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Abstract:

The paper describes the application of modern monitoring systems
in mini hydropower plants. Nowadays, special attention is paid to
maintaining existing systems, as well as to the construction and
installation of new mini hydropower plants. Mini hydropower plants are
incorporated into power supply networks. They are very important for
electricity production, as well as for the maintenance of power supply
systems. New monitoring systems that allow continuous monitoring and
supervision of technical correctness of mini hydropower plants have been
implemented. Moreover, monitoring systems prevent damage to the
system in case of major breakdowns and failures. Maintenance and
overhaul are performed depending on real needs and technical conditions
of hydropower plants. Modern equipment of renowned manufacturers,
personal experience and knowledge of many co-workers have been used
in this project realisation.

Key words: mini hydropower plants, modern monitoring systems,
technical correctness, diagnostic parameters, diagnostic methods, system
vibrations, devices, equipment.

Introduction

Modern monitoring systems in mechanical installations have a
primary goal to timely react in order to prevent damage to mechanical
assemblies or complete installations. Monitoring systems available on the
market have broad applications: they can be used for internal combustion
engines, hydroelectric power plants, thermal power plants, gas turbines,
turbine systems in the process industry, reciprocating compressors,
shipbuilding industry, cement factories, machine tools and for all other




systems with installed slide and roller bearings, gears and other machine
elements. The end user is offered a complete solution for monitoring
mechanical systems without dismantling, and only in some installations
partial disassembling is necessary in order to install a monitoring system
(Zegarac, 1993). Monitoring systems allow fast and reliable
measurement of the size of the gap in sliding and rolling bearings,
measurement of vibration parameters and powerful vibration analyses as
well as the measurement of speed, measurement of temperature of
lubricating oils and coolants, lubricating oil analysis, and the positioning
of the upper dead point in internal combustion engines. Since they are
multichannel systems, a large number of diagnostic parameters can be
monitored and measured.

The Electrical Industry Montenegro (EPCG) was offered two
conceptions of monitoring systems (Zegarac, 2005a), (Zegarac, 2005b):

1. ON-line monitoring systems for continuous measurement and
technical condition analyses. Measuring sensors (encoders) and
measuring systems are installed into mechanical installations.

2. OFF-line monitoring systems are intended for periodic evaluation
and analyses of the technical condition of machinery. Some sensors are
permanently built into systems, depending on measured values, while
other sensors are built into monitoring system portable parts for periodic
measurements.

ON-line monitoring systems were chosen as a better solution.

The concept and definition
of mini hydropower plants

Literature offers many definitions of small hydropower plants
(SHPs). It is very difficult to find two countries with identical classification
systems. The basic parameters that should be used in the classification
of SHPs include (Zegarac, 2005b):

- Installed power of hydro units,

- Aggregate type in relation to the turbine, and the method of
operation,

- Rpm (revolution per minute),

- Operation in relation to the overall energy system

- Installed head, etc.

Depending on turbine power, there are micro turbines (power up to
100 KW), mini turbine power systems up to 1 MW and small or medium-
sized turbines up to 10 MW. Also, regarding available power and head,
there are the following SHPs types (Table 1).
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Table 1 — Types of mini hydropower plants
Tabnuua 1 — Bugbl MuHK-IN3C
Tabela 1 — Vrste mini-hidroelektrana

Type HPPs | Power (KW) | Head (m)small | Head (m) middle | Head (m) large

Micro HPPs do 50 below 15 15-50 over 50
Mini HPPs 50-500 below 20 20-100 over 100
Small HPPs 500-5000 below 25 over 130

The MHPs division according to available head is accepted in most
countries which define equipment in accordance with the installed head.
So, for example, a number of manufacturers of electro-mechanical
equipment in the United States produce standardized aggregates that
include a turbine, synchronous generator with an automatic control
system, inlet valves, and a control panel for a maximum head of 15 m
and a power of 10 to 5000 KW.

