Institute for Systems Engineering and Management

research and marketing. It is possible that the earlier ghdsiciency can be
corrected by marketing activity, but it can also happen that the previous good
results can be destroyed by a wrong market activity. Therefore, the
harmonization of agrtechnological innovation processes is essential.

The technical adntage of the innovation can only be realized if adequate
marketing skills can support and complement the new products and
technologies.

The innovation processes have been described by the first linear models that
product ideas are born, based on these p®aluct is planned, produced, and
sold. However is more effective when the process starts out from the market
needs, the new products are planned, manufactured based on these, and during
the selling process the satisfaction of the needs is controlledaddyw it is
essential, that the marketing has to link all the processes, including the
innovation too.

The task of the innovation marketing is not just selling the novelty, but to
acquaint the expectations of the relevant stakeholders and with this tfiothelp

the management to increase the support of the strategy by satisfying the market
demands on a reasonable and legitimate way, and on the other hand, to promote
the acceptance (diffusion) of planned and implemented results of the innovations
as well.

According to our previous analyzes the investigated companies have recognized
the need for development. The expenses of innovation and R&D show us an
upward trend, even though the global economic crisis has broken most of the
company's career growth. The canpes expend for marketing just over one
percent of their sales value (Figure 1).

It is well known that the marketing of Hungarian SMEs working poor in most of
the cases, and there is no exception either at the agricultural machinery sector.
Moreover, theresults so far show that this field is perhaps one of the most

critical el ements of the manufacturer 6s
6%
5,35%
5% 4,29%
2% _4p 4,10% =—4=RE&D expenditure
3,06%
3% 0/ 3,367 Innovation expenditure
2,66%
2% 1,84% ceting g
1,60% —i— Marketing expenditure
1%
1,30%
0%

2007 2008 2009

Figure 1 Expenditure on innovation, R&D and marketin@ource: own research results)
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In spite of the low marketing expenditure the dotmeeagricultural machinery
manufacturers declared that they endeavour to develomrisated. They say

the one of the most important goal of their innovations is to satisfy customer
needs, open new markets and increase the market share. The majos drtner
R&D cooperation are their customers, and among the innoveadliated
information are also the customero6s nee
According to our studypnly 40 percent of the respondents conduct regular
customer satisfaction study and market reseah. Which, considering to the
objectives and priorities is a poor performance. An innovative company has to
develop not only technically, but also in respect of knowledge about the
costumers. The SMEs have to also recognize that the relationship among
comporate functions and their development play an increasing role in the shaping
of competitive advantage. Namely the technological change and product
innovation process is not only qualitative transformation or quantitative
development of the technical elemtg but it means the development of the
interacting organizational features/elements too. The statements that "We are
unsuccessful in the market because our marketing colleagues cannot sell the
product” are out of date. Although the Hungarian agricultumaichinery
manufacturers have not to handle the organizational innovation in strictly part of
the strategy, but they should think over a change of their attitude in certain areas
of leadership and functioning.

Based on our examination thedomestic agriculural machinery
manufacturers use basically the traditional communication channeldn our
survey we examined what are the most important success factors of the
i nnovation, according to thiteyseethpani es
participation at pr ofessional exhibitions, as the most significant success
factor of innovations. It was an interesting matching that the exhibitions were
also highly evaluated by the companies as an important information source for
the innovation. The appreciation of showan be justified by two reasons. On

the one handcompanies and their leaders can obtain direct information
about competitors, their developments and current market trendsOn the

other hand, the manufacturers expect the exhiba®rma primary marketing

tool. They can organize presentations of their new products in one place, where
the potential buyers are concentrated.

The Internet, the online databases and the professional portals play a growing
role among the marketing tools. In spite of this we founly ¢ew companies
trying to collect data on the internet
characteristics. The practice shows that nowadays from web questionnaires,
satisfaction surveys can be obtained cheaply a wide range of information about
the rends of the customers demand and behaviour, etc. We think it would be
beneficial to take advantage of this opportunity, but it would be possible only
through the development of a comprehensive customer relationship
management. During the interviews it wagnd out that the companies use only
elementary customer databases (paper or Excel spreadsheet).

