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Abstract. Combustion chambers of contemporary power boilerssaspended on hanger roads
because of thermal strains. The hangers are plat®dy the side edges of a rectangular
chamber. A tensile force of hanger road has afsignit influence on stress state of combustion
chambers. A method of tensile force measuremerdsdatermine the correct of are tensile
force is therefore important. There are presentediosel method of a tensile force's

measurements and methodology for determining tteilolition of tensile forces.
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Introduction

The combustion chamber of the power boilers arpented along their upper edges (Fig. 1,
2). The hanger rods tensile forces have a sigmifigapact on stress state of combustion
chambers walls and movement of entire chamber imnéfentified state during the start-up and
stopping of power unit[3, 5]. In addition, the doustion chamber has bumpers installed at
certain levels, restraining horizontal movementshef chamber. Incorrect distribution of the
tension members forces can cause the contact lwéetbumpers, that is cause of the distortion
or damage of the combustion chamber. During theeiction it was found that some of tension
members are not carrying the loads. They are ffdecal, as shown in figure 3. In addition, it
was found that the combustion chamber is suppatethe bumpers. It might be a negative
effect because of additional stresses on walls.
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- Fig. 1. View o
129

© VIBROENGINEERING JOURNAL OF VIBROENGINEERING MARCH 2012.VOLUME 14, IsSUEL. ISSN1392-8716



729.DIAGNOSTIC METHOD OF MEASURING HANGER RODS TENSION FORCES IN THEUSPENSION OFHE POWER BOILERS COMBUSTION
CHAMBER.JERZY CZMOCHOWSKI, ARTUR GORSKI, MICHAL PADUCHOWICZ, EUGENIUSZ RUSINSKI

Hanger roads

Outlet windows

Combusting Chambers

\I“J A% / Inlet windows

Fig. 2. View of combustion chamber with hanger roads
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Fig. 3. The distribution of forces in the suspension gfisdension members of combustion chamber

Therefore, there was a need to develop an effecli@gnostic method of measuring the
tensile forces of tension members of the combustimmber suspension. The second important
aspect was to determine the correct values of wariension forces of tension members. The
combustion chamber is not a homogeneous structhere are some different channels
connected, as well as the windows in the walls hef inlet and outlet. Therefore, some
specific criteria have to be adopted to determieeténsile forces. One of the criterions is the
adoption of such the balance of power, which presich constant level of effort in the
combustion in both the cold and hot chamber [7].

FEM simulation of combustion chamber operations

The FEM model of combustion chamber with hangerdsoavas created in order to
investigate influence of hanger roads strains msststate of combustion chamber. Shell model
of entire combustion chamber was used there. Matefi combustion chamber walls was
adopted as orthotropic [4, 6]. Combustion chamheslis are constructed of vertical pipes
connected by flats. Complex structure of the wats modeled by shell elements with constant
thickness. The walls have different properties im&zontal and vertical direction, so they are
orthotropic models [2]. It is possible to createlsimodels of wall full structure, for water-tube

boilers [1]. The replacement models are used ie cdidarge power boilers with big heating
surfaces.
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Fig. 4. Distribution of stresses in the top part of conttaws chamber from side of inlet channels to
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Calculations of combustion chamber with the hangeesls were made for heat and cold
states. The stresses distributions were analyzéspipart of the combustion chamber for each
of the state (Fig. 4). It was obtained the optimstresses distribution by the criterion of
constant displacements of combustion chamber upgge. Fig. 5 presents an optimum stress

distribution of tensile forces in the hanger rofatsthe cold state. We will be able to perform a
procedure of hanger roads stretching. If we ussetlygaph. The simulation is showing us how

important is correct hanger roads stretching. We tosaassume that hanger roads were fitted
according to the criterion of nominal length witlettolerance +1mm. Dispersion of length in
the small band of the tolerance, causes changessife force in neighboring tension members

for the length of tension member about 12m.

edges of combustion chamber.
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Fig. 5. Distribution of tensile forces for cold state
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Fig. 6. Distribution of tension member tensile forces dgrithe installation of tension members with
nominal length and her tolerance = 1mm , withoyaistthent of stretching of tension member

Method of tension members tensile forces measurentsn

In addition, in this project an innovative methaat fneasuring the tensile forces on the
object was put forward. It has been developed owspnetary method of tensile forces
measurements of tension members. The phenomeniie akcillation frequency changes was
used here, depending on the hangers rods tensie. f@onsequently, a series of tension force
measurements by various methods such as measure@mstiain using strain. In the first
method, the strains were measured by electrictagsie strain gauge, glued to the tension
members. The second method was the measuremeotgoietfor tightening the bolts in the
system with simultaneous measurement of tensionbreefmrequency. Tension members are not
a homogeneous structure with constant distributibmeight. Each of tension member has a
double nutted bolt. Some tension members are ctehéa other using a rudder bar in order to
bypass an girder of grate. Fem models were therdboilt to identify correlation between
frequency and tensile force. It was done for eagfe tof string and then calculations were
proceeded. The method has been prepared to ideeti§jle forces of tension members using
measurements of their frequencies. Figure 7 presém dependence of the oscillation
frequency as a function of strings tension for ¢hdifferent lengths of hanger rods that have
occurred in the examined boiler. The figure preséow to read tensile force for the frequency
of tension member vibration.
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Fig. 7. Hangers rods vibration frequencies as a functfdergsion for the three lengths of hanger rod
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The measurements of tensile forces in tension mentse

Tensile forces in rods were determined by the nreasents of natural frequencies. There
were therefore used accelerations sensors in ctathéz recorder. The vibration were excited
by a hummer impact thereupon was received coursibrHtions presented in Fig. 8. The Fig. 9
is presented a spectrum of vibrations after Founnalysis. We could read a basic frequency of
stretched tension member vibration on these grapsn we have read a real tensile force of
tension member for its fixed length from the grdply. 7). Measurements of tension member
tensile forces verifies methodology using eleateisistance wire strain gauge. There was used a
hole method to identify inside stresses (Fig. IU)e method involves the measurements of
relaxation strains. They were caused by local éigintg of elements around a spot drilling hole.
The strains measurements are indicated to stratgsistthe elements before spot drilling a hole.
A system of two strain gauges parallel to directibforce and two compensation sensors in the
same temperature as the active sensors were usiheé imeasurements due to well - know
direction of stresses. System of four foil strafiuges connected to Wheastone's bridge enables
the measurements of strains around spot drilling.iche measurements were made with twice
larger than a single active sensor. Values of stegresult of tension member static load by
mass of power boiler) and value of tensile forcesenestimated, assuming Young modulus of
hanger rod materid = 205 000 MPa and constant of strain gauge®2.15.
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Fig. 8. Course of an acceleration after excitation ofimmsember vibration
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Fig. 9. Amplitude spectrum of tension members vibration
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Fig. 10. The measurement of tensile force in tension memsiag hole drilling method

Conclusions

A method of tensile forces measurements for povediebtension members was
presented. In this method numerical and experirhémiastigations were combined.
This method allows to determine optimal distribotimf tensile forces. A dependency
of tension member vibration frequency on a tenkikee was used. It was defined
criterion of the correct tensile force. It guara#te uniform stress state of combustion
chamber upper areas. The method determined an wptidistribution of hanger rod
tensile force. A diagnostic methodology of the tenforce measurement was used for
new generation power boilers in Power Plant Turdlie method contributed to
increase of the time of combustion chamber watiglite - free work.
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