MHPs are further divided:
a) Depending on the procedure:
- Flow with side grip from the main watercourse

- With the reservoir-dam, with daily, weekly, annual or perennial
smoothing,

b) Depending on the flow regulation:

- MHPs with adjustable flow control at the turbine inlet (manual or
automatic control)

- MHPs with a constant flow rate, either because of the actual nature
of the load or due to destruction of excess energy,

c) Depending on the network and operation mode:

- Isolated power plants - independent operation,

- Plants connected to the network-parallel operation,

- Power plants operating under the regime of on , off +
- Plants with one, two or more units,

- Plants that operate if necessary, depending on consumption,
d) Depending on the installed capacity of hydropower:

- Pocket hydro electric power plants to 20 KW,

- Small HPPs from 0.5 to 1 MW,

- Small hydro power plants from 1 to 3 MW

- Medium HPPs from 3 to 10 MW,

- Large HPPs over 10 MW,




Advantages and disadvantages of MHPs

The advantages of building MHPs in relation to the construction of
other energy sources are numerous:

- Compared to large hydropower plants, there is neither flooding of
wide areas (in order to provide space for water accumulation) nor
disrupting of local ecological systems,

- They can provide land irrigation, water supply to surrounding
villages, construction of ponds and flood protection,

- They reduce investments for electrification of remote settlements
from the general electricity grid so that the electrification of these rural
settlements can contribute to their development,

- They are exploited with very low material costs,

- Their operation life is very long, practically unlimited; the average
life is 30 years, although there have been MHPs in operation for 80
years.

As energy sources, mini hydropower plants, compared to other
similar sources, have drawbacks such as:

- High investment costs per installed KW,

- High research costs relative to total investment,

- Exploitation depends on existing resources,

- They require an integrated water supply system solution, where
systems for water supply and irrigation have priority; therefore, MHPs
must work with installed flow determined with respect to other
consumers,

- If they operate autonomously, production of electric power depends
on consumption, so the surplus remains unused.

Design and implementation of modern
monitoring systems in mini hydropower plants

The requests to implement modern monitoring systems in mini
hydropower plants within the Electrical Industry Montenegro (EPCG)
were justified (Zegarac, Zuber, 2002, 2004, 2005).

An  ON-line monitoring system was selected for the
implementation(Zegarac, 2005).

The delivery and installation of the monitoring system equipment
and devices were carried out by renowned international companies:

1. 01dB - Metravib, a member of the AREVA corporation, Lyon,
France - equipment and software for noise and vibration,
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2. Damalini AB, Sweden - laser alignment systems and laser
geometric measurement systems,

3. Metrix USA, Low - cost systems for monitoring and protection of
rotating systems,

4. CTC, USA - accelerometers and velocimeters with a lifetime
warranty!

5. Guide InfraRed, China - thermal imaging cameras and monitoring
systems,

6. VMI AB - Systems for dynamic balancing,

7. Technical Development Center (TRCpro) - Novi Sad, exclusive
agent of the given companies.

The system of the permanent monitoring of
temperature and vibrations in the MHP Savnik

A modern monitoring system for two hydro units in the MHP Savnik
was designed. The hydro units are in the same room. The power of each
aggregate is 100 KVA.

The monitoring system consists of:

-TRC PLC-based system,

- purpose-designed solution Areva 01dB-Metravib: MVX Oneprod in
the eight-channel variant and Vio software.

The TRCpro PLC-based system for monitoring the state of turbines
based on the RMS level of vibrations and temperature.

Description of the system

The system for protecting turbines from failure and damage is based
on the measurement and monitoring of a large number of mechanical
parameters of the plant. The measured and monitored values are the
following ones:

- level of vibrations on the bearings (Vrms)

- temperature of the critical pump bearings,

- turbine speed,

- output electrical parameters of the generator.

These parameters directly or indirectly help in detecting irregularities
in operation and in protecting plants from more possible errors. The
protection system is designed to:

- prevent overheating of the turbine bearings and their damage,

- detect turbine rotor imbalance and prevent operation in conditions

of high vibration levels.
1106



Table 2 — Configuration of the monitoring system of a mini hydropower plant
Tabnuya 2 — KoHdurypaums cuctemMbl MOHUTOPUHIa MUHK-IIC
Tabela 2 — Konfiguracija monitoring sistema mini-hidroelektrane

No | Pieces Description

1 6 CTC 200-1R, one axial sensors for measuring the vibration level on the
’ bearings, Vrms, the range of 65 mm / sec, loop powered 4-20mA output

2. 6 PT100 sensors for measuring temperature of the bearings

Acquisition and control system TRC VZ-D, which consists of:
-CPU / PLC module

- Analog input units (16 channels)

3. 1 - Digital input unit 8 x IN

- Relay output unit 4 x OUT

- HMI panel 5.7 "color touch panel

- Purpose-designed firmware

1 Communication GSM modem for sending an SMS alarm

5. 1 System installation, commissioning, operator training to work with systems

The Oneprod MVX protection system and Vio software for condition
monitoring and turbine protection based on the RMS level of vibrations
and temperature.

