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THE RESEARCH OF VIBROISOLATION AT THE TECHNICAL
UNIVERSITY IN LIBEREC

J. Skliba"

Summary: The paper gives the complete information on both theoretical and
experimental research of the vibroisolation problems at the Technical University
in Liberec, and on an innovation at expansion of its laboratory.

1. Vibroisolation elements

A. Pneumatic springs

Many vibro-isolation elements are made of elastomers, especially of carbon black-filled
rubber and rubber matrix composites. The successful modeling of their behaviour needs
constitutive models which represent the dynamic properties of rubber under infinitesimal and
finite thermomechanical deformations. One part of the research in our laboratory is the
intensive experimental and theoretical investigation of these materials. The development of
the models for elastic behaviour of orthotropic composites with rubber matrix reinforced by
cords and the experimental determination of their parameters were the basis for successful
FEM simulation of deformation of an air-spring (see [1],[2]). Nowadays we concentrate on
the non-elastic behaviour of these materials, especially on their visco-elastic properties which
determine their damping effects.

At the partial problem ,,The model and experimental optimization of pneumatic
suspension elements* there are studied properties of bellows from laminated rubber with cord
reinforcement of the effect their forming and application of load (axially and extra-axially) on
the basis of the model and experimental analysis of geometrical and load characteristics of the
air springs, experimental verification of the dependence of characteristics during dynamic
loading in various configurations;

In the first phase, the theoretical research was concentrated on an observation of
geometrical characteristics of air-operated bellows springs, especially on a shape of the
meridian of the bellows wall depending on the spring axial deformation.

B. Hydraulic dampers

The theoretical research of the hydraulic damper is focused :
1.at the description of two-phase fluid with steady mass of free and dissolved air
2. at the description of steam or gas cavern
3. the limitation of the area of the self-excited vibrations of the valve-system which are
closely connected with acoustic shows of the damper

To set the non-linear valve stiffness a special identification method was developed,
which comes out from experimental data and in combination with results of numerical
simulations provides relatively precise description of the valve stiffness in the whole
operating range of the damper.

* Prof. RNDr. Jan Skliba CSc.: Technicka Univerzita v Liberci, Fakulta strojni; Halkova 6, Liberec 1, 461 17;
tel. +420.485 354 131; e-mail: jan.skliba@tul.cz
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To improve description of flows through valves a new, corrected formula for
discharge flow coefficients based on the measurements of flow characteristics of throttle
elements of the damper with constant as well as variable slot width was implemented into the
model (see [3]).

The aim of the research is the determination of the origin of the cavity. The results of
the numerical calculation served to the suggestion of the experiment. The experimental model
of the measuring chamber is proposed to follow the origin of the cavity and the influence of
the trottling slot on the course of the flow in the damper. The numerical simulation of the
origin and the response of the cavity in the hydraulic damper with help of the commercial
CFD software FLUENT, in which there was formed 2D and 3D model for the proposed
geometry of the measuring chamber. The 2d model was completed with the interaction of the
fluid and the throttling planchet.

C. Hydro pneumatic member

The development of hydro-pneumatic rubber-bellows suspension has been performed
at the TU Liberec during last three years. The element shown in Fig. 1 is intended to be used
for suspension of truck's back axle. The suspension unit consists of hydraulic and pneumatic
parts, see Fig. 1. The silicon oil is used in the hydraulic part. The spring and damping
characteristics could be changed in case of a semi-active or active control. The development
of the described hydro-pneumatic suspension unit has not been finished yet.

D. Polyurethane foams

The elastic properties of the foam respect the first initial degressive loading section
during compression and the following progressive course with vertical asymptote. The
viscoelastic behaviour is described by the Maxwel members and the friction is also respected.
This model has been verified with satisfaction. For computer simulated statical or dynamical
comfort of seating it is necessary to describe its properties in sufficient degree which this
work deals with. Except some properties known before there was identified linear course of
damping force dissipated work on frequency of harmonic kinematic excitation, and
independency of damping force extreme on the same parameter. Measurement done in
vacuum chamber indicates that contribution of owing air through opened cells polyurethane is
negligible with regard to material damping. Method of damping force approximation in
analytical form was developed. Furthermore rheologic model of polyurethane foam has been
drawn up and verified by harmonic and triangle kinematic excitation. Although the complete
car seat is a far more complicated system its behavior shows qualitatively the same properties
as the specimen of PU foam (see [4]).

E. Magnetoreological damper is a kind of controlled damper. Its characteristic can be
changed by the modification of properties of the working liquid using controlled magnetic
field. To full analysis of magnetoreological damper it is necessary to identify damping
force as function of velocity and actuating current of magnetic field. Its simulation model
was used to design the control system with PID controller (see [5]). We solve the application
of the magnetorheological damper for a car seat absorption system and an active damping
system of ambulance coach.

2. Vibroisolation systems
A. Model of towing bracket of passenger car.

The aim of our research is to improve the towing bracket of the passenger car with
respect to minimalisation of the dynamic effects transferred from the trailer to the vehicle
body when crossing various terrain obstacles or various maneuvers. A three-dimensional
model of a car with flexible trailer was created in the software ADAMS/Car. Model is
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numerically very unstable, which adverts to problems while similar cases are simulated.
Thanks to this fact, we are tuning the model to give better, stable solutions. The computed
results are validated in two ways. Firstly we compared the results with those done in a simpler
two-dimensional model created in the Working Model 2D software. Secondly we compared
the results with the measurement that was realized in a real vehicle with a trailer.
B.The vibroisolation system of the ambulance couch with one degree of freedom
This system was brought to the stage of the prototype. The production documentation

was submitted to the production plant CIEB. The pneumatic spring is provided with an
additional volume. In order to improve the personal feelings of the patient, the couch is
inclined to the plane perpendicular to the apparent vertical and it has got adjustable bearing
surfaces. At the present time a marketing survey is being done at individual first-aid stations.
C. The vibrisolation system of the ambulance couch with three degrees of freedom

This system is solved in two levels: continuous model of human body (crash model
from Mecas) and discrete model(from ALASKA- load described with mass, position of mass
centre and central inertia tensor.) The testing of the accordance of the both models led to the
forming of a hybrid model. At this time, there is being solved the response of the kinematic
excitation in one or two directions. The system has both external and parametric excitations
and also a possibility of tuning into the internal resonance.
D. Development of active vibration suppression of driver's seat

A laboratory model - the part of parallelogram mechanism with the ball bearings in the
joints has been constructed. Various feedback control algorithms have been developed. The
PXI 8176 - National Instruments computer (LabVIEW) is used for measurement and control
of the laboratory model. All of the control algorithms include compensation — linearization of
the strongly non-linear flow characteristics of the pneumatic valve. An on-line optimization
algorithm of coefficients of feedback control algorithms is currently being developed and
tested. A redesign of the laboratory model aiming at decreasing the undesirable friction
effects is being done concurrently.

3. Biomechanics

The evaluation of the vibration loading of the biomechanical system of the sitting
person and its interaction with the mechanical system of the seat is accompanied with
simplified presumptions These circumstances are demonstrated and the other signicificant
influences-until now neglected are stated with regard to the properties of the population
sample.

The interaction of the biomechanical system and the seat is more or less individual.
The study suggests that the current kinematic criteria of the evaluation are completed with
energetic criteria(criterion of the density of the energetic flow, criterion of the resultant
dissipated energy, etc).

4. Means of experimental research
A. The vibration platform with six degrees of freedom

1) This platform has been finished and currently its testing is being done. It will play a
basic role in such an investigation where accelerations in three directions as well as three
angular acceleration components measured in a real vehicle should be reproduced in the test
facility. The process of transmission of measured data to the test bed has two principal steps
both solved using principles of matrix 3D kinematics. In the first step, platform motion
corresponding to the given measured data must be expressed in terms of local platform
reference point position vector components and three spherical angles. There must be
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additional conditions applied to the process to keep the motion periodic. In the second step,
from the resulting periodic motion of the platform must be computed motions of the test
facility driving linear hydraulic motors, accepting their limited strokes.

2) The model is made in the ANSYS environment. For the forming of the model there
were used in total five different types of elements and five different material models. There
appeares a necessity to solve the problems of the compatibility of the elements — d.g. SOLID
45 and BEAM 4. The model contains 5429 elements and 19254 degrees of freedom. The
calculation of natural frequencies is provided by Block-Lanczos method in interval (0-
1000Hz). From the analysis of the natural frequencies it is obvious that the properties of the
frame of the trial platform and the stiffness of the location of the whole machinery have a
substantial influence on the behaviour of the whole construction. In order to reach the
conversion from MKP into the MBS, the model is devided and only the frame itself and the
reinforcements of the location of the electrohydraulic servocylinders are connected. The
models are condensed by Craig- Bampton method.

3) The control system for six degrees of freedom platform consists of two independent
subsystems. The main subsystem provides control of all power-actuating elements of the
platform. Software-based PID controller generates required values for servovalve of each of
the six hydraulic pistons. The subsystem works using a special real-time operating system
running on a National Instruments industrial computer PXI 1002. The second system serves
as an emergency backup that ensures safe platform stop in case of a critical situation. It is
based on a simple relay unit. The system observes TOTAL STOP buttons, evaluates if
position limits for every piston are not exceeded and checks proper control subsystem
function by a watchdog. The emergency subsystem has serial interconnection, thus new safety
circuits can be easily added. In case of an emergency situation the power fluid input is cut-off
by a special valve, thus the platform movement is stopped regardless status of other system
components.

B. Doubled stand - tandem of two servocylinders

For the reason of the experimental research of the hydraulic dampers the original stand was
doubled. That was necessary for reaching high intensity volume flow of the working liquid
through the measured throttling elements.
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ZDAS, A. S. COMPANY IN CZECH AND WORLD INDUSTRY

R. Zavadil*, M. Formanek*, V. Minai*, M. Prokes’

Summary: The company ZDAS, a. s. is known in the Czech and foreign market
already 55 years. Domicile of the company that ranks among the leading
producers of the Czech heavy industry is a town of Zd'dr nad Sizavou. The
production programme of the company is aimed at heavy engineering including
the supplies of complete industrial plants, metallurgical and engineering semi-
products. For the complete industrial plants, the company ZDAS, a. s. provides
the supplies of the machinery, especially for the pressing shops, forge shops, for
the scrap processing lines and rolling mills. In the pressing shops, sheet-metal
and solid forming presses are applied including the mechanization equipment. In
the forge shops, die and open-die forging presses and forging or transfer
manipulators are used. In the scrap-processing sphere, baling presses and scrap
shears are applied. In the sphere of rolling mills, strip cut-to-length and slitting
lines, inspection lines, straightening lines, rolling mills and exit stations of steel
casters are supplied.

1. Uvod

V roce 1951 byla zah4jena v kraji s bohatou tradici vyroby a hutnictvi zeleza vyroba v tehdy
nejvétsim podniku Ceskomoravské vysodiny, statnim podniku ZDAS. Po vice jak
Ctyficetiletém pulsobeni byl roce 1992 tehdejsi statni podnik zprivatizovan a pfeménén na
akciovou spolecnost. Vroce 2002 do spoleCnosti piisel strategicky partner a majoritni
vlastnik, slovenska firma Zelezarne Podbrezova, a.s.

Od pocatku piisobeni az do dnesni doby se ve firmé ZDAS, a.s. vyprofiloval cely vyrobni
program do nékolika nosnych obort ¢innosti.

Mezi hlavni nosné obory &innosti firmy ZDAS, a.s. patii vyvoj, vyroba a dodavky strojnich
celkli v oboru Tvarecich stroji, oboru Zatizeni valcoven, oboru Hydraulickych systémii,
oboru Metalurgie, oboru Strojirenské vyroby a oboru Néstroju pro tvafeni. Nemén¢ diilezitou
oblasti ¢innosti je 1 opravarenstvi a modernizace tvarecich stroji a zafizeni valcoven.

: Ing. Radek Zavadil: konstruktér mechanizace: ZDAS, a.s., Strojirenska 6, 591 01 Zd’ar nad Sazavou.; tel.:
566642523, fax: 566642820; e-mail: radek.zavadil@zdas.cz

: Ing. Michael Formének: konstruktér tvafecich stroji: ZDAS, a.s., Strojirenska 6, 591 01 Zd'ar nad Sazavou.;
tel.: 566643248, fax: 566642870; e-mail: michael.formanek@zdas.cz

: Ing. Milo§ Prokes: konstruktér hydraulickych systémti: ZDAS, a.s., Strojirenska 6, 591 01 Zd’4r nad Sazavou.;
tel.: 566643225, fax: 566642817; e-mail: milos.prokes@zdas.cz

" Ing. Vladimir Minéi: konstruktér zatizeni valcoven: ZDAS, a.s., Strojirenska 6, 591 01 Zd’4r nad Sazavou.; tel.:
566643248, fax: 566642846; e-mail: vladimir.minar@zdas.cz



R. Zavadil, M. Formanek, V. Minaf, M. Prokes

2. Obor Tvarecich stroju

V ramci oboru Tvafecich strojii se firma ZDAS, a.s. specializuje na vyvoj a vyrobu linek a
listi pro vybaveni volnych i zapustkovych kovaren, manipulatori pro volné kovani, listt pro
plo$né i objemové tvareni, list pro specidlni technologie, zafizeni na zpracovani kovového
odpadu a obsluznou mechanizaci.

3. Obor Zarizeni valcoven

V ramci oboru Vélcoven se firma ZDAS, a.s. specializuje na vyvoj a vyrobu zafizeni pro
podélné a pticné déleni plechi, inspekéni linky, rovnaci linky, valcovaci traté a vybéhy useku
kontiliti.

4. Obor Hydraulickych systémi

V ramci oboru Hydraulickych systémt se firma ZDAS, a.s. specializuje na vyvoj a vyrobu
hydraulickych agregatii, pohonil a hydraulického tizeni stroja jak vlastni produkce, tak i stroji
a zafizeni zakaznika.

5. Obor Metalurgie

Obor metalurgie zahrnuje vyrobu oceli, odlitkll, ingotii, voln¢ kovanych vykovkii a modela
jak pro vlastni potfebu, tak jako dodavky dle ptani zdkaznik.

6. Obor Strojirenské vyroba

Obor strojirenska vyroba kromé vlastni zakazkové naplné dokaze tesit i potieby zakaznikl
v oblasti vyroby dle jejich pozadavkl a dokumentace.

7. Obor Nastroje

Divize Nastroje vyviji, vyrabi a dodava nastroje jak pro plosné tak i postupové lisovani, pro
automobilovy, spotfebni a elektrotechnicky primysl, pro jednotlivé dily, tak 1 pro vybaveni
celé linky a to vSe dle pozadavkil zédkaznika.

8. Zavér

Cilem firmy je byt ekonomicky uspésnou a zdkazniky vyhleddvanou organizaci, ktera svymi
vyroby, polotovary a sluzbami bude patfit mezi predni srovnatelné evropské firmy.

Firma ZDAS, a.s. své vyrobky usp&sné dodavéa celé fadé vyznamnych firem. Mezi hlavni
odbératele patii predni firmy z Ceské republiky, Evropské unie, USA, Japonsko, Indie, Ciny,
Iranu a mnohé dalsi.
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ASSESSMENT OF THE SENSOR TEMPERATURE IN HWA

P. Anto§”

Summary: One of the key parameters in hot-wire anemometry is the temperature
of the sensor. The temperature is set on CTA via the resistivity of the hot sensor.
Several probes were tested using a variable temperature oil bath. Dependence of
the resistivity on the temperature and means of its estimation are the subjects of
the paper.

1. Uvod

Pfi méteni termoanemometrem je jednim z klicovych parametrii pracovni teplota senzoru. Jeji
znalost je potiebnd pro pouziti Collis-Williamsova ochlazovaciho zakona a pii provadéni
korekci na teplotu proudu. Na anemometru v reZimu CTA se velikost Zhaveni nastavuje
obvykle hodnotou pracovniho odporu sondy, na niz je pracovni teplota dratku zavisla. Pro
sondy s wolframovym dratkem se Zhavici teploty pohybuji v rozmezi (20-300) °C. V tomto
rozsahu Ize mérny odpor na teploté dobie popsat kvadratickou zavislosti.

2. Teplotni soucinitele odporu
Rezistivitu materidlu dratku lze vyjadiit pomoci teplotnich souciniteld odporu oy a f, které
jsou vazany na referentni teplotu 7, . Je-li pii této teploté rezistivita y, bude rezistivita
materialu dratku y,, pfi teploté T,:

Xv = %o I:l +a(T, - T) + B(T, - To)z]

Teplotni soucinitel siln€¢ zdvisi na konkrétni sondé¢ — chemickém slozeni dratku
(necistoty snizuji ), jeho vyrobé (tvafeni téz ovliviiuje ap), ale 1 jeho pfipevnéni
k elektroddm sondy (svar/pajeni, mechanické
napéti v dratku). Pouzit teplotni soucinitel
z literatury nelze; publikované hodnoty maji
rozptyl +£20%.

3. Méreni teplotni zavislosti odporu

Pro méfeni teplotni zévislosti byla pouzita
olejova vyhtivana lazen (viz obr.). Zatizeni
ma elektricky vyhtivané stény, ¢idlo teploty a
termostat pro udrzovani nastavené teploty.

* Ing. Pavel Antos, Ustav termomechaniky AV CR, Dolejskova 5, 182 00 Praha 8, tel. +420 265 053 313,
antos(@it.cas.cz
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P. Anto$

Pro méfeni byly vybrany dva typy sond: Dantec 55P11 a Dantec 55P01. Jednalo se o sondy
s kolmym wolframovym dratkem priméru 5 um s délkou pracovni ¢asti 1,25 mm.

Teplotni zavislost Teplotni zavislost

1,5
- 1 7 = %
© /gs © /ﬁ
1,5 v 1.4 /
14 v o POTA
] o o 13 o PO1B |
e A POIC
- i x PO1D
13 = -
P 12 o FIE |
/. , _
12 < / —
e /
1,1 —
11 —= —
-~ ‘
] = 1 T

o
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T(K)

0 20 40 60 80 100 120 140 160
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Dale bylo provedeno srovnani Zhavici teploty, vypoctené ze zjisténych teplotnich soucinitelti
s teplotou podle udaji vyrobce sondy. Rozdil dosahuje témér 30 K.

Sonda R() RL [o7) ﬂ() pz Rw Q) Dantec T, w Dantcc(Rw) AT, w
Ty=293 K Tp=293 K Tp=293 K 7,=493 K Tp=293 K
Q Q K K - Q K K K
55P11 3,00 0,6 2,9¢-3 6e-6 0,9996 5,46 3,6e-3 520,8 27,8
55P01 A 4,13 1,0 3,7e3  09e6 09996 7,33  3.6e-3 508,6 15,6
55P01B 401 0,7 34e3  2e6 09999 7,06  3.6e-3 504,1 11,1
55P01 C 3,65 0,7 3,6e-3 2e-6 0,9992 6,57 3,6e-3 515,2 22,2
55P01 D 4,20 0,7 3,5¢-3 le-6 0,9998 7,31 3,6e-3 498,6 5,6
55P01 E 4,33 0,7 3,5¢-3 0,6e-6 0,9996 7,46 3,6e-3 494,1 1,1
4. Zavér

Vztah mezi mérnym elektrickym odporem senzoru a jeho teplotou Ize velmi pfesné popsat
pomoci teplotnich souciniteli oy a f. Ackoliv je zjednoduSeny linearni vztah pro presna
meéfeni je nevyhovujici, v anemometrii se pouziva témét bezvyhradné. Pro méfeni teplotni
zavislosti sond byla pouZita olejova lazent s moznosti nastaveni teploty. Soucinitele se mohou
vyznamng li$it 1 u sond stejného typu a vyrobce. Proto je pro korektni urceni pracovni teploty
dratku nevyhnutelné experimentalné zjistit soucinitele u konkrétni sondy.

5. Literatura

[1] Brunn, H. H.: Hot-wire anemometry. Oxford University Press, Oxford, 1995.

[2] Horak, Z., Krupka, F.: Fyzika, SNTL, Praha, 1966.

[3] Kostka, V., Vasanta Ram, V.: On the effect of fluid temperature on hot wire characteristic. Part 1, Exp.
Fluids 13, 155-162, 1992.

[4] Brunn, H. H.: On the temperature dependence of constant temperature hotwire probes with small wire
aspect ratio, J. Physics E., 8:942-951, 1975.

[5] Cooper, R., D., Tulin, P., M.: Turbulence measurements with the hot wire anemometer, Agardograph
12, 1955.

[6] Constant temperature anemometry - Probes and accessories, PSI Prosser Scientific Instruments Ltd.,
Ipswich.

[7] Probes for hot wire anemometry, Dantec Measurement Technology, Skovlunde, 1996.

6. Podékovani y 5
Podékovani projektu OL114 — COST 732 MSMT CR.
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OPTIMALIZATION OF CURRENT TABS LAY - OUT OF
ELECTRODES IN A CYLINDRICAL TYPE VRLA CELLS

P. Bac¢a*, P. Krivak*

Summary: The current distribution through the electrode system of lead-acid
accumulator was determined mathematically for a cylindrical type cell. There
were designed 3 type of electrodes differing by current tabs lay - out . Optimal
appears to be the last designed type with equipotential current tabs. The results
are presented in the form of 3-D diagrams for different states of discharge.

1. Uvod

Predchozi pfispévek [1] byl vénovan distribuci proudu mezi elektrodami olovéného
akumuldtoru pro jednu komeréné pouzivanou variantu vstupnich proudovych praporct.
V dal§i fazi vyzkumu jsme se zaméfili na optimalizaci proudovych praporci s cilem
minimalizovat nerovhomérnost rozlozeni proudu po povrchu elektrod. Byly navrzeny dalsi 2
varianty, liSici se rozmisténim proudovych praporcii. Pro vSechny 3 varianty byly navrzeny
matematické modely a provedeny vypocty distribuce proudu elektrodovym systémem, naboje
spotfebovavaného pii vybijeni a vnitiniho odporu v zavislosti na pros§lém nédboji béhem
vybijeni. V této praci budou uvedeny vysledné zavislosti distribuce proudu u alternativnich
variant. Detailni popis distribuce proudu komeréné pouzivané varianty byl popsan
v ptispévku [1].

2. Vysledky a diskuze
Rozbor vypoctového modelu byl uveden v ptispévku [1].

Na pocatku vybijeni jsou nejvice vytéZovany oblasti nejblize proudovym praporciim a
to zejména v centralni oblasti ¢lanku s velkou hustotou proudovych praporcl. Proto tyto
oblasti dosdhnou vybitého stavu nejrychleji a v souvislosti s vybijenim se zde nejvice zvysuje
vnitini odpor. Protoze vybijeci proud zlstava konstantni, pokles proudu v téchto oblastech
zpisobeny naristem odporu vede zejména v poslednich fazich vybijeni ke vzristu proudu v
dalsich oblastech elektrody, ptiivodné méné proudové zatizenych. To vede v priibéhu vybijeni
k postupnému vytéZovani vSech oblasti elektrody. Na konci vybijeni prudce vzristad u této
varianty ¢lanku nerovnomeérnost distribuce proudu podobné jako u komercni varianty [1].

Nejlepsi konfiguraci je nasledujici alternativni varianta (s planparalelnimi
ekvipotencidlnimi proudovymi praporci umisténymi na protéjSich koncich obou elektrod).
Zde zlstava distribuce proudu po povrchu elektrod v celém pribéhu vybijeni dostate¢né
vyrovnana.

* Ing. Petr Baca, Ph.D., Ing. Petr Kfivadk, Ph.D., FEKT VUT v Brn¢, Udolni 53; 602 00 Brno; tel.: +420.541
146 188, fax: +420.541 146 199; e-mail: baca@feec.vutbr.cz
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Tento zavér je dobie patrny z obr. 1, ktery ukazuje prabéh kritéria Inax/Imin pro vSechny
sledované varianty umisténi proudovych praporci. Z gafu je patrné, Ze nerovnomeérnost
distribuce proudu u komer¢ni varianty a prvni alternativni varianty s protilehlym umisténim
praporci je téméf shodnd. Alternativni varianta s planparalelnimi ekvipotencidlnimi
proudovymi praporci umisténymi na protéjSich koncich obou elektrod vykazuje zdaleka
nejmensi nerovnomérnost distribuce proudu. Zde kritérium Iyax/Inin zGstava v celém pribéhu
vybijeni témét konstantni a bliZi se hodnoté 1.

,max /Imin

0,8 T T T T
40 60 80

20
T ) T

Obr. 1 Zavislost Iina/Imin na proslém naboji Q pro vSechny varianty proudovych praporct.

100
Q %

3. Zavér

Optimalni variantou z hlediska rovnomérnosti distribuce proudu mezi elektrodami olovéného
akumulatoru se ukazala alternativni varianta s planparalelnimi ekvipotencialnimi proudovymi
praporci umisténymi na protéjSich koncich obou elektrod. Ta vykazuje zdaleka nejmensi
nerovnomérnost distribuce proudu a da se tudiz predpokladat, Ze takovy ¢lanek bude mit také
nejvetsi Zivotnost.

4. Podékovani

Tato prace byla sponzorovana vyzkumnym zamérem MSMT CR & MSM0021630516.

5. Literatura

[1] P. Ktivak, P. Baca, Simulation of the current distribution through the electrode system in a
cylindrical type VRLA cells, IM6, Svratka 2006, #128
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OPTIMAL MODAL PROPERTIES OF MILLING SPINDLES
P.Bach”

Summary: The paper presents a modern approach to spindle modelling and
dynamic calculation. Mutual effect of spindle parts on modal properties of a
spindle structure will are shown and discussed.

1. Uvod

Experimentalni modalni vySetfovani vieten namontovanych na strojich neumoziuje plnou
identifikaci dili konstrukce s modelem a jejich ladéni. Ukazuje se, ze teSeni tohoto problému
napomaha vypocet. Jako zakladni kritérium tspésnosti ladéni se pouziva mezni hloubka ttisky
dle vztahu ap me,=-1/2KG(f)neg.

2. Ladéni upnuti nastroje

Kompletni model vietena vcetné drzaku nastroje a nastroje vidime na Obr. 1. Jsou uvazovany
ulozeni, pohon kuzelovym soukolim, piedepinaci dilce lozisek, krouzky lozisek, distancni
trubky, drzék nastroje ISO 50 s kontaktni tuhosti modelovanou dvéma pruzinami a ocelovy
nastroj primeéru D=25 mm s vylozenim 55 mm. Kontaktni tuhost upinaci plochy nastroje je
modelovana jen jednou linearni pruzinou 1.10'> N/m a torzni pruzinou 1.10° Nm/rad. O
nestabilité¢ rozhoduje 4. tvar s vlastni frekvenci 2173 Hz, protoZe jeho G-funkce ma vétsi
negativni extrém. Tieti tvar je vSak nejpoddajnéjsi. V téchto tvarech prevazuje kmitani
nastroje v drzdku. Vieteno se deformuje jen velmi malo. Z rozboru plyne, Ze upnuti neni

dostate¢né tuhé.

75mm | i |

T L
s0mm I & ! 1
q—mu#n EnnnnnEEEnENEN
) i&%ﬂlllll$lllllll
-50mm R
-75mm ) — ‘

Obr. 1 Realna FRF kompletniho vietena vcetné drzaku ISOS50 a ocelového nastroje D25/55.

Tuz8i upnuti nastroje v drzdku, zméni deformacni linie celé soustavy, Obr. 2. Az do
zobrazeného mddu 4 jsou deformacni linie plynulé, bez zlomu v upnuti nastroje, ktery byl
vidét na vSech liniich méné tuhého upnuti. Teprve na linii 5. tvaru (4140 Hz) se siln¢ podili
nastroj. Tuhost upnuti je jiz dostate¢nd, protoze vetknuté uzly nastroje se od uzli drzaku pti
animaci neoddé¢luji. Stabilni hloubku tfisky 1 fezny vykon se podafilo zvysit dvojnasobné.
Obr. 3.

*Ing. Pavel Bach, CSc, Vyzkumné centrum pro strojirenskou vyrobni techniku a technologii (VCSVTT) , CVUT v Praze,
fakulta strojni, Praha 2, Horska 3, tel.: 605205911, e-mail: p.bach@rcmt.cvut.cz
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Obr. 2 Zlepsena tuhost upnuti nastroje v drzaku. Nastroj D25/55 mm

Kriticka
ap=2,4mm
mékké upnuti

ap=5,3mm
tuhé upnuti | ~

Obr. 3 Naladéni tuhosti upnuti nastroje. Kritérium: mezni hloubka tfisky

3. Zavér

V plném textu ptispévku je na nékolika ptikladech ukazan specificky pfistup k modelovani,
ladéni a identifikaci frézovacich vieten. V praxi se ukazuje, Ze dostate¢nou verifikaci modeld
je porovnani jejich dynamické poddajnosti s méfenim na nastroji nebo na drzdku ¢i
piistupném konci vietena. Kromé toho se pfi verifikaci sleduje podobnost G-pfenosi modelu
a dila. Usp&snost ladéni se posuzuje podle jednoduchych kritérii mezni hloubky tfisky, (b&ru
materidlu a odebiraného vykonu na vretenu pii stabilnim obrabéni. Tato prace vznikla za
finanéniho ptispéni MSMT v ramci podpory projektu vyzkumu a vyvoje 1M6840770003.

4. Literatura

P. Bach, 2004. Modelling of Milling Spindles for Optimazing the Spindle Cutting
Permormance. Procedings of 34th International Conference MATADOR, Manchester, p.
25-35, UK.
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THE NECESSARY POWER FOR THE OPERATION OF
SEMIACTIVE VIBRATION CONTROL SYSTEMS.

1. Ballo*

Summary: In the paper the theoretical power consumption of a semiactive linear

quarter-car model is examined.

1. Uvod

Pri posudzovani vhodnosti semiaktivnej sustavy na pouzitie v konkrétnej konstrukcii je Casto
rozhodujuci nevyhnutny prikon, potrebny na jej prevadzku.. Tento prispevok bude zamerany
na stanovenie nevyhnutného prikonu, potrebného na prevadzku konkrétnej semiaktivne;j

sustavy.

2. Mechanicky model skimanej sustavy

Predmetom skiimania v tejto praci bude tzv. Stvrtinovy mechanicky model motorového
vozidla. Budeme predpokladat’, ze je linearny, semiaktivny prvok typu "sky hook" a okrem
linedrneho hydraulického tlmica zanedbame ostatné disipativne u¢inky. Budeme d’alej pocitat’
s tym, ze pneumatika je nahradena pruzinou k; a Ze jej styk s jazdnou drédhou je bodovy. Pre
popis ndhodného profilu jazdnej drahy pouzijeme vyrazy, uvedené v knihe Mitschkeho (1972)
a v ¢lanku Robsona (1979). O vozidle budeme predpokladat’, ze sa po jazdnej drahe pohybuje
priamociare, ustalenou rychlostou v [m/s]. Ciselné parametre sledovanej sustavy su prevzaté

z prace Besingera a spol. (1995).

Prof. Ing. Igor Ballo, DrSc., Ustav materidlov a mechaniky strojov SAV, Ragianska 75, 831 02 Bratislava 3,
Slovenska republika. Tel.: 00421 2 59309413, 00421 903 941192, e-mail: ummsibal@savba.sk.
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1. Ballo

3. Vypocet vykonu, potrebného na prevadzku sledovanej semiaktivnej sustavy
Pre vypocet vykonovych parametrov pouzijeme vyraz, odvodeny v starSej praci autora (Ballo,

1995). V tejto praci do povodného vyrazu dosadime iba aktudlne frekvenéné prenosy.
V nasledujucom texte uvedieme vztahy pre vypocet stredného, vykonu Np, ktory pride do
sustavy cez styk pneumatiky s jazdnou drdhou a stredného vykonu Nt , ktory sa vyziari vo

forme tepla v riadenom tlmici. Stredny vykon Ns je rozdielom oboch predoslych a je to

vykon, ktory treba dodat’ do sustavy.

dw

Np = g|HAP |.|HFP |.cos(®AP -Opp )'Syoyo do Nt = g|HAT |.|HFT |.cos(®AT —Opr )'Synyn .

Veli¢iny v predoslych vyrazoch st frekvenéné prenosy rychlosti telesa m;, sily. prenasane;j
pruzinou ki, rozdielu rychlosti koncov tlmi¢a a sily, prenaSanej tlmi¢om. Ciselné hodnoty,

stanovené pomocou tychto vyrazov, pre konstantu b, vizby "sky hook" obsahuje nasledujuca

tabul’ka:

Np Nt Nt Nt Ns Ns
b, [kNs/m] 0 0 10 30 10 30
autostrady 72.59 72.59 96.09 142.36 24.50 69.77
cesty 1. triedy 345.61 345.61 459.11 684.41 113,50 338.80
cesty nizSich tr. | 663.25 663.25 878.83 1304.21 215.58 640.96

4. Literatura
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ENERGY-BASED EVALUATION METHOD OF DISSIPATIVE
PROPERTIES OF A BIOMECHANICAL SYSTEM

J. Barbora, J. Mevald !

Summary: Many hardly acceptable simplifying assumptions are related to
vibration load evaluation of biomechanical system, concerning sitting driver or
passenger, and its interaction with mechanical system of the seat. The study is
focused on those assumptions and presents other important factors, yet neglected
when optimizing seats in terms of population range. The interaction of the
biomechanical system and the seat is more or less given by the individual driver —
seat couple. The study proposes peak values of the energy flow rate, its
participation on the dissipation, total dissipation during the time of exposition and
energy flow rate density as the criteria

Pti hodnoceni vhodnosti sedacek pro dany populacni vzorek se pouzivaji mechanické moduly
s linedrnimi vlastnostmi a metody vhodné pro linedrni systémy. Sedacka 1 biomechanicky
systém sediciho ¢lovéka jsou vSak siln€ nelinearni systémy, jejichZ vzdjemna nelinedrni
interakce je ovlivnéna na strané clovéka tvarem sedaci casti, pruzicimi a tlumicimi
viskoelastickymi vlastnostmi tkani véetné vlastnostmi oSaceni. Podobné na strané sedacky jde
o vliv tvaru sedacky, viskoelastické vlastnosti vypln¢, viskoelastické vlastnosti a vypnuti
potahu. Lze konstatovat, ze celkové vlastnosti jsou individuelni pro danou dvojici ¢loveék a
sedacka. Experimentalni vyzkum v Hydrodynamické laboratofi TU v Liberci jsme zaméfili na
hodnoceni energetického toku méfeného ve dvou zoénach a to ve styku sedaci Casti téla se
sedackou a zonou kotveni sedacky na zdroj buzeni. Energeticky tok je pouzitelny na siln¢
nelinearni systémy. V prvni zoné se méti kontaktnim snimacem rozlozeni tlaku a okamzity
zdvih (pro urceni rychlosti), v druhé zon€ se méfi celkova sila a zdvih. Derivaci zdvihovych
signali podle Casu se ziskava rychlost. Cilem zpracovani métenych veliin je urcit okamzity
energeticky tok (jehoz velikost je ur¢ena vykonem) prochézejici kolmo na rovinu proloZenou
ve stykové zoné sedacky a biomechanického systému, urCit disipaci energie v sedacce a
v biomechanickém systému za dobu periody, urcit disipaci energie za celkovou dobu
expozice (dle zékona 4 hod), a hustotu energetického toku ve stykové zon€. Energeticky tok
je zarovenl jednim z dileZzitych nositeltl informaci pro fidice o dé&jich na podvozku vozidla.
Nejvyssi hustota energetického toku se pienasi v oblasti sedacich kosti. Vysoka hladina
hustoty energetického toku bude nepiijemnd, nizka hladina pak zptsobuje nizky kontakt
s vozidlem (nedostate¢nou informaci o dynamice podvozku). Na obr. 1 je schéma
experimentu, na obr.2 je znazornéni zmény kontaktni plochy s deformaci ovlivitujici
energeticky tok a hustoty toku a na obr. 3 je patrné rozlozeni hustoty energetickych tokd.

' Doc. Ing. Jaromir Barbora, CSc., KST, FS, TU v Liberci, Halkova 6, 461 17 Liberec 1, +42 606 202 294,
Doc. Ing. J. Mevald, CSc., KMP, FS, TU v Liberci, Halkova 6, 461 17 Liberec 1, +42 48 5354 145,
josef.mevald@tul.cz
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Obr. 1 Schéma experimentu v HDL Obr. 2 Zména kontaktni plochy na zdvihu
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Obr. 3 RozloZeni hustoty energetického toku
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CRACK TIP OPENING DISPLACEMENT DETERMINATION FOR A
CRACK TERMINATING AT THE BIMATERIAL INTERFACE

P. Bares*, Z. Knésl*

Summary: In the paper the method suggested by Irwin for the crack tip opening
displacement (CTOD) determination in homogeneous materials is generalized
and the analytical expression for the CTOD in the case of a crack with its tip at
the interface of two different materials is presented. The obtained results are used
to formulate the condition of stability of a crack terminating at the interface.

1. Uvod

Spolehlivost a Zivotnost sloZzenych materidlovych systéma (napi. kompozitnich materialt)
muZe byt podstatné ovlivnéna chovanim trhliny Sitici se v blizkosti rozhrani jednotlivych
materidlovych sloZzek. V mnoha piipadech dochazi k poruseni funkcnosti celého systému
iniciaci a Sifenim trhliny s naslednym lomem pravé v dasledku specifickych vlastnosti
rozhrani. O Zivotnosti souc¢asti v takovém piipadé rozhoduje chovani trhliny, kterd prochazi
pies rozhrani z jednoho materidlu do druhého. Kritickou konfiguraci pak vytvaii trhlina
s vrcholem na materialovém rozhrani dvou materiald, (viz obr.1). V dasledku skokové zmény
materialovych parametra na rozhrani zde dochazi ke zmén¢ charakteru singularity napéti a
postupy standardni lomové mechaniky zde nelze pouZzit. V piispévku je zobecnén Irwinav
postup vypoctu otevieni koiene trhliny CTOD v homogennich materidlech na piipad trhliny
s vrcholem na rozhrani dvou raznych materiala. Jako aplikace jsou pro rizné materidlove
kombinace uréena kritickd napéti, pii kterych se trhlina zacne Sifit z rozhrani dale do druhého
materidlu. Odpovidajici vypocty jsou provedeny metodou konec¢nych prvka (ANSYS) za
podminek rovinné deformace pro plastické deformace malého rozsahu a pro normalovy mod
namahani.

2. Otevreni korene trhliny s vrcholem na rozhrani dvou raznych materiala

Pomoci slozek pro rozlozZeni napéti v okoli vrcholu trhliny Ize s vyuZitim konstitutivnich
vztaht a geometrickych rovnic integraci urcit vyrazy pro slozky posunuti v okoli koiene
trhliny. Na zéklad¢ postupu navrZzeného Irwinem lIze potom urcit CTOD pomoci posunuti
v obvodovém sméru ugy pro uhel 6=z ve vzdalenosti ry za ¢elem trhliny, coz se da pro trhlinu
s vrcholem na rozhrani dvou raznych materiali zapsat jako

CTOD®™ =|2u,, (6 =m,r =1, )|. (1)

* Ing. Pavel Bares, Prof. RNDr. Zdengk Knésl, CSc., Ustav fyziky materialti, Akademie véd
Ceské republiky, Zizkova 22, 616 62 Brno (tel.:+420 532290 362, e-mail: bares@ipm.cz)
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Obr.1 Trhlina s vrcholem na rozhrani Obr.2 Plasticka zona na ¢ele trhliny
dvou materiala M1, M2 a pouZité oznaceni s vrcholem na rozhrani

V predeSlém vztahu je ry polomér plastické zony na cele trhliny (viz obr.2), ktery lze
v piipadé konfigurace uvedene na obr.1 zapsat ve tvaru

H 1/p (1_p)2 1 vep
ry:(a_'} {7{16;:2(#2+4——1j—69é““)p+3(9é““)2+p2)} . @

o Hy

kde H, je zobecnény sougcinitel intenzity napéti, o, je mez kluzu materiadlu M2, p je exponent

singularity napéti, yi, je Poissonovo ¢&islo pro material M2 a g&'? je znama veli¢ina zavisla na

materidlovych charakteristikach obou materidli. Dosazenim prede$lého vztahu do vztahu pro
posunuti v obvodovém sméru a nasledné do (1), dostaneme
1-p

1
CTOD™ = Ef/% H (Gi] "z, (7)), @3)
1

0

kde Zg a W; jsou veliciny zavislé na materidlovych charakteristikich obou materidla. Na
zakladé srovnani této veliciny a odpovidajiciho vyrazu pro homogenni material M2 je pak
v piispévku navrzeno kritérium stability pro trhlinu s vrcholem na rozhrani dvou materialu.

3. Zavér

V ptispévku je odvozen vztah pro kritické otevieni kotene trhliny pro trhlinu s vrcholem na
rozhrani dvou materialt. Na jeho zaklad¢ je zde navrZzeno kritérium stability, které umoznuje
pro rizné kombinace materiala vypocitat kritickd napéti, pii nichz se trhlina zacne Sifit
zrozhrani dale do druhého materidlu. PouZiti navrzeného postupu je demonstrovano na
piikladu povrchové ochranné vrstvy strhlinou. Z vysledka plyne, Ze s rostoucim pomeérem
modula v tahu povlaku a podkladu E1/E; klesa velikost kritickych napéti o¢it, C0Z je v souladu
z vysledky ziskanymi na zakladé postupti odvozenych na zékladé napétovych kriterii.
Odpovidajici vypocty byly provedeny metodou kone¢nych prvki v systému ANSYS.

4. Podékovani

Projekt byl realizovan za finanéni podpory Grantové agentury Ceské republiky (projekty &.
106/05/H008 a 101/05/0227).
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THE DEVELOPMENT OF THE NEW TYPE OF SIMPLE, MIDDLE
ACCURATE APPROXIMATIONS OF CALORIC FUNCTIONS OF
STATE OF WET STEAM

Z. Bayer*

Summary: /n the continuation of the previous study dealing with approximations of
DV, (/Wi ), (/N )r as f(T) of the new type, the present contribution
introduces a set of approximations of enthalpy and entropy on the lover saturation
curve and of heat of vaporization. Some of them, unfortunately all of lower
accuracy, can be used as reversible functions. The various simple multiplying-
functions are used as the approximating functions. The accuracy moves between a
percentage fraction up to 5 percent of maximum value of the pertinent function. The
values of exponents and coefficients optimized by the least squares method, the
courses of deviations of approximated quantities from correct data are given.

1. Uvod

Ptispévek na zékladé [1-4] informuje o postupném vyvoji souboru aproximaci nového typu.
Ptredchazelo predstaveni [5] koncepce a prvnich vysledkl tykajicich se nekalorickych funkci
stavu a derivaci m'= (d/d9’):, 7'y= (dn/dep”), vlhké pary H,0, vzdy ve vice variantach.
Tato préace pfinasi jednak rozsifeni a zpfesnéni zédkladnich nekalorickych funkci (X4A4, X34 a
X5A4, nové vytiStény v tabulce tucné), jednak nové aproximace kalorickych veli¢in.

2. Nové aproximované funkce, aproximacni funkce a vysledky
Formulace aproximovanych kalorickych funkci Xj = X11-X13, popt. X(10+j)=X10-Xj spolu

teplota, R-plynova konstanta, i - entalpie, » - entalpie vypafovani (vnéj$i vyparné teplo),
s - entropie, indexy 'c’ a "#r" znaci kriticky a trojny bod, oznaceni ()’a ()’ je pouZzito pro
veli¢iny na dolni a horni mezni kiivece a #=p/p., @ =v/v., T= T/T.. Aproximacni funkce,
z nichZ lze teplotu vyjadrit explicitné, tj. reverzibilni funkce jsou oznaeny *, nejlepsi z nich
** zatim nejlepsi varianty od kazdé aproximované funkce jsou uvedeny kurzivou. Pokud neni
uvedeno jinak, je uzita zakladni aproximacni funkce X80; dale je

X80=A4.t"a1-09*%; X81=A(t-1,.)".1-0)F , X82=A.7%.(1—1,)%,
X10 = (7=t J(1-74) , X810=A.[X10 —X(80+i)] .

3. Zavéry

Prace seznamuje s dal§imi vysledky vytvareni co nejjednodussich (a tedy nutné méné
presnych, nez jsou dosavadni komplikované) aproximaci termodynamickych veli¢in na mezni
kiivce kapalina-para. S ohledem na jednoduchost aproximacnich funkc se velmi dobrych

* Doc. Ing. Zden&k Bayer, CSc., UT AVCR, Dolejikova 5, 182 00 Praha 8, e-mail bayer@it.cas.cz,
tel. 266 053 033, fax 286 584 595
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Tabulka 1 Ptehled vybranych a novych (tiSténo tucné) variant aproximaci funkci vlhké vodni pary

Vari- | Ozna- | Aproximovand | Aproximacni | Exponent | koeficient Stiredni
anta | Ceni | termodynamickad Funkce, X2 A kvadraticka
funkce exponent X1 odchylka
A | X4A | —In(rm) /10,4933 * 1 1 0,7213378 | 0,007878
B ** 1,05 1,05 0,7159325 | 0,003402
A | X3A | (p'/p.-1)/2,104938 % () 0,36 1,246407 0,013796
B * 0,52 0,52 2,021754 0,034181
F (X81) 0,015 " 0,36 1,328064 0,004215
A | X5A | Ln(¢”)/11,1023 *% 0,79 0,79 0,7622741 | 0,020641
B -1,14 0,57 0,5060751 | 0,009052
C 1.4 0,43 0,378753 | 0,0011123
11C | X11 i /i **(),85 2 0,85 1,440188 0,017193
G 1,0 %P 0,042 1,708502 0,004257
H | X21 1,13'%Y 0,297 0,709538 0,001245
B | XI12 1- ¥/ry w% 452 0 | - 0,029552
F | X22 1,08'Y 0,34 1,735478 0,001558
A | XI13 S/se *(0,89 0 1,510715 0,012845
D | Xi3 0,85 " -0,015 1,385613 0,005391
E | X23 1,290 0,028 1,636711 0,002046

D X(80+i), popf. UL pro rozdilové funkce X89, X810 kombinované s dalsi funkci X(80+i)

vysledkli podatilo dosahnout u vSech zékladnich funkei na mezni kiivee H,O zejména u tlak
sytosti. Zhruba o fad méné presné vychazeji aproximace reverzibilni. Dalsi etapa vyvoj
tohoto typu aproximaci se zam¢fi na kombinované funkce, které by mély dale zvysit aplikacn
potencial celého souboru.

4. Podékovani: Problém byl Fesen za laskavé podpory grantu GACR 101/05/2536.
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FLOW WITHIN IDEALISED URBAN CANOPY

K. Bezpalcova', F. Harms?, B. Leitl? Z. Jaiiour®

Summary: The regular obstacle array of the Mock Urban Setting Test (MUST)
field site in the Utah West Desert (USA) has been replicated in the large boundary
layer wind tunnel at University of Hamburg. The trials run during the field
campaign were repeated in the wind tunnel as well as additional measurements of
flow. The strong flow inhomogeneities were observed on the vertical profiles of
shear stress aswell as on the horizontal mean flow for different array orientation.

1. Introduction

The experiment Mock Urban Setting Test (MUST) was designed to be a near full-scale model
of an idealized urban area imbedded in an Atmospheric Surface Layer (ASL), more realistic
than wind tunnel experiments but idealized compared to real-life (described in detail in Bitoft,
2001). A wind tunnel model of MUST was then built at the Meteorological Institute at
Hamburg University to prove and to extend existing turbulence and dispersion data sets. At a
scale of 1:75 the mean flow and turbulence structure within regular obstacle array was
simulated. The regular obstacle array of the MUST field site was replicated in the large
boundary layer wind tunnel at Hamburg University.

At the beginning of the extensive measurement campaign an atmospheric boundary layer
flow at model scale was established. Then a specific set of field experiments was replicated in
the wind tunnel. After the validation of the model set-up by comparison with field results,
systematic wind tunnel tests were carried out. Detailed flow and dispersion measurements
were carried out for different wind directions and source conditions. The temporal and spatial
resolution of the wind tunnel data was chosen to match as close as possible to the grid
resolution of standard micro-scale numerical models.

2. Experimental details

The field measurements were carried out in September 2001 at Horizontal Grid on the U.S.
Army Dugway Proving Ground. The test site and the surroundings were predominantly flat.
Each obstacle was a rectangular container, with a width of 12.2 m, length of 2.42 m and
height of 2.54 m. A total of 120 obstacles were placed in an aligned configuration consisting

! RNDr. Kldra Bezpalcovd, Doc. RNDr. Zbyn¢k Jatiour, DrSc.: Institute of Thermomechanics, Academy of

Sciences of the Czech Republic, Dolejskova 5, Prague 8, 182 00, phone: +420.266 053 203, fax: +420.286
584 695; e-mail: bezpalcova@it.cas.cz

Frank Harms, Dr. Bernd Leitl: Meteorological Institute, University of Hamburg, Bundesstrasse 55, 20146
Hamburg, Germany
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of 12 rows of 10 obstacles each with an average obstacle spacing of W = 7.9 m in the span
wise direction and L = 12.9 m in the lengthwise direction. Various 2D and 3D sonic
anemometers and high-resolution concentration detectors were placed around, above, and
throughout the array on various towers. Details of the instrumentation deployed and the
experiments conducted in MUST are given in Biltoft (2001).

A boundary layer in the scale of 1:75 which models in its lower part the mean and
turbulent conditions in the field during the MUST experiment (Yee, 2004) and tabled
properties (VDI Guidelines, 1999) has been generated above the model in the big wind tunnel
of Hamburg University. Detailed measurements of the flow properties (i.e. shear stress
profiles, development of the flow within the canopy, dependency on different wind directions,
etc.) were recorded using 2D Laser Doppler Anemometry.

3. Resaults

The wind tunnel modelling shows good agreement with the field observations, however some
contrasts were found, too. The field measurements on the main tower in the middle of the
array showed the maximum of Reynolds shear stress at about 1.6 of container height, which
corresponds with another field observations (Rotach, 1993; Feigenwinter, 1999). The wind
tunnel modelled data pointed out the Reynolds shear stress maximum at approximately
container height except of main tower, where the flow is influenced by measurement device,
which was slightly higher than the containers (the height was app. 1.4 times higher).
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IDENTIFICATION OF SOUND SOURCES IN HYDRAULIC VALVE

T. Blejchar*, M. Kozubkova*

Summary: The paper deals with numerical simulation of flow in hydraulic valve.
For numerical modeling finite volume method applied to momentum equations of
real fluid for laminar and turbulent flow respectively (Navier-Stokes equations
and Reynolds equations respectively) was used. High frequency unsteady flow
was generated in throttling area and was eliminated by their modification, low
frequency unsteady flow was generated in piece and was shift down after
modification.

1. Uvod

Znalost proudového pole v hydraulickych prveich je dileZitd pro optimalizaci daného
hydraulického prvku. Diilezité parametry hydraulickych prvki (rozvadéci, ventild, ...), jako
napf. hydrodynamickd sila, ¢i charakteristika zdvih-pritok, se daji ovlivnit geometrickymi
parametry prvku, napiiklad tvarem Soupdtka. Optimdlni tvar Soupdtka z konstrukéniho
hlediska je ve své podstat¢ kompromis, nebot’ celd fada pozadavki je protichiidnych, napft.
Uprava Skrtici hrany vétSinou ovlivni charakteristiku zdvih pritok a pod. V posledni dob¢ se
stdle vice uplatnuji moderni numerické metody, a to jak pro vypocty deformaci a pouzitim
metody konecnych prvki FEM, tak pro zjiStovani proudovych poli pomoci metody
kone¢nych objemt CFD.

Hydraulicky tlakovy ventil PCV zobrazeny na obr. 1. pfi ur€itych pracovnich podminkach
generuje hluk v rozmezi cca. 8-10 kHz. Ventil PCV je vestavny, tzv. cartridge a jmenovitd
svétlost je 10 mm. Jednd se o velice maly prvek s efektivnim zdvihem 0,3 mm.

3
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Obr. 1. Ventil PCV: 1. Soupitko, 2. Pouzdro, 3. Komora, 4. Pole, 5. KuZelka

* Ing. Tom4$ Blejchat, RNDr. Milada Kozubkova, CSc.: Katedra hydromechaniky a hydraulickych zaiizent,
VSB-Technickd univerzita Ostrava; tf. 17 listopadu 15; 708 33 Ostrava; tel.: +420.597 321 284, fax:
+420.597 324 233; e-mail: tomas.blejchar.fs@vsb.cz
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2. Matematicky model proudéni tekutiny

S rozvojem vypocetni techniky se zacaly uplatiovat také simulace zaloZené na feSeni Navier-
Stokesovych rovnic. Zédkladni rovnice popisujici lamindrni 1 turbulentni reZim proudéni
tekutin predstavuji aplikaci zdkladnich fyzikdlnich zdkond. Pii popisu proudéni je pouzit
zakon zachovéani hybnosti, zakon zachovini hmoty. Zikon zachovani hmoty reprezentuje
rovnice kontinuity (5) a zdkon zachovani hybnosti reprezentuji Navier-Stokesovy

3. Vysledky

Reseny byly dvé zdkladni varianty ptvodni a modifikovand. Vyhodnoceni vysledkd bylo
provedeno v podélném fezu, tj. vypocetni oblast byla touto vyhodnocovaci rovinou délend na
polovinu. Dals$i vyhodnoceni spo¢ivalo v monitorovani statického tlaku v okoli ostrych hran
a také na vn&jsi plochu ventilu. Casové zdznamy pak byly vyhodnoceny FFT analyzou.

Pro relevantni vyhodnoceni byly pouZity identické okrajové podminky. Na ndsledujicich
obrazcich jsou znazornéna tlakova pole pro pivodni a modifikovany ventil. Z obrazki je
ziejmy vliv zaobleni na smér hlavniho proudu. V piipadé piivodni varianty hlavni proud

pfilne ke stén¢ a nardzi kolmo na sténu pouzdra. V pifipadé modifikované varianty smétuje

MV

hlavni proud napii¢ kandlkem a na sténu nardZi pod thlem cca 60°. TakZe tlakové namdhani
stény pouzdra je v ptipad¢ modifikované varianty mensi.

Original Modifikace
b o

1.00e+05
l 9.00e+04
6.00e+04
7.00e+04
6.00e+04
5.00e+04
4.00e+04
3.00e+04
2.00e+04
1.00e+04
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-1.00e+04
-2.00e+04
-3.00e+04
4.00e+04
-5.00e+04
-6.00e+04

-7.00e+04
2.00e+04
0.00e+04
-1.00e+05

4. Zavér

Cilem této priace je optimalizovat hydraulicky ventil PCV. Nové vypocetni prostiedky a
programy pro CFD analyzy umoziuji optimalizaci prvku ve ,,virtudlnim prostiedi“. Béhem
procesu navrhu nového prvku je mozné vyhodnocovat proudéni v prvku a je mozZné se
vyvarovat ve fazi ndvrhu nevhodnym variantdm. Oblast nestaciondrniho proudéni byla na
zdklad¢ detailni simulace ve Skrtici oblasti urcena v okoli ostré hrany. Nestaciondrni proudéni
je zpisobeno periodickym odplovanim virt,, které se vytvaieji v okoli ostré hrany. Tato
nestacionarita respektive jeji intenzita a frekvence je funkci geometrickych parametrii a
rychlosti hlavniho proudu. Hluk je tedy mozné omezit zménou priatoku nebo geometrie Skrtici
oblasti. Vlastni frekvence je funkci pritoku respektive tlaku a zdvihu. S rostoucim tlakem
rostou také hodnoty vlastnich frekvenci, srostoucim zdvihem se sniZuji hodnoty vlastni
frekvence. Jinak feceno frekvence je pfimo umérnd tlaku respektive pratoku a nepiimo
umérnd zdvihu.
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THE MULTIBODY SIMULATION OF DYNAMIC EFFECTS
IN PASSENGER CAR TRAILER

J. Blekta®, J. Mevald”

Sumary: The aim of this article is to refer to numerical problems during
multibody simulations. In the first part of the article, there is a three-dimensional
model of a car with trailer in the software MSC.ADAMS using module Car. The
second part gives a two-dimensional model of towing bracket which is compered
with the model in the first part. Force effects trasmitted by towing bracket while
crossing known terrain obstacle are solved.

1. Uvod
Cilem ptispévku je upozornit na numerické problémy, které vznikaji pfi simulaci podobnych
uloh. Byl vytvofen multibody model tazného zafizeni. Bude vyuzit pro minimalizaci silovych
ucinkd, které se béhem jizdy automobilu po nerovné vozovce piendsi z privésu do karoserie
vozidla.

2. Model automobilu s privésem v prostiedi MSC.ADAMS

Model tazného =zafizeni na obrazku 1 byl vytvotfen v prosttedi MSC.ADAMS/View
implementovaném v modulu Car. Tazné zatfizeni tvofi zejm. pti¢ny nosnik a héak, které jsou
modelovany jako pruzna télesa s vyuzitim modulu AutoFlex.

Aby bylo moZzné sledovat vliv tuhosti taZného zatizeni na pfenos sil do karoserie, bylo
tteba vytvorit nékolik pri¢nych nosniki s rozdilnou tuhosti (konkrétné deset).

Obrazek 1. Model tazného zatizeni osobniho automobilu

Ing. Jiti Blekta, doc. Ing. Josef Mevald, CSc: Katedra mechaniky, pruznosti a pevnosti, Fakulta strojni,
Technicka univerzita v Liberci, Halkova 6, 461 17 Liberec 1, tel.: +420 485354149, fax.: +420 485354160
e-mail: jiri.blekta@vslib.cz
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3. Simulace

Vypocet probihd pro prejezd piekazky tvaru rampy s vySkou 50 mm, délkou 500 mm
a najezdovymi hranami sklonénymi pod thlem 45°. Rychlost piejezdu vozidla je 30 km.hod™.

Béhem vypoctu se ukazala velka citlivost vysledku feSeni na zvolené parametry integracni
metody. Pfi¢ina je zfejmé v typu modelu, konkrétné v interakci tuhych téles s poddajnymi.
Ukazuje se, ze v mnoha ptipadech nastaveni solveru vysledek bud’ nekonverguje k cili, nebo
ma soustava rovnic tak Spatn€ podminénou matici, Ze je feSeni neimérné citlivé k jakékoliv
nepatrné zmén€ na vstupu do soustavy. Vysledkem je pak ,rozkmitané* feSeni, které nelze
zadnym zplisobem vyuzit pro identifikaci déju, které v modelu probihaji. Nezbyva proto nez
hledat takové kombinace parametrli, které u spravné zvolené integra¢ni metody zajisti co
nejvernéjsi vysledky numerického vypoctu.

4. Model automobilu s privésem v prostiredi WM2D

Pro orienta¢ni ovéieni vysledki byl vytvoren podobny model automobilu s pfivésem a taznym
zafizenim v programu Working Model 2D. Jedna se o rovinny model dle obrazku 2.

Obrazek 2. Rovinny model automobilu v prosttedi WM2D

5. Zavér

Porovnanim simulaci obou modelt bylo zjisténo, Zze se charaktery pribéhu pienaSené sily
z privésu do karoserie automobilu pfiblizné shoduji. Vysledky ziskané ze softwaru
MSC.ADAMS chceme v budoucnosti ovéfit také pomoci naméfenych dat. Méfeni na
skute¢ném automobilu s pfivésem jiz probéhlo - viz ptispévek (Mevald, et. al, 2003). Dale se
budeme zabyvat odstranénim numerickych problémi, které pii simulacich nastdvaji a
v kone¢né fazi optimalizaci tuhosti tazného zafizeni z hlediska minimalizace pfenosu
dynamickych G¢inkti z ptivésu do karoserie vozidla pii piejezdu piekazky.

6. Literatura

Mevald, J., Barbora, J., Blekta, J., Krutsky, T., 2003. Selected problems on car bogie systems
simulations. Konference Inzenyrska mechanika 2003
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EWK RUPTURE MODEL IN THE NUMERICAL
SIMULATION OF THE BOLT HEAD TRIMMING

J. Boikovec', J. Petruska®

Summary: An important phase of the bolt production is a bolt head trimming. It is
a very fast, complicated process including material failure. For this type of
problems the explicit solvers are widely used. The calculations presented in this
paper were performed by software PAMCRASH, version 2005.1. Finite element
models were created using two types of material model with fracture mechanism,
strain limit model and EWK model. In the next phase the experiment was carried
out. The behaviour of the cutting force and the look of the separated material
were evaluated. The results compare two computational material models to each
other with a help of number of eliminated elements and contact force behaviour.
The comparison of the cutting force of EWK model and experiment is presented as
well.