183



Institute for Systems Engineering and Management

From the possibilities of the internet the Hungarian manufacturers use mostly
only the webpageAbout 80 percent of the studied companies have own
websitiewhi ch coul dnot considered a bad rat
wide range. Usually the websites are multilingual, and we can find product
descriptions, images, price lists and other more information. We think there is
still great possibilities in thedevelopment of this sites, mainly for those
companies is highly recommended to develop them more, which would like to
enter into foreign countries. A well designed website, which contains many
actual information certainly make a good impression on thenfiat buyers.
It should also pay attention to the new and modern internet tools, which give
good opportunities for targeting and new way of contacting with the costumers
(e.g. various direct marketing channels: newsletters or Facebook etc.).
We made a Cross Tab Analysis to examine the relationship between
innovation performance and marketing department The independent
variable was whether the company has a marketing department. It was possible
to answer yes or no. We introduced acatled innovative inde for the
dependent variable. The innovative index can have 3 values:
i Laggards: In the examined period the
product or technology.
i Adopters: New products or manufacturing technology has been introduced
in the examined period.
T Innovators: New products or manufacturing technology has been
introduced in the last 3 years.
Our null hypothesis was that there is no correlation between the two variables. If
we reject the null hypothesis, it means that there is a coherency between the t
variables. To determine the statistical significance between the two variables
used t h e CH-sgaarestesnh dlse strength of the connection was
characterized by the Cramerdés V index.
defined our null hypothesisvhich means that Hungarian agricultural machinery
manufacturers subordinate their marketing activities to 4bort market
objectives and for this reason their marketing has a weak effect on their
innovation and R&D activities. So the two variables mugtt have a st
correlation.
After finishing the calculations we received for the Gguare value 0.254. The
two-sided significance level is 0.223, which exceeds the chosen 5% significance
level, sowe keep the null hypothesis of th€hi-square test, that there is no
correlation between the two variables This means we could not detect a
coherency between the innovation success and marketing activity.
The first table clearly shows the internal relations as well. We can see that 75
percent of laggards, 63 percent of adopters and 71.4 percent of innovators
havendt a marketing department. I f we
(69.0 per cent), it is clear that all three dependent variable approaches to the
average. This also means that this refatepends weakly together. Our
hypothesis is confirmed, the marketing activity of domestic agricultural
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machinery manufacturers has weak effect on the R & D. This also means that the
marketing activity of the most innovative companies of the sector oays @n
unremarkable role in the market success. These results are not so surprising
according to another fact of our study, that the companies usually employ only a
person (moreover a pditne employer) for marketing.

Table 1.Cross table of correlatiorebveen marketing department and innovation performance
(Source: own research results)

Innovation index Total
Laggards | Adopters Innovators
o Partition coefficient
‘x? based on rows (%) 15.0 35.0 50.0 100
E ol 2 Partition coefficient 750 63.6 214 69.0
=~ based on columns (%) ) ) ) )
§ g Total (%) 10.3 24.1 34.5 69.0
ES Partition coefficient
8gl , based on rows (%) 111 44.4 44.4 100
,-GE) o Partition coefficient 250 36.4 28.6 31.0
0 based on columns (%)
T Total (%) 3.4 13.8 13.8 31.0
Partition coefficient
o based on rows (%) 13.8 37.9 48.3 100
° Partition coefficient 100 100 100 100
based on columns (%)

4. Conclusion

In this paper we examined the influencing factors of the relationships between
the agricultural machinery innations (R&D) and marketing activities.

The characteristics of the Hungarian agricultural machinery manufacturers
drawn in the examination illustrate the situation of the sector in the country. A
decisive part of the organisations (83%) are s@aatl mediurvsized enterprises.

All in all, only about 2627% of the national need for machinery derives from
national manufacturers. Their attitude in development is reflected by the fact that
more than 70 percent of their products are sold on the domestic markat. As
result of their intention to increase export, @pmrter of their products are
launched on foreign markets. Regarding the factors that influence their sales
results we concluded that almost ghigd of the examined organisations had a
separate R&D deptment and the proportion of organisations that have a
separate marketing department is similar.

In a previous study (BaKusti, 2011) we found that the domestic agricultural
machinery manufacturers are behind the West European competitors with the
efficiency, so in the fight for improving the productivity indicators they prefer
shortterm actions, which are immediate confirmed by the markets.
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Our Cross Tab Analysishowed that the domestic agricultural machinery
manufacturers subordinate their marketigfivities under shoiterm market
objectives and their marketing has a weak effect on the innovation and R&D
activities. So in the practice of the enterprises the -tenm corporate
(marketing) considerations take a bagat because of the underplaystprt

term revenue requirements.

From the results it can conjecture that the marketing plays role only i short
term revenue targets and it is linked to immediate decisions, and on this way it
doesndt i nf | udemntmearket peacéptions of Hkdevelopmen.

It is justified by the low proportion of the marketing expenditures. While the
ratio of innovation and R & D expenditures ar® percent of the revenue, the
marketing spending is hardly more than one percent.

Based on the summary of the @agch we can see an interesting paradox.
Although the manufacturers think, that it is very important the satisfaction of the
costumer 6s demand, t hey donot all ocat
activities. So we cannot find any strong relation betweenithovation and
marketing, because of the uniformly low marketing budgets.

