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Experimental Stress Analysis

TORSION SYSTEM OF CONVERTERS ANALYSED BY FEM FOR
FURTHER VERIFICATION OF LIFETIME BY EXPERIMENTAL
METHODS

Jozef Bockd, Frantidek Trebia? & Frantidek Simak?

Abstract: During demolition of converter’s lining are somparts of the converter overloaded. In order to
determine these excessive loads by experimentdhadst it was necessary to assess by the finiteesiem
method the locations of extreme loadings, whereewkiring demolition measured time-dependent chafrts
stress increments. By localization of such locai@r measurement with the FEM was developed tise lfar
application of sensors. Verification of lifetime sveealized according to standards for the assessrhéfetime

of carrying structures. One of the inputs for tksessment was time-dependent chart of stressewguicess
of demolition.

1. Introduction

After a certain operation period of two identicawiy built converters it was found
out that in one of them cracks developed in thepstmg structure of the pedestal of the
torsion system that ensures transfer of the tiltimgments from the converter vessel to the
converter pedestal. After carrying out repairs lom pedestal structure by the operator of the
equipment the authors performed the numerical apérenental analysis of stress states in
the torsion system with the aim to prevent inigatiof cracks in the pedestal. This analysis
was done at the time of the normal operation asagetluring removal of the converter lining
[1]. Overloading of the supporting structure conlat be unambiguously quantified from the
moments determined from the measurement of elattgoantities on the electro drives,
because the system drive — gearbox — brake forncasad force flow.

On the basis of the analysis carried out by thehasat three alternatives of
modification of the torsion system pedestal werggssted, though they were not fully
accepted by the producer of the equipment. After shbsequent approximately two-year
operation period of the converters it was found thait in the supporting structure of the
torsion system pedestals of both converters futheecks developed in the locations predicted
by the authors. It invoked the need to performpeeated numerical and experimental analysis
of the pedestal support structure of the torsimstesys in both converters with the emphasis
on the assessment of their stress conditions mairilye presence of extreme tilting moments
of the converter vessel during demolition of theing or during their operation with
extremely big steel residues on the converter [223].

The paper reports the results of the numericalyaealof the causes of crack initiation
in the pedestals of the torsion systems in botlvexers.
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2. Description of converter’s torsion system and locans of the first cracks

Fig.1 illustrates the scheme of the converter. fmsion system model is shown in
Fig.2.
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Figure 1. Scheme of the converter.

Figure 2: Torsion system of converter.

During operation of the converter the torsion systearries primary loading from
tilting moments of the main gearbox of the convedigve and also secondary loading caused
by vibration of the steel liquid during the finipgocess in the converter vessel. This loading
(in Fig.3 represented by forces F) is transmittgctdnnecting rods from the gearbox to the
torsion shaft and by vertical consoles (bearingsedto the pedestal (Fig.3).

During inspection of the pedestal there were foaratks in the welds between the
vertical console, the stiffening rib and the flarafehe pedestal’'s I-beam on the side of the
tapping as well as in the I-beam” web (Fig.4).



Figure 3: Loading of torsion system of the Figure 4: Cracks in the pedestal of the

converter. converter’s torsion system in the location of
the weld between the vertical console and the
flange as well as in the I-beam” web.

In order to ensure further safe operation of theveaer the following measures were

undertaken by the operator at the recommendatidimegbroducer:

» cracked weld between the vertical console and thegé of the I-beam was
repaired,

* in the location of fractures in the I-beam” web tsteel plates were welded from
both sides by a fillet weld along the whole petiend€Fig.5a).

» for the reinforcement of short welds between theiced console (which connects
the pedestal with the converter stand) and theyélaof the I-beam two horizontal
steel plates were welded on both sides (Fig.5b),

* in order to provide reinforcement, four slopingffetiers between the converter

pedestal and the lower flange of I-beam were adBied5h).

a) b)
Figure 5: Modifications carried out for ensuring further opgion of the converter a) plates
welded in the locations of cracks in the I-beambwed) bracing by horizontal plate and
slanted stiffener.

According to the data of the converter producerimar value of the tilting moment
during the normal operation of the converter showtd exceed 2000 kNm. During non-
standard conditions of the converter (caved-in eotv lining of cone, frozen bath in the
converter) the magnitudes of maximum tilting monseate higher and they can reach
6322 kNm.

For this value of the tilting moment the forcescomnecting rods (their length is 4 m)
can reach the magnitude 1580.5 kN.

Through the analysis it was discovered that thdeaysdrive — gearbox — brake
constituted a closed flow of forces. The forcesririhe drives in case of active brake are not
transmitted to the torsion system. It is a reasdty W is not possible to limit the safe
operation of the torsion system by the momentsraated from electrical quantities.



