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ABSTRACT 
 
The original analogue vibration monitoring system of the Steam Turbine Generator Line in Angra 1 Nuclear 
Power Plant had become obsolete and it was difficult to find spare parts. ELETRONUCLEAR decided to have a 
new digital system to substitute the original one and to provide automatic warning and prediction of developing 
faults.  
 
The new system was specified by the plant supporting group together with the plant engineers. It was installed 
to measure shaft and bearing vibrations, absolute and relative expansions as well as bearing and oil 
temperatures. It performs auto diagnosis, automatically interpreting all condition monitoring data to reveal and 
warn the staff about potential faults under development. Advanced condition monitoring may help revealing 
potential risks, making it possible to plan corrective actions at the scheduled production stops for safety 
inspections. The main goal is to increase the reliability of the production by identifying machinery problems in 
an early development stage and by providing the organization with information to increased safety.  
 
Already during the initial implementation phase valuable conclusions could be made for several issues such as 
misalignment, bearing tolerances, imbalance and bearing rub. The information directs inspections to those parts 
of the machine that really need it and avoids inspections where it is not required. This typically minimizes 
scheduled downtime for maintenance work. 
 
The system issued an automatic auto diagnosis warning about a short rub of a journal bearing during a coast 
down. The machine is designed to deal with these types of rub, but they should not happen repeatedly. The 
operators have to know about these rubs in order to conduct further analysis to determine the seriousness for 
future maintenance activities. The system informs whether any rubs occur, enabling them to judge whether they 
need to make an inspection at the next planned outage. This means, in other words, pro-active maintenance 
instead of re-active. 
 
 

1. INTRODUCTION 
 
The original analogue vibration monitoring system of the Steam Turbine Generator Line in 
Angra 1 Nuclear Power Plant, operating since the beginning of the 80th decade, had become 
obsolete and it was difficult to find spare parts and expensive to buy them. In 2007, 
ELETRONUCLEAR decided to have a new digital system to substitute the original one.  
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The new system was specified by the plant supporting group together with the plant 
engineers. It was installed (2008) to measure shaft and bearing vibrations, absolute and 
relative expansions as well as bearing and oil temperatures. Main turbine steam parameters 
such as pressures, flows and temperatures are imported from the plant control system together 
with main generator parameters such as active and reactive loads, cooling parameters and 
winding temperatures.  
 
The new system also incorporates modern analysis capacities such as providing auto 
diagnosis and automatic warning, interpreting all condition monitoring data to reveal and 
warn the staff about potential faults under development. Specialists have access to all data for 
validation of the system’s automated conclusions for recommending immediate action or 
planning long term actions by the maintenance group. This advanced condition monitoring 
may help revealing potential risks, making it possible to plan corrective actions at the 
scheduled production stops for safety inspections. The main goal is to increase the reliability 
of the production by identifying machinery problems in an early development stage and by 
providing the organization with information to increased safety.  
 
Auto diagnosis includes issues such as misalignment, bearing tolerances and imbalance. The 
software gives indications for inspections of those parts of the machine that really need it and 
avoid inspections where are not required, minimizing scheduled downtime for maintenance 
work and changing from re-active to pro-active maintenance. 
 
 

2. SYSTEM DESCRIPTION 
 

2.1. Turbine and Generator description 
 
Angra 1 Steam Turbine and Electrical Generator set was supplied by Westinghouse. It is 
composed by one High Pressure Turbine (HP), model BB95, two Low Pressure Turbines 
(LP1 and LP2), model BB280, one Electrical Generator (760 MVA), power factor of 90%, 19 
kV, 4 poles and one Exciter of 3,2 MW coupled to it. The rotor operates at a constant speed of 
1800 rpm and is supported on 9 bearings. This set has an electrical power capacity of 650 
MW. 
The environmental conditions were considered as follows: a temperature variation from 10 up 
to 50 °C, a maximum relative humidity of 95%, without condensation, 1 atm pressure.  
 

2.2. Monitoring system configuration 

2.2.1 Sensors  
The following variables are monitored by the sensors: 
a) Absolute thermal expansion at HP: LVDT contact type sensors, measuring within a range 
of 0 to 2 inches (normal expansion of 0,6 inches). 
b) Diferencial expansion at HP and at LP2: 4 “eddy current” type proximeters, measuring 
within a range of 0 to 1 inch at the HP and 0 to 2 inches at the LP2.   
c) Axial position of the rotor at LP2: 1 “eddy current” type proximeters, measuring within a 
range of 0 to 0,12 inches. 
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d) Rotor excentricity and rotation at HP: 2 “eddy current” type proximeters, measuring within 
a range of 0 to 0,015 inches, rotation up to 2500 rpm. 
e) Absolute vibration: accelerometers at bearing positions 1 to 9, frequency range from 0.5 up 
to 10.000Hz, up to ± 50 g. 
f) Relative vibration (displacements): “eddy current” type proximeters, 2 at each bearing 
positions 1 to 9, installed to measure the vibration at 2 different angles, at a 45º angle with the 
vertical direction, 90o from each other, frequency range from 0.5 up to 10.000Hz, measuring 
range from 0 to 2.0 mm. 
g) Thermocouple for monitoring bearings and oil temperatures. 
 

 
Figure 1.  General system layout 

 
 

Figure 2.  Proximeters, accelerometer and ADAMs (temperature converters ) 
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2.2.2 Processing Units 
 
There are two processing units. One is installed in the Turbine Building, close to the sensors, 
and the other one is in Angra 1 Main Control Room (MCR). 
 
