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Izvod

Promene dinamickih karakteristika (krutosti, prigusenja)
kao posledice istorije konstrukcije (erozija, tremje, zamor,
unutrasnja ostecenja i prsline) uticu na smanjenje pouzda-
nosti konstrukcije kao i na njenu upotrebljivost ili, u na-
Jjgorem slucaju, mogu dovesti do njenog kolapsa. Imajuci u
vidu da je ostecenje konstrukcije malo ili unutar sistema,
stoga ne moze biti detektovano vizualno, u radu je
predolzen koristan ne-destruktivan postupak za odredivanje
oStecenja preko dinamickih parametara - monitoring vi-
bracija konstrukcije.

UvVOD

Erozija, trenje, zamor materijala, unutrasnja oStecenja i
prsline prouzrokuju postepenu degradaciju dinamickih ka-
rakteristika konstrukcije: krutost sistema slabi, a povecava
se prigusenje sistema. Razvoj degradacije moze dovesti do
nesposobnost konstrukcije za bezbednu i zadovoljavajucu
upotrebljivost koja je od nje ocekivana i garantovana u fazi
projektovanja. Rezultati mogu biti ozbiljni, ¢ak katastrofal-
ni; vazna inzenjerska konstrukcija se u jednom trenutku
iznenada srusi usled gubitka krutosti i otpornosti, §to mora
biti blagovremeno spreceno i izbegnuto. Da bi se otkrila
bilo koja greska i odredio stepen pouzdanosti konstrukcije
neophodna je redovna kontrola i procena stanja.

Rano otkrivanje osteCenja i njegova lokalizacija dozvo-
ljavaju da odrzavanje i popravke budu ispravno programi-
rani, a samim tim smanjeni i troskovi.

Tokom poslednje dve decenije metoda identifikacije
podprostora postala je predmet mnogih istrazivanja Sirom
sveta kao jedna od najmladih metoda za otkrivanje oStece-
nja konstrukcije uz pracenje vibracija.

Ona je jedna od tzv. metoda identifikacije sistema, tj.
metoda inverzne dinamicke analize, u kojoj se informacije
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Abstract

The change of dynamic parameters (stiffness, damping),
as a consequence of structural history (erosion, friction,
fatigue, internal damages and cracks), has an impact on
decrease of reliability and serviceability of a structure or,
drastically, causes its collapse. Having in mind that struc-
tural damage is small or embedded in the system, hence the
detection cannot be done visually, one useful non-
destructive procedure for damage determination by
dynamic parameters evaluation - vibration monitoring of
the structure

INTRODUCTION

Erosion, friction, fatigue, internal damages and cracks
cause gradual degradation of the dynamic structural proper-
ties: the stiffness of the system is weakened, whereas the
damping is increased. The development of degradation can
cause inavailibility of the system supply safe and satisfac-
tory use as expected and guaranteed by design. The results
may be serious, even disastrous; an important engineering
structure at some stage suddenly collapses due to loss of its
stiffness and strength, which must be in proper time pre-
vented and avoided. In order to detect the defect and deter-
mine reliability level of the structure regular inspection and
assessment of engineering structures condition are required.

Early damage detection and their localization allow ma-
intenance and repair to be properly programmed, thereby
minimizing the costs.

In last two decades subspace identification method be-
came the issue of many researches worldwide, as one of the
youngest methods for structural damage detection based on
vibration monitoring.

It is one of so-called identification system methods, i.e.
inverse dynamic analysis method, in which the information
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o karakteristikama konstrukcije, npr. krutost i prigusenje,
dobijaju na osnovu eksperimentalnih ulazno/izlaznih poda-
taka. Cilj ovog rada je provera metode kao i otkrivanje po-
lozaja ostecenja u konstrukciji.

