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AHAJIM3a CTATHYKOT U JHHAMHYKOT MOHAIIAKA Crpy4nn pan
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Static/Dynamic Behaviour Analysis of Reconstructed Structure of

Special Coal Stacker-Reclaimer

Srdan BOSNJAK, Vlada GASIC, Nenad ZRNIC, Zoran PETKOVIC

Ja Ou ce 3amoBosbMiIM cBe BehM eKCIUIOATAllMOHM 3axTEBH, NephopMaHCe MPETOBAPHUX
MOCTOBA 32 yrajb c€ KOHCTaHTO 11000JbIIIaBajy. YKOJIUKO npoMeHa nepdopmancu Huje npahena
CBCOOYXBAaTHOM aHAIM30M Hocehie CTpyKType TO y eKCIUIOAaTalldji Y4ecTO MOXKE Ja pe3yaThpa
OTKa3uMa KOHCTPYKIIMje M HEHUX IOTOHCKUX CHCTeMa. Y OBOM pajy NpUKa3aHa je PeKOH-
CTpyKLIMja MocTa 0a3upaHa Ha JeTajbHO] aHaJM3M CHoJballiber onrepeherma, ca aKIEHTOM Ha
onpehuBame ontepehema M3a3BaHOI INPOLECOM 3axBaTama yrjba. PexoHcTpymcana Hoceha
KOHCTpYyKIMja, y3 MUHMMaiHO noBehawme mace ox 2%, oOe30ehyje moBosbHY uBpcTOhy M
KpyToCT cTpyKType. [lopeheme ca opurnHaaIHOM KOHCTPYKLHMjOM M BepUQHKaIuja J001jeHuX
pesynTaTa M3BpIICHA je CTATHYKOM W IMHAMHUYKOM aHAJIM30M Ha KOHAYHOCJICMEHTHHM MOJIe-
muMa CTpykType. JlaTa cy HamoHCKa CTama KOHCTPYKIHje, TO0Jhe IMoMepama M (ppeKBeHIH)e
ocumioBama cTpykrype. Konauna Bepudukanuja peKOHCTPYKIMje Jara je TEeTOTOIHIIEOM
EKCILI0ATAaI1jOM ITPEeTOBapHUX MocToBa Oe3 Behux mpobiiema u 3actoja y pany.

In order to satisfy higher exploitation demands, performances of stacker-reclaimers have
constant amplification. Performance changes without correlation with structural analysis may
result in often collapses and failure of reclaiming systems. This paper presents reconstruction
of coal stacker-reclaimer based on detailed analysis of external loads with emphasis on loads

caused by coal reclaiming process. Reconstructed structure,

with minimimum mass

increasment of 2%, provides sufficient strength and stiffness of structure. Here is presented
comparison of static and dynamic parameters with original structure. There are obtained stress
field level, displacements and frequencies of structure. Final verification is given through 5

years exploitation without significant failures.

1. ¥YBox

MainnHe 3a mpeToBap pacyTHX Marepujana Cy He3ao0wu-
Jla3Ha KapuKa Ha CKJIaJuIIThMa (JIeNoHHjamMa) y: HHAYCTpH-
JU LeMeHTa, pyJapcKoj WHIYCTPHUjH, XEMH]CKO] HHIYCTPH-
Jj1, METaypruju, Kao M ejeKkrpaHama U Jykama. KoHcTpy-
KLHje CaBPEMEHUX MPETOBAPHUX MOCTOBA HUCY HpETpIIeie
BeJIMKE MPOMEHe o7 HacTaHka oBux MmamuHa [10]. Mehy-
THM, repopmance MoctoBa (Op3uHa Tpake, Op3WHA KOJH-
1na, Op3uHa oOprama poTopHOr ypehaja) ce KOHCTaHTHO
no0oJblIaBaky, YIOPENO ca ayTOMAaTH3alMjoM paJHHX
mporeca. lIpeToBapHH MOCTOBH ca poTOpHHM Yypebhajem
(poTop ¥ eneBaTop) M3PA3UTO MOTOTHU Cy 3a JCMOHHjE ca
3aXTEBOM 3a CTaJIHUM MellaleM Marepujaia. [Ipumepu
OBOT' THIIA MalIMHA ce MOTy Hahu y Tepmoernekrpanu Koiy-
6apa, (Bemuku Lpssenu, CpOuja), rae pase Ha OTBOPEHO]
JICTIOHUjH yTIJba y CKJIOITYy CHCTEMa TPAHCIIOPTa yIJba.

