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1. INTRODUCTION

This article aims at fault detection relevant to
operation security. In spite of many researches done
there are still key problems open concerning the
quick fault diagnosis its location and intensity.
Firstly it is necessary to diagnose the fault to be able
to make the fault correction soon.

We detect the faults in rotating turbo rotor using
observer for controlling faults and instability with
application to transport machineries [7]. There are
different observers that can be used. To be able to
choose a suitable one the knowledge of systemic
dynamics is required. The corresponding observers
are selected in dependence of system characteristics
[2]. We analyse the non-linear observer application
based on fictitious model with integrator [5].

When dealing with fault and instability we exploit
the same methods as applied in fault diagnosis. The
general methods are classified into methods of
analytical and hardware redundancy [7]. A method
based on observer's estimates the state vector and
enables to detect the fault or instability due to the
state changes. Methods using observers are divided
into linear and non-linear ones. The linear observer
has either the known or unknown inputs according
to the general fault diagnosis and systemic observer

entry [6].

1. UvoD

Praca je zamerand na detekciu poruchy, ktora je z
pohladu prevadzkovej bezpe¢nosti velmi relevantna.
Aj napriek vSetkym snaham mnohych vedcov
ostavaju klucové problémy, ako co najrychlejsie
zisti' poruchu v ¢ase prevadzky a dalej ked sa
porucha vyskytla, kde a v akom rozsahu sa nachadza
eSte stale otvorené. Je dblezité zistit' poruchu
zlozitého systému, aby sa mohlo pristupit’ k véasnej
vystrahe v oblasti bezpe¢nosti.

Prinosom ¢lanku je diagnostika portch v rotujicom
turborotore pomocou pozorovatela pre sledovanie
poruchy a nestability s aplikovanim na dopravné
stroje [7]. Problematika poruchy ma k dispozicii
rozne pozorovatele. Volba vhodného pozorovatela
vyZaduje potrebné znalosti systémovej dynamiky,
pretoZe v zavislosti od charakteru systému sa volia
prislu$né pozorovatele [2]. V praci analyzujeme
aplikaciu nelinearneho pozorovatela v pripade
vyskytu poruchy, ktory sa opiera o fiktivny model na
baze integratora [5].

Pri skimani problematiky porich a nestability sa
opierame o rovnaké metody ako v pripade
diagnostikovania poruchy. Tieto vSeobecné metody
sa Clenia na metody analytickej redundancie a na
metody hardwarovej redundancie [7]. Metoda
zaloZzend na pozorovateloch umozZiuje odhadnat
stavovy vektor tak, Ze je moZné spoznat vznik
poruchy, resp. nestability pomocou stavovych
zmien. Metody zaloZené na pozorovatel'och sa Clenia
na linedrne a nelinedrne metddy. V zavislosti od
vSeobecnej diagnostiky poruchy a podla charakteru
systémového vstupu do pozorovatela mozZno
linedrny pozorovatel' rozdelit na pozorovatel' so
znamymi a nezndmymi vstupmi [6].
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2. OBSERVER

As mentioned above there are various observers for
dealing with faults and instability. In general there
are detailed information concerning the complex
technical system inevitable to estimate the state or
to diagnose a linear time invariant system.

We usually obtain the required information about
the monitoring system from measuring [8],[9]:

x(t) = Ax (t) + Bu (1)
y(1) = Cx(1)

Faults arising can result in non-linear effects
n; (x (t),t), being either hardly or with some
difficulties estimated with linear observer. Non-
linear observer is to be applied than. It is not easy to
establish condition for such an observer. It is due to
the unknown effects n(x(t),t). It applies to observers
for fault diagnostics and isolation as well
Concerning the observer with unknown inputs the
system is by regular transformation transposed to
a systemic transformation separating the known
inputs from the unknown ones.