1. Uvod

Jednou z operaci pii vyrobé€ Sroubtli na postupovych
automatech je ostfizeni napéchované hlavy
Sestihrannou ofezavaci matrici. Vypocty k této praci
byly provadény v programu PAMCRASH. Ten jiz
ma v sobé obsazeno nekolik materidlovych modeld,
které umozinuji porusovani materidlu zahrnout do
vypo¢ti. Tato prace se zabyva dvéma znich,
modelem Strain limit a EWK modelem, a klade si za
cil prozkoumat jejich mozZnosti pii poruSovani
v tlakové oblasti zatéZovani.

Obrazek 1: Metalograficky vybrus

2. Experiment
Ve spolupréci s firmou J-VST spol. sr.o. byl proveden experiment v poloprovoznich
podminkdch. Z méfeni byly zjiStény pribéhy sil. Poté byly predany vzorky
k metalografickému rozboru, ze kterého mimo jiné vyplynuly tyto skutecnosti:

e patrny tok materidlu pii péchovani hlavy (obr. 1)

e pozorovatelné skluzové pasy a korespondujici stupné pti tvorbé , trisky*.

! Ing. Jan Boikovec: Ustav mechaniky t&les, mechtroniky a biomechaniky, Vysoké uéeni technické v Brn&;
Technicka 2, 616 69 Brno tel.: +420-732687591, e-mail: jan.borkovec@centrum.cz

> Doc. Ing. Jindfich Petruska, CSc.: Ustav mechaniky t&les, mechtroniky a biomechaniky, Vysoké uceni
technické v Brn¢; Technicka 2, 619 69 Brno tel.: +420-541142858; e-mail: petruska@fme.vutbr.cz
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3. Vypoctové modelovani

Z diivodu snizeni vypoctové narocnosti byl problém redukovéan pouze na tenky fez v miste,
kde je tloustka ostfihovaného materidlu nejvétsi. Po tloustce byla pouze jedna vrstva solid
prvki, které mély zadané okrajové podminky simulujici rovinnou deformaci. Materidl Sroubu
byl popsdn modelem porusovani zalozeném na dosazeni kritického pfetvoifeni a EWK
modelem, ktery je definovan takto: Materidl se porusi, kdyZ soucin dvou véhovych funkci
zéavisejicich na rozlozeni lokélnich napéti, integrovany v zavislosti na historii plastické
deformace D, ptekroci svoji kritickou hodnotu D, na urcitém kritickém objemu R..

D= lewzdgp

4. Prezentace vysledki

Nejjednodus§sim  zplsobem,  jak

porovnat UspéSnost simulace je 140 ‘ : ‘

pohled na podet a rozmisténi 190 | |~ Experiment 1 R R
vymazanych elementi. Mély by byt jo | [T Beermenta S
v liniich  reprezentujicich  tenké g0 | TEV\:Kftﬁfo? ﬁiﬁ'"ﬁ” 777777777777777777

praskliny a meélo by jich byt co
nejméng. Kazdy odmazany element
totiz znamend sniZeni objemu a tim
také vysledné stfizné sily, na kterou
ma zejména v posledni fazi silny vliv
pechovani  ostfizeného  materialu
mezi nastrojem a deskou. Pii
porovnani  téchto  charakteristik Graf 1: Porovnani EWK a experimentu
dosahl lepsich vysledki EWK model.

StFizna sila [kN]
3

Posuv [mm]

V grafu 1 jsme porovnali vypoctenou kontaktni silu ziskanou vypoctem pii pouziti EWK
modelu s naméfenymi daty a muzeme vidét dobrou shodu az do posuvu 3,5 mm. Poté je
vypoctend sila niz$i kvili odmazanym elementim. Vzhledem k tomu, Ze vypocet probihal
pouze pro uzky vyifez materidlu, bylo potfeba zménit métitko sily. Urceni koeficientu zménu
je ovSem problematické, protoze tloustka ostiihovaného materidlu se méni. Na vrcholu
Sestitthelniku je téméf nulovd, ve stiedu strany (ndmi pocitané misto) naopak maximalni.
Zména meéftitka byla proto provedena tak, aby doslo k co nejlepSimu kopirovani pribéhu
namétfené stfizné sily. Proto ma graf vypovidaci hodnotu spiSe kvalitativni. K ovéfeni
kvantitativni pfesnosti by bylo potieba provést velmi narocny 3D vypocet.

5. Zavér

Vysledky ukazuji, ze model zalozeny na redukovaném plastickém ptetvoreni neni pro
simulaci ostfihovani vhodny. To je zplisobeno tim, ze redukované pietvoreni nerozliSuje stav
napjatosti. Eliminovano je pfili§ mnoho prvkl a tim je také odhad stiizné sily pfili§ nizky.
EWK model vykazuje mnohem leps$i vysledky, které obstoji 1 pfi porovnani s experimentem.
Je dostatecné presny, aby splnil poZadavky pro uplatnéni v praxi. Mlze pomoci UspéSné
optimalizovat jednotlivé komponenty stfizného procesu (opérna deska, ostfihovaci matrice) a
tim pfispét k jeho zefektivnéni.

6. Podékovani
Tato prace vznikla v ramci projektu FRVS 2842/2006/G1.
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PREDICTION MODELS FOR FATIGUE DAMAGE ACCUMULATION
P. Broz'

Summary: The prediction model of fatigue crack propagation in a structural
steel is given functioning to compare results of experiments on the phenomenon
mentioned subject to simple loading sequences containing single and multiple
tensile overloads applied periodically between smaller, constant amplitude cycles.
Furthermore, a methodology to estimate the service life of metal constructional
members under variable amplitudes is expanded inclusive of the random loading.

1. The requirement for prediction models

The prediction of fatigue traits of construction and getting out of structural fatigue were stated
being engineering challenges in the initial decades of the 20™ century. High stress
concentrations were regarded as detrimental and should be obviating. The significance of
stress concentration factors was known before 1950 and designers realized that the fatigue
performance of a structure was dependent on improved detail design. The term “Designing
against fatigue” was characteristic for the engineering fatigue problem. Various models were
developed for the prediction of notch and size effects. Initially, the aim was to derive fatigue
properties of notched elements from fatigue properties on unnotched specimens. The
proposed models included a good deal of empirism. One specific goal was to predict the
fatigue limit, an important fatigue property for many product of the industry. In the 1960s and
afterwards a need was also felt to predict fatigue crack growth, welded structures and pressure
vessels in view of fail-safe properties, service inspections and safety in general.

Prediction models on crack growth were much stimulated by the introduction of the stress
intensity factor. Still another fatigue problem was associated with load spectra containing load
cycles of various magnitudes, or in other words, fatigue under variable-amplitude (VA)
loading. If fatigue cycles above the fatigue limit occur, crack initiation can not be avoided
and a finite life is possible. A need for predictions on fatigue under VA loading was present.
Several prediction problems can thus be defined. A practical problem also associated with
VA-loading was the question of how long old structures could still be used without running
into fatigue problems. In the second half of the previous century, this question was raised for
old bridges, quite often bridges built in the 19" century. The question was whether fatigue
problems should be anticipated or whether the bridge should be replaced by a new one.
Bridges were frequently more hard loaded by heavy traffic than in origin expected in the
design process at one time.

Doc.Ing. Petr Broz, DrSc.: CVUT v Praze, Stavebni fakulta, Thakurova 7, 166 29 Praha 6;
tel.: +420 224 354 630, e-mail: petr.broz@fsv.cvut.cz
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Matters coming up from the above description are associated with the reliability and
accuracy of prediction models and the physical concept of fatigue damage. Prediction
problems can be defined in two categories. The similarity concept (sometimes called the
similitude concept) is characteristic for the first category. Fatigue damage accumulation is the
starting point of the second class.

Steady safe functioning of construction under variable amplitude loading is dependent on
knowledge of the characteristics of a fatigue crack in such circumstances. The VA load
sequences may introduce load interaction effects raising either retardation or acceleration of
fatigue crack propagation. Though responses of various materials to VA load histories have
been widely investigated a long time, mechanisms accountable for the load interaction events
have not been identified and comprehended in full. But still, induced plasticity crack closure
has been extensively recognized being useful in qualitatively explaining crack growth
transitions and empirical tendencies watched in fatigue experiments.

2. Conclusion

The strip yield simulation is able to give an account qualitatively of the experimental trends in
crack growth due to the loading variables. The transient crack growth behaviour predicted by
the model is in agreement with the experimental observations. In terms of crack growth lives,
its accuracy is comparable to the precision reported for non-ferrous alloys under similar
loading histories. Improvements of the SY model for its application to steel requires a more
accurate description of the material stress-strain response. A low-carbon steel demonstrates
noted load interaction influences in the course of fatigue crack growth under load sequences
with periodically applied single and multiple overload cycles.

The quantity of crack growth retardation under periodic single overloads increase with an
enlargement in the overload level. For multiple periodic overloads, increasing the size of the
overload block enhances retardation.
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THE COMPUTATIONAL MODELING
OF THE FLYING SHEARSDRIVE

A. Bubak’

Summary: In the paper, the mathematical model of the flying shears drive is de-
scribed. It consists of the four-bar linkage analysis, model of a DC motor includ-
ing its current and velocity control and of the description of external loads.

Letmé klikové nlzky jsou specifické svymi |

ndroky na dynamiku pohond. Ty musi byt [ & ]

schopny urychlit ¢tyikloubovy mechanismus +

niZzek béhem necelé jedné otacky z klidu na é %t _}
rychlost vyvalku, kterd mize dosahovat 1,5-6 2 : -
m/s, a po ukonceni stfihu mechanismus op¢-
tovné zastavit. Stfiznd prdce se v riznych po-  smér pohybu /
mérech a féazich stfihu odebird z kinetické vyvalku
energie akumulované v mechanismu a z ener- T i
gie doddvané motorem. Dilezitym kritériem
pro vybér velikosti motoru je pozadavek, aby

vodorovna slozka rychlosti noze neklesla bé- -
hem stiihu pod rychlost vyvalku. Vzhledem
| [

/|
/?
=

|
|
3350

k tomu, Ze se jednd o velmi rychly d¢j, pii
kterém hraji roli 1 takové faktory, jako napf.
redlnd rychlost ndriistu proudu ve vinuti moto-
ru nebo tahova deformace vyvalku vznikla
v dtsledku nestejné vodorovné rychlosti noze
a vyvalku, jsou tradi€n€ pouZzivané vypoctové
vztahy zaloZené na bilanci celkovych energii 1625 10400
pomérné nepiesné. Z toho divodu byl sesta- - e i
ven parametricky simula¢ni model pohonu
nizek zaloZeny na Casové analyze fiaze rozbé-
hu i stfihu, ktery usnadiiuje vyvojaiim prede-
v§im volbu pocétu motort, jejich krouticich momentti a pfevodovych pomérii vloZenych pte-
vodl. V omezeném rozsahu (zatim) pak umoZiuje urcitou optimalizaci rozméra klikového
mechanismu.

Vzhledem k tomu, Ze matematicky model pohonu je soustavou 33 algebro-diferencidlnich
rovnic, byl pro feSeni zvolen simulacni software DYNAST. Piispévek je zaméfen na popis
jednotlivych ¢4sti simula¢niho modelu.

Obr.1: boc¢ni pohled na ¢tytkloubovy me-
chanismus letmych klikovych niizek

" Ing. Antonin Bubdk, Ph.D., ZDAS, a.s.; Strojirenska 6; 591 71 Zd’4r nad Sazavou; tel.: +420 566.643 461,
fax: +420 566 642 817; e-mail: a.bubak@volny.cz,
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Zakladem modelu pohonu letmych niiZzek je matematicky popis pohybu ¢étyikloubového me-
chanismu, ktery je ziskdn standardni metodou feSeni pohybu soustav tuhych téles
v nésledujici posloupnosti:

= vypocet polohy hnanych ¢lenti v zdvislosti na poloze hnaciho ¢lenu

= vypocCty rychlosti a zrychleni hnanych ¢lent

wev s

= sestaveni pohybovych rovnic, vypocty vnéjsich sil a momentii

Model je ddle doplnén o rovnice stejnosmérného (DC) motoru, jeho proudové a otdckové re-
gulace a v neposledni fad€ o popis silového zatiZeni niZek béhem stiihu sklddajictho se ze
sttizné sily a tahové sily ve vyvalku.

BO_phio BO_phiv
[ phio [ phiv BS_xos o8 Bs,fos yos BS_lred Ired BS_Ek Ek
vyvalek vg.x S vny
+
ry\?mgit + + + + stlgzr;nta_s*ilc’a
/ \ -cFs*tau
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+  +[|prevod A4
/ ! Ired
dired
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Obr.2: Simula¢ni diagram pohonu niizek sestaveny kombinaci blokového a mnohapodlového
modelovani v programovém prostitedi DYNASTu

Simulaéni model pohonu niZek byl vytvofen v rdmci technického rozvoje f. ZDAS, as.
v prib¢hu roku 2005. Umoziiuje s velkou piesnosti vypocitat potiebné tdaje pro volbu co
moZzné nejvhodnéjsiho pohonu klikovych niizek a minimalizovat tim zbytecné vykonové re-
zervy pohonu, coZ je dllezité z hlediska sniZeni potizovacich ndkladl vyrobku.
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MECHANICAL PROPERTIES OF TOTAL KNEE
REPLACEMENT

Cs. Budinszky', Z. Florian™"

Summary: Development of optimal total knee replacement routes to keep all
funcitons of knee joint by a surgical implant with the simpliest onstruction. Its
mainattributes are the followint ones: movement, stability and painlessness, of
course. Present alloplasties of knee joint confirm the superiority of clinical usage
of condilary replacement which mostly route to the natural shape of knee and to
cementless application. On the other hand the worldwide results are short-term
activities to define clear prediction of these new progressive methods. This study
is concentrated for building distal part of femur, proximal part of tibia, and total
knee replacement.

1. Uvod

Od pocatku aplikace totalnich endoprotéz kolenniho kloubu byla v fadé biomechanickych
pracoviSt, na rizné rozliSovaci Urovni, provedena mechanickd analyza kolenniho kloubu
s aplikovanou totalni endoprotézou. Tyto analyzy byly zpravidla provadény pro ziskani
obecnych zavislosti nebo se zabyvaly konkrétnim problémem klinického pracovisté. Ustav
mechaniky téles, mechatroniky a biomechaniky jiz dlouhou dobu spolupracuje na feSeni fady
biomechanickych problému s Ortopedickou klinikou fakultni nemocnice u sv. Anny v Brné.
Jednou s nejaktudlngjSich oblasti tvoii problémy na totalni endoprotéze kolenniho kloubu.

Implantacemi nahrad kolenniho kloubu se mimo jiné zabyva i Fakultni nemocnice u Sv.
Anny v Brné€. Ortopedové provadi priblizné 500 operaci ro¢n¢ tykajici se nahrady kolenniho
kloubu. Mezi Casto pouzivané totalni endoprotézy na tomto pracovisti patii nahrada typu
Walter Univerzal a nahrada typu P.F.C. Sigma' ", které jsou pfedmétem nageho studia.

Cilem ptedloZzené prace je tedy napétové deformacni analyza kolenniho kloubu
s aplikovanou totalni endoprotézou, se zaméfenim na stykové poméry mezi femordlni a
tibidlni komponentou u dvou uvedenych typech nahrad.

Reseni je proveden na zikladé vypodtového modelovani s vyuzitim metody koneénych
prvki. Vypoctovy model kolenni soustavy je realizovano v programovém systému Ansys,
verze 8.1. Z divodu vysoké slozitosti geometrie soustavy je nutné problém fesit jako 3-D
ulohu.

2. Model geometrie

Na zaklad¢ zkuSenosti z oblasti tvorby modelu geometrie komponent totalni endoprotézy, kde
se ukazalo se, ze mala zména kiivosti na artikulacnich plochach protézy ma za nasledek velmi

Ing. Csaba Budinszky, UMTMB, Fakulta strojniho inZenyrstvi, Technicki 2, 616 69 Brno,
Tel.: +420-5-41142804, e-mail: ybudin00@stud.fme.vutbr.cz,
” Ing. Zdenék Florian, CSc., UMTMB, Fakulta strojniho inzenyrstvi, Technickd 2, 616 69 Brno,
Tel.: +420-5-41142863, e-mail: florian@umt.fme.vutbr.cz
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odlisné vysledky ve vypoctech, jsme vychazeli z dat ziskané pomoci optického 3-D skeneru
ATOS. Bezkontaktni a na typu materialu téméf nezavisla 3-D opticka digitalizace objektl je
doposud jednou z nejpiesnéjSich metod méteni (odchylky fadoveé 50 um).

3. Modely materiali

Materialové charakteristiky jednotlivych komponent kolenni soustavy byly ur€eny na zakladé
publikované literatury. Byly pouZity izotropni, linedrn€ pruzné materidlové modely.

4. Kone¢noprvkovy model

ProtoZe komponenty geometrického modelu totdlni endoprotézy jsou tvarové velmi sloZité,
nebylo mozné vytvofit mapovanou sit’ a byla vytvofena sit’ volnd. V potencialnich mistech
kontaktu mezi femoralni a tibidlni komponentu byly aplikovany kontaktni prvky.

5. Model vazeb a zatizeni

Pti zatiZzeni kolenni soustavy se vychazelo na zékladé tzv. ,,modelu zatiZzeni niz§i Grovné&®.
Pfedstavuje to stoj na jedné dolni koncetiné a uvazuje se plisobeni pouze femoro-tibialni
osové sily.

6. Zavér

Lze poukazat na znaény rozdil mezi totalni endoprotézou P.F.C. Sigma'™ a nahradou Walter
Univezal a to z hlediska mista kontaktu mezi femoralni komponentou a tibidlnim platem.

Misto styku femordlni a tibidlni komponenty u nahrady PS varianty je cca. 28mm
medidln¢ a laterdlné od osy symetrie tibidlni komponenty, a ma ovalny tvar orientovany v
anterior-posteriornim sméru o délce cca. 30mm a Sifce cca. Smm.

Oblast kontaktu mezi femoralni a tibialni komponentou u nahrady typu Walter Univerzal
se nachdzi cca. 20mm medidlné€ a lateralné od osy symetrie tibialniho diiku. Tvar kontaktni
plochy se piiblizuje kruhovému tvaru o priiméru cca. 10mm.

7. Podékovani

Uvedena prace byla podporovéana grantem GACR 101/05/0136.
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MODELLING AND DYNAMICAL ANALYSISOF GEAR DRIVES
VIBRATION CONSIDERING THE INFLUENCE
OF NONLINEAR COUPLINGS

M. Byrtus, V. Zeman'

Summary: The aim of this contribution is to take into account the influence of
nonlinear couplings in the gear drive and create a general mathematical model
for an arbitrary gearbox using the modal synthesis method with DOF number re-
duction. The stress is laid on modelling of nonlinear gear and bearing couplings
and their influence on the system response to the internal excitation. The bearing
model respects real number of rolling bodies and nonlinear contact forces acting
between journals and the outer housing. As a result of nonlinear couplings, vibra-
tions accompanied by impact motions, bifurcation of solution and chaotic motions
are studied.

1. Introduction

Large rotating systems, especially gear drives and gearboxes occur as parts of many mechanical
devices on one hand. But they are representans of main excitation sources on the other hand.
Their vibration analyses are commonly performed with the assumption of small deformations
and linearized coupling forces. This assumption is not correct for certain operational states
when the influence of coupling nonlinearities is dominant. Therefore the nonlinear models of
gear and bearing couplings are developed and the influence of coupling nonlinearities is inves-
tigated. The presented method subsequently allows the noise radiation analysis as HajZzman and
Byrtus (2006) have shown.

2. Modelling of largerotating systems

The mathematical model of the large rotating system is created using a methodology based
on a system decomposition, application of modal synthesis method presented e.g. in Zeman
and Hlavac (1995) and separate modelling of various couplings. Such system can be generally
decomposed into rotor subsystems (s = 1, ... , S — 1) and stator subsystem (s = 5) mutually
joined by gear and bearing couplings.

The final model of the system can be rewritten in configuration space of master modal coor-
dinates, in global condensed form

! Ing. Miroslav Byrtus, Prof. Ing. Vladimir Zeman, DrSc., Department of Mechanics, Faculty of Applied Sci-
ences, University of West Bohemia in Pilsen, Univerzitni 8, 306 14 Plzen, tel. +420 377 63 23 15, e-mail: byr-
tus@kme.zcu.cz
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i(t) + (B +wG + V' (Bs+Bo) V)it) + (A+ V! (Ky + Ko) V)a(t) =

z
= VT(Z Z(ci,jfi,j<q> +e () + > e FN(t q) + falt) + fE(t)) :
where

B =diag ("V,"B,"V,), G = diag (% mVSTG’smVS> , V =diag("V;)
0

are block diagonal matrices (wg = 0 holds for the stator subsystem) and A = diag ("™ Ay ) is
diagonal matrix composed of spectral submatrices ™A, € R™™s of the subsystems. Matri-
ces Kp, Bp and K, B describe the linearized part of bearing and gear coupling forces,
respectively. The function f; ; (f{j for axial bearing) expresses nonlinear dependence of force
transmitted by each rolling-element on its deflections and possibility of rolling-element contact
loss in radial and axial direction. Vector ¢; ; describes the geometry of bearing elements contact.
The nonlinear part of each gear coupling is described by the function FV that expresses gear
mesh interruption and impacts motions in gearing. The geometry of gear mesh is characterized
by the vector c,. The vector f(t) describes the internal kinematic excitation generated in gear
meshings and fg(t) is the global vector of external excitation.

3. Dynamical Analysis

The aim of dynamical analysis is to investigate the behaviour of the nonlinear system in de-
pendence on chosen system parameters. We are concerned with the qualitative analysis of the
system vibrations caused by the internal kinematic excitation generated in gear meshings, in-
fluenced by gear mesh interruption and nonlinear bearing couplings. The methodology was
applied to a simple test-gearbox. It was shown that in the operational area exist periodical solu-
tions that may bifurcate to other periodical solutions with different number of maxima and with
different number of impacts per one period of motion, or they may overcome to regions with
chaotic motions that are very interesting from the practical point of view.

4. Conclusion
The presented methodology of the large rotating systems modelling allows to investigate the
influence of nonlinear gear and bearing couplings on complex behaviour of the system.

This work was supported by the research project MSM 4977751303 of the Ministry of Educa-
tion, Youth and Sports of the Czech Republic.
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RHEOLOGIC MODEL OF MECHANICAL PROPERTIES OF
POLYURETHANE FOAM

D. Cirkl *

Summary: Paper deals with definition of polyurethane (PU) foam simulation rhe-
ologic model with concentrated parameters. The model includes elastic forces, vis
coelastic components and frictional damping. It is successfully verified with real
data measured on PU foam specimen kinematically excited with triangle and har
monical course of displacement.

1. Introduction

Polyurethane foam has become a traditional and very extensively used material in many
Itis predominantly used in driver seat production. For computer simulated statical or dyr
comfort of seating it is necessary to describe its properties in sufficient degree which thi
deals with.

Properties of polyurethane foam were investigated on opened cells PU foam spec
cubic shape with size (160100x50) mm, density 55 kg/f made from material TDI.

The specimen was inserted into two paralel rigid plates and deformed by means of hy
actuator. Kinematic displacement excitatioft) has a triangle shape with constant amplit
A = 19.5 mm, constant mean valu¢, = A =19.5 mm and frequency varied in rangie=
(0.01 + 1.28) Hz. It is given by equation (1), wherE = % is period of excitation and =
0,1,2,...,00 means number of periods.

x(t):{ Z(t—nT) prot € (nT;nT +T/2) (1)

(¢t —(n+1)T) prot € (nT +T/2;(n+1)T)

2. Conclusion

Rheologic model of polyurethane foam was developed in this article (see fig. 1). How
cation shows this kind of model definition leads to satisfactory results. In case of verif
for triangle course of displacement with little variation of exciting signal parameters (or
citing frequency was varied) the achieved results were very accurate. From the verific.

! Ing. David Cirkl, Ph.D., Technical University of Liberec, Komegsk 2, 460 17, Liberec, tel.: +420 485 :
150, e-mail: david.cirki@tul.cz

40



D. Cirkl

X
AN
[ |2
S
LLT — | — | — |
U N SR |
L R R R
IF 1 . 1 1 1 as 1
'fgiggcl):' Elastic force F, O R
| & | Damping force F, |

Figure 1. Scheme of PU material model for3

case of harmonic exciting signal with highly varied signal parameters (mean value, am|
frequency) follows that for satisfactory accuracy of simulation in all range of parameters
tion it is necessary to set some model constants different from those in triangle excitatic
mean that the desired accuracy of this model is possible to guarantee in predetermined
scope of excitation.
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WHIRL FLUTTER ANALYSIS OF THE COMMUTER AIRCRAFT
AEROELASTIC MODEL WING - ENGINE COMPONENT

J.Ceérdle

Summary: The submitted paper deals with whirl flutter of turboprop aircraft. It
gives a summary of the airworthiness regulations requirements and the
theoretical background concerning the mentioned aeroelastic phenomenon. The
whirl flutter analysis was performed by means of the NASTRAN program system
supported by other specialized software packages. The analysis was made on an
aeroelastic model of the wing — engine component of a commuter aircraft for 40

passengers.
2
. A
1. Introduction
z

Whirl flutter is a dynamic aeroelastic phenomenon, v
which may occur on the turboprop engine powered \\“’
aircraft. Rotating parts like propeller or turbine increase damped undampxed
the number of structural DOFs and causes additional (Vo< Vi) (Vo> Vi)

forces and moments. Moreover it causes a complicated
flow field and interference effects between wing, nacelle
and propeller. Whirl flutter may cause the propeller '
mounting unstable vibrations, even failure of the engine, nacelle or whole wing

Fig.1 - Stable and unstable state of
gyroscopic vibrations

2. Theoretical Background and Analysis of the L 610 Aircraft Aeroelastic Model

Engine flexible mounting is represented by two rotational springs (stiffness Ky, Kg).
Propeller is considered as rigid, rotating with angular velocity Q. System is in the airflow of
velocity V.. Considering the propeller rotation, the system become to the characteristic
gyroscopic motion. The propeller axis makes an elliptical movement. The orientation is
backward or forward relatively to the propeller rotation (backward or forward whirl mode).
The mode shapes are complex. Condition of real mode shapes corresponds to the no total
damping of the system. States of stability are explained in fig.1. The limit means (V= Vr).

The equations of motion were set up by means the Lagrange approach, the final whirl
flutter matrix equation will become:

(_ o [M]+ j@[[D]+ (G]+ o F, %?[DA]J (K] quPDP[KA])]x {% _o )

0

The limit state emerges for the combination of parameters V., and €, when o is real.

Whirl flutter solution by means of the NASTRAN program system grounds on the Strip
Aerodynamic Theory for the propeller at the windmilling mode. Propeller is assumed rigid.
For the rest structure is used Wing — Body Interference Aerodynamic Theory. For the flutter

" Ing. Jifi Cecrdle, Ph.D.: Aeronautical Research and Test Institute (VZLU); Beranovych 130; 199 05 Praha —
Letiany; tel.:(+420) 225 115 123; fax:(+420) 283 920 018; e-mail: cecrdle@vzlu.cz
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stability solution is used PK method. NASTRAN whirl flutter DMAP procedure is
supplemented by the external preprocessor for calculation of the propeller aerodynamic
matrices and optionally for calculation of the down / side wash effects. The output data
processing is possible by means of the external postprocessor program.

The task regarding the whirl flutter this paper is focused on is the calculation of the L 610
aircraft aeroelastic model (42 seat twin turboprop engine transport aircraft, 1/5 length scale).
Calculation of the whirl flutter was performed on the model of the wing — engine system.
Task includes the down / side wash effects and dynamic characteristics of the wing (up to 10
modes). Model was verified using results of the modal tests and wind tunnel flutter tests. At
first, the calculation of cantilevered engine with mount-isolators and engine bed were
performed to obtain the flutter and divergence areas. The next preparatory step was the
calculation of the ordinary flutter with no gyroscopic effect. The two types of flutter
instability were found. The first one is the bending — torsion — aileron flutter on the
antisymmetric suspension. For the combination without aileron flapping mode, the above-
mentioned instability changes to the wing bending flutter on the antisymmetric suspension.
Also the divergence of the wing suspension was found.

The final whirl flutter calculations were performed at the three steps (no downwash,
downwash included, down and side wash included). The whirl flutter instability occurred for
critical combination of two engine vibration modes. The influence of the downwash effect is
slightly stabilizing; the influence of the
sidewash effect is barely noticeable. The ouz
representative results v-g diagram is o o /J;
presented in fig.2.

wing L610 - whirl flutter -4

0,00 KK TK—K—K—%—% K—k KKKk
o

3. Conclusion and Acknowledgements

gl1]
s s
8 ?

The submitted paper deals with the \ \\w -
aircraft structure whirl flutter problems. /
It describes the theoretical aspects and \ \ /E/

analysis by means of NASTRAN and o 0 o w I n w

v[mis]

Other aqullary program Systems The ‘—u—u&\/vm —0— 1.EHVib —=—Rol ——1.WB —%— 1.WHB —— AileRot —B— 1.WT —&—2WVB —a—2.WHB —»— 2.WT|

results are in accordance with the theory. Fig.2 — v-g diagram — whirl flutter with downwash
The paper was prepared in the frame effect, also aileron flutter and divergence
of the project “Research on Strength of Low-weight Structures with Special Regard to

Airplane Structures” funded from the Czech Ministry of Education, project number MSM
0001066903.
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THE EXPERIMENTAL APPARATUS FOR MEASUREMENT
OF CHARACTERISTICS OF MAN-OPERATOR
OF SPECIAL MAN-MACHINE SYSTEM

V. Cech', J. Jevicky?

Summary: This paper follows-up our papers which were published in IM 2004
and IM 2005 proceedings. The structure of the experimental apparatus software is
presented in this paper. The experiments, which will realize with using of this
apparatus, make possible to improve the special mathematical models of man-
operator. These models are necessary for control advancement of special
servomechanisms — man-machine systems.

1. Uvod

Senzoricky systém na bazi pasivniho optoelektronického dalkoméru (POED) — dale SS POED
— je jednim ze senzorickych systému, které mohou byt pouzZivany v mechatronickych
systtmech. SS POED umoZiuje ziskdvat informace o poloze jednotlivych objekti
v pozorované scéné a to jak viaci SS POED, tak i navzdjem. DalSim zpracovanim téchto
informaci je mozno dosédhnout tzv. vnimani hloubky scény (depth perception).

SS POED se obecn¢ sklada z kanalu dalky (systému rozpoznavani objekti a mefeni dalky
k nim) a z kandlu sméru (systému zamifovani a sledovani cile — vybraného objektu). V nasem
prispévku se zabyvame problematikou spojenou s ¢innosti kanalu sméru.

Je-li pozorovana scéna dostatené slozita a dokonce 1 v ¢ase proménnd, musi fazi uceni SS
POED realizovat operator. V této fazi identifikuje cil a tento v poloautomatickém rezimu
prace kandlu sméru sleduje po takovou dobu, nez podsystém automatického rozpoznavani cile
kanalu dalky zvladne sviij ukol a pfevezme jeho sledovani. Operator musi prevzit fizeni i
v piipad¢, kdyz cil zmizi na delsi dobu za ptekazkami. Z uvedeného je zfejmé, Ze vlastnosti a
schopnosti operatora jsou kritické pro praci SS POED ve slozitych podminkach. Je tudiz
vhodné doplnit systém o prvky, které zefektiviiuji proces uceni operatora a vlastni proces
fizeni operdtorem — sledovani cile. K vytvoreni téchto prvkl je nutno mit co nejvice informaci
o operatorovi jako prvku regulacniho obvodu.

Uvedené diivody, ale i dalsi, vedly k nutnosti vytvofeni simula¢niho zatfizeni (SKS -
simuldtoru kanalu smeéru), které umoznuje poznavat vlastnosti operatora v interakci se
simulovanymi vlastnostmi konkrétni technické ¢asti kanalu sméru a simulovanym scénaiem.

V piispévku se zabyvame predev§im SW ¢asti simulatoru.

'Doc. Ing. Vladimir Cech, CSc., poradce, Pavlovska 35, 623 00 Brno, e-mail: cech.vladimir@post.cz
2 Doc. RNDr. Jiii Jevicky, CSc., Univerzita obrany v Brn¢, Kounicova 65, 612 00 Brno, e-mail:
jiri.jevicky@unob.cz
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2. Software simulatoru kanalu sméru — SKS

Zékladni struktura SW simulatoru kanalu sméru (SKS) je uvedena na obr. 1. SW se sklada ze
dvou zékladnich ¢asti:

- modelu ,,0koli* (samostatny program EFG resp. novéjsi SNBP) a

- model kanalu sméru SS POED (vlastni SW simulatoru).

Program EFG resp. SNBP generuje vSechna potiebna vstupni data pro praci modelu kanalu

sméru SS POED. Data jsou pfedem vypoctena jako Casové fady jednotlivych parametrii a
vypalena na CD ve formatu *.txt.

KONFIGURACE ENAR
- DOPRAVNIHD PROSTREDKU (DP) SCENAFDEOHYBU

- CARDANOVA ZAVESU & C
UMISTEN] ZAMEROVAGE = lLE
POLOHA T 1
ZAMERNEHO BODUY

(Pzp: Yzp) MODEL ,0KOLI“
KANALLI SMERLU S5 POED
(program EFG resp. SNBP)

- REZIM = A { PORUCHY T

MODEL TURBULENTNI b _ UNASIVE |
ATMOSFERY POHYBY

BAZEDP | |

e =~ KINEMATICKE

[+ mraToRr BUZEN I

OPERATOR MODEL | ,._ MODEL P Y
TECHNICKE RIZENEHO OBJEKTU

" CASTI -CARDANDY ZAVES ! .
OVLADAG REGULATORWU 5 GASTI 55 POED RELATIVMI
(JOYSTICK) UHLY

ZAMIREN]

= B REZIM MERENI

I

I

| ZAVISLA ZAMERNA | "=-Enosci
l P.?fm? (ZAPORNA ZPETNA VAZBA POLOHOVA)  DALKOWERU
| zémenne BAZIOP
| e | MODEL KANALU SMERU SS POED | .

Obr. 1 Zakladni struktura SW simulatoru kanalu sméru (SKS) veliCiny

Vlastni systém zamifovani (kanal sméru) lze charakterizovat (Obr.1) jako nepiimy
regulator resp. nelinedrni neautonomni dvourozmérny polohovy servomechanismus resp.
nelinearni neautonomni systém fizeni v uzavieném obvodu (regulace) se dvéma regulovanymi
veli¢inami a to (relativnim) namérem ¢ a (relativnim) odmérem vy pelengacnich os SS POED.
Rezim motorického pohonu mé dva dil¢i rezimy — rezim bez méteni poruch -,,A* tzv. reZim
zamirovani (navdadeni, sledovani) a rezim s méfenim poruch - ,,B* tzv. reZim stabilizace.

3. Zavér
V ptispévku informujeme o ucelu a zékladni struktuie simuldtoru kanalu sméru SS POED.

V nasledujicich publikacich se soustiedime na prezentovani vysledkli méfeni realizovanych
s vyuzitim tohoto zatizeni.

4. Podékovani

Tato prace vznikla za podpory z finan¢nich prosttedkti Vyzkumného zaméru Fakulty
vojenskych technologii Univerzity obrany <¢islo FVT0000402: ,, Vyzkum pasivnich
optoelektronickych systémi automatického sledovani cile pro systémy fizeni palby*.
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POWER GRIP OF HAND
J. Culik’

Summary: The mechanical model of power grip of a human hand is described in
the paper. The model consists from stiff bones of finger links and tendons and it
enables calculation of stress state at bones and forces at tendons. They are solved
two types of power grip: the power grip of some object, for example the tongs and
power grip of bar of hanging man.

1. Introduction
The aim of paper is a calculation of the stress state at hand bones and hand tendon forces as
an effect of the power grip the object for example the tongs.

We suppose: the hand clamps the object
between wrist and n™ (2", 3", 4™) link finger,
diameter of clamped object is a free parameter,
thumb doesn’t work, the finger link lengths
make Fibonacci’s sequence, tendons are at
tendon vaginas and follows finger bones form
and tendon curvature has near the joints radius
r, fi 1s perpendicular distance from joint center.
No friction is at tendon vaginas. The fingers are
numbered from the forefinger and the finger
link from wrist. No bending moments are at
finger joins. Each finger links has its own flexor
and extensor. Bones are ideal stiff and tendons
are ideal flexible. Metacarpal part is solved as
one joint. The 1% finger links are connected

‘ ‘ _ (corpus ossis metacarpalis), there bounding
Fig. 1. Schema of object grip enable a small difference of their slopes.

2. Geometry of hand power grip and stress state

The fig. 1 shows object grip schema, Ax;y;) are turning center of finger links, B(X,Y;) are
connection points between object and finger surface, Si(x;,)is) are bone links axis centers. The
coordinates of points 4; can be calculated from

=x,+L,cose,,y,,, =y, +L;sing, (1)

xi+1

a; is slope of i finger link and L; is its length. The position of poits B; are

b X +Xx =V, -ty X, —X.
Xlz_rlv&,y'l:rlv_Z’XH—l: i 1+1_r[vyz+l yz,Y'H—l:yz y1+l+ . i+l
L, L, 2 L 2 L

1 1
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r; is bone radius and v is parameter which defines distance between finger surface and bone
axis.

Rotation angles ¢; of bone link axis are
B=av—o, =c;+ b os=o1+ (1+k)B, ou= a;+ (1+1,5k) 3 3)

Angle S will be determined to be distance between B; a B, equal size of grip object d, the
value of k is calculated to be for d=0 the points B; a B, at the same position, it means that
for its distance is valid

L .
Ax=L +L,cosax, +...+—cosa, —r,ysine, =0
2

(4)

. L, .
Ay=L,sina, +...+ 2" sine, +r,veoser, —r,,v=0

If the formulas (3) are set to (4) (the 1** approximation is ;= 0), we have the system of
equation with unknowns £ and & which can be solved with help Newton's iteration method.
Now we rotate the hand to be the grip force F vertical

X
tgal — n+l

Yn+l - Vrl

The geometry of hand finger position for power grip of round post can be determined
likewise.

Fig. 2. Equilibrium of tendon forces R, joint forces H, V" and external forces F.

The tendon forces F' and joint forces H, V which have influence on finger links can be
calculated from the moment and force equilibrium conditions (see fig. 2). If the joint foces are
known the stress state at fingers can be calculated. The hand load can be divided to fingers to
be equal tendon forces or stress maximum at all fingers.

3. Conclusion
The presented algorithm was interpreted on a computer. The program can be used for healthy
hand and for hand with missing some fingers and/or some finger links.

4. Acknowledgement:

The research was supported by grant MSM6840770012 “Transdisciplinary research at area
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MATHEMATICAL MODEL OF THE TRUCK SHOE BRAKE

V. Drobny*

Summary: Numerical simulation of the truck shoe brake describes the process
of inclination and reach the maximal brake efficiency of the air actuated shoe
brake. There was a full explanation of the mathematical model as a complex unit,
including detail description of brake-shoe lining contact area simplification. The
input for mathematical simulation was maximal estimated brake pressure time
dependency. As the outputs, the kinematical and for ce time dependencies for a few
design options were observed. The change of maximal brake force by brake-shoe
lining wear was deter mined.

1. Uvod

Piispévek se zabyva identifikaci ovlddaciho systému brzdy vyuZitim znadmych pribéha
vstupni veli€iny a sledovanim citlivosti na zmény konstrukce mechanismu. Matematicky
model brzdy je tvofen zdkladnim télesem téhlice predniho kola, ke kterému jsou pfipojovana
télesa ovlddaciho mechanismu brzdy. Aktudtor pievadéjici ndbéh tlaku v brzdovém systému
na silu ptisobi mezi télesem valce a télesem pistu vzduchového vélce. Vychozi polohu
zajiSt'uje vratnd pruZina. Automatické vymezovani vile je v matematickém modelu nahrazeno
pevnou vazbou mezi pdkou a hfidelem, s moznosti modifikace vzdjemného uhlového
pootoceni. Na opacném konci hiidele je soumérny rozviraci kli¢ brzdy, odkud je brzdna sila
prenédsena tfeci plochou, nebo pomocnymi kladkami na Celisti brzdy.

Pro urceni plsobisté vyslednice sil, resp. kontaktntho mista v ndhradnim mechanismu
soustied’ujicim spojité rozloZenou normdlnou silu do jednoho bodu, bylo nutné provést
samostatné kinematicky rozbor uzitim grafické metody. Vystupem grafické metody jsou
polohy kontaktnich bodt na celistech brzdy, které jsou ndsledné pouzity pfi definici
jednostranného silového kontaktniho prvku. V zévislosti na normdlné sile je pomoci tfecitho
soucinitele definovana silova vazba mezi Celisti a bubnem.

Porovndnim kinematickych analyz varianty pfevodu na rozviracim kli¢i s linedrnim
kontaktem a varianty s pomocnou kladkou byly ziskany nésledujici zavéry. U varianty
s pomocnymi kladkami dochdzi k vyrazné zméné pievodového poméru mezi natoCenim
hiidele klice a posunutim stfedu kladky v ose x. Bez pouZiti kladky je pfevod v celém rozsahu
konstantni. S pouzitim kladky se prevodovy pomér ustdli aZ po natoceni hiidele rozviraciho
klice z konstrukéni polohy o thel vétsi nez 20°. Tomu odpovidd posunuti kontaktnich bod
obloZeni a bubnu pfiblizn€¢ o 1mm, coZ je zaroven pozadavek ville mezi obloZenim a bubnem
v konstrukéni poloze z ditvodu montaZe bubnu.

* Ing. Vladislav Drobny: TUV UVMV s.r.0.; Novodvorskd 994; 142 21 Praha 4; tel.: +420.239 046 977,
fax: +420.239 046 975; e-mail: vladislav.drobny @tuv-sud.cz
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2. Vystupy simulaci

Simulace byly provadény pro sefizenou brzdu s po¢dte€nim natoenim rozviraciho klice 20°.
Sefizenim zaroven dojde k pfeklenuti oblasti s velkou zménou pievodu pro variantu
s kladkou. Aktivace brzdy je v modelu definovdna ndbéhem tlaku ve vzduchovém vilci.

Pro obé varianty mechanismu brzdy byly sledovany silové pribéhy v zdvislosti na stlaceni
pistu vzduchového vélce. Porovnanim brzdovych momentii vychdzi u varianty s linedrnim
kontaktem ndbéh sil méné strmy a tudiZ maximum brzdného ucinku je dosazeno pii veétSim
zdvihu brzdového vdlce. Zména dhlu normdly pifi kontaktu s kladkou pribéh negativné
neovliviiuje.

Vile vzniklé opotiebenim brzdového obloZeni jsou v brzd€ automaticky vymezovany
pomoci samostavu. V matematickém modelu nebyla sledovana tato zména kontinudlné, ale
byly pocitany pouze vybrané rezimy pro variantu s pomocnou kladkou. Obrazekl zobrazuje
zménu maximdalniho brzdného momentu v zédvislosti na poc¢atecnim thlu natoceni rozviraciho
klice. S velikosti pocateCniho uhlu natoceni klice souvisi vySka opotiebeni brzdového
obloZeni s maximalni hodnotou ~5,5mm.
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Obrazek 1 Zména maximéalniho brzdného momentu, velikost opotiebeni brzdového oblozeni

3. Zavér

Ze simulaci vyplyva linearita pribéht brzdnych sil v celém rozsahu zdvihu pro ob¢ varianty.
Vyhodou mechanismu s pomocnou kladkou je sniZeni tfeni v kontaktu rozviraciho klice
a celisti. Malou diferenci zptsobuje zména délky zdvihu pistu vzduchového vélce pii ndb¢hu
brzdnych sil. Maximalni brzdny moment se sice pii opotiebovavani brzdového obloZeni méni,
ale zména dcinku brzdy neni vyrazna.

4. Podékovani

Tento piispévek vznikl v rdmci feSeni projekti Vyzkumného centra spalovacich motort
a automobilt Josefa BoZka.

5. Literatura

Petranek, J. (1969) Ustroji automobild, CVUT, Praha.
Simdoc (1999) Dokumentace k simulacnimu systému SIMPACK v 8.013, Intec GmbH.
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INFLUENCE OF POSITION OF MIDDLE EAR
PROSTHESISON MECHANICS OF HEARING

D. Dugek’, K. Pellant™

Summary: The analysis of the mechanics of the normal middle ear and of the
middle ear with ossicular prosthesis is performed. The creation of the finite
element model of the middle ear is described. The model of the normal ear
includes external ear canal, tympanic membrane, ossicle chain with jointsto oval
window in the enter of cochley. The model of prosthesis simulates T-like type of
the commercial product. The amplitude of the stapes footplate velocity and the
amplitude of pressure excitations in cochley were evaluated for different manners
of prosthesis fixation.

1. Uvod

Lidské ucho se sklada ze tii zdkladnich Casti: z vnéjSiho zvukovodu, stfedniho a vnitfniho
ucha. Mechanické energie akustickych vin ve vnéj$Sim vzduSného prostiedi je nejprve
zachycena boltcem a je pfenesena pies dutinu vnéjStho zvukovodu k bubinku. Oscilace tlaku
ptred bubinkem zptisobuji jeho pruhyb do stfedousni dutiny. Vzhledem k tomu, Ze bubinek je
spojen s kladivkem, dochdzi tak k pohybu fetézce stiedouSnich kilistek a energie tlakovych

vin je pfevadéna na energii pohybovou fetézce stfedousnich kustek (Voss 2001).

Pfi pohybu fetézce dochdzi ke vtlaCovani posledni kistky (pata tfminku) do fluidniho
prostiedi vypliiujictho dutinu vnitiniho ucha. Timto zpisobem se pohybova energie fetézce
zpétné transformuje na tlakové viny, které se $ifi v kapalném prostiedi (perilymfa) vnitfniho
ucha. Takto vzniklé tlakové viny se §ii{ od bazédlniho konce kosténého Sneku cochley podél
bazilarni membrany k apikdlnimu vrcholu cochley a zpisobuji na bazildrni membrané vznik
postupné ohybové viny. Vzhledem k tomu, Ze na bazildrni membréané jsou umistény vlaskové
smyslové burky, pfi vibracich bazilarni membrany dochdzi k jejich drazdéni a ke vzniku
elektrickych podnéti, které jsou dile prendSeny do mozku.

Z hlediska mechaniky sluchu je pfitom dilezité to, Ze pii Siteni postupné ohybové viny
bazilarni membranou dochdzi k lokdlnimu zvySeni jeji amplitudy, poloha tohoto lokalniho
zvySeni je pfitom frekvencné zdvisld. Zvuky nizkych frekvenci rozechvivaji bazilarni
membranu nejvice pobliz jejiho apikdlniho konce, se vzristajici frekvenci se poloha
maximalni vychylky posouva plynule ke konci basalnimu.

¥ Ing. Daniel Dusek, UMTMB FSI VUT Brno, Technicka 2, 616 69 Brno,
e-mail: dusekdaniel @centrum.cz , tel.:+420 54114 2804

“ Doc. RNDr Karel Pellant, CSc, UMTMB FSI VUT Brno, Technicka 2, 616 69 Brno,
e-mail: pellant@umtn.fme.vutbr.cz, tel.:+420 54114 2856
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Vnitini ucho tedy funguje jako mechanicky analyzator frekvenci tj. rtizné tény drazdi
rizné smyslové buriky. Tento zdkladni princip vniméni zvukt byl potvrzen experimentdlné
jak méfenim na fyzikdlnich modelech tak 1 méfenimi ,,in situ® na kadaveréznich vzorcich
nebo na zvifatech. Pfitom vSak zustdvd fada otdzek nedofeSena- napt. vysokd rozliSovaci
schopnost, vnimani{ sloZenych zvuki, maskovaci efekt, otoakustickd emise apod. V soucasné
dobé¢ je proto diskusi téchto otdzek vénovana zvysSend pozornost, jednou z moznosti jak fesit
tyto problémy nabizi i pocitacové modelovani.

2. Cil préce

Cilem priace bylo studium zmén pienosovych vlastnosti normdlniho stfednitho ucha
pii aplikacich stfedouSnich protéz. Pii feSeni tohoto problému byla uvaZovadna interakce
pohybu pevnofazovych struktur (fetézce stfedousnich kustek resp. kovové ndhrady)
s elastickym bubinkem, membranou ovdlného okénka a sousednimi fluidnimi systémy
(vzdusny subsystém kavity zevniho zvukovodu na stran¢ jedné a kapalinové subsystémy
v cochley na strané¢ druhé). Pritom byla jako akustickd veli¢ina charakterizujici sluchovy
vjem sledovdna pfedevs$im rychlost pohybu tfminku a tlakové oscilace v cochley. K feSeni
problému byl pouzit kone¢noprvkovy vypocetni systém Ansys8.1.

3. Zavér

Na kompletnim modelu lidského ucha modelu byly provedeny vypocty ptenosu zvukovych
signdlii do oblasti vnitfnitho ucha pro zdravé ucho a pro ucho s aplikaci stfedou$nich protéz,
které byly upevnény od paty tfminku k rukojeti kladivka, ke kovadlince a k bubinku. Byl
sledovan vliv jednotlivych poloh uchyceni na pfenosové charakteristiky stfedniho ucha. Pti
implantaci protézy na bubinek m4 vyztuzeni bubinku zfejmé negativni dopad na pienos zvuku
do vnitiniho ucha (sttedousni systém je tlumen zvySenou tuhosti soustavy). Jako nejlepsi se
jevi uchyceni protézy bud’ na rukojet’ kladivka nebo ke kovadlince. Naopak nepiili§ vhodnou
se po matematické simulaci ukédzala varianta uchyceni stitedousni protézy k bubinku.

4. Literatura

Ferrazinni, M.(2003): Virtual Middle Ear: A dynamic mathematical model based on the finite
element method. A dissertation submitted to the swiss federal institute of technology,
Zurich, Switzerland.

Voss, S., E., Rosowski, J., Merchant, S., N., Peake, W., T. (2000): Acoustic response of the
human middle ear. Hearing Research 150, pp. 43-69.

Pellant, K., Dusek, D. (2004): Modelling of Basilar Membrane Excitation. Proceedings of the
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A NONLINEAR BAR ELEMENT WITH VARYING STIFFNESS

M .v*
R. DuriS§

Summary: The contribution is devoted to description of an exact bar element
with varying stiffness. The 2" theory solution is based on the full nonincremental
nonlinear (geometric and material) lagrange FEM formulation of the body motion
equations. The new shape functions of the bar element have been established with
consideration of continuous variation of elasticity and plasticity moduli, yield
stress and cross-sectional area. The efficiency and accuracy of the new elements
have been compared with the solutions of identical problems using the ANSYS
program. New finite element meets exactly all the basic equations of the bar in
both the local and global sense. The results obtained with this element are not
dependent on the mesh density.

In this contribution a new approach to evaluation of equlibrium equations suggested by Murin
[3,4] is presented. In this solution no linearisation of the variation of Green-Lagrange strain
tensor is used. Thus we can obtain the exact nonlinear nonincremental formulation of the
element stiffness matrices. When total Lagrangian formulation is used, nonlinearised
equations can be derived from the equlibrium of internal and external work

J- tCijrs €5 &y‘ v+ J. tCz'/'rs (ers 5771;; +17, 5@;'/ +17], 577;;‘ )dV = J. 'f; ou, dA"'tE‘k ou,
Ov Ov oA

in conventional notation. After implementation of correspondent approximation of the
displacement functions u, =@, uf we can modify previous equation for FEM requirements in

the form

1 ¢, I,
Z j Cijkl (¢km,l +¢lm,k)(¢in,j +¢jn,[)u;n dV+Z J‘ Cg‘jkl ¢pm,k pr,l (¢in,_j +¢jn,i)u;n ut‘r dv +
OV OV
1 ¢, 1
+5 j Cijkl ¢pr,i ¢pn,j(¢km,l +¢lm,k)uim uir dV+§ I Cg'jkl ¢pm,k ¢pv,l ¢rq,[ ¢m,j u;" uly u[q dv =
0y 0y

= ['f,0, dA+'E!
oA

We will get basic relation which can be used for an arbitrary finite element derivation.
The straight bar element with varying stiffness is shown in Fig. 1. The cross-sectional area,
elasticity and tangential moduli are defined as the polynomial functions

A(x):Ai(l—i_inAkka; E(x):Ei(l—i_inEkxkj and ET(x):ETi(l—i_inETkxkj .
k=1 k=1 k=1

Rastislav Duri§ (MSc.): Department of Applied Mechanics, Faculty of Materials Science and Technology,
Slovak University of Technology; Paulinska 16; 917 24 Trnava; Slovak Republic; tel.: +421.33 5511 733,
fax: +421.33 5511 668; e-mail: rastislav.duris@stuba.sk
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Fig. 1: Bar element with variation of the geometry and material properties

If the concept of transfer functions and constants published by Rubin is used to the derivation
of the stiffness relation, the axial elastic displacement can be expressed as

d, d
w9 =646, u, = 1= 22, B )
dyp, dyp,

The elastic stiffness matrix has the form

AE, d; d} 1 -1
K, =20 1+3(/1—1)L° 2 +l(/1—1)2(L°)2f—Bf3 { }
dZBe 2 (dzge) 2 (dzge) -1 1

where d5, , d,;, d,; are the transfer.

If the axial stress exceeds the yield stress ©; , the stiffness matrix change to

AE, d; d; 1 -1
K, =—"" 1+§(/1—/10>)L0 ,23"” - +l(,1—/1a,)2(L0)2f_3w3 { } )
dZBe,) 2 ! (d 2B,, ) 2 ' (d 2B, ) -1 1

The axial stress before yield stress in the bar element, can be calculated using formula

o, =L {l+é(/1—l)L°dz—E+l(/1—1)2(L°)2d+E3}(/1—l)L°

Cody| 2 (d3p) 2 (dar)
and for the stress exceeding the elastic limit the axial stress can be calculated from
c=0,+0
y ep

where ©; is the yield stress and

[1+3(4—40_>L° be_ Lo, )2(L°)2”I,Lf3](ﬂ—ﬂa )L

2 T (dy) 2 ’ (dyi,) ’
Typical example of geometric nonlinear behaviour is the three-hinge mechanism. The
dependence displacement vs. internal and global force for bilinear elastic-plastic material
response with isotropic and kinematic hardening and bar element with varying stiffnes is in
the contribution presented.
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THE APPLICATION OF INTERACTIVE COMPUTATIONAL SYSTEM
(ICS FEM) IN ENGINEERING.

I. Eisner*, M. Lizoii* , R. Melicher**, M. Zmindak**

Summary: The objective in this paper is briefly describing of the Interactive
Computing System (ICS FEM). This software, which is mainly based on the Finite
Element Method, is now used for finite element analyses of practical industrial
problems and structures. However in this system are also implemented Boundary
Element Method and Strip Element Method. Nowadays this system consists of
various modules that are used for calculation of displacements and stresses of
structures, heat transfers and field problems. Of course, ICS is invested with pre-
processor for preparation of the input data and post-processor for analyzing of
obtained results.

1. Uvod

Pomocou MKP programov mézeme rieSit mnozstvo uloh najréznejSich typov. Adaptacie
MKP systémov nie je vzdy moznd. Zasahovanie do takychto systémov je naviac riskantné.
Ak sa miesto programového systému pouzije vhodne usporiadany subor podprogramov typu
»package®, podobné obtiaze odpadaj.

V tomto prispevku stru¢ne opiSeme moznosti systému Interaktivneho Vypoctového
Systtmu MKP (IVS MKP). Softvér ma modulovi Struktiru a umoziuje analytikom,
projektantom a konStruktérom ziskavat’ polia posunuti a napiti v navrhovanych konstrukciach
s naslednym vyhodnocovanim Zivotnosti konStrukeii.

2. Koncepcia, vlastnosti a sposob pouzitia IVS MKP

Nasim cielom je vyvinit systém, ktory by bol efektivne vyuzivany pri inzinierskych
analyzach anéavrhu konstrukcii. Systém IVS MKP sa vyvija a pouziva v. WUSAM
Engineering s.r.o. pre rieSenie praktickych problémov v strojarskom priemysle. Vysledky su
porovnavané s experimentmi a inymi MKP softvérmi.

Vécsina programovych modulov je napisana v programovacom jazyku COMPAQ Visual
FORTRAN, ktory je kompatibilny s programovacim jazykom Visual C++ spolocnosti
MICROSOFT. V programovacom jazyku Visual FORTRAN st napisané aj vsetky menu
funkcie, teda prostriedky na ovladanie systému IVS MKP ako celku. Program na précu s
grafikou je napisany v programovacom jazyku TMT PASCAL.

*  Tgor Eisner, Ing. Ivan Lizon, WUSAM Engineering, s. 1. 0., S. Visiiovského 8, 960 01 Zvolen
** doc. Ing. Milan Zmindak, CSc., Ing. Richard Melicher, Zilinské univerzita v Ziline, Univerzitna 1,
010 26 Zilina
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Priama navédznost medzi jednotlivymi vypo€tovymi modulmi je riadena pouZivatelom
prostrednictvom viacuroviiového menu, ktoré mu umozni pomerne rychlo pochopit’ Struktiru
syst¢tmu ako celku. Ku kazdému bodu MENU je priradeny prislusny HELP, ktory mu
poskytne zékladné informacie o funkcii, ktora sa bude vykonavat’ po zvoleni prislusnej vol’by.

Zakladny systém IVS MKP pozostava z programovych modulov, ktoré su rozdelené do
siedmich hlavnych casti. IVS MKP ma stavebnicovi, modulovu $truktaru, ktord je mozné
prispdsobit’ poziadavkam pouzivatela. Tato $truktira umoziiuje i jednoduché dopliianie
novych algoritmov a metdd do systému.

Grafické prostredie IVS MKP je navrhnuté v prostredi WINDOWS tak, aby v plnej miere
umoznilo pouzivatefovi jednoducho pracovat’ s tymto systémom. Rozdelenie adresarov v
Interaktivnom vypoctovom systéme MKP zabezpecuje prehlad o umiestneni jednotlivych
programovych modulov. Struktiru a pocet adresarov je mozné menit na zaklade rozsirenia
IVS MKP o nové moznosti.

3. Modul grafického zobrazovaca

Interaktivny graficky zobrazovac je integrovany do prostredia IVS MKP ako celku. Jeho
vytvorenie navéizuje na moznosti zobrazovaca pre rieSenie linearnych uloh s rozsirenim jeho
moznosti o zobrazovanie animacii nelinedrneho deja. Do zobrazovaca su postupne
implementované nové typy nelinedrnych prvkov, ktoré sa stavaji sucastou IVS MKP. Pre
zachovanie spitnej kompatibility s povodnym systémom IVS MKP bolo pre vyvoj grafického
zobrazovaca zvolené integrované vyvojové prostredie DELPHI. Ddélezitou poziadavkou je
iplna schopnost pracovat’ v celom rozsahu 32 bitovych OS Windows tzn. v rozsahu
Windows 95 az Windows XP a ponechanie si moznosti implementovania aj do buducich 64
bitovych OS Windows.

Zékladom celého grafického zobrazovaca je rozdelenie plochy monitoru na oblast
komunikacnt a €ast’ pracovnil. Komunika¢nu Cast’ tvori aktivna a pasivna liSta, kde aktivna
lista slazi na interaktivnu komunikaciu a pasivna lista méa informaény charakter. Dalej ako
stcast’ komunikécie je viacndsobné a viaciroviiové menu pre vyber aktualnej ¢innosti.

Menu systém je vytvoreny ako interaktivny v tom slova zmysle, Ze jednotlivé vol'by st pre
pouzivatel'a pristupné iba v tom pripade, ak je prislusna akcia definovana.

4. Predpokladany d’alsi vyvoj systému
Oblasti na ktorych sa prave pracuje su:

e ndavrh a vyvoj 32 bitového grafického rozhrania pre nelinedrne problémy o ktory bude
rozsireni uz existujlci systém,

e numerické simuldcie zataZovani nosnych konstrukcii v oblastiach vel'kych deformaécii
a materialovej plasticite, kde sa o¢akéava viactelesovy kontakt,

e kontaktnd formulacia vyuzivajuca Trefftzove a kontaktné kone¢né prvky ,

e implementacia hrani¢nych bezsietovych metdd (Boundary Meshless Method - BMM)
pre jednoduché a viacdoménové (MD) formulécie.

