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Abstract

Based on the 20 years experience in on-line vibration diagnostics of mechanical components in the primary
circuit of nuclear power plant PWR WWER-440, VUJE, Okruzna 5, 918 64 Tmava produces its own
diagnostic and monitoring systems since 1990. The variety of diagnostic systems includes: loose part
monitoring system (LPMS), monitoring system of main circulating pumps (MCPMS), vibration monitoring
system (LVMS), leakage monitoring system (LMS). The emphasis in the hardware solution is put on the
design modularity and versatility so that many subcomponents (circuit boards) are common or highly
similar for all systems. Using exclusively digital data for processing enhances the reliability of the
measurements and allows the easy data transportation from one computer to another (e.g., for more
sophisticated analysis). Trends in the software development follow the similar path as for the hardware
solution - namely, the modularity and versatility of software is the imperative goal. The modem operating
systems also incorporate the ability of network communication, which is crucial for the integration of
stand-alone diagnostic systems into nuclear power plants information system. So far a number of systems
have been successfully installed: 6 LPMSs (Jaslovske Bohunice, Dukovany), 4 MCPMs (Jaslovske
Bohunice) and 2 LVMSs (Jaslovske Bohunice), all systems operate in PWR WWER-440 environment.
Another diagnostic systems are under construction: 2 LPMSs (Temelin, PWR WWER-1000), 2 MCMSs
(Mochovce - PWR WWER-440) and 2 LMSs (Jaslovske Bohunice).

1 INTRODUCTION

Based on the 20 years experience in on-line vibration diagnostics of mechanical components in the primary
circuit of nuclear power plant PWR WWER-440, VFJJE, Okru2nd 5, 918 64 Trnava, SLOVAK
REPUBLIC produces its own diagnostic and monitoring systems since 1990. The variety of diagnostic
systems includes:

a) the loose part monitoring system (LPMS),
b) the monitoring system of main circulating pumps (MCPMS),
c) the loop vibration monitoring system (LVMS),
d) the leakage monitoring system (LMS).

The common hardware solution for all systems mentioned above consists of the following components.

i/ the sensors, which are specific for each system (e.g., piezoelectric accelerometers, humid sensors)



- 50 -

ii/ preamplifiers,
iii/ iii/isolated amplifiers integrated with analog/digital (A/D) converters and low-pass/high-pass
(LP/HP) digital filters,
iv/ digital (PC-based) unit for the data processing, storage, retrieval and presentation.

All components - except the sensors and the personal computer - are produced by VCJE Okru2nd 5, 918
64 Trnava.

The emphasis in the hardware solution is put on the design modularity and versatility so that many
subcomponents (circuit boards) are common or highly similar for all systems. Using exclusively digital
data for processing enhances the reliability of the measurements and allows the easy data transportation
from one computer to another (e.g., for more sophisticated analysis).

Trends in the software development follow the similar path as for the hardware solution - namely, the
modularity and versatility of software is the imperative goal. In our opinion, another important feature is
the use of up-to-date multitasking operating systems (like OS/2 from IBM or Windows NT or 95 from
Microsoft) in diagnostic systems. Indeed, at least for LPMS, such an operating system is the necessity
because the continuous monitoring of all measurement channels -must be provided in the background
regardless to the operator activity in the foreground (e.g., detailed data analysis on the same computer).
The modern operating systems also incorporate the ability of network communication, which is crucial for
the integration of stand-alone diagnostic systems into nuclear power plants information system.

Up to now we have successfully installed 6 LPMSs (Jaslovske Bohunice, Dukovany), 4 MCPMs
(Jaslovske Bohunice) and 2 LVMSs (Jaslovske Bohunice), all systems operate in PWR WWER-440
environment. Another diagnostic systems are under construction: 2 LPMSs (Temelin, PWR WWER-
1000), 2 MCMSs (Mochovce - PWR WWER-440) and 2 LMSs (Jaslovske Bohunice).

2 LOOSE PART MONTTORING SYSTEM (LPMS)

LPMS is constructed for the detection, localization and mass estimation of loose parts which can be
possibly found in the primary circuit of nuclear power plant (NPP).

According to the technical norms (i.e., DIN 25475, USNRC RG 1.133), this system has to detect a loose
part which is localized 0.91 meters from the sensor and its kinetic energy is 0.68 J. The proposed system
meets these requirements. All parts of the system meet the relevant technical norms in Czech Republic and
Slovak Republic.

Work conditions for the components which are installed in the hermetic zone of NPP (preamplifiers,
impulse hammers) are as follows:

• - operational temperature: 65 degree C long term, short term limit of 93 degree C;
• - absolute pressure: 0.085 to 0.103 MPa long term, 0.5 Mpa short term;
• - relative humidity: up to 90 % long term;
• - radiation dose: 0.5x10- 3 grays/hr.

