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Summary

This paper decribes the system designed for ontéimperature measurement on hydrogenerator roter po
windings and on other rotor parts as well. Singaali transfer by wire is not easily applicablehistsituation, it
was essential to ensure wireless signal trangben fiotor. This was achieved with one radio signal
transmitter/receiver mounted on the rotor and thermon the stator. When signals are collectecherstator side,
they are sent through the RS232/ENET connectianthre PC where they are saved, processed andizesdlal he
system consists of temperature sensors placedarglpesitions on the rotor pole. Temperature regnitis+0.5°C
and the sensor measuring range is up to 125°CoSkymut makes possible the analysis of coolirigiehcy of
particular rotor parts, based on temperature measemts. This information enables hydrogeneratagdess
(possible) redesign of the cooling system in otdexchieve better cooling efficiency on the parkere temperature
conditions are not satisfying, according to the sne@ament result analysis. Furthermore, the themnag of the pole
can be implemented as a part of permanent diagnostnitoring providing information of current tenmpture state
and of temperature changes due to various exghmitabnditions. In addition, the system can be reokéel by
installing sensors on hydrogenerator stator, piogitlemperature measurements data in order torobtator
thermal map. lllustration of the system is giveremgmples from HPP Dubrava and HPP Vinodol. Speadifi, in
the case of HPP Vinodol, it is evident that paftthe rotor pole are less efficiently cooled. Thiedences in
temperatures on some pole positions are as higd°@&measured under exploitation condition with #88 active
and ~22.5 MVAr reactive power. According to measugat results, pole side closer to exciter is warthan the
opposite one. Also, the side opposite to pole imtadirection is warmer than the other one.

By the time this article was written, temperatureasurements on generator 2 in HPP Dubrovnik wetfenpeed as
well. Efficient cooling of this generator is theason the temperatures never crossed 70°C and nizeimaerature
differences are 15°C.

1. Introduction

The basic purpose of on-line temperature measursneerhydrogenerator rotor is to obtain reliabfeimation of
its temperature conditions. Based on this datalasitns concerning cooling efficiency can be mailbaen the
hydrogenerator is working in a specific regime gsally when the applied combination of active/teacpower
dissipates excessive heat) it is interesting toaktieermal map of its rotor elements — for exampleir pole
windings.



It is desired for the temperatures to be as lowassible (indicating good cooling efficiency). $talso important
that the temperature distribution on pole windirgyas uniform as possible in order to avoid tentpeesasymmetry
caused thermally induced stress on pole windingis 3tress can result in more or less drasticalatoh of life
expectancy or, in worst case, insulation failure.

The temperatures can be added to permanent diagnumstitoring system database and analysed offiha
thermal map at a specific time stamp or in trendiiegrams for desired time periods.

2. Technical solution

Since temperature measurements during generatoatapeis of interest, the basic technical probtersolve was
reliable data transfer from rotor to stator. Thissvachieved using wireless technology (radio link).

One radio receiver/transmitter was placed on ratar the other on stator side. Temperature senssssthe signal
in digital form to rotor transmitter/receiver aft@hich the rotor transmitter/receiver sends infaiorato
receiver/transmitter on stator side (Fig. 1.)

Sensor resolution is £0.5°C and can measure ug40CL Because of their small dimensions — the gsri=am be
installed on almost any rotor/stator part in layantl number sufficient to obtain data for reliatilermal map
calculation. Since the sensors are parallely caiedeind since each sensor has unique addresmibiggh to use
only one radio transmitter/receiver on rotor theducing the overall installation size and complexit

Due to RS232/ENET (serial/ethernet) converter araextra advantage — the temperature data is shaeedocal
area network (LAN) so any authorized user can acites
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Fig. 1. Schematics of temperature measurementoRauki is needed to ensure wireless data transtanfrotor to stator.
2. Measurement results

Measurement results are divided into three sectnsrding to the Hydro Power Plant (HPP) they weeasured.

2.1 HPP Dubrava
In HPP Dubrava the temperature sensors are platestar pole windings as shown on Fig. 2.

oy ]
Fig. 2. Temperature sensor layout on rotor polgeferator 1 in HPP Dubrava.

Temperature monitoring system is integrated astagb@ermanent diagnostic generator monitoringesysbecause
temperature trends are an important indicator efggnerator rotor condition. Fig. 3. shows comparisf relevant



electrical quantities (excitation current/voltagdiagram D1) and short-time temperature trendsemegtor 1 in
HPP Dubrava.
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Fig. 3. Trending of electrical quantities (diagrddi: excitation current/voltage) and temperaturegfiam D2) on generator 1
in HPP Dubrava.

In addition to temperatures, excitation current arcitation voltage, magnetic induction, air-gapttbmeasured by

means of sensor bonded on rotor pole) and resistafnisolation measurements are also a part oybm.

Generally, it is possible to collect 8, 16, etegdnding on the number of integrated modules) grglantities on

rotor and transfer them using wireless technologstator.

2.2 HPP Vinodol
Cross-section of horizontal generator in HPP Vidpdtbere the rotor temperature measurement laysed in
following example is installed, is shown in Fig. 4.
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Important elements have been labeled. Air inflowigl and outflow radial as indicated by arrows.
Detailed temperature measurements (thermal maptonpole windings were implemented under différen
exploitation conditions. Temperature sensors (totmhber 112) were installed as shown in Fig. 5.
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Fig. 5. LEFT: Rotor cross-section. The air flowsaimow direction. Black dots mark the places whtemaperature sensors are
installed. RIGHT:Partial cross section of the rottmportant elements are labeled.

Sensor layout is determined by the design of potdicg channels. The poles are cooled by air —ifhgwadially
through air-flow channels. Leaving the channelsdindlows into inter-winding area where it takesothe heat
dissipated by pole windings. After that, the aawfk into the stator air channels.