OBM 1TpeToBapHM MOCTOBU Cy wu3paljeHn ox crpaHe
mpousBohada ,,Merarna“ 1957. ronnHe ¥ IMaH cy Kama-
OUTEeT 3axBarama yriba y mosby 1x140 t/h. Ilpukas
OpUTHHAIIHE KOHCTpyKIHje je mar Ha cienehoj ciwmm.
I'naBHUM N1eNI0BU KOHCTPYKIHje cy natu y [3].

1. Introduction

Stacker-reclaimers are basic link on stockpiles of bulk in
various industries: cement, mining, chemical, metallurgy,
as well in plants and ports. Modern structures of these
machines have no major structural changes since their
beginning [10]. However, performances like velocities of
working parts are higher, along with automation of working
processes. Wheel reclaimers are especially suitable to serve
stockpiles with blending effect. These machines can be
found in power plant Kolubara, (Veliki Crljeni, Serbia),
where they work within the open coal transportation
system.

These 4 machines are produced in 1957 by manufacturer
“Metalna” with reclaiming capacity 1x140 t/h in the field
and 2x140t/h in the trenches. Main parts and technical
in [3].
construction is given in figure 1.

descriptions are given Display of original



Cn. 1. I[Ipsobumna xoncmpyxyuja, 1957. 200.
Fig. 1. Initial structure, 1957., cap. 1x140 t/h

Ca mwbem moBehama Kamamurera, W3BpIIEHA je
PEKOHCTPYKIMja MPETOBAPHUX MOCTOBAa M3BeaeHuX 1977.
roa. Kamaumrer y mnospy je moehan Ha 2x150 t/h,
3axBajbyjylin UHMIEHHIIM Ja je MOCT OjayaH Tako Ja
JI03BOJbaBa paj oba 3axBaTHa ypehaja y mospy. IJ1aBHU
HOCauM Cy OjayaHH PEIIEeTKOM Y BEPTUKAJIHOj PaBHU U
JIOJIATHO je ykpyheHa kpyTa HoTra, ciuKa 2.

Hakon Hekosmko orkaza Hocehe CTpyKType NpeToBapHOT
MOCTa, BpIIICHE CYy PEKOHCTPYKIHje U caHanuje, 6e3 ayoJbe
aHanmM3e y3poKa HeXeJbeHHX mojaBa. OcuUM Tora, TpajHe
nedopmanuje CTPYKType MOCTa KOH3EpBHpaHE Cy Heale-
KBATHUM KOHCTPYKIMOHHMM pellekhuMa caHaluja. Penatu-
BHa OJCTymama peepeHTHHX 4BOpoBa Hocehe CTpyKType
MIPETOBApHOT MOCTa y OJHOCY Ha IIPOjEeKTOBAHO CTambe,
yTBpheHa reogeTckuM cHuMameM 2002. rof., mprukasaHa cy
Ha caunu 3.
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Cn. 3. Penamusna 00cmynarsa KOHCmMpyKyuje
Fig. 3. Relative structure deviation

On3uB KOHAa4YHOEJIEMEHTHOT Mojelna aedopmucane Hocehe
CTPYKType MPETOBAPHOT MOCTA Ha 33/1aTa MIOMepamba, CIIUKa
1, y KapaKTepUCTHYHUM Clly4ajeBuMa ontepehema koju cy
nedunucann y [3], oxpehen je yBohemem oxrosapajyhmux
IPaHUYHUX eJIEMEHATA.