LPMS works in full autonomous regime and is conceptually made in modular form with regard to the
hardware and software. It is possible to connect LPMS with other diagnostic systems or with the
information net of NPP.
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2.1 Hardware components of LPMS

The measurement chains contain sensors (accelerometers) and preamplifiers. The accelerometers are
installed in the chosen locations of the primary circuit where there is the highest probability that loose parts
will occur - e.g., the bottom of reactor vessel, the hot input and cold output of primary water to and from
the reactor, respectively, hydraulic part of main circulating pump, the input and output chambers of steam
generator. Typically, about 20 ~ 24 sensors are used for one unit of NPP WWER-440 or 1000.

The analog signals go at first through isolated amplifiers. After their amplifying, they are digitalized and
filtered on the card of Digital Signal Processors (DSPs). A/D converters have 16 bits with an anti-aliasing
property and a flat frequency response from 0.5 kHz to 20 kHz. Two signals can be simultaneously viewed
on the oscilloscope. The right channel goes automatically to the loudspeaker and can be checked by
hearing. The combination of two signals can be chosen directly by user from programme without
suppression of any system function.

The special signal processor with the rapid transient memory is the "heart" of LPMS. It enables the
parallel measurement of maximum 32 signals and has the internal possibility of programming the tngger
threshold for each channel separately, which is derived from the short-time RMS value. By the periodical
overwriting of trigger threshold, the change of underground noise can be accepted. The segmented ring
memory consists of 6 blocks for 6 bursts. The number of data samples for each channel in each memory
block depends on the number of channels. For 8, 16, 32 channels one has 32768, 16384 or 8192 digital
data samples for each channel in each of 6 memory blocks, respectively.

After the trigger threshold is reached for an arbitrary channel in the actual memory block, the burst is
recognized and the collection of digital data is ended in this memory block (the length of data pre-
acquisition before the start of burst is programmable). The measurement continues practically immediately
in the subsequent memory block. The previous memory block can be transferred in the main/extended
memory of the PC and processed and/or archived. The so - called "dead time" of impulse processor (i.e
the time when the impulse processor cannot monitor the channels for the existence of burst) is zero.

The control unit of LPMS is constructed with the utilization of industrial grade computer AT 586 The
basic configuration includes 16 MB RAM (expendable to 32 MB), dual 210 MB hard disk (minimum),
floppy disk 3 1/2" (1.44 MB) minimum, mouse pointer, industrial grade SVGA 640 x 480 minimum,
colour monitor 15", industrial grade AT keyboard, standard serial port RS 232 (2) and parallel port
Centronics (1), optical disk backup, Ethernet card for the network communication, multitasking operating
system IBM OS/2 Warp and the utility software for diagnostics and optical disk backup.

The generator of calibrated signal is the source of exactly defined signal which serves for the calibration
and the verification of each of measurement chains including the sensor (integrity test). The following
parameters of calibrated signal are programmable: the form of signal (impulse, sinusoidal, random noise),
the amplitude (in the range from 0.1V to SV) and the frequency (from 1 Hz to 20 kHz). The protocols can
be made which document the frequency response of the measurement chain under consideration.

It is usual to install one impulse hammer in the cold leg of each loop in NPP. This impulse hammer
represents an independent instrument for the verification of LPMS1 sensitivity (module test) The bursts
with kinetic energy from 0.1 J to 1.0 J are full programmable by the user. The functional block diagram of
LPMS is depicted on Fig. 1.
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2.2 Software components of LPMS

The user software of the LPMS is written in WATCOM C++ language under the multitasking operating
system OS/2 Warp. Its purpose is:

• to detect automatically loose parts that weight between 0.11 kg to 13.6 kg with an
energy of 0.68 J or greater within 0.91 meters of an accelerometer;
• to provide the localization of a loose part source based on the dispersion of stress
waves in metallic primary circuit within +/- 0.25 meters using linear models of the reactor
vessel and piping system;
• to provide a method of determining the loose part weight with a range of 0.2 kg to 5 kg
with a resolution of 0.2 kg based on the Hertz's theory of elastic impacts.

The user software consists of individual processes which can work and communicate asynchronously in the
operating system OS/2. Due to the multitasking property of OS/2 the processes do not disturb the
continual acquisition of data from LPMSI measurement chains.

3. MONITORING SYSTEM FOR MAIN CIRCULATING PUMPS (MCPMS)

MCPMS is designed for the quasi-continual monitoring of mechanical status of main circulating pumps in
the primary circuit of NPP. The monitored processes include the bearing failures and degradation,
vibrations excited by the rotational parts in the driver, hydraulic part and couple, vibrations excited by the
interactions of electromagnetic forces in an inductive motor, cavitation, failures of sealing blocks and the
slow movements of MCP as a rigid body.