3. DESIGN OF NON-LINEAR

OBSERVER

Non-linear observer is actually a linear observer
approximating non-linear effects n(x(t),t) of
a compound system using the model of faults in
accordance with the following equation:

2. POZOROVATEL

Ako sme uz naznadili, problematika poruchy a
nestability ma k dispozicii r0zne pozorovatele. Vo
vseobecnosti st na odhad stavu alebo na diagnostiku
linedrneho,  Casovo  invariantného  systému
nevyhnutné  detailné  informécie o zlozitom
technickom systéme. Tieto potrebné informacie

o sledovanom systéme sa ziskavaji obycajne
meraniami [8],[9]:
1
@

Vznik poruchy moze viest k nelinedrnym javom
ny(x(t),t), ktoré pomocou linedrneho pozorovatela
nie je mozné alebo je mozné iba tazko odhadnut’.
V takychto pripadoch sa méze vyuzit' nelinearny
pozorovatel. Je tazké vytvoritt podmienky na
jestvovanie takéhoto pozorovatela. Ide
predovsetkym o také pripady, ked javy n(x(t),t) nie
st presne zndme. Plati to rovnako aj pre
pozorovatele, ktoré sa vyuzivaju na diagnostiku a
izolaciu poruchy. Ak sa jednd o pozorovatel
s neznamymi vstupmi, systém sa pravidelnou
transformaciou prevedie na systémové zobrazenie,
v ktorom sa oddel'uju zname vstupy od neznamych.

3. NAVRH NELINEARNEHO

POZOROVATELA

Nelinearny pozorovatel je linearny pozorovatel,
ktorého tlohou je aproximovat nelinearne javy
n(x(t),t) zlozitého systému pomocou modelu
poruch, podl'a rovnice:

X=Ax(t)+ Bu (t)+ N n(x(t),1t) 3)
Let: Nech:
V(1) = V(1) @
Approximation: Aproximacia:
n(x(1)) ~ H (1) ®)

Matrices V (fictitious model matrix) and H
(fictitious weight matrix) are defined according to
the technical setting [7],[8]. Vector v(t) is the ny
dimension vector of basic functions representing the
time course of events n(x(t),t). Non-linear observer
design is based upon fictitious fault model (4)
describing non-linearity. In view of technical setting
and convergence features the fictitious model
shouldn’t be arbitrarily chosen or modelled.
Regarding the quick convergence features the model
of integrator is considered the fault model where:

Matice V (fiktivna modelova matica) a H (fiktivna
hmotnostna matica) su definované v zévislosti od
technického pozadia [7],[8]. Vektor v(t) moZno
interpretovat’ ako ny rozmerny vektor zakladnych
funkeif, ktoré priblizuju ¢asovy priebeh javov
n(x(t),t). Navrh nelinearneho pozorovatel’a (obr. 1)
sa opiera o fiktivny model poruchy (4), ktory blizSie
popisuje nelinearitu. Tento fiktivny model poruchy
by nemal byt vzhl'adom na technické pozadia

a vlastnost’ konvergencie 'ubovol'ne zvoleny, resp.
modelovany. Podl'a rychlej vlastnosti konvergencie
sa za model poruchy povazuje integratorovy model,
pricom:
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Figure 1 Non-linear observer: A: systemic matrix of a faulty controlling centre, B: input matrix; C: measuring
matrix, Lx: matrix of amplifying a state, Lv: matrix of amplifying the extended, fictitious model, u(t). input
vector, x(1): state vector, X(1) : vector of an observer, V(1) : fault vector of fictitious model; y(t): system
measuring vector, j/(l) . estimate measuring vector; Nv,H,V: model matrices, w,,: measuring noise, s(t).

process noise.

Obrazok 1: Nelinedrny pozorovatel,; A: systémova matica poruchového riadiaceho centra,; B: vstupnd matica;
C: meracia matica; Lx: matica zosilnenia stavu; Lv: matica zosilnenia pre rozsireny, fiktivny model; u(t):
vstupny vektor; x(1): stavovy vektor; (1) : vektor pozorovatela; (o). poruchovy vektor fiktivneho modelu,
Y(t): meraci vektor systému; ¥ O) - meraci vektor estimdtora; Nv, H; V: matice modelu; w,,: meracie Sumy, s(t).
procesové Sumy.

