xperimentalni nalyza apeti

N I B |
Experimental Stress Analysis

NECESSITY OF EXPERIMENT FOR TECHNICAL STATE VERIFICA TION
OF SUPPORTING STRUCTURE OF FOUNDRY CRANE BEFORE ITS
RECONSTRUCTION

Peter Bigo§ Jozef Kulk& , Karol Kubir?, Martin Manti¢& Melichar Kopas

Abstract: There is emphasizes in this paper necessity okparenent for verification of real technical state
of a foundry crane. This experiment enables to takiecision about the next steps for a reconstmigirocess
of the foundry crane, which has to undergo a recocison for increasing of hoisting speed from tréginal
value 5,3 m.mitt up to the value 8 m.mih If the stiffness of this crane is satisfactorg ahe durability of steel
construction is adequate, so it can be performedatiove-mentioned change. The core of the expetainen
analysis consists of values that are necessargviauation of technical state, as well as measuadaes and
measuring methodology.

1. Introduction

At present it is necessary to solve questions hmwnprove technical level of many
aged machines and machinery by means of recoristiuat them in order to improve their
specific efficiency parameters, to save materiald o keep or to increase functional and
operational reliability of them.

The technical experiment is an essential part dirteeal solutions also today, i.e. in
the present time of widespread applications of aaers. The experiment enables to obtain a
whole set of complex inputs that are necessary amty for computer aided design of
machines, but also in the area of testing or ifieation of them.

Intensification of future technical ability of heagteel constructions depends on an
ability to predict residual operational durabilighove all. The prediction of residual technical
durability of existing steel supporting structuresa serious technical, engineering as well as
scientific problem. There are two main importanpauots on operational durability. At first
there are structural characteristics, for examplestruction materials, dimensions, shape and
assembly of construction, as well as technologiaators (surface treatment, welds, and
joints). The second group of important impacts iesof operational characteristics, e.g.
loading of construction, working environment (caion, high or low surrounding
temperatures, radiation), as well as human facieer@ating personnel).
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In the framework of this intention it was performad expert recognition of steel
construction of the foundry crane 250t/63t/12,526;4 m. There were fulfilled necessary
measuring, control and inspection of given cranerder to evaluate its technical state and to
consider possibility of future reconstruction facieasing of hoisting speed from the present
value 5,3 m.mitf up to the value 8 m.mih The inspection of crane's steel construction
discovered a certain reduction of material due twrasion process. The tensometric
measurements after a long-year operation offermnration about actual technical state of
individual crane supporting structure parts andefrerab supporting structure parts after 27
years of operation. By means of the experimentalyiic method was determined the
residual durability, which is a substantial infotioa for a possibility of hoisting mechanism
reconstruction.

2. Inspection of crane

The foundry crane 250t/63t/12,5t — 26,4 m was iosguk with regard to its technical state
already in the year 1994. The most serious viswighgcted failure was an extensive damage
of the left main girder in the fit-point of the laalce beam of crane travel, namely in its lower
part (Fig.1, 2, 3).
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Figure1l: Scheme of the foundry crane 250t /63t/12,5t — @bwith marked points of strain
gauge arrangement

At that time it was stated a fact that this failuvasn't caused due to current crane
operation. The main girder was repaired and aftey teparation the given part was fully
functional. The welds weren't damaged and also weidentified any concave points. This
fact is evident from the photo-documentation onRige4.

During solution of this task were selected randoggytain points for measuring of
thickness by means of the ultra-sound thicknesgg&il COMETER 204 (Fig.5).
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Figure 3: Damage of main girder, illustrated schematically
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Figure5: The ultra-sound thickness-gauge ELCOMETER

According to the thickness-gauge measurements pbssible to say that there is no
relevant reduction of material during last years.

3. Tensometric measuring

On the basis of calculation of steel supportingdtre and crane-crab of the foundry
crane 250t/63t/12,5t — 26,4 m from the year 198§ether with a new visual inspection, was
suggested a method of experimental verificatiodeformations, as well as verification of
stress state. There were applied tensometric seneothe selected points of the crane
supporting structure according to the scheme orFtgd and another measuring point was
chosen on the main girder of the crane-crab (Fig.Bjs point was only accessible place for
the experiment on the crane-crab, because the wdwface of the crane-crab frame was
occupied with mechanisms; other surfaces were fgollwith graphite and the frame was
covered with sheet-metal platforms.