The technical means for MCPMS are similar to those for LPMS. Of course, there are some modifications,
which follow from the different physical processes involved in the monitoring of MCPS. For example, the
accelerometers are used also in the low frequency range from 1 Hz to about 1 0 - 1 5 kHz. For the
monitoring of cavitation the ultrasonic sensors are used in the frequency range from 50 kHz to 400 kHz.
As option, the shaft vibration transducers are provided.

The hardware block diagram is similar to the Fig. 1. The block of DSP computes also the single and double
integration from digital data of acceleration to analyze the velocity and displacement signals, too.
MCPMS is working in the autonomous regime with the possibility of definition of time periods between
measurements, i.e. quasi-continuously. The diagnostic parameters are computed from the time domain and
frequency domain, and are compared with the reference -measurements. The special tests - such as signal
analysis procedures, trend evaluation, statistics, etc. - are available under the operator control.

4 LOOP VIBRATION MONITORING SYSTEM (LVMS)

The system is designed for the periodic or repetitive realization of diagnostic vibration tests, mainly in the
low frequency range (up to 100 Hz). The monitored objects are components of NPP coolant loops. The
subject of attention are their vibration behaviour and their own nodal properties. The main task is to detect
and prevent an excessive dynamic load with the high-cyclic fatigue and changes or failures in the placing of
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main loop components. LVMS is capable to co-operate with the diagnostic system for intra-reactor
diagnostics and neutron noise analysis.

The measurement chains include sensors for relative and absolute displacement, sensors for the coolant
pressure fluctuations and possible outputs from other diagnostic systems.

From the methodological point of view, the block of DSP computes auto- and cross-spectra of all signals in
parallel with sampling. The identified spectral peaks are monitored in regard to their amplitudes and
frequency shifts. The software enables the detailed analysis of various statistics and trends. All analysis
results are archived and can be documented in hard-copy form.

5. LEAKAGE MONITORING SYSTEM (LMS)

LMS (called also HUMON = Humidity Monitoring) is designed for the continuos humidity monitoring in
the hermetic zone of NPP. It is one of three independent monitoring systems, which are required by
Nuclear Regulatory Commission in Slovakia for all NPPS.

It works autonomously and provides the localization of leakage in the primary circuit; this information
serves as the first caution before the integrity failure of primary coolant piping.

LMS meets the criteria defined for the leakage monitoring before the integrity failure (LBB = Leak Before
Break). The international qualification for the material of primary circuit in NPP WWER-440 is to detect
the leakage from 4 litres per minute in the time interval one hour from its origin. LMS consists of two parts
which communicate via serial links: the measurement unit and the processing unit. The measurement unit
consists of the pneumatic part and the electronic part.

The pneumatic part provides the air supply into the measurement chambers and its return into the box of
steam generators. It also controls the switching between the measurement chambers for measurement
chains and the source of air with defined humidity (humidity filter).

The electronic part provides the measurement of absolute humidity, data pre-processing and data sending to
the processing unit, the control of electromagnetic valves and the communication with the processing unit

The processing unit is based on the personal computer IBM with standard peripheries; the recommended
configuration consists of PC Pentium 75 MHz / 16 MB RAM / HD 850 MB / SVGA 800x600x256 The
user software is provided under the operating system OS/2 Warp and enables:

• communication with the measurement unit (data concentrator);
• definition of parameters for humidity sensors (calibration, activity);
• definition of alarm threshold for each measurement chain;
• start / stop of measurement;
• test of measurement chains by operator;
• monitoring of all active measurement chains in digital and graphical forms and their
archiving;
• statistics over archived data (e.g., the average over defined time interval);
• control of external relay for remote alarm;

'</?•



• detailed documentation of measured and/or archived data by hard-copy or by the export of
results into file;
• support of diagnostic network in NPP.

The measurement unit can work in the autonomous regime. In the case of PC failure the measurement unit
is capable to store the data measured with one minute period in its own local memory for at least three
days. After the PC restart the data are read from the measurement unit and processed in usual way.

6. CONCLUSION

VFJJE has been dealt with the NPP diagnostics for 20 years up to now. The substantial amount of
deliveries and services concerns the NPP in Jaslovske Bohunice, but there are considerable activities for
NPP Mochovce, Dukovany and Temelin, too. The needed results are not only of type of research support,
but mainly of type of technical and operational support. Significant activity is the delivery of the whole
diagnostic systems with assuring of projecting, mounting and introduction into the operation.

-/JD —
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F i g . l HARDWARE BLOCK DIAGRAM OF LPMS
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