Ha ocHOBY pe3ynTaTa KOHaYHOESJIEMEHTHE aHaIn3e, 3aKJby-
4yyje ce ma mperna3ak Hocehe KOHCTPYKIHje MPEeTOBAPHOT
MOCTa M3 IIPOjEeKTOBAHOT CTama, Y CTamke YTBPhEeHo reoxe-
TCKMM MepemnMa, ClIMKa 3, H3a3uBa M3y3€THO BHCOKE
HarmoHe. HamoHW y TOjeMHUM elIEMEHTHMa CTPYKType
npeBa3uia3e MHHUMAIIHY 3aT€3HY YBPCTONY MaTepujaia o1
xora je wuspahena (St 37, R, .:,=37,0 kN/cmZ). OBa
yumeHMIa yiyhyje Ha 3akibydak aa je Bpahame reomerpuje
Hocehe KOHCTPYKIHje MPETOBAPHOT MOCTA Y MPOjeKTOBAHO
CTakbe OCHOBHU IPEIYCJIOB M MPBU KOPAaK KOjH Ce MOpa
Mpey3eTy IPHUINKOM PEKOHCTPYKITHjE U CaHAIH]e.
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Cn. 2. IIpsobumna rexoncmpyxyuja, 1977 . 200.
Fig. 2. First reconstruction, 1977., cap. 2x150 t/h

Due to demands for capacity increase, there has been done
first reconstruction of stackers-reclaimers in 1977.
Reclaiming capacity in the field reaches 2x150 t/h
according to possibility that two reclaiming elevators can
work in field. Two vertical trusses are added to main
girders, along with stiffness increase of rigid leg-portal, fig.
2.

Few recoveries and small reconstructions are done after
several collapses of stacker-reclaimer system, without
profound analysis of machine behavior. Also, according to
previous notes structure resulted in  permanent
deformations. Relative displacements of characteristic
structure joints, compared with design shape of structure,
are measured in 2002 and given in figure 3.
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Cn. 4. Ilonoacaj pewwemxu 3a ykpyhusare kpyme Hoze A-
6e3na pewtemka, b-pewemra xocnuxa
Fig. 4. Reconstruction within the rigid leg area;
A-bonding truss, B-bracing truss

FE model of original structure was done to describe
behavior of structure under these permanent deformations,
subjected to load cases, given in [3].

Based on static analysis results, it is concluded that stress
field in some structure elements reaches critical stresses of
37kN/em’.

This previous analysis requested urgent reconstruction of
stacker-reclaimer structure which already emerge bad
behavior in practice. An initial step in reconstruction was
reengineering of geometry shape of structure in original
design shape. In 2002 two of four machines were subjected
to reconstruction. There were added elements on rigid leg
substructure and implementation of truss that bonds and
stiffen bracing truss with main girders and rigid portal,
figure 4. Increasing of stiffness of main girders vertical
trusses in vertical plane, thereby increasing of stiffness of



CBe 0BO je yCIIOBMIIO PEKOHCTPYKIHMjy 2 ox mocrojeha 4
Mocra, koja je wu3BpiieHa 2002. romune. 3BpiieHo je
ykpyhuBame pelmierke KOCHMKAa KpyTe€ HOIe M JI0AaTHO
Ojayame PEIIeTKaCTOM BEe30M KOCHHKA U IJIaBHOT HOcaya.
[loBehamwe KpyTOCTH BEPTUKAIHUX PELIETKU IJIaBHUX
HOCaua y XOPHM30HTAIIHO] PaBHH, a TUME W MOJU3amE
KPYTOCTH ILIEJIOKYITHE CTPYKTYPE Y XOPHM30HTAJIHOj paBHH,
OCTBapeHO j€ TMOBE3MBAKEM JOHBHX 10jaceBa BEPTHKAIHUX
pelIeTKH Ha TJaBHEM HocaunMa. [Ipuka3 Toyioxaja
pemretkn 3a ykpyheme kpyTe HoOre je nar Ha ciumu 4.
Takohe, Ha TOroHMMa KpeTama yrpalleHH Cy CKIONOBU
XOpU30HTAJHUX TOYKOBA YMME €€ 3HATHO CMamyje
HeraTHBaH YTHIAj Ha CTPYKTYPy IPWIMKOM 3aKOLICHa
nperoBapHor  Mocrta.  JletaJbaH ~ TEXHUYKH  OITUC
peKoHCTpYyKIHMje je aat y [4].

