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Abstrake: V tomto clanku sa venujeme reakcii systému pozo; ‘ovaného rotora, ldory je
modelom metody konecnych prvkov v urcitom case. Casovy priebeh poruchovich a
bezporuchovych riadiacich jednotiek (hriadelov) s roznymi miestami vyskytu poruchy
zobrazuje dynamicke spra»ame V tomto pripade sa zohladmgu ucinky vlastnej hmotnosti a
nerovnovdhy. Takto mozno indukovany systém povazovat za nomindlny signal v zdvislosti
od amplitidy harmonickej alebo segmentovanej odchylky. Model metédy konecnych prvkov
sa chdpe ako , experimentdlny* vyskum dynamického spravania systému viedy, ak sa
nejednda ani o dekompoziciu systémového usporiadania, ani o presné systémové reakcie.

Klucové slovd: ,

Abstract: In the artzcle presented we e deal with the behavzour system of an observed rotor
being the model of the finite element method at certain time. Time bekavzour of faulty and
failure-free controlling units (shaf ) with d ifferent fault places repreventmg dvnamzc
behaviour. In such a case therez are the effects of the own weight and unbalance. Thereafter
this induced system is considered the nominal signal dependtng on the amplttude of
harmonic or segmenting aberration. Model of the finite element method 5 the

"experimental” mvestzgatzon of the dynamzc system behaviour if it is nei
decomposition of Systemzc arrangemenl nor ihe accurate systemzc reactzons

Key words:

1. UVOD 1. INDRODUCTION

Nie je mozné predvidat a naplanovat
vSetky mozné pripady poruch. Na jednej
strane stoji a priori urobené opatrenie,
ktor¢ je vysledkom minulych skisenosti,
na strane druhej sa objavuju
deterministicky alebo stochasticky

It 1s not possible to anticipate and lay
out all the possible cases of faults. There is
the measurement being the result of last
experiences done on one side, and the
deterministically  and stochastically
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neoCakdvané  faktory.  Okrem  toho
skusenosti ¢loveka  zminulosti  a
pritomnosti nie st dokdzané a nemozno ich
povazovat’ za predikaciu do budicnosti.
Napr. opotrebenie materidlu je pomalé a
vo faze projekcie a planovania tazko
vypocitatelné. Protiopatrenia je potrebné
urobit’ nielen vo faze projekcie a
planovania, ale rovnako aj pocas
prevadzky [4]. V pociato¢nom S§tadiu ich
nemozno  vicsinou  priamo  zachytit
Fudskymi zmyslovymi organmi. Napr.
poruchy patriace do tejto kategorie, ktoré
vedi nielen k prasknutiu  hriadela a
sposobuju postupné poruchy v lozisku, ale
nakoniec vedd k celkovym Skodam. Zvlast
ide o pripady, ked zasiahnuté casti su
napojené na dalSiu cast' stroja. Toto je
kl'acovy problém v nepretrzitej prevadzke.
Stretdvame sa s problémom ako nielen
Casovo optimalne spoznat symptomy
poruchy, ale aj ako lokalizovat’ poruchu a
Jjej blizsie okolie v Case prevadzky, aby sa
prediSlo nebezpecenstvu l'udi, okolitého
prostredia, a uSetrili sa naklady na
nasledky. RieSit’ spominané problémy nie
je Tlahké, vzhladom ktomu, zZe eSte
neexistuju univerzalne metody, ktoré by
riesili problém spoznania a
diagnostikovania ~ poruch. Je  preto
nevyhnutné objavit’ efektivne metody [9].

Tieto rotujice konfiguracie sa mdzu
vyhodne aplikovat’ pre riadenie systémov s
vysokou néaro¢nostou na bezpecnost a
spolahlivost’ prevadzky, ako su napriklad
procesy kontinudlnej vyroby (vysoké
pece), systémy zvislej banskej dopravy a
podobne. St vyhodne pre pasovi dopravu,
ktord je vhodna pre velké hodinové
dopravované mnozstva (az do 20.000 m’h’
Y, strednti az velku dopravnu vzdialenost’
(3 - 15 km) a velké stipavé trasy (25 —
300) [3].