METODA IDENTIFIKACIJE PODPROSTORA ZA
MODEL PROSTORNOG STANJA

Posmatramo konstrukciju koja je pobudena pomocu m
pobuda pravilno rasporedenih po konstrukciji. Odgovor
konstrukcije se meri sa pravilno rasporedenih / senzora,

Umesto poznate diferencijalne jednacine drugog reda

Mi(1) + Dw(t)+Sw(t) = f(t) (1)

dinamicko ponasanje konstrukcije moze se opisati pomocu
modela prostornog stanja:

X(t) = Ax(t) + Bu(t) )
y(1)=Cx(t)+Du(t) 3)

gde su x(f) e R™! vektor stanja, u(f)e R™" ulazni vektor,

y()eR™ izlazni vektor, AcR™™ sistemska matrica,
BeR™™ kontrolna matrica,C<R™ matrica posmatraé,

DeR"™ direktna prenosna matrica, a N = 2n, gde je n

broj stepeni slobode.

U teoriji identifikacije i realizacije sistema dostupne in-
formacije su ulaz, tj. pobuda sistema, i izlaz, tj. odgovor sis-
tema na zadatu pobudu; pa je pocetno ponasanje sistema ne-
poznato. Matematicki, glavni problem je za date eksperimen-
talne ulazno/izlazne podatke na¢i model prostornog stanja,
(2),(3), minimalnih dimenzija za date ulazno/izlazne podatke,
tako da ulaz i izlaz budu zadovoljeni.

Razmotra se konstrukcijski sistem sa ulaznom impul-
snom pobudom i neka je y(¢) = y(iAf) meren odgovor kons-
trukcije na impulsni ulaz

u(0)=1
u(iAt) =0, i>1

Odgovor je meren u jednakim vremenskim intervalima
At koji treba da budu ”veoma” mali. Zadatak je da se sracu-
naju sistemske matrice (A,B,C,D) iz jedn. (2),(3), za dato
y(t), At i u(t). Sledeci korak bila bi ocena dinamickih ka-
rakteristika S 1 D iz sistemskih matrica koris¢enjem speci-
jalnog algoritma, dat jedn. (3) - (10).

Zato se problem realizacije sistema moze preformulisati
u sledece: za date funkcije odgovora konstrukcije na im-
pulsno opterecenje, tj. za set parametar Markova,

D, s=0
Y =<_ ,
tY(s)] CA*'B, 5>0

naci triplet {A,B,C}, nazvan realizacijom modela prostor-
nog stanja (2),(3).

Standardni algoritam, baziran na metodi identifikacije
podprostora, Algoritam realizacije sopstvenog sistema
(ERA) je prihvaéena i Siroko koriS¢ena metoda za reSavanje
pomenutog problema. Jedan od najvaznijih koraka u ERA
je sracunavanje Hankelove matrice /1/.
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about the system characteristics, such as stiffness and dam-
ping, are extracted from experimental input/output data.
The goal of this work is to verify this method and detect the
damage position in the structure.

SUBSPACE IDENTIFICATION METHOD FOR STATE-
SPACE MODELS

Let us consider the structure excitated by m properly dis-
tributed actuators on the structure. The response of the
structure is measured by properly distributed / sensors.

Instead by well known second order differential equation

Mw(t)+Dw(t)+Sw(t)=1(t) (1)

dynamic behaviour of the structure can be described by
state-space model:

X(t)=Ax(t)+Bu(t) )
y(t) = Cx(t) + Du(t) 3)
where x(f) € R™! is state vector, u(f)e R™' is input vector,

y(©)eR™is output vector, AcRNis system matrix,
Be R™™ is control matrix, CeR™ is observer matrix,

De R™™ is direct transmission matrix and N = 2n, where n

is the number of degrees of freedom.

In the theory of the system identification and realisation
the available informations are input, i.e., system excitation,
and output, i.e., the system response on the given
excitation; hence initial behavior of the system is unknown.
Mathematically, the main problem is to find a state-space
model, (2),(3), of minimal dimensions for the given in-
put/output data, so that input and output are satisfied.