2. AHajau3a cno/banimer onrepehema u
cjaydajeBu ontepehema

Hoceha xoHCTpyKImja mpeTOBapHOT MOCTa H3JIOXKEHA je
JejCTBY THaBHUX M MJONYHCKHMX ontepehema. AHammza
ontepehema je ucToBeTHa aHanu3u onrtepehema OpUrHHA-
JIHE KOHCTPYKIHje, Kao W ciy4ajeBd onrepehema 3a
CTaTHUKy aHaimu3y [3].

AxkuieHar, nipu npopauyHy ontepehema, je mar 3a omape-
huBame oTnopa 3axBarama yriba. OBo je oapeheHo opuru-
HamHUM codTBepoM [2]. [Ipumep m3masHOr pes3yirara je
Jat Ha cuenehoj ciuim.
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Cn. 6. Ilpuxas momenma omnopa 3ax6amarsa ye/ba
Fig. 6. Deterministic and stochastic estimation of moment
of resistance to coal reclaiming

Cratnukn W JOUHAMHYKH TpPOpadyHH Cy W3BPLICHH Ha
KOHAYHOEJIEMEHTHOM MOJIENTy MPETOBAPHOT MOcTa. TexuHe
JOJAaTHUX €JIEMEHaTa FeHEpUCaHa Cy CaMHM IpPOrPaMCKUM
MIaKETOM.

3. CtaTn4ka aHajusa

[IpopauyHcka BepuduKanmja pEeKOHCTPYHCAHE CTPYKType
MPETOBAPHOT MOCTa M3BpIICHA j€ MPUMEHOM METOJIE
KOHAuHUX eneMeHara. [IpopadyHcku moznen ¢GpopMupaH je
Ha OCHOBY MoOjeNla TpuKazaHor y [3], mpommpuBameM
MPOpaYyHCKOT MoMeHa 3a 20 KOHaYHMX eJeMeHaTa THIIa
mrana M 6 KOHAYHHMX eJieMeHara THUIa Tpelie, CarjiiacHO
KOHCTPYKIIMOHOM peIIeHhY OMMCAHOM Y [4].

AHanu3a HaroHCKO — Ae(OpPMalOHOT CTamba PEKOHCTPY-
UCaHe CTPYKType IMpEeTOBapHOI MOCTa H3BeIcHa je 3a 7
ciydajeBa onrtepehema KOju Cy JeTa/bHO U3JI0KeHH y [3,4].
Hamoncko crame y CTpyKTypH, Kao M IOJbE€ IOMEpamba
MIPUKA3aHM Cy Ha clMKaMma 7 U 8, pecleKTUBHO.

whole structure is realized by connecting the lower chords
of mentioned trusses. On driving units there are added
assemblies of horizontal wheels in order to reduce effects of
skewing, fig. 5.
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Cn. 5. Cxnon xopu30HmManHux moukosa
Fig. 5. Addition driving guides

2. External loads acting upon structures and
load cases

Structure of stacker-reclaimer is subjected to dead loads
and additional loads. Analysis of external loads is the same
as for original structure. Load cases for static analysis are
also the same [3].

Emphasis is given on additional loads caused by resistances
to coal reclaiming which have dynamic and stochastic
character. For calculating such loads it is developed original
software [2]. This software also enables stochastic
characteristics, example shown in fig.6.

All analyses are done by FE analysis. There are developed
several structural models. As mentioned, load cases are the
same as for original structure. Reconstructed model of
structure is additionally subjected to dead loads of added
elements. It is developed by FE software.

3. Structural analysis

Stress/deformation analysis of reconstructed structure of
stacker-reclaimer is done with finite element method, on a
model of original structure [3], with additional elements
according to reconstruction description.