The first topic of these measurements was to chwdekher the temperature of air flowing into theciannels was
the same for all channels. The sensors were ad$allied in-between air channels on the same disthinm the
shaft to obtain axial temperature distribution tigbout the entire pole length. The sensors wereiattalled on
different distance from the shaft (radially).

Temperature sensor layout is shown on Fig. 5.

Due to symmetrical design of generator (Fig. 4Joyelto uniform distribution of temperatures waseeted. There
is no particular reason for asymmetrical tempegatlistribution on pole winding, respectively, difat sides of
winding (axial direction) should have similar temgueire distribution. But, as described later irt téxe
measurements show unexpectedly large temperatffeeetices on various measuring positions.

Photo of pole winding in HPP Vinodol is shown irgF6. The photo was taken during the process afaen
installation.

I

Fig 6. Photo of pole wihding in HPP Vinodol'durit’rge process of temperature sensor installation.

At ~16h on 14. 3. 2007. the generator regime w&sM®/, ~20 MVAr (excitation current ~900 A). The gaator
was working in this regime for a couple of hourst{u~19h). By comparing two measuring positionstbe
windings with largest temperature differences, mmatidifference value of about 50°C (at 19h) wasreed — Fig.
7 (positions of sensors with these temperaturesar&ed on Fig. 8.).
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Fig 7. Temperature as a function of time on tweaeld sensors on pole winding. At ~16 h the geaestarted working in the

regime ~30 MW, ~20 MVAr (excitation current was 6-%). After a few hours the generator stopped wurhn this regime (at
~19 h).

Due to power consumption requirements in the digtion system during the measurement, the temperatu
stationary state couldn't be reached. Presumaelyotfor would continue to heat up if the regime aérad. Rough
estimate shows that the sensor 19 (red — Fig. du)dwheat up to 140°C. Sensor 6 (blue — Fig. 7ekected to heat
up to 90°C.

A clearer picture of temperature distribution is@oplished by thermal map (Fig. 8.) where pole wigds
represented in 2D and it clearly shows that thepmature distribution isn't uniform thus indicatitigt the cooling
isn't uniform as well. The side closer to the exc(tight side of Fig. 8.) is less efficiently cedlthan the opposite
side (left side of Fig. 8.)
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Fig 8. Thermal map of rotor pole winding in HPP ¥dol at ~19h. The pole is represented in 2D andtioh direction is
marked. Temperature asymmetry is clearly seenbliteeand red dots mark the place where sensore#8dés #19 are mounted.

2.3 HPP Dubrovnik

Temperature measurements were performed on poltingof generator 2 in HPP Dubrovnik during its gieon.
Total number of 45 sensors were mounted as se&igof. and Fig. 10.



Fig. 9. Temperature sensors glued to rotor poledivig in HPP Dubrovnik. All sensors are mutu'al‘l neated in parallel and

end up with one transmitter/receiver.
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An interesting regime was obtained on 7. 7. 200¥emthe generator was working with ~90 MW, ~65 M\tAus
dissipating a lot of heat. By looking at Fig. lfican be seen that the time for system to reatiostay state is ~4-5
hours (at ~14h active and reactive powers are yiearistant and the system reaches its constanttaiope at
~18-19h, that is, 4-5 hours later). Although, besathis interesting regime was achieved exactigetime of
measurement system installation, some points assingj (between ~9:30h and ~11:30h), it can be(sattout
making a big mistake) that the temperature woulekteed 70°C in the lower zone and 65°C in the uppe

As it is logical the lower zone is warmer (becaabthe construction — the air is more confinedha tower area).
Also, the zone opposite to rotation direction igmar.

Maximum temperature differences in viewed zones-4@C and maximum absolute difference is ~15°C tiSere
are no large temperature differences that could feansulation failure.



The temperature measurements on iron (sensorgl4$di45) are also interesting. It can be seerdilvéng the
first three hours the iron temperature was droppimg then — at ~8:30h the heating started. Cleatiye cooling of
iron is a consequence of establishing water flonwuph turbine so the heat was conducted from iocitbine. At
the same time the iron is heated by conduction fiissipated heat on pole winding and (possibleyeddrents in
iron. But the iron is never heated above 40°C.

| HPP Dubrovnik, generator 2: 7.7.2007. |
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Fig. 11. LEFT: Comparison of highest/lowest tempemes in viewed zone according to sensor numb&@HRIL: Two-
dimensional thermal map at ~12 h on 7. July 2007.

3. Conclusion

The conclusions being made are sorted accordiggrnerators in HPP where temperatures on rotor elesmeere
measured.

3.1 HPP Dubrava

The main purpose of temperature measurements ongole winding was to monitor and obtain tempematrends
which are a good indicator of the generator rotateschanges. This data is easily integrated hgaronitoring
system already supplied for this power plant.

3.1 HPP Vinodol

Very detailed temperature measurements on rot@ wlding were performed with the total number 2 1
sensors. In a active/reactive power combinatiomreglissipating excessive heat the pole would bpdb almost
140°C! It was also determined that the pole coolémy uniform. On different pole positions — temgiere
differences up to 50°C were measured. This is,@lsly, not satisfactory because of induced thestraks which
can result in insulation damage eventually leadinfgilure. The life span of the generator is alsastically
reduced.

3.1 HPP Dubrovnik
Rotor pole winding temperature measurements onrgene2 in HPP Dubrovnik have shown the following:
» pole winding will never heat above 70°C



» the temperatures are the highest in the lower go@eause the air is more confined in this area) and
opposite to rotation direction but absolute tempeeadifference is never greater than 15°C

» temperature measurements on iron show that it feaesis above 40°C indicating that the losses m are
not large
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