2. POHYBOVE REAKCIE
PORUCHOVYCH
TURBOROTOROV

Pohybové reakcie turborotora
sledujeme na rotore obsahujuicom dve
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unexpected factors on the other hand.
Besides that, man’s experiences from the
past are not proven and cannot serve as
a prediction into the future. For example,
the material detrition is slow and hardly to
be calculated in the phase of projecting and
planning. Countermeasures are needed do
not only when projecting and planning, but
also during the operation [4]. At the
beginning they are obviously difficult to be
perceived by senses. Faults as a part of
these category leading to shaft breaking
result finally in causing the aggregate
damages. Especially it concerns cases,
where the broken parts are joined with
other part of the shaft. This is the problem
in the continual operation. Theretfore there
1s how to optimally recognize fault
symptoms, localise it and the environment
as well during the operation to avoid the
danger for people and environment and to
save costs on consequences. It is not easy
to solve the problems mentioned for there
is still lack of universal methods solving
the fault diagnosis. Effective methods are
to be evolved [9].

These rotating configurations can be
effectively applied within controlling
systems of high security requirement and
operating reliability, e.g. processes of
continual production (blast furnaces),
systems of horizontal mining
transportation and alike. They are useful
for track transportation as being effective
for huge amounts transported per hour (up
20.000 m’h™), middle to long transport
distance (3 — 15 km) and big grading lines
(25 -300) [3].

2. KINETIC BEHAVIOUR OF THE
FAULT TURBOROTORS

Kinetic behaviour of turborotor is
followed up at a rotor containing two
hydrodynamic adjustable bearings laid at
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hydrodynamické posuvné loziska
umiestnené¢ na koncoch hriadel’a. Rotor
pozostava zo 7 samostatnych riadiacich
jednotiek s rovnakym priemerom, dizkou a
homogénnymi  vlastnostami  materialu.
V dalsich castiach tejto kapitoly uvadzame
systémové data pre geometriu a material
samostatnej riadiacej jednotky rotora
(obr. 1).

he end of the shaft. Rorot consists of seven
independent controlling units with equal
average, length and  homogeneous
characteristic of material. Systemic data
for geometry and material of an individual
rotor unit are described in the following
parts of this paper (fig. 1).

i

F F

Obr. I Rotujuci hriadel’ turborotora
Fig.1 Rotating shaft of turborotor

2.1 LOZISKO

Zvolené loziska mozeme
charakterizovat’ ako dynamické
segmentové loziska spojené mohutne
sc¢apmi na oboch stranach hriadela.

Sacastou  hmotnosti loziska st capy,
panva loziska, segmenty a kozlik loziska.
Zataz  hriadela ako aj eventudlne
posobiaca zataz na systém sa prenaSa na
kozlik loziska. Priemer capov volime
zhodne s priemerom hriadel’a. Vychadzaju
z tedrie kratkeho loziska [5], volime Uzke
lozisko, pricom zanedbavame
fundamentalne oscilacie ako aj oscilacie
loziskového nosnika. Rovnice (1) a (2)
vyjadruju  predpokladant ©=  dynamicku
intenzitu loziska zhodnu s intenzitou ¢apov
(zanedbavame posuny v lozisku) [3]
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2.1 BEARING

The bearing chosen can be
characterised as dynamic segmented
bearings connected massively with

journals of ashaft at its both side. The
whole bearing weight is made of journals
of the shaft, saucepans, segments and the
coach-box bearing. Shaft load as well as an
alternatively effective load upon system
are carried to coach-box bearing. The
average of the journals are identical with
the shaft average. Coming out of the
theory of a short bearing [5], we choose the
close bearing, neglecting the fundamental
oscillation as well as the oscillation of
bearing bearer. The equations (1) and (2)
express the assumed dynamic intensity
being equal to journals (regardless bearings
shifting) [3]
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kde U su stradnice posunu, D je matica
tlmenia, K je matica odolnosti loziska voci
porucham a f je sila nerovnovahy.