5. Acknowledgements
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STRESS RATE AND INCREMENTAL PRINCIPLE
OF VIRTUAL WORK IN FINITE DEFORMATIONS

Z. Fiala'

Summary: Solution of finite deformation problems is sought in the space of all
deformation tensor fields. Representation of a deformation process here as a tra-
Jectory makes us possible to further classify symmetric second-order tensor fields
either as points, vectors, or covectors, and, as a consequence, assign them the
corresponding time derivatives. However, as the space of all deformation tensor
fields has proved non-euclidean, the time derivative of vector, and covector fields
along the trajectory should be defined by the covariant derivative. This approach
enables us coherently to formulate an incremental principle of virtual work, and
propose the corresponding procedure in solving finite deformation problems. The
approach will be demonstrated in finite elasticity.

1. Introduction

There is a fundamental difference between small (precisely infinitesimal) and finite deformations.
A theory of small deformations approximates deformation of a body in terms of infinitesimal
displacement fields over initial, undeformed configuration, whereas a theory of finite defor-
mations describes it faithfully by differentiable invertible transformations — diffeomorphisms
that transform an initial configuration to an actual one. Variation in time of any quantity thus
includes not only its evolution at a point of interest, but also change in geometry of a body
during a deformation process, as it is projected into this quantity.

Unlike small deformations, deformation process for finite ones no longer keeps moving
inside some linear space TM - the tangent space to a nonlinear space M = Met(B) — the
space of all deformation tensor fields on referential configuration B, in which the deformation
process is represented by a trajectory. In our approach, we have chosen the right Cauchy-Green
deformation tensor fields C”. The nonlinear space can be given the structure of a Riemannian
manifold by introducing a metric based on kinematical considerations. Although the above
formalism, from the viewpoint of continuum mechanics, rests on rather unusual conceptions of
differential geometry of infinite-dimensional Riemannian manifolds of Riemannian metrics, it
is far from autotelic, and does not serve merely for an elegant reformulation of the well-known

I RNDr. Zdenék Fiala, CSc., Institute of Theoretical and Applied Mechanics, Proseckd 76, 190 00 Prague 9,
tel. +420 286 88 21 21, e-mail: fiala@itam.cas.cz
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results. Quite the contrary, this very approach enables us to derive some new results, probably
not attainable by other means.

First, the space of all deformation tensor fields is non-euclidean. This means that if we
calculate an increment of deformation to a given deformation and stress state, the upgraded total
deformation then cannot be obtained by simple adding the increment to the deformation state,
but by mapping the deformation increment from the tangent space to the space of deformation
fields. Then, we prove that the stress field represents a covector, and so its time derivative during
a deformation process should be expressed by the covariant derivative along the corresponding
trajectory, which results in one particular objective time derivative that is also, as the only
one, fully in accord with the geometry of the deformation process. Similarly, a corresponding
time derivative to any other second-order symmetric tensor fields will be assigned, depending
on whether, from the viepoint of our nonlinear space, they behave as vectors, covectors, or
points. Linearization of the deformation process related to these time derivatives then results
in an incremental virtual work principle, by means of which one can calculate an increment of
displacement and deformation. A new resultant deformation state then lies on a geodesic leading
off the given deformation state, and corresponding to the calculated increment of deformation.

2. Results

Based on the geometry of deformation process, the incremental principle of virtual work can be
expressed as an equality, holding for any virtual displacement field v/, in form

b vido— [ T2 ot 4.
/%szp ds+/sfm dv_/s[pta] (u) dg () do. 0

The time derivative of the Cauchy stress tensor

Y9
[%aﬁ] (u) = (%7)" + % (9ab0d? + gduy 07 — 0 dag”?) 2)
consists of the Zaremba-Jaumann derivative 647 and of the remainder terms, which are con-
sequence of the fact that we consider the stress tensor field as a whole, rather than stress
tensor at a point. As the time derivative of the stress field D/Dt [o¥](u) along deformation
process is a linear functional on displacement fields, the particular displacement field u;, and
the corresponding deformation increment 9C”(u;) to a prescribed external loading (7; , f; ) and
displacements can be calculated.

A new, upgraded total deformation state then lies on a geodesic leading off the given defor-
mation state C; in the direction of the calculated deformation increment dC?. As a consequence,
it can be expressed by the exponential mapping from the tangent space 7., M to the space M
itself *

Crynr = eXPos(y [ALOCY] . (3)

3. Conclusion

Based on advanced chapters of infinite-dimensional Riemannian differential geometry, the stress
rate, incremental principle of virtual work, and solution procedure for finite deformations have
been established.

4. Acknowledgement
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FLOW BEHAVIOUR OF VOCADLO-TYPE FLUIDS
DURING BACK EXTRUSION

P. Filip*, J. David*, R. Pivokonsky*

Summary: In food industry a back extrusion represents one of the cheapest and
time-saving experimental methods how to determine rheological characteristics of
the fluids studied. This method is based on plunging of a circular rod into an
axisymmetrically located circular cup containing the experimental sample. In the
past this method was successfully applied for power-law, Bingham and Herschel-
Bulkley fluids. The crucial point for determination of the rheological parameters
characterising the individual types of fluids consists in deriving velocity profiles
in a concentric annulus formed by a plunger (rod) and container (cup). The aim
of this contribution is to present semi-analytical form describing a velocity profile
for Vocadlo-type fluids including a location of the plug flow region.

1. Introduction

At present standard rheometers provide sufficiently precise measurements characterising
behaviour of non-Newtonian materials. In practice, this accuracy is not always necessary, and
e.g. in food processing precise measurements are not always indispensable. Back extrusion
represents a method providing relatively cheap and sufficient measurements of the rheological
characteristics, see Steffe & Osorio (1987). Its principle consists in penetrating of a circular
plunger under a given pressure gradient into an axisymmetrically placed circular container
with a material studied. For a determination of rheological parameters appearing in the
individual empirical rheological models, knowledge of a relation between volumetric flow
rate in an annulus formed by a plunger and a container is substantial. This relation is possible
to derive from an axial velocity profile of a material studied in an annulus. Present
contribution aims at a derivation of the velocity profile for the materials obeying Vocadlo
model.

2. Application of the individual empirical constitutive models to back extrusion

Osorio & Steffe (1987) derived an analytical solution for a determination of consistency and
flow behaviour indices in a 2P (two-parameter) power-law model using back extrusion
technique. The same authors (Osorio & Steffe, 1991) generalised their approach for the
case of 3P Herschel-Bulkley model. This enables to take into account viscoplastic materials

* Petr Filip, Jifi David, Radek Pivokonsky: Ustav pro hydrodynamiku AV CR; Pod Patankou 5; 166 12
Praha 6; tel.: +420.233 109 011, fax: +420.224 333 361; e-mail: filip@ih.cas.cz; david@ih.cas.cz;
pivokonsky@ih.cas.cz;
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exhibiting a plug-flow region, nevertheless in this model a yield stress represents a strict
singular term.

The 3P Vocadlo (sometimes called Robertson-Stiff) model (Parzonka & Vocadlo, 1967)
seems to be more user-friendly viscoplastic model involving a term with a yield stress in a
more appropriate form

r{Ky"nlJr[ijn]y for |r|270 , (1)

y=0 for |r<z, (2)

where K and n are consistency and flow behaviour indices, respectively; 7, stands for a yield
stress.

For this model a derivation of velocity profile in a concentric annulus is derived including
a location of plug flow region. The result obtained is in the so-called semi-analytical form as a
location of zero shear stress has to be calculated from a simple integral equation. Other
expressions are fully analytical.

3. Conclusion

The 3P Vocadlo model in its form eliminates a singularity appearing e.g. in the 3P Herschel-
Bulkley model. 'Smoothness' of the Vocadlo model results in better application in the
numerical procedures as e.g. a semi-analytical one in back-extrusion characterisation of
rheological behaviour of various food materials (tomato concentrate, mustard slurry, wheat
porridge, corn starch, caramel jam, cooked rice, raspberry, blackberry, etc.).
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COMPLIANCE CRITERIA TO BE PROVED BY THE ANALYSIS
OF A CIVIL ENGINEERING STRUCTURE

O. Fischer

Summary: Any (not only) civil engineering structure must meet two fundamental
requirements. the safety and serviceability before being put into service. While the
safety is in general controlled by the loading and behaviour of the structure and
by the resistance of its materials, which all are strongly supported by Codes and
software packages, the serviceability is often left on the account and experience of
the engineer. Some reflections and examples of failures are given in what follows.

1. Uvod

Kazda stavba 1 jakdkoli jind inZenyrskd konstrukce pofizend za né&jakym ucelem musi
spliiovat dva zdkladni pozadavky: byt bezpetnd a pro sviij ucel pouzitelna. Zatimco na
bezpecnost je obvykle kladen znaény diraz — normy piedepisuji podrobné zatizeni, Casto i
typy konstrukce, zpiisoby vypoctu a pfipustnd namahani riznych materialti, na posouzeni
pouzitelnosti ma projektant podstatné méné podkladl, tedy zalezi Casto na jeho vlastni
iniciativé, na inzenyrském rozhledu a zkuSenosti. Pfi tom disledky selhani v této oblasti
celého dila mohou sice mén¢ katastrofalni, ale nemén¢ nepiijemné vécné i moralne. V dalSim
jsou uvedeny nékteré priklady.

2. Kritéria posouzeni spolehlivosti

2.1 Posudek bezpecnosti

Posouzeni spolehlivosti konstrukce miize probihat podle riznych pozadavka (Fischer 2005),
znichZ nejbéznéj§i je pozadavek bezpe€nosti, t.j. pozadavek neziiceni konstrukce
(neptekroCeni mezniho stavu Unosnosti) pfi Zadné z uvaZovanych kombinaci zatizeni. Pro
splnéni tohoto pozadavku se zpravidla poZaduje prikaz omezeni napjatosti konstrukce ¢i
podzéakladi, vyloucCeni jevii nestability, vylouceni vyskytu kritickych rychlosti vétru
vedoucich ke katastrofalnimu rozkmitani a pod. V nékterych ptipadech mimotadného zatizeni
lze jako mezni stav oznalit 1 stav znacného poskozeni, které si vyzada pred opakovanim
onoho zatizeni zdsadni opravu ¢i demolici stavby. Hodnoty vyslednych parametrti konstrukce,
piipustné z hlediska bezpecnosti, jsou zpravidla dany normami a predpisy, platnymi pro
prislusny typ konstrukce a material; toto stanovisko bylo od poc¢atku stavebniho projektovani
ptedevsim sledovdno (dodrzeni dovoleného namahdni), a tolerovand pravdépodobnost jeho
nedodrZeni je velmi mald, protoze vétsinou vede ke ztratam na Zivotech (fadu 107 az 10°®).

" Prof. Ing. Ondiej Fischer, DrSc., UTAM AVCR, Prosecka 76, 19000 Praha 9; fischero@jitam.cas.cz
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2.2 Posudek pouZzitelnosti

Nesplnéni pozadavku pouzitelnosti zpravidla nevede ke ztratdm na zivotech, proto se
odpovidajici pravdépodobnost ptipousti veétsi nez pii bezpecnosti (napt. fadu 102, CSN 1998).
Nicméné¢ toto nesplnéni mize znamenat financni i Casové ztraty z toho, ze stavba nemuze byt
od pocatku plné vyuzivana, ptipadné musi byt ndkladn¢ rekonstruovana. Z hlediska metody
posuzovani neni mezi posudkem bezpecnosti a pouzitelnosti zésadni rozdil, 1isi se pouze
specifickym vybérem posuzovanych veli€in a jejich ptipustnych hodnot.

Na pouzitelnost stavby maji vliv veli€iny, souvisejici s u¢elem budovy, napf. statické
deformace (prihyby, ndklony, zkoseni), dynamické deformace (frekvence, amplitudy,
rychlosti a zrychleni pohybu a jejich charakter), hluk (intenzita, charakter, trvani). Mohou to
byt 1 faktory ovliviiujici pohodu a komfort obyvatel (pravan, vifeni vétru v zdkoutich), mohla
by sem patfit i esteticka stranka projektované stavby, jeji funkénost atd; tato hlediska vSak
zpravidla nebudou soucasti projektu, ve které by se uplatnila mechanika konstrukci.

Kritéria pouzitelnosti (pozadavky na dodrzeni vypocitanych hodnot) nejsou tak snadno
dostupnd jako idaje o zatiZenich ¢i vlastnostech materialti, nutné pro posouzeni bezpecnosti,
coZ znamena, ze projektant musi konstrukci Iépe pochopit, musi se s ni szit. Mnohé je mozné
najit i ve stavebnich normach (piipustné deformace konstrukénich prvki), pro mnohé je nutno
ptibrat dal§i normy, napi. technologické (ptipustné deformace potrubi, piipustné vibrace
stroju a citlivych zafizeni), normy hygienické (ptipustné otfesy a hluk v bytech a v citlivych i
vyrobnich provozech) atd. Kromé& toho neni ani pfi pouziti v§ech zndmych norem a predpist
vylouceno, ze si sam statik, ve spolupraci s projektanty ostatnich profesi, dale s objednatelem,
uzivatelem a zhotovitelem stavby musi domyslet a projednat rizika, jimz bude vysledné dilo
vystaveno a jakym naroklim bude muset vyhovét. Skloubit vSechny pozadavky a zformulovat
je do algoritmu feSeni je pak tkol, jehoz splnéni vyzaduje nejen odbornou zdatnost, ale i
zkuSenost a vpravdé inzenyrsky rozhled.

3. Priklady uplatnéni hlediska pouzitelnosti

V ptispevku je poukézano na obtize se splnénim kritérii pouzitelnosti u televizni véze (Pirner
et al., 1972), u prestizniho mostu pro pési (Dallard et al., 2001), a pfi souvislosti se zranénim
zpusobenym padem nabytkové stény v panelovém domé (VUSV 1960).

4. Podékovani
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NON-DESTRUCTIVE INSPECTION OF A HISTORICAL WOODEN
STRUCTURE DAMAGED BY FIRE

J. Frankl', M. Kloiber'?, J. Bryscejn'

Summary: In 2004, timber structures of the 15th century Castle Pernstejn were
investigated by non-destructive methods that included acoustic waves,
dendrochronology and resistance drilling. In the spring of 2005, a fire destroyed
a corn-loft of the castle and only horizontal floor beams had remaining load-
bearing capacity. The same sets of in-situ experiments of the identical members to
those tested in 2004 were performed after the fire and the results have been
compared to the previous ones.

1. Uvod

V roce 2004 probéhl priizkum jakostniho stavu nosnych tramii konstrukce dievéné podlahy
byvalé¢ sypky hradu PernStejn. Prace byla zaméfena na zjiSténi mechanickych vlastnosti
nosnych trdmi a provedena, vzhledem k historické hodnoté stavby, nedestruktivnimi
metodami.

K posouzeni stavu difevénych prvka byly pouzity metody méfeni odporu dieva proti
vnikani nastroje pomoci ptistroji Resistograph 2450p a Pilodyn 6] forest a dile metoda
akustickd, méfici prichod ultrazvukovych vin materidlem (pfistroj Arborsonic Decay
Detector (ADD)).

15. bfezna roku 2005 doslo v objektu sypky k rozsahlému pozaru krovové konstrukce,
ktery poskodil také konstrukce podlah v 2.nadzemnim podlazi. Tramy posuzované v roce
2004 byly pozarem poskozeny jen povrchove. Nasledkem haseni vSak podstatné vzrostla
jejich vlhkost. Po zpfistupnéni konstrukce byla na podlahovych trdmech provedena stejna
série méfeni ve shodnych mistech jako v roce 2004.

Udaje ziskané méfenim a naslednym zpracovanim vysledkli pouziti uvedenych metod
v obou sériich méteni (2004, 2005) byly porovnany se zaméfenim na zmény sledovanych
materidlovych vlastnosti pted a po poZaru.

2. Metody prizkumu

Odporovym vrtanim pomoci pfistroje Resistograph lze lokalizovat a urcit potencidlni vnitini
defekty, tj. prazdna nebo poskozena mista v materialu. Zatizeni umoziuje métit mnozstvi
energie potiebné pro udrzeni konstantni rychlosti vrtani, vystupem je kiivka popisujici zmény
této energie v prub¢hu vrtani. Netypicky pribeh kiivky uruje mista defekta.
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Ptistroj Pilodyn, odporovy indentor, je jednoduché mechanické zatizeni umoziujici
méteni hloubky priniku trnu, vystieleného do dfeva pifi konstantni poCatecni zardzeci sile.
Hloubka priiniku je zavisla na druhu, vlhkosti a kvalité dieva.

Ptistroj Arborsonic méii dobu priichodu ultrazvukové viny o frekvenci 77kHz materidlem.
Doba prichodu viny mezi dvéma snimaci urcuje rychlost priichodu viny métenym prvkem.
Pro kazdou dfevinu ve zdravém stavu je pii dané vlhkosti charakteristickd urcita rychlost,
vyraznéj$i odchylka od této rychlosti signalizuje poSkozeni dieva.

3. Zavér

Dosazené vysledky jsou ovlivnény pfedevSim odliSnym obsahem vlhkosti dieva pied a tésné
po pozaru, znacny vliv ma i rozloZeni vlhkosti v profilu masivnich dievénych prvkil a tepelna
degradace dfevni hmoty.

Vlhkostni zmény maji relativné nejmensi vliv na vysledky méfeni piistrojem Resistograph.
Vzrist vlhkosti konstrukce po pozaru se zde projevil poklesem celkové spotieby energie
potiebné k priniku vrtdku do materialu, tvar a charakteristické rysy namétenych kiivek pred
a po pozaru zustaly zachovany.

Pti méteni pfistrojem Pilodyn se vlhkostni zména po pozaru projevila dosazenim vétSich
hloubek zaraZeni trnu v souvislosti se sniZzenim pevnosti povrchovych partii dieva.

Akustickd metoda pfinesla dobré vysledky pii méfeni pred pozarem, pii meétenich
provedenych po pozaru byl v nékterych méticich mistech vliv limitujicich faktorti (vlhkost,
destrukce povrchovych vrstev dfeva) natolik vyrazny, Ze neumoznil objektivni méteni.

Rychlost Sifeni ultrazvukovych vin i celkova energie potiebna k priniku vrtdku materialem
klesa se stoupajici vlhkosti materidlu a vzristajicim poctem defektdl v méfeném misté
dfevéného prvku. Z dosazenych vysledkli vyplyva potieba provedeni doplikovych
laboratornich i terénnich studii, zaméfenych na podrobné¢jsi sledovéani vlivu teplotnich a
vlhkostnich G¢inkd na métené fyzikalni veliiny.

4. Podékovani

Prispévek byl zpracovan diky finan¢ni podpofe vyzkumnych zdmért MSM 6215648902
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UHMWPE FAILURE IN KNEE JOINT COMPONENTS

L. Franta*, Z. Jenikové**, J. Praiék***, J. Suchének

Summary: 4 simulation of realistic tribologic conditions in tests “in vitro”
contributes significantly to the research in the field of joint replacements. In the
Laboratory of Human Biomechanics, motion under low relative velocities of
friction surfaces of knee joint replacements is studied. The simulator enables
combination of rolling and sliding motion of replacement components. During the
experiment, numerous debris of UHMWPE component is produced and the
friction surface is irreversibly changed. Initially, the irregularities of tibial
component are smoothed. Consequently, large amount of UHMWPE debris is
released. Specimens were loaded for 15.105 cycles with dry or distilled water
lubrication. The surface changes of specimens were evaluated.

1. Uvod

Opotiebeni nosnych ploch z UHMWPE je charakterizovdno mnozZstvim ¢astic otéru
uvolnénych zpovrchu. Nasledkem vzajemného pohybu kontaktnich ploch dochézi
k tribologickym procesim, které¢ mohou zapficinit aseptické uvolnéni kostni komponenty
nahrady. Jednim z kritérii zkouSek je velikost a charakteristika zatéZovani. S ohledem na tuto
skute¢nost je nutné pfistupovat k simulaci riznych podminek.

Béhem vzajemného pohybu se uvoliiuje urcité mnozstvi tepla. Z méteni ,,in vivo®, kterd
provadél piimo na pacientech Graichen a Bergmann (1999), je patrny narGst teploty.
Obecnym piedpokladem je, Ze ndhrada je dostateCné lubrikovana efuzatem télnich kapalin.
Podle Prazdka (2002) tento piedpoklad neni vzdy platny. Pii studiu opotiebeni kloubnich
komponent z UHMWPE je mnoho faktordi, které mohou negativné ovlivnit provadéné
experimenty. V technické praxi je vysokomolekularni polyethylen povaZzovan za nenasakavy.
Affatato (2001) vsak predklada studii absorpce kapaliny v zavislosti na sterilizaci.

2. Experimentalni metoda a vysledky

Vzorky tibidlnich vlozek jsou z UHMWPE. Femoralni komponenta je ze slitiny na bazi
Co-Cr-Mo. Technické uspotadéani a parametry jsou navrzeny tak, aby navozovaly v pokusech
»in vitro*“ zkusebni podminky srovnatelné se skutecnymi v kloubu po implantaci. Diraz je
kladen na proménlivé zatizeni, rozsah a rychlost pohybu, experimentalni teplotu a na
mnozstvi lubrikantu. Provadéné experimenty nejsou standardizované dle ISO 14 243.
Vyeénelky po obrabéni se zmensuji a zapliiuji se prohlubné po obrabécim néstroji. Povrch
dostava charakter hladké plochy, na které ulpivaji uvolnéné castecky UHMWPE. Po dalsim

5

Ing. Lukas Franta, Doc. Ing. Jan Suchanek, CSc.: Ustav mechaniky, CVUT v Praze; Technicka 4; 166 07 Praha
6; tel.: +420 224 352 690, fax: +420 233 322 482; e-mail: Lukas.Franta@fs.cvut.cz

Ing. Zdenka Jenikova: Ustav materialového inzenyrstvi, CVUT v Praze; Karlovo nam. 13; 121 35 Praha 2; tel.:
+420 224 357 517, fax: +420 224 911 406; e-mail: Zdenka.Jenikova@fs.cvut.cz

RNDr. Josef Prazék, CSc.: Ustav termomechaniky, AV CR; Dolejskova 1402/5; 182 00 Praha 8;

tel.: +420 266 053 294; e-mail: Prazak@it.cas.cz
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zatézovani se na povrchu objevuji kolmé ryhy. Na hranici mezi kontaktni a pivodni
neopotiebovanou plochou je vytlacovan material.

V pocate¢ni fazi experimentu bez lubrikace je patrny narGst hmotnosti piiblizné¢ do 500
tis. cykli. Nasleduje oblast opotiebeni, ve které dochdzi k vyraznému ubytku hmotnosti.
Pricemz se zvySujicim poctem cykll nartsta rychlost ibytku hmotnosti. Z Grafu 1 je patrny
nartist hmotnosti do maxima odpovidajicimu 500 tis. zatézovacich cykli pro meéteni bez
lubrikace. Pfi dalSim zatézovani dochéazi k ubytku hmotnosti v porovnani shmotnosti
nezatézovaného vzorku. Pro méfeni piti lubrikaci destilovanou vodou nartistd hmotnost v
rozmezi 150 az 500 tis. cykld. Nésledné nastava faze ubytku materialti. Absolutni zména
hmotnosti vzorki neni dostatecnym meéfitkem vhodnym pro porovnani. Bylo pfistoupeno
k vyhodnocovani pomoci pomérného hmotnostniho ubytku vztazeného hmotnosti
neporusen¢ho vzorku.

0,010 -
0,005
0,000 . -

-0,005

hmotnostni Ubytek (g)

-0,010

-0,015

O lubrikace destilovanou vodou M bez lubrikace

-0,020 -
150 500 1000 1500

pocet zatézovacich cyklu (tis. cyklt)

Graf 1 Hmotnostni bytek vzorkti z UHMWPE
3. Zavér

Na zaklad€ dosavadniho méfeni je mozné kvalitativné posoudit zmény povrchu vzorkd béhem
zatézovani na simulatoru kolenniho kloubu. Hlavni rozdil spoc¢iva v Casovém vyvoji poruseni.
Pti lubrikovaném tfeni je velikost opotfebeni komponenty z UHMWPE v daném ¢ase mensi.
Véazenim vzorki UHMWPE béhem tribologickych testi byl pozorovan nariist hmotnosti,
ktery zatim pfikldddme pouze absorpci vody. Nasleduje faze trvalého ubytku materialu.
Nastava vSak problém, jak odseparovat vliv absorpce vody, popiipad¢ jinych vlivli od ubytku
materialu zkoumanych vzorkd.

4. Podékovani
Tento vyzkum je podporovan z programu MSM 6840770012 a OC096 — akce COST 533.
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CREATION OF THE STABLE ELASTIC LOOP

P. Frantik !

Summary: Paper deals with conditions of creation of the loop from a slender
prismatic elastic beam loaded by torsional moments at its free ends. The loop occurs
by achieving postcritical state of the beam. The problem is solved by dynamical
simulation of discrete nonlinear model obtained by the physical discretization of the
continuous beam. There are four qualitative different steady states, which can be
obtained by the simulation.

Uvod

Modelovani pruznych konstrukci je oborem, jehoz aplikace vykazuji vybornou shodu s experi-
menty i za naro¢nych podminek, jakymi jsou velka premisténi. Je-li redlné konstrukce dostatecné
Stihld, pak miiZze dosahovat velmi velkych premisténi, pfi zachovéani pruzného pisobeni materi-
alu (malé pfetvoreni).

M¢éjme prizmaticky prut zatizeny na svych koncich proti sobé plisobicimi, stejné velkymi
krouticimi momenty, viz obr. 1. Pfi nartistu velikosti krouticich momentd M nad urcitou kritickou
hodnotu M., dochézi ke ztraté stability pfimého tvaru prutu, prut se zakiivuje a stfednice prutu
se stava prostorovou kiivkou (pfehled viz [BaZant & Cedolin 1991]).

4
/

\J

Obrazek 1: Schéma krouceni pfimého prutu

Pii ztraté symetrie prutu, v disledku uziti sledujiciho zatiZeni, mize dojit k rotaci modelu
prutu jako celku, jelikoZ dvojice krouticich momenti prestane mit nulovou vyslednici. Z tohoto
divodu nebude zcela ziejma piipadna stabilita ziskané smycky ve smyslu stability statického
stavu. Za stabilni stav proto obecnéji povaZujme pohybujici se prut, ktery neméni svij tvar.

1 Ing. Petr Frantik, Ph.D., Ustav stavebni mechaniky, Fakulta stavebni, Vysoké uceni technické v Brné, Veveii
331/95, 602 00 Brno, e-mail: kitnarf @centrum.cz
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Simulace jsou provadény nasledujicim zplisobem: Jako pocatecni stav je zvolen nepfetvoreny
model prutu s malou ,,pohybovou‘ nesymetrii v pocate¢nich podminkach. Dvojice krouticich
momentd je nanesena v plné velikosti a v prib&hu simulace neméni velikost. Parametry modelu
prutu jsou zvoleny tak, aby odpovidaly tenkému pasku oceli s prevazujici délkou (obr. 1). Kromé
velikosti krouticich momenti je rovnéZ uvazovana proménlivost parametri tltumeni. Vysledkem
simulace systému pak mohou byt nasledujici stavy:

staticky pfimy tvar prutu (obecné zkrouceny),

rotujici vyboceny prut s ustdlenym tvarem,

periodické oscilace zmény tvaru prutu (obr. 2),

chaoticky pohyb, vznikly celkovou ztrdtou symetrie ulohy.

Obrazek 2: Kinogram poloviny periody oscilujictho prutu (dva vzajemné kolmé priméty)

Podékovani

Tento vysledek byl ziskdn za finan¢niho pfispéni MSMT, projekt 1M6840770001, v ramci
¢innosti vyzkumného centra CIDEAS. Pfi feSeni byly ¢astecné vyuZity teoretické vysledky
dosazené v projektu GA CR 103/03/1350.

Literatura

[Arnold 1983] Arnold, V. 1., 1983: Tedria katastrof (orig. Teorija katastrof, vydavatelstvo Mos-
kevské univerzity 1983), vydavatel'stvo Alfa, Bratislava

[BaZant & Cedolin 1991] Bazant Z. P., Cedolin L., 1991: Stability of Structures, Elastic, Ine-
lastic, Fracture, and Damage Theories, Oxford University Press, New York

67



® National Conference with International Participation
YY)  ENGINEERING MECHANICS 2006  peperno
2006 Svratka, Czech Republic, May 15 — 18, 2006 285

MODEL OF CONCRETE AT THE EARLY AGES

M. Frantova!, O. L ojkasek?

Summary: Since the Chen model of plasticity is very suitable for modelling of
hardened concrete due to the different strengths considered in compression and ten-
sion, it was sought to make use of this model also for description of mechanical
behaviour of hardening concrete. The material parameters considered in the mod-
elling have to be dependent on the progressing hydration. The performance of the
modified Chen model of plasticity is described in an illustrative example.

1. Introduction

This paper describes an extension of Chen model of plasticity [Chen 1982] for use with con-
crete in the very early ages. Since the Chen model of plasticity is very suitable for modelling
of hardened concrete due to the different strengths considered in compression and tension, it
was sought to make use of this model also for description of mechanical behaviour of hard-
ening concrete. The material parameters considered in the modelling have to be dependent
on the progressing hydration. The hydration is quantified with help of the degree of hydra-
tion, [Stemberk & Tsubaki 2003]. Due to this modification the range of application of the Chen
model can be extend to hardening concrete.

2. Method of solution

All material parameters using in the Chen model of plasticity are functions of the evolution-
ary function. The evolutionary function, as its name implies, is introduced in order to describe
the evolutionary changes in the microstructure of solidifying and hardening concrete and there-
fore to control the mechanical behaviour of concrete in the modelling, as shown in the paper
[Stemberk & Tsubaki 2003]. Therefore it is obvious that the loading surfaces are changing with
increasing time.

To illustrate the applicability of the presented approach, a real structure was considered. The
Border bridge is a part of the newly constructed D8 highway connecting Prague and Dresden.

"'Ing. Michaela Frantovd, Czech Technical University in Prague, Faculty of Civil Engineering, Depart-
ment of Concrete and Masonry Structures, Thakurova 7, 160 29 Prague 6, tel.: +420 224 354 364, e-mail
michaela.frantova@fsv.cvut.cz
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This composite bridge is about 500 metres long and overpasses a deep valley. The intermediate
columns are circa 50 metres tall, which prohibits pumping concrete directly from the bottom
of the valley to the bridge deck, which is designed as reinforced concrete slab. Therefore,
the concrete needs to be transported to the location of placement across the already finished
reinforced concrete deck. Figure 1 shows the form of deformation of young concrete under the
excessive compressive load. Figure 2 shows results of the analysis. There are shown decreasing
displacements with increasing age of the concrete under constant loading. The growing of
strength at the ages from 6 to 12 hours is also obvious from this graph.
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3. Conclusions

In this paper, modification of Chen model of plasticity was described, so it is possible to use this
model also for solidifying and hardening concrete. The applicability of the presented model is
shown on the real structure and were the possibility of entrance to the newly concrete section
was investigated. The proposed model can be extended further so that the uncertainty is ac-
counted for. An approach to fuzzification of the Chen model of plasticity described above was
presented in [Kruis & Stemberk 2005].
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SOLUTION OF THE BEAMS ON ELASTIC FOUNDATION
(DETERMINISTIC AND PROBABILISTIC APPROACH)

K. Frydrysek *, L. Vaclavek '

Summary: The subject of this paper is the analysis of elastically supported beams
(beams on elastic Winkler's foundation). The real beams of finite length can be
also solved via superposition principle using the linear combinations of solutions
of two beams of unlimited (infinite) length. The application of deterministic and
probabilistic reliability assessment was used in a result evaluation (deflection,
stress and buckling).

1. Introduction

The bending of beams on an elastic foundation is described by differential equation:
4 E z E E
EJZTd:}+'BkJZT—Nd2+k ﬂJZquaJZTd(zl)
dx GS dx Cdx GS dx’ h dx
The beams on elastic foundation can be classified into beams of infinite (or semi-infinite)
length and beams of finite length L, see fig.1.

+...

b

. . . L- o .
Consider an intensity of force: q = ql(Lx) distributed over length L (Fig.2). The results
solved via principles of superpositon leads to the solution of system of linear equations:
dv dv(x=0 dvx=1,
vA, dA MﬂAa T V OB,D v(x=0);%; v(x:L);%;

*, ¢F ) r>r">'r>—>M Ma(x=0);T(x:0). Ma(x=0);T(x=0).
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2= N oM
] N O ™ = I I .
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AY
_oo%,' 0" Added soliation of mfmite heams =0y dr_drp | Toomont,otyiy
z A, dx  dx dx
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Y T=T +T
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Fig.1. Superposition Principles Used for Solution of the General Beams of Finite Length L
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x| ol
Compare maximal deterministic deflection L C
and stresses with probabilistic deflection and Y
stresses of the beam on the fig.2. Fig.2. Solved Beam of Finite Length L.
USil’lg Stg;A Ant?l’ug . Ivmaxpro j [T Recalculzte vl Di's;:;zt:bimy Steps: SDUU@EE:mHEAntth
programme ( MONOC i 209611520 Maximum: 398821226 Vllpcai77300 (307382748
using Monte Carlo Mean:  2.80625470 StDeviation:0.22008499 E.|1 000oooon 3 0R027 462
1 1 Covar  0.07542659 Yariance:  0.04543740
51mulat.1(‘)n)' can be cal.culated Skewnes: 034769572 Kurtosis: 0.1266040  MN[1.00000000  |3.95927452
probabilistic values (Fig.3). Median: 279185222 & TMfioo000000 396927462
These probabilistic gi
values are compared with the =
deterministic values (Tab.1). :
Lower subscript “PRO”
means probabilistic approach
and lower subscript “DET” i 25 29 33 37
c e - VaIax pro (Mm/
means deterministic Fig.3 C . f Probabilistic and Deterministi
approach.  Operator P 1g.3 Comparing of Probabilistic and Deterministic

means probability. Approach (Maximal Values of Deflection).

Probabilistic approach:
Deterministic approach: | Minimum Maximum Probability (Comparing):
Mean value:
value: value:
Ovaxper = 99.99 MPa Ovaxpro /MPa/: P( G < Crin PRO): 0.966
7198 | 9105 | 11558
Vyaxper = 3-07 mm VMax pro /MM/: P (VMAX DET < VMAX PRO ) =0.885
204 | 281 | 399

Tab.1 Some Deterministic and Probabilistic Results and their Comparing.

For more information see full version of this paper. This paper was supported by the
project FRVS 3413/2005/F1/A.
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PROPOSAL CALCULATIONS OF A NEW MACHINE FOR FATIGUE
TESTING OF RAILWAY AXLES

K. Frydrysek ", R. Fajkos 7, J. Roji¢ek*

Summary: There was done some proposal calculations for a new testing machine. This new
testing machine is determined for a fatigue testing of railway axles. The railway axles are
subjected to bending and rotation (centrifugal effects). For the project of massive testing
machine is also important to know the basic dynamic charakteristics of whole system.

1. Uvod
|

thr ',’ L Fo=mxnxm} Evropské normy definuji jakost, vypocty napéti, meze
%.» unavy, zkousky atp. u Zelezni¢nich naprav, viz normy
] | EN 13261, EN 13260 a EN 13104.

Vyviji se novy zkuSebni stroj (rezonator), ktery je
j ur¢eny k unavovému testovani vlakovych naprav
f ohybem za rotace, viz obr.l. Zkouska je fizena
pomoci tenzometrii. Pro spravné navrZzeni vyse
. uvedeného zkuSebniho stroje, je dulezité znat

&\ & zdkladni  dynamické  charakteristiky  navrZené
710 Yoo R s o
soustavy. Byly feSeny dvé varianty vypoctl (12 nebo

| | 16 pryzovych pruzin, s nelinearnimi
N charakteristikami, které jsou umistény pod
N W h\\\ betonovym zakladem).

Obr.1 Princip zkouSeni naprav
odsttedivou silou, které je
zalozené na rezonan¢nim principu.

[zotropni Material vyhovuje Hookeovu zakonu. Pti
vypoctu se uvazuje i materialové tlumeni.

Nejprve byla feSena modalni analyza ze které se stanovily rezonan¢ni frekvence. Nasledné
byl feSen také rozbéh zkusebniho stroje az do ustdleného stavu pii zvolenych frekvencich
rotaénfho budige. Pro dstfedivou silu budi¢e a uhlovou rychlost plati: Fo=m, xr, x®?,
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3. Zavér Obr.3 Varianta vypoctu 16 pruzin — Transientni analyza.

Podle navrzenych rozméri a navrZzenych pruzin se v soucasné dobé dokoncuje novy

zkuS§ebni stroj pro testovani unavy materidlu vlakovych néprav.
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DYNAMICS OF A BEAM COUPLED
WITH A PRESTRESSED STRING

L. Fryba', C. Fischer’

Summary : The beam with an axial force is coupled by an elastic layer of
Winkler type with the pretensiled string. It is subjected to a row of moving forces.
The theoretical model corresponds to a prestressed bridge. The concrete bridges
of this type are the most spread types appearing on both the road and railway
bridges of small and medium spans. The governing equations form a coupled set
of partial differential equations that are solved using the Fourier and Laplace-
Carson integral transformations. The closed form of the solution is — as yet —
derived for the undamped case.

Utlumit dynamické ucinky vozidel pfi jejich pohybu po silni¢nich a Zelezni¢nich mostech je
davnou snahou stavebnich 1 strojnich inzenyri. Pro tento ucel byla vyvinuta celd tada
systéml, napf. pruzné ulozeni mostnich lozisek, odpruzena vzpéradla s fizenymi tlumici nebo
dvojité systémy nosnikl ¢i lan spojené pruZznou vrstvou. Kazdy z téchto zptisobi je ucinny
v urcitych ptipadech a ne vSechny jsou i ekonomicky pfijatelné.

V posledni dobé se hojn¢ pouzivaji predpjaté zelezobetonové silni¢ni a Zelezni¢ni mosty
o malych a stfednich rozpétich. Tento typ je u néas 1 ve svété nejrozsifené)si a sklada se ze
zelezobetonovych nosnikl a tazenych strun, které zptisobuji ptiznivy tlak v nosnicich. Struny
jsou zabetonovany v kandlcich, ale Casto jsou uloZeny i volné (zvlasté pfi rekonstrukcich a
zesilovani) a opiraji se do el nosnikd.

S ohledem na dvojité systémy, které jsou v posledni dobé hojné propagovany, vznikla
mySlenka spojit Zelezobetonovy nosnik pruznou vrstvou s pfedpinacimi strunami. Pruzna
vrstva mize byt opatfena i vhodnymi tlumici. Tak vznikd nova soustava, jez je schématicky
zobrazena na obr. 1 a kterd predstavuje teoreticky model nosniku, pfedpjaté struny a pruzné
mezivrstvy, po které se pohybuje soustava napravovych sil.

Dynamické chovani systému na obr. 1 popisuje spfazend soustava parcidlnich
diferencialnich rovnic pro svisly prihyb nosniku (Bernoulliho-Eulerova typu ) a struny,
ktera se feSila metodou integralnich transformaci, a to Fourierovou v proménné x a
Laplaceovou-Carsonovou v ¢asové proménné ¢ .

Ucelem studie je sledovat obor rtiznych parametri, jez ovliviiuji feSeni problému, a které
zpusobuji, Ze dynamicka odezva predpjatého nosniku s pruznou mezivrstvou je mensi nez
téhoz systému bez mezivrstvy.

* Prof. Ing. Ladislav Fryba, Pr.Sc., Dr.h.c., RNDr. Cyril Fischer, PhD., Ustav teoretické a aplikované
mechaniky, Akademie véd Ceské republiky, Prosecka 76, CZ — 190 00 Praha 9, tel/fax : ++ 420 283881646,
E-mail : fryba@itam.cas.cz
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Obr. 1. Teoreticky model.
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CALCULATION OF THE CERAMICS MATERIAL PARAMETERS
FROM THE TESTING DESTRUCTIONS OF THE HEADS

V. Fuis’, P. Hlavoii ', T. Navrat’

Summary: This paper deals with increasing of the computation modelling level
of the reliability problem of ceramic heads of total hip joint endoprostheses. The
solution to this problem was invoked by recent more frequent failures of these
heads in clinical practice. Results of computational and experimental modelling
have shown a substantial influence of shape deviations in the conical connection
between stem and head on the initiation of ceramic head fractures. The fracture
probability was evaluated step by step for various macroscopic shape deviations
in the conical connection and then for microscopic shape deviations superposed
on the macroscopic deviations. The solution to the problem of ceramic head
reliability requires realization of two computational models: one for
determination of stress states and another one for evaluation of the fracture
probability. Material characteristics of ceramics used in fracture probability
evaluation have been determined by a three-point-bending test till now. Within the
framework of this paper is that the characteristics will be determined by
destruction tests of ceramic heads and they will be used as new input data in the
computational variants realized till now.

1. Uvod

Problémovou situaci, kterou je tfeba vyfesit, jsou destrukce keramickych hlavic totalni
kycelni endoprotézy in vivo, ke kterym dochdzelo od poloviny devadesatych let v tadé
ceskych nemocnic. Jednalo se o keramické hlavice Ceské provenience vyrobené z Al,O;
nasazené na kuzel diiku z austenitické oceli ULTRA AKV 2. Selhani implantatu typu
»destrukce keramické hlavice” méa vzdy pro pacienta traumatologické nasledky, nebot’ je
nutné provést reoperaci casti nebo dokonce celé endoprotézy, po které opét nasleduje
rekonvalescence a rehabilitace. Je tedy Zz&douci, aby se pocet reoperaci implantati
minimalizoval. Proces implantace endoprotézy ortopédem je az koneCnou etapou procesu
tvorby a aplikace technického objektu (v tomto piipadé totdlni kycelni endoprotézy).
Ptedchazi mu proces navrhu, vyroby, testovani, dopravy, skladovani a sterilizace. V kazdém
z téchto procesll je mozné spolehlivost kone¢ného vyrobku zvysit, nebo naopak nevhodnymi
zasahy sniZit. Spolehlivost soucésti z keramického materialu se urcuje na zakladé¢ Weibullovy
teorie nejslabsiho ¢lanku (Bush (1993)) a zavisi na tfech materidlovych parametrech. Tyto
parametry je nutné experimentdlné urcit ze sady zkousek 3 nebo 4-bodovym ohybem
normalizovanych zkuSebnich vzorki vyfezanych z analyzovanych keramickych soucasti.

*

Ing. Vladimir Fuis. Ph.D., Ing. Pavel Hlavon, Ph.D., Ing. Toma$ Navrat, Ph.D.: Spole¢né pracovisté UT
AV CR a UMTMB FSI VUT v Brng, Technické 2, 616 69, Brno; tel.: +420.541 142 891, fax: +420.541
142 876; e-mail: fuis@fme.vutbr.cz, hlavon@fme.vutbr.cz, navrat@fme.vutbr.cz
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2. Uréeni materialovych charakteristik biokeramiky

Rozméry keramické hlavice totalni kycelni endoprotézy jsou pfili§ malé, a proto z ni nelze
vyfezat normalizované testovaci vzorky. Vyfezané vzorky jsou vyrazné men$i nez
normalizované, a proto vysledky vykazuji vyssi hodnoty pevnostnich charakteristik, nez které
by se urcily z destrukei normalizovanych vzorkd.

Cilem prace je wurCit materidloveé
parametry keramického materidlu piimo
z destruk¢nich zkousek keramickych hlavic
a nasledného vypoctového modelovani
napjatosti v komponenté metodou konec-
nych prvki. Keramické hlavice jsou
destruovany ve specidlnim pfipravku
(obr. 1) tak, Zze do kuzelového otvoru
hlavice je vtlacovana elasticko-plasticka
| pryz NBR90. Timto zplisobem zatiZeni se
v hlavici vytvaii tahova napjatost v obvo-
dovém sméru, kterd se podoba napjatosti
od kontaktu se diikem endoprotézy.
Na rozdil od kontaktni tlohy vSak
napjatost v hlavici neni ovlivilovana makro
a mikro tvarovymi odchylkami (Fuis
(2000)) a je funkci pouze vnéjsiho tlako-
vého zatizeni. V procesu zatéZovani
hlavice do jeji destrukce jsou méiena
obvodova pfetvofeni na vnéj$i kulové
plose hlavice, ktera jsou nasledné pouzita
pii vypoctovém modelovani napjatosti a
deformace v hlavici metodou kone¢nych
prvkii. Po obvodu hlavice jsou nalepeny
dva tenzometry, které v  prabchu
zatézovani  kvantifikuji  nehomogenitu
obvodovych pietvoreni, kterd signalizuje
odchylku od rotaéné¢ symetrického =zatézovani. Z vysledkli experimenti vyplyva, ze
maximalni odchylka zméfenych ptetvoreni Cinila 7 %, a to pouze u jednoho méteni, ostatni
odchylky se pohybovaly od 0,5 % do 5 % , coZ znamen4, Ze hlavice byly zatéZovany, tak ze
v nich vznikala napjatost blizka rotaéné symetrické.

Obr.1 Zkusebni ptipravek na destrukce
keramickych hlavic
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STRAIN GAGE USED FOR STRESSAND STRAIN STATE OF THE
TORSION TEST QUANTIFICATION

J. Fuxa*, R. Kubala*, F. Fojtik*

Summary: An original method for the strain, strain rate and stress intensity of
the torsion test has been developed. This method replaces "classical” one - based
on the Cauchy's geometrical equations. The method has been based on a
considering of a fictive circle - which is thought on the surface of the cylindrical
specimen. The circle transforms - due to straining - into fictive elipse; its major
axis and minor axis serves for principal strains and stresses calculation. A strain
gage is able to serve for the strain state quantification.

1. Uvod

Clanek pojednivd o vyuZiti odporové tenzometrie pro vyhodnoceni nap&tové-deformaéniho
stavu pfi laboratornim krouceni tenkosténnych valcovych vzorki. Tyto torzni testy umoznuji
ze zméfenych hodnot dopocitavat konstitutivni rovnici testovaného materidlu a slouZzi dale ke
stanoveni meznich hodnot pfi koncipovani kritérii pevnosti staticky nebo unavoveé
namahanych materiali. Odporovy tenzometr umoziuje ur¢it pomernou deformaci:

e=A411lp, (1

kde lo je ptivodni délka a 4| je prirastek této délky vlivem zatizeni. Je-li odporovy tenzometr
nalepen na povrch dutého tenkosténného valcového vzorku tak, Ze jeho osa je rovnobézna s
osou vzorku, pak pfi zkrucovani dochazi ke zmeéné€ délky tenzometru. Pfi krouceni se
zamezenim posunuti ve smeru osy vzorku lze pro zkos y psit:

cosy=lo/l=1lg/(lo+lp.e)=1/(1+ ¢), (2)

kdyZ hodnotu & muZzeme priibéZné zaznamenavat. V praci Fuxa (1997) bylo odvozeno, Ze
deformacni i napetovy stav je pro malé i velké deformace nelinedrn€ zavisly na parametru Z:

Z=tgy=snylcosy=(2.c + e?) 2. (3)

Jak je z rovnice (3) zfejmé, mizeme parametr Z vyjadrit ze zméfené hodnoty COS ¥ - viz
rovnici (2) - a tim pouZzit pfipravenou teorii, viz Fuxa (2000), k vyhodnoceni zkousky
kroucenim. Uhel sklonu & sméru hlavni deformace & vuci ose zkusebniho vzorku se méni:

a=arctg (2. e+ )2 /2+ (2. e+ €2) 12+ 1) 1?). (4)

* Prof. Ing. Jan Fuxa, CSc., Ing. Rostislav Kubala, CSc., Ing. Frantifek Fojtik: Katedra pruZnosti a pevnosti,
Fakulta strojni VSB-TU Ostrava; 17. listopadu 15; 708 33 Ostrava - Poruba; tel.: +420.597 324 412, fax:
+420.596 916 490; e-mail: jan.fuxa@vsb.cz
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2. Deformaéni stav a napétovy stav
Intenzita deformace S je pocitdna z vyrazu:
S=2/321n((2+ (2.e+ e®)2+(2.e+ e?)2(4+ 2.+ €221 2) ]
[(2+ (2.6+ €2)2-(2.e+ e®)2(4+ 2.+ 3?1 2). (5)

Napétovy stav je s deformacnim stavem svazan fyzikdlnimi rovnicemi. Konstanty téchto
rovnic vSak zpravidla nezndme, urCujeme je pii vyhodnoceni torzniho testu ze zmétrenych
hodnot. Sméry hlavnich napéti a odpovidajicich hlavnich deformaci jsou totoZné. Napéti ca 7
v roviné pii¢ného fezu krouceného zkuSebniho vzorku lze odvodit z rovnic rovnovahy
vnitinich sil ve sméru osy vzorku a ve sméru kolmém k ose vzorku:

0=-S,/3"7 (e+e?12+(2e+e®)™2 (4+2¢e+e?)212)]
[(2+ e+ %12+ (2.e+eX)2(4+2¢e + e?)?]2), (6)

7=2.5/37.(@e+ )22+ (4+2¢ +e2)1?12)
[(2+ e+ %12+ (2. +eX)2(4+2¢e + ?)Y?]2). (7)

Hlavni napéti o1 meéni smér béhem rozvoje (plastickych) deformaci - viz rovnici (4).
Druhé hlavni napéti 0> ma opa¢né znaménko a jeho smér souhlasi se smérem &. Treti hlavni
napéti je nulové. Smykové 7 a normdlové o napéti lze dopocitdvat ze zmé&tenych hodnot
kroutictho momentu Mk a osové sily Fa , pfi aplikaci rovnic (7) a (6).

3. Zavér

Byl predloZzen postup vhodny pro ziskavani hodnot deformaéné-napétovych stavi pri
krouceni s uzitim odporovych tenzometrti. Méfené hodnoty & mohou byt ziskdvany bud
piimo z tenzometru, ktery je nalepen na povrchu zkusebniho vzorku anebo mohou byt pouzity
upravené extenzometry.

Metoda umoZiuje vyhodnocovat deformaéné-napétové stavy pii krouceni zejména
dutych, tenkosténnych, vdlcovych vzorki. Predlozené vztahy plati jak v oblasti malych
(pruzné-platickych), tak také v oblasti velkych (plastickych) deformaci.

Podrobnosti jsou uvedeny v plném textu referatu.
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DYNAMIC MODEL OF DIFFERENTIALLY DRIVEN SOCCER
ROBOT

R. Grepl! , J. Hrabec, P. Honzik, F. Solc?

Summary: This paper describesthe modelling of differentially driven soccer robot.
Dynamic model of mechanical subsystemisbuilt in Matlal/S mMechani cs software.
Detailed attention is dedicated to modelling of rolling of the wheel as well as to
dlipping model in forward and lateral direction. Developed simulation model can
be used as reference for other simplified models used in control.

Tento piispévek se zabyvad modelovanim dynamiky chovani fotbalového robotu kategorie MI-
ROSOT. Herni scéna je snimdna kamerou umisténou nad stredem hfisté. Obraz je vyhodnocovan
fidicim pocitacem a jeho analyzou jsou ziskany udaje o poloze a orientaci jednotlivych robotil
a miCe. Tyto udaje jsou zprostfedkovany fidicimu algoritmu (strategii) hry. Vné&jsi rozméry
robotu jsou omezeny krychli o hrané 80 mm, hmotnost smi byt maximalné 650 g. Rychlost
roboti konstruovanych v sou¢asné dob& dosahuje az 4m.s~! a zrychleni az 10m.s~2. Jedna
se tedy o pomérné rychly dynamicky systém. Robot se pohybuje pomoci dvou pevnych kol
s diferencidlnim fizenim. O napéjeni se staraji akumulatory a komunikace s fidicim pocitacem
je bezdratova (vice informaci v [1]).

V souvislosti s ristem kvality softwarového i hardwarového vybaveni pro fizeni se objevuji
1 pozadavky na modelovani dynamiky pohybu robotu.

Navrhem dynamickych modelt pro fizen{ jsme se zabyvali jizZ v [2, 3]. Zde prezentujeme pfi-
stup k tvorbé dynamického modelu v prostfedi Matlab/SimMechanics (nastroj pro modelovéni
kinematiky a dynamiky MBS).

NasSim cilem je model robotu, ktery by zahrnoval vSechny podstatné faktory objevujici
se pii redlném provozu (dynamika mechanické Casti predevSim pak sloZitou problematiku
tieni, dynamika pohoni, vliv ak¢ich zdsaht fizeni, zménu maximalni te¢né sily v kole robotu
vlivem jeho dynamiky). Takto komplexni model zahrnujici i interakci systému s okolim Ize
povazovat za virtudlni prototyp (VP). V tomto pfispévku uvadime vysledky prace vedouci

z ¥z

k navrhu mechanické ¢asti budouciho VP.

! Ing. Robert Grepl, Ustav mechaniky t&les, mechatroniky a biomechaniky, Fakulta strojniho inZenyrstvi, VUT
v Brng€, Technicka 2896/2, 616 69 Brno, Czech Republic,

email: grepl @fme.vutbr.cz, web: http://www.umt . fme.vutbr.cz/ " rgrepl/
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Hlavnim problémem mechanického modelu je simulace valeni kola po rovinném terénu
s moZznosti prokluzu pfi prekroceni maximdalni mozné prendsené sily v kontaktu. Simulaéni
ndastroj, ktery pro MBS (multi body system — soustava tuhych téles propojenych vazbami) pou-
zivame (Matlab/SimMechanics) nema Zadnou takto definovanou vazbu mezi t€lesem a rovinou,
umoziuje vSak pfistup k modelu mechanismu na nizké trovni a proto 1 takto komplikovana
vazba miiZze byt modelovana.

V ¢lanku je nejprve detailné rozebran piipad valeni samostatného kola, uvedeny jsou dvé
mozZnosti feSeni vazby bez prokluzu a ddle model s prokluzem. Nasledné jsou tato kola pfipojena
k télu robotu a vazbova sila v jejich spojeni je pouZita ke kompenzaci pfenesené tieci sily.

Vysledny model ma nésledujici vlastnosti:

e zahrnuje dynamiku téla i kol robotu
e modeluje moZnost prokluzu v obou kolech
e modeluje moznost prokluzu v ose kolmé na smér robotu

e rychlost simulace neni vhodn4 pro fizeni v redlném Case

Dynamicky model mechaniky robotu spolecné s jednoduchym diferencidlnim fizenim lze
pouZzit k detailni analyze pohybu robotu z hlediska prokluzu v kolech vlivem zdbérového
momentu (ve sméru pohybu robotu) 1 setrvaénych sil (ve sméru kolmém k pohybu robotu). Také
muZe slouzit jako refence pfi verifikaci jednodussich modeld, pfi testovani fidicich algoritmi a
algoritmi planovani trajektorie.

Prezentovany pfistup modelovani valivé vazby v prostfedi Matlab/SimMechanics 1ze zobec-
nit i pro systémy s vétSim poctem poctem kol (automobily, kolejova vozidla, vicekolové mobilni
roboty).

Podékovani
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AN EFFECTIVE APPROACH TO DESIGN OF INTERACTIVE
MECHATRONIC SYSTEM

R. Grepl! , R. Vlach!, P. Kregj¢it

Summary: This paper deals with the ideas of an efective approach to computer
modelling of mechatronic system. The classification of used models is described as
well as optimal usage of each class of model. Two experimental design of mobile
walking robots is briefly mentioned as an example of the method application.

1. Uvod

V tomto ¢lanku se struéné popiSeme jeden z moznych piistupti k problematice pocitacového
modelovani mechatronickych soustav. Mechatronickou soustavu zde chdpeme jako komplexni
(obsahuje subsystémy rizné fyzikalni podstaty) dynamicky interaktivni (vyznamna je ,.komu-
nikace* soustavy s obecné dynamickych okolim) systém.

V naSich tvahich predpoklddame, Ze model soustavy mé charakter systému se soustfedé-
nymi parametry, dynamické modely jsou tedy zaloZeny na feSeni soustav ODE resp. DAE
(v mechanice jde o MBS — multi body systems).

V neposledni fadé povazujeme za velmi vyznamné raciondlni vyuzivani simula¢niho mo-
delovéni a predevSim jeho kombinaci s modelovanim experimentdlnim. VZdy je nutno mit na
paméti, ze vysledky simula¢niho modelovani je nutno verifikovat experimentem, jinak je jejich
hodnota diskutabilni.

Teoretické uvahy o charakteru a efektivnich postupech pocitacového modelovani chipa-
ného jako inZenyrsky ndstroj demonstrujeme na dvou piikladech realizaci laboratornich expe-
rimentélnich fyzickych modeld mobilnich robotd. Mobilni robot, ktery realizuje pomérné dosti
komplikovanou ¢innost — chlizi — mlize byt povazovan za idedlni modelovy piipad komplexni
dynamické interaktivni (mechatronické) soustavy.

2. Efektivni pristup k navrhu mechatronické soustavy

Efektivni cesta ndvrhu mechatronické soustavy od zadani problému k redlnému fungujicimu
prototypu vyZaduje podporu pocitacového modelovani. Efektivni pocitacové modelovani pak

! Ing. Robert Grepl, Ph.D., Ing. Radek Vlach, Ph.D., Ing. Petr Krej¢i, Ph.D., Ustav mechaniky téles, mechatroniky
a biomechaniky, Fakulta strojniho inZenyrstvi, VUT v Brné€, Technickd 2896/2, 616 69 Brno, Czech Republic,
email: grepl@fme.vutbr.cz, web: http://www.umt . fme.vutbr.cz/ " rgrepl/
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sestdva z vhodné kombinace a posloupnosti pouZziti riznych typi modeld popsanych v plném
textu ¢lanku.

Pfi posuzovéni obecnych vlastnosti modelu ve vztahu k jeho pouZiti je nutno brat ohled na
naro¢nost tvorby modelu, vypocetni ndro¢nost modelu a soulad vypovédi modelu s realitou. Je
zifejmé, ze pro rizné faze navrhu kone¢ného redlného prototypu budeme volit rozdilné modely,
tak aby byl cely proces maximalné efektivni. Na obr. 1 je uvedeno schéma moZného zptlisobu
efektivniho pocitacového navrhu od zadani zdkladnich pozadavki po oZiveni prototypu.

| Navrh virtualniho prototypu
- model interakce s prostfedim

Modelovany systém

[ . .
(analyzovany skutegny | Navrh komplexniho modelu

|

I

- rliznd Uroveri submodeld

|

nebo o . I
- automaticka tvorba submodell |
|

|

virtualni vyvijeny)

- vizualizace (VMRL)
- virtuéini testovani prototypu

Funkéni

|
|
| |
I |
I |
I Treti iterace : prototyp
I
I |
I |
)

( | Definice pozadovaneho chovani
| Topologie, geometrie, del
| zakladni koncepce | modslu A
| Opt|mallzace parametr(i | Implementaéni faze 7\
(volba geometrie, pohon(, | - analytické modely pro fizeni

: (Elementarnl navrhové vypoéty simulace, vyhodnoceni) | \ - 3D CAD design
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N Prvni iterace modelu ) ———————————— - vyroba komponent

- HiL, SiL, MiL
J

Obr. 1: Postup navrhu mechatronické soustavy s podporou pocitacového
modelovani)

3. Zav&r

V ¢lanku jsme struéné popsali efektivni zpisob pouziti pocitacovych modell jako podpory
inzenyrskych rozhodnuti konstruktéra. Dilezité je pfedevsim rozliSeni vhodného konkrétniho
typu modelu z hlediska doby jeho navrhu, vypocetni rychlosti a vérohodnosti vysledki. Kazda
z kategorii modelovani (zdkladni uloha, komplexni model, virtudlni prototyp) md své misto
v procesu navrhu mechatronické soustavy. Optimalni proces modelovani vyZaduje vhodné
nacasovani implementace konkrétniho typu modelu.

4. Podékovani

Tento piispévek byl vytvoren za podpory projektu GACR 101/06/P108 ,,Vyzkum simulaéniho
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TUNING UP PARAMETERS OF VIBRATION GENERATOR
Z.Hada¥", V. Singule”’, C. Ondrisek

Summary: The paper deals with tuning up parameters of a vibration power
generator for feeding wireless sensors. The vibration power generator obtains
electrical energy from ambient energy of the mechanical vibration. This device
consists of a resonance mechanism and an electromagnetic circuit (energy
transducer). The energy transducer must be tailored exactly to relatively
movement of mass in resonance mechanism, which depends on overall damping
factor of generator. This vibration power generator is capable generates useful
electric power but the generator must be tailored exactly to the specific
application, environment and vibration.

