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JluHAMMYKY MOJIENIH CY BEOMa BaKHM 3a CHMYJIALMjy pajia MalliiHa 3a MeXaHHu3allljy. Y OBOM pajly NpUKa3aHa Cy NBa
OpWIMHAIHA MOJENA 3a aHAIM3y IMHAMMYKOT IOHAIIAka CTPeNe HPEeToBapHOr Mocra 3a yrab. IlpBu Mozen je
ympomntheHu TMHAMHYKH MOJIEN ca 2 CTeleHa croboze, a APYTH je KOHAauHO eleMEeHTHU Mogern ctpene. Ilpukasana je
>MX0BA TIOBE3aHOCT M 060CTpaHa Bepu(HKalMja ¥ NOTPeGHOCT, HOCEOHO Yy Cllyyajy Kaaa He N0CTOje EKCIIePHMEHTAIHH
T0/1allM Koju OM ce MCKOPHCTHIH Kao perepHH. IIpukasane Cy IpeJHOCTH M MaHe CBAKOT OJl MOJleNia KOje Ce YKPaTKO
MOT'y TIOCTaBUTH Kpo3 crezehe: IUHAMHYKH MOJIEN MMa YHMBEp3aloCT, 003MPOM Jia Cy NPOMEHJBHBE JaTe y OMITAM
fpojeBuMa, amM je pa3MaTpaHO Camo He-Pe30HOHTHO CTambe, TOK KOHAYHO EJEMEHTHM MOJEN Jaje MOTyhHOCT 3a
cBeoOyXBaTHy aHAIM3y Al CaMO 3a KOHKpeTaH [puMep M cuTyamujy. Takobe, moOujenu Cy IVIaBHH JMHAMHUYKH
HapaMeTpH KOjH MOTY MOCIY>KHTH 3a Jaby aHAIH3y OBOT THIIA JETIOHHjCKUX MaNIMHa.

K.rby'me peuyn: CTpeia nperoBapHor MOCTa, JHHAMUYKHA MOJC], KOHAYHOCICMEHTHU MOICI, Jll/IHP[jCKPI CIICMCHTH

Idealized models are very important for simulation and determination of behaviour of some material handling machine.
This paper considers two models for determination of dynamic behaviour of reclaiming boom. One is simplified
mathematical model with 2 DOFs, and other is finite element model. It is shown mutual corelation between them,
neccesity and verification, expecially in the case if there is not any experimental data which can be used. There are
advantages and drawbacks of each model which can be in shortly desribed as universal character and basic analysis
(non-resonance state) for mathematical model and advanced analysis with example character for FE model. Also, it is
obtained some relevant dynamic parameters for reclaiming boom, which can prodiuce more complex analysis of this

type of machine.

Keywords: stacker-reclaimer boom, dynamic model, FE model, beam elements

1. YBOJ

CuMmynaiijy pafa Heke MalidHEe YBEK BpPIIMMO Ha
WcaIN30BaHUM JHHAMHYKHM MOJIEIHMMAa T€ MAaIlMHE,
KOjH y 3aBHCHOCTH OJi CBOj€ CJIO)KEHOCTH, MOTY BHINE
WIH Mam€ J1a MPEe3CHTyjy pearHy curyarujy. Kao mTo
j€ 103HaTO, AMHAMHYKY MOJCIH CYy BEOMa BAKHU 3a
MIOCTaBJbAKhE YBUAA y JHHAMHUKO IOHAMIAEe MAIIKMHA.
JIMHaMHY9KO MOJENHpalke H aHalu3a Ccy [nocebHo
1oTpeGHA KOJi MOJCIHpamka KOHCTPYKIMja MallluHa 34
MEXaHHu3al¥jy THNa JA3aJHda, poTo  Oarepa,
Tpancnoprepa uta. [IpeTxo/He aHAIN3e HCTHX TIOKa3yjy
BEJIMKY JMHAMHYKY HECTAOWJIHOCT 4aK H KOJ CBETCKH
nozHatux mnpousBohjaua. CBe O0BO yKazyje Ha
HEOMXO/IHOCT OOpUX ¥ BEepUPHKOBAHMX MOJENa OBHX
MamipHa. Y OBOM paay JaT je NpHkas u nopeheme
MATEMATHYKOT MOJIENa ¥ KOHAYHOEIEMEHTHOr MOjeNa
3a [MHaMHMYKy aHamm3y Hocehe  KOHCTpyKIHje
MOKPETHOT exeBaropa, ciuka 1.a. EneBatop je 3axsarnu
ypehaj Ha mOperoBapHOM MOCTY 3a yrak |y
TEPMOEJIEKTPaHH, KOjH INpPHIAa CICLHjadHOM THIY
Jenonujcke MammuHe. [IpuMepH OBOI THIIA MalllMHA CE
mory Hahu y tepmoenekTpanu Kosybapa, (B.Lpmennu,