Let us consider the structural system with the impulse
input excitation and let the y(¢) = y(i A f) be the measured
response of the structure on the impulse input

u(0) =1
u(iAt)=0,i>1"

Response is measured in equidistant time steps A¢ that
have to be “very” small. The task is to calculate system
matrices (A,B,C,D) from Egs. (2),(3), for given y(z,), At
and u(#). The next step will be the evaluation of the
dynamic properties S and D from the system matrices using
a special algorithm, given by Eqgs. (3) - (10).

Thus the system realisation problem may be reformula-
ted as follows: for the given impulse response functions of
the system, i. e., a set of parameters of Markov

D, s=0
Y(s)=1_ ,
()} CA*'B, 5s>0

find a triplet {X,E,E}, called realisation of a state-space
model (2),(3).

A standard algorithm, based on a subspace identification
method, Eigen-system Realisation Algorithm (ERA) is a
widely used method for solving the given problem. One of
the main steps in ERA algorithm is calculating of the Han-
kel matrix /1/.
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Iteracioni algoritam za nekompletne izlazne podatke

Potreban broj senzora zavisi od ukupnog broja stepeni
slobode sistema. To znaci da / (broj senzora) treba da bude
jednak n (broj stepeni slobode) za jedinstvenu ocenu matri-
ca krutosti 1 prigusenja. Za sistem koji ima veoma veliko n
tesko je staviti potreban broj senzora na konstrukciju. Sta
vise, u skladu sa ¢injenicom da dekompozicija singularnih
vrednosti Hankelove matrice uvodi zavisnost od sopstvenih
vrednosti sistema, poveéanje broja sopstvenih vrednosti
generiSe sopstvene vrednosti sa viS§im vrednostima. To
prouzrokuje izbor kra¢eg vremenskog koraka Az. Cesto, za
sisteme sa velikim brojem stepeni slobode samo skupovi
nekompletnih podataka mogu biti dostupni. Ako je / <n,
moze se koristiti iteracioni algoritam da se dobije skup ne-
dostajucih podataka sledecom procedurom.

Moze se organizovati / senzora na / lokacija na kons-
trukcijskom sistemu. Realni nedostajuéi senzora n - / mogu
biti zamenjeni fiktivnim senzorima koji su adekvatno raspo-
redeni. Ako se zna vektor stanja (odgovor) x(¢) za ulaz u(z)
mogu se sracunati izlazni podaci koji nedostaju. Pocéetne
vrednosti matrica krutosti i mase Sy, M, racunaju se koris-
te¢i analizu konstrukcije za diskretizovane sisteme ili po-
mocu metode diskretizacije za kontinualne sisteme. Ocena
pocetne matrice prigusenja nije lak posao. Stoga se Dy = 0
moze smatrati pocetnom vrednosti, a trenutna vrednost D i
S moze biti sracunata upotrebom algoritma.

_ 0 I,

Aa= -Mj's, -M;'D, 3
[ o

B, = Malca 4)

co=lo L6y & Jemg's, 1)

Xo(1)=AyXy(t)+Byu(t) (6)
ya(t)=(~jaxa(t)+]~)au(t) @)
. y(t)

= 8
Volt) [ya 0 J (8)
(it Best Tt J=ERA(30(1)) ©)

(Sa+1’Da+1’Ga+1 )=@(K'a+1’§;z+l»6’a+l) (10)

Postupak se obustavlja kada algoritam obezbedi zadovol-
javajuce vrednosti za matrice S, D i G. U predhodnim jed-

nacinama CeR™ je matrica posmatra¢ merenih podata-
ka, CeR("~/)¥" _matrica posmatra& podataka koji nedos-
taju, De R™" _ direktna prenosna matrica merenih podata-

ka, DeR")* _ direktna prenosna matrica podataka koji

nedostaju, 0 nulta matrica dimenzija / x (n-1), y(f)e R™' —
meren odgovor konstrukcije (mereni izlaz),

¥(t)e R("X1_ odgovor konstrukcije koji nedostaje,
y(t) € R™ —kompletan odgovor konstrukcije.
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Iteration algorithm for incomplete output data

The number of sensors depends on the total number of
system degrees of freedom. That means that / (number of
sensors) has to be equal to n (number of degrees of free-
dom) for unique evaluating the stiffness and damping mat-
rices. For the system which has a very large # it is difficult
to put necessary number of sensors on the structure. More-
over, due to the fact that the singular value decomposition
of the Hankel matrix involves the dependence on the system
eigenvalues, an increased number of eigenvalues generates
eigenvalues with higher values. That causes the choice of
shorter time steps At. Usually, for the system with a large
number of degree of freedom only a set of incomplete data
may be available. If / < n, an iteration algorithm can used to
provide a set of lacking data using following procedure.