Stress/deformation analysis of reconstructed structure is
performed for 7 load cases, showed in [3,4]. Stress field of
structure is presented in figure 7. Deformation shape of
structure is given in figure 8.
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MakcuMaiHi HalloOHH Ce jaBJbajy y €lIEMEHTHMa BEPTHKA-
nHe peuretke (HamoH 3artesama 11,3 kN/ecm?®) u riaBHOM
HOcauy (HamoH npurtucka 12,8 kN/cm?).

[Tomepame PEKOHCTPYHCAHE CTPYKTYpEe Y XOPH30HTAIHO]
paBHu (noMepame pedepeHTHOr YBopa 66 y mpasiy oce X
rJI00aHOT KOOPIMHATHOT CHCTeMa — MpaBal] KpPaHCKe
ctase) usHocu 13,2 cm.

Cn. 7. Hanowncko cmarse y enemeHmuma cmpykmype
Fig. 7. Stress field of structure

4. JluHaMu4YKa aHAJIHM3a

Ynopeno ca cTaTUYKOM aHAJM30M CTPYKTYpPE MPETOBAapHUX
MOCTOBA ITOTPEOHO je U3BPLINTH U JTUHAMHUKY aHAIH3Y [6].
OnTuMu3anyja TEXHOJIOIIKO-KOHCTPYKTHBHHX Iapamerapa
HUje Moryha 0e3 AWHaMHYKe aHaiHM3e, KOja je JOCTyITHA
MpOjeKTaHTHMa OBHX MalllMHA YCJIeJ BeIUKor Opoja
IIPOTPaMCKHX IIaKeTa 32 KOHAYHOEJIEMEHTHY aHaJu3y.
VYnpaBo 300r HocTojama MEPUOJUYHE IMOOYAHE CUile O]
OTIOpa 3axBaTama pacyTUX Marepujajia, HpPEeTOBapHU
MOCTOBM T0Ka3yjy y IpakCH IUHAMHYKY HECTAOWIIHOCT,
YaK ¥ KOJI MOCTOBa PEHOMHPaHUX CBETCKHX MPOKM3Bohaya.
JMHamMH4KO TOHaIIamke OpuruHaiHe Hocehe KoHcTpyKuuje
jé pasMaTpaHO 3a 2 KapaKTepHUCTHYHA pexuma panpa: I-
3axBaTame yIjba U3 KaHana U 1oJba, [[-3axBaTame yripa u3
1oJba, ciaukKa 9.

[Toxazano je na je Hoceha KOHCTYKIHja IPETOBAPHOT MOCTA
BHIIEC W3IOKEHA IWHAMHUYKAM YTHIajuMa 3a rmonoxaj Il
Mopanna aHaiM3a je W3BpIICHA Ha KOHAYHOEJIEMEHTHOM
Mozeny y nporpamckom maketry CAII2000, couka 10. Mace
3aXBaTHHUX ypehaja cy monare Kao KOHIGHTpHCAaHE Mace y
MOJey.

Maximum stress values occur in element of vertical truss
(tension 11,3 kN/cm?) and main girders (compression 12,8
kN/cm?).

Maximum displacements for reconstructed structure in
horizontal plane is 13,2 cm (benchmark joint 66 has 13,2
cm displacement in direction of global X axis)

Cn. 8. IIpukas degpopmucanoz cmara cmpykmype
Fig. 8. Deformed shape of structure

4. Dynamic analysis

Along with static analysis it is needed to perform dynamic
analysis [4] in order to check and optimize dynamic
parameters. Nowadays, numerous FE softwares enable fast
and adequate analysis of complex machine structures.

Due to periodic, thereby dynamic, nature of coal reclaiming
process these machines show dynamic instability during
work, even at world known producers.

Dynamic behavior simulation of original structure is
analyzed for 2 critical cases for bridge structure under
influence of external loads, i.e. for 2 working regimes of
unloading bridge, [5]: I-reclaiming the coal both from
trenches and from stockyard, II-reclaiming the coal from
stockyard, fig 9.