Description of the designed system

Figure 1 — Monitoring system OneproD — MVX
Puc. 1 — Cuctembl MoHUTOpUHra OneproD — MVX
Slika 1 — Monitoring sistem OneproD — MVX

The Oneprod-MVP is a modular monitoring system in 8, 16, 24 and
32-channel versions, shown in Fig. 1. Its superior possibility of
simultaneous acquisition on all channels, combined with the programming
of different operating modes and defining of alert thresholds for each
operating mode make the system an extremely powerful solution for
monitoring and on-line diagnostics of all complex rotating machines.
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The Oneprod-MVX allows acceptance of all types of vibration
sensors (accelerometers, velocity sensors, proximity probes for
monitoring relative vibrations in the hydrodynamic sliding bearings) as
well as the process inputs. The Oneprod-MVX includes a large number of
different onboard (analysis in the measuring system itself - neither
download to a PC is required nor postprocessing calculations of vibration
parameters) processing procedures applicable through various
techniques of monitoring and technical diagnostics of rolling and sliding
bearings: summary levels (RMS, Peak, Peak to Peak), narrowband
parameters (Narrow Band), broadband parameters (Broad Band),
Kurtosis parameter, Defect factor of bearings, Smax, frequency spectra,
time records, zoomed spectra, and envelop spectra. The recorder
module enables recording long signals for a subsequent analysis of the
harmonic lines (recording turbine starting and deceleration) of the
installed system (shown in Fig. 2).

Figure 2 — Built-in monitoring system for the protection of mini hydropower plants
Puc. 2 — BcTpoeHHas 3alimTHas cucteMa MoHUTopuHra ans muHn-roc
Slika 2 — Ugradeni monitoring sistem za zastitu mini-hidroelektrane

The configuration of the Oneprod-MVP system is performed on-site
or remotely (from the control room or by using the Internet) using the
included Oneprod CSM software. For realtime displays of all active
channels and all defined parameters on channels, the Oneprod-MVX
system uses Oneprod-XPR (Advanced vibro diagnostic) or Oneprod-VIO
(Viewer) software. The communication of the Oneprod-MVX system with
a control PC or PLC is carried out via RS485 or the Ethernet.




Options for

After installing the Oneprod-MVX system, the existing turbine
monitoring can be expanded by including the following measurement

values (Table 3):
- Measurement of output electrical parameters of the generator,
- Turbine speed,
- Additional channels for measuring vibrations and temperature,

- Measurement of water flow to the turbine of the mini hydropower

plant,

- Measurement and regulation of water flow at the hydropower plant

extending the monitoring system

dam - a new technical solution (Zegarac, 2004)
- Extension with advanced software and remote monitoring.

Table 3 — Expandable monitoring systems

Tabnuya 3 — BO3MOXHOCTW pacLUMpeHns CUCTEMbl MOHUTOPUHra
Tabela 3 — Mogucnosti prosirenja monitoring sistema

No. Code Description Quantity
1. | MVX2301000 \C/é(n)q-sdt\éirewer software for monitoring the results on a 1
2. AC102-1A Industrial ICP accelerometer 100 mV /g 4
3. |CB102-A2A-030-Z| Special cable AC102-1A sensor, 6 meters 4
4. MNTSTD 1/4-28 - M6: mounting stud 4
5. SwW Terminal boxes 2
6. PT PT100 sensors for measuring temperature of bearings 4
7. RCK Industrial cabinet for MVX 1
8. DOC Documentation in English and Serbian language 1
9. PC PC computer 1
10. INS System installation, commissioning, operator training to 1

work with systems
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. Ajoint monitoring system for two mini hydropower plants in the MHP
Savnik is given in Fig. 3.

Py Furg

Turbies - = Turtis

5 1
|I” ‘_|I|
'

x, ij — ReluxomEu'r(s) I

&

Figure 3 — The monitoring system for the mini hydropower plants in Savnik
Puc. 3 — Cuctema MoHuTopuHra Ha muau-MoC B LasHuke
Slika 3 — Monitoring sistem za mini-hidroelektrane u Savniku

Measurement results and their analysis

Fig. 4 shows the scheme of the plant and the measuring points in
one mini hydropower plant in the system of the EPCG Montenegro. The
system consists of the mini hydroelectric generator (A), momentum (B),
the multiplier (C), turbine (D) and the turbine regulator (E).