1. INTRODUCTION

Working simulation of some machine is always
performed on idealized models of that machine and,
depending of its complexity, can present more or less
real situation. As known, dynamic models of machines
are very important for analysis and provide the insight
into the behaviour of machine. Dynamic analysis and
modeling are extra needed at material handling
machines, especially at cranes, bucket wheel
excavators/reclaimers and other heavy machinery.
Monitoring and past analysis of such machines showed
dynamic instability even at world known producers of
these machines. All of this point to necessity of good
and verified models of this machines. In this paper there
has been presented comparasion of mathematical and
finite element model for determination of dynamic
behaviour of reclaiming bucket chain boom, fig.la.
Reclaiming bucket chain boom is reclaiming device of
coal unloading bridges in thermal plants, which belong
to the group of bridge-type equipement with blending
effect. These machines can be found in power plant
Kolubara, (V.Crljeni, Srbija), where they work within
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Cpbuja), rme pafe Ha OTBOPEHO] ACNOHUJH YIJba Y
CKJIOMYy CHCTEMa TpaHcmopra yriba. OBH  MOJEIH
crpeme,  36or  cmenMdUYHMX ~ KOHCTPYKTHBHO-
TEXHOJIOIIKAX PCLICIha CHHX CAacTaBHHX CICMCHATA,
OPHKa3yjy  OCHOBE  MOeiupama  MaillMHa  3a

Mexanuzaiujy. CTpena je mocMaTpaHa Kao CaMOCTAITHH
CHCTEM, HITO je CBOjeBpCHA WAeaM3alMja, jep je OHa
CacTaBHU JI€0 peoBapHOr MocTa [5].

Cnuxa 1. Cmpena npemosgapnoz mocma
a) Ocrogru moden
6) Ynpowhenu mamemamuyxy mooen
y) Konaunoenemenmuu mooen

2. CTIO/bAIIBE ONITEPEREILE CTPEJIE

Crossanima onrepehera cTpele y3poKoBaHa OTIIOpHMa
3aXxBaTakba yrjba HMAajy, 3a pa3uKy oI JpYyTrux
ontepehewa, nuHamMuuku kxapaktep. Haentudwukanmja
oBHX onrepefieha KoJi pOTOPHHX POBOKONada oOyxBara
npodieMaTuKky JAUMEH3Wja oJpecKa, crenupuuHor
OTHOpA 3aXBaTamba yIjba, Kao H I0/I0XkKaja KOMIIOHEHTH
ontepehema. Ilponec 3axBarama yrjba ce OCTBapyje
CIIOEHHM KpeTameM Ko(Hua y 30HH 3aTe3He 3Be3je,
cimka 2. Moxe ce 3aKJbYy4HTH Ja TOCTOjU JUPEKTHa
aHaJoTHja KHHEMaTHKe 3aXxBaTHOT ypehaja Tj. cTpene u
KAHEMATHKE 3aXBaTHOTr ypehaja poTOTHHX poBOKomada.
AHanmu3a Koja CIeOH je MOTIHYHO AaHaJOTHa aHAJIM3H
naroj y [1,5]. Kperame koduiia y 3001 3aXBaTamba yriba
MpHUTIa/ia KJIaCH PaBHOT KpeTamba, i MOXE JIa Ce OIHCYje
y GOm0 K0jOj paBHH YIPaBHO] Ha OCy oOpTama 3aTe3He
3Be3fe. Y OKBHPY OBE aHalu3e, Kao OCHOBHH
1oKaszaresb OTIIOpA 3axBaTama yribd, j€ YCBOjeH
crenM$UYHNA OTHOp CBEICH HA jCIMHHIYYy I[OBpIIMHE
onpecka (k). IleprommanocT ynacka u m3nacka koduia
je Takohe pasmarpana [1,5].
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the open coal transportation system.