One can arrange / sensors at / locations in structural
system. The # - [ missing real sensors can be replaced with
the fictive sensors which are properly disposed. If the state
vector (response) x(¢) for input u(¢) is known, one can gain
the missing output data. The initial values for stiffness and
mass matrices Sy, M, are calculated using structural
analysis for discretized system or from discretization met-
hods for continuous systems. The evaluation of initial dam-
ping matrix is a difficult task. Hence Dy = 0 can be used as
initial value and the current values of D and S can be com-
puted through the algorithm.

0 1,
Aa= -M,'s, -M;'D, @
_ 0

B, = Malca “4)

co=lo Ll(les & Jemp'ls, 1)

Xo(t)=AyXy(1)+Byu(t) (6)
ia(’)=6axa(t)+f)a“(t) (7
) y(t)

= 8
Y(z(t) |:ya(t)i| ®)
(A1 Bt Chont )=ERA(501)) ©)

(Sa+1.Des1.Gaa )=¢(K21+1 Bl ’E&H) (10)

The procedure stops when the algorithm provides
satisfactory values for matrices S, D and G. In the previous

equations Ce R™ s the observer matrix for the measured
data, CeR""D¥ _ observer matrix for the missing data,
DeR™ _ direct transmission matrix for the measured data,

DeR(™ ¥ _ direct transmission matrix for the missing

data, 0 is zero matrix of size [ x (n-1), y(f) € R™' — measured
response  of the structure (measured output),

¥()eR("1*1_ the missing response of structure,

y(t) € R™ - complete structure response.
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EKSPERIMENTALNI POSTUPAK

U okviru provere metode zasnovane na teorijskim pret-
postavkama prema jedn. (1), izvedeno je nekoliko eksperi-
menata. Dva Celicna nosaca - grede (profil IPB 100), oba 4
m duzine, sa razli¢itim nac¢inima oslanjanja, (sl. 1. 1 2.), su
ispitana u laboratoriji /2/. Odgovor konstrukcije (ubrzanje)
na zadato impulsno opterecenje zapisivan je sa 16 senzora
rasporedenih na istom rastojanju po gornjoj strani nosaca.

T
<

Slika 1. Sematski prikaz koris¢ene opreme
Figure 1. Schematic presentation of used equipment.

Slika 3. Oslonac — greda I
Figure 3. Support — beam L.

Detalji o opterecenju i eksperimentalni rezultati

Pobuda nosaca je bilo impulsno opterecenje zadato Ceki-
¢em. Provereno je da je trajanje delovanja sile bilo zaista
“kratko” — krace od 0.2 ms. Ovo potvrduje da se sila delo-
vanja moze tretirati kao impulsno optereéenje; zaista, frek-
vencija je bila 4800 Hz, tj vremenski korak je bio = 0.2 ms.
U svakom slucaju duzina merenja odgovora konstrukcije je
bila 3 sec. Ukupan skup podataka je obuhvatio informacije
sa 16 polozaja na nosacu. Podaci su zapaméeni na takav
nacin da se mogu koristiti kao ulazni podaci za program,
napisan u Scilab, kao i za ve¢ gotove softvere bazirane na
kona¢nim elementima.