The assemblies are connected by flexible couplings and drive shafts.

Labels for the measuring directions: RH - horizontal,
RV — vertical, AX — axial

The designed monitoring system includes the measurement of
vibrations, temperature, operating parameters and output electric
parameters of the generator. The limit values of diagnostic parameters are
selected and new and classical diagnostic methods are applied
(Zegarac,1989). The monitoring system allows continuous monitoring and




measurement of diagnostic values, extremely large memory of measured
values as ell as wide possibilities of processing and analysing parameters.

The installation of devices and the equipment, final testing and
commissioning of the operational work under the supervision of the
designer were done by the TRCpro - Novi Sad.

Due to the volume of the measurement results, the paper shows
only some values of the measured diagnostic parameters as well as the
vibration parameters at characteristic measurement points (vibrations on
the multiplier bearings).

Figure 4 — Scheme of the plant and the measurement points at the mini hydropower plant
Puc. 4 — Cxema yCTaHOBKW 1 TOYKM 3amepa Ha MuHW [OC
Slika 4 — Sema postrojenja i mernih mesta na postorjenju mini-hidroelektrane

In the spreadsheets, high levels of vibration parameters are
displayed and marked in yellow and red.

Table 4 presents the measured values of the vibration parameters of
measuring point 5, the direction RV (bearing on the output shaft of the
multiplier, on the side of the flywheel) while Table 5 shows the results for
measuring point 7, direction RV (bearing on the multiplier drive shaft on

the side next to the turbine).
1111
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Fig. 6 is a graphical display of the frequency spectrum at measuring
point 5, in the directions RH, RV, AX, on the output shaft bearing, side to
the flywheel, where high vibration levels can be noticed.

Table 4 — The measured values of vibration levels, measuring point 5, vertical direction-RV
Tabnuua 4 — \amepeHHble 3HAYEHNsT YPOBHS LLYMa, KOHTPOSbHAs ToYKa 5, HanpaeneHue
RV-no septukanu
Tabela 4 — 1zmerene vrednosti nivoa vibracija, merno mesto 5, smer RV — vertikalno

SECTOR DEMO\MACHINE AREA\HE

MHE_ 13/12/2006 12:15:38

5RV 5RV

FO - Mass unbalance FO Soft 13/12/2006 12:15:38 0mm.s-1 0 High 0 0 4.3 1.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38 0g 0 High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38 .001g -001 High 0 0 1 2.8
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 A4g 14 High 0 0 3 6
MF - 200/2000Hz BB MF Soft 13/12/2006 12:15:38 1.07g 1.07 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 1.05g 1.05 High 0 0 3 5
DEF DEF Hard 13/12/2006 12:15:38 5.88 DEF 5.88 High 0 0 7 10
5AX 5AX

Acceleration - 2/20kHz OLACC Hard 13/12/2006 12:15:38 2.62g 262 High 0 [1] 3 5
Velocity - 10/1000Hz oL vv Hard 13/12/2006 12:15:38 7.95mm.s-1 7.95 High 0 0 43 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 .031mm.s-1 .031 High 0 0 43 1.2
H2 - Misalignment H2 Soft  13/12/2006 12:15:38  .0012g 0012 High 0 0 24 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38 .0023g .0023 High 0 [] 1 2.8
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 4249 424 High 0 0 3 6
MF - 200/2000Hz BB MF Soft  13/12/2006 12:15:38 [EEE 9 235 High 0 0 1E
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 .965¢g .965 High 0 0 3 5
DEF DEF Hard  13/12/2006 12:15:38 5.77DEF 5.77 High 0 0 7 10
6RH 6RH

Acceleration - 2/20kHz OLACC Hard 13/12/2006 12:15:38 3.2g 3.2 High (] 0 3 5
Velocity - 10/1000Hz oL vv Hard 13/12/2006 12:15:38 4.18 mm.s-1 4.18 High 0 0 43 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 .026 mm.s-1 .026 High 0 0 43 1.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38  .00037g 100037 High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38 .0016g 0016 High 0 0 1 2.8
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 -189g 189 High 0 0 3 .6
MF - 200/2000Hz BB MF Soft  13/12/2006 12:15:38 [NNERE] 9 27 High 0 0 1
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 1.92g 1.92 High 0 0 3 5
DEF DEF Hard 13/12/2006 12:15:38 7.79DEF 7.79 High 0 0 7 10
6RV BRV