V=0 )
Model (4), (6) depicted as asystem of Tento model (4),(6), ktory je tu zobrazeny ako
differentiating equations of first rank represents the systém  diferencidlnych rovnic prvého radu,
basic approximation function of n(x(t),t) (3). Non- predstavuje zakladn( funkciu aproximacie priebehu
linear vector n(x(t),t) comprises ny components: javov n(x(t),t) (3). Nelinearny vektor  n(x(t),t)

pozostava z ng komponentov:

—nl(x(l),l) )
n(x(t),t) = |... )

Py (x(t),l’)J

In accordance with (5) each individual component Podl'a (5) moézeme aproximovat kazdy jednotlivy
can be approximated by: komponent pomocou:
ni(X/(t), t) ~ Hv (l) (8)
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It is interpreted as an indicator of a fault. The Interpretuje sa ako poruchovy indikator vzniknute;
arrangement of a fictitious model is not arbitrary. poruchy. Usporiadanie fiktivneho modelu nie je
We suppose ny arrangement with: lubovolné.  Predpokladame  usporiadanie  n¢
a zvolime:
H = I¢f xnp) )
The non-linear observer can be designed regarding Podla vysSie uvedeného fiktivneho modelu mozno
the fictitious model mentioned above. Systemic navrhnat’ nelinedrny  pozorovatel.  Systémové
descriptions (2), (3) are the output design equations zobrazenia (2), (3) predstavuji vystupné rovnice
[41,[9]. An extended systemic model can be navrhovania [4],[9]. Pomocou fiktivneho modelu
obtained using fictitious model of faulty values (4), poruchovych veli¢in (4), (6), (9) mozno ziskat
(6), (9) from: rozsireny systémovy model zo vzt'ahu:
xg(t): AeXe(t)+Beu(t)+ Ly (t) (10)
where: pri¢om:
x(1) A NH B
)Ce(t): ) Ae= ) , B.= 11
v(t) 0 V 0
Based upon this an observer is designed:- Na zaklade toho sa mnavrhuje (jednotkovy)
pozorovatel”:
x(0)| [4 NH|x@®) | [B Lo R
” =0 ¥ I+ Tlo A+ (@)= y() =
v
e v(0)
A-LC N,H[%¢t)] [B L,
= ’ @+ T () 12)
~ L C V v(t) 0 L,
4 Ty
with estimated measurement: s odhadnutym meranim:
x(2)
y=[c:0}| .. (13)
v (1)
If the extended system [A.C.] can be observed Ked je mozné roz8ireny systém kompletne
according to the condition: pozorovat, t. zn. maticovy par [Ae, Ce] je mozné
pozorovat’:
(AL, -4 ~-N,H
Rang = dim(x(¢)) + dim(v(¢)) = N+ nr,VA e C” (14)
0 A -V
C 0
than it is possible to define the matrices of potom je mozné, aby matice zosilnenia Lx, Lv boli
amplifying Lx, Lv so that the observer (12) is tak definované , Ze pozorovatel’ (12) je asymptoticky
asymptotically stable and the negative real parts stabilny a vlastné hodnoty nadobidaju negativne
take appropriate values. Fictitious model (6) of nf realne Casti. Fiktivny model (6) srozmerom nf
dimension describes the unknown time n(x(?),t) as priblizne popisuje nezname Casové reakcie n(x(t),t)
follows: nasledovne:
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n(x(t),t) ~n(t) = Hv(t)

Matrix model V of (nf x nt) dimension and the
matrix H of (nf x nf) dimension are involved in (6)
and (9). Matrix coefficient (Nv:H) connects the
fictitious model with the whole system. Number of
measures must be equal or be higher than the
number of non-linearities nf: me > nf. Observer
dynamism is expressed is the matrix Ao (Nn + nfx
Nn + nf). For the asymptotically stable observer and
corresponding values the own figures of the matrix
observed Ao are to be on the left from the imaginary
axis and own figures A.