The unit close to the  sensors (SPU) processes the signals which are coming from the sensors, 
converting them from analogical to digital values (A/D), filtering the valid and representative 
values and transmitting them to the second unit at the MCR, using an optical fiber for data 
communication. This second processing unit corresponds to a Server, which is an industrial 
micro computer, which stores, analyzes, supervises and is used as interface to the plant 
operators. This Server is also connected to the plant control system network SICA (Sistema 
Integrado de Computadores de Angra 1), obtaining plant data and transferring turbine 
generator monitored data to it. Another Workstation is also connected to this network and 
installed at another plant room for diagnosis and other predictive information which is to be 
used by the plant maintenance group. 
 
The SPU is installed in a rack (protection quality IP-55). Most of the signals from the above 
described transducers are collected here. This unit is also responsible to pull system alarms 
for the control room operators (MCR) so that fast actions may be taken for unexpected 
phenomena. These alarms correspond to vibration and temperature which are beyond turbine  
& generator supplier recommended limits or to supervisory system faults.  
 
The temperatures signals (38) are collected from “T” type thermocouples by ADAM modules 
(A/D converters), each one of them with 8 channels. Four ADAMs are installed in the 
Turbine Building and two in the MCR.  
 
The Server has two network connections, type Ethernet TCP/IP 10/100 Mbits/s, one for the 
Workstation and the other one to SICA. It is installed in a 19 inches rack. 
 

 
Figure 3.  SPU – Signature  Processing Unit 

 



INAC 2009, Rio de Janeiro, RJ, Brazil. 
 

2.2.3 Analysis System  
 
The hardware of the analysis system runs in the Server and Workstation. The OPEN Predictor 
software was developed by Rovsing Dynamics, a specialist company from Denmark. It is 
able to perform the monitoring task, storing and displaying the recorded data, as well as 
presenting fault analysis diagnoses and prognoses for the turbine generator set, as follows: 
a) “On-line” monitoring and recording of vibration variables (displacements, accelerations), 
expansions (gaps) and temperatures corresponding to the rotating and fixed parts of the 
machine (rotor and casings/bearings respectively), performing adequate analyses in time (i.g., 
orbits, maxima, minima,  Peak-Peak, RMS, values) as well as in frequency domain (i.g., 
Fourier, Phase and Power Spectra); 
b) “On-line” automatic diagnoses of the machine condition by processing the signatures, 
comparing them with normal condition standards and following up their trends in time and 
frequency domains, detecting different type of machine degradation or faults when they are 
beginning; 
c) Capacity to analyze the machine condition in different operation situations (startup and 
coast-down, low, medium and high power levels), including transients; 
d) Capacity to diagnose faults and degradation of different types: 
- Shafts: electrical or mechanical unbalance, misalignment, bending or cracks, gaps in the 
bearings,  
- Blades: rubbing or cracks, 
- Foundations : expans ion, external vibration or structural defect,  
- Resonance. 
 
The monitoring system uses plant processing data from SICA, as for instance, turbine 
generator steam temperature, flow and pressure, active and re-active power, excitation current 
and other parameters for diagnoses and alarm generation.  
 
The data storage is efficiently minimized so that essential information is retained. 
 
2.2.4 System indications and results 

 
After the system installation and during the period of one year, some system indications and 
results can be pointed out: 
 
Bearing 4: Shaft vibration was reading high values during operation, in the magnitude of 
120µm (peak-peak). During stopped or slow roll however also high values are recorded in the 
magnitude of 75µm. The Orbit shows the shaft ‘movement’ shape. The high recorded 
displacement amplitudes (Spp) values are not related to vibration but to shaft ‘run-out’ (shaft 
imperfections). The true vibration part of the orbit for the 1 x RPM component is calculated 
as the white ellipsoid in the middle with a maximum peak to peak value of about 50 µm. 
Filtering the Spp value up to 100 Hz considerably reduced this effect. No machine problem is 
present at this location. 
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Figure 4.  Bearing 4 analysis 
 

Bearing 9: The Spp shows normal low values at stopped in the magnitude of 20µm(p-p). The 
Spp value at normal operation represents a large part real vibration. The high Spp values are 
related to vibration of the shaft at 1 x RPM. The ‘run-out’ at this measurement location is low. 
The high shaft vibration and low casing vibration represent a low damping in the bearing 
which can be due to too large tolerances in the bearing. Bearing inspection was recommended 
on tolerances and possible metal debris in the lubrication oil. Balancing the shaft was also 
recommended at the exciter to reduce the shaft vibration. 
 

  
Figure 5.  Bearing 9 analysis 

 
Rub on bearing: The system issued an automatic auto diagnosis warning about a short rub of 
a journal bearing during a coast down. The machine is designed to deal with these types of 
rub, but they should not happen repeatedly. The operators have to know about these rubs in 
order to conduct further analysis to determine the seriousness for future maintenance 
activities. The system informs whether any rubs occur, enabling them to judge whether they 
need to make an inspection. Last outage inspections confirmed small imperfections at these 
points which could justify the indications. The corresponding bearings were repaired. 

 
 

3. CONCLUSIONS  
 
The new supervisory system for the Turbine and Generator of Angra 1 NPP, used for 
monitoring and predictive analysis, has already presented valuable issues during its initial 
implementation phase such as misalignment, bearing tolerances, imbalance and bearing rub. 
The information directs inspections to those parts of the machine that really need it and 
avoids inspections where it is not required. This typically minimizes scheduled downtime for 
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maintenance work and provides a useful tool for changing from a re-active to a pro-active 
maintenance. 
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