Koeficientu pruznosti k,« = Kagy
koo = ke @ krychlosti Gimernému
koeficientu tImenia dvyy = dyyy = dvyy =
dyxy priradime hodnoty 10 kg/s® a 0.008
Ns/m.

Matrice Dy a D zapiSeme v tvare:

do d, 000 0 00

d, d,, 00 0 0 00

0 00 0O 0 0O

D = 0 000 0 0O

0 0 0ld, d. 00

0 0 0|d,, 4d, 00

0O 0 00,0 0 00O

L0 0 000 0 0 0]
Vzhladom na velké usporiadanie

matric ich nemdZeme na tomto mieste
zobrazit. Predstavujeme iba elementarne
matrice vypocitané pomocou Hermite —
polynémov  tretiecho radu [1,6,10]
v zavislosti od geometrie a materialu.

2.2 SYSTEMOVE PARAMETRE

radime
ako aj

K systémovym
dita  geometrie,
prevadzkové  parametre  rezonujlceho
(oscilacného) systému. Systémové
parametre hriadela sii nasledovné:

parametrom
materialu

1.  Priemer: d.=0.25m

2. Dizka samostatnej riadiacej jednotky:
l.=2m

3. Pocet samostatnych
jednotick (centier): 7

riadiacich

K.

Fi, = KUi (1Y + DU (1), ix =1
fi, = K-Ui (1) + DU (1), ix=7

Il

(1)
(2)

where U is axe of shifting, D is the matrix
of damping, K is matrix of the bearing
resistant to t fault and F is power of
unbalance.

Coefficient of elasticity K« = K,yy =
Koy k,x and to that of speed
proportional coetficient damping dy =
dysy = dwxy = dixx there are the following
values dedicated 10 kg/s® a 0.008 Ns/m.

Matrix D, and Dk chalk up in form:

ko k.. 0 0]0 0 0

k.., k,, 000 0 00

0O 0 00,0 O 0O

0 00,0 0 00

0 0|k, k., 00

0 0 0 Ok, k, 00

0 0 000 O 0O
0 0 0 0] (3)

Concerning  the  huge  matrix

arrangement it is impossible to present
them at this place.. We constitute only the
elementary matrixes calculated by Hermite
- multi-nominal tertiary polynome [1,6,9]
depending upon geometry and material.

2.2 SYSTEMIC PARAMETERS

The systemic parameters comprise the
geometry of data and material and the
operating parameters of a resonant
(oscillating system) system. Shaft systemic
parameters are following:

1. Average:d.=0.25m
2. Distance of an individual controlling
unit: . =2 m
3. Number of individual controlling units:
7
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4. Material riadiaccho centra: SI 54
5. E-—moduly: E=2.1x 10" N/m’
6. Hmotnost p= 7860 kg/m’
7. Pocet otdcok: NN = 1000 U/min, t.).
Q=104.7 rad/s
8. Nerovnovaha: zanedbavame
dynamické vychylenie z rovnovahy
— rozdelenie nerovnovahy: 3 (treti,
Stvrty a piaty subsystém)
— uhol nerovnovahy: B, = 30°
— polomer nerovnovahy:
- Ny = 0.000002 m
— excentricita: ¢, = 0.00001

9. Plosny nosny moment:
r=m(1/2 d.)'/4
10. Tlmenie elastického hriadel’a

(riadiaceho centra):
Dmy=d, M +dp K kg/s

Pre modalne tlmenie sme zvolili d, =
0.0001 a dg = 0. Takto sme utlmili
Strukturu  rotora a  proporcionalne
k hmotnosti. Celkova hmotnost’ sa rovna
8.2 ton.

3. CASOVY PRIEBEH
BEZPORUCHOVEHO ROTORA

Casovy priebeh sme  ziskali
priamou integraciou S§tvrtého a piateho
radu metddami  Runge—Kutta. Potrebné
systémove matrice sme zostavili
programovacim jazykom FORTRAN 77.
Simuldcie  sme realizovali  pomocou
subprogramu MATLAB [6,7,8].

