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Electricity generation in Cuba

1959 - 397 MWt - 56% -> >3 000 MWt

| TURBINES
| Thermal PS

N

HIGHLY COMPLEX MACHINES —~

Combination of
THREE MAJOR PART

N

ONDITION MONITORING
SYSTEMS

rolo@fctn.isctn.edu.cu



The trend in the Condition Monitoring ___Is the
combination of different methods.

The principal task of the signal processing Is

0 extract the maxXimum amount of the all significant

liagnostic information from the original signals
generated by the transducers.
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Indicators description  (Nonlinear Dy

For CMS sofisticate systems are monted ON LINE:

1.Trend Diagrams
2.Waterfall Diagrams.
3.Start-up and Shut-Down.

Procedure - Lineal dynamic = FFT 4.0rbit Representation.
5.Temporal Series

i:;> " 6.Spectral analysis.

7.Multi-Spectral Comparison.
8.Envelope Analysis.

9. “Cepstrum” application.
The evolution of Patterns fron linear to nonlinear 10.Full Spectrum

d the appereance of combined faults

e ]
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.... =2 the diagnostic information
IS not enought
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SPECTRAL ANALYSIS... — “'rypical Faults

Time to Freque
for a better under
series and for analysi

Unbalance

Frequency lines = defects ,

-------- common_way to fault detection

pling
Jjnment

-----------
[ ]

................... _ F=f(t

o)

“Faults(f
»
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Indicators description  (Nonlinea

Chaotic Patterns

Divergence from the normal _
Operational Condition Physical Phenomena

The CHAOTIC BEHA
stator system

Interaction between rotating s
with its stator and supporting structu

Looseness in the stationary 1.- System Stiffness f(t)
i |
Increase/decrease

poorly lubricated 2.- Impacts.

3.- Friction
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Indicators description  (Nonline

| Correlation Dimension D2. (applied to mechanical systems)

1. —Estimation = Dificult task (as a function of analized mechanical sys

2. —Automatic determination. (on line processing)

Pseudo-Phase Portrait PPP |

. — Under study.
Imited analysis of the geometrical configuration.
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Indicators description

(Nonlinea

Method of Delay [MOD]

_,X_ — X.’Xi+z_,...,Xi+

— | First Zero FAC(T )??
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Indicators description

D, = slope of the scaling region C(r,m)

2 S : :
C(r,m) = T .,Z;l ofr = |x(i,m) - x(j, m)])
(>

Bl g C(r,m)
—e— d[In(C(r,m))] am
N L =

A-AD-QE Method
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I ROCH1SA DAT

100 2000 3000 4000 5000 GO0 7

Ezcala Logartmica

+Dim 2
+Dim 3
o Dim 4
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+Dim &
+Dim 7
+Dim &
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# Dim 10
+Dim 11
= Ajuste

Lni1/Size)

APPLICATIONS

DERIVADA de la FCI

CYSERID_P TIE
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A-AD-QE

DERPYADE de s FCI

# Dim 2
* Dim 3
o Dim 4
+ Dim 5
+ DimE&
2 Dim ¥
& Dim &
# Dim 4
o Dim 10
4 Dirm 11
= Ajuste
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Application to mechanical sy

THE PSEUDO-PHASE PORTARIT AND FD APPLIED TO .

- Faults identification in Thermoelectrical PP
wer instability in the N.Reactor

ibration of N.Reactor
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Application to mechanica

Data collection system...

ADCamzerier
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Application to mechanical sy

Experimental measurements in a Cuban TP
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Application to mechanical systems

PPP: Indicator of mechanical Changes
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Spectrum evolution :
Similar behavior
PPP: Show
morphological
modifications.
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Application to mechanical systems
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B3V(T129 MEC) RV (T153 MEC)
alculado
Ctodo A-AD-QE (D;% G)
h}&l‘g;"{l‘g_\} LZP
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Application to mechanical system

PPP vs Total dilatation of a Turbine
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Application to mechanical syste

PPP vs Geometrical Configuration
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Application to mechanical syste

PPP vs Oil temperature
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Application to mechanical systems
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Research Reactor (TRIGA MARK |
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Application to mechanical systems

(parametrical modeals)

REACTOR;
Nevertheless: nonlinear behavior

=)
=)

Decay ratio (DR) or the main frequency
Both indicators are evaluated by means of ARM

The main hipotesis : Lineal behavior of the NUCLEAR
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Application to mechanical systems

Research REACT
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.A. (2003), The attractor dimension determination applied to monitoring
Plants. Progress in Nuclear Energy, Vol. 43, No. 1-4, pp. 389-395.
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Application to mechanical syste

Tipo de
Reactor

Eezultadao de la aplic acidn de A-AD-QE
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Application to mechanical systems

Atucha I-Arge
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Application to biological systems

The Pseudo-Phase Portarit and Fractal Dimensio‘
applied to pattern recognition in biological systems.

h its approach to FLAVONOIDS-PROTEINS INTERACTION
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Application to biological systems

Flavonoids

class of polyphenolic compounds found in
several plant species and in plant related
foods (red wine, tee, olive oils, vegetables,

fruits, nuts).

These compounds have evidenced very good health effects during years and
their interaction with proteins seems to be one of th e most important

causes of their bioactivity.
a We do not have general patterns

for the characterization of

Flavonoids -Proteins <
Interactions , due to the structural -‘

complexity of flavonoids
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Application to biological syste

|.- EXpIOratiOn (preparation of the data base)
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Application to biological systems

Pseudo-_Phase
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Next STEPS

The high sensitivity of the PPP was demonstrated.... l

- Structural modeling ( PPP->pattern of MV )

- Application of the PPP as a pattern, considering

REAL STRUCTURE of the protein

ication of MDA (PDB)- RPQ
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