1. Uvod

Clanek se zabyva navrhem a ladénim parametri elektromagnetického vibraéniho generatoru,
ktery je schopen generovat elektrickou energii z okolnich vibraci. Tento generator najde
uplatnéni pro napdjeni bezdratovych senzorl, kde neni z néjakého diivodu mozno pouzit
napajeni bateriemi. Vibracni generator je konstruovan jako mechanicky rezonancni obvod,
ktery je naladén svou vlastni frekvenci na nejcetnéjsi frekvenci okolnich vibraci. Pii zatizeni
vibracemi o resonan¢ni frekvenci dochdzi k vybuzeni relativniho pohybu kmitajici hmoty
uvnitt generatoru, ktery je pomoci vhodné zkonstruovaného elektromagnetického obvodu
transformuje ¢ast kinetické energie kmitajici hmoty na eklektickou energii. Vhodné navrzeni
magneticky obvod s permanentnim magnetem je spojen s resonanénim mechanismem a pii
buzeni vibracemi se relativné pohybuje vii¢i civce kotvy. VSechny parametry tohoto
elektromagnetického obvodu musi byt optimalné navrZzeny podle parametrii a naladéni
konstrukce resonan¢niho mechanismu vibraéniho generatoru. V civce kotvy se diky relativni
mu pohybu podle Faradayova zdkona elektromagnetické indukce indukuje vystupni napéti.

Je navrzeno a simula¢né ovéfeno neékolik koncepci konstrukce jak rezonan¢niho obvodu,
tak 1 elektromagnetického obvodu (Hadas, 2005). Clanek se zabyvad naladénim vhodné
konstrukce vibra¢niho generatoru pro budici vibrace s frekvenci okolo 36 Hz.

" Ing. Zden¢k Hadas, Ustav mechaniky téles, mechatroniky a biomechaniky, Fakulta strojniho inZenyrstvi,
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2. Elektromagneticky vibracni generator

Konstrukce resonancniho mechanismu vibra¢niho generétoru, obr. 1, (Hadas et al., 2005) je
zaloZena na tuhosti odpuzujicich se permanentnich magnetii a na hmotnosti, kterou z velké
Casti tvoii magneticky obvod pohybujici se viici kotvé civky. Parametry generatoru jsou
naladény na resonancni frekvenci 36 Hz a generator je schopen generovat elektrickou energii
Jiz pii intenzité vibraci s efektivni hodnotou okolo 0,4 G. Pokud je generator buzen vibracemi
s resonancni frekvenci, pak naladény resonancni mechanismus kmitd relativnim pohybem
vici civee a indukuje napéti, obr. 2. Vybuzeny relativni pohyb zavisi na intenzité¢ budicich
vibraci a tak 1 indukované napéti je umérné intenzité budicich vibraci.
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Obr. 1 Konstrukce generatoru Obr. 2 Generované napéti vs. intenzita vibraci

V ¢lanku je uvedeno naladéni parametri generatoru, tj. navrh resonan¢niho mechanismu,
navrh vhodného magnetického obvodu a optimélni civky. Takto optimalné¢ naladény
generator je schopen generovat efektivni elektricky vykon okolo 20 mW pii efektivni hodnoté
vibraci 0,6 G pii budici frekvenci 36 Hz.

3. Zavér

Vibracni generator je vhodny nezavisly zdroj elektrické energie pro bezdratové senzory pokud
je snimané misto zatizeno dostateCnymi vibracemi. Konstrukce vibracniho generatoru musi
byt naladéna na budici vibrace a parametry elektromagnetického obvodu musi byt vhodné
naladény podle vlastnosti resonancniho obvodu. Generovany elektricky vykon zavisi na
kvalit¢ resonancniho mechanismu, konstrukci elektromagnetického obvodu, ktery prevadi
energii relativniho pohybu na elektrickou energii, a intenzité budicich vibraci.

4. Podékovani

Tato prace byla provedena za podpory projektu MSM 0021630518 "Simula¢ni modelovani
mechatronickych soustav".
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MULTIBODY ANALYSISOF THE CONTROL ASSEMBLY DROP
IN THE VVER 440/213 NUCLEAR REACTOR

M. HajZzman*, P. Polach*

Summary: This paper is focused on the control assembly of the VVER 440/\VV213
nuclear reactor modelling and on the investigation of its dynamic response in the
course of the drop and prescribed seismic excitation. The influences of the pressur-
ized water have to be introduced in the MBS model because control rods are falling
in a limited space and water resistance is not negligeable. Possible contacts of the
falling control rod with adjoining structure are supposed. The multibody model
including all special features was created in the alaska simulation toolbox.

1. Introduction

As the nuclear reaction and radioactive materials, which can get out of hand, are viewed as a
very dangerous phenomenon, the safety of nuclear power plants is under review and has to be
properly tested. This paper deals with the multibody modelling and analysis of a special control
part of the VVER 440/V213 reactor called the control assembly, which has to drop down and
stop the nuclear reaction in the core in case of various breakdown states. The VVER 440 reactor
consists of a reactor pressure vessel with an interior structure and a reactor upper block with
control assemblies drives. Vertical motion of the control assembly through internal parts of the
reactor is controlled by an electric motor. The rotating motion of the motor is transformed by
means of a geared transmission system to the vertical sliding motion of a rack. The control
assembly (fuel assembly with absorber part) is coupled by the rack with an inserted rod. These
couplings are realized by bayonet joints. An important part of the drive system is a centrifugal
brake, which regulates the rotating motion in dependence on its angular velocity.

2. Multibody model of the control assembly

The model was created in the alaska simulation toolbox on the basis of the technical docu-
mentation and drawings provided by the control assembly producer. It is intended mainly for
the simulations of the control assembly drop during the seismic event, where the significant
measured and computed quantity is the total time of the drop. The spatial multibody model of
the whole control assembly is composed of 14 rigid bodies coupled by 14 kinematic constraints
and has 48 degrees of freedom. The report Polach & Hajzman (2004) describes the control
assembly model in detail.

*Ing. Michal HajZzman, Dr. Ing. Pavel Polach: SKODA VYZKUM s.ro.; Tylova 1/57, 316 00 Plzeii;
tel.: +420.378 182 268, fax: +420.378 182 217; email: michal.hajzman@skoda.cz, pavel.polach@skoda.cz
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Possible contacts and impacts of the moving parts with the drive’s stator and with the adja-
cent structural parts inside the reactor are very important and significant aspects of the control
assembly drop modelling. This is the topical issue in the modern multibody dynamics and many
publications were released studying this field, e.g. Klisch (1998). The problem can be divided
into two steps — the first one is the determination of the contact event and contact position and
the second one is the calculation of the impact force acting on the bodies. Simple nonlinear
Hertzian law F' = kd™ (Flores et al., 2004), where k is the stiffness, d is the relative deforma-
tion and n is the material coefficient, is used for the impact force evaluation. The contacts are
coupled with vertical motion and therefore the friction force is introduced.

The most problematic factor in the control assembly multibody model is the influence of the
pressurized coolant that flows through the reactor interior structure and acts against the control
assembly motion. It is clear that the main influence of the coolant is the hydraulic resistance
and friction slowing down the rigid body motion. Hydraulic resistance force for the motion of
the body in certain fluid is /' = %C prSv? (Giles, 1962). The relative velocity is designated v, S
is the body effective surface and C' is the hydraulic coefficient depending mainly on the shape
of the body.

3. Numerical smulations and conclusions

Numerical simulations of the control assembly drop without and with seismic excitation were
performed in the alaska simulation toolbox using the Shampine-Gordon integration method.
The computed drop times fulfil the prescribed limits given for nuclear power plants safety es-
timation. These times are neccesary for immediate stop of the chain nuclear reaction in the
reactor core in case of an earthquake.

The model with the considered influences should be understood as the introductory work on
this topic. Various problems arised from the solving of this task will be studied in more detail
in future work. Mainly the problems of the falling body that is in contact with other bodies and
interacts with fluid (coolant) in a limited space have to be investigated. The control assembly
(the fuel assembly with the absorber part) is of a complex structure. It is composed of many
fuel rods and the evaluation of the bending stiffness is difficult. The consideration of rigidity
seems to be good assumption in the case of its drop but the problem of a falling flexible body in
fluid with contacts has to be studied, too.
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TESTING OF FREQUENCIES GENERATED IN WATER
BY SUBMERGED HIGH-ENERGY LIQUID JET

L.M. Hlavac®, J. Kali¢insky, V. Madr

Summary: Utilization of water jets is rather well known for cutting and removing
of materials in air. Nevertheless, utilization of water jets for similar works under
the water level causes health problems to operators. Testing of high-energy liquid
jet outflow to the pressure vessel indicates that there is a very high probability of
generation of quite strong ultrasonic wave field. This contribution is aimed at
measurements performed for pressures simulating submersion from the water
level up to the depths 160 meters below it.

1. Uvod

Vyzkum frekvenc¢niho spektra kmitd buzenych prinikem kapalinového paprsku vysoké
rychlosti kapalnym prostfedim — vodou — navazuje na prakticky problém obsluhy zatizeni pro
destrukci materialli pod vodni hladinou kapalinovymi paprsky. Pfi téchto pracich je obsluha
zafizeni suzovana velmi intenzivnim hlukem, ktery zplisobuje i ztratu orientace, stavy uzkosti
apod. Studium spektralniho slozeni vznikajicich kmit probihé v tlakové komote v laboratofi
Oddéleni kapalinového paprsku Institutu fyziky VSB —TU Ostrava.

2. Experimentalni metoda

Kmity generované ve vod¢ vtlakové komotfe byly buzeny kapalinovym paprskem
vznikajicim ve vodnich tryskdch riiznych priméria. Tlakova komora je valcovd nadoba
o objemu 1631 se dvéma bo¢nimi piirubami opatienymi prazory se sklenénymi vyplnémi.
Nadoba je uzavirana vikem zajisténym dvaceti Srouby. Viko nese mechanismus pro upevnéni
aposun vzorku materidlu. Ve dvou osach je posun rucni, ve tieti ose je hydraulicky
a umoziuje vytvofit na vzorku linedrni fez zvolenou prednastavenou rychlosti. Kromé
vstupniho otvoru, kterym je pfivedeno do komory potrubi zakonfené vodni tryskou, je ve
sténach komory jesté né€kolik dalSich pfirub, a to s napoustécim ventilem, odvzdusiovacim
ventilem, automatickym regulacnim odtokovym ventilem, pojistnym ventilem a tlakomérem.
Konfigurace komory je stald, neni-li mechanismus pro upevnéni a posun vzorku pfesouvan.

Kmity vznikajici v uvedené komote se §ifi do jejiho okoli. Hluk generovany v laboratofi je
sniman pfenosnym hlukomérem s externim filtrem, a to ve vzdalenosti asi 1 m od komory.
Hladiny intenzity ndlezejici piisluSnym frekvencim spektra jsou zaznamendvany jak pii

Doc. Ing. Libor Hlava¢, Ph.D., Jiti Kali¢insky, Prof. RNDr. Vilém Madr, CSc.: Institut fyziky, HGF, VSB-
TU Ostrava, Tt. 17. listopadu 15, 708 33 Ostrava — Poruba; tel.: +420 597323147, fax: +420 596918589, e-
mail: libor.hlavac@vsb.cz
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provozu samotného vysokotlakého Cerpadla, tak pfi spusténém vodnim paprsku tryskajicim
do tlakové komory naplnéné vodou, v niz je pomoci regulacniho odtokového ventilu
nastavena pozadovand hodnota pretlaku odpovidajici simulované hloubce ponoieni. Po
nastaveni poZadovanych parametrii je provedeno méteni frekvenci do 40 kHz. Odectenim
hladin intenzit zméfenych se spusténym Cerpadlem bez paprsku od hladin intenzit uréenych
pti vytoku paprsku lze ziskat hladinu intenzity kmit buzenych v tlakové komofte.

3. Experimentalni vysledky

Pti experimentech byl pouzit konstantni tlak vody v Cerpadle (400 MPa), konstantni pramér
vodni trysky béhem jedné série pietlakii vody v komote a nulové postupova rychlost. Analyza
byla provedena v celém rozsahu filtru, tedy od 20 Hz do 40 kHz. Pro ukdzku byly zvoleny
prumérné vysledky z opakovanych meéfeni s primérem vodni trysky 0,125 mm. Pietlaky
v komote (0 MPa, 0,4 MPa, 0,8 MPa, 1,2 MPa, 1,6 MPa) odpovidaji ponofeni tésn¢ pod
hladinu, respektive do 40 m, 80 m, 120 m a 160 m. Vysledky jsou uvedeny na obr. 1.
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Obr.1. Hladina intenzity frekvencniho spektra hluku vytvofeného kapalinovym paprskem
v tlakové komote naplnéné vodou (po odecteni pozadi tvoireného Cerpadlem).

4. Zavér

Nameétené vysledky odpovidaji pfedpokladim, ze kapalinovy paprsek vystupujici do vody
generuje kmity o frekvencich v ultrazvukové oblasti. Tento problém bude nadale studovan.

5. Podékovani
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EXPERIMENTAL VERIFICATION OF VELOCITY MODULATION
BY STRONG ELECTROMAGNETIC FIELD

I. M. Hlavacova*, L. M. Hlavac¢*

Summary: Theoretical derivations and analyses of modulation of the liquid flow
through the inverse magnetohydrodynamic phenomenon have been implemented
by experimental data. Two different series of measurements were realized, both at
low-pressures of flowing water: The presence of the phenomenon was tested in the
simple plexiglass chamber with rectangular cross section, the fluctuations
induced in water flow by inverse magnetohydrodynamic phenomenon should be
detected in special excitation-measuring double-chamber. The results of
measurements of the voltage generated by steady state flow of water through the
chambers are presented in the form of graphs and table. The results of tests in
double chamber are summarized and evaluated verbally.

1. Introduction

In 1999 the new method for generation of modulated or pulsing jets was proposed based on
magnetohydrodynamic phenomenon. The basic theoretical analysis was presented and then
implemented in 2001. The basic idea can be summarized as follows: When the liquid
containing charged particles is flowing across the strong magnetic field induced voltage
appears perpendicularly to the magnetic field lines and the flow direction. This effect occurs
not only in the case of highly conductive liquids (liquid metals, plasma) but also in the much
less conductive liquids as water. On the other hand application of the strong electric field
perpendicular to the magnetic induction should result in the flow rate changes. If the
harmonic voltage is used together with constant magnetic field the resulting flow rate should
be harmonic as well.

Verification of the theory has to be realized in several steps. The first one is measurement
of the magnetohydrodynamic effect on the low-pressure liquids. The experimental channel
simulating the “Hartmann” problem was designed and the set of experiments was realized
aimed at determination of the magnetohydrodynamic effects in various liquids. The
conductivity, liquid velocity and magnetic field were changed and resulting electric voltage
was measured. The experimental results are discussed with regard to their application for
liquid jet modulation.

* Ing. Irena M. Hlavéacova, PhD., Doc. Ing. Libor M. Hlavac¢, PhD.: Institut fyziky HGF, VSB-TU Ostrava;
17. listopadu 15; 708 33 Ostrava - Poruba; tel.: +420.596 993 047, e-mail: irena.hlavacova@yvsb.cz
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2. Hartmann-like channel

A steady flow of the conductive liquid through a gap formed by two large perfectly insulating
plates placed in a strong magnetic field with constant magnetic induction (the Hartmann
problem) was substituted by a flow through a long flat channel made of plastic plates. The
sidewalls of the channel are formed by perfectly conducting electrodes so that the induced
voltage can be measured.

Two different chambers were used for the measurement. Their inner dimensions were
15x52x120 mm and 15x56x120 mm. Their endings were provided with the cylindrical inlets
with the diameter of 9 mm enabling the connection of hosepipes for an input and an output of
the liquid. There were two electrodes placed at the smaller sidewalls of the chambers. One of
the chambers has got the titanium electrodes at the inner side of the walls. The second
chamber was provided with the electrodes on its outer walls and a voltage transformer was
connected to them on account of the planned generation of the inverse magnetohydrodynamic
phenomenon.

3. Experimental procedure
The measurements were realized in Ostrava and in the laboratory of the Institute of
Geotechnics in KoSice. The liquids (water, sodium chloride water solution and solutions of
blue and green vitriol) were driven either by the sludge pump or by the water main, so that the
flow rates from 0.03 1.s™ to 0.42 L.s™ were investigated.

The second part of our experiments was aimed at enforcing the flow modulation by electric
and magnetic fields. A special excitation-measuring double-chamber was prepared and
studied. The common water from water main was used.

4. Conclusions
The most important results can be summarized:

¢ The effects of the magnetohydrodynamic phenomenon are measurable even for liquids
with low conductivities.

¢ The amount of the magnetohydrodynamic effect is directly proportional to the flow rate
of the liquid (i.e. to the flow velocity).

¢ The amount of the magnetohydrodynamic effect is directly proportional to the magnetic
induction applied perpendicularly to the liquid flow velocity.

¢ The measurement of the voltage induced by the magnetohydrodynamic phenomenon can
be used for the evaluation of the pressure gradient along the liquid flow inside the
measuring chamber.
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PREDICTION OF THERMALLY INDUCED PRELOAD
IN HIGH-SPEED BEARING SYSTEMS

T. Holkup', S. Holy”

Summary: Increased use of high-speed machining creates the need to predict
spindle behaviour at high speeds. Particularly, prediction of bearing failures
caused by excessive thermally induced preload is one of key issues in the design of
high-speed machine tool spindles. There is a need for optimization of spindle
bearing system and of its surroundings, which could be enabled by a coupled
thermo-mechanical model. However such a model must consider all physical
fields involved in the problem.

1. Introduction

Most problems of modern high-speed spindles are caused by heat generated within the spindle
and by the mechanical consequences of the structure’s warming. Preloaded angular contact
ball bearings are commonly used to obtain high stiffness of machine tool spindles. However, a
potential thermal instability due to positive feedback in the ‘preload-heat’ closed loop is a
serious drawback. This is noted as the thermally induced preload problem.

2. Scheme of proposed model

The fully coupled preload model cannot be created by a standard finite element method
(FEM) approach, because thermal and structural properties of bearings are coupled and
dependent on the instantaneous thermo-mechanical condition. For the purpose of updating
these parameters, the transient problem is solved in discrete time-steps, Fig. 1, and after each
step new bearing properties are calculated.
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of bearings
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temperatures I

STRUCTURAL SOLUTION

Fig. 1: Solution flow diagram
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It is necessary to determine following in each step:

e thermal field, with known thermal input data can be solved by FEM
e deformations, with known thermal field and load can be solved by FEM
¢ internal condition of bearings, determined by system of algebraic equations

3. Bearing model

In high speed operation of ball or roller bearings the rolling element centrifugal forces and
forces due to thermal expansion can be significantly large compared to the forces applied to
the bearing externally.

The bearing model is programmed in Matlab and solves the ‘internal condition’ of bearings
(contact forces, angles, rigidity) as the result of the ‘external condition’ given by FEM.

4. FEM thermal and structural solution

The task of thermal solution is to determine
temperatures for following structural solution.

FEA B
The analysis runs on defined time interval structural solution |~
with updated thermal boundary conditions.
The structural model solves deformations _r__ |
. .. . bearing foreach | | modification of
(external bearing condition) together with model | bearing | |constrainteqution

simultaneous update of bearing internal ! ]

conditions, as depicted in Fig. 2

A means of coupling FEM with the general
bearing model solved outside FEM software is
presented.

orce equilibrium
converged?

Moving bearing nonlinearities out from
FEM has several advantages: no convergence
difficulties, short time of solution and easy  Fig. 2: Data flow during structural solution
debugging of the cyclic process.

condition of brgs.

5. Conclusion

A comprehensive method for prediction of thermo-mechanical behaviour of spindle bearings
has been proposed and experimental work is in progress. The ‘open source’ character of the
model allows any additional subroutine to be introduced if it shows up as important during
experiments. Results of the theoretical model are in proportional agreement with expectations.
It makes it possible to virtually compare various bearing configurations and cooling
conditions with thermal stability and high performance considered as the objective.
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EFFECT OF THE NEEDLE DIAMETER ON ITS FATIGUE FAILURE
RESISTANCE

R.Holly", P.Hruovska"

Summary: The article deals with the cyclic bending strain of a sewing needle. It
is focused on the effect of the needle diameter on its fatigue failure resistance.

Od konca roku 2004 sa pracovnici Katedry Specidlnej a vyrobnej techniky na Fakulte
Specialnej techniky Trencianskej univerzity venuju problematike namahania strojovej Sijacej
ihly pri procese Sitia, najmd vSak jej mechanickému namdahaniu. Pre realizovanie skusok
cyklického ohybového zatazenia strojovych Sijacich ihiel bolo vytvorené pracovisko
zhotovené zo starSieho Sijacieho stroja TEXTIMA (trieda stroja 8832/005), na ktorom su
povodné otacky hlavného hriadel'a s hodnotou 2800 ot.min™ zredukované vymenou motora a
prevodu na 900 ot.min™'. Z uvedeného $ijacieho stroja s s vynimkou mechanizmu pohybu
thlovej ty¢e demontované vSetky ostatné mechanizmy. Na konci ihlovej tyCe je namiesto
uchytenia ihly namontovany doraz ohybajici ihlu, upnuti do pripravku pre upnutie ihly.
Tento pripravok sa upeviiuje v mieste stehotvornej dosticky Sijacieho stroja. Velkost ohybu
strojovej Sijacej ihly je regulovand pomocou podloziek roznej hrubky, ktoré sa vkladaju
medzi ihlova ty¢ adoraz. lhla sa ohyba, rovnako ako pri Siti, v smere kolmom na os
prechadzajicu otvorom uska. Pocet prichybov az do zlomenia ihly bol sledovany pomocou
snimaca impulzov a pocitadla OB Electronics 8-digit pulse counter PCO1.

Na tomto zariadeni bol uskutocneny uz cely rad merani, ktorych vysledky boli
priebezne publikované. Vysledky tychto merani casto vykazovali velmi velky rozptyl
nameranych hodno6t poctu ohybov do lomu. Vyrazny rozdiel medzi tymito nameranymi
hodnotami u ihiel toho istého typu, dokonca ztoho istého balenia, mohol byt sposobeny
vyrobnou nepresnost'ou, napr. nedodrzanim udavaného priemeru ihly. Preto boli spitne
zmerané 1 priemery driekov zlomenych vzoriek, avSak premeranie priemerov drieku ihiel typu
MY 1023 s jemnostou 11/75 a porovnanie tychto hodndt s hodnotami poctu cyklov do lomu
vzoriek nepreukazalo ich vzajomnu suvislost’ (tab.1). Priemery drieku jednotlivych vzoriek sa
ohybovych cyklov do lomu (vzorka €.9 a ¢.27) mali priemer drieku 2,020 mm a 2,015 mm.
Priemernd hodnota priemeru drieku ihly je 2,0205 mm.

Dalsou moznou pri¢inou takého vyrazného rozptylu nameranych hodndt méze byt
vznik pnuti a vnutornych defektov materidlu, ku ktorym dochadza uz pri vyrobe ihly a mézu
mat’ znacny vplyv na mechanické vlastnosti ihly. Ako priklad vyrobnych operacii, ktoré mézu
takto ovplyvnit’ mechanické vlastnosti ihly, méZzeme uviest’ vyrazanie otvoru uska, frézovanie
drazok, tepelné spracovanie a pod.

" Ing. Rastislav Holly, Ing. Petra Hrudovska : Katedra $pecialnej a vyrobnej techniky, Tren¢ianska univerzita A.
Dubéeka v Trenéine; Studentska 2; 911 50 Trenéin; SR; tel.: 0042X-032-7400 236; e-mail: holly@tnuni.sk,
hrusovska@tnuni.sk
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Tab.1 Vysledky merania cyklického ohybu ihly typu MY 1023 s jemnost'ou 11/75 z piatich
baleni po 10 ks ihiel (vel'kost’ priechybu v mieste uska ihly: 2,2 mm)

vzorka 1 2 3 4 5 6 7 8 9 10
balenie | hd[mm] | 2,020 2,015 2,020| 2,010] 2,015 2,020 | 2,025 2,025| 2,020 | 2,020

¢.1 pedl 2105 1651 | 2154 | 2712 1684 | 1439| 2801| 2076| 449| 2073
ml[mm]| 16,85 18,00| 18,15| 17,70| 19,20| 16,45| 17,90 18,75]| 19,85 17,95
vzorka 11 12 13 14 15 16 17 18 19 20
balenie | hd[mm] | 2,015] 2,010| 2,020 | 2,015 2,030 2,020 2,020| 2,030 | 2,025 | 2,020

¢.2 pcdl 1462 | 3142 | 1648 | 2273| 1661 | 1534 1619 944 | 1842| 1516
ml[mm]| 16,40| 17,65] 16,50| 16,95] 16,50| 17,15] 17,05] 18,05] 17,40 17,00
vzorka 21 22 23 24 25 26 27 28 29 30
balenie | hd[mm] | 2,015 2,020 | 2,015 | 2,020 2,025 2,025 | 2,015| 2,020 2,020 | 2,015

¢.3 pcdl 1092 1811 | 1568 | 2486| 1671 | 1793 | 3174| 1951 | 1463 | 2235
ml[mm]| 18,15] 17,40] 16,90 | 18,20] 16,95] 18,15] 17,45] 19,30| 17,30 17,00
vzorka 31 32 33 34 35 36 37 38 39 40
balenie | hd[mm] | 2,030| 2,020 | 2,020 | 2,020 | 2,025 2,020 2,020| 2,025 | 2,015 2,025

¢4 pcdl 1687 | 1763 | 1473 | 2050| 1778 | 1455| 1607 | 2445| 2461 | 2128
ml[mm]| 19,80 16,95] 18,75 16,40| 16,60| 16,90 | 19,30| 16,45| 17,20| 17,10
vzorka 41 42 43 44 45 46 47 48 49 50
balenie | hd[mm] | 2,020 | 2,025 | 2,025 | 2,025] 2,020 2,020 | 2,020| 2,020 2,020 | 2,030

¢.5 pcdl 2086 | 1979| 1660| 2216| 1984 | 1015| 1873 | 2153 | 1947| 1149
ml[mm]| 19,10] 18,55] 18,60 16,75] 16,90| 17,50 18,30| 19,80 16,85 17,00

hd — hrubka drieku ihly, pcdl — pocet ohybovych cyklov do lomu ihly, ml — miesto lomu (merané od péty drieku)
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WING AIRFOIL RIME ICE ACCRETION PREDICTION

ry ¥ A rk
V. Horak ', B. Hofeni

Summary: The paper presents the wing airfoil rime ice accretion prediction code
R-ICE 1.1. The rime ice accretion model includes the calculation of a velocity
distribution round a wing airfoil. The resulting flow field is used to an
aerodynamic forces acting on water droplets determination. Results of the
droplets trajectories solution are used for the determination of a water mass flux
impacting on the airfoil surface. The impacting rime ice accretion changing the
airfoil shape is illustrated in compare of experimental results.

1. Introduction

The formation of ice on wings occurs when the aircraft flies at a level where temperature is at,
or below freezing point and hits supercooled water droplets. Two basic kinds of ice can be
formed. The rime ice if all the impinging water droplets freeze immediately upon impact. In
contrast, the glaze ice creates if not all of the impinging water freezes on impact and the
remainder is running aft along the surface. There is described the first period of a wing airfoil
ice accretion theoretical solution — the rime ice accretion prediction code R-ICE in the paper.

The overall rime ice simulation involves: flow field calculation, water droplets trajectory
calculation and ice accretion prediction.

Typical results of trajectories solution near an airfoil are presented in Fig. 1. It is
perceptible that the small water droplets have
trajectories similar to streamlines, vice versa —
the large water droplets trajectories are
affected by the airfoil inherency only slightly.

Fig. 1. Influence of the
water droplets diameter on
their trajectories.

Airfoil NACA 0018, chord
is 1 m, free stream velocity
is 50 ms™' and angle of
attack is 5°.

* Vladimir Horak, associate professor, University of Defence in Brno, Kounicova 65, 612 00 Brno, Czech
Republic, tel.: +420.973442616, e-mail: vladimir.horak@unob.cz

** Bohumir Hofeni, senior research worker, Institute of Hydrodynamics, Academy of Sciences of the Czech
Republic, Pod Patankou 5, 166 12 Praha 6, tel.: +420.233109025, e-mail: horeni@ih.cas.cz
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2. Ice accretion prediction

Let is presumed the known water droplets distribution in a space far in front of a streamed
body. Then may be calculated droplets trajectories and select those of which intersect an
airfoil surface and freeze immediately upon the impact. A time stepping procedure is used
with successive thin ice layers followed by a new flow field and droplet impingement
recalculations. This procedure is repeated until the desired icing time is reached. Results of
the airfoil NFL0414 ice accretion prediction for the icing duration time 324 seconds in five
time steps of solution are outlined in Fig. 2. There are presented icing parameters (the R-ICE
code incoming data) in figure either. Fig. 2 also shows the final ice shape from the in-flight
icing experiment at the same conditions.

0,050
ylc [1]
0,025
Chord=0.9144 m; Vext=92.54 m.s™'; FluidP=100000 Pa;
FluidT=257.6 K; Alpha=0°; PartD=0.00002 m;
PartContent=0.00033 kg.m™>; RimelceRho=900 kg.m™;
Steps=5; TimeStep=64.8 s; Time=324 s.
0,000
-0,025
-0,050 ‘ ‘ ‘
-0,025 0,000 0,025 0,050 x/c [1]

Fig. 2. lllustration of the successive rime ice accretion for the icing duration time 324 sec.

3. Concluding remarks

Computational simulation of ice accretion is an essential tool in design, development and
certification of aircraft for flight into known icing conditions. Presented icing code R-ICE
enables to predict the location, size and shape of rime ice accretion. Ice accretion prediction
code R-ICE provides the comparable results like other current computational ice-accretion
simulation methods. Although the icing code R-ICE provides a number of satisfied results of
the rime ice simulation it is necessary to be considered as a product in the phase of further
development and improvement. The second period of a wing airfoil icing theoretical solution
the glaze ice accretion prediction is in the phase of implementation to the program code and
testing now.
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DETERMINATION OF THE SMALL HEAT EXCHANGERS LEAK

V. Hor4k', D. Rozehnal ™

Summary: The paper presents thermodynamic processes analysis connected with
the identification and quantification of the air leak discharge from small heat
exchangers — coolers, condensers, evaporators. Outlined theoretical solution was
verified by the experiment. Time pressure drop during air leak discharge was
measured for various heat exchangers volume and leakage size.

1. Vychodiska, cile a prostfedky reSeni problému

Potieba rozboru jevli a procesii spojenych s vytokem plynu malym otvorem vyvstala ve
spojitosti s identifikaci a vyhodnocovanim netésnosti malych vyménikl tepla — chladiéd,
kondenzatorti, vyparnikd. Pfipadnd netésnost se v technologickém procesu urcuje na zakladée
uniku stlaceného vzduchu netésnosti. Tento vytok se bézné urCuje prosttednictvim méfeného
poklesu tlaku vzduchu v zavislosti na case, tj. jeho ¢asovou derivaci.

Cilem pfispévku je provést teoreticky rozbor jevii a procesii spojenych s popsanym
zpisobem urcovani netésnosti malych vyménikd tepla. Realizaci experimentu ovéfit
spravnost teoretického feSeni problému a identifikovat ptipadné vedlejsi jevy a vlivy.

Teoreticky rozbor tlohy predstavuje:
e rozbor fyzikalni podstaty problému a formulaci rovnic pro teoretické fesenti;
e matematickou simulaci iniku netésnosti vyparniku jako vytok vzduchu malym
otvorem pii nadkritickém i1 podkritickém tlakovém spadu;
e feSeni zavislosti tlaku a teploty vzduchu na ¢ase pfi uniku netésnosti v rozsahu tlakt
(ptetlakt) od 2 MPa az nulovy pretlak;
e varianty vypoctu pro rizné velikosti netésnosti a rozméry vymeéniki tepla.

Experimentalni ovéfeni teoretického feseni métenim zahrnuje:
e sestaveni méficiho fetézce a realizaci experimentu;

e mcéfeni Casového prabehu tlaku a teploty pfi nékolika velikostech netésnosti a pro
nékolik velikosti vyméniki tepla.

Pti teoretickém feSeni ulohy se vychazi zobecnych termodynamickych zakonitosti.
Energetickou bilanci pfi vyprazdiovani chladice popisuje rovnice prvniho zékona
termodynamiky pro casové neustaleny d¢j v oteviené soustavé. Hmotnostni vytok je
determinovan okamzitym stavem plynu soustavé a velikosti netésnosti. Je pfedpokladan vytok
idealniho plynu kruhovym otvorem do okolniho prostredi, tj volné atmosféry.

" Doc. Ing. Vladimir Horak, CSc.: Katedra strojirenstvi, Fakulta vojenskych technologii, Univerzita obrany v
Brné, Kounicova 65, 612 00 Brno; tel.: +420.973.442749; E-Mail:vladimir.horak@unob.cz

" Ing. Dalibor Rozehnal, PhD.: Katedra letecké a raketové techniky, Fakulta vojenskych technologii, Univerzita
obrany v Brn¢, Kounicova 65, 612 00 Brno; tel.: +420.973.445161; E-Mail: dalibor.rozehnal@unob.cz
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2. Zavéry

Velikost tUniku stlaené¢ho vzduchu netésnosti je urCovana méfenym poklesem tlaku —
casovou derivaci. Velikost této derivace je pfimo svazana s velikosti otvoru netésnosti, ktera
determinuje zménu hmotnosti v soustavé vlivem uniku vzduchu. Z teoretického popisu
problému vyplyva, ze pribéh derivace tlaku je vzhledem k okamzitému tlaku prakticky
linearni (obr. I). Pro stejnou pocatecni hodnotu derivace tlaku jsou tedy pribéhy derivaci
tlakd v zavislosti na okamzitém tlaku shodné pro vSechny velikosti chladici.

Tuto skute¢nost potvrzuje 1 méfeny prubéh derivaci z experimentu. Na obr. I jsou
vyneseny také pribéhy derivaci tlaku v zévislosti na okamzitém tlaku pro dvé velikosti
chladi¢i — pro objem 0,61 dm’ a 0,46 dm’. Blizkost prib&hu obou k¥ivek tedy podporuje
ptedchozi zavér.

Na druhou stranu podstatna odchylka prabéhu meéfenych hodnot derivaci tlaku od
teoretického vypoctu ndzorné¢ demonstruje vliv zmény geometrie otvoru netésnosti pii zmeéné
okamzitého tlaku v chladici.

T
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Obr. 1 Teoreticka a méfena zavislost derivace tlaku na okamzitém tlaku v chladi¢i
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Vzhledem k nédkladim na budovéani tlakovych rozvodii je opodstatnénd tvaha o
moznostech testovani netésnosti pti nizsich tlacich. Pti rozhodovani o velikosti tlaku vzduchu
pfi testu a rozsahu poklesu tlaku bude potieba pfedevs§im uvazit experimentem potvrzeny jev
zmény velikosti otvoru netésnosti pii snizenych tlacich. Tento vliv se bude pravdépodobné
meénit s geometrii a umisténim otvoru netésnosti na objektu.

Déle vyznamné zmenseni derivace tlaku pfi nizsich tlacich bude — vzhledem k zachovani
rozliSovaci schopnosti — mit negativni vliv na dobu testovaciho méfeni vzhledem
k moznostem a parametrim meéticiho zatizeni. Co se tyCe doby stabilizace pred testem, ktera
ma vyrovnat teplotni poméry v soustavé po naplnéni stlacenym vzduchem, Ize predpokladat
moznost jejiho ¢astecného zkraceni pfi ur€ovani netésnosti chladicii za nizsich tlaki.
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POTENTIAL OF ADAPTIVE STATE CONTROL FOR ACTUATOR
REGULATION OF MACHINE TOOL MOTION AXIS

T.Hornych', J.Smolik', J.Svéda', M.Valasek

Summary: This work deals with control problem of machine tools through state
feedback control. Potential is better precision of clasic machine tools regulation
but especially aplication on machine tools with load off constructions and so
upped plasticity. There is shown control simulatin experiment on 2-mass simple
model with variable parameters witch represetns real motion axis with working
srcrew.

1. Uvod

V oblasti fizeni pohybovych os obrabécich strojii se ustalil standard tzv. kaskadni regulace,
jejiz zékladni schema je pouze dopliiovano pfidavnymi bloky napf. rychlostnimi, ¢i
proudovymi feedforwardy. Toto jsou doptfedné vazby zavedené na vstup rychlostniho nebo
proudového regulatoru, majici za cil zvySeni drahové presnosti. Jako vyznamny problém z
hlediska zvySovani parametri dynamiky a ptesnosti obrabécich strojii se v soucasné dobé
ukazuje samotnd mechanicka stavba stroji. U menSich strojli, zejména pak stroji pro
technologii HSC (obrabéni vysokymi rychlostmi s malymi feznymi silami) se ve vEtsi mire
uplatniuji konstrukce s pfimymi pohony. U vétSich stroji pro klasické("silové") obrabéni je
vSak absence vloZenych pievodl nevyhodnd a jako pohonné jednotky vladnou v soucasné
dobé synchronni servomotory s pohybovym Sroubem a cCasto téz s dalSim vlozenym
pievodem. Pravé pohon s kulickovym Sroubem je uplatnén v tomto piispévku jako hlavni
predmét matematického modelu mechaniky pohybové osy.

ZvySovani dynamickych parametriit u této koncepce pohonu pii pouziti klasické
regulace vede na konstrukci s vykonngj$Simi pohony a vyrazné staticky i dynamicky tuzsi
mechanickou nosnou strukturu. Vys8§i hmotnosti pohyblivych dili se ovSem efekt
vykonnéjsiho pohonu potira, ¢imz se konstrukce a provoz takového stroje stava zalezitosti
mén¢ efektivni, méné ekonomickou a ekologickou. Zachovani vysoké tuhosti mechanické
struktury je nutné pravé z hlediska pouziti klasickych metod regulace. Snahou kolektivu
autort je tedy zabyvat se problémem "Jak fidit s uspokojivymi vysledky ptfesnosti drahového
fizeni pohybové osy s uvazovanim poddajnosti mechanické struktury systému?"

1 Ing. Tomas Hornych, Ing. Jan Smolik, Ing. Jiti Svéda: RCMT, fakulta strojni, CVUT v Praze; Horska
3; 128 00 Praha 2; tel.: +420.221 990’ 927, fax: +420.221 990 997; e-mail: T.Hornych@rcmt.(ivut.cz
2 Prof. Ing. Michael Valasek, DrSc.; Ustav mechaniky, odbor mechaniky téles, fakulta strojni, CVUT v

Praze, Karlovo nam. 13, 121 35 Praha 2;
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Pokud by vysledky takovéto snahy vedly k prakticky uplatnitelnym feSenim, pak by bylo
mozné zlepSovat parametry fizeni na standardnich strojich s pfirozenou poddajnosti
mechaniky pohybovych os a dale tidit pohybové struktury stroji, které budou poddajnéjsi
(leh¢i, levngjsi) nez je standardné bézné s vyslednymi parametry srovnatelnymi se
standardnim provedenim s uplatnénym klasickym fizenim.

2. Stavova regulace

Navrh fizeni pomoci stavové zpétné vazby vychazi ze zjednoduSeného modelu stroje
(pohybové osy). Otazkou je mira zjednoduseni matematického modelu s uvdzenim realné
mefitelnosti stavli. Uvazujeme fizeni poddajného stroje s pohonem kulickovym Sroubem.
ProtoZe stavova regulace je citlivd na spravné parametry modelu, je nutné uvazovat tuhost
(tlumeni) aktivni ¢asti pohybového Sroubu jako proménnou, zavislou na poloze suportu. Pravé
timto problémem, kdy je tfeba uvazovat model pro odvozeni fizeni jako systém s
nekonstantnimi parametry se zabyva navrh fizeni.

3. Zavér

Realizace tizeni odvozeného od pfimého odmétovani polohy nastroje miize pfinést vyrazné
zkvalitnéni obrabéciho procesu. A to také u stroju klasické "tuhé" konstrukce. Diivodem je
predevsim schopnost zachytit do regula¢ni smycky vSechny vlivy, zptasobujici odchylku TCP
od zadané polohy. Zejména je to pak schopnost zachycovat a kompenzovat i chyby
dynamické a z toho vyplivajici moZnost konstruovat obrabéci stroje s nizsi tuhosti a tedy 1
niz§i hmotnosti, pfi uziti konven¢nich materialii. Z vysledk simula¢nich experimentt lze
predpokladat, ze bude-li k dispozici dostatecné ptresny nahradni model pohybové osy bude
fizeni z n¢j odvozené funkéni i1 na redlné ose.

4. Podékovani

Tyto vysledky byly ziskdny za finanéniho pfispéni Ministerstva Skolstvi, mladdeze a
télovychovy v rdmci podpory projektu vyzkumu a vyvoje 1M6840770003.
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STRESS DISTRIBUTION IN HUMAN ARTERY
BASED ON SEVERAL TYPES OF SEDF

L. Horny*, T. Adamek’

Summary: Two material models of an arterial wall based on hyperelastic
approach are compared within a solution of a boundary value problem for thick—
walled tube. Thick—walled tube, which is the computational model used here, was
loaded by internal pressure p = 16 kPa and axial pre—stretches A, = 1.15, 1.3,
1.45. An influence of residual strains was included. It is shown that purely
phenomenological model revealed circumferential Cauchy stress distribution in
the range of supposed physiological values. Structural model based on a fiber-
reinforcement is significantly more compliant than phenomenological one.
Moreover, the residual strains are necessary in the structural model to obtain
physiological values of circumferential stress. An influence of an helix angle,
which is a structural parameter, on the stress distribution was determined.

1. Assumptions and methods

There are many material models which were proposed for an arterial wall in the last twenty
years. The most of models is based on a Fung—type exponential expression of a strain energy
density function (SEDF). SEDFs studied in this paper are also derived from this one. A main
aim of this paper is to compare them and to compare predictions obtained by using them in
computational model.

2 2
Y1998 =1 (1 —3)+ Cz(eblE’ 028z +bafeB; —IJ (1)
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2
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The first material model ¥995, proposed by Holzapfel and co—workers in Holzapfel (1998), is
purely phenomenological model which considers artery as orthotropic. The second one, W20,
was also proposed by Holzapfel and colleagues. For further details see Holzapfel (2000). This
model contains structural parameter 3 which denotes angle of a pitch of two symmetrical
helices of collagen fibers which reinforce an arterial wall. The stress distribution is obtained
by derivatives of the SEDF with respect to Green strains in accordance with general
hyperelastic theory. Green strains are related to a cylindrical coordinate system and
geometrical model of thick—walled tube with residual strains. An opened configuration is
supposed to be a stress free. Numerical characterization of SEDF was adopted from literature
published by material models authors, Holzapfel (1998, 2000).W99s: ¢;= 30.523 kPa, ¢, =
0.4308 kPa, b; = 5.36603 [1], b, = 3.55858 [1], bs = -31.7206;W2000: ¢1 = 44.24 kPa, k; =
0.206 kPa, k, = 1.465 [1].

2. Results and discussion

So, in this paper two material models were compared in the case of physiological loading.
The first model showed typical behavior of thick—walled tube. Determined displacements and
computed stress fields range close to expected values. The circumferential stress between 200
— 250 kPa is commonly considered as a stress state similar to smooth muscle cells in vivo
states. Second model, what is utilized for two-layered computational model, showed
significant influence of residual strains on a shape of stress—radius curves and on the stress
values also. It seems to be necessary to suppose high values of an opening angle. Residual
strains have to exceed opening angle of 90° to manage stress field close to supposed
physiological range. Second model is also significantly more compliant than first one and un—
physiological values of predicted inner radius were achieved within the model. But it is
important to note that second layer was not considered in this model.
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INFLUENCE OF LINEAR AND NONLINEAR DAMPING ON THE
STABILITY OF MOTION OF KINEMATIC PAIRS OF GEARS

M. Hortel , A. Skuderova *

Summary: The damping of dynamic phenomena in the structural complicated
mechanical systems with different i.e. rigid or liquid substances of elements is
the matter till this time generally recondite. The contribution deals therefore
both qualitative and quantitative with the model of different combinations of
linear and nonlinear - quadratic and cubic - damping both in the phase of
normal gear mesh and in the phase of dynamic tuning when happens to contact
bounces of tooth faces in gear mesh and to following contacts with impacts.

1. Uvod

Soucasny svétovy, a o to vice perspektivni, vyvoj modernich stroji smétfuje svymi
pozadavky k symbidze parametri dvou extrémnich oblasti. Jsou to na jedné strané pozadavky
na maximalni vykony strojii pfi vysokych otdckdch, na stran¢ druhé pak pozadavky na jejich
minimdlni dimenze a hmotnosti pii zachovani provozni spolehlivosti, bezpecnosti a
Zivotnosti.

Vyse uvedenym zdanlivé protichlidnym extrémnim poZadavkim vyhovuji v soucasné
dob¢ nejvice, z prevodovych mechanickych systému s kinematickymi vazbami — ozubenymi
koly, systémy s délenym ¢i vétvenym tokem vykonu. Jejich projektovani musi byt proto
zalozeno na dokonalé znalosti dynamickych jevi, které se mohou v téchto lehkych slabé a
siln€ nelinearnich parametrickych soustavich vyskytovat.

Nelinedrni dynamika parametrickych, tj. heteronomnich systémi tvoii v poslednich
nc¢kolika desetiletich zvlaStni, vysoce aktudlni obor, ktery je dominujici zejména u
planetovych  pfevodovych  mechanismii s kinematickymi  vazbami v leteckych
vysokootackovych turbovrtulovych pohonnych konstrukcich.

2. K matematicko-fyzikalnimu modelu kinematické dvojice ozubenych kol jedné
vétve pseudoplanetové soustavy

Tlumeni at’” materidlové v zdbéru ozubeni, tak i viskézni vlivem mazaciho olejového
prostfedi v zubové mezefe pii odskoku zabirajicich zubovych profili bude v dal$im
uvazovdno jednak linedrni, jednak nelinedarni kvadratické, kubické, pripadné jejich
kombinace. Dynamika pohybu v zdbéru bude sledovédna na zvl4Stnim ptipadu jedné vétve
simula¢niho modelu soustavy s délenym tokem vykonu, viz obr.1, jehoZ pohyby jsou popsany
nelinedrnimi deterministickymi diferencidlnimi rovnicemi s Casové proménlivymi koeficienty
pro vybranou frekvenc¢ni oblast rezonan¢ni charakteristiky.

: Ing. Milan Hortel, DrSc., Ing. Alena Skuderové, Ph.D., Ustav termomechaniky AV CR, Dolejskova 5, 18200
Praha 8; tel.: +420.266 053 803, fax: +420.286 584 695; email: hortel @it.cas.cz; skuder @it.cas.cz
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Obr.1 — Nahradni matematicko-fyzikalni model kinematické dvojice ozubenych kol —
(b) pseudoplanetové soustavy s dvojndsobnymi satelity — (a), technologickd bo¢ni zubova
vile s(¢) a hodnoty Heavisideovych funkci H v oblastech zubového zabéru s viilemi — (c).

3. Zavérecné poznamky

Ve studii ukdzané dil¢i vysledky analyzy vlivu tlumeni na dynamiku zabéru ozubeni
kinematickych dvojic s rdzovymi jevy tvoii dil¢i vysledky analyzy vnitini dynamiky silné
nelinedrnich parametrickych soustav buzenych pouze parametricky, tj. zminénou c¢asové
modifikovanou vyslednou tuhosti C(t)( H1+ H2 ) v zédbéru ozubeni.

4. Podékovani

Price vznikla pii feSeni pilotniho projektu Ustavu termomechaniky PP 06 — 361 v ramci
vyzkumného zdméru AVOZ 20760514 za podpory Akademie véd CR.
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INFLUENCE OROGRAPHY ON DESIGN WIND SPEEDS IN THE
CZECH REPUBLIC

J. Hostynek’, J. Kral™

Summary: The necessity of the Czech wind map changes was found out by the
analysis of ten-minute wind speeds and wind gusts from the 16 stations during
1981-1999. Some of the gust estimates were significantly higher than equivalent
gusts determined from design pressures according the Eurocode. More stations
during 1961-2000 were taken into account in a direct collaboration with CHMI.
The terrain roughness influences and statistical deviations of time measurements
were removed from the ten minute wind speed estimates. The wind speed maps
were calculated by standard methods in the GIS environment with utilisation of
the altitude variation of the mean wind speed and the low-pass filtration. Mean
wind speed map will be used in the national annex of the CSN EN 1991-1-4.

1. Uvod

Pti feSeni projektu GA CR byl proveden vychozi statisticky odhad strednich rychlosti
a narazi vétru pomoci obvyklych metod u profesionalnich stanic CHMU. Tyto poznatky byly
vyuZity ramci fedeni rozborového dkolu CNI. Podle poZadavka KU CVUT vyhodnotil
CHMU dostupné informace a sestavil mapu desetiminutovych rychlosti, ktera bude sou¢asti
narodni piilohy k CSN EN 1991-1-4.

2. Zahrnuti vlivu orografie do mapy desetiminutovych stiednich rychlosti

Pti vydani CSN ENV 1991-2-4 nebyly desetiminutové rychlosti pro CR k dispozici. Bylo
zachovéano rozdgleni uzemi CR na dvé oblasti podle CSN 730035 a pro tyto oblasti byly
definovany dvé zakladni rychlosti vétru (24 m/s a 26 m/s) na zékladé analyzy maximalnich
narazu vétru let (Vorlicek, 1976) a poznatku z literatury.

Vychozi statisticky rozbor stiednich rychlosti byl proveden se soubory 100 maximalnich
nekorelovanych strednich rychlosti, vybranych z databdze SYNOP nezavisle na sméru vétru
a meteorologické situaci pro 16 profesionalnich stanic a obdobi 1981-1999. Odhady nérazt
vétru byly stanoveny ze soubort ro¢nich maxim pievazné z obdobi 1981-1999. Jako zakladni
byl pouzit Gumbeliv postup. Ziskané odhady rychlosti byly porovnavany s odhady podle
Liebleinovy metody BLUE (Best Linear Unbiased Estimators) a s odhady podle Paretova
rozdéleni pro razné hodnoty minimalni rychlosti. Metody analyzy soubora dat, ziskané
vysledky jsou uvedeny ve vyzkumnych zpravach (Kral, 2002) a byly publikovany (Kral,
2005) — viz pIné znéni prispévku.

Pro zpracovéani mapy byly pouZity ovétené soubory rychlosti z 46 stanic CHMU a 4 stanic
v Némecku. Odhady desetiminutovych rychlosti s pravdépodobnosti prekroceni p = 0,02 byly
vypoéteny z terminovych rychlosti v obdobi 1961-2000 bez ohledu na typ meteorologicke

“ RNDr. Jifi Hostynek, CHMU pobocka Plzeri, Mozartova 1, 323 00 Plzet, e-mail: hostynek@chmi.cz
™ Ing. Jaromir Kral, CSc., CVUT Kloknerav dstav, Solinova 7, 166 08 Praha, e-mail: jkral@klok.cvut.cz
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situace, smér vétru nebo zvrstveni atmosféry. Bylo pouzito dvouparametrické Gumbelovo
rozdéleni s odhadem parametra MLE metodou statistického software QCExpert 2.5. Soucasné
byly tytéZ odhady vypocteny u 13 stanic ze soubord roc¢nich maxim hodinovych odecta
desetiminutovych rychlosti v obdobi 1982-2000, které byly pouZity pro testovani statistickych
rozdild mezi odhady z terminovych a hodinovych soubort rychlosti. Z odhadad rychlosti byl
vyloucen vliv drsnosti terénu v misté stanice a statisticka odchylka terminovych méieni.

Korigované odhady rychlosti byly lokalizované do polohy stanic. Nerovnomérna sit’ stanic
na Gzemi CR byla doplnéna fiktivnimi stanicemi. Do kterych byly extrapolovany vypoétené
odhady rychlosti podle regresni rovnice, kterd popisovala zavislost odhadd rychlosti na
nadmorské vysce. Plosné rozlozeni odhadnutych rychlosti bylo zpracovano v prostiedi GIS za
pouZiti orografické interpolace, digitdlniho modelu terénu (DEM) a matematické metody
IDW. Vypocet byl smérovan do rastrové podoby v kroku 200 m. Vyhlazeni c¢tverci se
provedlo nizkofrekvenénim filtrem s pétinasobnym poctem cykli. Na obr. 1 je pracovni verze
mapy desetiminutovych stiednich rychlosti s ro¢ni pravdépodobnosti piekroceni p = 0,02 po
korekci na maximalni ndrazy vétru (viz pIné znéni ptispévku).

Obr. 1 — Mapa desetiminutovych stiednich rychlosti (pracovni verze)

3. Zavér

Mapa desetiminutovych stiednich rychlosti s ro¢ni pravdépodobnosti piekroc¢eni p = 0,02
(stredni doba navratu 1x za 50 let) byla sestavena na zéklad¢ analyzy maximalnich ro¢nich
rychlosti v obdobi 1961-2000. Vzhledem ke zna¢nému rozpéti navrhovych rychlosti
a s ohledem na jiZ vytvorené mapy sousednich zemi, byla zvolena stupnice s hranicemi 22,5 —
25,0 - 27,5 - 30 m.s™*. Na Gzemich s rychlostmi nad 30 m.s™ se doporucuje pro zpiesn&ni
odhadu vZdy kontaktovat odpovédné osoby v CHMU.

4. Podékovani

Mapa rychlosti vétru byla zpracovana na zakladé vysledkia teSeni projekti GA CR
&. 103/00/0706 a ¢&. 103/03/1395. Finanéni prostredky na dokongeni mapy poskytl CNI.
Autofti by touto cestou chtéli podékovat za poskytnuti prostiedki na feSeni projekta.

5. Publikace - viz pIné znéni piispévku.
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MONOLENS SYSTEM FOR BUBBLE DIMENSION
AND POSITION MEASUREMENT

J. HoSek*

Summary: This paper presents a new optical system, which is able to determine
radius and position in 3D-observation space of a number of spherical bubbles
with using the only one monolens camera system. The principle of the system is
based on anamorphotic optical system and appropriate data processing
algorithm. The precision and repeatability of the system were tested by
measurement of a glass and steel sphere mounted on x, y, z movable support. The
first measurement and data processing are demonstrated in multiphase bubble-
liquid system. We expect the presented system will be able to be used for the
determination of the objects velocity as well as dimension change in the case of
application of time-resolved photography .

1. Introduction

Determination of bubble objects in space is very important in many technical or production
applications. Observation and determination of dimension and position of these objects can
affect or be the bases for optimization of the technological processes like chemical reactors,
where homogeneous distribution of bubbles is often demanded in multiphase reacting
systems. On the other hand, there are technologies where the presence of multiphase system
can indicate a technological problem, for example in hydrodynamic systems or in glass
production industry. Bubble dimension and distribution measurement is important for the
studies of environmental engineering too.

This paper presents a new optical system, which is able to determinate radius and position
of a number of spherical bubbles in 3D-observation space using only one monolens camera
system. The principle of the system is based on anamorphotic optical system and appropriate
data processing algorithm.

2. Principle of the method

Presented experimental method (HoSek 2006) is based on anamorphotic optical system and
known shape of the measured object. Anamorphotic optical system is characterized with
astigmatism. This system imagines the object with different magnification in different
directions perpendicular to the optical axis. Due to the fact, that objects magnification is a
function of the object distance it is possible to unambiguously determinate object distance
from the ratio of magnifications different planes of anamorphotic system and direction to the
object. This experimental method is able to be used for the measurement of all kinds of
spherical objects. It can be bubbles in liquids, droplets in gases, droplets of different density

* Ing. Jan HoSek, Ph.D. Department of Instrumentation and Control Engineering, Division of Precision
Mechanics and Optics, Faculty of Mechanical Engineering, Czech Technical University in Prague, Technicka
4, 166 07 Prague 6, Czech Republic, tel.: +420 224 352 552, e-mail: Jan.Hosek@fs.cvut.cz
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anamorphotic lens placed to the optical system. The third kind of set-up is to use the common
camera lens and a cylindrical tube used as an anamorphotic lens.

5. Conclusion

The first measurement and data processing are demonstrated in multiphase bubble-liquid
system. We expect the presented system will be able to be used for the determination of the
spherical objects velocity as well as dimension change in the case of application of time-
resolved photography.
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OPTICAL SET-UP FOR SMALL VOLUME OF LIQUID SURFACE
TENSION MEASUREMENT

J. HoSek*, K. Studenovsky*

Summary: For the measurement of properties of the metastabile super cooled water it
is necessary to work with as small sample as possible, due to the fact, that probability of
appearance of any ice nucleus is proportional to the sample volume in a period of time.
The appropriate experimental method of the minimum volume surface tension
measurement seems to be a sophisticated method devised by Furgeson (1924). This
method is based on optical observation of liquid meniscus at the open end of the
capillary. The goal of the presented work is to optimize the experimental set-up of the
end-tip meniscus planarity observation and detection. A new, compact and sensitive
experimental optical set-up is designed for the meniscus planarity measurement.

1. Uvod

Povrchového napéti kapalin je materidlova vlastnost vypovidajici o vnitini strukture tekutin a
zméné faze materidlu ¢i fazovych slozek pii jeho teplotnich zménach. Proto je studiu
povrchového napéti kapalin vénovana velkd pozornost, a naptiklad hodnoty povrchového
napéti vody jsou tabelovdny a publikovdny spolecnosti International Association for the
Properties of Water and Stream — (IAPWS 1994). Nicméné uvedené hodnoty povrchového
napéti jsou tabelované pouze pro teploty nad trojnym bodem vody, pfestoze byla voda
v kapalném stavu experimentalné pozorovana az do teplot 205 K. Existuji historickd méfeni
hodnot povrchového napéti vody méfené NACA (Hacker 1951) az do teploty 251 K.
Ta vykazuji zménu charakteru zavislosti hodnoty povrchového napéti prechlazené vody pfi
teplot¢ 267 K, kterd by odpovidala fyzikalni interpretaci zmény wvnitini struktury vody
popsané (Hruby 2004). Nicmén& nove€jsi méfeni povrchového napéti vody (Floriano and
Angell 1990), diky svému velkému rozptylu, charakter ptiivodniho méfeni nepotvrzuji. Proto
cilem této prace je navrhnout experimentalni zpiisob méteni povrchového napéti podchlazené
vody s dostate€nou ptesnosti pro potvrzeni nebo vyvraceni existence zmény v charakteru
teplotni zavislosti povrchového napéti prechlazené vody pfi teploté 267 K.

2. Metodika méreni povrchového napéti prechlazené vody

Meéteni povrchového napéti kapalin je velmi dllezité pro chemicky primysl, a proto i
metodika méteni je velmi rozsahla a propracovana napriiklad v (Hartland 2004). Nicméné pro
meéfeni prechlazené kapaliny je nutné pouzit co nejmensi mnozstvi kapaliny, aby se
minimalizovala pravdépodobnost zmrznuti vzorku pii méfeni. Proto jako nejlepsi metoda pro

* Ing. Jan HoSek, Ph.D., Prof. Ing. Karel Studenovsky, DrSc. Ustav p¥istrojové a fidici techniky, Odbor pfesné
mechaniky a optiky, Fakulta strojni, CVUT v Praze, Technicka 4, 166 07 Prague 6, Ceska Republika, tel.:
+420 224 352 552, e-mail: Jan.Hosek@fs.cvut.cz
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meéfeni povrchového napéti kapaliny v podchlazeném stavu byla vybrdna metoda vyvinuta
(Ferguson 1924, 1932) a pozd¢ji aplikovana i (Hacker 1951) pro jeho meéfeni, kterd pro
méfeni vyuziva vzorek o objemu do 1 mm’.

Pro tuto metodu byly stanoveny rovnice vyjadiujici vliv chyb méfeni tlakového rozdilu,
nekruhovosti kapilary a nerovinnost menisku na otevieném konci kapilary na méfeni
povrchového napéti kapaliny a byly stanoveny poZadavky na pfesnost uvedenych veli¢in. Byl
navrzen novy a presnéjsi zplsob méfeni rovinnosti menisku na konci kapilary a proveden
vypoCet intenzity odrazen¢ho svétla v zavislosti na poloméru kiivosti menisku a dalSich
parametrech optické soustavy. Pfi celkové kompaktnim uspofddani nové navrzené¢ho méficiho
zafizeni je moZzno jim sledovat i poloméry ki¥ivosti menisku vétsi nez jeden metr.