Casovy priebeh bezporuchového
rotora zavisi v prevaznej miere od
pociato¢nych podmienok [2]. Simulaény
¢as 0.5 s, casovy interval predstavuje
0.0002 s a ¢iselna hranica presnosti (0.0004.

Pociato¢né podmienky:

t(()) =) U(:O(x.}'.z) =1
Vyznam tychto vychodzich

podmienok spociva vtom, Ze posuny a
rychlosti v pripade 1y, = 0 s nulové.
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Material of controlling centre: Sl 54
E - modules: E=2.1 x 10" N/m’
Weight p = 7860 kg/ m”

Number of rotation: NN = 1000

Nk

8. Unbalance: neglecting the dynamic
deflection of balance

— Unbalance allocation: 3

— Unbalance angle: 3, = 30°

— radius unbalance: n, = 0.000002 m

— eccentricity: ¢, = 0.00001
9. Bearing factor: iy=m ( 1/2 d. )4 /4
10.  Damping of elastic shaft (controlling

centre): Dmy=d, M +dpg K kg/s

Because of modal damping we choose
da = 0.0001 and df = 0. The rotor
structure has been damped by this manner
proportionally to the weight. The total
weight 1s equal 8.2 ton.

3. TIME BEHAVIOUR OF THE
NO-FAULT ROTOR

Time behaviour was achieved by
direct integration of the fourth and fifth
admire using the methods of Runge-Kutta.
The necessary systemic matrixes were
defined by  programming  language
FORTRAN 77. The simulations are
executed by subprogram MATLAB [7,8]

Time behaviour of failure-free rotor
depends mostly upon the initial conditions
[2]. Simulation time 0.5 s, time period is
0.0002 s and numeral border of accuracy
0.0004.

Initial conditions are:
Ulﬁo(xy.z) — O (4)

The meaning of these initial conditions
represent the fact, that shiftings and
accelerations are under t, = 0 zero. The
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Vznikajice odchylky v lozisku a v strede
mozno chapat’ ako statické znizovanie
sposobené nasledkom vlastnej vahy. Na
tomto mieste je dolezité spomenut’ pre
grafiku rozlozenie suradnic: U, = U; U, =
Uz, U(s‘x) U3. Ux(s_)r) U4. CZISOVy"
priebeh oscilacie predstavuju posuny (U,
U,), momenty (Us), rychlosti (U, Uy) a
uhlovd rychlost Q monitorovaného
systému. Tieto informacie su délezit¢ pre
systémovu analyzu. Zobrazené st Casové
reakcie strednej Casti rotujliceho systému,
pretoZe reakcia na tomto mieste poskytuje
viacej informdcii na analyzu. Ide napr. o
vlastnost’ symetrie, maximalneho
vychylenia a rychlosti.

Ako vyplyva z obrazku 2, systém sa
priblizuje v strede k harmonickym
pohybovym reakciam. Maximalna
odchylka U, stradnice predstavuje cca
3.8mm nasledkom inertného systému,
kedze okrem podsobenia nerovnovizne]
intenzity sa objavuje aj hmotnostna
intenzita vo vertikdlnom smere. Pricinu
MoZno hladat v charakteristike
zobrazujlceho systému, ktord sa vyznacuje
symetrickym usporiadanim. Horizontalna
os U, znazornuje harmonické reakcie.
Zohladnujeme absenciu  hmotnostnych
podielov. Maximalna amplitida U, =
3.5mm je menSia v porovnani s U,.
Fyzikdlne priciny mozno hladat’ vo
vynechani hmotnostnej intenzity. Na
obrazku 1 si znazomené aj Us a Uy
charakterizujiuce reakcie momentov Vv
[Nm]. Maximalne hodnoty st 0.5 Nm.