It is concluded that structure of stacker-reclaimer is more
subjected to dynamic influences for case II. According to
this, it is performed dynamic analysis of reconstructed
structure only of case II. FE model of reconstructed
structure of stacker-reclaimer is presented on following
picture. Masses of booms are inserted as concentrated
masses on adequate joints.

(1)

Cn. 9. Kapaxmepucmuunu paonu pexcumu / Fig. 9. Characteristic working regimes

Ha ocHOoBy MopamHe aHajgM3e y KOHAYHOGIEMEHTHOM
coTBepy HoOmjeHe Cy OCHOBHA W ocTayiie (hpeKBCHIH]E
cTpykrype. Ha cmumm 11 cy mpukazana mpBa 4 oOmuka
OCIIHJIOBAbHA.
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(1)

Modal analysis gives mode shapes, natural and following
frequencies of structures. There are showed 4 mode shapes
at fig. 11.



3a nopeleme Bpeanoctu 6uhe uckopuihene ¢ppexsenuuje  Comparison of gained frequencies is done with gained
MoJiella OpHUIMHAIIHE CTpyKType nHooOujene MopnanHoMm  frequencies of original structure, in modal analysis in SAP
ananuzoM y nporpamy SAP 2000, [5]. 2000, [5].

1. ro1. 061mK ocrunoBama, 1% mode, f;=2,3 Hz 2. 11, 06uHK ocumIoBama, 2™ mode, f,=2,64 Hz
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3. 1. 06K ocIIoBama, 3™ mode, f2=6,8 Hz 4. 111 06muk ocumoBama, 4™ mode, f,=6,9 Hz

Cn. 11. I'nasnu obruyu ocyunosarva/ Fig. 11. Modal shapes

Hame ykpyhuBame XOpW3OHTalIHE pemieTke Ha KoHawHO-  Further bonding of lower chords of vertical trusses,
eleMeHTHOM Mojeny, ciuka 10, maje ocHOBHY ¢pekBeH- performed on FE model, fig. 11, give natural frequency of
mjy ox 2,4 Hz mwto je nosehame on 4% Ha ocHOBY yera ce 2,4 Hz, i.e. increase of 4 % which show no significant
MOXKE 3aKJbyUYUTH Ja [ajbe II0Be3uBame BepTukamHux  dynamic convenience is gained with further increase of
pelIeTK HeMa 3HauajHO noOoJbllame ca acnekra quHamu-  stiffness with this kind.

YKOT MMOHAIIAha MOCTA.
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Cn. 12. Jlemam moodena ca oamum ykpyherbem 8epmuKaiHux peulemxu
Fig. 12. Detail of model with further bonding of vertical trusses

5. VYnopennu npuxas pesyJjrara

HuBo HamoHCKOT cTama y KPUTUYHOM CiIy4ajy omrepehe-
a, 3HATHO j¢ HIKH y OJHOCY Ha HAIIOHCKO CTame Mpoje-
KTOBaHE CTPYKType, ciuka 6. OcuMm Tora, MIpoMemeHa je U
JIOKalMja 30HE HajonTepeheHHujux enemMeHaTa CTPYKTYpe,
TaKo Ja Cé MAaKCHMAJIHM HAllOHHM jaBJbajy y €JIeMEHTHMa
BepTHKAIIHE peleTke (HamoH 3aresama 11,3 kN/em?) u
rITaBHOM Hocauy (HaroH mputucka 12,8 kN/cm?). Hamowu
Yy KOCHULIMA KpyT€ HOT€ Cy 3HATHO HIKHM y OJ HOCY Ha
NPOjEKTOBAaHO CTame (MaKCUMaJHU HaloOH INPHUTUCKA 8,6
kN/cm?). TIpepacnioseniom ontepehema yHyTap CTPYKType
OCTBapeHO je 3HaTHO HW)KE M yjeHAauYeHHje HAIIOHCKO CTa-
e PEeKOHCTpyHCaHe KOHCTpyKIuje Mocta. [loBehame kpy-
TOCTH pelIeTKe KPyTOr MopTalia, y3 UCTOBpEMeHO moseha-
BE TOP3MOHE KPYTOCTH HETOBHX HOTY, PE3yJTHpa MamUM
NOMepamkiMa PEKOHCTPYHUCAHE CTPYKTYPE Y XOPH30HTAIIHO]
paBHH (TOMepame pedepeHTHOT YBopa 66 y mpaBiy oce X
r7100aJTHOT KOOPIMHATHOT CHCTEMa — IpaBal] KpaHCKe cTas3e
— m3HocH 13,2 1iM). YIopenHu MpHKa3 pe3ynraTa CTaTHYKe
U JMHAMHUYKE aHalu3e IMPEeTXOJHE M PEKOHCTPYHCaHEe
CTpyKTYpe je nar y cienehoj radenn.