Acceleration - 2/20kHz OLACC Hard  13/12/2006 12:15:38 2199 219 High 0 0 3 5
Velocity - 10/1000Hz oL VWV Hard 13/12/2006 12:15:38 3.72mm.s-1 3.72 High 0 0 43 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 .026 mm.s-1 .026 High ] 0 43 1.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38  .00062g 00062 High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38  .00079g .00079 High 0 0 1 28
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 A11g A1 High 0 0 3 6
MF - 200/2000Hz BB MF Soft 13/12/2006 12:15:38 1.94g 1.94 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 .868g .868 High 0 0 3 5
DEF DEF Hard 13/12/2006 12:15:38 7.53DEF 7.53 High 0 0 i 10
6AX BAX

Acceleration - 2/20kHz OLACC Hard 13/12/2006 12:15:38 3.049 3.04 High 0 0 3 5
Velocity - 10/1000Hz oL vV Hard  13/12/2006 12:15:38 8.54mm.s-1 8.54 High 0 0 43 1.2
FO - Mass unbalance FO Soft  13/12/2006 12:15:38 .097 mm.s-1 097 High 0 0 4.3 1.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38 0g 0 High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38 .0034g 0034 High 0 0 1 2.8
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 4239 423 High 0 0 3 6
MF - 200/2000Hz BB MF Soft  13/12/2006 12:15:38 [ERE 9 278 High 0 0 1
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 1.19g 1.19 High 0 0 3 5
DEF DEF Hard 13/12/2006 12:15:38 6.74DEF 6.74 High 0 0 7 10
7RH 7RH

Acceleration - 2/20kHz OLACC Hard 13/12/2006 12:15:38 149 1.4 High 0 0 3 5
Velocity - 10/1000Hz oL vV Hard 13/12/2006 12:15:38 3.82mm.s-1 3.82 High 0 0 4.3 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 0084 mm.s-1 0084 High 0 0 43 1.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38 0g 0 High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38  .00055g .00055 High 0 0 1 2.8
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 1969 -196 High 0 0 3 6
MF - 200/2000Hz BB MF Soft 13/12/2006 12:15:38 1.2g 1.2 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 .483g .483 High 0 0 3 5
DEF DEF Hard 13/12/2006 12:15:38 5DEF 5 High 0 0 7 10
7RV 7RV

Acceleration - 2/20kHz OLACC Hard 13/12/2006 12:15:38 1.06g 1.06 High 0 0 3 5
Velocity - 10/1000Hz oL vv Hard 13/12/2006 12:15:38 3.04mm.s-1 3.04 High 0 0 4.3 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 0mm.s-1 0 High 0 0 43 1.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38 0g (1] High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38 .0012g 0012 High 0 0 1 238
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 129g 129 High 0 0 3 6
MF - 200/2000Hz BB MF Soft 13/12/2006 12:15:38 .841g 841 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 4959 -495 High 0 0 3 5
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Table 5 — The measured values of vibration levels, measuring point 7, vertical direction —-RV
Tabnuua 5 — NamepeHHble 3HAYEHNsT YPOBHS LLYMa, KOHTPOSIbHAs TOYKa 7, HanpaefeHne
RV-no BepTunkanu

Tabela 5 — Izmerene vrednosti nivoa vibracija, merno mesto 7, smer RV — vertikalno

SECTOR DEMO\MACHINE AREA\HE

MHE_ 13/12/2006 12:15:38

7RV 7RV

DEF DEF Hard  13/12/2006 12:15:38 4.55DEF 4.55 High 0 0 7 10
7AX 7AX

Acceleration - 2/20kHz OLACC Hard  13/12/2006 12:15:38 2.83g 2383 High 0 0 3 5
Velocity - 10/1000Hz oLw Hard  13/12/2006 12:15:38 8.44mm.s-1 8.44 High 0 0 43 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 .01mm.s-1 01 High 0 0 4.3 1.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38 0g L) High 0 0 21 5.6
H3 - Misalignment H3 Soft  13/12/2006 12:15:38  .0023g .0023 High 0 0 1 28
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 .3639g .363 High 0 0 3 .6
MF - 200/2000Hz BB MF Soft  13/12/2006 12:15:38 AL 9 2.58 High 0 0 1
HF - 2000/20000Hz BB HF Soft  13/12/2006 12:15:38 7289 728 High 0 0 3 5
DEF DEF Hard  13/12/2006 12:15:38 4.73DEF 473 High 0 0 7 10
8RH 8RH