Obrazok 3 zobrazuje priebeh lavého a
pravého loziska. Reakcie oboch lozisk sa
podobaju reakcidam osi U, a U,. Rovnako
velké odchylky mozno chapat ako
dynamicku dislokaciu loziska. Maximalne
hodnoty predstavuju  polovicu  hodndt
stredu (2 mm). Meniace sa momenty
suradnic Us a U su charakteristické
opacnymi znamienkami, ale identickymi
hodnotami. Pri¢inu mozno lahko zistit
v symetrickom  usporiadani.  Pohybové
reakcie lozisk sa odlisuji od pohybovych
reakeii stredu.
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cmerging anomalies in bearing and in the
middle are considered static declining
caused by own weight. It is important for
the graphics the coordinates arrangements:
Ux = UI. U\ = UZ» U(.\',x) = U?n U.\(S.}) = Ui-
Time behaviour of the oscillation
constitute are the shiftings (U , Uy,
moments (Us), accelerations (Uy , Uy), and
angular acceleration € of monitoring
system. These information are important
for systemic analyse. There the time
reactions of the middle part of the rotating
system depicted since the reactions at this
place provide with more information for

analysis. It 1s  e.g.  asymmetric
characteristics, maximal shifting and
acceleration.

As it is evident in the picture 2, the
system approaches in the centre to the
harmonic motional reactions. Maximum
coordinate divergence U, is about 3.8 mm
as aresult of mert system since there is
not only the effecting unbalanced intensity
but also the weight intensity in vertical
direction. The reason 1s the depicted
system of symmetric arrangement. The
horizontal coordinate U; depicts the
harmonic reactions. We include also the
absence of weight sharings. The maximum
amplitude U; = 3.5 mm is less In
comparison to U, . Physical reasons are
represented by missing weight intensity. In
the picture 1 there are also the Us and U,
being the reactions of moments at [Nm].
Maximum values are 0.5 Nm.

Figure 3 displays the behaviour of
the left and the right bearing. The reactions
of both of the bearings resemble the
reactions of axe U; and U,. The same
anomalics may be considered the dynamic
dislocation of a bearing. Maximum values
constitute the half of values of the centre (2
mm). The changing coordinates moments
U; and U, have the opposite marks but
identical values. The reason can be in the
symmetric arrangement. The motion
bearings reactions differ from the motion
reactions of the middle.
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0 005 01 015 02 025 02 035 04 045 05
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Obr. 2 Casovy: priebeh v strede rozsah poruchy: t, = 0.000 m
Fig.2 Time behaviour in the middle area of fault: t. = 0.000 m

X suradnice: ¢as [s],

Y suradnice: posuny[m], momenty [Nm],
U,: #%% : prieéne posuny [m],

Us: —: vertikdlne posuny [m]

Uz +++ : moment na x stradnici [Nm]
Uy: ... moment na y suradnici | Nm |.

X coordinates: time [s],

Y coordinates: shiftings[m],moments [Nm]
Uy **% - cross shiftings [m],

Us>: = vertical shiftings [m],

Us: +++ : moment in axe X [Nm],

Uy ... :moment inaxe Y [ Nm |.

. K0

[rew, Mred

Obr. 3 Casovy priebeh na lavom a pravom loZisku
Fig.3 Time reaction on the left and right bearing

X suradnice: ¢as [s],

Y stradnice: posuny[m], momenty [Nm],
U,: *** : prieCne posuny [m],

U»: —: vertikalne posuny [m]

Us: +++ : moment v x stradnici [Nm]

Us: ... : moment na y suradnici [ Nm |.
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X coordinates: time [s],

Y coordinates: shiftings[m],moments [Nm]
U,: *** . cross shiftings [m],

U-: — 1 vertical shiftings [m],

Us: +++ : moment in axe X [Nm],

Uy ... moment in axe Y [ Nm |.
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4. CASOVY PRIEBEH