3. Zavér

Bylo provedeno srovnani méfeni rovinnosti na malé plose odpovidajici priméru kapilary, a to
interferometrickymi metodami a metodami geometrické optiky. Bylo prokazano, Ze pro malé
rozmeéry méfenych ploch jsou metody geometrické optiky citlivéjsi na odchylky od rovinnosti
nez metody interferometrické. Dale byl proveden detailni teoreticky rozbor geometrické
metody méfeni rovinnosti menisku kapildry provadéné Hackerem (1951) a byl odhalen
pravdépodobny zdroj chyb uvedeného méfeni. Na zaklad¢ této analyzy byl proveden navrh
nového experimentdlniho usporddani metody méfeni rovinnosti menisku dosahujici vyssi
citlivosti a kompaktnéjsiho uspotadani nez plivodni métici metoda.

4. Podékovani

Prace byla vypracovana v ramci grantu ¢. GA CR 101/05/2214
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POSSIBILITIES OF IMPROVEMENT ACCURACY OF THE
ATTITUDE SENSOR FOR WALKING ROBOT

P. Houska', T. Marada®, V. Ondrousek’, V. Singule4

Summary: Measuring of the robot platform attitude with respect to the direction
of gravity acceleration — attitude in abbreviation is very important issue in control
of walking robots and other devices that can work in irregular terrain. One
possible way of attitude sensor is described in contribution. Focus is on
identification of stochastic properties parts of attitude sensor. Results are used for
sensor and filters tuning.

1. Uvod

Pro fizeni stability krac¢ivého robotu pii pohybu je dilezité znat okamzity naklon zakladny
robotu. Pro sniméani ndklonu kra¢ivého robotu byl vytvofen snima¢ néklonu tvofeny
akcelerometry a gyroskopy. Prispévek se zabyva nastavenim ¢asti snimace a identifikovanim
vlastnosti pouzitych snimaci, za uc¢elem ziskani realnych dat pro analyzu a nasledné zvySeni
piesnosti snimace na takovou uroven, aby byl plné pouzitelny pro fizeni stability robotu.

2. Snima¢é naklonu

Pro snimani néklonu bylo zvoleno pouziti MEMS gyroskopi, ale takto ziskand hodnota je
zatizena driftem gyroskopu. To znamend, Ze gyroskop je pouzitelny pouze pro kratkodoba
méfeni. Proto musi byt snimaci soustava doplnéna snimaci, které umozni kompenzovat drift.
K tomuto ucelu byly vybrany MEMS akcelerometry, které ale méfi mimo pusobeni
gravita¢niho zrychleni i zrychleni, zplisobena pohybem snimace. Pro feSeni problému je tudiz
nutnd flize dat z obou typt snimac, ktera provede kompenzaci chyb snimacu.

Flize dat z obou typl snimacii lze provést s pouzitim komplementarniho filtru, ktery byl
popsan v [1]. Zakladni myslenka spocivd v zavedeni dvou filtrii, které odstraiiuji nevyhody
obou snimact, tj. drift a citlivost na pohyb. Prvni filtr tvofi dolni propust druhého tadu
(DP2R), ktery je aplikovan na vystupni signal z inklinometru. Inklinometr pak poskytuje
informaci o néklonu pouze pfi nizkych frekvencich (pomalé zmény v ndklonu). Druhy filtr
tvofi horni propust druhého ¥adu (HP2R), a je aplikovan na vystupni signal z gyroskopu.

! Ing. Pavel Houska, Ph.D., Ustav automatizace a informatiky, FSI VUT v Brné, CR, e-mail:
houska.p@fme.vutbr.cz
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Gyroskop tak poskytuje informaci o naklonu pouze pti vysokych frekvencich (velké zmény v
naklonu). Sectou-li se informace z obou snimaci je vysledkem skute¢ny néklon. Tato metoda
je zobrazena na obr. 1.

E_ Inklinometr | © Dolni propust
Hi(s) Fi(s)

E_ Gyroskop 0 119 Horni propust +>
Hy(s) s Fy(s) C

0

Obr. 1 Schéma vyhodnoceni ndklonu pomoci komplementarniho filtru

3. Identifikace vlastnosti snimacéu

V ptedchozich pracich [2] jsme se zabyvali pouzitelnosti snimace pro méteni naklonu. Tyto
prace potvrdili vhodnost snimace a zavedli pozadavek identifikace dlouhodobé piesnosti a
spolehlivosti akcelerometru a identifikace ,,okamzité*“ ptesnosti pouzitych gyroskopt.
Vysledky identifikace jsou urCeny jak pro ,,doladéni* hardware snimace, tak pro naladéni
filtrG. Dale z [2] vyplynula vhodnost nahrazeni souctového ¢lenu vysledného naklonu za
Kalménuv filtr, ktery je schopen stochasticky ohodnotit aktualni data z jednotlivych snimact.

4. Zavér

Clanek se zabyvé identifikaci vlastnosti akcelerometrické &asti snimace naklonu a ovéfenim
vlastnosti filtri nastavenych podle vysledkl identifikace, za ucelem zvySeni piesnosti
snimate naklonu. Béhem identifikaénich experimenti se ukdzalo, Ze pfesnost
akcelerometrické Casti snimace lze vyrazné zlepSit pouzitim vhodnych filtrli typu dolni
propust. Do budoucna se pfipravuje vySe uvadéné nahrazeni souctového Clenu signali
z jednotlivych ¢asti snimace, digitdlnim filtrem Kalmanovského typu. A déle provadéni
dalSich experimentl za ucelem ovéieni piesnosti celého snimace.

5. Podékovani

Prace byla provedena za podpory projektu MSM 0021630518 ,,Simula¢ni modelovani
mechatronickych soustav®.

6. Literatura
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TRANSIENT TEMPERATURE FIELD IN THE CHAMBER FOR
MEASUREMENT OF SURFACE TENSION OF SUPERCOOLED
LIQUIDS

J. Hruby", M. Miiller, K. Richtr, R. Mares§

Summary: We present results of mathematical modeling of the transient
temperature field in a new chamber developed to measure surface tension of
supercooled liquids, and results of auxiliary measurements. The chamber is
designed to enable a very fast (within 0.1 s) formation of a homogeneous
temperature field (within 0.02 K) after a temperature jump of 60 K. The interior of
the chamber of dimensions 20x16x32 mm is filled with dry nitrogen surrounding
the measuring capillary and thermometers (very fine thermocouples and RTD’s).
The temperature jump is generated by switching the flow direction of the nitrogen
serving as a heat transmitting fluid. To reduce the thermal boundary layer near
the bottom and ceiling walls, they are made permeable and some gas is sucked
out. The flow in the chamber is laminar. We compute the temperature field
analytically and numerically, using the commercial software Fluent. The
analytical solution results in a series of goniometric and confluent hyperbolic
functions. The Fluent code has been adapted to accept special boundary
conditions for the velocity and temperature fields at the permeable walls. The
results indicate that the design objectives of the experimental device were met.

1. Analytical and numerical simulation of the temperature field in the new chamber

For a limited time, pure liquids can remain liquid even deep below the freezing point. Liquid
below its equilibrium freezing point is metastable and it is called the supercooled liquid.
Supercooled liquid water was observed down to 240 K. Only two datasets [Hacker 1951,
Floriano 1990] exist for the surface tension of supercooled water and they are inconsistent.
Therefore, a project was started to obtain new measurements. The present contribution
describes analysis of the temperature field in the measuring chamber of the device. The
change of temperature is performed by switching the flow of dry nitrogen, which comes either
from left or right, tempered to low temperature or room temperature. For the sintered glass,
the magnitude of the proportionality constant between the pressure drop and normal flow

velocity was determined as 5.3x10* Pa.s.m™. After switching the flow, for a relatively long

* Ing. Jan Hruby, CSc.: Institute of Thermomechanics AS CR, e-mail: hruby@it.cas.cz. Ing. Milo§ Miiller:
Technical University of Liberec. Ing. Karel Richtr and Prof. Ing. Radim Mares, CSc.: University of West
Bohemia in Pilsen
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Figure 1. Left: View of the experimental chamber. The relative magnitude of the flows is
indicated by the size of the arrows. Right: Temperature profile near the sintered glass plate at
center of the chamber. Points and dotted line: CFD Fluent. Solid line: analytical computation.

period (seconds) the situation is quasi-stationary—the walls remain at the initial temperature.
This is the case studied in this contribution analytically and numerically. Analytically we
solve a simplified equation of energy conservation

or (a% o°T azrj

(u, —qx)a—T+(v0 +qy)—=k +—
ox oy ox*  oy° oz’

(M

where « 1s thermal diffusivity of the fluid and parameters u,,v,,q determine the flow field.

The results indicate that the design objectives of the experimental device were met.
However, there is a space for improvements. It appears that the inlet screen has a too small
hydrodynamic resistance, allowing some disturbances from the inlet tubes to enter the
measuring chamber. The imperfection of the flow-field is probably the main reason of
differences between the analytical and CFD results shown in Fig. 1 (right).
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PREDICTION AND VERIFICATION OF THE LIFETIME FOR THE
VARIOUS COMBINED TENSILE AND TORSION LOAD

Z. Hruby*, J. Papuga®*, M. Rizicka*, M. Balda**, J. Svoboda™

Summary: The paper deals with the problem of fatigue in FEA simulation,
fatigue post-processing and experimental verification. The use of the relevant
constitutive model with the non-linear hardening is discussed. Experimental data
for several load schemes are given. Last but not least, the comparison of
calculated and measured lifetime is presented.

1. Uvod

V pfispévku jsou uvedeny vysledky unavovych zkouSek pro nékolik typl raznych
zatézovacich rezimi — kombinace tahového a torznitho namdahéni realizovaného na vzorcich
z uhlikové oceli 11 523. V ramci projektu GA CR 101/05/199 jsou v Centru diagnostiky
materidlu, UT AV CR v soudasné dobé realizovany rozséhlé unavové zkousky vzorki pro
celkem deset riznych zatézovacich kombinaci tahu-tlaku a krutu pro zkusebni vzorek tvaru
hladké trubky s tloustkou stény 2 mm. Pro experimentaln¢ realizované pribéhy zatézovani je
za pouziti vhodného konstitutivniho modelu metodou kone¢nych prvka urcena odezva
materialu na cyklické namahani za stavu saturace hystereznich smyc¢ek. Numerické simulace
jsou provadény pomoci MKP programu ABAQUS. Casové pribéhy slozek tenzoru napéti a
deformace jsou podrobeny zpracovani pomoci vybranych tnavovych kritérii. Unavové
analyzy jsou provadény samostatné vyvijenym programem PragTic.

Ukazuje se, ze pro ziskani dobré shody numerické simulace s experimenty je kliCova
dostatecnd piesnost vstupnich materidlovych dat, jejich spravna interpretace do cyklického
zatézovani, prikladem miaze byt wuziti Masingova pravidla, volba odpovidajiciho
konstitutivniho modelu a také numericka ptesnost v multiaxidlnich metodach.

2. Zivotnosti — program PragTic

Byly provedeny vypoctové analyzy Zivotnosti za pouziti uniaxidlnich 1 multiaxidlnich
pristupi jako srovnani s vysledky experimentdlnich zkouSek. Histogram logaritmického
poméru Zivotnosti (LLR) vykazuje pro rGzné hladiny zatizeni a rlzné zatéZné cesty jak
konzervativni tak nekonzervativni predikce Zivotnosti, jak znazortiuje obrazek 1.

Ing. Zbynék Hruby, Ing. Jan Papuga, Ph.D., Prof. Ing. Milan Rizika, CSc.: Ustav mechaniky, Fakulta
strojni CVUT v Praze; Technicka 4; 166 07 Praha 6; tel.: +420.224 352 519, fax: +420.233 322 482; e-mail:
Zbynek.Hruby@fs.cvut.cz, papuga@pragtic.com

Prof. Ing. Miroslav Balda, DrSc. FEng., Ing. Jaroslav Svoboda: Ustav termomechaniky AV CR, Centrum
diagnostiky materialu; Veleslavinova 11; 301 14 Plzen; tel.: +420.377 236 415, fax: +420.377 220 787
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1,5 1,5 15
1,0 1,0 1.0 ]
0,5 05 0.5
0,0 T 0,0 1
E = b b o 0‘0 ODDOODIOIsJ-IBJlﬂ‘N E QQQQQQBQBIH‘N
1_057 = 0:_05 b ﬂN:ﬂumgw r .05 kel MN==§NQOO
- ! d - ' QOO0 DN - ’ 00000 =
RELE 088 |~ ., EERENOCS88S | T . MERRELCBIRE
-1,5 — -1,5 -1.5
-2,0 -2,0 -2,0
-2,5 -25 -2,5
oznaéeni experimentu oznaéeni experimentu oznaéeni experimentu

Obrazek 1 Vysledky doposud fesenych testli. Parametr Wangova & Brownova kritéria je
S§'=0,619, Bannantinova & Socieho metoda ma koeficienty k; = 1,1 a k» = 3.4.

3. Zavér

Pro vybrané piipady zatizeni byl proveden unavovy post-processing s pomoci programu
PragTic. Dosavadni pouziti uniaxidlnich metod a dvou multiaxidlnich metod (Wang &
Brown, Bannantine & Socie) nevedlo k akceptovatelnym vysledkim. Rozptyl vysledka
zustava piili§ znaény. V dal§im kroku je pldnovano rozsifeni souboru vypoctu o ostatni
zveiejnéné testy a predevsim implementovani dalSich vypocetnich procedur do PragTicu.

4. Podékovani
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MODELING OF VOCAL FOLDS FUNCTION USING FEM I1.

° *
V. Hruza

Summary: During fonation the vocal folds are excited by air flow. This air is
portioned by vocal folds into separated air bubbles. These are the cause of the
source voice. It is obvious, that we must model fluid-structure interaction. Actual
models comes from air flow hypothesis, and the influence of Bernoulli's effect.
Next thing is, that as agitated medium is mostly used incompressible fluid. The
idea of this new model is to molel function of vocal folds as full fluid-structure
interaction. This paper deals with increasing of fluid velocity and thus pressure of
the air under the vocal folds. Simulation was computed by FEM program Ansys
8.1.

1. Uvod

Prace se zabyva modelovanim funkce hlasivek s vyuzitim metody koneénych prvki. V
modelovani je zahrnut jak vypocet samotné struktury hlasivek, tak 1 vypocet vzduchu, ktery
budi pohyby hlasivek. Modelovani funkce hlasivek timto zpiisobem Iépe popisuje skutecnost,
nez modely dosud vyvinuté. Simulace je provadéna pomoci programu Ansys 8.1.

V tomto ¢lanku jsou prezentovany vysledky vypoctid, kdy byla zvySovana rychlost
vzduchu pfichazejictho do prostoru pod hlasivkami, a tudiz se zvySuje tlak plsobici na
hlasivky.

2. Model

Model hlasivek je vypracovan jako symetricky s namodelovanim tii
vrstev — epitelu, vaziva a svalu obr. 1. Tyto vrstvy se 1isi pouzitym
modulem pruZznosti, ktery byl uvazovan u epitelu 10 kPa, vaziva 7
kPa a u svalu 20 kPa. Pro jednoduchost vypoctu je zatim uvazovan
linedrni izotropni materidl. Material hlasivek je uvazovan jako takika
nestlacitelny, N=0,49, hustota viech tii tkani je dana p=1040 kg/m’
(Titze ,1994)(Golombeck ,1999). Hlasivky jsou modelovany pomoci
elementu solid185. Kontakt hlasivek je realizovdn pomoci
symetrického kontaktniho paru, modelovaného prvky contal74 a
targel70. Rozmérové je model dimenzovan podobné jako skutecné
hlasivky, na vysku ma model 0,018m, na §itku 0,01m a na délku ma
pocitany model hlasivek 0,015m.

Obr. 1. Celkovy model

" Ing. Vaclav Hriiza: Ustav mechaniky, mechatroniky a biomechaniky, Fakulta strojniho inzenyrstvi, Vysoké
uceni technické v Brn¢; Technicka 2896/2; 616 69 Brno; tel.: +420541142804;
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Model vzduchu sestava ze dvou hlavnich &asti. Casti nad hlasivkami, kterd nahrazuje
supragloticky prostor a ¢asti pod hlasivkami, ¢imz se modeluje subgloticky prostor. Dalsi
dalezita Cast, kterou musime brat v potaz, je Cast vzduchu mezi hlasivkami, kde dochazi
k zavirani hlasivek a tudiz k uplnému vytla¢eni vzduchu. Model vzduchu jak pod hlasivkami,
tak nad hlasivkami mé délku (osa z) 250mm a pldorysné opisuje model hlasivek. Tento
prostor je modelovan pomoci prvka Fluid142. Jako material je uvazovan stlacitelny vzduch,
a pocita se s prednastavenym materidlem vypocetniho systému Ansys Inc./FLOTRAN.

3. Vypocet

Samotny vypocet je rozdélen do n€kolika krokl. Na zacatku jsou realizovany vypocty, které
maji staticky charakter, coz je natazeni a jemné pfitlaeni hlasivek. Po téchto krocich
nasleduje vypocet dynamickych dé&ji, coz je otevirani hlasivek a proudéni vzduchu. Vypocet
je proveden jako interakce struktura-vzduch, kdy vysledky z jednoho prostiedi slouzi jako
zatizeni, nebo zména geometrie u druhého prostredi. Algoritmus vypoctu je podrobné popsan
v Hrtiza (2006). Tento piispévek je zaméfen na vliv rostouciho prisunu vzduchu pod hlasivky,
coZ je feSeno vzristajici rychlosti vzduchu ptivadéného do vzduchové dutiny pod hlasivkami.
Zmeéna rychlosti je pocitana pro 4 varianty: 0,110m/s, 0,115m/s, 0,120m/s a 0,125m/s.

4. Vysledky

cwwr

nejvyssi rychlost proudéni vzduchu. Vidime, Ze v disledku silnéjsiho buzeni dochazi pii vyssi
rychlosti k vét§imu rozkmitani amplitudy hlasivkové mezery. Na tomto obrazku je také vidét,
7ze svysSi rychlosti pfidavani vzduchu pod hlasivky roste hlasivkova mezera, coz je
zpusobeno vyss$im tlakem vzduchu pod hlasivkami.

Prabéh mezer p¥i rychlosti v1 a v4
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Obr. 2. Otevfeni hlasivek pro max. a min. rychlost vzduchu
5. Zavér

Vysledky vypoctu potvrdily pouzitelnost modelu pro simulaci funkce hlasivek. Na druhou
stranu vSak zvoleny nariist rychlosti vzduchu pfichdzejiciho do prostoru pod hlasivkami byl
zvolen pomérné maly, z divodu testovani modelu, takZe nebylo moZzno prokazat vyskyt
dal§ich jevl pfi zvySovani intenzity hlasu, jako je naptiklad rist zdkladni frekvence.
Vytvofeny model na simulaci funkce hlasivek miize byt dale vyzit naptiklad pro zkoumani
riznych vad hlasivek, a také je mozno upravit geometricky model pro vypocet a testovani
hlasivkovych protéz.
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DESCRIPTION OF MATERIAL PROPERTIES OF HARDENING
CONCRETE INSIDE DECK OF COMPOSITE BRIDGE

I. Monz6n Hualde', P. Stemberk’, O. Lojkasek®

Summary: This paper shows an analysis of a concrete bridge deck. For the analysis,
the material parameters of concrete are approximated by functions, which take into
account the effect of composition and local temperature. A simple thermal analysis is
used to express the thermal field distribution in the concrete deck which affects the
progressing hardening. Finally, a mechanical analysis is conducted which gives the
possible deformation of the bridge deck caused by a mobile concrete pump and other
equipment.

1. Introduction

The execution of a concrete structure is affected the compressive strength of concrete. The
criterion for form stripping is that a certain strength and certain bonding between the
reinforcement and the concrete must be attained. Several properties of concrete, such as the
tensile and the compressive strength, E-modulus, ultimate strain, etc, which are of interest
here, can be related to the compressive strength evolution at the early age.

In this paper, approximations of compressive strength and other concrete parameters are
proposed. These functions are dependent upon local temperature and water—cement ratio of
concrete. The temperature at each location of concrete deck is obtained by means of simple
thermal analysis based on the finite elements method. This paper also shows an analysis of
deformation of the bridge deck based on the Chen model of plasticity, where the material
parameters are approximated by scaling a function proposed previously.

2. Approximation of evolution of mechanical parameters of concrete

The compressive strength has been adjusted to the evolutionary function, which describes the
evolutionary changes in the microstructure of solidifying and hardening concrete, of the
compressive strength. For each temperature and water-cement ratio, the values of parameters
ai(i=1, 2, 3, 4, 5) have been proposed.

! Isabel Monzén Hualde, Ing. Petr Stemberk, Ph.D.: Fakulta stavebni, Ceské vysoké uceni technické v Praze;
Thakurova 7; 166 29 Praha 6; tel.: +420.224 354 364, fax: +420.224 353 740; e-mail: stemberk@fsv.cvut.cz

* Ing. Otakar Lojkdsek: JHP Mosty spol. s r.0.; Ustfedni 60; 102 00 Praha 10; tel.: +420.272 700 452, fax:
+420.272 703 703; e-mail: lojkasek @jhp-mosty.cz
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3. Application to bridge construction: thermal analysis and mechanical analysis

Firstly, we focused on thermal analysis of the concrete bridge deck during construction using
FEM analysis. For studying the deformation of the section of the bridge deck, the Chen model
of plasticity was used. This model was modified so that all its parameters were the function of
the degree of hydration. The following figure shows the deformation which the bridge deck
suffers under the truck tyre. From the age of 7 hours, the behavior of concrete is elastic. Until
this time, a plastic behavior prevails.
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4. Conclusions

In this paper, it was attempted to estimate the possible deformation of hardening concrete slab
when a truck enters it. For the analysis, a function expressing the evolution of the
microstructure was defined. It is acceptable to assume that all mechanical parameters are a
function of the degree of hydration. Therefore, a five-parameter hyperbolic function was
derived, which depended on the water-cement ratio, temperature and time. For the sake of
simplicity, all mechanical parameters are obtained by scaling the degree of hydration. The
material model used in this analysis was the Chen model of plasticity which was modified so
that all its parameters were the function of the degree of hydration. The deformation of the
concrete slab was investigated for various ages and it was established that from the age of
seven hours the concrete is only in the elastic region when subjected to the load. Also, for
further extension of the model, a finite element tool was programmed for calculating the
thermal distribution, which took into account the change in the ambient temperature.
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STRESS — STRAIN ANALYSIS OF AN AGING MOTION SEGMENT OF
THE LIGAMENTOUS SPINE UNDER PHYSIOLOGIC COMPRESSION.

D. Hudetek', Z. Florian™

Summary: This paper deals with implementation stress-strain analysis of the
lumbar motion segment of the human spine. Individual vertebral elements are
modeled base on the 4. and the 5. CT dlices of the lumbar spondyle. Mechanical
interaction in joint section of spine between spondyles is modeled by using contact
elements. The arthral contact was supported with respect to complication of
geometry by creating of cartilage with suitable thickness. This analysisis made by
using FEM software ANSYS for a three variations. The results of this analysis
contribute to view about effort of the vertebral segment.

1. Uvod

Myt s

mezi nefastji postizené&asti lidskéhodla, nebd vrozené faktory, fgttZzovani a sedavy
zpasob Zivota #ive ¢i pozcEji zpusobi jeji postupnou degeneraci, ktera ovlivnigejiopnost
pienaset zatizeni.

NejmenSi jednotkou reprezentujici mechanické chiowamlaném pai@im regionu je
pohybovy segment, ktery je tken dw¥ma sousednimi obratli s chrug@ymi desttkami na
jejich €lech, meziobratlovou ploténkou a meziobratlovynulily s pislusnymi vazy a sval
VeSkeré pohyby v segmentu probihaji snadno, pogod ySechny jehoéasti zdravé a zce
funkéni. PoSkozendi onemocgni jedné jeh@asti ovlivni funkci celého segmentu.

V dasledku degenerativnich prodesa Ura#z, dochazi ke z#mdm geometrie
materialovych vlastnosti p&tdch prvki. Tyto zne€ny casto vyvolavaji obtize, jeZ js
charakteristické vracejici s chronickou bolesti. Objagni mechanickych ifi¢in bolesti v
zadech vyZaduje znalost deformace a napjatosti &egnv lumbo-sakralni oblasti p#te
jakoZzto regionu s nejvice se vyskytujicimi obtizemi

Cilem prace je tedy provedeni defotm&naptové analyzy pro fyziologickou kompre
zatizeny model bederniho segmentu lidskéipatetery by bral v potaz znu struktury ¢
materialovych vlastnosti vSech jeho modelovanycimpanent, jakoZto ihledek starnuti
degenerace.

" Ing. David Hudéek, UMTMB FSI VUT Brno, Technicka 2, 616 69 Brno,
e-mail:d.hudecek@email.cztel.:+420 54114 2804
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2. Vypoétovy model

Ke tvorke modeli a k samotnym vypaiam byl pouzit konénoprvkovy vypdetni systén
Ansys ver. 8.1. Vzhledem ke slozitosti problémuwjs8echny modelované prvky mimo va
tj. kompaktni a spongiosni kost, meziobratlovy disloieny jadrem a na subobjer
roz&klenym prstencem, chrupété a kostni desky, epyfizealni prstence a klowbmipavky.
modelovany jako homogenni, izotropni, lineaatasticky material. Jednotlivé vazy js
popsany odliSnym nelinearelastickym materialovym modelem.

Materialové charakteristiky a vyskyt jednotlivyclorkponent (zejména chrupatych
desek, epyfizealnich kastych prstefi na terminalnich plochach obratlovyct @ kloubnictk
chrupavek) se #mi vramci tech model zdravého, sedre a €Zce degenerovanél
pohybového segmentu, jakoZztbstedek jejich starnuti a degenerace.

K vytvoreni kon€noprvkové sit byl vyuzit objemovy, kvadraticky prvek SOLID !
urceny pro automatické generovani¢sitzv. free meshing. Pro plochy obratle byl po
skarepinovy prvek SHELL 93ktery po gifazeni materialovych charakteristik popis
kortikalni (kompaktni) kost sipdepsanou konstantni tlekdu po celém povrchu 0,6mm
kostni desku o tlowge 0,25 az 0,35mm (v zavislosti na typu modelu)m&delovan
bedernich vak byl vyuzit jednoosy prvek LINK 10,ipnésSejici pouze tahové namahani. ¢
téchto prvki, reprezentujicichifslusny vaz, se vyzdavala rozdilnou pitezovou plochou
pocateinim pretvarenim Na stykové plochy chrupavek byly naneseny &dnt prvky typt
TARGE 170 a CONTA 174 se sdnitelem smykovéhoteni pro model segmentu zdre
(normalni) f = 0,005, stdre degenerovany f = 0,01 &te degenerovany f = 0,1.

U vSech uzlovych badna kaudalni terminalni ploSe obratle L5 bylo zaemez vSen
slozkdm pohybu (All DOF), jako by byl obratel napewsrostly s kZovou kosti.

Zhotoveny MKP model pohybového segmentu fgtbyl podroben kompresivnin
fyziologickému zatizeni od vlastni tihy jedince.tiZani bylo aplikovdno na kranial
terminalni plochu obratle L4 o velikosti 850N, cqitiblizné odpovida fyziologicki
kompresivni sile (jsobici na L4-L5 pohybovy segment) dlovéka s hmotnosti 95kg
vySkou 194cm.

3. Vysledky a zawr

Tato prace ma charakter Gvodni studie, jejimz cibgito zjistit vliv starnuti a degenera
na jednotlivé komponenty kompresi zatizeného fggmkého bederniho segmentu lid:
patée, a také vliv vakz na namahaniéthto komponent. # daném zfisobu zatZzovani byly
odhaleny nejvice namahané komponenty a objadivod lokalreé zvySenych hodnot nap a
deformaci u vSech tkani. Déle bylo zi%b, jakym zgisobem mohou bederni vazy pét
ovlivnit rozloZeni napjatosti v segmentdi peho kompresy. Provedenim této analyzy
vylackn model pohybového segmentu pétes bedernimi vazy, s jejichZigpénim bude
mozné provést obdobné analyzy pro flexi, exténtrzi v kombinaci s kompresi.
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DYNAMIC LOADING SIMULATION OF VEHICLE TRACK

M. Chalupa, J. Veverka, R. Vlach”

Summary: The paper describes possible design of vehicle track computation
model and basic step of  dynamic loading simulation of the track. The
computational model is built for computational simulating system MSC. ADAMS,
Tracked Vehicle Toolkit. The model consists of all parts of real vehicle
undercarriage design.

1. Uvod

Clanek popisuje sestaveni vypo&tového modelu podvozku bojového pasového vozidla BVP —
2, ve kterém je podrobné propracovan popis konstrukce kolejového pasu. Dale popisuje
uréeni jedné z moznosti porusovani podélné stability pfi jizdé vozidla a provedeni ivodnich
simulacnich vypoctii dynamické zatéze casti podvozku pii jizdé. Model podvozku je
sestaveny pro vypocetni systétm MSC.ADAMS Tracked Vehicle Toolkit. Je uréen ke
zjistovani dynamickych vlastnosti podvozku a chovéni zejména pasu pifi zménach
konstrukce a reziml provozu, pii jizdé vozidla. Kone¢nym vysledkem praci ma byt navrh
zmén konstrukénich parametri podvozku, které umozni zlepSeni smérové stability vozidla pii
souc¢asném zvyseni jeho maximalni rychlosti. Nyni je vSak tfeba vytipovat ty konstrukcéni
parametry ¢asti podvozku, které mohou mit na zménu podélné stability pfi jizdé vozidla
jakykoliv vliv.

2. Popis vypoc¢tového modelu

Vypoctovy model je tvoren zakladnimi ¢astmi pasového pohybového a zavésného ustroji
podvozku vozidla. Jsou to pojezdna kola, nosné kladky, hnaci kola, vodici a napinaci kola,
vahadla, torzni tyCe a tlumice pérovani, po kterém se pohybuji jednotlivé ¢lanky pasu, spojené
mezi sebou sponami. Soucasny model, ve vypocetnim syst¢tmu MSC.ADAMS, AVT je
vytvofen z nabidky jednotlivych soucasti podvozku obecného péasového vozidla a jejich
konkretizace pomoci vstupnich hodnot, jako jsou zakladni konstrukéni rozméry, hmotnost,
soufadnice bodu umisténi soucasti na korbé vozidla a pocet téchto soucasti.

doc.Ing. Milan Chalupa, CSc.: UO Brno, Kounicova 65, 612 00 Brno, tel.+fax: +420 973 44 3 420,
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3. Popis simulacnich vypocti

Cilem provedeni simula¢nich vypocti bylo potvrdit nebo vyloucit vlivy uréovanych
konstrukénich parametri ¢asti podvozku, kterymi byly geometrie oblouki pasu, hmotnost
¢lankt pasu nebo predepnuti pasu, na zmény sledované vlastnosti podvozku vozidla, kterou
byla reakéni sila v osach napinacich kladek. Jeji zména jednoznaéné ukazuje na pokles, ¢i
vzrist odport proti pohybu vozidla.

4. Provedeni simula¢nich vypoc¢ta

Prvni ze simulacnich vypocti sledoval zjistovani vlivu zmény poloméru oblouku pésu
modelovaného zménou poloméru hnaciho kola a napinaciho kola na hodnoty reakénich sil
v osach opérnych kladek. Dalsi simula¢ni vypocet sledoval vliv zmény hodnot pfedepnuti
pasu na hodnoty reak¢nich sil v osdch opérnych kladek.Posledni simula¢ni vypocet sledoval
zjistovani vlivu zmény hmotnosti ¢lanka pasu na hodnoty reakcnich sil v opérnych kladkach.

Vysledky vSech tfi simulac¢nich vypoctl potvrdily, ze vlivy zmén obloukti, piedepnuti i
hmotnosti ¢lankl pasii, na zmény reak¢nich sil na opérnych kladkach podvozku vliv maji
jsou takového razu, Ze je vhodné se jimi zabyvat i v dalSich, podrobnych vypoctech.

5. Zavér

V ¢lanku je popsan jeden z moznych zplsobu sestaveni vypoctového modelu pasového
podvozku realného pasového vozidla, sestaveného pro moZnost provadeéni simulacnich
vypoctl dynamické zatéze Casti podvozku, ve vypocetnim systému MSC.ADAMS Tracked
Vehicle Toolkit. Tento model slouzi v prvnim kroku pro provadéni vypoctovych simulaci ke
zjisténi zakladnich informaci o chovani jednotlivych ¢asti pasu a podvozku pii jizde vozidla.

Po vytipovani vhodnych parametri konstrukce, nebo provozniho nastaveni ¢asti
podvozku, bude model slouzit pro provadéni simulacnich vypocti dynamické zatéze
jednotlivych ¢asti podvozku, pti zmeénach konstrukce, nebo provozniho nastaveni podvozku
vozidla. Na zaklad¢ vysledkl této hlubsi analyzy pak bude mozné fici, které konstrukéni
zmény na podvozku povedou ke zlepSeni smérové stability pii sou¢asném zvyseni maximalni
rychlosti pasového vozidla.
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LOCAL RESISTANCE OF SURFACE MOUNTED
OBSTACLES

Z. Chara’, B. Hofeni

Summary: The influence of surface mounted obstacles on free level of channel
flow is discussed. The obstacles of square cross section are placed sequentially
along a hydraulic flume and perpendicularly to the flow direction across the
whole channel width. Three various spacing between the obstacles - 5H, 11H and
23H (H is height of the obstacle) were tested for different flow discharges. The
surface levels were recorded and the results were compared with numerical
simulations. Based on the experimental data and numerical simulations the
resistance coefficients of the individual obstacles were determined.

1. Introduction

Flow over macro wall roughness elements, which have constant longitudinal spacing and
height along the channel can be referred as the wake-interfering or hyper-turbulent flow. Due
to the vortices generated on the rough elements such flow is much more turbulent and energy
consuming compared with flow over smooth surface. This phenomenon can be useful to
dissipate the kinetic energy mainly in mountain areas where the slopes of natural streams are
relatively high. The presented paper is focused on the determination of the local resistance of
transverse rectangular bars of square cross section and their influence on the turbulent flow in
a hydraulic flume. The experiments were performed in the hydraulic flume of a cross section
0.4x0.4 m and a length 24 m. The rectangular bars of the cross section 5x5 cm were placed on
the channel bottom. According to the bar spacing the length of rough section varied from 6 to
14.4 m.

2. Numerical simulations

The numerical simulations were carried out by a commercial program Fluent 6.2. An
unstructured mesh of the edge size 5 mm was used in the whole computational domain. The
roughness parts of the domain were built up identically as on the physical model. The
standard two-dimensional k-¢ model and the volume of fluid (VOF) model solving the free
surface were adopted. Together with the two-dimensional solution a simple one-dimensional
simulation HEC-RAS was tested.

"Ing. Zden&k Chara, CSc., Ing. Bohumir Hofeni, CSc.: Institute of Hydrodynamics AS CR; Pod Patankou 30/5,
166 12 Praha 6; tel.: + 420.233323748, fax: + 420.233324361; e-mail: chara@ih.cas.cz

126



Z. Chara, B. Horeni

3. Results and discussion

Comparison between the measured and calculated (Fluent simulation) profiles of the free
surface for bar spacing L=5H is shown in Fig. 1. A very good coincidence of the measured
and simulated profiles was achieved including the free level upstream the rough part for
L=5H and 11H. For L=23H the Fluent simulation slightly undervalued the measured free
surface levels.
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Fig. 1 Comparison of measured and calculated Fig. 2 Free surface profiles — measured
free surface profiles for L=5H and calculated by HEC-RAS

An assessment of the Manning’s coefficient, n, was done from the momentum
conservation and provided that the flow exists only above the bars (flow inside the cavities
was not considered). For such assumptions the values of Manning’s coefficient varied from
0.025 (L=23H) to 0.028-0.03 (L=5H and 11H). The free surface profiles calculated from the
HEC-RAS and for n=0.025 are plotted in Fig. 2 and the results are compared with
experimental data. The HEC-RAS calculation corresponds very well with the measured data.

4. Conclusion

The influence of surface mounted bars on flow behaviour in the open channel has been
evaluated. The bars of the square cross section was placed sequentially on the channel bottom
with spacing L= 5H, 11H and 23H. The profiles of the free surface levels were measured and
the numerical simulations were performed. The numerical simulations agree quite well with
experimental data for L=5H and 11H, for the spacing L=23H the measured data lie slightly
above the numerical simulations. From the measured and partially from simulated data the
resistance coefficients in the form of drag coefficients and Manning’s coefficients were
determined. The drag coefficients are increasing with increasing bar spacing but the total
resistance is decreasing with increasing spacing.
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SELF-EXCITED OSCILLATION OF THE THIN-WALLED
ELASTIC TUBES

H. Chlup™™™, F. Mar$ik™ ™, S. Konvi¢kova™

Summary: The simulation of the fluid flow through elastic pipes has many
applications in a blood flow through human vessels — investigation of such
phenomena as an atherosclerosis generation in artery walls, the Korotkoff's
sounds generation or modeling of vascular mechanical substitutes (the so called
"stents") and is therefore widely studied. Aim task is to solve the blood flow
through the elastic tubes analytically, numerically and experimentally and to
analyze the relation of the mechanical properties of the blood and of the vessel
wall and flow instabilities, all focused on biomechanics of the cardio-vascular
system. The analysis shows that frequency of self-excited oscillations increases
with the decrease of arterial compliance.

1. Uvod

NejznaméjSim jevem zplisobenym samobuzenymi kmity v kardiovaskuldrnim systému

jsou tzv. Korotkovovy zvuky (Marsik 2002). Vydava je pazni tepna po ¢aste¢ném uvolnéni
Skrtici manZety pfi béZném méfeni tlaku. Danahy a Ronan popsali v roce 1974 dalsi jev:
huceni nebo bzukot mozkovych vén. Tento jev ma ptvod v kmitani kréni zily, kterd se
zhroutila v disledku nizkého hydrostatického tlaku. Také kmitani korondrnich cév bylo
sledovano béhem chirurgickych operaci srdce. Spontanni kmitani se v lidském téle objevuje i
v jinych souvislostech: rizné dychaci zvuky jako napf. sipani, chrapani, ...

experimentaini komora

2. Experimentalni vysledky

. B axialné posuvny
Byla navrzena a zkonstruovana upinaci trm

experimentadlni  tratt pro  sledovani
samobuzenych oscilaci elastickych trubic
(Obr. 1). Méfeni probihalo zatim na tech
elastickych  latexovych trubicich ze
stejného materidlu vyrobenych na zakazku.
Vnitini  pramér trubic byl 14 mm a

zkoumany vzorek

tlakové Eidlo

Obr. 1
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tloustka stény jednotlivych vzorki byla 0,8mm, 1 mm a 1,2 mm. Trubice byly uchyceny na
axialn€ posuvnych trnech a ptedepjaty o 25% své pocateni klidové délky. Pro kazdou
elastickou trubici byla sestrojena zavislost frekvence samobuzenych oscilaci na pratoku
kapaliny a zavislost efektivniho priifezu oscilujici trubice na pritoku a frekvenci oscilaci,
(Obr. 2). Byly vypocteny hodnoty celkového modulu pruznosti E trubice a kapaliny jako
celku v zdvislosti na zméné materidlového parametru a (Obr. 3).

Vypoctena zavislost E na o, pfiA=2/3.L
Zavislost prutoku a efektivniho prarezu trubice na

frekvenci oscilaci 30
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Obr. 3

3. Zavér

Bylo sestaveno pln¢ funkéni experimentdlni zatfizeni pro zkoumani samobuzenych oscilaci
tenkosténnych elastickych trubic. Byl stanoven zjednoduseny vztah pro vypocet efektivniho
prafezu kmitajici elastické trubice a ziskany charakteristiky zavislosti mezi stfednimi
hodnotami pritoku kapaliny, frekvenci kmitani vzorkd a efektivnim prafezem, (Obr. 3).
Pokusili jsme se o0 nalezeni vztahu mezi Youngovym modulem pruznosti £ a materidlovym
parametrem o« . Tento vztah nebyl zatim uspokojivé urCen. V souCasném stavu fteSeni
problematiky ziskdvdme modul pruznosti elastické trubice a kapaliny jako kontinua.
Navrzené vztahy a postupy byly ovéfeny experimenty a bylo zjisténo, za jakych podminek je
lze vyuzit k pfibliznému odhadu sledovanych veli¢in. Provedenim a vyhodnocenim
experimentu byla ziskdna ptedstavu o moznostech méfeni na navrzené experimentélni lince a
o chovani elastické trubice v rezimu samobuzenych oscilaci.
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EXPERIMENTAL MEASUREMENT PULSE WAVE VELOCITY IN
ELASTIC TUBE

H. Chlup ™", H. Mackova™, R. Zitny ", S. Konvi¢kova"

Summary: The pulse wave velocity (PWV) in blood vessels is one of the
important hemodynamical parameters for detection of artery health condition. In
our laboratory, the PWV in elastic tubes and arteries is measured in vitro. The
method is based on optical measurements of displacement of the pulsating tube
wall. A high frame rate camera was used. The obtained data were evaluated by
several methods and compared. The measured pulse wave velocities were in the
same order of magnitude as values based on theoretical calculations and
published physiological data.

1. Introduction

The PWV in elastic tubes under different hemodynamical conditions is important for artery
health evaluation. The experimental line was designed for measurements of PWV in elastic
tubes. The systemic resistances was modeled by friction losses in numerous flow splits and
capillary tubes simulating bloodstream. The purpose of the research is detection of the PWV
and identification of material properties of thin-walled elastic tubes and blood vessels.

2. Methods and Results

For this experiment, latex tubes
with similar properties as arteries
were used. The tube wall was
deformed by pulsatile flow. Time
courses of the reference point
radial displacements were
simultaneously recorded by a
high speed camera. The PWV
range, sufficient frame rate and
appropriate evaluation method
were searched. Fig. 1

pulse wave velocity C (m/s)

C-teor1 C-teor2 C-press C-17cc C-stmax C-stmin
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Approximate PWYV in a thin-walled elastic tube was calculated theoretically using Moen-
Korteweg’s equation (Bronzino, 2000) and its modification for non-linear materials
(Klingerova, 2005). Approximate values of the PWV were calculated to ctepr1=7.3 m/s resp.
cteor2=7.5 m/s. Published in vivo values of the PWV are for example 3.8 m/s (Stephnis,
2003) or 4.8 m/s (Khir, 2002).

The elastic tube was attached in the experimental chamber. Reference points were marked
on the tube wall and their radial displacements under pulsatile loading were recorded by
optical method. The approximate sufficient frame rate of camera was determined to 1000 Hz.
The record was processed by APAS software. The displacement data were treated by FFT and
approximated by a harmonic function of the wall displacement in reference points. Function
parameters were identified by the least square method. The time shift of maximal (c-st,max at
Fig. 1) and minimal (c-st,min) values gave the PWV. The PWV was also obtained using cross
correlation (c-17cc). For comparisson, PWV was evaluated from pressure wave shift between
the beginning and the end of the tube (c-press).

3. Conclusion

The PWV was obtained by the non-invasive optical method from radial wall displacement
and verified by the invasive pressure method. The optical method enabled to measure PWV at
intervals between reference points, therefore more precisely than the whole tube averaging by
the pressure method. The data were compared with the theoretical values and the published
physiological data. The differences between experimental and theoretical values could be
explained by simplifying assumptions and different geometries. However the same order of
magnitude of the velocities shows that our method could be used for blood vessel specimens.
The non-invasive method of measuring time courses of radial displacement and methods of its
evaluation proved to be suitable for detection of PWV in blood vessels.
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CONTEMPORARY CAPABILITY OF DIRECT DETERMINED
PROBABILISTIC CALCULATION

P. Janas*, M. Krejsa*, V. Krejsa

Summary: The paper briefly reviews the proposed non-traditional numerical
tool, direct determined probabilistic calculation (DDPC), applicable in the
framework of the probabilistic structural reliability assessment method SBRA [5]
which allows for checking the reliability by comparing the calculated probability
of failure Py and the target probability P, defined in specifications. The
procedure of the calculation above was published first in [1] and more developed
in [2], [3] and [4]. The numerical tool DDPC was developed using Borland
Delphi platform. It allows exploring reliability function SF using analytical form
in string expression or in DLL (dynamic link library) function.

1. Uvod

Metoda pfimého determinovaného pravdépodobnostniho vypocétu (PDPV) byla plivodné
vyvijena jako alternativa simula¢ni techniky Monte Carlo v metodé SBRA, ktera je vyvijena
od 2. poloviny 80 let minulého stoleti. Stejné jako u této metody jsou i u PDPV vstupni
proménlivé ndhodné veliCiny (zatiZzeni, geometrické a materidlové charakteristiky, imperfekce
ad.) vyjadfeny histogramy vyjadiené tzv. neparametrickym rozdélenim. Postup PDPV
vychazi ze zékladnich pojmi a postupii teorie pravdépodobnosti. Pro aplikaci PDPV lze v
soucasné¢ dob¢ vyuzit programovy systém ProbCalc, jenz je stale rozvijen. Lze néj do
implementovat relativné jednoduSe analyticky transformacni model dané konkrétni feSené
pravdépodobnostni ulohy. Analyzovand funkce spolehlivosti mize byt v tomto programu
vyjadifena analyticky formou aritmetického vyrazu ve znakové podobé (s vyuzZitim tzv.
kalkulacky) nebo pomoci tzv. dynamické knihovny DLL, kterd miZe byt vytvofena v
kterémkoliv programovacim jazyce (napi. Borland Delphi).

Metodou PDPV je mozno v soucasné dob¢ fesit fadu pravdépodobnostnich vypoctl. Pocet
nahodnych veli€in vstupujicich do vypoctu pravdépodobnosti poruchy je vSak omezen
moznosti danou ulohu numericky zvladnout. Pii velkém poctu ndhodné proménnych je totiz
uloha ¢asové velmi ndroc¢na i pti dostupné vykonné vypocetni technice. Z tohoto diivodu je do
programu ProbCalc implementovana fada optimalizacnich postupii, které moznosti aplikace
metody podstatné roz$ifuji pii zachovani korektnosti postupu feseni.

2. Optimalizace pravdépodobnostniho vypoctu

Postupy souhrnné oznacované jako optimalizacni, byly aplikovany i v programu ProbCalc pti
feSeni nckterych pravdépodobnostnich vypocti. Jako U€inné nastroje pro sniZeni
pozadovanych poctl operaci se ukazuji nasledujici optimaliza¢ni metody:

* Doc. Ing. Petr Janas, CSc., Ing. Martin Krejsa, Ph.D.: Katedra stavebni mechaniky, Fakulta
stavebni, VSB — TU Ostrava, Ludvika Podésté 1875, 708 00 Ostrava; tel.: +420 59 732
1308, fax: +420.59 732 1558; e-mail: petr.janas@vsb.cz
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e Grupovani proménnych

Tento postup je aplikovan napt. v situacich, kdy je kombinace zatizeni tvofena nckolika
slozkami nahodné proménnych zatizeni se stejnym pusobistém, takze je pak lze vyjadrit
jedinym spole¢nym histogramem. Grupovani proménnych Ize vyuzit i v obdobnych situacich
s jinymi vstupnimi ¢i vystupnimi veli¢inami.

e Snizovani poctu intervall v histogramech vstupnich veli¢in — intervalova optimalizace
Tento zplisob zrychleni vypoctu se vyuziva tak, aby nebyl podstatn¢ ovlivnén vysledek a korektnost

feSeni tlohy byla zachovéna. Pii tomto postupu se proto nejdiive testuje vliv poctu intervali kazdé
nahodné veliCiny na vysledek feSeni a nasledné se tento pocet intervalii minimalizuje.

e Vylouceni intervald histogrami vstupujicich do vypoctu — zondlni optimalizace
V kazdém histogramu mohou vznikat az tfi typy intervalli — zon, liSicich se svym podilem na

pravdépodobnosti vzniku poruchy. Ve vypoctu lze eliminovat ty intervaly histograml
vstupnich veli€in, které se na vysledné pravdépodobnosti poruchy jednoznaéné nepodile;ji.

e Grupovani dil¢ich vysledkl vypoctu
Z vypocetniho modelu lze separovat nekteré vysledné veliCiny a zpracovat je oddélen¢ az po

provedeni vypoctu. Takto lze pracovat napiiklad s funkci spolehlivosti, kdy je odolnost konstrukce
vyjadfena vstupnim histogramem nebo konstantni hodnotou a ti¢inek zatizeni je ziskan vypoctem.

e Kombinace uvedenych optimaliza¢nich postupd.
Uvedené postupy lze navzijem kombinovat, ¢imz lze dosdhnout jesté vyraznéjsiho zrychleni vypoctu.

3. Zavér

Vyvijeny SW pro PDPV ProbCalc je vsoucasné dobé schopen fesit tadu
pravdépodobnostnich vypocti. Do vyvijeného SW byla implementovana fada optimaliza¢nich
postupt, které do znaéné miry pracuji nezdvisle na uzivateli. Tyto kroky maji za cil
minimalizovat dobu vypoctu, nebot” zminovany algoritmus ma jistd omezeni dana zejména
naro¢nosti rozsahlych uloh, kdy pocet simulaci je velmi vysoky. V piispévku bylo prokazano,
ze v feSeném piikladé lze pravdépodobnost poruchy urcit pti aplikaci PDPV v redlném case
pii zachovani korektnosti a dostate¢né piesnosti feseni.
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IMPACT OF THE SHAPE OF THE YIELD SURFACE ON THE
BEHAVIOR OF CLAYEY SOILS

T. Janda, M. Sejnoha !

Summary: The scope of this contribution is a response of fine grained clayey soils
under mechanical load. A generalized formulation of modified Cam clay material
model is introduced. This formulation deals with unrealistic softening behaviour
that predicts the modified Cam clay formulation by reducing the yield surface in the
dilatation domain. Further the generalized formulation adopts a dependency of the
vield surface to the Lode angle and cohesion similarly to Mohr-Coulomb model. The
Sformulation of the model requires six material parameters such as compression and
swelling moduli, friction angel, cohesion and initial porosity which can be easily
obtained from standard tests. Finally a number of numerical results demonstrate
the behaviour of this critical state model and the influence of the yield surface.

1. Konstitutivni vztahy

Prvni snahy o zpfesnéni standardnich elasto-plastickych materidlocych modelii zemin vedly na
formulovéani modelu kritického stavu pfedstaveného v [Roscoe at al. 1958]. Koncepce kritic-
kého stavu fikd, Ze pro kazdé stiedni napéti plisobici na zeminu existuje jisty kriticky objem,
kterého zemina dosdhne pii neomezenych smykovych deformacich.

V prispévku je navrZzena zobecnénd formulace plochy plasticity, kterd vychdzi z modifikova-
ného modelu Cam clay. V nadkritické oblasti t.j. pro o, > —p./2 je elipticky prubéh nahrazen
funkci, kterd se tvarem bliZzi Mohr-Coulombovu modelu. Tato zména omezuje zmékceni pre-
konsolidovanych zemin, které klasickd formulace modifikovaného modelu Cam clay precenuje.
Rovnice definujici plochu plasticity pomoci invarianti napéti nabyva tvaru

ro_ F., proo,, < —p./2 oblastkontrakce, 0
N Fy, proo, > —p./2 oblastdilatace,
oc'Po
F, = ————— +(m'o)> +m'op,, 2)
292(0, ev) ( )
oc'Po o
Fd - - - ( Ta_>2 4 (_mTo.)lJrOzp}: a' (3)

2.&2(97 907 SOCU)
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Do zobecnéné formulace je dile zavedena zdvislost plochy plasticity na Lodeové dhlu 6 a

soudrznost.
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Obrézek 1: Unosnost podloZi — porovnani zobecn&ného a modifikovaného modelu Cam clay

2. Numerické testy

Numericky model byl nejprve testovan na jednoduché osové symetrické geometrii odpovida-
jici triaxidlnimu pfistroji a dale na skupiné€ jednoduchych geotechnickych uloh. Uvedeny jsou
vysledky sedani zdkladového pasu na prekonsolidovaném podloZi. Tato uloha byla feSena s
pouzitim zobecnéného Cam clay modelu a porovnédna s vysledky modifikovaného Cam clay
modelu. Zavislost sedani zdkladového pasu na zatiZzeni pro oba modely je patrnd z obrazku
1. Numerické experimenty demonstruji schopnost zobecnéného Cam clay modelu popisovat
kvalitativné odliSné chovéani jednoho typu zeminy v zavislosti na jejim stavu.
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EFFECT OF PERIODIC WHEEL AND RAIL UNEVENNESS ON
BEHAVIOR OF WHEEL-RAIL SYSTEM

R. Jandora !, J. Petruska 2 , P. Janicek *

Summary: The paper studies how wheel and rail unevennesses effect behaviour
and life of wheel-rail system. To study this, a four-degrees-of-freedom compu-
tational model was created which considers three possible ways of behaviour:
rolling, sliding and movement without the contact of the wheel with the rail.
The computations revealed the unevennesses bring oscillations into the system
which for one thing significantly increase the forces in the contact and for
another cause reducing the load and that leads to the sliding or even the
loss of the contact. The sliding causes friction which creates heat which can
lead to material changes and/or increased stress. The loss of contact leads to the
impact. This proves unevennesses have very negative effect on the wheel-rail system.

1. Uvod

Vyznamnym faktorem ovliviiujicim Zivotnost kol kolejovych vozidel a kolejnic jsou provozni
podminky. Chovani kontaktu kola s kolejnici se béZné zkoum4 na modelech, které uvazuji ide-
alni geometrii kol (kruhovd) a kolejnic (rovné). Redlna geometrie kola v dlisledku opotiebeni je
vSak zatiZena odchylkami od kruhového tvaru. Nejcastéji jsou to plosky, s kterymi kolo casem
ziskava tvar n-thelniku. Nepfesnostmi pii vyrobé, nepfesnym uloZenim nebo zménou tvaru v
disledku zmén teploty prostiedi a lokalnim opotfebenim se nerovnou stava kolejnice.

Tyto nerovnosti se projevuji vibracemi, které nezddoucim zptsobem ovliviiuji Zivotnost kol a
kolejnic. Zv1asté na silové plisobeni mezi kolem a kolejnici ptisobi tak, Ze ho méni z konstant-
niho na pulzujici, coz mizZe byt pfi¢inou inavovych trhlin. Ddle tyto nerovnosti mohou zptisobit
prokluzy, které jsou pfi¢inou vytvéareni tepelného pole s neZddoucimi ucinky na Zivotnost, a
ztratu kontaktu kola s kolejnici, které vede k raztim, které snizuji Zivotnost kol a kolejnic.
Tento Clanek se zabyva dynamikou soustavy kola a kolejnice s uvaZzovanim nerovnosti. Ne-
rovnosti kol a kolejnic maji obecné ndhodny charakter, zde ov§em byly zjednoduseny tak, aby
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nerovnosti mély charakter harmonické funkce. Kolo tak dostalo tvar pravidelného n-thelniku se
zaoblenymi hranami, kolejnice ma tvar sinusoidy. Byly pocitany simulace chovani pfi riznych
amplitudach nerovnosti se zamérem zjistit, jak ovliviiuji silové piisobeni mezi kolem a kolejnici
a vzajemny pohyb kola a kolejnice.

2. Vypoctovy model

Pouzity vypoctovy model byl odvozen pro pohyb kola po vodorovné rovin€, pricemz se uvazuji
obecné 4 stupné volnosti (horizontdlni poloha soustavy x, vychylka stfedu kola z rovnovazné
polohy v, vychylka vozidla z rovnovdzné polohy v, a dhel natoceni kola ;) a to, Ze pohyb
vozidla miZe probihat tfemi zplsoby: valenim, smykanim a bez kontaktu kola s kolejnici. Pro
kazdy z nich byla odvozena soustava diferenciédlnich rovnic a podle podminek pfi pohybu se
mezi témito zpusoby voli ten platny.

Soustavy diferencidlnich rovnic byly pfevedeny na stavové funkce a numericky integrovany
v Casové oblasti pro rozjezd z klidu do ustdleného stavu. Pro vypocet byl pouZit program
MATLAB, konkrétné fesi¢ ode45 s drobnymi tpravami pro lepsi detekci prechodti mezi jednot-
livymi zptisoby pohybu.

3. Vysledky

Vypocty ukdzaly, Ze na chovani soustavy maji nerovnosti kola vétsi vliv nez nerovnosti kolejnice.
Dile bylo zjisténo, Ze u kola o poloméru 0.6 m pii nerovnostech vétSich nez 0.1 mm a pfi
rychlosti vozidla vétsi nez 30 m/s dochdzi k prokluziim v disledku odlehceni kola. U nerovnosti
nad 0.2 mm uzZ toto odleh¢eni vede tak daleko, ze dochazi ke ztrat€ kontaktu. Zaroven dochazi
k cyklovani normdlové sily v kontaktu, kterd vede az k trojndsobnému zvyseni jeji velikosti.
Frekvence cyklt normalové sily pfi rychlostech nad 30 m/s pritom je vyssi nez 200 Hz a veskeré
jevy, ke kterym dochazi v disledku popsanych pravidelnych nerovnosti trvaji méné neZ 5 ms.

4., Zavér

Vysledky zvefejnéné v tomto ¢lanku je tfeba brat jako orientacni, protoZe pii tvorbé modelu byly
zjednoduseny nékteré vlastnosti soustavy. Také je nutno zddraznit, Ze vstupni hodnoty modelu
nejsou ziskdny z redlnych vozidel, ale pouze zvoleny. Piesto tyto vysledky prispivaji k ndhledu
do problematiky a uvédoméni si rizik, kterd predstavuji nerovnosti pro Zivotnost kol a kolejnic.
Nerovnosti kola a kolejnice vyvoldvaji v chovéni soustavy kolo-kolejnice nezddouci vibrace.
Ty se projevuji zvlasté tim, Ze rozkmitdvaji normélovou silu mezi kolem a kolejnici. Ta tak
muZe nabyvat aZ nékolikandsobné vyssi hodnoty oproti kolu bez nerovnosti. Na druhou stranu
dochazi k odleh¢ovanti, které vede k prokluziim nebo az ke ztraté kontaktu kola s kolejnici. Tyto
jevy jsou nezadouci. Pfi prokluzovani kola dochézi ke tfeni, které vytvaii teplo, které muze
nezadoucim zplisobem ovlivnit materil kola a kolejnice. Toto teplo se také vytvaii na povrchu
kola a kolejnice a dovnitf tak vznikaji teplotni gradienty, které zptisobuji zvySeni namahani. Pfi
ztraté kontaktu se navic pripojuji ndrazy, které provéazeji dosednuti kola na kolejnici. Nerovnosti
kol a kolejnic tedy podstatné sniZuji Zivotnost.
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EXPERIMENTAL MEASUREMENTS OF THE LUMBAR SPINE
KINEMATICS

L. Jirkova*, Z. Horak*, R. Sedla¢ek*, P. Tichy*, J. Michalec*

Summary: The purpose of the presented study was the experimental
measurement of the lumbar spine stiffness and the range of the motion. During
experimental measurement was observed deflection of lumbar spine segment due
to moment of flexion and of extension. From measured data was determinate a
stiffness of spine segment. In the Laboratory of Biomechanics was developed a
new type of total intervertebral disc replacement and results obtained from this
experimental measurement was used for design of this replacement.

1. Uvod

Cilem exp. méfeni je zjistit pohyblivost patefe a sledovat odezvu patefe na jeji zatizeni. Pti
exp. méfeni byla zjiSténa vychylka segmentu patefe zplsobend zatizenim ohybovym
momentem. Z takto naméfenych dat pak byla stanovena tuhost segmentu. V laboratofi
biomechaniky ¢lovéka je vyvijen novy typ totdlni ndhrady meziobratlového disku a vysledky
tohoto experimentalniho métfeni byly pouzity pti provedeni navrhu této ndhrady. Namérené
hodnoty slouZi jako vstupni data pro vypocet ndhrady meziobratlového disku.

2. Princip méreni

Celé exp. meteni bylo provadéno na stroji MTS, kde bylo upnuto méfici zatfizeni SETL 20
(viz Obr. 1.) . Méficim zatfizenim byl vyvozen Cisty ohybovy moment a méfena vychylka.
Proto, aby vlivem zatizeni nedochazelo k pifidavnym momentiim, bylo méfeni fizeno
podminkou Fx=0 a zaroveni byly volné posuvy uz- v horizontdlni roving, ux-ve vertikalni
roving (viz Obr. 1.). Z momentu M a vychylky ¢ byla vypocitana tuhost segmentu k.