Acceleration - 2/20kHz OLACC Hard  13/12/2006 12:15:38 1.91g 1.91 High 0 0 3 5
Velocity - 10/1000Hz oLw Hard  13/12/2006 12:15:38 3.91mm.s-1 3.91 High 0 0 4.3 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 016 mm.s-1 016 High 0 0 4.3 1.2
H2 - Misalignment H2 Soft  13/12/2006 12:15:38 0g (] High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38 0g (] High 0 0 1 28
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 172g A72 High 0 0 .3 6
MF - 200/2000Hz BB MF Soft  13/12/2006 12:15:38 1.57g 1.57 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 .807g 807 High 0 0 3 5
DEF DEF Hard  13/12/2006 12:15:38 6.27 DEF 6.27 High 0 0 7 10
8RV 8RV

Acceleration - 2/20kHz OLACC Hard  13/12/2006 12:15:38 1.69 1.6 High 0 0 3 5
Velocity - 10/1000Hz oLw Hard  13/12/2006 12:15:38 3.22mm.s-1 3.22 High 0 0 4.3 1.2
FO - Mass unbalance FO Soft  13/12/2006 12:15:38 .025mm.s-1 025 High 0 0 43 11.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38 .00031g 00031 High 0 0 21 5.6
H3 - Misalignment H3 Soft  13/12/2006 12:15:38 0g (] High 0 0 1 2.8
LF - 2/200Hz BBLF Soft  13/12/2006 12:15:38 A71g A71 High 0 0 3 6
MF - 200/2000Hz BBMF Soft 13/12/2006 12:15:38 1179 147 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft  13/12/2006 12:15:38 1.23g 1.23 High 0 0 3 5
DEF DEF Hard  13/12/2006 12:15:38 6.36 DEF 6.36 High 0 0 7 10
9RH 9RH

Acceleration - 2/20kHz OLACC Hard  13/12/2006 12:15:38 1.55g 1.55 High 0 0 3 5
Velocity - 10/1000Hz oLw Hard  13/12/2006 12:15:38 1.16 mm.s-1 1.16 High 0 0 4.3 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 .0037 mm.s-1 .0037 High 0 0 4.3 1.2
H2 - Misalignment H2 Soft  13/12/2006 12:15:38 0g L] High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38 0g (] High 0 0 1 28
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 0669 .066 High 0 0 3 .6
MF - 200/2000Hz BB MF Soft  13/12/2006 12:15:38 6049 .604 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 1.28g 1.28 High 0 0 3 5
DEF DEF Hard  13/12/2006 12:15:38 3.92DEF 3.92 High 0 0 7 10
9RV 9RV

Acceleration - 2/20kHz OLACC Hard  13/12/2006 12:15:38 1.46g 1.46 High 0 0 3 5
Velocity - 10/1000Hz oLw Hard  13/12/2006 12:15:38 1.75mm.s-1 175 High 0 0 4.3 1.2
FO - Mass unbalance FO Soft  13/12/2006 12:15:38 .025mm.s-1 025 High 0 0 4.3 1.2
H2 - Misalignment H2 Soft 13/12/2006 12:15:38 .0003g .0003 High 0 0 21 5.6
H3 - Misalignment H3 Soft  13/12/2006 12:15:38 .00026g .00026 High 0 0 1 2.8
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 .104g 104 High 0 0 .3 6
MF - 200/2000Hz BB MF Soft 13/12/2006 12:15:38 4569 456 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft  13/12/2006 12:15:38 1.5g 15 High 0 0 3 5
DEF DEF Hard  13/12/2006 12:15:38 4.81DEF 481 High 0 0 7 10
9AX 9AX

Acceleration - 2/20kHz OLACC Hard  13/12/2006 12:15:38 6519 651 High 0 0 3 5
Velocity - 10/1000Hz oLw Hard  13/12/2006 12:15:38 1.81mm.s-1 1.81 High 0 0 4.3 1.2
DEF DEF Hard ~ 13/12/2006 12:15:38 3.05DEF 3.05 High 0 0 7 10
10RH 10RH