The other important final conclusion of the study iswheak utilization of the

wide range of marketing toolsby the enterprises. But this low marketing
activity is not only becae of the low marketing budget, but also it is based on
the lack of marketing knowledge and an appropriate market approach. We
propose for the manufacturers to expand the use of marketing tools, which is not
only a question of money.
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Dear Reader,

The Institute of Mechanics and Machinery has been known for integrating
fundamental engineering disciplines in the fields of classical mechanics, design,
computer aided technologies, an@ahine constructions since 2005, when the
Institute was established by merging two formerly independent departments.
Today it consists of three scientific and educational units:

i Department of Mechanics and Technical Drawing

i Department of Machinery

i Departnent of Agricultural and Foethdustrial Machines
Courses provided by our faculty members cover a wide range from basic
engineering areas (eg. computer aided drawing, statics, strength of materials
etc.) to more specialized domains (biomechanics, ca@nmitled analyses,
machine design, bisystems engineering, digital image processing, etc.) at all
levels of studies (Post secondary, BSc, MSc, PhD). Also special post graduate
trainings are being offered by the Institute including the one in the drea o
Township operation engineering, or Spa Engineering and Management.
The Institute of Mechanics and Machinery focuses on several advanced research
areas. Running projects financed by the European Union, the Hungarian
National Office for Research and Tedfwgy and also by industrial partners.
Activities are concentrated around the following key topics:

i Biomechanics

i Applied engineering numerical methods

T Computer based modeling and analyses

T Advanced methods in engineering design

T Energy purpose biomass gration
Selected papers published in the following sectiomith some limitations due
to the physical boundaries of the Letters givanay give some impression of
the scientific activity and interest of the researchers and PhD students working at
the Ingditute for Mechanics and Machinery.
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SPECIFIC SURFACE AREA OF CEREAL GRINDS
AS A FINENESS PARAMETER

- Study on Hammer Mill and Grinding -
Lajos FOGARASI, L8&8szl - BENSE, | st

Departmentof Farm and Food Machinerinstitutefor Mechanics and Machimg

Abstract

From the data base of a maysar hammemill test series on grinding different

grains and other vegetable materials in different conditions, data points of the
conjugate particksize and calculated specific surfaarea values were plotted

in. The close fit of the curves indieatan apparently simple characteristic
relationship (model law) betwedhe two fineness parameters of grindghe

specific suface area vs. nominal particle. The gained regression function is a
simple general hyperbmi t he fifi neness characteristic
This research project are supported by the European Union dimthooed by

the European So42lBL1/2KMR2D11-0003MOP

Keywords

Comminution, grinding feed materials, particle finengsaticle sze, particle
size distribution,

Introduction

In many modern, high production plants where the equipmentatuleasttwo

shifts per day, the cost of energy during one year can easily exceed the cost of a
new hammer mill. In other words, the energy terape a hammer mifbr roller

mill) during its normal expected life will be 10 to 20 times more expensive that
the machine cost alone

Similarly, the energy requirement and the cost of grinding exponentially increase
with the fineness of the finished prozt (grits) Figure J.

Determining and expressing of grits fineness
Determining and expressirftneness of grind has been the subject of study as
long as feedrgredients have been prepared. While appearances or feel may

allow anoperator to control a peess, subjective evaluation is inaccurate at best
and makes objective measurement aaditrol virtually impossibleDescriptive
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terms such as coarse, medium &nd are simply not adequatBescribing the
process or equipment is also subject to wide diffees in terms of finished
particle size(s) produced.

Particle Size vs Cost to Produce

0.6

$ / ton to grind

Hammer mill

0.2 Roller mill

200 600 1000 1400 1800 pm
Cattle

Aquaculture —Chicks-Pigs-Chickens—Turkeys

Figure 1 Cost of production as a function of grits fineness (mean particle sleénann,2001)
with typical fineness rangdser different farm animals and aquaculture

Factors such as moisture ¢ent of the grain, condition of the hammers and/or
screens (hammer mill) or the condition of the corrugations (roller mills) can
produce widely varyingesults.

In addition, the quality of the grain or other materials being processed can have a
dramaticimpact on the fineness and quality of the finished ground products.

The best measurement of finished particle sizing will be some forgiewé
analysis expressed in terms of mean particle size or percentage (ranges) on or
passing various test sieves.cémplete sieve analysis will not only describe the
average particle size but will also indicate peculiarities in the distribution, such
as excessive levels of fine or coarse patrticles, etc. Typical descriptions that lend
themselves to objective measuremamtd cont r ol mi ght be
mi ¢cr ons 0014 meshéy.5 %

Thewidespread methods of determining the fineness parameters i.e. particle size
and (specific) surface area of grits give well reproducible results, however, those
(apart from the n@& exceptions) cannot generally be transformed into the other
analytic processes. As to the measurement error, according to Heywood, the
results of sieving analysis scatter
average value at a 95 confidence levein all particlesize ranges.