3. Metodika méreni

Uhel nato¢eni byl méfen inkrementélnim rotaénim snimagem s presnosti 0,01°. Zatézovani
bylo statické bez setrva¢nych uc¢inku. Po ustdleni byla odectena hodnota. Méfeni bylo
nezévislé na case a bylo provedeno ve dvou rovinach pfi extenzi a flexi. Maximalni zatiZeni
pii méfeni dosahovalo hodnoty 20 Nm. Zatizeni slouzi jako samostatna jednotka pro upnuti
segmentu tfi lumbdalnich obratlii (navzajem spojenych kloubnim spojenim a vazy). Jako
vzorky byly pouzity bederni obratle z prasete domaciho. M¢éfeni bylo provedeno na 4
vzorcich. Vzorky byly uchovany zmrazené, tésné pred méfenim byly rozmrazeny. Obratle
byly v méficim ptipravku nejdiive fixovany tiemi fixacnimi Srouby a nakonec ustaveny
kostnim cementem.

* Ing. Lenka Jirkova, Ing. Zden&k Hordk, Ing. Radek Sedlacek, Ing. Petr Tichy, Doc. Ing. Jifi Michalec, CSc.:
Ustav Mechaniky, Ceské vysoké uceni technické v Praze; Technicka 4; 166 07 Praha 6; tel.: +420.224 35
2 527, fax: +420.233 322 482; e-mail: jirkoval@biomed.fsid.cvut.cz
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Obrazek 1.: Schématické zobrazeni funkce méticiho piipravku

4. PouZité rovnice
Z momentu M a vychylky ¢ byla vypocitana tuhost k dle vztahu (1)

k=M/@p [N mm/ deg] (1)

5. Zavér

Nameétené hodnoty byly vyneseny do grafu a nésledné prolozeny kiivkou. Kfivka se méni v
zavislosti na poddajnosti vazi a Slach spojujicich pateini segmenty. Pribéh kiivek je
exponencialni. Se zvySujicim zatézujicim momentem se zvétSuje 1 uhel natoceni. Se
zvétSujicim uhlem natoceni se zvétSuje tuhost segmentu. Maximalni thel natoceni byl pii
flexi 17,9 +2,3° a pti extenzi 18,1 £ 1,8°.
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HEAD INJURY CRITERIA ASSESSMENT THROUGH FINITE
ELEMENT MODELLING

O. Jirougek, J. Jira!

Summary: Paper presents a detailed finite element model of human head used for
head injury criteria assessment. Today most used HICs are based on the history
of linear acceleration only. However, the rotational acceleration plays also an
important role, due to the rupture of bridging veins involved in relative motion
between the skull and the brain. Presented model allows for new approach to define
the HIC based on either strain energy or on combination of linear and rotational
acceleration history. The model is based on a series of CT and MRI scans of a
cadaver head of high resolution and is composed of four different regions: (i) skull,
(i) brainand (iii) subarachnoidal space. Discussion on material properties of these
four distinct regionsis given in the paper.

1. Introduction

To study impact conditions during a traffic accident a detailed, anatomically correct FE model of
human skull and brain is needed. There exist a number of finite element models of human skull.
One of the earliest FE models of human skull for investigation of human head response was
developed by Hardy and Marcall [1]. However, these first three-dimensional models reflected
only the skull, not the brain. With the advancement of more powerful meshing techniques first
FE models containing the brain were built. Early models considered the brain material to be
linear elastic, later it was modelled as an inviscid fluid [2]. Viscoelastic properties of human
brain were considered few years later in a number of articles, e.g. in [3] or [4].

In the paper a detailed FE model of human skull including the brain, dura mater and
subarachnoidal space is presented. The geometry of both skull and brain is constructed using
data obtained from Computer Tomography scans. These scans were acquired in resolution
of 512x512 pixels taken in Imm slices. Fully automated direct generation of the volumetric
tetrahedral mesh based on the Marching Cubes Algorithm (MCA), Laplacian smoothing and
Delaunay tetrahedralization was used to develop the geometry of both the human skull and the
brain. Special attention was paid to developing the mesh of the skull. The triangular surfaces
defined by the MCA were converted to NURBs surfaces which were divided into regions
suitable for construction of hexahedral mesh. The volume of the cranial region is filled with
elements of high quality representing the brain.

Ing. Ondfej Jirousek, Ph.D.: Institute of Theoretical and Applied Mechanics, Proseck4 76, 190 00 Prague 9,
Czech Republic, phone/fax: +420-286892509, e-mail: jirousek @itam.cas.cz
Prof. Ing. Josef Jira, CSc.: Faculty of Transportation Sciences, Czech Technical University in Prague, Konviktska
20, 110 00 Prague 9, Czech Republic, phone:+420-224890723, e-mail: jira@fd.cvut.cz
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Figure 1: FE model of the skull showing the hexahedral mesh of high quality

A great effort was put in shape quality checking and optimisation of the final hexahedral
mesh. From the nature of the explicit formulation using reduced integration, elements must be
of the first order and therefore it is advisable to use hexagonal meshes only. Material properties
of the cortical bone were assumed linear elastic and homogeneous with Young’s modulus
of elasticity 14 GPa and Poisson’s ratio 0.23. The brain is modelled as linear viscoelastic.
Subarachnoidal space, which is a 2-3mm layer filled with cerebrospinal fluid separating the
arachnoid from the pia is modelled is modelled as a linear elastic material with almost incom-
pressible behaviour.

2. Methods and results

FE models of both the skull and brain were imported into explicit dynamic code (Ansys LS-
DYNA). The model was validated against experimental results from literature [5]. Various
impact conditions (according to the drop tests used in HIC evaluation) were studied.
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THERMAL CYCLE WITH EXTRACTION OF STEAM FOR
PREDRYING OF FUEL

0 V*
F. Jirous

Summary: The paper deals with Rankine-Clausius cycle with bled steam from
turbine for predrying of fuel. In spite of the efficiency of Rankine —Clausius cycle
and the fuel flow to steam boiler being lower, the utilisation of fuel increases.

1. Abstrakt

Spalovani v parnim kotli pfedsouSeného paliva a odbér pary z turbiny energetického bloku k
pfedsouSeni paliva ovliviluji tepelny obéh. Vlivem zmenSeni obsahu vody v palivu se
vyrazné zvysi vyhievnost paliva, takze pfestoze se suSenim snizi tok paliva do parniho kotle a
mirné se snizi termickd ucinnost tepelného ob¢hu, vysledkem je zlepSeni celkové ucinnosti
premény chemické energie paliva na elektrickou.

Suseni paliva odbérovou parou z turbiny neni jedinou moznosti. V Némecku, kde spaluji
hnédé uhli s obsahem vody az 55 %, probihd intenzivni vyzkum pfedsouseni paliva pied jeho
spalovanim v parnim kotli. Perspektivni jsou dvé metody suSeni a to metoda WTA
(Wirbelschicht-Trocknung-Abwiarmenutzung) pracujici na principu tepelného cerpadla a
metoda MTE (Mechanisch-Thermische Entwésserung) na principu ohiati paliva a jeho
stlaceni.

Na Fakulté strojni CVUT v Praze jsou délany studie sueni biomasy odb&rovou parou z
turbiny energetického bloku.

Celkova ucinnost energetického bloku je tvofena soucinem dil¢ich uc¢innosti. Pfi spalovani
v parnim kotli pfedsouSeného paliva odbérovou parou se v soucinech dil¢ich G€innosti projevi
jesté ucinek susky

_1-W Q.

ired
ns 1 - WV Qirred
r \%
ktery je vétsi nez 1. Vztah obsahuje W - obsah vody v palivu pfed suSenim, W - obsah vody

po suseni a podil redukovanych vyhifevnosti paliva po a pted susenim. Diky u¢inku susky je
celkova ucinnost energetického bloku se spalovanim v kotli pfedsusené¢ho paliva odbérovou
parou z turbiny vyssi.
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BLWT APPROACH A WIND EXPOSE AS MEASURED ON
TOPOGRAPHY

M. Jirsak*, J. Kral**, D. Zachoval*

Summary: Wind exposure in locality of planned group of tall buildings has been
investigated at the most frequent wind directions. Field and laboratory
observations had been carried out with respect of the uphill site and wind coming
from steep river bank or from shallow valley. An attempt was done to approach the
wind exposure above the topography model obtained at extreme scaling 1:1250 by
tentative adaptation of the current plane simulation with scaling convenient for the
target measurement of building pressure response.

1. Introduction

Wind structure alone, being re-formed by crossing valley of Vltava river at West and at Nord-
West winds, with following separation on upper edge and re-attachment, represents the object
for an experimental study. Wind exposure in the space of projected buildings (the first exists
already, founds near the plane C in Fig 1a) was investigated on a large topographical model at
the first described experiment. Further one is focused on an adaptation the standard use
suburb simulation to approach the wind exposure as it was obtained in locality of the first
objected building, with aim of its pressure response modelling.

2. Wind velocity measurements on scaled topography
Overall length of the model

manufactured in scaling 1:1250 1 i ¢ °
was of 6 m, at 1.75 m span while 270
wind tunnel cross-section was of -~
1.8 x1.5 m (with 17 m long 190

a

working part). The model was
produced in two  variants,

separately for W and NW wind 5000 500 + 625 6000

directions.

An inclined plate with slope of

2,063° was mounted in front of the e — e
model to obtain the height b

difference above the river level, Figure 1 .
and to reduce the boundary layer a) Cross section of the river valley A, B, C, D measurement

thickness. The plate was covered planes, having 600 mm distances (heights above sea level are

by netting of 1 mm wire with 12.5 shown)
mm mesh, having 5.5 m total fetch. b) Wind tunnel installation (dimensions in mms)

A rectangular fence served as a

*  Ing. Milan Jirsak,CSc., Mgr. David Zachoval, The Aeronautical Research and Test Institute, Beranovych
130,199 05 Praha 9, e-mail: jirsak@vzlu.cz.

** Ing. Jaromir Kral, CSc, CTU in Prague, Klokner Institute, Solinova 7, 160 00 Praha 6, e-mail:
jkral@klok.cvut.cz
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stimulating device. Boundary layer oncoming the model showed the roughness length of
Zom=0.145 mm, that refers to suburbian value of z,=0.181 m on prototype.

An extensive HWA measurement was carried out on both models versions. Primarily
it was along three vertical lines at 350 mm lateral spacing, in each section A, B, C and D.
Besides those 2 x 12 profiles, X-probe has been used in section C for components of mean
velocity and standard deviation checking in three main directions. Sampling with frequency
of 1 kHz lasting 32 s each point on all the profiles thus represents about 3.10" digitized
records on the whole. Besides, power spectra on two heights have been sampled and
evaluated, on central position of the C section.

2. Accommodation of the standard simulation

As it is impossible to perform pressure measurement on a building model with dimensions
adequate to such small scaling (the case just described is nearing to flow similarity limit), an
adaptation of standard used suburb simulation (roughness field with rectangular barrier ahead,
giving z,m=0.8 mm) has been found to yield the wind expose approaching the local results
indicated on topography model. Two means of supplementary obstacles were tested, namely
four 19 cm cubes located 5 m ahead the building position as the first, and a barrier with slits
as the second, situated at the same position in the BLWT working channel and modified in its
height and angle of attack. (10 modifications have been tested on the whole).
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Figure 2 The mean velocity (U) and standard deviation (z) on C2 position and their
simulations in scale 1:400.

Only the barriers shaped as the well known Counihan vortex generator member (castellated
wall), with alternative heights of 160 and 300 mm have shown satisfactory results at the trials.
Two best angle adjustments with the lower barrier were adopted to prepare oncoming flow for
pressure measurement on building, modelled in scale 1:400. Slopes of the barrier were chosen
of 30° and 45° for the NW and W wind simulations, respectively. Fig. 3 compares oncoming
flows produced so way with those on the axis of C section, as indicated above N-W and W
topography.

3. Conclusion

Chained experiments have been outlined, showing combined wind tunnel use aimed at wind
loads investigation on building. It should be noted, that all possibilities of such Counihan
barrier special exploitation haven’t been yet fully enquired, even at procedure focusing on the
specific site situation of practical importance, where it seems be perspective.
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INFLUENCE OF BIOPHYSICAL INTERFACE ON STABILITY OF
IMPLANT STEM

A. Jira*, M. Petrtyl*

Summary: At the present-day, the stiff rigid hip replacements are most used, that
having life durability about 7-15 years in a femur cavity. Relatively short time of
implants functionality results, namely at young patients, to reoperation and
related complication. One of the main reasons leading to the reoperation is a high
[flexural rigidity of implant stems and distinctive differences of properties between
the implant material and live tissue. General aim of the biomechanics and the
clinical specialist is to design such implant, which will exhibit long time stability

in a femur cavity and full toleration by environmental live tissue.

1. Uvod

Dlouhodobé stability implantatu v dutiné femuru se snazime dosdhnout pouzitim diiki s
materidlovymi vlastnostmi velmi blizkymi materidlovym vlastnostem okolni kostni tkang.
Toho se da dosahnout pouzitim kompozitniho materidlu na bazi cykloolefinu (COC) a
sklenénych nebo uhlikovych armujicich vlaken s gradientem elastickych vlastnosti (GEP), tj.
splynulym ptfechodem modulu pruznosti az na uroven modulu pruznosti kompaktni kosti.
Stabilitu implantatu 1ze dale velmi vyrazné zvysit zajisténim biologickych vazeb na rozhrani
povrchu implantatu a kortikalis. Obvykle vznikajici kolagenni enkapsuli propojime s
povrchem implantatu prostiednictvim fyzikdlnich (meziatomovych) vazeb se diive

plasmaticky modifikovanym povrchem diiku implantatu.
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Obr. 1 MKP model zdravého femuru a femuru s osazenym implantatem
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Porovnavani Sifeni napéti sténami kortikalis bylo provedeno na tfech zakladnich
modelech jenz simulovaly: zdravou kost a femur implantatem rigidnim/kompozitnim (Obr.1).
Redukci modula pruznosti az na srovnatelnou hranici s modulem pruznosti kompaktni kosti,
dojde k snizeni efektu ,napétového Stitu™. Extrémni napéti se pfenesou zrozhrani mezi
implantatem a kostni tkani (jak je tomu u rigidnich implantitd) do 1-2 vnitini (centralni)
medialni lamely kompozitu.

Zakladni podminka pro vytvofeni vazebnich poli mezi kompozitnim implantatem na
bazi cykloolefinu a kortikalis je vznik orientované vazivové tkanég, kterd je z jedné strany
piipojena pomoci kovalentnich vazeb a vodikovych mustki (fyzikélni vazba) k polymerové
matrici kompozitu a na druhé strané je pfipojena biologickym vazebnym polem ke kortikalis.
Na rozhrani mezi kompozitem a kortikalis dochazi k distancni osteogenezi a nova kortikalis
se tak formuje na povrchu staré kosti a obklopuje matrici kompozitniho implantétu.

2. Zavér

e Aplikace rigidnich kycelnich implantati fadové zvySuje ohybovou tuhost
biomechanické soustavy ,,femur-diik* a ve svych nasledcich ptispiva ke sniZeni
fyziologicky pfirozenych deformaci. Tato skutecnost po uplynuti limitniho cyklu
remodelace kostni tkdné¢ mize (v nekterych piipadech) piispét ke snizeni stability
diiku v dutiné femuru.

e Eliminaci ,Stitového efektu™ rigidnich implantati lze uskutecnit pouzitim
kompozitniho diiku s gradientem elastickych vlastnosti (GEP).

e Aplikacemi diiki s GEP se pole deformaci ve sténach femuru pfiblizuji
deformacim zdravé diafyzarni kosti..

e Stabilitu um¢lé ndhrady lze vyrazné zvysit vznikem fyzikdlnich vazeb pojivoveé
vazivové tkané s povrchovou vrstvou kompozitniho implantatu (a to na rozhrani
implantétu a kortikalis).
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CONTROL BY BLOWING OF THE SEPARATED FLOW
IN A CHANNEL WITH A STEPWISE EXPANSION

P. Jonas", O. Mazur', V. Uruba’

Summary: This paper is concerned with prospects of control of narrow channel
(0.1 x 0.25 m’) flow behind a backward-facing step (height h = 0.025 m) by
blowing / suction at the step foot at Reynolds number Req ~ 8.10° (based on
hydraulic diameter dj, of the inlet channel and the bulk velocity U, just upstream
the step edge). The slots differ in both the orifice shape (rectangle or serrated)
and area (50 +375-10°m”) of its cross-section.

The bulk velocity U, upstream the step and Reynolds number, Rey (based on U, and the input
channel hydraulic diameter dy) were kept constant (U, = 16.4 m/s and Rey = 7.78E04) in the
course of experiments. The intensity of blowing/suction is characterized by the coefficient Cq
defined as the ratio of mass-flux through the slot over the amount of the incoming flow
through area equal to the area of the step-head. The coefficient is positive in state of blowing
from the slot and negative for suction. The maximal mass flux through a slot was 0.02 kg/s.
Six slots were tested. They differ in the area of cross section Fs and in the shape either
rectangular cross section (No.1, 2 and 3; Fe= 95, 225 and 375 mm?) or serrated upper side of
the cross section (No. 4, 5 and 6; F&= 50, 100 and 200 mm?).

An example of the effect of blowing/suction on pressure coefficient distribution
Cp (x/h) is shown in Figure 1 for the configuration with the slot No.2. Apparently the value of

0.8 Cq= 0.8 Cq=
4 - 3

0 © 0.0000 slot No. 2 o 0.0000

. 0= 5 -0.0600 5 0.0610
0 -0.4 % »-0.1250 A 0.1252
0.8 g 0 -0.2318 © 0.2280

[e)
1.2 1 y % -0.2895 % 0.2807
1.6 : +-0.3157 +0.3691
-5 5 x/h 15 -5 5 x/h 15

Figure 1 — Pressure coefficient distributions at suction (left) and blowing (right);
rectangular shape of the slot No. 2

pressure coefficient maximum increases and on the contrary the minimum of pressure
coefficient decreases with the increase of blowing/suction intensity. Simultaneously both
extremes move towards the step. It is known that the length of the separated flow region, X,
depends on the pressure peak position, e.g. Piihoda (1991). Hence it follows from the
measurements that the length x, shortens with the increasing intensity of blowing/suction.
Similar results as in Figure 1 were obtained with each of tested slots. The evaluated

* RNDr. Pavel Jonas, DrSc., Oton Mazur, prom. fyz., Ing. Vaclav Uruba, CSc.: Ustav termomechaniky AV CR;
Dolejskova 5; 182 00 Praha 8; tel.:+420.266 052 025; fax: +420.286 584 695; e-mail: jonas@it.cas.cz

148



P. Jonas, O. Mazur, V. Uruba

distributions of the normalized length of the separated flow region, x,/h (h is the step height)

are plotted as functions Cq in Figure 2. Apparently suction and blowing through a

slot at the foot of a backward-facing step
in a rectangular channel are able to
shorten the separated flow region more
than to about one third of the original
® length without blowing/suction. Different
. shapes of distributions x/h (CQ) points to
O .
_ the role of the slot shape and area in
o \5%% 5 control of the separation zone namely at
v} blowinig éCQ>0 . The slot section
hydraulic diameter ds depends on both
factors. Its effect on the length of flow
separation downstream the backward
+ No.1 = No.2 —4—No.3 facing step is shown in Figure 3.
—©—No. 4 ¢ No.5 0 No.6 The data plotted into the figure were
evaluated from interpolation of
measurement. Black marks denote results
obtained with rectangular shape of slot,
empty marks are relevant to serrated slots. A shift of the flow reattachment to the step root
indicates the increased effectiveness of suction with decreasing slot hydraulic diameter
(Figure 3- left) however only at dS < 2 mm. Effect of The hydraulic diameter decreas on
increase in effectiveness of blowing from the slot can be seen in the Figure 3 - right. A
remarkable shortening of the separated flow region arose at the blowing coefficient CQ= 0.1.
A special investigation would be interesting in the region 0.05 <CQ<0.1.

7

xr/h (CQ)
o

w

1 ‘
-0.4 -0.2 0 CQ 0.4

Figure 2 — Reattachment length at blowing/suction
from different slots
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Figure 3 — Effect of slot hydraulic diameter on control of the flow
separation length

The effectiveness of blowing increases with increasing velocity in the slot outlet section Usg as
follows from the Figures 2 and 3 (the lower is ds the higher is Us at a given value Cgq). The
separated flow region can be additionally reduced up to about ten percent when the slot with a
serrated shape replaces a rectangular slot shape. This effect is related to the flow entrainment
into the wall jet from the slot. The most effective is the slot No.4, serrated shape and the
fastest jet flow (minimal Fs; maximal outflow velocity Ug ~ 210 m/s) for a given flow rate,
while downstream the slot No.3 (rectangular shape, largest Fs smallest Ug ~ 30 m/s).
Acknowledgements
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SOFTWARE DEVELOPMENT FOR SIMULATION OF GENERAL
FATIGUE CRACK PROPAGATION.
PITTING PREDICTION APPLICATION.

J. Jurenka*, M. Spaniel*

Summary: The basic principles for numerical modeling of fatigue cracks
propagation in the general 2D bodies under general loading is presented on this
paper. Results of numerical simulations of fatigue crack propagation under
combined loading are shown as well. The verification of proposed algorithms for
crack propagation is carried out on the base of these results, with respect to the
consequent research of pitting formation simulation.

1. Uvod

Vypocty Sifeni unavovych trhlin MKP se v soucasnosti aplikuji na problémy v rtznych
oblastech od stanoveni unosnosti az po fesSeni nékterych typii opotiebeni strojnich soucasti.
Metodika simulace rustu ,,dlouhych* trhlin pro jednoduchou geometrii télesa a zakladni mody
namahani vyhovujicich podminkdm linedrni lomové mechaniky je pomérné dobie zvladnuta.
Mnoho problémi technické praxe ptrekracuje rdmec téchto zavedenych postupt. Jednd se
napf. o problematiku dlouhych trhlin naméhanych modem II, nebo kratkych trhlin, které se
vyvijeji ve slozitém napétovém poli s elasto-plastickou odezvou materidlu. Do druhé skupiny
muzeme zafadit unavové poskozeni kontaktnich povrchli napt. ozubenych kol, tzv. pitting ¢i
spalling.

Na pracovisti Fakulty strojni CVUT v Praze je v ramci podporovaného vyzkumu GACR
101/06/1427 a za podpory VCIB** vyvijen univerzalni programovy aparat pro simulaci rastu
unavovych trhlin ve 2D s findlni aplikaci v simulaci pittingu.

2. Simulace $ifeni inavové trhliny — numericky model

V nasem pfistupu je vychodiskem simulace stabilniho Sifeni popis stavu napjatosti na cele
trhliny pomoci podobnostnich kritérii (zatim pouze linedrni) dvouparametrové lomové
mechaniky — faktoru intenzity napéti (J-integralu) a T-napéti. Startovnim bodem simulaci je
relativné kratka inicia¢ni trhlina. Rust trhliny je realizovan pfirtistky, jejichz délka je pfedem
zvolena nebo podléhd predem danym pravidlim. Smér (i) a pocet (i1) cykld zatizeni nutnych k
dosazeni daného pfirtstku je stanoven na zdklad€ hodnot vySe zminénych kritérii po jeho
realizaci.

* Ing. Josef Jurenka, Ing. Miroslav Spaniel,CSc.: Ceské vysoké uéeni technické v Praze, Fakulta strojni,
Ustav mechaniky; Technicka 4; 166 07 Praha 6; tel.: +420224352561, fax: +420233322482;
e-mail: Josef.Jurenka@fs.cvut.cz, Miroslav.Spaniel@fs.cvut.cz

** Vyzkumné centrum spalovacich motori a automobili Josefa Bozka
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1) Pro ur€eni sméru Sifeni trhliny byly vyuzity jak algoritmy obsazené piimo v softwaru
ABAQUS (kriterium maximalniho tangencialniho napéti, maxima uvolnéné
deformacni energie a Ky = 0 kriterium), tak i pfistup zaloZzeny na piimém nalezeni
sméru s maximalni hodnotou J-integralu.

i1) Pfirastek poctu cykli je ddn Paris-Endorganovym vztahem na zdklad€ (zmétenych)
materidlovych charakteristik.

Numericky model byl realizovan v prosttedi MKP programu ABAQUS s vyuzZitim
skriptovaciho jazyka Python. Tato koncepce vyuZzivajici k pribézné tvorbé télesa s rostouci
trhlinou modelar a generétor sit¢ komeréniho programu se pii soucasném vykonu VT jevi
jako tinosna.

3. Vysledky

Pti vyvoji a verifikaci uvedenych algoritmt $iteni trhliny byly dosud provedeny testovaci
vypocty na zkuSebnich télesech. Na obr. 1 je jako ptiklad prezentovana simulace ristu
unavové trhliny v CCT télese, ve kterém byly vyvrtdny dva otvory - koncentratory napéti.
Takové modely budou v blizké budoucnosti vyuzity k verifikaci a porovnani riznych variant
stanoveni sméru Sifeni trhlin (viz 1).

SRS LT [T O s

10 mm

L | I N

4. Zavér

Prezentovand prace je prvni etapou vyzkumu numerické simulace vzniku pittingu. Byla
prokazana funkénost naprogramovanych algoritmi pro simulaci §ifeni trhliny v rdmci linedrni
lomové mechaniky.

5. Podékovani )
Tato prace vznikla za podpory GACR 101/06/1427 a Vyzkumné centrum spalovacich motort
a automobilt Josefa Bozka.
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THE ROPES BEAR MORE

Z. Kalousek', M. VySanska®

Summary: The paper deals with the properties of the ropes during their longitudinal
loading. The internal structure of the ropes implies some additional radial tensions
accompanied by the lose of the transversal isotropy of the deformation inside the rope
body. The change of internal geometry has its conclusions observable externally;
the influence on the mechanical properties of the rope may be significant in some
cases too.

Dosavadni znamé prace vénované mechanice lan a pfizi zpravidla pomijeji svérné ucinky
vnéjsich vrstev v lanu na jeho jaddrové oblasti. Vypocty, které tento vliv zohlediiuji, jsou obsahem
ndsledujiciho textu.

Zkoumanou strukturou je multifil — sada nekonec¢nych vldken zpravidla jednoho druhu,
umisténych na Sroubovicich se spole¢nou osou (osa lana). Stoupani Sroubovic popsané thlem [,
ktery svird te¢na ke Sroubovici s osou lana, miize zaviset na vzdalenosti r vlaknové Sroubovice
od osy; pro vSechna vldkna na téze hodnoté r vSak musi byt spole¢né.

Budeme se vénovat pouze tahovym deformacim lana ve sméru jeho osy; deformace bude
popsédna z hlediska vnéjSiho pozorovatele relativnim prodlouZenim ¢. Je tfeba uvazit, Ze pfi
natahovani lana se v diisledku zmény orientace vlaken a zmény jejich pfi¢ného prifezu béhem
protahovani mohou uvolnit nékteré mezivldkenné kontakty; nejpravdépodobnéjsi je ztrta kon-
taktu v tangencidlnim sméru (z pohledu lana), ov§em pro nékterd specidlni usporadani vlaken
je tento efekt mozny i v radidlnim sméru.

Pti vypoctech se omezujeme na malé deformace a linedrni materidlovy model; ackoliv béZné
vldkenné materidly jsou transverzdlné izotropni, pro orientaci v problému bohaté staci prace
s izotropnim materidlem popsanym hustotou deformacni energie [1]

w= %E 2+ +e?+ 2w(ees + 66, + 5tez)] ,

kde €. ,; jsou jednotliva hlavni prodlouZeni.

Uplnou informaci o chovani systému lze ziskat na zdklad& znalosti funkce o(r), kterd popisuje,
do jaké vzdalenosti od osy lana se po deformaci dostala vldkna nachézejici se pred deformaci na
Sroubovici s polomérem r. Pfedpokladdme-li zachovani v§ech mezivldkennych kontaktli, musi
funkce o(r) vyhovovat diferencidlni rovnici

ro’ + o — (1 —2(1 — v) sin? 3 cos® ﬁ) g =2(1 - v)(1 +¢)sin® Bcos® 3 (1)

! RNDr. Zden&k Kalousek, CSc., Technick4 univerzita Liberec, fakulta strojni, katedra aplikované kybernetiky,
e-mail zdenek.kalousek @tul.cz
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monika_vysanska@hotmail.com
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na intervalu (0, R) s okrajovymi podminkami

0(0) = 0, 2)
g’(R)—l—l—V(E%—%—l) = 0. 3)

Prvni podminka je dsledkem toho, Ze body osy lana se posouvaji pouze ve sméru protahovand,
druhd reprezentuje nulovou Neumannovu podminku na povrchu lana.

Pro fadu prakticky vyznamnych distribuci 5(r) se ukazuje, Ze nalezend feSeni neodpovidaji

pozadavku zachovani mezivldkennych kontakti ve vnéjSich vrstvach lana. V téchto oblastech
dochézi k uvolnéni kontaktli v te€ném sméru a problém je popsan rovnici

rd"+ o = Z2sint B+ cos? B(1 + sin® B) + e cos® 3 (sin2 B — HLV) —
r
— (f —1- 5) sin 3 cos B ; 4)
okrajovou podminku (3) nahrazuje
(1+v)(¢'(R) = 1) + v [ecos® B(R) + (452 — 1) sin® B(R)| = 0. (5)

Necht r je hranicni bod mezi oblasti, na niZ plati rovnice (1), a oblasti platnosti (4). V tomto
bodé pozadujeme zpravidla spojitost funkce o(r), spojitost radidlntho napéti v lanu, a navic
nulové napéti ve vlaknech ve sméru ztrity kontaktu. Resi se tedy rovnice (1) na (0, rg) a (4)
na (rg, R) s okrajovymi podminkami (2), (5) a tfemi dal§imi podminkami, pfi¢emZ hodnota
kontaktniho poloméru je nezndmd. Lze dokdzat existenci a jednoznacnost feSeni ulohy pfi
daném kontaktnim poloméru a jsou formulovany postacujici podminky pro existenci kontaktniho
poloméru rx € (0, R). Je vytvoren algoritmus feSeni zaloZeny na provedenych existenénich
dikazech a jsou uvedeny i modelové vypocty.

Lana konstruovand jako dvouvrstvé systémy (napiiklad horolezecka lana) se skladaji z ja-
drové Casti tvofené rovnobéZznymi vldkny a vnéjsi vrstvy opletu. Pro tato lana je feSeni ulohy
usnadnéno znalosti kontaktniho poloméru rx; v ném pak pozadujeme pouze spojitost funkce

o(r) a radidlniho napéti. V jadrové oblasti fesi dlohu funkce

o(r) =k-r;
je-li uhel 3 v oblasti opletu konstantni, 1ze tlohu feSit analyticky i pro r > rg, kde vyjde
2 Vo
2 .2 Sin /6 TN
r) = Cyrs P Cor s P (14 — 2 g
o(r) ! 2 1 +sin? 3 ’
koeficienty £, C, Cs se urci z okrajovych podminek. Pfi feSeni modelovych situaci byla nalezena
i takovéd geometrie a materidlové parametry, pro které je o(r) < r(1—0.5¢) v celém objemu lana,
tj. lano se navenek chova jako materidl s Poissonovym pomérem vétSim nez % V tomto piipadé
se také ukazuje, Ze deformacni energie jadra je vyznamné vétsi neZ energie spotiebovana pii jeho
jednoosém naméhani. Posledni vysledek — zvySend schopnost lan pohlcovat pii deformacich

energii v porovnani s utvary s méné komplikovanou strukturou — 1ze stru¢né popsat vétou tvorici
nazev celého prispévku.

Podékovani: Prace vznikla s podporou VCTII — 1M4674788501
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REGULATION OF VIBRATING ROLLER PARAMETERS
IN PROCESS OF COMPACTING COHESIVE AND
NONCOHESIVE SOILS

J. Ka$parek', M. Skopan®

Summary: This paper deals with problem of automatic reading, evaluation and
control of direction of compacting force of roller with unidirected vibratory
vector in interaction with cohesive or noncohesive soil. There is interconnection
of electronic diagnostic system with mechanical regulable parameter of roller -
vibrating vector. Parameter of soil compaction intensity is optimized with respect
to achievement of specific density of compacting ground. There were used
knowledge from experimental measuring, analytic and numeric simulation for
solution of this problem.

1. Uvod

Soucasny trend vyvoje hutnicich stroji je smérovan ke zvySeni vykonnosti a spolehlivosti,
coz v kone¢né mife ma za nésledek zlepseni produktivity v procesech hutnéni. Technologicky
a konstrukéni rozvoj stroji je orientovan zejména na optimalizaci geometrie, kinematiky a
dynamickych uc¢inkl pracovnich Casti na pretvareny material, ktery je pievazné heterogenniho
charakteru a stochastickych vlastnosti. Tento vyvoj je v posledni dobé uplatiiovan také u
ostatnich stavebnich strojii s kontinualnim zptisobem préace. Jednou z cest novodobého
moderniho vyvoje je tvorba a implementace mechatronickych fidicich systémt, schopnych
v redlném Case reagovat na zna¢nou materialni a fyzikdlni proménnost pracovniho prostiedi a
pripadné urcovat kvalitativni gradient naslednych pracovnich stavii. Dynamicky ptsobici sily
vznikajici pfi praci hutnici techniky, jako interakce b&hounu valce s materidlem podloZzi, maji
takika vyhradné stochasticky charakter.

2. Stanoveni miry zhutnéni

V soucasnosti je hutnéni zeminného ¢i zivicného podlozi vyhradné provadéno vibra¢nimi
valci, ve kterych je hutniciho uinku dosahovano setrvacnou hmotnosti otacejicich se
nevyvazki budiCe vibraci. Otazka optimalizace hutniciho procesu je zpohledu

! Ing. Jaroslav Kasparek, Ustav dopravni techniky FSI VUT v Brné, Technicka 2, 616 69 Brno,
kasparek@fme.vutbr.cz , tel.: 541 142 432

* Doc.Ing. Miroslav Skopan, CSc., Ustav dopravni techniky FSI VUT v Brng, Technicka 2, 616 69 Brno,
skopan@fme.vutbr.cz , tel.: 541 142 427
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technologického zalozena na minimalizaci doby hutnéni, minimalizaci poctu hutnicich
piejezdl a zaroven zaruceni pozadované miry zhutnéni. Této problematice se v soucasnosti
intenzivné vénuji takika vsichni svétovi vyrobci hutnici techniky. Z dosavadniho vyvoje je
ziejma volba metody, ktera ma vést ke stanoveni miry zhutnéni hutnéného podlozi s co
nejpresnéjSim zpusobem zjisténi stavu. Do pozadi jsou proto v dnes$ni dob¢ zatlaCovany
metody klasické, laboratorniho typu, které méti pozadované vlastnosti staticky na vybraném
misté a pfevazné na konci hutniciho procesu, tedy off line. Ty slouzi jako metody referencni a
pfi kontrolnim stanoveni miry zhutnéni jiz hotového povrchu.

V soucasném stiedu zajmu jsou metody, které umoziuji popsat okamzity stav hutnéného
podlozi pod pracujicim vibraénim b&hounem — on line. Tyto metody znaéné zvySuji efektivitu
procesu hutnéni a umoznuji jak okamzitou reakci obsluhy stroje, tak 1 moZznost automatické
regulace stroje s ohledem na stav hutnéného podlozi a to bez vlivu lidského faktoru.

3. Fyzikalni podstata hutnéni a regula¢ni parametry hutnéni

Fyzikalni podstatou procesu hutnéni je zvySovani objemové hmotnosti vrstvy podlozi, které je
slozeno z nékolika materidlovych slozek. Je to samotnd zemina, voda a vzduch. ZvySovani
objemové hmotnosti je docilovano vytlaCcovanim vzduchovych pord, kapilarné vazané vody a
stabiln€jSim uspofddanim c¢astic zeminy. Proces hutnéni je zhlediska fyzikalniho silné
nelinearni uloha, dané prave heterogenitou materidlu podlozi a kontaktni interakci ocelového
bchounu a podlozi. V jistém matematickém ptiblizeni 1ze vSak analyticky modelovat samotny
proces jako soustavu sloZzenou z hmotnostnich, tuhostnich a tlumicich prvkt (obr. 1).
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T
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Tz ks

S B - A
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Obr. 1: Dynamicky model tahacového vibra¢niho valce
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INFLUENCE OF INTERFACIAL TRANSITION ZONE
OF CEMENT PASTE-AGGREGATE ON CRACK PROPAGATION:
FINITE ELEMENT MODELLING

Z. Kersner*, L. Nahlik**, Z.. Knésl**

Summary: Concrete is represented as a three-phase material in this paper.
Behaviour of a single macrocrack approaching to the interface between hardened
cement paste (matrix) and aggregate (particle) is modelled and interfacial
transition zone is taken into account. Results of these analyses are useful for
description of fracture behaviour of macrocrack propagation with respect to
material parameters of matrix, interfacial transition zone and particle. FEM is
used in this study.

1. Pfechodova zona mezi pastou a zrnem kameniva, modelovani trhliny na rozhrani

Beton patii k nejpouzivanéjsim stavebnim materialim. Jde o kompozit znacné heterogenni,
jehoz vlastnosti jsou primarné ovlivilovany vlastnostmi slozek — zatvrdlé cementové pasty
a plniva (kameniva). Ukazalo se vSak, ze dulezitou tlohu hraje také pfechodovéd zona mezi
pastou a zrnem kameniva (tzv. interfacial transition zone, 1TZ).

Z hlediska lomového chovani se beton fadi mezi kvazikiehké materialy. Pro popis tohoto
chovéni je nezbytné vySetfovat i jeho odpor proti Sifeni trhlin. V fadé ptipadd je pro popis
Siteni makrotrhliny v betonu klicovou konfiguraci situace, kdy se vrchol trhliny nachazi
na rozhrani matrice—¢astice €i ¢astice—matrice. Pro popis trhliny v tomto piipadé¢ mohou byt
rozhodujici vlastnosti rozhrani mezi obéma slozkami, zejména pak existence ITZ.

Aspekty problematiky ITZ jsou studovany a modelovany (Maso ed. 2005, Smilauer 2005).
V ptispevku se vénuje pozornost modelovani trhliny na rozhrani zatvrdla cementova pasta
aITZ, jakoz i na rozhrani ITZ a zrno kameniva. Rozhrani se uvazuje jako ideélni (dokonalé
adheze). Vypoctovy model byl vytvofen s vyuzitim MKP programu ANSYS. Byly
vySetfovany dvé konfigurace trhliny na rozhrani. Prvni konfigurace odpovida trhling Sifici se
v matrici v okamziku, kdy se jeji vrchol nachdzi na rozhrani matice—ITZ. Druhy ptipad
odpovida situaci, kdy trhlina prosla ITZ a zastavila se na rozhrani ITZ—¢4stice. V obou téchto
ptipadech je nasledkem skokové zmény materidlovych vlastnosti fazi modifikovan typ
singularity napéti v okoli vrcholu trhliny. Tato skutecnost znemoziuje piimou aplikaci
standardnich postupli lomové mechaniky pro vyjadieni kritického napéti nutného pro prechod
trhliny pfes rozhrani mezi materidly (Knésl et al. 1998, KersSner et al. 2003).

doc. Ing. Zbyn¢k Kersner, CSc.: Ustav stavebni mechaniky, FAST, VUT v Brn¢; Veveii 331/95; 602 00
Brno; tel: +420.541 147 362; e-mail: kersner.z@fce.vutbr.cz

Ing. Lubo$ Nahlik, Ph.D., prof. RNDr. Zdenék Knésl, CSc.: Ustav fyziky materialti, Akademie véd CR;
Zizkova 22; 616 62 Brno; tel: +420.532 290 351, 358; e-mail: nahlik@ipm.cz, knesl@ipm.cz
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2. Diskuse vybranych vysledkii modelovani

Prvni studovand konfigurace odpovidala trhliné s vrcholem na rozhrani mezi matrici
a prechodovou vrstvou. Byla provedena parametrickd studie vlivu materidlovych vlastnosti
prechodové vrstvy na kritické napéti nezbytné pro Sifeni trhliny z matrice do prechodové
vrstvy. Ridici veli¢iny pro rist trhliny z rozhrani matrice—vrstva jsou poméry odpovidajicich
elastickych parametrii a lomova houZevnatost vrstvy. Vlastnosti cCastice kameniva nejsou
v tomto piipadé rozhodujici, i kdyZz, zejména pro velmi tenké prechodové vrstvy, mohou
vysledky kvantitativné ovlivnit. Vysledky ukazaly, ze ve vSech piipadech dochézi s poklesem
poméru elastickych konstant vrstvy a matrice i k poklesu kritického napéti (ve srovnani
s ptipadem bez vrstvy). Tento pokles je vyvolan jednak sniZenim hodnot lomové
houzevnatosti vrstvy ve srovnani s matrici z hodnoty 1,0 MPa m"? na 0,25 MPa m'? a jednak
zvySenim rozdilu mezi materidlovymi vlastnostmi vrstvy a matrice. Obecnym rysem
pfechodové vrstvy, ktera souvisi s jejimi materidlovymi charakteristikami, je skutecnost, ze
trhlina Sifici se v matrici pronikne snaze prechodovou vrstvou az na rozhrani vrstva—c¢astice,
nez v pripad¢ neexistence prechodové vrstvy. Konfigurace trhliny ukotvené na povrchu
Castice se bude vyskytovat Castéji. Velikost tloustky piechodové vrstvy piitom nehraje
dominantni roli.

3. Zavér

V ptispévku byl beton modelovan jako 3 fazové kontinuum, sestavajici ze zatvrdlé cementové
pasty, pfechodové vrstvy a Castice kameniva. Vysledky numerické analyzy MKP takto
modelovaného betonu umoznily popsat lomové chovani makrotrhliny Sifici se v tomto
prostiedi v zavislosti na materidlovych parametrech jednotlivych slozek. Obecné lze uzavtit,
ze existence prechodové vrstvy snizuje tendenci trhliny Sifit se pfes castice kameniva.
V zévislosti na hodnoté lomové houzevnatosti prechodové vrstvy se pak trhlina maze snaze
Sifit podél ¢astice.

4. Podékovani

Tento vysledek byl ziskan za finanéniho pfispéni MSMT, projekt 1M6840770001, v rAmci
¢innosti vyzkumného centra CIDEAS, vyzkumného zaméru AV 0Z 204 105 07 a grantoveho
projektu GA CR 106/04/P084.

5. Literatura

Kersner, Z., Nahlik, L. & Knésl, Z. (2002) Analyza interakce kamenivo-trhlina z hlediska
lomovych charakteristik betonu. Beton, 5, 40-43.

Knésl Z., Knapek A. & Bednar K. (1998) Evaluation of the critical stress in bonded materials
with a crack perpendicular to the interface. Proc. Int. Conf. Surface Modification
Technologies XI., The Institute of Metals, London, 153-159.

Maso, J. C. (ed.) (2005) Interfacial Transition Zone in Concrete. RILEM Report, Taylor &
Francis Group, 0-203-63109-9.

Smilauer, V. (2005) Elastic Properties of Hydrating Cement Paste Determined from
Hydration Models. Disertacni prace, FSv CVUT v Praze.

157



® National Conference with International Participation
YY)  ENGINEERING MECHANICS 2006  paper o
2006 Svratka, Czech Republic, May 15 — 18, 2006 207

2D NUMERICAL MODEL OF CHANNEL BED FORMED OF
RANDOMLY DISTRIBUTED SPHERICAL PARTICLES.

A. Kharlamov”

Summary: The paper deals with the saltation mode of bed load transport. The
saltation process modelling consists of two parts — deterministic motion of the
particle in fluid and stochastic process of its collision with bed, which is the
stochastic part of a Monte-Carlo simulation. The channel bed is formed by
spherical particles of non-uniform size, the distribution of the particles (in the
collision place and time) is determined according to Gaussian dense function. The
numerical method for a bed forming and determination of collision coordinates
and a collision angle is proposed.

Saltation is a predominant mode of bed load transport in rivers and channels. During saltation
particles hop up from the channel bed and follow ballistic like trajectory till the next bounce
with bed. Though the water flow in channel usually occurs in turbulent mode, the modeling of
saltation deals with averaged over time fluid velocity profile and turbulence is not taken into
account. The boundary conditions for the equations governing model particle motion are
provided by the particle collision with the channel bed.

The collision happens when the moving particle reaches the bed surface. Bed is formed of
spherical particles that are densely packed. The radiuses of bed particles are distributed
accordingly to Gaussian dense function with average T, and standard deviation o, <0.3F;.

The bed particles are distributed uniformly along line parallel to the bed surface. The
distribution of visible bed surface particles along vertical y-axis is of Gaussian form, and is
independent of water stream shear velocity u,, Sekine & Kikkawa (1992). The standard

deviation of elevation of bed particle centroid is given as

1-—
O-yzgdb’ (1)

where d, is average bed particle diameter.

The bed is not modeled on the whole distance of saltation; the small part of bed surface is
constructed immediately below the moving particle just before the collision. When the lowest
point of moving particle reaches the zone, where the probability of determining of bed particle
surface is not negligibly small, the section of bed is constructed and the collision condition
starts to be tested at every step of a program. The saltating particle is collided with the bed

“ Mgr. Alexander Kharlamov, Institute of Hydrodynamics ASCR, Pod Pat’ankou 30/5, 166 12, Prague 6; tel.:
+420-233109046, fax: +420-233324361, e-mail: charlamov@ih.cas.cz
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when the distance between the centroid of saltating particle and the centroid of any of the bed
particles of the section is lower then the sum of its radiuses.

The bed section is formed by the following way. The first bed particle of the section is
placed in the area under the moving particle. When the y-coordinate and radius of the next bed
particle is determined, it is placed close to the previous. The right border of the bed section is
determined by the point of intersection of the bed mean level and a saltating particle velocity
vector.

The x -coordinate of the first placed bed particle is determined accordingly to the uniform
distribution on a line segment of length | located along the x -axis, with the right border X-
coordinate equal to the X-coordinate of the saltating particle centroid. The length of segment
| cannot be assigned arbitrarily. It should be equal to the mean difference between the X-
coordinates of the adjacent bed particles,

I=AX, . 2)

By means of Direct Numerical Simulation the bed of 10000 particles was constructed and
the average difference between x-coordinates of adjacent particles centres was found for
different o,, see Table 1. The example of numerically modelled bed section is shown in

Fig. 1.

Table 1 The bed parameter
versus standard deviation of the

bed particle radius y/d,
P oL OO~

o, I% g, AT AT O
0.0 0.90
0.1 0.90 23 ; 7 & T b
0.2 0.90 _ X/
0.25 0.91 Figure 1 Example of modeled bed surface segment,
0.3 0.92 o, =03,

To complete the collision model the impulse equations for rebound are cited and the
components of particle velocity just immediately after collision are expressed as functions of
particle velocity components just immediately before collision.
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ESTIMATION OF GENERALIZED STRESS INTENSITY FACTORS BY
MEANS OF MEAN VALUE OF STRAIN ENERGY DENSITY FACTOR

J. Klusak”

Summary: The contribution deals with bi-material wedges whose stress field is
characterized by two stress singular terms. The exponents of stress singularity are
generally in the interval (0; 1). For these cases each of the singularities covers
both normal and shear mode of loading. Because of the inherently combined
loading mode, it is advantageous to utilize the strain energy density concept. A
mean value of the strain energy density factor taken from a numerical solution of
particular materials junction is compared to its analytical representation to
ascertain values H; and H,. These values enter to stability criterion to indicate if
crack is initiated in the wedge tip.

1. Uvod

Moderni technické konstrukce ¢asto vyzaduji pouziti materiald slozenych z vice komponent.
Rozhrani mezi nimi pak pisobi jako koncentrator napéti. ZvIast nebezpe¢nym mistem
konstrukci se tak stdva bi-materidlové rozhrani vystupujici na volny povrch soucésti. Tato
mista lze ve vypoctech Uspé$né modelovat jako bi-materidlové vruby. Takové singularni
koncentratory napéti maji na rozdil od trhliny exponent singularity napéti obecné v intervalu
(0; 1). Navic v naprosté vétsing€ piipadu existuji dvé singularity, z nichz kazdé v sob€ zahrnuje
jak normalovy, tak smykovy zatézovaci mod. V procesu posouzeni zivotnosti obecnych
singularnich koncentratori napéti je nutnym krokem stanoveni hodnot zobecnénych
soucinitelll intenzity napéti. Vzhledem k apriorni existenci kombinovaného médu zatézovani
se jevi vyhodné vyuzit faktor hustoty deformacni energie, resp. jeho stfedni hodnotu pies
jistou vzdalenost od vrcholu vrubu. Pro vypocet hodnot zobecnéného soucinitele intenzity
napéti (ZSIN) je v prispévku pouzita pfima metoda srovnani vysledkli z numerického feseni
s odpovidajicimi analytickymi vztahy. Vyhodou této metody je, Ze vyuziva standardnich
numerickych systémt MKP. Ziskané hodnoty H, a H, slouzi jako vstup do kriteria stability
rozhodujiciho, zda k iniciaci trhliny za danych podminek dojde, ¢i nikoli.

" Ing. Jan Klusak, Ph.D.: Ustav fyziky materialii, Akademie véd Ceské republiky; Zizkova 22; 616 62 Brno;
tel.: +420.532 290 348, fax: +420.541 218 657; e-mail: klusak@ipm.cz
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Material 1

2 Material 2

Obrazek 1. Bi-materidlovy vrub s odpovidajicim polarnim soufadnym systémem

2. Postup urceni hodnot H;, H,
Navrzeny postup uréeni hodnot H; a H; je nésledujici:

(1) MKP vypocet rozlozeni napéti a hustoty deformacni energie kolem vrcholu vrubu.

(11) Urceni piredpokladaného sméru 6 iniciace trhliny (z numerického feSeni). Pouzity
mohou byt rizna kritéria stability, napf. vyhledani maxima tangencialniho napéti,
minima faktoru hustoty deformacni energie, atd.

(ii1))  Ze znamého sméru iniciace & je urcen pomér hodnot zobecnénych soucinitelli
intenzity napéti I, = Hy/H;. To je mozné vzhledem Kk jejich vzijemné
jednoznacéné zavislosti.

(iv)  Urceni hodnot H; a posléze H, ze srovnani numericky zjisténé sttedni hodnoty
faktoru hustoty deformacni energie s jejim analytickym vyjadfenim.

Vyhodou tohoto postupu je jednak vyuziti konceptu faktoru hustoty deformacni energie,
ktery je zvlast vhodny pfi kombinovaném zatézovani, a také moznost implementace postupu
do MKP systému a tedy automatizace vypoctu bez zdsahu uzivatele. Pro vypocet je nutné
pouze zadat integracni vzdalenost d, kterd souvisi s mechanismem porusovani, ptipadné se
strukturou materialu.

3. Podékovani
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DETERMINATION OF SELECTED PROPERTIES OF NITRIDATED
STEEL SAMPLES BY EXPERIMENT AND CALCULATION

H. Kone&nd', 1.Sedlak’, J.Vesely*

Summary: The influence of surface layer nitridation of steel sample with
rectangular cross-section on its behavior in the elastic and plastic region at
bending has been investigated. Number of experiments has been executed where
the bended samples were exposed to the loading with both static and dynamic
character. Approximate values of modulus of elasticity, tangent modulus for
bilinear elasto-plastic models and yield stress have been determined by the
combination of measurement results and finite element method calculations.
COSMOS/M program has been used for the calculations.

1. Uvod

Nitridace povrchové vrstvy oceli se provadi zejména proto, Ze se docili vétsi tvrdosti povrchu
soucasti. Zaroven se vSak meni i dalSi materidlové vlastnosti v upravené vrstvé. Proto bylo
zkoumano, jak se projevi nitridace u vzorka, namahanych na ohyb. VVzorky byly namahany
jednak staticky, jednak dynamicky — razem. Byly provedeny experimenty, jejich vysledkem
bylo srovnani chovani ohybanych vzorkt bez nitridace se vzorky s jednou nebo se dvéma
nitridovanymi vrstvami. Déle byly vytvoreny modely vzorka pomoci MKP a to programem
COSMOS/M. Ty byly podepteny a zatéZzovany souhlasné s experimenty a to nejdiive staticky.
Byla ovérena korektnost modelu nelinedrnim statickym vypoctem neupraveného vzorku se
znamymi vlastnostmi ziskanymi tahovou zkou$kou. U oboustranné nitridovanych vzorka pak
bylo provedeno nékolik vypoéta. Pro prvni z nich byly na zakladé experimentu zadany
materialové vlastnosti nitridovanych vrstev a pro opakované vypocty byly hodnoty
uptesniovany tak dlouho, aZ se vypoétem uréena zavislost pomérnych deformaci na velikosti
zatiZzeni shodovala s mérenim. Dale byl vytvoien vypoctovy model pro vzorky naméahané
raézem. Pro nitridované vrstvy byly zadany materialové vlastnosti stanovené statickym
vypoétem. Byla prokézana dobrd shoda vysledkd nelinedrniho dynamického vypoctu a
experimentu.

2. Experimenty
Pro experimenty byl pripraven soubor vzorka, které mély rozméry 7,0 x 22,8 x 200 mm.
VSechny vzorky byly po ofrézovani a brouSeni na finalni rozmér normaliza¢né vyzZihany

" Ing. Hana Konegn4, Ph.D.: Univerzita obrany v Brng, Fakulta vojenskych technologii, Katedra strojirenstvi,
Kounicova 65, 612 00 Brno; tel.: +420 973 443 583; E-Mail: hana.konecna2@unob.cz
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v ochranné atmosfére. Soubor vzorka byl rozdélen do t¥ skupin, jedna skupina byla
ponechéna v tomto vychozim stavu (déale znaceno P), druha byla nitridovana jednostranné
(znaceno S) a treti nitridovana oboustranné ( znaceno D). Métenim prabéhu mikrotvrdosti na
vybranych vzorcich byla ur¢ena hloubka zuslechténé vrstvy 0,43 mm.

Nejdiive byly provedeny statické experimenty. Tahovou zkouSkou pro vzorek P byly
ziskadny hodnoty modult pruznosti a meze kluzu pro zakladni material: Modul pruznosti

E, =196 GPa, mez kluzu o, =350 MPa, a plasticky modul E,,, =1GPa. Dale byly vzorky

naméhany ohybem. Aby bylo naméahani vzorku jednoznac¢né a povrchové vrstvy byly po
znacné casti vzorku vystaveny maximalnimu namahani, byly vzorky zatéZovany ve specialné
vyrobeném ptipravku étyrbodovym ohybem. Srovnanim naméienych zavislosti pomérného
protaZzeni na zatiZzeni pro ohyb vzorka P Sa D bylo zjisténo, Ze v pruzné oblasti nema
nitridovana vrstva Zadny vliv, v plastické oblasti pak zna¢ny. Zvétsi se hodnota zatiZeni, pii
které dochazi k plastizovani a dochazi ke zpevnéni v plastické oblasti, jak je vidét z grafa na
obr. 1.

Dalsi oblasti, kde bylo hledano kvantitavni ovlivnéni mechanickych vlastnosti vzorka,
byla oblast dynamického chovéani. Byla sledovana odezva okrajové podepienych vzorki na

rdzové zatiZeni. ZatiZeni bylo provedeno dopadem beranidla o hmotnosti 5,69 kg a poloméru
8.00
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Obr. 1 Srovnani zavislosti pomérné deformace na sile.

valcového c¢ela 15 mm z predepsané vysky na stied vzorku. Pro rdzove zkousky byl srovnan
¢asovy prubéh priahybu v dolnich vldknech uprostied nosniku pro neupravené vzorky a
vzorky s nitridaci v dolni vrstvé a v obou vrstvach. Nejvétsi prihyb méa neupraveny vzorek,
maximum je 11,2 mm. Vzorek s oboustrannou nitridaci mél maximum priahybu dfive a tento
extrém ma hodnotu 8,5 mm, je tedy o0 24 % mensi.

3. Statické a dynamické vypocéty

Pro oba experimenty byly pomoci programu COSMOS/M, ktery je na bazi MKP, vytvoreny
modely odpovidajici experimentam. Vypoctem byly ziskany grafy stejnych zavislosti, jako
byly sledovany pii méteni. Iterativnim postupem byly urceny nékteré materialové vlastnosti
nitridované vrstvy. Vysledné zavislosti pro vzorky P, S a D byly srovnany s mé&tenim.

4. Podékovani
Prispévek byl podpoten vyzkumnym zédmérem MOOFVT0000404 Vyzkum a vyvoj
modernich materidla a technologii pro aplikace ve vojenskeé technice.
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PERFORMANCE ASSESSMENT OF CONCRETE BRIDGE DECK
APPLYING SBRA APPROACH AND FEM MODEL
WITH REGARD TO CHLORIDE INGRESS

P. Konecny*, P. J. Tikalsky**, D. G. Tepke ***

Summary: The effect of cracks on the chloride ingress into bridge decks with
epoxy-coated reinforcing steel is studied. A finite element diffusion model in
conjunction with a probabilistic method called Simulation-Based Reliability
Assessment (SBRA) is used to address the inherited randomness of input variables.
Data used for diffusion coefficients and concrete cover depths are based on a
study performed on North Eastern the bridges in the U.S.A. and reported in
(SOHANGHPURWALA & SCANNELL, 1994).

1. Introduction

This paper is focused on a reinforced concrete bridge deck 2-D chloride ingress model that
accounts for the scatter of input random variables with regards to surface cracks and
reinforcing steel epoxy-coating containing damage. The model combines a finite element
model (FEM) and the SBRA method that is introduced in (Marek et al., 1995) and proposed
for application with chloride ingress by (Tikalsky et al., 2005).

One of the most significant types of distress in bridge decks in the North Eastern United
States is the corrosion of reinforcing steel from the ingress of chloride salts applied to melt
snow and ice. This can lead to loss of structural capacity and promote reduced service life,
thus leading to increased life-cycle costs. Though models for chloride ingress and corrosion
development have been studied, there are still many issues that must be addressed for them to
become useful engineering tools, especially with regards to randomness of input variables.

2. Chloride Ingress Induced Deterioration

If one considers corrosion of reinforcing steel bars from the diffusion of chlorides as the
primary contributor to deterioration and reduced serviceability, then service life can be
described as having both an initiation period and a propagation period (Tuuti, 1982). The
initiation period is when the chloride ions are in the process of penetrating to the level of
reinforcing steel in sufficient quantities to initiate corrosion. The propagation period begins
once a sufficient concentration of chlorides has reached the reinforcing steel to dissolve the
passivation layer and propagate corrosion. The end of the propagation period is marked by
excessive deterioration, the conclusion of service life and the need for reconstruction etc.

The 2-D finite element model generated in ANSYS is based on the Ficks 2" law and
focuses on the movement and accumulation of chloride ions to the level of reinforcing steel
during the initiation period. Sample graphical output is shown in Figure 1.

*  Petr Konecny, Ing., VSB — TU Ostrava, Fakulta stavebni, Katedra stavebni mechaniky, L. Podéste 1875, 708
33 Ostrava-Poruba, (+420) 59 732 1384, petr.konecny@vsb.cz;

** Paul J. Tikalsky, Dr., P.E., FACI, Pennsylvania State University, University Park, PA, USA,
tikalsky@engr.psu.edu;

***David G. Tepke, M.S., Pennsylvania State University, University Park, PA, USA, dgtl 10@psu.edu.
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Fig. 1 Chloride Ion Concentration in Concrete Slab with Crack, ¢ = 10 years

Severity of the chloride ingress was assessed by comparing the chloride threshold value,
Ci, with the chloride ion concentration at the exposed areas of reinforcing steel. Typical
reported values for Cy, are 0.2 percent chlorides by mass of total cementitious materials (ACI)
and 0.4 percent (CEB). One can observe the effects of a crack that allow the chloride ions to
move in both directions and reach the rebar level more rapidly.

3. Probabilistic Approach using SBRA and Finite Element Model

A probabilistic approach was adopted to address the variability of input parameters and
especially the interaction between randomly distributed deck cracks and damaged areas of
reinforcing steel epoxy-coating. Diffusion coefficients, reinforcing steel depths, and chloride
threshold histograms were developed based on field data. Hollidays on steel reinforcing rods
and crack frequency distributions were estimated based on anticipated behavior. A FEM was
applied with a SBRA module programmed with ANSYS and Monte Carlo simulations.

The reliability of the system was estimated by the probability of chloride threshold
exceedance (corrosion initiation) at a specific age Py;.