5. Comparasion of results

Stress field in structure, in worst analysis case, is
significantly lower compared to stress field of original
structure, fig. x. Moreover, the location of zone of the most
loaded elements of structure is changed, so maximum stress
values occur in element of vertical truss (tension 11,3
kN/cm?) and main girders (compression 12,8 kN/cm?).
Stress values in rigid legs bracing are much lower than for
designed shape (max. value of compression is 8,6 kN/cm?).
Increasing of stiffness for rigid portal truss, with increase of
torsional stiffness of its legs, results in smaller
displacements for reconstructed structure (benchmark joint
66 has 13,2 cm displacement in direction of global X axis).
Comparison of main static/dynamic parameters are given in
following table.

Natural frequency, gained by modal analysis, for
reconstructed structure is 2,3 Hz. Compared to previous
structure that is increase of 10 %, along with frequencies in
horizontal plane.

Tabena 1. Ynopeonu npuxas cmamuukux u OUHAMUYKUX NAPAMEMApa OPUSUHATIHE U PEKOHCMPYUCAHEe KOHCMPYKYUje
Table 1. Review of static and dynamic parameters of original and reconstructed structure of stacker-reclaimer

Koncrpykuuja Max. HaroH Max. momepama OcHOBHa (peKBeHIIHja [IpurynHa/OCHOBHA (pPEKB.
Structure Stress [kN/cm”] | Displacement [cm] | Natural frequency [Hz] Forced/natural freq. ratio
Opurunasia 17,7 18,5 2,1 123

Original

PexoncTpyuncana

Reconstructed 12,8 13,2 2,3 136

OcHoBHa (h)peKBeHIINja PEKOHCTPYUCAHE CTPYKTYPE U3HOCH
2,3 Hz. Y oaHOCy Ha MPETXOIHO CTalke EBHICHTHO je
noBehawe ocHoBHe (pekBeHuuje ox 10%, kao wu
(peKBeHIIM]ja OCIIIIOBAakHA Y XOPU30HTAIHO] PABHU.

Octanu 00JHMIM OCIHIOBaka Hemajy Behy pasiuky on
npeTxoaHor crama. OBO ce oOjamimaBa MPEBACXOTHO
roBehameM KPyTOCTH Y XOPH30HTAJIHO] PaBHM IITO je OHO
jemaH oI LMJbeBa PEKOHCTPYKIHMjE, Ca MHHUMAJIHUM
noBehameM nenokynHe mace ox 2%. 3a oBaj NpeTOBapHU
Moct Beh je ompelhena ¢pekxBenmmja moOyne [6] u oHa
mHuocu fo = 1,69 Hz. OpHOoc mnpuHYyAHE W OCHOBHE

(peKBeHIyje H3HOCH
To _ 23 1,36,
f 1,69
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Vertical plane shaped show no significant changes. This is
mainly consequence of increase of stiffness of structure in
horizontal plane. Mass increase of whole structure is 2 %.

Force frequency for this stacker-reclaimer, due to coal
reclaiming process is fo= 1,69 Hz.

Force/natural frequency ratio is
fo 23

f 1,69

=1,36.



This shows no possibility of entering the first-order
resonance domain.