4. FAULT SIMULATION

This part deals with simulating instability and faults
[3]. Firstly we analyse the instability and than the
faults. Considering the decomposition of elementary
model the intensity of instability of control system
is aknown figure. Based on the Finite Element
Method (FEM) the control system is divided into
individual systems — the subsystems (N=4) being
joined with so called nodular points [1]. Simulation
is based upon application the FEM supposing the
locality and range of fault finding out the features of
systemic dynamism [2],[5].

We apply the observer to diagnose the fault locality
in the 4. and 3. subsystem. Subsystem 1 (picture on
the right down) is stable. Fault intensity achieves in
the 2 subsystem (figure on the left down)
inappreciable values hardly to be picked upn in the
modular system. Figure 2 describes the insatiable
faulty-free controlling centre up to t = 1.5s. With 1.5
excess the additional interference fault intensity
arises. Figure on the left at the top represents the
situation when fault location and observer share the
same position. Figure ori the right at the top
describes the estimation in the 3 subsystem. The
range of instability in the 3 subsystem is smaller
than in the 4. one.

It must be pointed out that faults arising in different
subsystems cannot be diagnosed with one observer.
At the beginning we allow for using one observer
and finally abank consisting of two elementary
observers in the subsystems of the control system.
For faulty localisation it is suitable to exploit a bank
with more than two elementary observers [7],[8].
According to the possibilities a bank of more
elementary observers is always more advantageous
when even the technique for designing such bank is
of big importance.

(15)

Maticovy model V s rozmermi nf x nt a matica H
srozmermi nf x nf- su zobrazené v rovniciach (6) a
(9). Maticovy sa¢in (Nv«H) spaja fiktivny model
s celkovym systémom. PocCet merani musi byt
prinajmens$om vic&si alebo rovny poctu nelinearit nf
: me > nf. Dynamiku pozorovatel'a charakterizuje
matica Ao (Nn + nf x Nn + nf ). Vytvorit
asymptoticky  stabilny pozorovatel a ziskat
prijatelné hodnoty je mozné za predpokladu, Ze
vlastné hodnoty sledovanej matice Ao  sa
nachadzajd vPavo od imaginarinej osi v celkovej
rovine a rovnako aj vlavo od vlastnych hodnot A.
4. SIMULACIA PORUCHY

Této Cast’ obsahuje priklad simulacie vztahujiuce sa
na problematiku nestability a poruchy [3]. Preto sa
najprv venujeme problematike nestability a az
nasledne problematike poruchy. Za predpokladu
dekompozi¢ného elementarneho modelu,
povaZzujeme intenzitu nestability v elementarnom
rotujicom systéme za zndmu veli¢inu. Pomocou
metody kone¢nych prvkov sa rotujuci turborotor
rozdeluje na jednotlivé systémy [1]. Kazdy
jednotlivy systém sa nazyva podsystém (na tejto
praci pocet je N = 4), pri¢om kazdy bod prechodu
medzi podsystémami sa nazyva uzlovy bod. Na
zéklade modelu koneénych prvkov sa prevadza
simuldcia, predpoklada sa miesto a rozsah poruchy.
Zistuje sa tak charakter systémovej dynamiky
[2.[5].