4 TIME BEHAVIOUR OF THE

PORUCHOVEHO ROTORA FAULT ROTOR
V predchadzajicej Casti sme In the previous part of the article the
povazovali casovy priebeh time reaction of the failure-free system was

bezporuchového systému vzhladom na
stred za bezny pripad. V tejto kapitole
podrobne  rozanalyzujeme  spravanie
poruchového rotora v réznych poziciach a
s roznym rozsahom. Budeme predpokladat’
vyskyt poruchy v strede rotora pri rozsahu
poruchy 0.002 m. Pri sledovani ¢asového
priebehu sucasne monitorujeme reakciu

considered the common case In this part
we will make an analysis about the
behaviour of faulty rotor at different
extend. We shall assume the fault
momenty appearance in the centre of the
rotor at the fault extent of about 0.002 m.
Simultaneously ~ we’ll  monitor  the
oscillation reaction at shiftings and

oscilacie amplitdd pri  posunoch a moments.
momentoch. Similarly to the time reaction of the
Podobne ako v pripade casového failure-free rotor figure 3 presents the

priebehu bezporuchového rotora zobrazuje
obrazok 3 harmonické oscilacné reakcie
vertikdlnym smerom U, v strednej Casti.
V horizontdlnom smere U; pozorujeme
rozdielne pohyby oproti U,. Pri¢inou moze
byt pokles lokalnej odolnosti a vahovej
intenzity.  ZniZzenim  odolnosti,  resp.
zvySenim ohybnosti sa celkovy systém
stdva eclastickejsi. Horizontalne momenty
Us wvstrede sa vyznauju  vysSou
realizdciou v porovnani s vertikalnym
smerom U,. Rozsah poruchy predstavuje
2mm a pozicia poruchy je v strede
rotujiceho systému od l'avého loziska.

harmonic oscillate reaction in vertical
direction U, in the centre. At horizontal
direction U; we follow the different
movements against U;. The reasons can be
the decrease of local endurance and weight
intensity. Endurance decrease or flexibility
increase make the whole system more
elastic. Horizontal moments Us In the
middle show higher execution compared
with vertical direction Uy. Range of fault
i1s 2 mm and its location is in the centre of
the rotating system from the left bearing.

? SIS AN A
PRI B
- | - [} \
= : )
: | «
"E . 'II:H,:,,\L‘I] ...... Iln.“
A, peaoa!

0 005 01 01502 02503 045 04 045 0.5

Obr. 4 Pozicia poruchy v strede; casovy priebeh stredu
Fig.4 Location of fault in the centre; time behaviour of the centre

Rozsah poruchy: t, = 0.002 m,
X suradnice: ¢as v [s],
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Y suradnice: posuny v [m] a momenty v
[Nm],

Uj: *** : priecne posuny v [m],

U,: —: vertikdlne posuny v [m],

Us: +++ : moment na osi X [Nm],

Us: ... : moment na osi Y [Nm].

Range of fault: t, = 0.002 m;

X coordinate: time in [s],

Y coordinate: shifting in [m] and moments
in [Nm],

Uy: *** : cross shifting in [m],

Us: — : vertical shifting in [m],

Us: +++ : moment in axe X [Nm],

Uy: ... : moment in axe Y [Nm].

[r, Nra]

02505 03504 045 05

Obr. 5 Casovy priebeh na lavom lozisku
Fig.5 Time behaviour in left bearing

Rozsah poruchy: t, =0.002 m,

X suradnice: ¢as v [s],

Y suradnice: posuny v [m] a momenty v
[Nm],

Uj: *** @ priecne posuny v [m],

Us: —: vertikdlne posuny v [ m ],
Us: +++ : moment na osi X [Nm],
Uy: ... : moment na osi Y [Nm].

Range of fault: t, = 0.002 m;

X coordinate: time in [s],

Y coordinate: shifting in [m] and moments
in [Nm],

Uj: *** : cross shifting in [m],

Us>: —: vertical shifting in [m],

Us: +++ : moment in axe X [Nm],

Uy: ... : moment in axe Y [Nm)].

[N

0 0050101502 02503 03504 04505

Obr. 6 Casovy priebeh na pravom loZisku

Fig.6 Time behaviour in right bearing
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X suradnice: ¢as v [s],

Y stradnice: posuny v [m] a momenty v
[Nm],

U,z #*% ¢ prie¢ne posuny v [m],

Us: —: vertikalne posuny v [ m |,

Us: +++ : moment na osi X [Nm],

Uy: ... : moment na osi Y [Nm].