Tokom merenja je prikupljen veliki broj podataka, ali je
samo nekoliko karakteristicnih slucajeva izabrano za prika-
zivanje u ovom odeljku. U prva Cetiri dijagrama (sl. 5 -8.)
potpun skup podataka jednog merenja je prikazan za jedan
karakteristiCan senzor. Instrument nije bio podesen na oki-
danje, tj. merenje ne pocinje kada je opterecenje zadato. To
je uradeno kako bi se uocili pocetni Sumovi, kao i Sumovi
nakon prestanka vibracije grede. Prva tri dijagrama pred-
stavljaju odgovore grede I.
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EXPERIMENTAL PROCEDURE

In the scope of testing this method based on theoretical
prepositions from Eq. (1), several experiments have been per-
formed. Two steel bars — beams (IPB 100 profile), both of 4
m in length, with different way of supporting, (Fig.1 and 2)
were tested in laboratory /2/. The response of the structure
(acceleration) to impulse load was recorded with 16 sensors
positioned equidistantly on the upper side of the bar.

celiéna greda
steel beam

/ 1IPB 100

gumena uzad
rubber ropes

0.5m
4m

Slika 2. Sematski prikaz konstrukcije — greda I
Figure 2. Schematic presentation of the structure — beam I.

F < R Wi fl
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Slika 4. Oslonac — greda 11
Figure 4. Support — beam II.

Load details and experimental results

The excitation of the bars was an impulse load applied
by hammer. It was checked that the duration of acting force
was really “short” - less then 0.2 ms. This confirmed that
acting force can be considered as an impulse load; indeed,
the frequency was 4800 Hz, i.e., the time step was ~0.2
ms. In each case the duration of the structure response mea-
suring was 3 sec. The whole set of data was supplying in-
formation from 16 locations of the beam. Data were stored
in such a way that they can be used as input data for the
program, written in Scilab, as well as for a finite element
program.

Although a large amount of data was collected, only few
typical cases have been selected for presentation in this
section. In the first four diagrams (Figs. 5.-8.) the whole
sets of data of one measurement for one characteristic sen-
sor are shown. Instrument was not set to trigger, i.e., mea-
surement does not start when load is applied. This is done
in order to detect initial noises as well as the noises after
finishing the beam I vibration. First three diagrams repre-
sent the response of the beam 1.
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Zbog elasti¢nih oslonaca (Sto je izazvalo i kretanje kru-
tog tela) uticaj priguSenja je manji nego kod grede II, gde
su oslonci kru¢i i postavljeni na krajevima. Stoga je uticaj
prigusenja vrlo jak, sl. 8. Zbog popustljivih oslonaca grede
I, moZe se re¢i da kretanje krutog tela igra znacajnu ulogu.
problemu koji je razmatran.

Na poslednjem dijagramu (sl. 9) prikazani su podaci sa-
kupljeni iz razli¢itih merenja. Zbog toga su oni odseceni u
momentu kada se pojavljuje odgovor konstrukcije i1 vre-
menska osa je uzeta da na tom mestu pocinje od nule. Frek-
vencija broja merenja je u svakom merenju bila ista, stoga
je predhodni postupak bio dozvoljen. Ovaj dijagram poka-
zuje odgovore konstrukcija na istom mestu ali za tri razlici-
ta slucajeva. Prvi, nazvan slobodan, je ustvari osnovni sis-
tem bez dodatne mase stege koja ¢e kasnije simulirati oSte-
¢enje; drugi, nazvan neosteéen je slucaj gde je stega posta-
vljena na konstrukciju, ali je ona predstavljala samo dodat-
nu masu osnovnoj konstrukciji, jer je bila jako stegnuta i
talas je mogao da prode kroz gredu bez kasnjenja; i treéi,
oStecen, u kome stega nije bila jako utegnuta, pa je kons-
trukcija bila na tom delu oste¢ena, u poredenju sa predhod-
na dva slu¢aja. Uporedivanjem rezultata moze se zakljuéiti
da je ovakav naéin simulacije o$tecenja primenljiv buduéi
da ocigledno daje teorijski ocekivane razlike u izlaznim
podacima.