Pp=P(Cyp— C;<0) (1)

An example of 2-D chloride ingress assessment of a bridge deck with regards to cracks and

damage of reinforcing steel epoxy-coating using FEM and SBRA featuring random variables

expressed as histograms is presented in the full paper. Outcome of the simulation, time-
dependent probability of corrosion initiation, is depicted on the next figure.

Probability of Failure - P, [%]
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Fig. 2 Time-dependent Probability of Corrosion Initiation Py, /%]
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ENGINEERED CEMENTITIOUS COMPOSITES (ECC)
MANUFACTURING END VERIFICATION

L. Kopecky, ! P. Kabele, > L. Novak *

Summary: Parameters of Engineered cementitious composites (ECC) particulary
weathered, may be affected its physical and mechanical properties. Comparative
testing the influence of the fibres - ductility in differently chemical loaded specimens.

1. Uvod

Cesk4 republika se fadi mezi predni producenty popilkd, které vznikaji jako disledek spalovani
rtznych druhd fosilnich paliv nebo odpadi. Statistika dokonce hovoii o Cesku jako o zemi
s nejvetsi produkei popilku v prepoctu na na jednotku plochy 1 na pocet obyvatel. Prioritou dneSni
spolecnosti je snaha o maximdlni ochranu Zivotniho prostfedi a z toho plynouci zpracovani
odpadi. Jednou z moZnosti raciondlniho zplisobu uZiti popilku je jeho pfiddvani do betonl
nebo kompozitnich materidli na bazi cementu. Engineered cementitious composites (ECC) je
vldknocementovy kompozit, ktery 1ze s dspéchem vyuzit pravé pro tyto ucely. Popilek tvoii
skoro 35 % obsahu a umoziiuje velice dobfe zhodnotit popilek v materidl s velmi zajimavymi
a Zddanymi vlastnostmi.

| | Cement | Popilek | Pisek |
| Objemovédily | 1 | 1,2 [ 0,8 |

Tabulka 1: Pomér jednotlivych slozek v ECC

2. Vliaknocementovy kompozit

Engineered cementitious composites (ECC) je materidl vyvijeny prof. Li z University of Mi-
chigan s cilem zdokonalit lomovou odolnost materidld na bazi cementu. Jednim ze zptsobu,

I RNDr. Lubomir Kopecky, Ceské vysoké uceni technické, Fakulta stavebni, Katedra mechaniky, Thikurova 7,
166 29 Praha 6, tel. +420 224 35 48 23, e-mail lubomir.kopecky @fsv.cvut.cz

2 Doc. Ing. Petr Kabele, Ph.D., Ceské vysoké uceni technické, Fakulta stavebni, Katedra mechaniky, Thakurova
7, 166 29 Praha 6,, tel. +420 224 35 44 85, e-mail petr.kabele @fsv.cvut.cz

3 Ing. Lud€k Novik, Ceské vysoké uceni technické, Fakulta stavebni, Katedra mechaniky, Thakurova 7, 166 29
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jak vylepsit odolnost t&chto materiéld, je pfiddni malého mnozstvi (2 -3 % celkového objemu)
kratkych vldken nebo dratki do cementové smési.

Hlavni slozky tohoto materidlu tvoii cement, popilek a pisek. Pomér jednotlivych slozek je
uveden v tabulce 1. Vodni soucinitel se pohybuje okolo w = 0, 55. To je vzhledem k vysokému
podilu jemnych sloZek relativné maly vodni soucinitel. Pro dobré zpracovéni je nutné splnit dvé
podminky.

e Optimalizovat kiivku zrnitosti jemnych sloZek. V naSem pfipadé cementu, popilku a pisku.

e PouZivat kvalitni superplastifikdtory na bazi polykarboxylatétert.

3. Zkousky zivotnosti vlaknocementového materialu

Pro vlastni test jsme jsme pripravili ¢tyfi sady vzorki se shodnou matrici a vodnim soucinitelem
w = 0,65.

Sada kontrolnich vldken uchovavanych na vzduchu.

Sada vlaken vystavenych nasycenému roztoku NaCl.

Sada vldken vystavenych ptsobeni roztoku 3 mol N HyN Os.

Sada vldken vystavenych ptsobeni roztoku 6 mol N HyN Os.

4., Zavér

Vysoky podil popilku jehoZz vdhové mnoZstvi se pohybuje v rozmezi 650700 kg na metr
kubicky, umoZiuje v tomto materidlu, ekologicky a ekonomicky zhodnotit odpadovou suro-
vinu. Kompozitni materidly na bazi cementu tak mohou pomoci pfi prodluzovani Zivotnosti
dopravnich staveb, renovacich konstrukci s velkymi prihyby, opravach silnic a dalnic a zaroven
mohou byt cennym materidlem pii navrhovani staveb novych. Vysoka duktilita tohoto materidlu
dovoluje vytvaret konstrukce tenci, leh¢i a v kone¢ném dusledku sniZit celkovou ekonomickou
naroc¢nost stavby ¢i tdrzby.

5. Podékovani
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ESTIMATION OF GENERALIZED STRESS INTENSITY FACTOR
VALUES FOR STRUCTURES WITH THIN PROTECTIVE COATINGS

J. Korbel’, Z. Knésl™

Summary: In present paper, generalized stress intensity factor H; for structures
with cracked protective coatings is calculated. Based on numerical results
obtained by finite element method calculations, the approximate expression for
estimation of Hj is derived as a function of elastic parameters of the coating and
the substrate. Application of this expression provides easy evaluation of critical
stress leading to failure of structures with protective coating.

Povrchové trhliny hraji vyznamnou roli pfi iniciaci poruSeni jak v ptipad¢ statického tak i
cyklického naméahani. Kli¢ovym krokem pti odhadu vlivu povrchovych trhlin na jejich dalsi
Sifeni a v kone¢né fazi i poruseni konstrukce je znalost odpovidajici hodnoty faktoru intenzity
napéti. V celé fadé¢ piipadl se pro stanoveni hodnot faktoru intenzity napéti (FIN) pouzZivaji
aproximativni vyrazy. Typickym piikladem takové situace je vyraz pro hodnotu FIN pro
kratkou povrchovou trhlinu délky a v tazeném pasu, kdy se bé€zné pouziva aproximativni

vztah K; = 1,12 Oypp /ma , kde oy je odpovidajici aplikované napéti (pfedpoklada se

normalové namahani).

V ptipad¢é konstrukei s ochranou povrchovou vrstvou mohou v této vrstvé vzniknout
povrchové trhliny, které se $ifi pfes tuto vrstvu a zastavi se na rozhrani vrstva — zékladni
material. V tomto ptipadé nelze pro odhad kritického napéti pouzit standardnich postupt
lomové mechaniky a je nutno stanovit hodnotu zobecnéného faktoru intenzity napéti H;, kterd
zavisi na geometrii télesa a trhliny, okrajovych podminkdch a navic 1 na rozdilu
materidlovych parametrti vrstvy a zakladniho materidlu. Stanoveni hodnoty H; pfedstavuje
v tomto ptipad¢ pomérné slozitou vypocetni operaci, vyzaduje urcité zkusenosti.

V prispeévku je na zékladé¢ vypocti metodou konecnych prvki odvozen aproximativni
vztah pro hodnotu zobecnéného faktoru intenzity napéti H; v pripadé télesa s tenkou
povrchovou vrstvou. Pii vypoctu je pfedpokladéna idealni adhese mezi povrchovou vrstvou a
podkladem. H; je vyjadieno jako funkce poméru E;/E; Youngovych moduli povrchové
vrstvy (£) a zékladniho materidlu (E>).

*  Ing. Jakub Korbel: Technologické centrum, ABB s.r.0., Videnska 117, 619 00 Brno;
tel: +420.547 152 048; e-mail: jakub.korbel@cz.abb.com

**  prof. RNDr. Zden¢k Knésl, CSc.:Ustay fyziky materialt AV CR, Zizkova 22, 616 62 Brno;
tel: +420.532 290 358; e-mail: knesl@ipm.cz
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Numericky model a vysledky

Pro vypocet zobecnéného faktoru intenzity napéti byla pouzita pfimd metoda, ktera je
zaloZena na porovnani numericky a analyticky vypoctenych hodnot napéti v tésné blizkosti
kotene trhliny. Numerické vypocty byly provedeny v komeréné dostupném systému
kone¢nych prvki ANSYS.

Pro vypocet byl pouZit vzorek podle obr.1. Povrchova vrstva tloustky ¢ =0, Imm, 0,25mm a
0,50mm reprezentuje ochranny povlak na masivnim podkladu (celkova tloustka télesa byly
vzdy T =20mm). Trhlina ma vrchol na rozhrani obou slozek, tj. délka trhliny je vzdy a = ¢ .
Vzorek je naméahan aplikovanym napétim /00 MPa, které plisobi rovnobézné s rozhranim.
Zakladni lomové-mechanicky parametr pro tuto konfiguraci je hodnota zobecnéného
soucinitele intenzity napéti H; (v ptipadé homogenniho télesa Kj).

Pro modelovani trhliny byl pouzit trojuhelnikovy Sesti-uzlovy prvek s uspofadanim do
»razice (polomér ruzice r = 0,0lmm)s vrcholem v kofenu trhliny, viz obr.1. Model byl
tvofen primérné¢ 26800 elementy a detailni znazornéni sité¢ v misté kotfene trhliny je
zobrazeno na obrazku 1.

50 mm

Obr.1 — Model a rozlozeni elementt u kotene trhliny

Vysledky vypoctenych hodnot H; pro riizné tloustky povrchové vrstvy byly normovany
veli¢inou oy, @  kde a =t je tloustka povrchové vrstvy a p exponent singularity napéti.
Vysledny vztah pro normovanou hodnotu H; ma tvar:

:H, = -0,0208 (E// E3)* + 0,7971(E)/ E5) + 1,2134 pro E/E><lI
H, = -0,4469 (E,/ E5)’ + 1,6269 (E,/ E5) + 0,8050 pro E;/E;>1.

Aplikace téchto vyrazti umoznuje snadny odhad kritického napéti pro poruseni télesa

s ochrannou povrchovou vrstvou a pfispiva ke spolehlivéj§imu odhadu zivotnosti konstrukci
s ochranou povrchovou vrstvou.

Podékovani: 5
Prace byla realizovana za finan¢ni podpory grantu 101/05/0320 a 101/05/0227 GA CR.
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SIMILARITY OF SHALLOW FOUNDATIONS
ACCORDING TO CSN 73 1001

P. Koudelka®

Summary: Now, that the translation into Czech and the National Annex of EC7-1
(EUROCODE 7 - Geotechnical design, Part 1: General rules) are carried out, it
seems convenient to make a broad comparative analysis of both the standards..

The paper deals with a similarity solution of bearing capacity of shallow
foundations according to CSN 73 1001. The solution should form the suitable
base of the comparative analysis base for simpler numerical analysing.
Acknowledgement is involved in the Paper.

1. Introduction

The Czech standard CSN 73 1001 “Subsoil under shallow foundations” is the oldest Czech
LSD standard (1966). It was slightly amended several times but its original creators have
done very good work.

The standard contains not only the requirements and instructions for the design of shallow
foundations, but also a complete set of important and verified tables of soil classification and
soil material parameters. Now, that the translation into Czech and the National Annex of
EC7-1 (EUROCODE 7 - Geotechnical design, Part 1: General rules) are carried out it seems
convenient to make a broad comparative analysis of the EC7-1 and CSN 73 1001 design
procedures.

The calculating procedure according to CSN 73 1001 requires 8 inputs, similar procedure
according to EC7-1 requires 10 inputs. These numbers of inputs yield a huge number of
combinations for a comparative analysis. An easier approach to problem solution is provided
by the theory of similarity. The paper deals with a similarity solution of bearing capacity of
shallow foundations according to CSN 73 1001. The solution should form the basis
comparative analysis for simpler numerical analysing.

2. Bearing Capacity According to CSN 73 1001

The Czech standard CSN 73 1001 “Subsoil under shallow foundations” is based on the Limit
State Design (LSD) theory like EC7-1. Its procedure requires the following inputs:
b - width or radius of the foundation, h - depth (height) of the foundation,

Petr Koudelka, DrSc., ACEng., CEng: Ustav teoretické a aplikované mechaniky AVCR, Prosecké 76, Praha
9, 19000, tel.: +420286882121, fax: +42086884634, e-mail: koudelka@itam.cas.cz
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1 - length of the foundation,

loading force

L d — deviation of loading force from vertical direction,
h ; Y1 - unit weight of soil above foundation plain,
5 I Y2 - unit weight of soil below foundation,

dq - angle of soil resistance - design value,

c : .
v ¢ cq- cohesion - design value.

Fig.1 Scheme of shallow foundation and parameters.

3. Similarity solution

Similarity solution depends above all on the extraordinary variability of soils and their
material properties. The solution does not consider oblique load (angle o of force) because,
from the viewpoint of bearing capacity, it appears less important. The solution involves the
examination of the effective stress state only. The geometrical parameters except for the
depth / are defined as dimensionless quantities and are considered as constants in the
similarity solution (see eqs. below). The soil mass is homogeneous. Consequently, the
solution considers the variable inputs 4, y, @, ¢ and the following constant inputs:

p=bl  nm=nb xi=(Pig® A=/(VM) @  (1415,16,16).

Then the functional of bearing capacity of shallow foundation according to equation (4) is
expressed by

Ra= (0)* Ne(@)*sc¥de + ()*(W) *Na(@)*sa(§)*da(¢) + (P)*0.5*n* (W) *Np(§)¥sp*dp  (17).

Using the simple set-up of previously shown equations we can define a more suitable
similarity functional with the functions F;(@, c), Fa(7,@, h), F3(y,¢, h):

Ra=Fi(p,c) + Fa(y.¢. h) + F3(y.4, h) (18)
and after some adjustments also the functional
R, = () Wa*F (9)+ £ () + 2 () (22).

The last formulation of bearing capacity functional (22) involves two dimensional
variables # and y separated by the dimensionless geotechnical similarity coefficient A
(Janbu's) which can be considered constant for a lot of (mathematically for an infinite number
of) combinations . The dimensionless similarity function of bearing capacity of shallow
foundations is defined as shown below.

P, = A*F'(§)+ Fy(¢)+ F; (p) (26)

4. Conclusion

The presented analytical solution of the designs of shallow foundations according to CSN 73
1001 results in relative simple formulae (22) and (26) which form the base of further
numerical analyses and of a comparison of the LSD designs according to CSN and EC7-1.
The solution makes it possible to consider different approaches to the derivation of design
values of geotechnical quantities. In detail see the Paper.
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ANALYSIS OF FOUNDATION SLAB OF COMMERCIAL BUILDING IN
PRAGUE TESNOV: MECHANICAL BEHAVIOR

T. Koudelka*, T. Krej¢i*

Summary: It was performed several calculations simulating behavior of thick foundation
slab during 2005 year. The behavior was solved as coupled problem in which the mechanical
behavior was assumed together with heat and moisture conduction and their interactions.
Material parameters were obtained from project of foundation slab of commercial building
in Prague-Tésnov. The problem was solved using program SIFEL.

1. Uvod

Reseni zakladani velkych konstrukci na zakladové desce je pomérné &asty piipad. Zakladové
desky pfitom dosahuji znacné tloustky a tim vyvstava problém s jejich betonazi v dusledku
vyvinu hydratacniho tepla. Pro ovéfeni navrzené¢ho postupu betondze a vystavby je proto tieba
pouzit dostate¢n¢ vystizny numericky model. Jeden z moznych numerickych modeli byl
implementovan do programu SIFEL. Zékladovou desku je v tomto softwaru mozné fesit jako
sdruzenou termo-hydro-mechanickou tlohu. Pro modelovani transportnich procest vedeni vlhka
a tepla jsou kdispozici modely Kiinzeliv a Kiesselliv. Pro popis smrStovani a dotvarovani
betonii lze pouzit model B3, poskozeni je mozné modelovat pomoci skalarniho poskozeni.
Podlozi pod zakladovou deskou je mozné modelovat pomoci soustavy pruznych podpor
vlozenych v mistech uzli sit¢ kone¢nych prvki.

2. Modely pro popis mechanickych vlastnosti materiala
Pti vypoctech poskozeni se vychazi z dekompozice celkové deformace
€t = €+ €4 T Er + Estr T En (D

kde &, je celkova deformace,e. je elastickd deformace, €4 je deformace od posSkozeni, & je
deformace od dotvarovani, € je deformace od smrStovani a €q je deformace vlivem zmény
teploty. Vlivy smr§tovani a dotvarovani betonu spole¢né s pretvofenim od zmény teploty maji
znany vliv na celkové pietvoteni, které je rozhodujici pro to, zda dojde k vytvoteni trhliny ¢i
nikoliv. Pro modelovéani smr$tovani a dotvarovani mladych betonii 1ze pouzit model B3 popsany
napt. v [Bazant — Baweja, 1995]. Oba vlivy jsou v ném zahrnuty a jsou zavislé na teploté a
vlhkosti. Pro modelovani poskozeni betonu byla vytvofena celd fada materidlovych modeli.

* Ing. Tomas Koudelka, Ing. Tomas Krejéi, PhD.: Katedra mechaniky, Fakulta stavebni
CVUT, Thakurova 7, 166 29 Praha 6, tel.: +420 224 354 375,
e-mail: koudelka@cml.fsv.cvut.cz, krejci@cml.fsv.cvut.cz .
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Mezi nejjednodussi z nich patii model skaldmiho izotropniho poSkozeni. Vystiznost tohoto
modelu je zavisla na volbé vhodného vztahu pro ekvivalentni ptetvofeni. Pro beton se osvédcila
Mazarsova norma, kde € jsou slozky hlavni deformace a operator <> je vybér kladnych sloZek.

£e =/(€a €0 ) 2

Evolu¢ni vztah pro parametr poskozeni ® je definovan

£ _L
S
S E

kde udefinuje sklon zmékceni a f; je tahova pevnost. Modul pruznosti, tahova a tlakova pevnost

betonu zavisi na staii betonu. Popis modelu Ize nalézt napf. v [Sluys, 2003] a [Bittnar - Sejnoha,
(1992))].

Numericka analyza modelovala zakladovou desku administrativni budovy Praha-T&Snov.
Zakladova deska ma tloustku 1 m, je v obou smérech vyztuzena 120V25/m a byla modelovana
jako 2D-tloha. Pocitatova simulace zacind v dob¢ jeden den od ukonceni betonaze, kdy se
predpoklada ukoncené tuhnuti betonu a ptisobeni desky jako Zelezobetonové konstrukce. Byla
provedena termo-hydro-mechanickd analyza, transportni procesy byly popisovany modely
Kiinzela a Kiessla, pro mechanické chovani byl pouzit model B3 a model skalarniho izotropniho
poskozeni. Z analyzy bylo zjisténo, Zze béhem procesu vysychani pokles vlhkosti a teploty
ovliviiuje nejdiive vrstvy u povrchu. Jadro desky je ovlivhéno mnohem pozdéji. Smrstovani
betonu zapficitiuje vznik tahovych napéti ve vrstvé u homiho povrchu a nésledné vznik
mikrotrhlin.

3. Podékovani

Tento prace vznikla za finanéniho piispéni MSMT CR, projekt 1M6840770001 v ramci &innosti
vyzkumného centra CIDEAS
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EXPERIMENTAL MEASUREMENT OF THE CHARACTERISTICS
OF SILICONE MED 4550 FOR FEM SIMULATION

J. Koukalova*, Z. Horak*, P. Tichy*

Summary: The Laboratory of Human Biomechanics, CTU in Prague is engaged
in development of spinal replacement, among others on the basis of silicone. The
design of the new type of spinal replacement assumes the restoration of the
physiological properties in spine segment especially its normal mobility. One of
the methods to predicate the functional properties of these replacements is a
computer simulation using Finite Element Method. The necessary condition for
relevant simulation of polymer material is the determination of their material
properties that are not readily available. From that reason was necessary to
perform the experimental measurement of the silicone material characteristics.
On basis of the measured characteristics it was possible to determine the material
parameters for several description of the material that are implemented in the
environment of Finite Element Method solver.

1. Uvod

Pracovisté laboratofe biomechaniky pii CVUT v Praze se zabyvéa vyvojem spinalnich nahrad,
mimo jiné na bazi silikonu MED 4550. Jednou z metod predikce funk¢nich vlastnosti téchto
nahrad je simulace pomoci MKP. Nutnou podminkou pro relevantni simulaci polymernich
materidlll je urceni jejich materidlovych vlastnosti, které nejsou bézn¢ dostupné. Z tohoto
divodu bylo nutno provést experimentalni méfeni charakteristik silikonu MED 4550. Na
zékladé namétfenych charakteristik bylo mozno uréit materidlové parametry pro piislusné
popisy materidlu, které jsou implementovany v prostiedi MKP feSice.

2. Metody

Experimentalni métfeni charakteristik silikonu MED 4550 bylo provedeno podle normy
CSN ISO 37 - Pryz z vulkanizovanych nebo termoplastickych kau¢ukd. Stanoveni tahovych
vlastnosti a ISO 7743:2004 Rubber, vulcanized or thermoplastic. Determination of
compression stress-strain properties.

Ve vypocetnim programu ABAQUS se pro elastomerni materidly pouziva materialovy
model hyperelastického materidlu. K vyjadfeni potencidlu deformac¢ni energie je k dispozici
nékolik modeli — polynomicky (vCetn¢ specidlnich piipadi naptiklad redukovany
polynomicky, Neo-Hook, Mooney-Rivlin a Yeoh),Ogden, Arruda-Boyce, Van der Waals a
Marlow. Na zékladé¢ naméienych experimentalnich dat z jednoosych tahovych a tlakovych
zkousek byla provedena ovétovaci analyza vhodnosti pouziti jednotlivych modeli.

* Ing. Jana Koukalov4, Ing. Zden&k Horak, Ing. Petr Tichy: Laboratof biomechaniky, CVUT v Praze, Fakulta
strojni, Ustav mechaniky; Technicka 4, 166 07, Praha 6; Tel: +420 224 352 527, Fax: +420 233 322 482;
email: koukalov@biomed.fsid.cvut.cz
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3. Zavér
Materialovy model Arruda-Boyce nejlépe odpovidd experimentalnim datim.Tvar potencialu
deformacni energie pro model Arruda-Boyce je

> = 1 J, -1
§ () — (P nJ
p ) D( 2 el) s (1)

m

kde U je potencial deformaé¢ni energie; J, je elasticky objemovy koeficient; 7, je prvni
invariant; a p,A,Cia D jsou materidlové konstanty.

4. Podékovani

Tento prispévek vznikl za podpory projektu Ministerstva Skolstvi: Transdisciplinarni vyzkum
v biomedicinckém inZenyrstvi 2, No. MSM 6840770012 a grantu No. 106/05/2174 Grantové
agentury Ceské republiky.
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ANALYSIS OF DYNAMIC PROPERTIES OF MULTIMOTOR DRIVING
SYSTEMS

C. Kratochvil, L. Houfek, M. Houfek

Summary: Problematic of multimotor driving systems is very actual. These
systems have a lot of advantages, like better possibilities of speed
regulation, higher reserve of power, better dynamics characteristic due to
reducing of moment inertia, when overall power is keeped. These systems
have also disadvantages resulting for instance from small deviations
characteristics of individual motor. This may lead to the occurrence of
complex vibrations during no-load run and during starting as we will show
in this paper.

1. Uvod

Vicemotorové soustavy vykazuji pii srovnani s jednomotorovymi pohonovymi soustavami
fadu vyhod

Na druhé strané se setkavame s problémy pii rozbéhu, dob¢hu a obecné pti zménach
pracovnich stavll,, vyplyvajicich zejména z odchylek charakteristik jednotlivych motori, i
kdyz jsou stejného typu, kdy se setkavame s nerovnomérnym rozdélenim pienaseného vykonu
na jednotlivé motory a s nesouladem jejich otacek. To ma zpravidla za nasledek, Ze néktery
z motorii miiZe pracovat v generatorovém a ne motorickém reZimu — a zvySovat tak celkové
pfenaSené zatizeni a objevuje se nebezpeci vzniku slozitych kmitavych dé&l nelimérné
zatézujicich celou pohonovou soustavu a vnikaji problémy pii jejim fizeni. V ¢lanku se
budeme zabyvat problematikou matematického modelovani téchto efekti s cilem objasnit
jejich vliv na ,,vnitini dynamiku* motorové subsoustavy.

2. Modelova pohonova soustava

Na obr. la je schematicky zndzornén pohon technické soustavy, ktery je slozen ze ctyt
stejnosmernych motort s cizim buzenim, fazenych po dvou sériové do dvou paralelnich vetvi.
Kazdy motor ma wvnitini zpétnovazebni proudovou smycku a nadfazenou rychlostni

" Prof. Ing. Ctirad Kratochvil, DrSc., Ustav mechaniky t&les, mechtroniky a biomechaniky, Fakulta strojniho
inzenyrstvi, Vysoké uceni technické v Brné, Technicka 2896/2, 616 69 Brno. Tel.: 541142853, fax: 541142876,
e-mail: kratochvil@fme.vutbr.cz.

Ing. Lubomir Houfek, PhD., Ustav mechaniky téles, mechtroniky a biomechaniky, Fakulta strojniho inZenyrstvi,
Vysoké uceni technické v Brn¢, Technicka 2896/2, 616 69 Brno. Tel.: 541142887, fax: 541142876, e-mail:
houfek@fme.vutbr.cz.

Ing. Martin Houfek, Ustav mechaniky téles, mechtroniky a biomechaniky, Fakulta strojniho inzenyrstvi, Vysoké
uceni technické v Brné, Technicka 2896/2, 616 69 Brno. Tel.: 541142887, fax: 541142876, e-mail:
martin.houfek@volny.cz.
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(otdCkovou) smycku. Motory jsou spojeny spojkami typu BIBI, které by mély eliminovat
ptipadné odchylky thlovych rychlosti jednotlivych motori a ve vazbach s technologickou
¢asti, modelovanou redukovanym momentem setrvacnosti J;, je nutné pocitat s villemi, které

mohou vznikat pti pfechodovych stavech.
Zatézovaci proces reprezentuje technologicky moment M ,(¢), ktery kaskadovité

naristd v nepravidelnych casovych intervalech — viz obr.lb. Kazdy ptfechod je pfitom
doprovazen lokalnim Spickovym jednotkovym momentovym skokem.

Subsystem I Subsystem 11 M; [Nm]
t, 20001 4590

Tacho |Master (Slave) Slave] /|

3000 1

2000 A

1000 1

0 05 1.0 15 20 25 tIsl
Obr. 1a: Schéma soustavy Obr. 1b: Prabeh technologického momentu

3. Matematicky model pohonové soustavy

Mechanickou ¢ast pohonové soustavy miizeme popsat klasickou maticovou pohybovou
rovnici:

My (¢)+Bq(7)+Kq(7)+h(q.q,t)=f (1) +f, (w,0,7) (1)

kde M, B a K jsou matice hmotnosti (resp. momentil setrvac¢nosti), torznich tlumeni a tuhosti,
fr je vektor technologickych zatizeni, q je vektor odezev a fg je vektor zatizeni od
elektrického subsystému. Nelinearity jsou soustfedény ve sloupcové matici h(q,q,7). Prvky

vektoru u a u mohou byt ziskany feSenim elektrické subsoustavy, reprezentované soustavou
diferencialnich rovnic I. fadu.

4. Zavér

V ptispévku je ukdzano na moznost vyuziti simulac¢nich vypoctl pifi vybéru parametrii a
zpusobll regulace slozitych pohonovych soustav svice motory. Jde o slozitou
elektromechanickou fizenou soustavu, kterd je z hlediska provozni spolehlivosti extrémné
zavisla na vhodné regulaci a fizeni. Vybér parametra pii simulacnich experimentech mtize dat
konstruktérovi podklady pro mozné upravy jiz ve stadiu projekce pohonové soustavy a muze
tak vyznamné urychlit cely navrhovy proces. Déale se mohou relativné snadno vyzkouset i
,»havarijni“ situace a situace s nepravdépodobnymi poruchami a lze tak ziskat podklady i pro
ptedpovédi provoznich spolehlivosti.

5. Podékovani

W

Prace vynikla jako soudast feSené problematiky Vyzkumného zaméru MSMT CR ¢.
MSMO0021630518 — Simula¢ni modelovani mechatronickych soustav.
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NUMERICAL ANALYSIS OF INTERACTION OF A MOVING BODY
AND STREAMING MEDIUM WITH HIGH RE NUMBER

R. Kril, S. Pospisil, J. Naprstek !

Summary: The paper presents an ability of finite element method (MKP) in the
fluid dynamics, particularly in a civil engineering. It compiles examples of air flow
around a structure, fluid-structure interaction, drag and lift calculations or problems
of aeroelastic stability. The solution is based on the Navier-Stokes equations (NSE)
of incompressible fluid. The equations are solved in FEMLAB software which allows
to formulate a weak form of differential equations. Because of this possibility we can
define a stabilized technique of NSE for solutions of problems with high Reynolds
number.

1. Uvod

Pfiblizn€ od padesatych letech minulého stoleti se MKP stala jednou z nejvyznamnéjsich nu-
merickych metod k feSeni okrajovych uloh kontinua. Dnes, v dobé rozvoje vypocetni techniky,
patii mezi jeji hlavni pfednosti pfedevSim Sirokd moZnost vyuziti, relativné snadno definovatelny
univerzalni vypocetni algoritmus a v neposledni fadé kratky vypoctovy Cas. VétSina soucasnych
vypocetnich programt je zaloZena na standardni Galerkinové formulaci MKP. Tato formulace
se uspésné osveédcila pri feseni problémi teorie pruznosti, vedeni tepla apod. V sedmdesatych
letech 20. stol. bylo snahou aplikovat Galerkinovo vyjadieni k feSeni dynamiky tekutin, jez se
pozdéji ukazalo jako méné vhodné v disledku numerické nestability feseni.

2. Popis numerického modelu interakce

Numerickd nestabilita Navier-Stokesovy rovnice v Galerkinové formulaci je zplsobena do-
minanci nelinedrniho konvektivniho ¢lenu rovnice. Uzlova oscilace, jako projev nestability
zobecnéného feSeni NSE stanoveného dle Galerkina, s velikosti konvektivniho ¢lenu nedmérné
narusta. Ukazatelem miry nestability feSeni miZeme pouzit Reynoldsovo ¢islo (Re), jeZ vyja-
dfuje pomér mezi velikosti prvku sité, hustotou média, lokalni rychlosti a dynamickou visko-
zitou tekutiny. Vzhledem k velkému méfitku simulovanych modeld a relativné velké rychlosti
proudéni kapaliny dosahuje Re ve stavebni aerodynamice vysokych hodnot a feSeni Navier-
Stokesovy rovnice pomoci Galerkinovy metody je nevhodné. Stabilizaci feSeni NSE muZeme
vSak docilit vhodnou kombinaci Galerkinovy metody a metody nejmensich ctvercii (GLS). Do

! Ing. Radomil Krl, Ing. Stanislav Pospi3il, PhD., Ing. Jiff Néprstek, DrSc., Institute of Theoretical and Applied
Mechanics, Proseckd 76, 190 00 Prague 9, e-mail: kral @itam.cas.cz
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puvodni soustavy diferencidlnich rovnic vloZime nové ¢leny, které obdrzime ze zakladni pod-
minky varia¢ni metody nejmensich ¢tvercti . Tyto Cleny jsou déle piendsobeny stabilizacnim
koeficientem 7, jenz urcuje podil novych ¢lenti na zobecnéném feseni problému.

Vzhledem k nestaciondrnim okrajovym podminkdm pfi interkaci je pfi této metodé defi-
novan algoritmus transformace mezi Eulerovymi a Lagrangeovymi soufadnicemi pomoci tzv.
Lagrangeova-Eulerové metodé (ALE). Pivodni soustava diferencialni rovnic se rozsiii o urcity
pocet rovnic, ¢imzZ také vzroste pocet stupiii volnosti soustavy. Vyhoda tohoto postupu spoc¢iva v
tom, Ze neni nutno vytvaiet novou sit’ prvki pii deformaci ¢i posunu télesa. Okrajové podminky
diferencidlnich rovnic jsou splnény pomoci Lagrangeovych multiplikatort, které 1ze dale vyuZit
ke stanoveni uc¢inku tekutiny na téleso.

3. Priklady

Obr. 1 a 2 ukazuji praktické vyuZiti uvedené metody. V pripadé obtékani kostelni véze, Obr.
1, s cilem zjistit mista s vysokym tlakem nebo sanim na kryting€, byla metoda vyuZita v 3D.
Obr. 2 prezentuje chovani télesa s neaerodynamickym profilem ve vétru se zdmérem stanovit
kritickou rychlost vzduchu, pii které dojde ke ztraté tzv. aeroelastické stability. Jednd se o ptipad
vzajemné interakce télesa a kapliny, u kterého zavadime systém ALE rovnic k popisu deformace
sité prvka.

Siice: Velaciy fieldStreamling: Velocity field Max: 23.563 Time-23.48 Surface o Sweamine: (1, ] Subsomain olsaiacement (o, . Bauncary isplacement by oy

Obr. 1. 3-D modelace proudéni vzduchu Obr. 2. Stanoveni kritické rychlosti vétru -
kolem barokni véZe v redlném méfitku - flutter; oblast tlakového pole s proudnicemi
4. Zavér

V ¢lanku je popsdna metoda numerického feseni modelu interkace stavebniho objektu a tekutiny.
Plivodné nestabilni chovani feSeni NSE bylo odstranéno zavedenim kombinace Galerkinovy
metody a metody nejmensich ¢tvercii. Byl ukdzan zptisob feseni problému s nestacionarnimi
okrajovymi podminkami. K vypoctu bylo vyuZito programu FEMLAB. Spolehlivost metody
byla ovéfena na konkrétnich problémech stavebniho inZenyrstvi, které byly porovnany s expe-
rimentem.
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MOBILE ROBOT PATH PLANNING BY MEANS OF CASE-BASED
REASONING AND RAPIDLY-EXPLORING RANDOM TREES

P. Kréek', J. Dvorak”

Summary: The aim of the robot path planning is searching for a path from a
robot start configuration to a goal configuration without collisions with known
obstacles minimizing weight of the path. We consider a nonholonomic robot
moving in a two-dimensional continuous space with known polygonal obstacles.
When planning a path by Case-Based Reasoning (CBR), the most similar cases
(already used paths or their parts) are searched for to be subsequently adapted to
the new problem. Rapidly-exploring Random Trees (RRT) are used to find the
missing parts of the constructed paths or new paths if similar cases are not found
or adapted solutions are not good enough.

1. Uvod

Ukolem planovéni cesty robotu je nalezeni cesty z poéate¢ni do cilové pozice bez kolize se
znamymi pirekazkami tak, aby ohodnoceni cesty bylo minimélni. Ohodnoceni cesty je urc¢eno
hlavné délkou cesty a muze zahrnovat i dal$i aspekty, jako napf. obtiZnost a riziko cesty.
Prostfedi robotu se uvazuje bud’ jako spojité, nebo se né¢jakym zptsobem diskretizuje (napf.
pomoci miizky). Jestlize jsou na pohyb robotu kladena néjaka dodate¢na omezeni (vyjma téch
ktera jsou spojena se zpusobem modelovani prostiedi), pak je robot charakterizovan
ptivlastkem neholonomicky (nonholonomic). V tomto ¢lanku je zkoumano planovani cesty
autonomniho neholonomického mobilniho robotu ve dvourozmérném spojitém prostoru.

2. Pripadové usuzovani a pravdépodobnostni stromy

Ptipadové usuzovani (case-based reasoning, Aamodt & Plaza 1994) tesi novy problém
adaptaci znamych feSeni podobnych problému, které byly jiz feSeny v minulosti. Zda se, ze
ptipadové usuzovani je pro navigaci robotu vhodnou metodou, nebot’ v fad¢ aplikaci robot
casto opakované fesi podobné ukoly.

Ptipadové usuzovani pro planovani cest robotu se neobejde bez nékteré dalsi metody
hledéani cest. Pouziti jiné metody je nezbytné v situacich, kdy systém ptipadového usuzovani
zacina pracovat s prazdnou bazi ptipadd, nebo kdyz ziskané feSeni neni dost dobré a musi byt
prepracovano. V tomto ¢lanku je uvazovana kombinace piipadového usuzovani s algoritmy
rychle mapujicich ndhodnych stromt (rapidly-exploring random trees, LaValle & Kuftner
2001), které patii k GspésSnym metodam planovani cesty neholonomickych robotl ve spojitém
prostiedi. Algoritmus RRT spociva v postupné konstrukci hran prohleddvaciho stromu ve

: Ing. Petr Kréek, RNDr. Jiti Dvotak, CSc.: Ustav automatizace a informatiky, Fakulta strojniho inzenyrstvi
VUT v Brng; Technicka 2896/2; 616 69 Brno; tel.: +420.541 142 435; e-mail: ykrcekOO@stud.fme.vutbr.cz
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sméru ndhodné generovanych bodi. Tento algoritmus bylo nutné pro efektivni spojeni
s metodou CBR modifikovat pro vyhledavani do vice cila.

Béze ptipadi je organizovéana jako pripadovy graf (Haigh & Shewchuk 1994), pficemz
kazdy ptipad je reprezentovan dvojici opacné orientovanych hran. Pfi ukladani Gsp&Sné
absolvované cesty robotu do baze ptipada se jako samostatny piipad ukladd kazda trividlni
hrana cesty nalezend algoritmem RRT. K ulozeni jednotlivych hran ovS§em muze dojit pouze
tehdy, pokud se v bazi ptipada jesté nevyskytuji podobné piipady. Uzly piipadového grafu
odpovidaji konfiguracim robotu ohranicujicim jednotlivé trividlni hrany a jsou ohodnoceny
soufadnicemi stfedu robotu. Pokud hrana v piipadovém grafu protina jinou hranu, potom se
snazime propojit tyto hrany (pokud je to mozné) doplnénim dalSich uzli a trividlnich hran.

Kombinovany algoritmus CBR a RRT se pokousi spojit jak pocatecni, tak i1 cilovou
konfiguraci robotu s nejbliz§imi uzly ptipadového grafu (k tomu se pouziva algoritmus RRT
s malym poctem iteraci). V takto vzniklém grafu se pak hledd optimalni cesta pomoci
upraveného Dijkstrova algoritmu. Tato Uprava zohlednuje to, Zze v disledku kinematickych
omezeni robotu moznost pokracovani z aktualniho uzlu zavisi na hrané, po které se robot do
tohoto uzlu dostal. V ptipad€ neuspéchu kombinovaného algoritmu se cesta z pocatecni do
cilové konfigurace robotu hled4d pomoci algoritmu RRT s vys$§im poctem iteract.

3. Zavér

Navrhujeme zde metodu kombinujici pfipadové usuzovani s hledanim cesty pomoci
nahodnych stromt. Dosud provedené experimenty naznacuji, ze pouziti piipadového grafu
muze piinést vyznamnou Usporu ve srovnani se samotnym algoritmem RRT. Tento poznatek
bude ovSem tfeba ovéfit rozsahlejSimi experimenty, pii nichz bude ptipadovy graf postupné
vytvafen a bude také zkouman vliv velikosti tohoto grafu na rychlost hledani cest.

V dalsim vyzkumu budeme rovnéz studovat moznosti adaptace nalezenych cest jejich
vyrovnavanim a problematiku souvisejici s uchovavanim ptipadi a udrzovanim baze piipada.
Bude také zkoumana mozZnost pocateéniho naplnéni baze piipadli podmnozinou néjakého
stromu nalezeného algoritmem RRT.

4. Podékovani

Tento clanek byl zpracovan vramci védecko-vyzkumného zaméru MSM 0021630518
"Simula¢ni modelovani mechatronickych soustav".
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CONTACT SENSOR FOR ROBOTIC APPLICATIONS -
- VERIFICATION OF FUNCTIONALITY

P. Krejéi, R. Vlach, R. Grepl”

Summary: The information about interaction between robotic parts and
surroundings is necessary for intelligent control of robot behavior. The simplest
example of such interaction is mechanical contact between working part of robot
and surroundings. Than the knowledge of contact characteristic is important for
robot control. This mechanical contact could be described by vector of contact
force which includes information about force magnitude as well as information
about orientation and contact point. The information about contact force vector
will allow to predict the geometry of subject which is in the contact with robots
parts and modify robots behavior. This kind of sensor can be used for control of
robotic hand gripping force as well as for detection of collision between robot
and surrounding. This paper deals with design of contact sensor for robotic
application and verification of its functionality which was proof by numerical and
also by experimental verification.

1. Uvod

Tento ¢lanek se zabyva konstrukci a ovérenim funkénosti snimace vektoru sily, ktery
je vyvijen pro aplikace v oblasti robotiky, kde znalost vektoru kontaktni sily umozni zlepSeni
¢innosti robota. Uvedena prace navazuje na piedchozi publikace zamétené na toto téma.

2. Princip €innosti senzoru

Princip ¢innosti daného senzoru je zaloZen na méteni pretvoreni aktivni ¢asti snimace
pomoci t¥ tenzometrd a naslednd identifikace velikosti a vektoru zatéZzné sily pomoci
neuronové sité. Pro spravnou ¢innost neuronoveé sité je zapotiebi dostate¢né mnoZstvi
tréninkovych vzora, které vypocétenym pietvoienim v predpokladanych mistech nalepeni
tenzometru prifazuji prislusné vektory sily. K vytvoreni tréninkové mnoziny je pouzit MKP
model snimace, simulujici realné podminky zatizeni a geometrii pouZitého snimace.
K vytvoieni dostatecné velké tréninkové mnoZziny je zapotiebi provést velké mnozstvi
vypoctovych simulaci s odliSnou velikosti zatézné sily a pozici puasobisté sily na ,hlave”
senzoru.

3. Neuronova sit’

Vstupni vektor pouZité neuronoveé sit¢ zahrnuje deformace téla senzoru v mistech
piedpokladaného nalepeni tenzometrd. Vystupni vektor obsahuje informace o kontaktni sile a
pozici kontaktni sily na hlavé senzoru.

*Ing. Petr Krej&i, PhD., Ing. Vlach Radek, PhD., Ing. Robert Grepl, PhD. Ustav mechaniky t&les, mechatroniky
a biomechaniky. Fakulta strojniho inzenyrstvi, Vysoké ucéeni technické v Brng, Technicka 2896/2, 616 69 Brno.
Tel.: +420 54114 2888, fax: +420 54114 2876, e-mail: krejci.p@fme.vutbr.cz
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4. Verifikace funkénosti neuronove sité
Kontaktni sila o velikosti 20N byla pouZzita pro ovéieni funkce neuronové sité. Pozice
této kontaktni sily byla odlisnd od pozic zatéZznych sil, které byly pouZity pro trénink
neuronové sité. Vysledky simulace informaci o vystupnim vektoru pomoci neuronoveé sité
jsou v tab.1.
Tab. 1 Vysledky verifikace funk¢nosti neuronové sité

Souradnice kontaktni sily Shoda

Simulované pomoci MKP Simulované pomoci NN [%]
x [mm] 6.10 6.03 98.85
y [mm] 331 -3.29 99.39
7 [mm] 15.95 15.97 99.87

5. Vyroba prototypu senzoru a navrh elektronickeé ridici jednotky
Prototyp senzoru byl vyroben se slitiny hliniku. Uvedeny senzor byl opaien
tenzometry firmy HBM a je uveden na obr.1.

Obr. 1: Vyrobené prototypy senzoru kdhtaktni sily

Déle byla v rdmci projektu navrZena a odzkou3ena vyvojova elektronickd deska
umoznujici préaci s procesory ATMEL AVR. Tato deska je vyuZivana pro implementaci
obsluznych procedur pii zpracovavani a vyhodnocovani namérenych pietvorenich pomoci
vytvoreného snimace. Tato deska je vyuZivana pro implementaci neuronove sité, ktera na
zaklade pretvoieni nameéienych tenzometry uréuje vektor kontaktni sily.

6. Zavér

V ramci tohoto projektu byl odzkouSen princip navrZzeného senzoru na vyrobeném
prototypu. Experiment potvrdil funkénost dané konstrukce a ukazal dalsi sméry vyzkumu
zejména v oblasti zvySovani citlivosti snimace v osovém smeéru.

7. Podékovani

Publikovanych vysledki bylo dosaZzeno za podpory ministerstva S$kolstvi,
mladeze a telovychovy Ceské republiky, vyzkumny zamér MSM 0021630518
"Simula¢ni modelovani mechatronickych soustav*.
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ANALYSIS OF FOUNDATION SLAB OF ADMINISTRATION
BUILDING PRAHA TESNOV: HEAT AND MOISTURE TRANSFER

T. Krej¢i, T. Koudelka”

Summary: In this paper, we present computer simulation results of a concrete
slab behavior in an early stage. The foundation slab is situated in the basement of
the administration building Tésnov. The Kiinzel and Kiessl's model was used to
analyze heat and moisture fields and was extended by a set of climatic conditions
and by a model of hydration heat evolution in concrete.

1. Uvod

Transportni problémy se obecné fesi jako sdruzené nelinedrni ulohy, které vyzaduji
simultdnni numerickou integraci tfi skupin rovnic. Prvni skupinu transportnich rovnic tvofi
Fickliv, Darcyho a Fourieriv zdkon, druhou bilan¢ni rovnice, tfeni rovnice materidlové
(reten¢ni vztahy). Diskretizaci transportniho problému pomoci metody konecnych prvka
dostavame systém nelinearnich a nesymetrickych rovnic. Lze ukézat, Zze je vhodné rozsifit
numerické feSeni soustavy rovnic o Newtonovu — Raphsonovu metodu pro nelinedrni
soustavu rovnic. Zejména pokud maji materidlové vlastnosti silné nelinearni zavislost. Tento
fakt vyrazné zvySuje naroky nejen na pocitacové zpracovani, ale i na hardware pocitace
(rychlost procesoru, velikost paméti). Méni se zpusob ukladdni matic v systému
algebraickych rovnic, méni se zplsob jejich feSeni a nartistd doba vypoctu. Jako velmi
vyhodné feSeni se ukazuje pouziti paralelniho programovani [Kruis, 2005].

2. Analyza zakladové desky

Numerické feSeni pienosu tepla a vlhkosti bylo vyuZito v pocitacové simulaci chovani
zékladové desky administrativni budovy Praha TéSnov v pocate¢nim stadiu (prvnich ¢trnact
dnt). Zékladova deska ma tlouStku 1 m a je v pficném i podélném sméru vyztuzena. Byla
vybetonovéna ve tiech vrstvach. Po vybetonovani byla deska tii dny kropena a po dobu péti
dnt pfikryta PE folii. Po¢itacova simulace za¢ina v dob¢ jeden den od ukonceni betonaze, kdy
se predpoklada ukonceny proces tuhnuti betonu a plsobeni desky jako zelezobetonové
konstrukce.

K analyze teplotniho a vlhkostniho pole v aplikaci na zakladovou desku byl pouzit model
autort Kiinzela a Kiessla rozsifeny o soubor klimatickych podminek a model vyvinu
hydrata¢niho tepla v betonu.

Ing. Tomas Krejéi, Ph.D., Ing. Tomé$ Koudelka: Fakulta stavebni Ceského vysokého uéeni technického
v Praze; Thakurova 7; 166 29 Praha 6; tel.: +420.224 354 309, fax: +420.224 310 775;
e-mail: krejci@cml.fsv.cvut.cz
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Z rozboru vysledki a z ndsledné mechanické analyzy byly zjiStény nasledujici skutecnosti: 1)

Nahromadéné hydratacni teplo ,,odejde* zhruba po sedmi dnech a snim dozniva i faze
autogenniho smrstovani. 2) Béhem procesu vysychani pokles vlhkosti a teploty ovliviiuje
nejdiive vrstvy u povrchu. Jadro desky je ovlivnéno mnohem pozdéji. Smrstovani betonu
Vliv vysychani na vyvoji napéti je znacny. Je velmi pravdépodobné, Ze rozestifené trhlinky
v oblasti tahovych napéti mohou zplsobit vznik hlavni trhliny.

3. Zavér

Uvedena studie ukazuje, Ze modelovani pretvarnych procesti jak v mladém betonu, tak
v dlouhodobém pribéhu vysychani vyzaduje volbu fyzikalné spravného modelu k popisu
transportnich procesti ve zrajicim betonu. Volbu realnych materidlovych parametrt jak pro
transport tepla a vlhkosti (v€etn¢ konkrétni reprezentace vyvoje hydratacniho tepla a
hydratace samotné), tak pro poruSovani mladého betonu (spravnd hodnota lomové
houzevnatosti) a stanoveni odpovidajicich pocate¢nich a okrajovych podminek (klimatické
podminky).

4. Podékovani

Tento vysledek byl ziskan za finan¢niho ptispéni MSMT CR - projekt 1M6840770001 a
vyzkumného centra CIDEAS.
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IMPROVING RAPIDLY EXPLORING RANDOM TREES METHOD
USING TWO TREES

J. Krejsa', S. Véchet"

Summary: The paper is focused on increasing the speed of rapidly exploring
random trees method, used for path planning tasks. Original method uses single
tree running from the initial node while modified version adds another tree
running from the goal node and nodes of both trees are occasionally connected to
form the obstacle free path from initial to goal node. Description of the
modification together with comparison of both versions is included. Modified
version significantly reduces the search time; however certain drawbacks occur.

1. Introduction

Rapidly exploring random trees (RRT) method is a suitable method for solving the path
planning problem (Krejsa & Veéchet, 2005). The method uses randomized data structure
sequentially expanded by creating new nodes of a tree structure in the direction of randomly
selected points. RRT starts with initial state x;,;, searching for the goal state x, with all
nodes and vertices of RRT in obstacle free space. Sequential tree expansion first generates the
random state x.,,, and finds the closest node X, in existing structure and new node is
generated in Ax distance from X, In the direction to x If node meets all restrictions it

is added to RRT structure and the process continues until obstacle free path is found.

init

rand *

2. Modified algorithm

Modified algorithm uses the same expansion procedure, but it incorporate two trees RRT,;,
and RRT__, — first starting from the initial state x ., second starting from the goal state x

goal
Trees expansion is sequential, supplemented with the routine connecting the nodes of both
trees in order to find the obstacle free connection between the trees. The Connect procedure
sequentially tries to connect the nodes of RRT, . with nodes of RRT,, while keeping the

init goal
connecting line obstacle free and meeting all other defined restrictions. The procedure is
called every n-th run of the expansion procedures, where n corresponds to
CONNECT _INTERVAL variable. The simplest version of Connect runs all the combinations
of nodes in both trees and checks whether the possible connection is obstacle free.

init ? goal *

" Ing. Ji¥i Krejsa, PhD. Institute of Thermomechanics — Brno branch, Czech Academy of Sciences, Technicka 2,
616 69, Brno, Czech Republic, tel: +420 541142885, email: jkrejsa@umt.fme.vutbr.cz
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3. Algorithm comparison

Both versions were compared on the mobile robot path planning tasks using simple and
complex maps of size 500 x 500. The dependency graphs including the number of nodes in
the tree (or both trees for the modified version) and number of nodes in the resulting path
were generated for both types of the map. As tree generation is the random process the
experiment was repeated twenty times for each case and mean values and standard deviations
are included. From the graphs one can see there is a significant reduction of number of tree
nodes. For the simple map the reduction is oscillating in the range of 25 — 40 %, in the
complex map case in the range of 30 - 50 %. Regarding the number of nodes in the resulting
paths, there is significant reduction in the simple map case (20-30 %), caused by the shape of
the map. For the complex map there is no significant change in number of path nodes, as
expected. Development of the trees during the search and comparison of number of nodes in
the tree in complex map for both variants of the algorithm are shown in figure below.
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4. Conclusions

The modified version of RRT algorithm brings substantial reduction of number of nodes in
the resulting tree structure thus reducing the search time, when extended memory
requirements are permitted. Depending on particular application such search time reduction
can bring substantial improvement of whole application, however, the limits of the method,
connected to the nonholonomic constraints must be taken into account prior to the application.
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PARALLELIZATION OF FUZZY PROBLEMS

J.Kruis, P. Stemberk !

Summary: Thetheory of fuzzy sets becomes still more popular in engineering prob-
lems where introduction of uncertainty is necessary or desirable. The theory of
probability, which was exclusively used until recently, is sometimes awkward and
there are difficulties in cases with lack of sufficient information which is needed for
proper definition of probability distribution. In such cases, the theory of fuzzy setsis
useful tool which describes uncertainty in input data by fuzzy numbers. A problem
with fuzzy input data leads to fuzzy output data and whole computation should be
rearranged with respect to fuzzy numbers. A popular and efficient method for solu-
tion of fuzzy problems is the method of a-cuts which may be very computationally
demanding. Smple parallelization of a computer code leads to ideal speedup and
enables solution of relatively large problems.

1. Uvod

Podrobné;jsi analyzy konstrukei vyzaduji nejen kvalitni materidlové modely a vérny popis ge-
ometrie a zatiZeni, ale i zavedeni nejistot. Rizné materidlové parametry, rozméry konstrukce
¢i dilu, velikost a psobisté zatiZeni a okrajové podminky jsou piiklady, kde se v§ude vyskytuji
nejistoty.

AZ doneddvna byly nejistoty popisovany pouze pomoci teorie pravdépodobnosti a matem-
atické statistiky. Nékteré vstupni parametry byly modelovany jako ndhodné veliCiny a hledala
se rozdéleni poZadovanych vystupnich veli¢in. Tento postup vede na nékolik potizi. Predné je
tieba urcit rozdéleni pravdépodobnosti vstupnich veli¢in véetné parametrii jednotlivych rozdé-
leni. Ne vZzdy je k dispozici dostatek podkladd a ur€eni rozdéleni pravdépodobnosti pouze z
nékolika dostupnych informaci miZe byt problematické.

Druhd potiZ souvisi s rozdélenim pravdépodobnosti vystupnich parametrd. Rozdéleni prav-
dépodobnosti vysledku algebraické operace mezi dvéma ndhodnymi veli¢inami se zndmymi
rozdélenimi pravdépodobnosti je zndmo jen ve velmi mélo specidlnich a trividlnich pfipadech.
Proto je témef vzdy tfeba pouzit vhodnou simula¢ni metodu. Obecné lze tvrdit, Ze simulacni
metody jsou vypocetné narocné.

1 Ing. Jaroslav Kruis, Ph.D., Katedra mechaniky, Stavebni fakulta CVUT, Thakurova 7, 166 29 Praha 6, tel. +420
224 354 369, e-mail jk@cml.fsv.cvut.cz, Ing. Petr Stemberk, Ph.D., Katedra betonovych a zdénych konstruket,
Stavebni fakulta CVUT, Thakurova 7, 166 29 Praha 6, tel. +420 224 354 364, e-mail stemberk @fsv.cvut.cz
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Posledni dobou se zacind pii popisu nejistot pouZivat alternativa k teorii pravdépodobnosti
a matematické statistice, teorie fuzzy mnozin [Akpan 2001]. Tato teorie byla poprvé uve-
dena v [Zadeh 1965]. Rozdil od klasické teorie mnoZin spociva v zobecnéni vlastnosti “patfit
do mnoziny”. Klasickd teorie mnoZin rozezndva pro kazdy prvek a kazdou mnoZinu pouze
dv€ moznosti. Prvek bud do mnoZiny patii nebo nepatii. Teorie fuzzy mnoZin zavadi tzv.
funkci pfislusnosti, kterd nabyvd hodnot od 0 do 1. Pokud je funkce pfisluSnosti rovna nule,
prvek ur¢it¢ do mnoZiny nepatfi. Pokud je funkce pfisluSnosti rovna jedné, prvek urcité do
mnoziny patii. Pro mezilehlé hodnoty prvek do mnoziny spiSe nepatii, spiSe patii, apod. Funkce
prisluSnosti umoziiuje snadno popsat nejistoty.

Teorie fuzzy mnoZin vede podobné jako teorie pravdépodobnosti k opakovanému “determin-
istickému” vypoctu. Vyhodou ale je, Ze nejistoty vstupnich idaji 1ze snadno popsat a rovnéz
popis vystupnich veli¢in je jednoduse vyjadren formou fuzzy Cisel. Popis nejistot pomoci fuzzy
mnoZin je vhodny zejména b&hem prvni fize ndvrhu konstrukce. Uplné ov&feni navrzené kon-
strukce miZe byt provedeno pravdépodobnostnimi metodami, protoze bude k dispozici vice
informaci. Pravdépodobnostni pfistup a pfistup teorie fuzzy mnozin by mély byt vhodné kom-
binovany.

2. Paraldizace

Jeden procesor je oznaden za Fidici, ostatni za podfizené. Ridici procesor zajistuje pouze gen-
erovani a rozesilani vstupnich dat a shromazd ovéani a vyhodnocovéni vystupnich dat. Podfize-
né procesory prijimaji vstupni data, provadéji vypocty a fidicimu procesoru posilaji vystupni
data. Je zfejmé, Ze rostouci pocet procesord vede na prakticky idedlni zrychleni vypoctu. Tento
zpusob paralelizace je velmi jednoduchy, ale umozZiuje automaticky provadét vypocty, které by
na jednom procesoru trvaly neimérné dlouho.

3. Zavér

Popsana strategie je soucasti projektu zabyvajiciho se vyuZitim teorie fuzzy mnoZin pfi popisu
nejistot v inZenyrskych tlohach. V prispévku je popsana fuzzyfikace materidlovych parametrt
a paralelizace programu vedouci k podstatnému zkraceni vypocetniho ¢asu. DalSim krokem
bude fuzzifikace zatiZeni, protoZe nejistoty v zatizeni mohou byt vyznamnéjsi neZ nejistoty v
materidlovych vlastnostech.

4. Podékovani
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APPLICATION OF THE LOGARITHMIC STRAIN IN
ACOUSTOELASTICITY

A. Kruisova, J. PleSek !

Summary: Expressions for velocities of elastic waves in pre-stressed solids are
derived using the third order strain energy function and the Hencky’s logarithmic
strain tensor as the measure of deformation.

1. Introduction

Acoustoelasticity describes how the velocity of the small amplitude sound waves propagating
through an pre-stressed elastic medium is stress dependent. This phenomenon is a basis for
non-destructive method to determine residual and active stresses in material and structure.

Hughes and Kelly [Hughes and Kelly 1953] introduced the theory and measured the ef-
fect of uniaxial stress on the velocity of sound waves in isotropic elastic material and have
shown how the values of the three third-order elastic constants of an isotropic material can
be determined. Later on, Thurston and Brugger [Thurston and Brugger 1964] extended the
theory to the case of anisotropic material with arbitrary symmetry and Toupin and Bernstein
[Toupin and Bernstein 1961] developed the theory further. However, all of them based their
theories on the Green-Lagrange strain tensor and Murnaghan’s strain energy function
[Murnaghan 1951]. This strain energy function is polynomial of the third order. For isotropic
material besides the ordinary Lamé constants A and p three third order elastic constants called
Murnaghan’s material parameters [, m and n must be used.

The frequently used Green-Lagrange strain tensor is easy and straightforward in its definition
and application, but for the linear constitutive relations gives non-realistic material response, see
e.g. [Batra 1998]. In acoustoelasticity, this property leads to the high sensitivity of the material
parameters to the small errors in velocities measurements. Then, the sign of Murnaghan’s
parameter [ changes for annealed and non-annealed aluminium alloy, [Kobayashi 1998]. Of
course, all strain tensors are equal, but if the strain energy function is chosen as polynomial
of the third order, the different strain tensors give different material response and the choice
of the strain tensor is essential, see [Hoger 1999]. The material model based on the Hencky’s
logarithmic strain tensor was introduced and the wave velocities were analysed.

"'Ing. Alena Kruisovd, Ph.D., Ing. Jif{ Plesek, CSc., Institute of of Thermomechanics, Dolejskova 5;
182 00 Praha 8; tel. +420 266 053 792; fax: +420 285 584 695; email: alena@it.cas.cz
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2. Results

e hydrostatic pressure
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EXPERIMENTAL INVESTIGATION OF ACOUSTICS OF
A SIMPLIFIED PHYSICAL VOCAL TRACT MODEL FOR
PHONATION OF VOWEL /A/ BY LF PULSE EXCITATION

J. Kry§t1°1fek1, T. Vamp01a2, J. Horatek’

Summary: The paper is focused on experiment of investigation of acoustics pro-
perties of 3D simplified model of human vocal tract for phonation of vowel /a/. The
physical model was excited by LF pulse and acoustic pressure was measured in spe-
cific points. Measured values were evaluated and compared with values calculated
by Finite Element Method (FEM).