From the Fig.1 is visible application of 8 straiauge sensors fixed on the crane
supporting structure plus one sensor on the creade-tame, i.e. together 9 sensors. The
photo-documentation on the Fig.7 presents an exapofdensor application for measuring of
normal stresses in the points 1 + 8.
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Figure6: Sensor on the frame of main Figure 7: Example of application of



hoist crane-crab sensor for measuring of normedstes
4. ExperimentAL determination of dynamic hoisting efficient

The experimental hoisting coefficient was deteedinfrom measuring performed
especially for this purpose. The time behaviouloatling of one sensor is on the Fig.8. With
regard to the individual time behaviours it is @it that the value of hoisting coefficient
doesn’t exceed the value 1,2. The calculated Imgistioefficient value according to the
standard STN 27 0103 is 1,331 for the main hoistith lifting speed 5,3 m.mihand for the
auxiliary hoisting it is 1,352.

After increase of lifting speed up to the valuem8min®, the calculated hoisting
coefficient will be 1,352 for the main hoistingutghthe real value will be 1,22. Such value is
not relevant from the point of view of crane stewlicture dynamical properties. There is
illustrated on the Fig.9 the time behaviour of sérencrements obtained from individual
sensors during one of loading regimes.
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Figure8: Time behaviour of loading for determination of dgmc hoisting coefficient

5. Determination of durability by means of measuredesults

The foundry crane 250t /63t /12,5t — 26,4 m hasnbeerking in current
operation for 26 years. Its projected technicalabiity can reach values from interval
200 000 + 2 000 000 number of cycles during thelevtechnical life, according to the Tab.3
from the standard STN 27 0103. The foundry crareaisgorized into the operational group
J5 according to the Annex Il of the STN 27 0108, skress spectrum is S3 and so the number
of technical life cycles is N= 200 000 + 600 000.
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Figure9: Time behaviours of relative deformations conwettestress values for
measured working cycle.

According to the information obtained from the usércrane, the daily amount (during 24
hours) of handled hot metal ladles is approx. £g¢s. During the up to now operational life
it presents 350 000 cycles, i.e. 300 days x 4%rl26 years. Taking into consideration this
calculation, the crane is near the middle of ithieécal durability. This hypothesis will be
verified by means of experimentally obtained resaibhd by means of methods specified in
the standards STN 73 1401 and STN 27 0103.

Calculation of durability from the measured dat@swwerformed according to method
from the STN 73 1401, Chapter 8.7.1.2, whereaethere applied data from the Fig.26 and
from the Tab.28, corresponding to the STN 73 1401.

Examination of construction with regard to fatiglimiting state ensures, with an
acceptable probability, that the construction witlt be damaged or cracked due to fatigue
during the time period of projected durability. é&ftthe Chapter 8.7.1.2 from the STN 73
1401, in the case of normal stress loading of cansbn detail, the fatigue durability can be
calculated using curves in Fig.10 and from relation

if Aom.@ >Ac. vy > Aop. @, then

N=2.16 [Acco / (Ao. v )]>.

Using the “rainflow” method for analysis of mairrdgr loading, the highest amplitude
IS Aomax= 79 MPa.

From the above-mentioned equation the value ofhilitya(determined in number of
cycles) is N = 2.19106 . 0,87/ (79.1}]= 3 181 442 cycles. Amplitudes that are less oreq
to the value 106 MPa don’'t have an impact to dlitgldor notch-case K3 and operational
group J5.
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Figure 10: Dependence between amplitude of normal stxessnd number of loading
cycles N for various categories of details

6. Concliusion

The results obtained from tensometric measurindimora fact that increments of
stresses, together with stresses caused by thevewght as well as from other factors, don’t
exceed the limit stress values. The measured \dltlee dynamic hoisting coefficient is less
than value given in the related technical standagis, increasing of hoisting speed from the
original value 5,3 m.mih up to the new value 8 m.mtris possible and the steel construction
of the given crane is suitable from the point oéwiof the strength. The tensometric
measuring of stress state in the main girders afesibridge, in the balance beam of crane
travel and in the main girder of the 250t crandsccanfirm a sufficient reserve of lifting
capacity. After the whole process of durability leradion it is possible to say finally that the
present state of crane steel construction is ctexiaed by a sufficient stock of fatigue
durability.
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