Pomocou pozorovatela sa diagnostikuje lokalita
vyskytu poruchy v 4. a 3. podsystéme. Podsystém 1
(obrazok vpravo dole) je stabilny. Intenzita poruchy
nadobida v 2. podsystéme (obrazok vlavo dole)
vel'mi malé hodnoty a v uzlovom systéme sa vobec
neda zachytit. Obrazok 2 zobrazuje nestabilitu
bezporuchového riadiaceho centra az po hodnotu
t=1.5s. Pri prekroceni t = 1.5 s nastdva dodato¢na
interferencnd intenzita poruchy. Obrazok vl'avo hore
zachytava situaciu, ked’ miesto vyskytu poruchy a
pozorovatel' zaujimaji rovnakd poziciu. Obrazok
vpravo hore zobrazuje odhad v 3. podsystéme.
Stanovend intenzita nestability v 3. podsystéme je
mensia v porovnani so Stvrtym podsystémom.
Mozno Kkonstatovat, Ze poruchy vyskytujice sa
vroznych podsystémoch nie je mozné stanovit’
pomocou jedného pozorovatela. Najprv sa vSak
zvazuje moznost vyuzit' jeden pozorovatel a az
nasledne sa aplikuje skupina obsahujuca dva
elementarne pozorovatele v podsystémoch
rotujuceho turborotora. Vo vsSeobecnosti mdZeme
tvrdit, Ze skupina pozostivajica z viac neZ dvoch
elementarnych  pozorovatelov je vhodna na
stanovenie miesta vyskytu poruchy [7],[8]. To
znamena, ze ak je to mozné, skupina s viacerymi
elementarnymi pozorovatel'mi je vZdy lepsia, pricom
uz technika navrhovania takejto skupiny zohrava
dolezitu ulohu.
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Figure 2 An estimated fault intensity of 1.,2.,3. and 4. subsystem with fault locations in the 4.subsystem. x axis:
time in [s]; y axis: intensity in [N] ; range of fault: ty =1 mm.

Obrazok 2 Stanovend intenzita poruchy 1.,2.,3. a 4. podsystému s miestom vyskytu poruchy vo 4. podsystéme.
xo0s: Cas v [s]; y os: intenzita v [N] ; rozsah poruchy: ty= 1 mm.

5. CONCLUSION

This paper deals with the advanced method to
diagnose a fault, a new method to estimate the fault
location, the fault intensity. A damage of the
rotating turborotor is considered a systemic fault.
A fault arising in the control system is considered
a systemic fault being arisky factor for human's
security and reliability as to the function during the
operation time. Not only owing to the humanity and
economy, but even from the ecological point of
view a very urgent diagnosis followed by a fault
recovery is required. In rotating turborotors a
special attention is to be paid to the system fault due
to possible great 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. Non-linear observer formed by
observer for estimating faults intensity enables to
reconstruct the critical state values indirectly. We
introduced anew method based upon observer
exploitation used during on-line examination.

5. ZAVER

Ciel'om ¢élanku bolo na jednej strane diagnostikovat
poruchu v zlozitom systéme, na druhej strane ur¢it’
intenzitu nestability. Na poruchu v rotujicom
turborotore sa treba pozerat ako na systémovul
poruchu. Tato porucha je rizikovym faktorom
vzhl'adom na bezpecnost’ l'udi a spolahlivost’ pokial
ide o funkciu v prevadzke. Nielen zdoévodov
humanity a ekonomie, ale aj =z ekologickych
dovodov je potrebné poruchu o mozno najskor
diagnostikovat’ a rychlo odstranit. V rotujucich
rotorov je potrebné venovat' osobitnit pozornost
systémove] poruche vzhladom na mozné velké
Skody.

Vdaka vyvinutiu pocitacovej kapacity a tym
rasticeho vyuzivania pocitaCového monitorovania je
dnes mozné systémovli poruchu vizuidlne a
nepretrzite diagnostikovat. Predstavili sme novia
metodu, ktorej podstata spociva vo vyuzivani
pozorovatela. Tato metdéda je  zdkladom
nepretrzit¢ho pozorovania. Nelinedrny pozorovatel,
ktory je tvoreny pozorovatelom na uréenie rozsahu
porich, umoziiuje nepriamo rekonstruovat’ kritické
stavové veliciny.
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