1. Uvod

Lidsky hlas, jakoZto akusticky signdl, se skldda z velkého poctu harmonickych slozek, které jsou
nasobkem zdkladni frekvence tvorené hlasivkami. Vzdjemna velikost jejich amplitud umoZiiuje
rozeznavat jednotlivé samohldsky a md vliv na barvu hlasu. Nejvétsi vliv na kvalitu hlasu maji
frekvencni slozky v rozmezi 70 az 5000 H z. Nastrojem pro tvorbu hlasu je vokalni trakt, ktery
se chova jako proménlivy akusticky filtr, jeZ zesiluje nebo zeslabuje, v zavislosti na vyslovované
hlasce, urcité slozky frekvencniho spektra generitoru vstupniho akustického signalu, kterymi
jsou v pripadé lidského hlasu hlasivky. Cilem této prace bylo ovéfeni chovani zjednoduseného
3D modelu vokdlniho traktu ¢lovéka pfi buzeni LF pulzem (Fant et al., 1985), ktery je analy-
tickym modelem prubéhu zrychleni objemového toku vzduchu hlasivkami. Vysledkem buzeni
tohoto modelu LF signdlem by mél byt Casovy pribéh akustického tlaku a jeho frekvencni
spektrum odpovidajici hlasce /a/. Zjednoduseny 3D model s eliptickymi prifezy vznikl trans-
formaci pivodni geometrie vokdlniho traktu pro hlasku /a/ v podobé parametrickych ploch
s prufezy tvaru uzavienych hladkych spojitych kiivek. Pouzita transformace byla popsana v
¢lanku Krystifek et al. (2005), kde byly porovnany pfenosy obou parametrickych modelt a
prokdzédna opravnénost pouZiti zjednoduSeného modelu.

‘Ing. Jan  Krystifek, Ustav termomechaniky AV CR, Dolejskova 5, 182 00, Praha 8,
e-mail: jan.krystufek @fs.cvut.cz

2 Dr. Ing. Tomas Vampola, CVUTv Praze, Fakulta strojni, Ustav mechaniky, Karlovo ndmésti 13, 121 35, Praha 2,
e-mail: vampola@fsik.cvut.cz

3 Ing. Jaromir Horacek, DrSc., Ustav termomechaniky AV CR, Dolejskova 5, 182 00, Praha 8,
e-mail: jaromirh @it.cas.cz
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Obrazek 1: Porovnani frekvencnich spekter vystupnich akustickych signala (pln€) s prenosem
vokdlniho traktu naméfenym pfi jeho buzeni Sumem (teCkované): a) buzeni LF pulzem -
naméteno (vlevo), b) buzeni LF pulzem - vypocteno (urpostted), c) buzeni signdlem skute¢nych
hlasivek - naméfeno (vpravo).

2. Zavér

Z provnani ziskanych vysledki vyplyva dobra shoda spekter naméfenych hodnot vystupnich
akustickych tlakli pro buzeni LF pulzem i redlnym signdlem hlasivek se spektrem ziskanym
pri buzeni modelu Sumem. Vyrazné odliSnosti ve velikosti amplitud vysSich frekvenci spekter
jsou zpusobeny Sumem v signalu u buzeni akustickym signalem skute¢nych hlasivek a v obou
pfipadech charakteristikou dynamického budice. Spektrum vypoctenych hodnot tlaku je mirné
posunuto do vysSich frekvenci, coz je nejspiSe zptisobeno nepatrnym rozdilem geometrie vypo-
cetniho a fyzikého modelu v oblasti dst.

Na zavér lze konstatovat, Ze pouzity zpusob buzeni s ¢asovym pribéhem vychylky tvaru LF
odpovida buzeni skute¢né hlasivky.

3. Podékovani

Piispévek byl vypracovén diky podpofe grantového projektu GA CR 106/04/1025 "Modelovani
vibroakustickych systému se zaméfenim na vokalni trakt clovéka”.

4. Literatura

Krystifek, J., Vampola, T., Horacek, J.,& Vesely, J. 2005: Méreni a vypocet akustickych viast-
nosti zjednoduseného modelu vokdlniho traktu pri fonaci samohldstky /a/., in: Interaction and
Feedbacks 2005, Inst. of Thermomechanics AS CR, Prague, pp. 55-62.

Fant, G., Liljencrants, J., & Lin, Q. 1985: A four parameter model of vocal flow., in: STL-QPSR
4/1985, pp. 1-13.

Horacek, J., §Vec, J. G., Vesely, J., & Vilkman, E. 2004: Bifurkations in excised larynges caused
by vocal fold elongation., in: International conference of voice physiology and biomechanics,
Marseille, pp. 87-90.

Dedouch, K., gvec, J. G., Horacek, J., Krsek, P, Havlik, R., & Vokital, J. 2003: Akustickd
analyza muZského vokdlniho traktu., in: XIV. celostatni foniatrické dny Evy Sedlackové,
Audio-fon centrum s.r.o., Brno, pp. 60—63.

193



.n1 National Conference with International Participation

ENGINEERING MECHANICS 2006 Paggém

2006 Svratka, Czech Republic, May 15 — 18, 2006

MODEL OF TOTAL KNEE REPLACEMENT

J. K¥en', L. Hyn¢ik?, K. Koudela®

Summary: The problem of the non-Newtonian fluid flow is solved. The basic
equations are derived based on the Newtonian-fluid flow but using special
constitutive equation for the viscosity. The spatial discretization is done using the
finite element method (FEM). The algorithm is tested on a simple axial-symmetric
flow in a horizontdl tube and comparison to Newtonian fluid is stated. Application
for the synovial fluid flow modeling in the total knee replacement is presented.
The model is simplified as a planar model and the pressure distribution due to the
interaction between femur and tibia in the synovial fluid is computed.

1. Uvod

Totalni ndhrada kolenniho kloubu (tzv. aloplastika) je metoda 1écby tézce destruovanych
kolennich kloubt, ktera ma za sebou vice nez 120 let vyvoje. Koleno je nejnamahanéjSim a
biomechanicky nejslozitéjSim kloubem lidského téla. Pii modelovani umélé nahrady
kolenniho kloubu musime vyjit predevS§im z pfirozené funkce fyziologického intaktniho
kloubu. Z pohledu matematického modelovani aloplastiky kolenniho kloubu se tedy musime
zajimat o kinematicko-geometrické poméry vazby femur-tibie, dynamické namahani tohoto

komplexu (pfedevsim femurotibidlni sila) a o tribologické poméry nahrady.

7 A > -
VAVAVAYAVAVL'
AVAVAYAYAVATY

AVAVAYAVAYAY)

Obrazek 1 Aloplastika kolenniho kloubu Obrazek 2 MKP model nahradniho kloubu
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2. Fyzikalni a matematicky model kolenni nahrady

Prostorovy fyzikalni model aloplastiky kolenniho kloubu je znazornén na obr. 2. S ohledem
na slozitost a komplikovanost feSeni celého problému se v tomto pfispévku omezime pouze
na rovinny model aloplastiky, ktery je pifi zachovani relativni kiivosti preveden na model
pruzny valec a tuhd deska (obr. 3). Tloustku filmu synovidlni kapaliny /4(x,f) v misté x

muiiZzeme vyjadfit ve tvaru

y _ x4 2b
| H(xt) =hy(1) 44— Jp(f,t)ln—|x_§|d§. (1)

Vy

Sila /' je v rovnovaze s vyslednou tlakovou silou
v synovidlni kapaling, jeji velikost je cca 2,8 az 4,3
nasobku vlastni tihy téla. Synovie je nenewtonskou
kapalinou, jejiz viskozita je funkci tenzoru

rychlosti  deformace. Pfi aplikaci modelu

SYNOVIALNI ha) zobecnéné newtonské kapaliny je slabé feSeni

s x (lamindrni, izotermické proudéni, mocninovy

® w o ® zédkon, Carreauiiv model synovie) ulohy
-, hydromechaniky této kapaliny popsano integral-

nimi identitami
Obrazek 3 Rovinny model ndhrady

e e O O el O
o Ot o Ox; o Ox > ox; Ox,
)
= [af, v+ [6,6v,dx N S dx =0,
Q I o0x;

o

Po prostorové (MKP) a casové (diference) diskretizaci ziskdme soustavu algebraickych
nelinedrnich rovnic. Interakci synovie s valcem nahradniho modelu feSime nesdruzenou
metodou. Dosazené vysledky na vybrané ¢asové hlading jsou zpracovany na obr. 4 a obr. 5.
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Obrazek 4 Rozlozeni tlaku v kontaktni oblasti Obrazek 5 Zavislost sily  F(h, )

Piispévek byl vypracovan za podpory vyzkumného zaméru MSMT CR, ktery je registrovan
pod ¢islem MSM 4977751303.
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SIMULATION OF THE CURRENT DISTRIBUTION THROUGH THE
ELECTRODE SYSTEM IN A CYLINDRICAL TYPE VRLA CELLS

P. Krivak*, P. Baca*

Summary: The current distribution through the electrode system of lead-acid
accumulator was determined mathematically for a cylindrical type cell.
Calculations was made by diferential method by using an equivalent electrical
circuit. The dependence of the internal resistance on the current and on the
charge passed was determined by measurements on an experimental cell. The
results are presented in the form of 3-D diagrams for different states of discharge.

1. Uvod

V ndvaznosti na naSe predchozi vyzkumy, tykajici se modelovani distribuce proudu
elektrodovym systémem standardnich deskovych elektrod olovéného akumulatoru pro rizné
varianty vstupnich proudovych praporcti v pribéhu vybijeni, byl pouzit podobny model i pro
Clanek valcového typu, pouzivaného ve VRLA aplikacich. Uzitd metoda zalozend na
matematickém vypoctu ekvivalentniho elektrického obvodu byla s uspéchem aplikovdna na
piipad, kdy elektrody byly vybijeny konstantnim proudem, zptlisobujicim v pribéhu vybijeni
zmény ve vnitinim odporu ¢lankda.

2. Vysledky a diskuze

Zména vnitinich odport Rv; mezi jednotlivymi zdkladnimi elementy elektrod je v pribéhu
vybijeni funkci prochazejiciho proudu / a proslého naboje Q. Presny pribéh zmén vnitiniho
odporu v priibéhu vybijeni byl zji§t'ovan na pokusném laboratornim ¢lanku pro rizné vybijeci
proudy. Hodnoty vnitiniho odporu Rv; jednotlivych elementi ¢lanku zahrnujici odpor
elektrolytu, odpor separatoru, kontaktni odpor mezi mfizkou a aktivni hmotou, odpor aktivni
hmoty a polariza¢ni odpor byly prolozeny néhradni matematickou exponencidlni funkci
pomoci metody nejmensich ¢tvercii:

Rvy = 3.18+23000-Q-1+1.5- 107" exp(4565-0+2556:1-28) (1)

Po aplikaci 1. a 2. Kirchhoffova zédkona na uzly a smycky pro cely ekvivalentni elektricky
obvod dostaneme systém linedrnich rovnic, jejichz feseni dava hledanou distribuci potenciala
a proudi. Abychom vzali v uvahu zmény odporti s Casem, vypocty byly provedeny
v nésledujicich krocich:

* Ing. Petr Kfivak, Ph.D., Ing. Petr Ba¢a, Ph.D., FEKT VUT v Brn&; Udolni 53; 602 00 Brno; tel.: +420.541
146 189, fax: +420.541 146 199; e-mail: krivak@feec.vutbr.cz
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1. krok: i=1, #1=1s, Aty =1 s. Pocatecni hodnota R, = 3.18 Q je stejna pro vSechny
elementy reprezentujici vnitini odpor Rvy a je vypocitana distribuce potencidlu v uzlech
ekvivalentniho obvodu. Potencialy uzli k-tého elementu V' and W' jsou uZity pro vypocet
prislusného napéti a proudu:

Ul=vi-wl, 1L'=U'/R/ )

Néboj prosly k-tym elementem je spocitan z proudu jako
O = I x At 3)
2.krok: i=2, t,=160s, At,=1t,—t;. Vnitini odpor odpovidajici k-tému elementu je
spocitan z rov. (1). Poté je opét propocitdna distribuce jednotlivych potencidlli a z nich
vypocitana odpovidajici hodnoty napéti a proudi podobné jako v 1. kroku. Naboj prosly -
tym elementem je pak spocitan jako
ka = le + ]kz X Atz (4)

Vypocet podle 2. kroku probiha opakované az do hodnoty 7, = 15900 s (100 % vybiti
¢lanku).

3. Zavér

Na pocatku vybijeni jsou nejvice vytézovany oblasti nejblize proudovym praporcim a to
zejména v centralni oblasti ¢lanku valcového typu s velkou hustotou proudovych praporct.
Proto tyto oblasti dosahnou vybitého stavu nejrychleji a v souvislosti s vybijenim se zde
nejvice zvySuje vnitini odpor. Protoze vybijeci proud ziistdva konstantni, pokles proudu
v téchto oblastech zplisobeny naristem odporu vede zejména v poslednich fazich vybijeni ke
vzristu proudu v dalSich oblastech elektrody, plivodné méné proudové zatiZzenych. To vede
v prubéhu vybijeni k postupnému vytézovani vSech oblasti elektrody. Na konci vybijeni
prudce vzrista u ¢lanku valcového typu nerovnomérnost distribuce proudu.

4. Podékovani

Tato prace byla sponzorovana vyzkumnym zdmérem MSMT CR & MSM0021630516.

5. Literatura
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STABILITY ASSESSMENT OF STEEL FRAMES USING SBRA
METHOD

V. K¥rivy*, P. Marek**

Summary: This paper is concerned with the reliability assessment of steel frame
structures using the probabilistic SBRA method documented in the book (Marek at
al., 1996). Advances in computer technology make it possible to utilize the
potential of the SBRA method not only for the reliability assessment of simple
structures and their components, but also for the reliability assessment of more
complex, statically indeterminate frame structures. In this connection attention is
paid to the transition from the traditional assessment of buckling strength in
compliance with contemporary standards (based on determining buckling lengths
and buckling factors) to the SBRA based strength stability concept applying the
second order theory.

1. Uvod

Piedmétem piispevku je aplikace pravdépodobnostni metody SBRA v oblasti stabilitnich
posudkll ocelovych prutovych konstrukei. V této souvislosti je vénovana pozornost piechodu
od tradi¢niho posudku vzpérné pevnosti podle soucasnych norem (vzpérné délky, soucinitele
vzpeérnosti) k pevnostnimu pojeti pii respektovani ucinkt zatizeni v souladu s teorii druhého
fadu. Pozornost je zamétfena predevsim na problematiku vhodného modelovani konstrukce
pro vypocet u€inkd zatizeni podle teorie druhého fadu, na zavedeni nahodile proménnych
veli¢in do vypoctu, na jejich vzijemnou interakci, ddle pak na moznosti a zpisoby
vyhodnoceni spolehlivosti prutové konstrukce a jejich ¢asti.

2. Posudek spolehlivosti ramové konstrukce

Hlavni principy pravdépodobnostniho posouzeni spolehlivosti ocelovych prutovych
konstrukci metodou SBRA jsou v ¢asti 2 naznaCeny na posudku unosnosti a pouzitelnosti
Sestipodlazniho ramu, viz obr. 1. Rdm je zatizen soustavou horizontdlnich sil (od zatizeni
vétrem) a vertikalnich rovnomérné rozlozenych spojitych zatizeni (od zatizeni stalého,
uzitného a zatizeni snéhem). Pfedpokladd se, Ze materidlové vlastnosti oceli (mez kluzu),
lokalni a globalni imperfekce prutové soustavy a jednotliva zatiZeni jsou vzajemné statisticky
nezavislé veli¢iny. Vypocet odezvy konstrukce na zatizeni je proveden podle teorie druhého
fadu. ZvySena pozornost je vénovana netradicnimu sestaveni a kombinovani imperfekci
soustavy a jejich prvkl jako nahodile proménnych veliin. V zédvérecné Casti kapitoly jsou
struéné popsany moznosti grafického vyjadieni vysledki pravdépodobnostniho posudku

* Ing. Vit Kfivy: VSB-TU Ostrava, Fakulta stavebni, Katedra konstrukci; L. Podésts 1875; 708 33 Ostrava-
Poruba; email: vit.krivy@vsb.cz

** Prof. Ing. Pavel Marek, DrSc.: UTAM AV CR; Prosecka 76; 190 00 Praha 9 a VSB-TU Ostrava, Fakulta
stavebni, Katedra stavebni mechaniky; L. Podésté 1875; 708 33 Ostrava-Poruba; email: marekp@itam.cas.cz
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spolehlivosti prutovych konstrukci pomoci kiivek pravdépodobnosti poruchy (Ktivy, 2005),
pomoci sloupcovych grafi a pomoci mnoziny bodi, tzv. mravenct, vyjadiujicich rozptyl
ucinkt zatiZzeni na konstrukci, viz obr 1.

Normal
forces

Bending
& Moments

Obrazek 1: Rozptyl vnitinich sil a ohybovych momentt

3. Srovnavaci studie

V kapitole 3 jsou uvedeny a zhodnoceny vysledky srovnavaci studie, ve které byl zkouman
vliv uloZeni sloupt a pficli (idedln¢ tuhé, kloubové, polotuhé) na posudek spolehlivosti
ramové konstrukce a jejich prvkl. V ramci studie byl proveden pravdépodobnostni posudek
spolehlivosti (Ginosnosti a pouzitelnosti) ramu znazornéného na obr. 1 pfi uvazovani Ctyt
ruznych variant uloZeni sloupti a pficli.

1. Ram sidedlné tuhym ulozenim sloupl k zdkladové konstrukci a sidedlné tuhymi
piipoji pticli ke slouptim, viz kapitola 2.

2. Ram sidedlné kloubovym pfipojenim sloupl k zdkladové konstrukci a s ideédlné
tuhymi ptipoji pticli ke slouptim.

3. Réam s polotuhym uloZenim sloupi k zakladové konstrukei a s idedlné tuhymi piipoji
pricli ke slouptim.

4. Ram s polotuhym uloZenim sloupt k zdkladové konstrukci a s polotuhymi pfipoji
pricli ke slouptim.

4. Literatura
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APPLICATION OF THE REVERSE ENGINEERING
IN THE SPHERE OF BIOMECHANICS

M. Kubigek !, Z. Florian 2

Summary: During reverse engineering, a point cloud typically acquired using
scanning techniques is used as a basis for constructing 3D CAD surface data
from a physical model. Using the digitizing system ATOS (Advanced Topometric
Senzor), object can be measured quickly and with high local resolution. Each
single measurement generates up to 1.3 million data points (ATOS II). The
individual measurement images are merged via reference points (circular
markers) and the measured data is made available as point clouds, sections and
STL data.

1. Uvod

Se stale vzrastajicimi poZadavky v oblasti pramyslu, elektroniky, mediciny atd. na design,
kvalitu, piesnost, rychlost a cenu roste vyznam pojmu reverzni inzenyrstvi (RE). Vyuzitim
nékteré z technologii reverzniho inZenyrstvi Ize podstatné rychleji a jednodusSeji dospét ke
zdarnému teSeni vzniklych problémd.

2. Formulace problému a cil ¥eSeni

Naroky na kvalitu a piesnost geometrie vypoctovych modela pro potiebu biomechaniky
neustale stoupaji. Proto je tieba i v této oblasti mediciny vyuZivat hardware umoZznujici
zachytit geometrii s dostatecnou piesnosti.

Nasim cilem je ziskat model geometrie dolni ¢elisti (mandibula) a podrobnéji se seznamit
s metodou tvorby virtualnich 3D modelta pomoci optického skeneru ATOS.

3. Opticky skener ATOS
ATOS (Advanced Topometric Senzor) je mobilni bezdotykovy opticky skener némecké

kontrolni jednotka a pozi¢ni stojan, umoZznujici sniméni objektu z riznych Ghla. Pro svoji
vysokou vykonnost a velké rozliseni je nejcastéji pouzivan v systémech CAD, CAM a FEM,
kde je predevsim vyuZivan k meteni redlnych objektu a jejich nasledné analyze.

! Ing. Martin Kubicek : Ustav mechaniky téles, mechatroniky a biomechaniky, VUT FSI v Brng, Technicka 2,
61669 Brno, tel.: +420 54114 2871, e-mail: kubajunior@email.cz

2 Ing. Zden&k Florian,CSc:Ustav mechaniky t&les, mechatroniky a biomechaniky, VUT FSI v Brng, Technicka 2,
61669 Brno, tel.: +420 54114 2863, e-mail: florian@fme.vutbr.cz
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Kompletni méieni se sklada z n¢kolika dil¢ich méteni. Pro celkové zachyceni piedmétu by
mélo byt kazdé ztéchto individualnich méfeni z jiného Uhlu. K automatickému spojeni
jednotlivych meéteni systém ATOS pouZiva jedinecné referen¢ni body, které v priabéhu
samotného méieni sam identifikuje.

Dolni celist patti mezi menSi objekty, avsak pro
svoji slozitou geometrii, z hlediska skenovéani, mezi
je tieba objekt snimat ze vSech stran a nasledné
jednotlivé snimky sloZit. Pro takovyto pripad existuje
k vhodnému  umisténi  referencnich  boda  tzv.
referencni rdmecek. Body jsou umistény ze vSech stran
na obvodu ramecku. Skenovany objekt je pak
piipevnén pomoci tenkych Uchytia uvnité ramecku
(obr.1).

Kone¢nym  vystupem — mefeni  maze byt Obr.1 Referencni ramecek
optimalizovana polygonalni sit’" (STL format), mrak
bodd, obrysové kiivky nebo jednotlivé fezy objektem ( IGES format).

4. Rapid Prototyping

Pro nazorne sd¢leni designérskych nebo konstrukénich ndpadu je ttirozmérny reélny model
prakticky nenahraditelny. 3D tiskarny Dimension americké firmy Stratasys vyuZivaji pro
stavbu modelu technologii FDM (Fused Deposition Modeling) - postupné nanaseni taveniny
po velmi tenkych vrstvach.

5. Zavér

Pro tvorbu kvalitnich digitalnich 3D modelt nejen kovovych implantata se pouZziti optického
skeneru ukazalo byt ucelné. Takto ziskana data ve formatu STL nebo IGES je mozné pro dalSi
praci importovat do systemia CAD,CAM a FEM.

Diky datam ziskanym pomoci skeneru ATOS byla ¢elist vytisténa na tiskarné Dimension
BST. K dosazeni kvalitnéjSiho vysledku byla zvolena tloustka vrstvy tisku 0,254 mm. Na
cely model dolni &elisti bylo spotiebovano 24,53 cm® plastu ABS a 8,54 cm® podpory. Doba
tisku tohoto modelu byla cca 6 hodin.

6. Podékovani
Uvedena préace byla podporovana grantem GACR 101/05/0136.

Za odborné ptipominky v oblastech 3D digitalizace a rychlé vyroby prototypa smétuji diky
firmé MCAE Systems, s.r.o., ktera je distributorem 3D skenert a tiskaren v CR.

7. Literatura
HaulRecker,H., Geililer,P.,1999, Handbook of Computer Vision and Applications: Volume 1,
Sensors and Imaging, San Diego, Kalifornia
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IDENTIFICATION OF DAMAGE MODEL WITH CRACKS FROM
RESULTS OF TENSILE TEST AND THREE POINT BENDING TEST

A. Kucerova*, D. Brancheriet, A. Ibrahimbegovié¢i

Summary: During the three-point bending test concrete specimen is damaged by
cracking. Brancherie and Ibrahimbegovi¢ are authors of a relatively simple
model capable of describing the behavior of specimen weakened by distributed as
well as macroscopic cracks. In this paper we discus the identification method for
model material parameters from measured data during the tensile loading test
and three-point bending test. The emphasis is put on the formulation of
minimization problem and solving the minimization problem.

1. Uvod

Beton je kiehky materidl, ktery se pii zatéZovaci zkouSce v trojbodovém ohybu a tahu
porusuje trhlinami. Brancherie a Ibrahimbegovi¢ jsou autofi relativné jednoduchého modelu,
ktery je schopny zachytit chovani vzorku s trhlinami [1]. Vyznamnou vyhodou tohoto modelu
je jeho velmi malé zavislost na hustoté pouzité sit¢ kone¢nych prvki. Model popisuje tti faze
chovani betonu pfi zatéZzovani v tahu: elastickou, plastickou (vCetné zpevnéni a zmekceni) a
poskozeni.

K popsani vlastnosti konkrétniho typu betonu slouzi Sest parametrii, pricemz
jednotlivé parametry se uplatiuji v riznych fazich zatéZzovéni a jejich vyznam je mozné
geometricky iterpretovat na kiivce vztahu napéti a deformace. Pti zatéZzovaci zkousce v tahu
je po vzniku trhliny naruseno homogenni pole napéti, a proto celkova odezva ziskana z
métfeni koncového posunu a zatézovaci sily neodpovidd presné kiivce vztahu napéti a
deformace pro materidlovy bod. Identifikace parametri modelu z vysledkll zatéZovaci
zkousky v tahu nepfinasi velké nesnaze. Nevyhodou je ovSem fakt, ze tahova zkouska je

24

Zatézovaci zkousku v trojbodovém ohybu je mnohem snazsi realizovat. Vzorek je pfi
ni podroben heterogennimu poli napéti témét od pocatku zatéZovani. Globalni odezva
reprezentovana namétenou kiivkou vztahu sily na posunu tedy zahrnuje ptispévky posunt od
rizné¢ namahanych c¢asti, a proto z takové kiivky neni mozné snadno odecist hodnoty
parametri modelu.

*  Anna Kugerova: Katedra mechaniky, Fakulta stavebni, Ceské Vysoké Uéeni Technické v Praze; Thakurova
7; 166 29 Praha 6 — Dejvice; tel: +420 224 354 375, fax: +420 224 310 775; e-mail: anicka@cml.fsv.cvut.cz
Delplhine Brancherie: Université de Technologie de Compiegne, Compiegne, France

A. Tbrahimbegovi¢: Laboratoire de mécanique et technologie, Ecole Normale Supérieure de Cachan, Cachan,
France
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Moznym feSenim je vyuziti lokdlnich métfeni posunti napiiklad metodou korelace
digitdlnich snimk [2], nebo vhodnym umisténim néckolika extensometri do oblasti
pravdépodobného vzniku trhliny. Vysledky méfeni bo¢ni kontrakce pak slouzi k identifikace
Poissonova cisla, osové posuny v blizkém okoli trhliny pak slouzi ke snazsi identifikaci
parametri fidicich fazi zmékceni materialu.

2. Zavér

V tomto ptispévku je diskutovana zejména volba vhodnych méteni nutnych pro identifikaci
jednotlivych materidlovych parametri modelu. Pomoci softwaru na metodu kone¢nych prvkl
Feap byla provedena série simulaci zatézovaci zkousky v tahu a pro posouzeni citlivosti
pracovnich diagrami na jednotlivé parametry byla provedena stochasticka citlivostni analyza
vyuzivajici Pearsoniiv korela¢ni koeficient. Jeji vysledky poslouzily k vhodné formulaci
optimalizacniho problému. Zaroven se ukdazalo, Ze vypocet po vzniku trhliny trva
mnohonasobné déle, a proto je vhodné postup identifikace rozd¢€lit na nékolik fazi a jednotlivé
parametry identifikovat postupné. Mezi pocatecnimi simulacemi pro rizné volby
materidlovych parametrii do dané mezni hodnoty posunu doslo pouze u 20% z nich ke vzniku
trhliny, coz zptisobilo velmi nizkou hodnotu citlivosti pracovnich diagrami na parametry,
které tidi plastické zmékceni. I z tohoto hlediska je postupna identifikace parametra
vyhodné;jsi, jelikoz napt. pro identifikaci elastickych parametri postaci simulace jen pocatku
zatéZzovani a poté, pro znamé elastické i1 plastické parametry uz vzroste procento vzorkl, u
kterych trhlina do daného mezniho posunu vznikne.

V dalsi casti pfispévku je hodnocen vybér optimalizacniho postupu a jsou porovnany
nékteré vysledky gradientni deterministické metody a stochastické optimaliza¢ni metody
vyuzivajici aproximaci objektivni funkce zvanou radial basis function network [3].

3. Podékovani

Autofi by radi podckovali za finanéni podporu grantem Ministerstva Skolstvi, mladeze a
télovychovy Ceské Republiky, ¢islo MSM 6840770003.
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INVERSE ANALYSIS USING SOFT-COMPUTING METHODS:
A REVIEW

w ,* v *
A. Kucerova , M. Leps , J. Zeman

Summary: The problem of an inverse analysis occurs in many engineering tasks.
The problem itself has several different forms and can be solved by many very
distinct methods. In this paper, we present an overview of two basic philosophies
of an inverse analysis with an emphasis put on the area of soft-computing
methods. Practical aspects will be shown on several identification tasks, where
parameters of highly non-linear material models are searched.

1. Uvod

Inverzni analyza se pfi feSeni inzenyrskych tloh vyskytuje v riznych podobach a byva taktéz
nazyvana riznymi terminy. Obecné lze konstatovat, ze cilem ulohy je na zakladé¢ znamych
vystupt urcit zpétné (inverzng) prislusné vstupy. V inzenyrskych aplikacich pak na zékladé
vysledkll experimentd urcit ptivodni podminky a veli¢iny, v moderni dob& pak parametry
modelu, kterym se snazime provedeny experiment simulovat. V této praci tedy
piredpokladame existenci modelu néjakého realného experimentu a budeme se snazit nalézt
vstupni parametry tohoto modelu tak, aby vystupy zmodelu souhlasily s provedenym
experimentem. Pro takto definovany problém existuji dva zakladni zptisoby feSeni. Dopiedny
postup (forward mode) je zalozen na definici chybové funkce rozdilu odezvy modelu
a vystupu z experimentu. Ulohou je pak minimalizace této funkce. V tomto bodé se nejdastgji
uplatiiuji metody evolucnich optimalizaci. Vyhodou takto definované tulohy je, Ze dopiedny
postup je obecny ve vSech rovinach a vzdy je schopny poskytnout ptislusné feSeni.
Specialnimi priklady dokladajicimi obecnost dopfedného postupu je napiiklad stav kdy:

a) Pro vice vstupli existuje jeden vystup. Tento stav vede na multi-modalni
optimalizaci [1]. Problém je pak snadno feSitelny zavedenim optimalizacni metody
schopné vyhledat vice optim.

b) Pro jeden vstup existuje vice vystupl, nejcastéji jde o ptipady stochastickych
vypoctl ¢i experimentil zatizenych Sumem ¢i jinymi chybami. Tento problém Ize
resit bud’ upravou chybové funkce pro vice hodnot nebo zavedenim stochastickych
parametrQ jak na vstupu, tak i na vystupu.

¢) Existuje vice nez jeden experiment, pak Ize cely problém fesit jako vicekriterialni
optimalizac¢ni ulohu [2].

" Ing. Anna Kugerova, Ing. Maté&j Leps, Ph.D., Ing. Jan Zeman, Ph.D.: Katedra mechaniky, Fakulta stavebni,
Ceské Vysoké Uceni Technické v Praze; Thakurova 7; 166 29 Praha 6 — Dejvice; tel: +420 224 354 375, fax:
+420 224 310 775; e-mail: leps@cml.fsv.cvut.cz
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Nejvétsi nevyhodou doptedného postupu je nutnost provést obvykle nékolik tisicti az miliont
vypocti chybové funkce. Tento problém je fesitelny dvéma postupy: prvni vyuziva paralelni
implementace, druhy pak aproximaci vypocetn¢€ narocného modelu.

Druhy postup, zpétny (inverse mode), predpoklada, ze existuje inverzni vztah mezi
vystupy a vstupy. Za predpokladu, ze jsme nalezli dostatecné pfesny popis inverzniho
modelu, je pak ziskani pozadovanych vstupi otdzkou sekund (z&visi na slozitosti popisu
inverzniho vztahu) a to i1 opakované. Tudiz se tento postup hodi pro Casté pouziti s jednim
modelem a pfi nasazeni do automatické inverzni analyzy pro jeden konkrétni model.

Naopak, nejvetsi nevyhodou, kromé predpokladu existence takového inverzniho vztahu, je
velmi naro¢ny proces ziskavani tohoto inverzniho vztahu. V dnes$ni dobé¢ se k tomuto popisu
nejcastéji pouzivaji vrstevnaté umelé neuronové sité [3,4], které jsou dostatecné robustni, aby
byly schopné popsat jakykoliv nelinedrni vztah.

2. Zavér

V ¢lanku jsou predstaveny dva zakladni postupy feSeni problémi inverzni analyzy. Konkrétné
pak dopfedny postup, ktery ptevadi problém inverzni analyzy na optimaliza¢ni problém. Je
vyhodny pro ¢asové nendro¢né funkce a jen obCasné pouziti. V piipad¢€ vypocetné narocnych
problémi je moZzné pouZzit paralelni implementace nebo aproximace daného modelu.
Jednotlivé aspekty téchto postupii byly dikladné prostudovany s nékolika ptiklady
z inzenyrské praxe.

Druhy postup, zpétny, tesi problém inverzni analyzy hledanim aproximace zpétného
vztahu mezi vystupy a vstupy. V ¢lanku je ukazana, v posledni dobé nejcastéjsi, aplikace
s vyuzitim umélych neuronovych siti. Jsou probrany nékteré aspekty tohoto ptistupu a jejich
dilezitost je komentovana na piikladu identifikace materialovych parametri mikroploskového
modelu betonu.

3. Podékovani
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MATHEMATICAL MODELING VIA DELAY DIFFERENTIAL
EQUATIONS

P. Kundrat !

Summary: In the article we formulate two simple mathematical models in robotics,
where delay differential equations are utilized. The first model is the case of bounded
(constant) delay and the second one is the case of unbounded (proportional) delay.
Both models are supplemented by some results from qualitative analysis of solutions
of delay differential equations.

1. Uvod

V soucasné praxi se ukazuje, Ze diferencidlni rovnice se zpozdénim maji své nezastupitelné
misto pifi modelovani fady nejen technickych problému, napf. v oblasti optimalniho fizeni,
v robotice, strojirenstvi, logistice, astrofyzice, kvantové mechanice, biologii, mediciné apod.
V fadé procesu je totiZ nezbytné zahrnout ¢len obsahujici hodnotu zavisle proménné v po-
sunutém casovém okamziku (obvykle v minulosti). Tedy namisto klasické obycejné diferenci-
alni rovnice %(t) = f(t,z(t)) uvazujeme diferencidlni rovnici #(t) = f(¢,z(t), z(t — 7(t))),
kde 7(t) > 0 je tzv. zpoZdéni a Clen t — 7(t) nazyvame zpoZdény argument.

Jak se ukazuje, diferencidlni rovnice se zpozdénim uzZ ve velice jednoduchych pfipadech
vykazuji diametrdln€ odlisSné kvalitativni vlastnosti (asymptotika feSeni, oscilace, apod.) nez
odpovidajici obycejné diferencidlni rovnice. Navic v drtivé vétsiné piipadi nelze nalézt obecné
analytické feSeni, a je tedy nezbytné vyuZiti numerickych metod k nalezeni feSeni priblizného.
Ovsem v nékterych pripadech i numerické feSeni muze selhat v tom smyslu, Ze dava zcela
zavadéjici vysledky, které jsou v rozporu s kvalitativni analyzou feSené zpozdéné diferencialni
rovnice. Tento jev byva v numerické analyze nazyvan “numerical nightmare” (viz napf. Liu
(1997)). Tyto aspekty potvrzuji nezbytnost zahrnout do analyzy vysledka i kvalitativni analyzu
feSené diferencidlni rovnice.

Cilem ¢lanku je ilustrovat na dvou vybranych modelech (z oblasti robotiky) nékteré vysledky
kvalitativni analyzy feSeni diferencidlnich rovnic se zpozdénim, a to s ohrani¢enym zpoZdénim
(tj. sup 7(t) < o0) a s neohrani¢enym zpozdénim.

2. Modely se zpozdénim

Nejcastéji se vyskytuji piiklady modeld s ohrani¢enym zpozdénim. Uved me napf. model obra-
béciho nastroje, kde je zahrnuto chvéni vznikajici pfi obrabécim procesu, transportni zpozdéni,

1 Ing. Petr Kundrat, Ph.D., Ustav matematiky, FSI VUT v Brné, Technickd 2, 616 69 Brno, tel. +420 541 142 552,
e-mail: kundrat@fme.vutbr.cz

206



P. Kundrat

které je zpusobeno konecnou rychlosti paliva proudiciho dlouhym potrubim, procesni zpozdéni
pred spusSténim chemické reakce, komunikacni zpozdéni v souvislosti s kone¢nou rychlosti
Siteni radiového signdlu v prostoru pfi komunikaci (fizeni) na velkou vzdélenost. Déle v pocita-
Cové fizenych systémech Casto existuje nezanedbatelné vypocetni zpozdéni, zptisobené mnoz-
stvim operaci a sloZzitosti fidicich algoritmi. V ¢lanku jsou diskutovany nasledujici dva modely:

Prvni model: UvaZzujme robota pracujiciho pfi obrabécim procesu jako je frézovani, sous-
truzeni apod. Zde muze vznikat zpozdéni ve zpétné vazbé Cisté mechanické Casti robota, které
byvé nepfimo umérné relativni rychlosti nastroje a materidlu. Tato situace je v ¢lanku mode-
lovana pomoci soustavy tfi linedrnich rovnic s konstantnim zpozdénim 7

x(t) = Ax(t) + Bx(t — 1), 0 <7 =konst., te0,00), (1)

Navic je zde uvedena véta (viz Stépan (1989)) udavajici podminky pro nastaveni parametrt
modelu tak, aby byla zachovéna stabilita netlumeného systému.

Druhy model: klasicky model sbérace proudu elektrické lokomotivy. Pantograf lokomo-
tivy jedouci konstantni rychlosti sestiva ze dvou téles spojenych pruzinou a tlumic¢em, kde
spodni t€leso je ke stfeSe lokomotivy pfipojeno pruzinou a pusobi na n¢j konstantni piitlacna
sila a horni téleso se pohybuje podél trolejového dratu. V blizkosti opor pak je cely systém
popsén vektorovou diferenciélni rovnici s proporcionalnim zpozdénim, tzv. rovnici pantografu:

x(t) = Ax(t) + Bx(M), 0<A<1, te[0,00), )

kde A a B jsou nenulové komplexni matice n x n a A € R.. Z kvalitativni analyzy je zde uveden
asymptoticky odhad feSeni rovnice pantografu, ktery je pouzitelny ve vySe zminéné aplikaci.
Na zdkladé tohoto asymptotického odhadu 1ze rovnéz posuzovat stabilitu feSeni rovnice (2).

Kvalitativni analyza feSeni diferencidlnich rovnic se zpoZdénim je Casto nezbytnym predpo-
kladem pro tuspésné zvladnuti numerického feseni danych problémi.

3. Podékovani
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DROP TESTS USED FOR VALIDATION OF FE MODELS OF HUMAN
HEAD FOR HIC ASSESSMENT

J. Kunecky, O. Jirousek, J. Jirova'

Summary: Head injuries are the most often causes of death in traffic accidents. To
develop better interiors of cars or new protective devices (e.g. helmets) thereisa
need to quantify the mean criteria of injury. Most of today used head injury criteria
use an integral value of acceleration of the head during a certain timeinterval. The
main drawback of these criteriaisthe fact, that they use only linear acceleration of
the head. For better HIC assessment there is a need to use different measures, e.g.
combination of translational and rotational acceleration or criteria based on strain
energy. For these purposes complex FE models are used. To verify the behavior of
these FE models, drop tests with different drop height are usually used. The paper
presents results of drop tests used to validate FE models of human head. According
to data obtained from accel erometer s the HI C was computed and the critical height
was determined.

1. Introduction

Many thousands people die every year because of traffic accidents. One of the most frequent
causes of death are the injuries of head. During the impact the brain undergoes strong accelera-
tion which can cause severe injuries although the skull or other part remains intact. Due to this
phenomena the protective devices are designed for the protection of skull as well as for reduc-
ing the brain’s acceleration peak. For the assessment to which extent the brain can be exposed
to acceleration there have been developed several injury cirteria. However, mostly used are the
head injury criteria (HIC). The HIC value determines from a measured acceleration history the
probability of the brain injury. As critical the value of 1000 can be considered. The HIC have
been incorporated to many countries traffic safety standards [NHTSA]. HIC determination finds
its main application in passive safety, crash tests and testing of protective means in general. The
motivation of the work was to develop and verify useful numerical model intended for drop tests
simulation. Experiments are unsufficient if there is need to better understand the mechanics of
impact and the influence of the layers in the helmet on the magnitude of acceleration peak. Nu-
merical model is advantageous because of its ability to show only poorly measurable quantities.
The paper presents the verification of numerical model compared to real drop tests based on
HIC assessment. The values of virtual drop test obtained from FE analysis were confronted
with experimental results.

! Ing. Ji¥f Kunecky , Ing. Ondfej Jirousek, PhD. , Doc. Ing. Jitka Jirovd, CSc., Institute of Theoretical and Applied
Mechanics, Proseckd 76, 190 00 Prague 9, e-mail: {kunecky,jirousek,jirova} @itam.cas.cz
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Table 1: Results of analysis

‘ Drop height ‘ Experiment based HIC assessment | Numerical HIC assessment ‘

1.67 m 795.11 629.15 |
0.95m 441.27 400.37 |
2. Methods
2.1. FE model

The dummy head form was constructed according to CSN EN 960/1994. Model was built using
NURBSs surfaces. The geometry was set to be similar to the helmet used in the experiments.
Three layers were modeled: the outer shell of thickness 3 mm, the polystyrene liner (20 mm)
and the comfort foam (25 mm). The model consisted of 6000 elements. The analysis was
performed in ANSYS/LS-DYNA environment [LS-DYNA]. The acceleration history of speci-
fied element was listed as a single file and the HIC was computed according to HIC definition
(mentioned in fulltext version).

2.2. Experiments

The experiments were performed using drop test machine situated in UMSD, a.s. Standard head
form made of a metal alloy was enclosed in motorcycle helmet. A three-axial accelerometer
was embedded in the head form cavity. Drop heights were chosen as 0.95 m and 1.67 m. The
drop board was made of rigid metal material. After the acceleration acquistion the acceleration
magnitude was computed as vector sum of all three components.

3. Results

The numerical model of human head form enclosed in motorcycle helmet was verified against
experimental results using HIC assessment.

4. Acknowledgment
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EXPERIMENTAL RESEARCH OF THE ACTIVE VIBRATION

ISOLATION SYSTEM OF THE DRIVER SEAT

L. Kupka*, J. Skliba**, B.J aneéek*, M. Apetaur**, J. Kozderka"

Summary: The current research results of the development and verification of an
active vibration isolation feedback control system of driver seat are presented in
the paper. The driver seat mechanism without damper and with air spring is
controlled in the laboratory. The air spring is used as actuator and as elastic
element in the system. The compensation — linearization of the strongly non-linear
flow characteristics of the pneumatic valve is also presented in the paper.

Vibroizolacni systém sedacky se obvykle skladd z pneumatické pruziny a hydraulického
tlumice. Z této skuteCnosti vychazi i naprostd vétSina doposud navrhovanych fidicich
systémil. Tyto systémy jsou obvykle zaloZeny na fizeni tlumice, nebo vyuZzivaji dalsi aktivni
prvek umoznujici bezprostiedni silové plsobeni mezi zdkladem a izolovanym objektem.
V oblasti rezonance netizené sedacky bylo jiz dosaZzeno pomérné uspokojivych vysledkt,
v nadrezonanéni oblasti se ale zejména pouziti tlumie ukazuje jako nepiili§ vhodné. Ridici
algoritmy zaloZené na fizeni tlumice nevykazuji uspokojivé vlastnosti ani v rezonanéni
oblasti. Z tohoto diivodu byl teoreticky navrzen a v sou€asnosti je optimalizovan algoritmus,

ktery jako akéni €len vyuziva pouze pneumatickou pruzinu.

Obr. 1: Model sedacky tidi¢e bez hydraulického tlumice
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Neuspokojivé vysledky pfi nasazovani aktivniho fidiciho systému na klasickou konstrukei
sedadla fidice s paralelogramovym mechanismem vedly, pfevazné z diivodu omezeni vlivu
pasivnich odporti, k sestaveni specidlniho laboratorniho modelu sedadla s kulickovymi
lozisky v kloubech mechanismu (obr. 1).

Zakladem fidiciho systému (byl realizovan na cCislicovém pocitaci s operacnim systémem
realného Casu PXI 8176) je stavovy regulator s agregaci proménnych; jsou v ném vyuzity
pouze nckteré stavové veliciny, tj. ai, az, pa, ptip. [,. Parametry regulatoru, ve své podstaté
vahové koeficienty jednotlivych stavovych proménnych, byly prozatim nalezeny pouze na
zaklad¢é ru¢niho sefizeni s ohledem na subjektivné posuzovanou kvalitu regulace. Hlavni
diraz byl kladen na optimalni sefizeni v oblasti rezonance, tak aby pomér amplitud budiciho a
vybuzeného signilu byl piiblizné roven jedné. Ukolem regulatoru bylo tedy nahradit
vhodnymi akénimi zasahy c¢innost tlumiCe. Zarovenl bylo ale nutné zajistit minimalné
zachovani vlastnosti nefizené¢ho systému v nadrezonancni oblasti. Na obr. 2 jsou uvedeny
frekvencni charakteristiky sledovaného systému, tj. pomér amplitudy vystupniho signalu 4.,
(sedak) a amplitudy budici funkce 4., (zdkladova deska) v zavislosti na frekvenci.

T
------ bez tlumice
=== s tlumicem
— aktivni rizeni [

N—=

Obr. 2: Frekvencni charakteristiky systému

Z uvedenych zavislosti (obr. 2) je patrné, ze ackoli jednotlivé parametry regulatoru nebyly
dosud optimalizovany, je vysledek regulace relativné dobry. V oblasti okolo rezonance
dochdzi k podstatnému utlumeni kmiti sedaku, vysledek je dokonce lepsi nez pifi pouziti
tlumice. V nadrezonanc¢ni oblasti jsou vlastnosti fizeného systému srovnatelné s vlastnostmi
systému bez fizeni.

V soucasnosti je model sedacky fidice rekonstruovan za ucelem sniZeni pasivnich odpord.
Po této rekonstrukci bude provedena optimalizace fidicich algoritmii nejprve pifimo na
redlném systému pii opakovaném buzeni vybranymi poruchovymi signaly. Soucasn¢ bude
také uptfesiiovan matematicky model sedacky a na jeho zaklad¢ bude proveden navrh vhodné
regulacni struktury.
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INFLUENCE OF THE HIP JOINT SHAPE TO STRESS FIELD AFTER
HEMIARTHROPLASTY

D. Kyty¥, M. Micka, J. Jirova!, J. Jira®

Summary: Migration of the implant head after hemiarthoplasty is a problem which
appertain to nearly all patients. Article deals with development and utilization of
parametrical FE model of the hip joint for numerical analysis of implant head mi-
gration. There are two main input parameters for the stress analysis. CE angle rep-
resenting the shape of acetabulum and direction of the femoral replacement loading.
To assess the influence of selected parameters on thr implant migration and to en-
able easy comparison to patients X—Ray scanning, the analysis was carried out as
axially symmetric 2D and 3D contact problem. Ultimate values of first principal
stress, third principal stress and sum of displacements were used as a reference
magnitude.

1. Introduction

Hemiarthroplasty is a surgical proccedure of femoral neck and head replacement. The replace-
ment stem is fixed in the femur by special bone cement. Head of the replacement abut against
intact acetabulum. Hemiarthroplasty apply to immobile patients or in case of less than five
years living prediction. The biggest problem of the hemiarthroplasty is migration of the re-
placement head which is observable after couple of month in all cases of after-surgery patients
[BartoniCek J. 2005]. There are two dominant directions of the replacement head migration:
median migration into pelvis minor or migration in acetabular lumbrum direction. These migra-
tion directions are given in. The aim of this work is to analyse the migration of the replacement
head in pelvic bone under various types of loading and shapes of acetabulum.

2. Models

To assess the influenfe of selected parameters on the implant migration a planar model of pelvic
bone was developed. To enable easy comparison between patient’s X—ray images it is mod-
eled as frontal projection of pelvic bone. The shape of the bone was obtained from X-ray

! Ing.Daniel Kytyt ,Doc. Ing. Michal Micka, CSc. , Doc. Ing. Jitka Jirovd, CSc., Institute of Theoretical and
Applied Mechanics, Proseckd 76, 190 00 Prague 9, e-mail: {kytyr,micka,jirova} @itam.cas.cz

2 Prof. Ing. Josef Jira , CSc., Faculty of Transportation Sciences CTU, Konviktska 20, 110 00 Prague 1, email:
jira@fd.cvut.cz
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scan. Factors, which could influence the migration are considered as paremetrical inputs. The
main geometrical factors which may influence the migration of the implantat are the CE an-
gle and the direction of loading force. The second model is volumetric which is created from
computer tomography data. The development of the model is described in detail in the paper
[Vycichl J. and Jirousek O. 2005]. In this case the geometry is invariant, there is only one in-
put parameter the direction of the load. There are five diferent materials used in the planar FE
model: steel replacement head, chondral and subchondral bone in the acetabular fossa, cortical
bone on the surface and cancellous bone inside the pelvis. There are two materials in the volu-
metric model: cancellous bone of the pelvic and steel of replacement. All materials except the
cancellous tissue are considered by homogeneous, linear and isotropic.

3. Methods

For stress analysis in the pelvic bone the finite element method was used. Boundary conditions
were represented by fixation of all surface within the area close to acetabulum. The loading
of the acetabulum is modeled by assigning acceleration to the mass steel replacement head.
Loading resultant intersect the center of the replacement head. In the volumetric model the
plane of interest is 19° inclined from the frontal plane. The planar model was solved in 120
loading steps with different value of acetabular lumbrum CE angle and loading direction. CE
angle was varied from 25° to 45° with step set to 2°. This range corresponds with major part
of acetabular lumbrum in population. Loading direction was varied from —30° to 20° with step
set to 5°. This range is a little bit lager than the range of physiological loading. The volumetric
model was solved in 4 loading steps with loading direction —45°, —10°, 0° and 10°.

4. Conclusion

The stress and displacement fields show that primary migration of the replacement head fol-
lows the direction of loading. Decrease of CE angle and increaase of the loading direction
angle concentrates the stress to acetabular lumbrum area. This very disfavourable situation
probably follows the migration, therefore the natal predispositions of acetabular lumbrum have
high influence on the migration. Analogically, in the case of median loading the consequence
of the mechanical load is migration of the implant to pelvis minor region.
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MAKING USE OF BALL ELEMENTS IN MULTI-DIRECTION
UNDERCARRIAGES OF MOBILE ROBOTS

B. Lacko *

Summary: The article deals with a design of two multi-direction
undercarriages making use of ball elements. Their application is
presumed in particular to mobile robots requiring high mobility. They can
be also used for other equipment, for instance handling carts in storage
rooms. In 2005 the new undercarriage models were granted industrial
design numbers by the Industrial Property Office. The article describes
technical solutions of undercarriages and emphasizes their advantages.

1. Uvod

V oblasti podvozkl pro mobilni roboty se vyvoj zamétuje dvéma smeéry:

e Vyvoj robustnich podvozkd pro obtizny terén. Takové podvozky vyuziva kosmicky
vyzkum, armada, riizné zdchranné slozky napf. hasici

e Vyvoj podvozkil pro piesny pohyb v vyrobnich halach, domacnostech a kancelafich.
Takové podvozky pouzivaji manipulaéni robotické systémy, uklidové robotické
systémy a jiné typy tzv. osobnich robotii.

Predpoklada se, ze podvozky pro piesny pohyb roboti budou v budoucnu velmi zadané
s ohledem na ocekavany nartist poctu robotickych systému, na které¢ budou kladeny vysoké
naroky na vysokou obratnost a ptesné dodrzovani drahy.

2. Nové druhy podvozki

Dosavadni podvozky pouzivaji predevsim kola jak pro pohon, tak pro vymezeni pozadované
horizontalni polohy podvozku. Kola je vSak potfeba natacet do sméru pohybu podvozku. Tim
je upevnéni kol v podvozku komplikovano rtizné slozitymi zavésy kol a Casto se nataCenim
jednotlivych kol ztézuje manévrovani a fizeni podvozku.

Také dosavadni vSesmérové podvozky pouzivaji r1azné slozité konstrukce
vSesmérovych kol. Tato kola jsou vyrobn¢ draha a jejich fizeni je pomérné slozité.

Cilem nového teseni bylo navrhnout vsesmérovy podvozek, ktery by odstraiioval
nevyhody obycejnych kolovych nebo pasovych podvozkl a ve srovnani s podvozky, které
vyuzivaji vSesmeérova kola, byl vyrobné nenaro¢ny a snadno fiditelny.

Pro nové teSeni se nabizelo vyuziti kulovych elementli, které¢ jsou pomérné snadno
vyrobitelné a je u nich mozno snadno dosahnout pohybu libovolnym smérem.

* Doc. Ing.Branislav LACKO, CSc. : Ustav automatizace a informatiky Fakulty strojniho inzenyrstvi VUT
v Brng, Technicka 2, 616 69 BRNO. Tel: 541 142 206, e-mail: lacko@fme.vutbr.cz
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Nové dva typy vSesmérovych podvozkii:
e Podvozek s hnaci kouli, ktery pouziva kouli jako hnaci prostiedek a dal§i pomocné
kulové elementy k udrzovani horizontalni polohy podvozku. Koule je pohanéna
dvéma kladkami, jejichz osy sviraji pravy thel.

e Podvozek stfemi pohanénymi kulovymi elementy. Tento vSesmérovy podvozek
vyuziva tii kulovych elementt, jejichz sttedy tvoii v ptidorysu vrcholy rovnostranného
trojuhelniku. Pohon vSech tii kulovych elementti je provadén pfitlaovanym
pohonnym péasem.

ODbé teSeni jsou registrovana jako uzitné vzory.
3. Zavér

Popsana feSeni davaji moznost vzniku nové generaci podvozki s kulovymi elementy, které by
poskytovaly mobilnim robotiim mensich rozméra dostate¢nou pohyblivost a vysokou pfesnost
pohybu. VsSesmérové podvozky skulovymi elementy maji vyhodu moznosti pohybu
kterymkoliv smérem z vychoziho mista. VSesmérovy podvozek se tfemi kulovymi elementy
ma navic vyhodu v jednoduchém ovladani (natoceni pohonného péasu do pozadovaného sméru
a spusténi motoru pohanéného valce do potiebného smyslu otaceni) a souasny pohon vsech
tti kulovych elementti umoziuje Iépe dosdhnout pottebné zabéroveé sily.

4. Podékovani

Tento pfispévek vznikl za podpory vyzkumného zaméru MSM 0021630518
»Simulaénimodelovani mechatronickych soustav*.
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COMPUTATIONAL MODELING OF MECHANICAL
BEHAVIOUR OF CELL

R. Lebig J. Burga!

Summary: Mechanical stimuli represent a very important factor influencing
cellular processes and functions. The knowledge about mechanical properties of
cells is necessary for understanding how cells response to mechanical load. The
aim of our research is to develop a credible computational model of mechanical
behaviour of a single cell; the results will contribute to solving of the
mechanotransduction problems and to identifying of mechanical properties of the
cell components. The overview of the results achieved in this field is presented in
this paper.

1. Uvod

Je znamo, Ze mechanické zatiZzeni je jednim z faktort, které vyznamné ovliviiuji fyziologické
a patologické procesy probihajici v Zivych tkdnich. Chceme-li porozumét podstaté téchto
procest a mechanismim, kterymi dochdzi k jejich ovlivnéni mechanickym zatiZzenim, je tfeba
se ve vyzkumu zaméfit na zdkladni funkCni a strukturni prvky, na jejichZ drovni jsou tyto
procesy iniciovany. Touto zdkladni jednotkou u vSech Zivych organismil je eukaryoticka
buiika. 'V naSem vyzkumu se zabyvame popisem mechanického chovani bunék pomoci
vypoétového modelovani a naSim hlavnim cilem je vytvorit vérohodny vypoétovy model
mechanického chovéani buiiky, zahrnujici vSechny z mechanického hlediska podstatné
strukturni dozky a identifikace jeho parametru na zakladé

vypoétovych simulaci experimenta provadénych na burikach. A;

Néplni ptispévku je shrnuti ndmi dosazenych vysledki z této oblasti. \ 1)
V minulosti jsme prezentovali vypoctovou simulaci tahové zkousky /535G
buniky, kterd byla modelovdna jako homogenni izotropni elastické {=
kontinuum a vypoctovou simulaci zkouSky pruniku za pouziti N\
strukturniho modelu buriky se Sestinosnikovou tensegritni strukturou. ‘

vvvvv

modelu buriky s realistiCtéjsi topologii cytoskeletu. Obr. 1 Model cytoskeletu

2. Tvorba MKP modelu

Model geometrie zahrnuje vSechny z mechanického hlediska podstatné strukturni prvky, tj.
cytoplasmu, cytoskelet a jaddro. Membrdna a membrénovy skelet neni na rozdil od modelu

L Ing. Radek Lebis, Doc. Ing. Jiff BurSa, Ph.D, Inst.. of Solid Mechanics, Mechatronics and Biomechanics, Brno University
of Technology, Technickd 2, 616 69, Brno, bursa/janicek @fme.vutbr.cz, r.lebis @post.cz.
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prezentovaného v praci Lebi§ R., BurSa J, 2005 modelovan jako skofepina, ale je soucasti
tensegritniho modelu cytoskeletu.

Cytoskelet je modelovdan pomoci dvou 30-ti nosnikovych tensegritnich struktur, jedna
z nich predstavuje kortikdlni (membréanovy) skelet a druhd skelet jadra. Tyto dvé ¢ésti jsou
navzdjem propojeny nosnikovymi prvky, které piedstavuji intermedidlni vldkna nebo
mikrotubuly. Tento model cytoskeletu obsahuje dvakrat 30 tlakovych c¢lend, dvakrat 60
tahovych a 30 ¢lend spojujicich kortikdlni skelet se skeletem jadra v jejich uzlovych bodech, z
nichz 30 je na povrchu buiiky, kde pfedstavuji mechanosensitivni receptory. Pii modelovani
materidlovych vlastnosti vSech bunéénych komponent pouzivime z divodu snadné&jsi
identifikace konstitutivnich parametrl linedrné — elasticky izotropni homogenni konstitutivni

model.

3. Testovaci vypocty

= =Skeletjadra = = =Memb. skelet Spojovaci ¢leny

Prace na tomto modelu se prozatim

nachdzi ve stddiu odladovani a = 36 o 1 L.
testovdni, proto pomoci tohoto 34 ------q---ro---- R
| | | | |
modelu byly provedeny pouze %32 i ; ! ! T ‘
orientacni vypocty pii simulaci Z a0l e —— =
2 v e - 3] | | |
tahové zkousky. Tii testovacich }e gl w w
j . R X S 28 e | | |
vypoctech jsme vyhodnocovali: x 7 l !
26 —
e vliv velikosti predpéti ve 4 6 8 10 12 14 16 18 20 22

v , 7, ¢G4 éni pr ¥ i[9
slozk4ch cytoskelet4rniho Pocateéni pretvoreni [%]

apardatu na velikost reak¢ni . o "
sily v mikropipetdch Obr. 2 Vliv pocatecniho ptetvoreni ve slozkach
cytoskeletu na reakéni silu pfi tahové

[ ] i 1 i ¢ } v e v s
vliv spojovacich ¢lenli na zkousce pfi protazeni o 3um

velikost reakéni sily
v mikropipetach.

4. Zavér

Vysledky testovacich vypoctd ukazuji, Ze pii zvétSujicim se pocatecnim pretvoreni
v cytoskeletu vzristd celkovd tuhost buiky téméf linearn€é. Pii analyze vlivu predpéti
jednotlivych strukturnich sloZek cytoskeletu bylo zjiSté€no, Ze nejveétsi vliv na zménu tuhosti
tohoto modelu buriky ma predpéti membranového skeletu, nejmensi vliv byl zaznamendn u
skeletu jadra. Pfi zkoumdani vlivu propojovacich ¢lent na reak¢ni silu v mikropipetach bylo
zjisténo, Ze vyznamné zvysuji tuhost buriky. Tento model piedstavuje podstatné vylepSeni
oproti modelu se Sestinosnikovou tensgritni strukturou cytoskeletu 0. Obsahuje vétsi pocet
prvkid modelujicich mikrotubuly, mikrofilamenta 