6. 3axibyuak

V pajy je u3noxeH mpuMep peausaluje CTpyKType IpeTo-
BapHHUX MOCTOBA KOja HHje MOTJa Jja OroBopH moBehaHnM
eKCIUTOATALIHOHUM 3aXTeBHMa, LITO je Pe3yJTHpPANIO KoJa-
IICOM CHCTEMa M YeCTUM IpeKuauMa pana. lIpoBepom
OCHOBHHX CTAaTHYKHX Mapamerapa J00UjeHO je Ja HpeTXo-
JIHAa KOHCTPYKIMja He 3aJ0BOJbaBa JOKa3 uBpcrohe, Kao u
Jla BUTKOCTH OfpeleHHX eleMeHara Ipenase I03BOJbEHE
BpenHoctd. Ha ocHOBy JnerasbHe aHaiu3e, MpPEBacXOIHO
criojbalImer ontepehema HM3a3BaHOT OTIIOPOM 3axBaTarba
yIJba, IPEAJIOKCHA j& PEKOHCTPYKIIHja MOCTOBA Y CMHCIY
nosehama kpyTocT cTpykType. Ca MUHMMaNHUM moBeha-
BEM LEJOKylnHe Mace o 2%, PEeKOHCTPYUCAHO pelleHe
Jaje MyHYy eKCIUIOaTallMoHy IOy34aHOCT M 0e30eqHOCT.
HuBo HamoHCKOT cTama je cMameH, Kao u nedopmarnmje
CTpyKType mox nejctBoM omnrepehema. OcHOBHa (pekBe-
HOMja cTpykType je moBehana 3a 10% y opmHocy Ha
OpPHUTHHAIIHO CTame, IITO je Ha CTPaHU CUTYPHOCTHU jep je
cMameHa MOTyhHOCT 12 yhe y JoMeH pe30HaHTHE O0JIacTH.
VY npakcu, oxpeleHe JMHAMUYKE HECTAOMITHOCTH CY U JaJbe
NpUMETHE 3a KOHCTPYKIH]y 3axBaTHOT ypehaja ca eneBaro-
puMa, Koja HUje Oniia peIMeT caHaluje.

KoHauHO, 0 yCHENIHOCTH PEKOHCTPYKLHje TOBOPU MOAATAK
Ja y TETOrOOHIIKOj EeKCIUIOATALHjU IOCIe PEKOHCTPY-
KIMje, HUCY KOHCTAaTOBaHM 3acToju 300r oTka3a Hocehe
KOHCTPYKIIMj€ WM TIOTOHA KPeTama.

Osaj pad npedcmasnsa 0eo UCPAXHCUBARA Y OKBUPY Npojekma
Texnonowrkoe Passoja TP 6344 "Hcmpaxcusarwe, passoj u
KOHCMPYKYUja MAWUHA 30 Npemosap u CKIAOUuimerbe KOHMej-
Hepa u pacymux mamepujana”, noopacan 00 Munucmapcmea 3a
HayKy u 3auwmumy dxcusomue cpedune Penyonuxe Cpouje.

JlntepaTtypa - References

Ha OCHOBY KOra Ce€ MO)Ke 3aKJbyYHTH Jla OCLUJIaLije He
yJia3e y pe30HaHTHHU JIOMEH.

6. Conclusion

Previous analysis show example of structure of stacker-
reclaimer which could not correspond with higher
exploitation demands. This resulted in often collapses and
failures. Estimation of basic static parameters gave no static
behavior verification (mostly stress level), along with
buckling verification.

Detailed analysis with emphasis on determination of
external loads caused by coal reclaiming process suggested
reconstruction of structure in order to increase stiffness
level of structure. With min. increment of mass of 2%,
reconstructed solution give full exploitation verification and
safety. Stress level is decreased, as well as displacement
level of loaded structure. Natural frequency is increased for
10% which ensures oscillations not to enter resonance
domain. In practice, there are present some dynamic
instabilities for structure of reclaiming boom which wasn’t
subject of reengineering.

Finally, success of reconstruction is presented with 5 years
lasting exploitation with no failures and collapses of the
system because of structure of stacker-reclaimer.
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