Na ovom dijagramu se jasno moze videti kasnjenje ogo-
vora sistema u slucaju neostecene i oStecene grede u pore-
denju sa slobodnom gredom. Veca masa u prva dva slucaja
prouzrokuje vecu inerciju, pa odgovor konstrukcije kasni.
Krutost grede u neostecenom slucaju je veéa u odnosu na
osteceni slucaj. To izaziva visu frekvencu oscilovanja grede
(manji period oscilovanja). Amplitude se ne mogu porediti
budu¢i da je u svakom ispitivanju primenjen proizvoljan
intenzitet sile. Amplitude ubrzanja su u zavisnosti od opte-
reenja, stoga su razli¢iti u svakom merenju, ali oblik dija-
grama se moze uporedivati.

NUMERICKA PROCEDURA

Neophodan broj senzora mora biti jednak ukupnom bro-
ju stepeni slobode. Ovde je greda posmatrana kao diskreti-
zovana konstrukcija sa kona¢nim brojem stepeni slobode sa
8 konstitutivnih elemenata (tj. 9 ¢vorova) i sa dozvoljena
dva stepena slobode u svakom ¢voru: poprecna deformacija
i ugao savijanja. lako su u dva ¢vora na osloncima poprecne
deformacije sprecene, ukupan broj stepeni slobode je izab-
ran da bude 16. Dakle, broj senzora, 16, je bio jednak broju
stepeni slobode (16). Stoga teorijski rezultati matrica kruto-
sti 1 prigusenja S i D treba da su jedinstveni. Za skup ne-
kompletnih podataka je ideja da se zanemare mereni rezul-
tati nekih senzora i da se smatraju fiktivnim, a njihovi po-
daci treba da budu sracunati kroz algoritam, (3) - (10). Da-
lje, rezultati dobijeni iz algoritma se mogu uporediti sa me-
renim vrednostima istih senzora. Ovo poredenje moze dati
informaciju o vazenju algoritma.

Program je pisan u Scilab-u, besplatnom MatLab® klonu.
Scilab je moc¢no interaktivno programsko okruzenje otvore-
nog koda koje umnogome olakSava zadatke numeric¢kih
izraCunavanja i analize podataka.
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Due to the elastic supports (affecting also motion of so-
lid body) the effect of damping is less strong than in case of
the beam II, where the supports were stiffer and located at
the edges. Then, damping effect is very strong, Fig. 8. Due
to the soft supports in bar I, it can be said that the rigid
body motion played an important role. This showed that
beam II is more convenient static for considered problem.

On the last diagram (Fig. 9) data were collected from
different measurements. Therefore, they were rejected from
the moment when the response of structure occurred; the
time axis was chosen to start from zero at that point. The
sample frequency in each measurement was the same, so,
performed procedure was allowed. This diagram presents
the response of the structure at the same position, but for
three different cases. First one, called free, is base system
without additional mass of clamp which will later simulate
damage; second, named undamaged is the case where a
clamp was placed on the structure, but it presented only an
additional mass to base structure, since it was strongly tig-
htened and the wave could pass trough the beam without
delay; and third, damaged, where clamp was not tightened
strongly, hence the structure was damaged in the clamped
part, compared to the foregoing two cases. Comparing the
results it can be concluded that this kind of damage simula-
tion can be applied because it evidently causes the expected
differences in output data.

On that diagram the delay of the response of the system
can be seen in the case of undamaged and damaged beam
compared to the free beam. The greater mass in the first
two cases produces greater inertia and structure answer is
delayed. The stiffness of the beam in undamaged case is
grater compared to damaged case. That causes the greater
frequency of beam oscillation (the smaller oscillation period).
The amplitudes cannot be compared because in each test
random intensity force was applied. The acceleration ampli-
tudes depend on load and hence different in each measure-
ment, but the diagram shapes are comparable.

NUMERICAL PROCEDURE

The necessary number of sensors has to be equal to the
total number of degree of freedom (DOF). Hence the beam
was considered as a finite DOF discretized structure with 8
constitutive elements (i.e., 9 nodes) and in each node 2
DOF were allowed: lateral deformation and bending angle.
Although in two nodes at supports lateral deformation is
restrained the total number of DOF was accepted to be 16.
So, the number of sensors, 16, was equal to the number of
DOF, 16. Hence the theoretical result of the stiffness and
damping matrices S and D should be unique. For the set of
incomplete data the idea was to ignore measured results of
some of sensors which could be considered as fictive, and
their data have to be calculated trough algorithm (3) - (10).
Further, the results from algorithm could be compared with
measured values for the same sensors. This comparison
could give the information about validity of the algorithm.