Obrazok 4 nam moéze poslazit' na to,
aby sme zistili ako reaguje lavé lozisko na
chybu v strednej Casti. Reakcia vertikalne]
suradnice U, konverguje k harmonickému
spravaniu. Spravanie stUradnic momentov
Us a U, je rozdielne. Spravanie pravého
loziska (obr. 5) pri posunoch sposobenych
vyskytom poruchy v strednej casti je
rovnaké, pri momentoch Us a Us opacne
k vychyleniu na l'avom lozisku.

Pri¢inou  takéhoto  spravania je
symetrické usporiadanie. Posuny sa na

loziskach vo vertikalnom smere pohybujd
od —0.002 m az po takmer nulu a
v horizontalnom smere od —0.001 m po
©0.0025 m. Maximalne momenty na
suradnici Uj; predstavuju cca. 0.0006 Nm a
na sturadnici Uy nadobudaja —0.0008 Nm.

5. ZAVER

Na poruchu v zloZitom systéme sa
treba pozerat’ ako na systémovl poruchu.

Tato porucha je rizikovym faktorom
vzhladom na bezpecnost’ Pudi
a spolahlivost, pokial ide o funkciu

v prevadzke. Nielen z dovodov humanity a
ekonomie, ale aj z ekologickych dovodov
je potrebné poruchu ¢o mozno najskor
diagnostikovat’  a  rychlo  odstranit.
V zlozitych technickych zariadeniach je
potrebné venovat’ osobitni  pozornost’
systémovej poruche vzhl'adom na mozné
velké Skody. Vd'aka vyvinutiu pocitacovej
kapacity a tym rastuceho vyuZivania
pocitacového monitorovania je dnes mozné
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Range ot fault: t, = 0.002 m;

X coordinate: time in [s],

Y coordinate: shifting in [m] and moments
in [Nmj,

Uy: ##* . cross shifting in [m],

Us: —: vertical shifting in [m],

Us: +++ : moment in axe X [Nm],

U,: ... : moment in axe Y [Nm].

Figure 4 depicts the reaction of a left
bearing to a fault in the centre. Reaction of

the wvertical coordinate U, converge
towards the harmonic behaviour. The

behaviour of coordinate of moments Us;
and U, is different. The behaviour of the
right bearing (figure 5) with  shiftings
caused by fault in the centre is the same, at
moments Us and Uy it is opposite to the
shifting on the left bearing.

Reasons of such behaviour is the
symmetrical adjustment. The shiftings at
the bearing in vertical direction are from -
0.002 m up to nearly a zero in the
horizontal direction from -0.001 m up to
0.0025 m. Maximum of moments in
coordinate Us constitute 0.0006 Nm and in
coordinate U,achieve -0.0008 Nm.

5. CONCLUSION

The fault in a complex system is
considered systemic fault. This fault is
a risky factor because of people security.

Not only because of humanity and
economics, but also from the ecological
reasons therefore the diagnosis and quick
abolishment is very necessary. In complex
technical facilities a special attention
should be paid to a systemic fault due to
possible huge damages. Thanks to the
computer capacity and thereby increased
exploitation of computer monitoring it is
possible  to  diagnose  the  fault
simultaneously and visually at present.
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syst¢mov( poruchu vizuadlne a nepretrzite
diagnostikovat'.

V tomto ¢lanku sa venujeme reakeii
systému pokial 1de o bezporuchové a
poruchové riadiace centrum. V oblasti
frekvencii sa uvddza metdda rychle)
Fourierovej transformdcie pre poruchy
riadiaceho centra. Zaklad tvori model
metody konecnych prvkov.

In this article we deal with system
reaction as to the failure-free and faulty
controlling centre. In frequency there is the
method of Fourier transformation depicted
for faulty controlling centre. The basis is
the model of finite element method.
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