Acceleration - 2/20kHz OLACC Hard  13/12/2006 12:15:38 1.26g 1.26 High 0 0 3 5
Velocity - 10/1000Hz oLw Hard  13/12/2006 12:15:38 1.12mm.s-1 112 High 0 0 4.3 1.2
FO - Mass unbalance FO Soft 13/12/2006 12:15:38 0mm.s-1 (] High 0 0 4.3 1.2
H2 - Misalignment H2 Soft  13/12/2006 12:15:38 0g (] High 0 0 21 5.6
H3 - Misalignment H3 Soft 13/12/2006 12:15:38 0g L] High 0 0 1 28
LF - 2/200Hz BBLF Soft 13/12/2006 12:15:38 .05g .05 High 0 0 .3 6
MF - 200/2000Hz BB MF Soft  13/12/2006 12:15:38 187g 187 High 0 0 1 2
HF - 2000/20000Hz BB HF Soft 13/12/2006 12:15:38 11g 11 High 0 0 3 5
DEF DEF Hard  13/12/2006 12:15:38 4.5DEF 45 High 0 0 T 10
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Figure 5— Frequency spectrum of the measured vibrations and their analysis for bearing L5
Puc. 5 —YacToTHbI CNeKTp 3MepeHHbIX BUObpaumin 1 ux aHanus Ha nogwmnHuke LS
Slika 5 — Frekventni spektar izmerenih vibracija i njihova analiza za lezaj L5

Based on the measurement and the analysis of the measurement
results, registered by the monitoring system, the following was
determined:




. The general condition of both mini hydropower plants at the location
Savnik, from the point of reference of ISO Standard 10816 and ISO
Standard 2370, can be assessed as good or acceptable. On the flywheel
bearings, points 3 and 4, vibrations after reaching the operating
temperature of the bearings are within acceptable limits. The levels of
summary acceleration in the middle-frequency domain are elevated, but
due to increased vibrations on the multiplier, they are further transmitted
to the flywheel bearings. For the multiplier bearings, measuring points 5
and 6 (the output shaft) and measuring points 7 and 8 (the drive shaft),
vibration levels are elevated as well as summary acceleration in the
medium-frequency domain. Frequency spectra of vibrations on the
multiplier bearings indicate the presence of problems in the gears, most
likely due to their wear. For a definite confirmation of this claim, it is
necessary to provide information on the number of teeth on the gears for
a more precise diagnosis.

The monitoring system indicates that there is no need for balancing
rotating masses (Zegarac, Li¢en, Zuber, 1999); however, due to
increased levels of vibrations on the multiplier, it is necessary to plan the
overhaul of the mechanical assembly.

Conclusion

Nowadays, great attention is paid to the construction of new mini
hydropower plants. The paper presents the application of a modern
monitoring system on the mini hydropower plants in the system of the
Electrical Industry Montenegro. Regardless of the fact that these systems
were installed long time ago and that they have been in use for many
years, it was fully justified to carry out the modernization of these mini
hydropower plants. Mini hydropower plants have an important role in the
production of electricity and are networked in the electricity system. The
design and construction of mini hydroelectric power plants up to 700 KW
is very similar. These are hydro machines of horizontal construction and
installation. In all assemblies of hydro units, there are built-in roller
bearings. If power of mini hydropower plants exceeds the value of 1000
KW, the construction of such systems is in a vertical version. Embedding
assemblies in such hydropower plants is performed on sliding bearings.
In this case, a patented system for the diagnostics of sliding bearings is
applied as well as a new technical solution for measuring and controlling
the flow of water at the hydropower dam. Modern monitoring systems
presented in this work are fully applicable to the systems of mini
hydropower plants of higher power. On the territory of the Republic of
Serbia, there is a larger number of mini hydroelectric power plants in
private ownership. It is expected that, in the near future, modern
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monitoring systems could be applied in them. The paper presents some
examples of the application of modern monitoring systems. The function
of controlling the technical correctness of such systems as well as of their
overhaul is provided.The existing systems, installed in the 70s, do not
have a possibility of remote control. Malfunction alert is done by light or
sound signaling - ALARM system. The MHP control system is of a
manual type. A great advantage of modern monitoring systems is that
operators in hydropower plants can react in time and prevent damage to
the system in advance if they receive signals on major defects or failure
occurrence.
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NPUMEHEHME COBPEMEHHbLIX CUCTEM MOHUTOPUHIA
HA MNHW-T3C