The program was written in Scilab, a free MatLab" clo-
ne. Scilab is a powerful interactive open source program-
ming environment that greatly facilitates the task of nume-
rical computations and data analysis.
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Slika 5. Odgovor grede I u slobodnom slucaju
Figure 5. Response of the beam [ in free case.
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Slika 7. Odgovor grede I u oste¢enom slucaju
Figure 7. Response of the beam I in damaged case.
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Slika 9. Odgovor grede I sa i bez simulacije oSte¢enja
Figure 9. Response of the beam I with and without damage simulation.

Scilab je dizajniran za inZenjersku i naucnu primenu.
Scilab je pogodan za koriséenje kao i MatLab®. Brojne nu-
mericke operacije, crtanje dijagrama, i druge operacije. su
programirani i spremni za upotrebu. Realizacija prostornog
stanja je takode jedan od algoritama koji su uneti u paket
(routine imrep2ss). Program je napisan tako da izvrSava
kompletno resavanje problema identifikacije sistema. Moze
se videti da numericka procedura, iako spremna za korisce-
nje, blokira na izlazu iz metode podprostora. Glavni razlog
ovakvog ponasanja je Cinjenica da metoda jo§S uvek nije
razvijena za upotrebu automatskog izvrSenja. I zaista, za
svaki pojedinacni skup podataka, pravilan podskup podata-
ka koji ¢e biti koris¢en u metodi podprostora mora biti ma-
nuelno odabran. U ovu svrhu podskup podataka mora biti
analiziran kroz brye Furijeove transformacije da bi se vide-
lo da li su sopstvene vrednosti uporedive sa racunski dobi-
jenim. Takode, vremenski korak prilikom merenja igra ista-
knutu ulogu u kvalitetu identifikacije podprostora.
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Figure 6. Response of the beam I in undamaged case.
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Slika 8. Odgovor grede II u slobodnom slucaju
Figure 8. Response of the beam II in free case.

Slika 10. Simulacija

ostecenja
Figure 10. Simulation of the damage.

Scilab has been designed for engineering and scientific
applications. Scilab is a user-friendly environment such as
MatLab®. Numerous numerical operations, plots, and other
operations are programmed and ready to be used. A state
space realization is also one of the algorithms that are im-
plemented in this software package (routine imrep2ss). The
programs have been written to make the full solution of the
system identification problem. It can been seen that the
numerical procedure, though ready for use, stuck at the out-
put of the subspace method. The main reason for this be-
haviour is the fact that this method is still not developed for
use of automatic proceeding. Indeed, for each single set of
data, the right subset of data to be used in the subspace
method has to be selected by hand. For this purpose the
subset data have to be analyzed by Fast Fourier Transfor-
mation in order to see if the eigenvalues are comparable to
eigenvalues of obtained numerically. Also, the time step
during measurement plays an eminent role for the quality of
subspace identification.
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ZAKLJUCAK

Ovaj rad pokazuje da je metoda identifikacije podprosto-
ra moguce sredstvo za automatsku identifikaciju sistemskih
parametara koja jo$ uvek nije sasvim proucena. Dalja
istrazivanja i razvoj u ovoj oblasti bic¢e predmet daljeg rada,
posebno u prevazilaZzenju uocenih neprikladnosti. Takode,
treba razmotriti da li je linerno opisivanje sistema dovoljno
za otkrivanje oSteCenja ili treba koristiti usavrSenije metode
koje ¢e uzeti u obzir i nelinearne efekte. Sumovi i drugi
nepozeljni uticaji, koji mogu znacajno izmeniti ulazne po-
datke, moraju posebno biti uzeti u obzir.
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