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Abstract. On the housing of convection chamber vibrationseweeasured, using acceleration
sensors in 16 measurement points, connected tdtainamnel recorder. The measurement data
were recorded for different states of boiler loan,a wide range of time - 4 hours of
measurement. The measurement results indicatedhéhabost important vibrations frequencies
of side walls were in the band 30- 30.5 Hz, appareblock during increase of the power and
operation under full load. High amplitudes wereakscorded in the band 7-9Hz with a load of
260 MW unit after 2 hours of steady work. Convettichamber was at resonance for these
frequencies [1]. In order to identify the vibratiohthe actual object it was necessary to identify
the form of natural frequency of the convection mmbar. As first, was discrete model of
convection chamber created, and then modal analsismade, using the Lanczos algorithm.
Results of the modal analysis pointed out thattdube complexity of the convection chambers
geometry there was a big number of local and glotmadal shapes. We could see big amplitudes
of convection chamber shell displacements in timgea of structural mode bands: 7-9 Hz, 16-
18 Hz, 30-30.5 Hz. If the excitations frequencieshe example from flowing gas are in the
same range as natural shapes, the resonance may. &be cannot determine actual
displacements and stress using numerical modalysieaWe have to identify the source of
variable strength, to obtain values of time-varystigesses. If we compare the results of modal
analysis and measurement at the real object, weselaat the areas of construction, in which
there is a high probability of resonance. The cafsthe convection chambers resonance was
probably force created by turbulent boundary layfegas. The gas flows along the inside of the
convection chamber walls [6]. Resonance can beepted by increasing the stiffness of the
chamber walls in areas where there are large aoramplitude. In this way, we can increase
local natural frequency of the chamber. A good meétto increase stiffness of the chamber
walls is the distribution of bracing beams betwdenexisting stiffeners [2].
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Introduction

A reliable model, experimental studies and explmitahistory from start-up construction are
the basis for developing of current stress stadetlad degree of degradation. This is important in
process of mechanical degradation for each of ieahabjects that are working under changing
thermal and mechanical loads. So is it difficultattswer the questions about the possibility of
further and safety exploitation. If we treat thads as stochastic process or use the operating
documentation, we can solve the problem. Hence gfoiod solutions to use the numerical and
experimental methods that are describing stre$s atal durability of power plants elements for
example convections chambers of fluid power bdilger2].There were excessive vibration of
convection chamber walls during operation of pop#ant in different states of the load. The
vibrations of these structural elements are dangebecause of the possibility of cracks on their
surface, what can lead to stop of entire powerKsof2, 3].We can use both of experimental
and numerical methods in order to identify the esusf vibration, as well as their localization.
The experimental part of work consist of measurameibration of convection chambers walls.
Then modal analysis was made using FEM method][4THe calculation identified places of
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large vibration displacement. It was base to puepof changes in walls construction. The
measurements and the numerical calculation were ftacdconvection chambers of fluid power
boiler No. 4, 6, operating in Turéw Power Plant.

Experimental studies

The measurements were made to determine vibraiiflognce on behavior of convection
chamber walls. The vibrations were measured usimgar's in 16 measurement points, on the
housing of convection chambers. The Figure 1 ptedle localization of sensors on convection
chambers power units No. 4, 6. The sensors weralled between 41,5 m and 50 m of
convection chamber high level in accessible pléaepeople.

Fig. 1. Localization of sensors on convection chambersgpawits No. 4, 6

The following type of sensors were used duringnteasurements:
- tri-axial vibrations sensors, ICP type of generaigose,
- ICP type sensors of high resolution,
- ICP type seismic sensors of vibrations,
- capacitive sensors of vibrations.

The sensors were connected to the multichannerdecomodel LX-10, made by TEAC
company (Fig. 2).

The measurement data were recorded for differaatestof operational load. The loads
appeared in a wide range of measurements time. gdwer was changing during the
measurements ( Fig. 3 - 2.4).