3. Analysis of Stress conditions in the torsion systempedestal by the finite
element method

The finite element method was used for the analg$istress distribution in the
pedestal and other elements of the torsion systmThe computations were performed
based on the assumption of linear elastic behawbtlte material. The areas of bolted joints
were considered as a contact problem. Computatie@re performed for both original and
modified structures [1]. In the computations thexmmum tilting moment 6322 kNm was
used which is given by the producer of the equigmen

Fig.6a shows the fields of equivalent stressefienpiedestal of the original structure
without modifications. From the figure it is obu® that plastic deformations develop in the
locations of maximum stresses because the pedestalde of steel sheets grade S235.
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Figure 6: a) Equivalent stresses in the original structureha pedestal for the tilting moment
6322 kNm, b) Location of extreme loading at the @hndbeam” web, c) Location of extreme
loading near the weld between the vertical consafel the upper flange of I-beam
(computation for a model with artificially develapa crack)

The locations of extreme loading appear at the efddeam” web in the area of its
joining to the legs of the pedestal (Fig. 6b) amthie location of the weld between the vertical
console and the upper flange of I-beam (Fig. 6€), in the location where a crack was
initiated and spread further. In Fig.6¢ is comgatator a model with artificially developed a
crack in order to study its influence to web. Farthomputations carried out on a model with
artificially modelled crack in this location showgldat secondary cracks initiated in the I-
beam” web due to normal stresses developed aiterefaf the weld between the flange and
the vertical console (Fig.4).
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Figure 7: Model of the pedestal after modifications perforraedording to section 2.



Fig.7 gives a computational model of the pededitalr anodifications described in
section 2 (lapping of locations with cracks by efatwelding of two horizontal plates between
the vertical console and the flange of I-beam d$ agewelding of four slanted plates between
the stand of the converter and the bottom flangebefam — see Fig.5).

Fig.8 gives distribution of equivalent stressethim pedestal of the torsion system after
its modification for the tilting moment 6322 kNm.
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Figure 8: Equivalent stresses in the modified pedestal oftbingion system for the tilting
moment 6322 KNm

As Fig.8 shows due to realization of the suggestgarovements the stresses were
decreased in the locations of cracks, but at theestame the stresses were increased in the
location of joining of the pedestal leg and I-be@ig.9). The maximum stresses were higher
by 43% than maximum stresses before the improvesnent
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Figure 9: Equivalent stresses in the connection of the pallésy and I-beam — pedestal
after modification (tilting moment 6332 kNm).

In the location of extremal loading were appliedistance strain gages [5] and the
measurements have comfirmed the levels of stredeteyrmined by numerical analysis.
However, it have to be mentioned that due to smélteng moments during operation (cca
2000 kNm) were the extremal stresses adequatelifesma spite of warnings that there can
arise cracks in torsion system during further ofp@na the producer allowed the operation
with converters with the pedestals modified acauydo previous description.

The lifetime of the converter linings is defined e number of melting cycles. After
the specified time of operation of both converténsas necessary to remove the old lining
and replace it by a new one. As there were bid sésedues on the converter wall and they
were arranged asymmetrically, it was decided that measurements of forces and stress
conditions in the torsion systems of both converteould be carried out during lining
demolition.

After visual inspection of the pedestal of the camer's torsion system before
application of strain gages it was found out thatre were significant cracks in locations of
extreme stresses, which were identified by finl@ment computations in the previous stage
of solution (location A, Fig. 9). The cracks ocadrin the pedestals of the torsion system of
both converters in the bottom flange of I-beam,agisvon the inner side of the stand on the
side of the converter pedestal (Fig. 10).



The length of cracks reached 120 mm and the intainaf cracks to the surface was
invoked by high shear stresses. As it was necegsafyish demolition of the converter
lining, holes with diameter 6 mm were drilled inetlerack tips to prevent further crack

growth. ] i
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Figure 10: Cracks on the bottom flange of I-beam in locatimentified by the finite element
computations (location A, Fig. 10).

Consequential experimental measurements realizeébleopedestals of torsion systems
of both converters confirmed high levels of stresse locations that were identified by
numerical computations with FEM. It allowed reakifieation of lifetime of pedestal with
recommendations concerned to necessary structwdifications [2,6].

4. Conclusions

For the lifetime assessment of structure is necgss&know time-dependent relations
of stresses in the most loaded elements. Realschhdtresses during operation can be often
determined only by experimental measurement. F@m@fiplication of resistance strain gages
it is suitable to identify such locations by nunsatianalysis with FEM.

In the contribution is by example of analysis afston system pedestals documented
advantage of combination numerical and experimemtatedures for the solution of such
tasks.
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