Hukona . XXerapauy,
Cepbckas akagemus nsobpetatenei n yueHbix, benrpag, Pecny6nuka Cepbusi

OBJIACTb: MalMHOCTPOEHUE, SNEKTPOTEXHMKA, SNEKTPOHMKa
B CTATbW: npodeccroHanbHas ctaTbs
A3bIK CTATbW: aHrnunckmn

Peswome:

B OanHOU pabome npedcmasrneHbl COBPEMEHHbIE CUCMEMbI
MoOHUMopuHaa Ha MuHu-I'9C. B cospemeHHOM mMupe ocoboe eHUMaHue
yoensiemcsi, Kak COXPaHeHUK CyWecmeyruwux cucmemM, mak U
cmpoumesniscmey U COOPYXeHU0  Ho8bIX  MUHU-TOC.  MuHu




audpoaniekmpocmaHyuu  exodsm &8 cocmae obweld cucmemsl
anekmpocHabxeHusi. OHU ueparom B8aXHyl0 pofib 8 npou3sodcmee
3/1eKMpPO3HepauU, a makke 8 no0depxke obuwel cucmembl
3Hepeonumarusi. B yensx nocmosiHHo20 6ecriepeboliHo20 HabroleHust
U mexHu4yeckoz2o Had3opa 3a pabomol muHu-I'OC paspabomaHbl Ho8ble
cucmemb! MOHUMOpPUHaa. Kpome ocHogHoU byHKUUU HabrirodeHusi, OHU
marxe npedHasHa4YeHb! s npedomepauieHus: asapul, 8 criydae cbos u
omka308 cucmemel. [Toddepxka u peMoHmM cucmembl rnpous3eoomcsi fno
Heobxodumocmu, 8 3asUcUMOCMU Om MEXHUYECKO20 COCMOSIHUSI
eudpoanekmpocmaHyul. B  ocywecmeneHuu OaHHO20  Mpoekma
npumMeHeHbl cospeMeHHoe 060pydosaHUe Om U38ECMHbLIX MUPOBbLIX
npouseodumernel, a makxe npogeccuoHarnbHbIli OfNbim U 3HaHUs
MHO2UX COmpyOHUKOS.

KnioueBble croBa: MUHU  2UGpPO3rIeKMpPOCmaHyulU,  CO8PEMEHHbIe
cucmemMbl MOHUMOPUH2a, MEeXHUYecKoe coomeemcmeue, rapamemps!
OuasHocmuku, mMemoObl QuasHOCMUKU, subpauyuu cucmembi, rnpubopel,
obopydosaHue.

PRIMENA SAVREMENIH MONITORING SISTEMA NA MINI-
HIDROELEKTRANAMA

Nikola P. Zegarac
Srpska akademija izumitelja i nau¢nika, Beograd, Republika Srbija

OBLASTV: masinstvo, elektrotehnika, elektronika
VRSTA CLANKA: struéni ¢lanak
JEZIK CLANKA: engleski

Sazetak:

U radu je prikazana primena savremenih monitoring sistema na mini-
hidrolektranama. U dana$nje vreme posebna paZnja posvecuje se odrZa-
vanju postojecih sistema, izgradnji i instaliranju novih mini- hidrolektrana.
One su umreZene u zajedniCki sistem napajanja elektricnom energijom i
veoma su znacajne za proizvodnju elektricne energije, kao i za odrzavanje
celokupnog sistema energetskog napajanja. Primenjeni su novi monitoring
sistemi koji omogucavaju kontinualno pracenje i nadzor tehnicke ispravno-
sti mini-hidroelektrana. Pored toga, monitoring sistemi omogucavaju da se
spreCe havarije sistema u slucaju vecih kvarova i otkaza. OdrZavanje i re-
monti sistema vrSe se zavisno od stvarne potrebe i tehni¢kog stanja hidro-
elektrana. KoriScena je savremena oprema renomiranih svetskih proizvo-
daca, licno iskustvo i znanje mnogih saradnika na realizacifi ovog projekta.

Klju€ne reci: mini-hidroelektrane, savremeni monitoring sistemi, tehniCka
ispravnost, dijagnosticki parametri, dijagnosticke metode, vibracije siste-

ma, uredaji, oprema.
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