To express the fineness of ground feed materialdotihaormal approachhas

been approved as a standard for grains, concentrate size distrilautiongst
others all over the world, the American Society of AgriculturéEngineers
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as well 1969. An interesting and important extension of this representation was
when the method had been approvfed use anddescribingsuch extreme
materials as foragparticles ¢hopped or pelleted grass Hayxow rumen and
faecalmaterids as well(Figure 3.

99

log p = 2.39 @q@
logo =0.315 «°
” sz = 0.060
R® =0.998

50

Cumulative weight undersize %

10 log 0 = 0.533

s, =0.102
R’ =0.995

100 1000
Particle size pm

Regression parameters
| og logome an ; i Ibgystandard deviatigrs.i pooled residual standard
deviation for sample s€Waldo, 1971)

Figure 2 Log-normal probability plots of forage sieve datathe left and a randomly selected
sieving of chopped hay on thight

For different kinds of forage materials, a size class, as characterized by a given
sieve size interval, does not necessarily mean the same thing with respect to
actual size (volume, surface area, or weight) of individual particles. This
problem can only bevercome by particle characterization methods other than
simple sievingi such methods would have to separate by shape (and maybe
density) as well as by size.

This, however, is a question independent of whether thadogal distribution
characterizes siple sieving resultslit can be statedf simple sievingof feed
materials or forages iacceptable then the work here reportgaistifies use of

the log-normal description(Figure 3) The particlesize distribution curve
Astraightenso wiedkon the ilogarithmic dGadssian papeo
(diagram net) and the regression becomes simplified to fitting a line (linear
regression).
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Figure3. The general lognormal representation of parsite distribution of grinds plotted on
logaithmic probability (Gaussian) papear( arbitrarily selected samplexsy i particle size to D
= 50 % ( hei fopbodtbe refyressionrine in the diagram net

The known expressing methods of fineness of ground feed materials use very
different (secalled nominal or characteristic) particle sizes. These all can be
determined from a well constructed distribution diagram and it is a very useful
tool when different (especially old or conservative) data bases must be
interpreted, analysed or comparedg(Fe 4). The characteristic particle sizes
scribed in the lineascale particlesize distribution diagram shows quite a
crowded picture.

Without knowing the full distribution (or at least the model law and deviation
parameter), neither the specific surfacea of grinds can be determined nor the
nominal particle sizes can be transformed into each other.

Relationship between specific surface area and partickeize distribution

Theoretically, a measured and expressed padizie distribution can be
convered into the parameter of specific surface area of the particles but,
contrarily, there is no way to reconvert the already known specific surface area
value of a ground material into its particle sizes (especially its pasizte
distribution). Accordingg o Ki hl st edt 6s hypot hesi s,
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sizeZ i an earlier used industrial fineness indéy,or Xgo, the size of the sieve
which the 80 % of particles falls througjhis in a direct relationship with the
specific surface are#&igureb):

AvolspeC\/ d80 @const

where:A,q speciS VOlumetric specific surface area (?ttunn3), dgoi S Bondos i nd
Zi the nominal particle size at 80 % cumulative mass of undersize

Xgg = 2000 um

Xggq = 1730 pm
700

Sieve undersize

Xgo = 1600 um
X =1250 um
Xgo = 1150 pm
X50= 990 um Xg4

 Xqg= 590 um_ | Sew
X16

Xi0= 490 um

Y| Lol
3500
Particle size

1000 1500 2000 2500 3000

1 mm 2mm 3 mm
X10 X16
(Fogarasi 1996

Figure 4 Particle size distribution of grindsnominal partite sizes by the old and existing
standardgthe ordinary average or mean particle sizga,by an old Hungarian standard is not
shown in the diagrain
Eg.xiparticle size to D grXoPpararfeters fromrealierdndudtriah ) et c .
or scientific tests; xi nominal particle size of RR(S)B model (DIN standard);ixmedian
particle size by mass (e.g. Hungarian, 1ISO, ASAE standargsk:xi auxiliary parameters for
calculating the nowniformity factor U by Hungarian standargyxx;s1 auxiliary parameters for
calculating the geometric standard deviation of particle sjz&BASAE; mi slope of the
regression line in the diagram net

X (um)

Ki hl stedtoés rel ationshinp i s a gener al
calculations, the constavalue of about 750 altered according to the sieve sizes

but it proved statistically correct in the domain of usual sieve analysis between

75 and 50,000 & m. Anyway, the hy-pot hesi
AndreyevSchumann logarithmic distriboh model which is a quite good
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