Convection chamber of power block No. 4 has statedvibrate after 3 hours of
measurements. Convection chamber of power block6Nuas vibrated since the beginning of
measurements. Walls of convection chambers haveateith around manholes between soot
blowers (aZ axis of sensors). Vibration direction of the bumgpevas different (&X axis of
sensor). The results of the measurements weretesgis as spectrums of the amplitude
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acceleration (Fig.5). The spectrums were filtersohg Fourier analysis in order to identify the
main frequencies of vibration.

a) 7 ! ) b)
Fig. 2. Measuring system of convection chamber walls a)llOXmultichannel recorder, b) view of seismic
sensor on the convection chamber wall
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Fig. 3. The changes of Power Unit No. 4 power during tleasorements
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Fig. 4. The changes of Power Unit No.6 power during thasueements
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Fig. 5. The exemplary amplitude spectrum of acceleratiathé band 4-40 Hz in 03 measurement point
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Results of measurements indicated that there wereonnection between vibrations and
state of boiler power. The speeding of the powanges had no influence on value of vibration
too. The measurement results indicated that thet mgsortant vibration frequencies of side
walls were +30.5 Hz. The frequency was the samedarection chamber of power unit No. 4
and 6. The large vibrations amplitude appearedaokis during increase of the power (power
unit No. 6) and operation under full load (poweiritudo. 4). The frequencies of chambers
vibrations were different for different areas ofaofber walls and the different time of
measurements. All of vibration frequencies werduded on narrow range from 1.5 Hz to 30.5
Hz. Vibration frequencies of the convection charsbfer power unit No. 4 and 6 were in the
band of 30+31.5 Hz. One of the vibrations freques@bout 30 Hz was reinforcement, during
the intensification of the convection chamber ilora The acceleration’s amplitude of these
vibrations was increased over 100 times. The ang#itvas dominated over the other vibrations
frequencies. Verification of convection chambersration measurements was made using 2 —
channel vibrometer. It was made simultaneously séhsors measurement.

Fig. 6. The measurements of convection chambers vibratisimg 2-channnel vibrometer

The measurements were carried out in places whenas found very clear and strong
audible rumble convection chamber. The measurenmeditsated there were vibrations with big
amplitudes in the bands of: 7-9 Hz besides theatitn frequency 30 Hz measured by
a stationary recorder. The vibrations were reggstaat 260 MW of boiler power for 2 hours of
steady work. Convection chamber was in resonanciése frequencies [2, 3].

Numerical analysis

In order to identify the vibration of the actualjett it was necessary to identify the form
of natural frequency of the convection chamberfirdt a discrete model of convection chamber
was created, then modal analysis was made usindg.ahezos algorithm [5]. Results of the
modal analysis pointed out that due to the compleaf the convection chambers geometry
there was a big number of local and global modalpsk. We could see big amplitudes of
convection chamber shell displacements in the mofetructural mode bands: 7-9 Hz, 16-18
Hz, 30-30.5 Hz (Fig. 7a, b, ¢). If the frequenaéexcitations from flowing gas are in the same
range as natural shapes, the resonance may occonwaction chambers walls [6].

We cannot determine actual displacements and stessng numerical modal analysis. We
have to identify the source of changing loads, itaim values of time-changing stresses. If we
compare the results of modal analysis and measuteatethe real object, we can select the
areas of construction, in which is a high probapiif resonance.
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a) c)
Fig. 7. Modal shape of convection chambers left and baalksvior natural ferquencies: &F 8.277 Hz,
b) f=16.93 Hz, cf = 30.047 Hz

Conclusions

The cause of the convection chamber resonance nobalgy created by turbulent boundary
layer of combustion gas. The gas flows along th&dm of the convection chamber [3].
Resonance can be prevented by increasing theestiffaf the chamber walls in areas where are
large vibration amplitude. In this way, we can mdweal natural frequency of the chamber
walls from the resonance frequencies bands. A goeithod to increase stiffness of the chamber
walls is the distribution of bracing beams betwéled existing stiffeners [2]. Propositions of
convections chambers walls stiffening are preseintdiyures 10, 11. We proposed I-sections
size 160 and 200 as a stiffening element.

Fig. 9. Added stiffening on convection chambers wallsrigaa where the resonance appeared
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