This boom models, because of its constructive-design
characteristicks, shows basic principles of modeling
material handling machines. It is considered as sole
system, without corelation with bridge structure, which
is only related to idealized situation [5].

M=6000 kg

Figure 1. Boom of bridge-type stacker-reclaimer

a) Basic model
b) simplified mathematical model
¢) finite element model

2. EXTERNAL LOADS ACTING UPON BOOM

External loads acting upon structure of bridge reclaimer,
which are caused by resistances to coal reclaiming
process ar¢ dynamic loads, unlike other loads.
Identification of such loads, as at wheel excavating
machines, considers the problems related to: chip
section, specific resistance to digging and position of
components of force resisting excavation.

Coal reclaiming (excavating) process is happen within
the zone of driven pulley, by comlex motion of buckets,
fig. 2. It can be concluded that motion of reclaiming
device of bridge reclaimer is fully similar to motion of
reclaiming device of bucket wheel excavator. Analysis
that follows is fully analogous to presented analysis in
[1,5]. Bucket movement within the coal reclaiming area
is plane motion, and so can be described in any plane
that is normal to driven pully rotation axis. It is taken
specific resistance to excavating per unit of chip area
(kr) as basic attribute of coal reclaiming process.
Periodic entrance and exit of bucket at reclaiming zone,
as basic characteristic, is also considered [1,5].



Cnuxa 2. Kpemarve koguya y 30HU 3ax6amarea y2/6a
Figure 2. Bucket movement within the coal reclaiming zone

Ileo  amropuram je  oOyxBaliecH  OpUrHMHAJIHHM
cobrBepoM [2] koju nHaje aujarpaMe IpPOMEHE
HHTEH3UTETAa KOMMOHEHTH onTepehema W3a3BaHOT
OTHOPOM 3axBaTama yIjba 3a oapeheHe mnapameTpe

pexmma pama [5,6], mnpukazane Ha cieachum
JijarpaMumMa.
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Whole described procedure is comprehended with
original software [2], which gives magnitudes of
dynamic loadings acting on the top of the boom, fig 1.b
and fig. 1.c, showed on following charts and fully
presented in [5,6],.
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Cnuxa 3. Jlujazpamu npomene unmen3umema XopusoHmanHe, epruKaine KOMnoHeHme onmepehersa u Momenma
OMROPA 3axX6aMara y2/ba, PeCHeKmueHo
Figure 3. Magnitude charts of horisontal, vertical dynamic loading component and moment of resistance to coal
reclaiming, respectively

3. AMTHAMMYKH MOJIEJ CTPEJIE

VYcBojeHr €KBUBAJICHTHH JTUHAMHYKY MOAEN CTIpele je
npukazad Ha ciammu 1.6, Hoceha crpykrypa je
IICKpETU30BaHa Ha TpeJHe Hocaye M Ha 1 KOH30IIHH
HOcay-3aXxBaTHH jeo crpene. CBe NPETIOCTABKE O
KapaKkTepPUCTHIHHM MacaMa Ha YCBOJEHOM MOJENY Cy
mare y [5]. Crpena je mocMaTpaHa Kao CaMOCTAJIHH
CHCTEM  KOjU  BpIIM  ocmwianuje.  YcBojeHe
reHepaIHCaHe KOOpAMHATE Cy IOMEpPame BpXa CTpPEIe U
noMepame nere crpeine. Maremarnuka (opMysammja
OCLMJIOBAala YCBOjEHOI MoOjJela IOCTaB/beHa je
mpuMeHoM JIaHTpamKeBHX jelHaYHHA OpYyre BPCTe Koje

3. DYNAMIC MODEL OF BOOM

Dynamic model of boom structure of stacker-reclaimer
is presented in figure 1.b. Boom structure is divided on
beam eclements and cantilever element that represent
topp boom segment. All presumption, regarding the
lumped masses, concentrate mass of counterweight and
reduced mass on top of the boom, are given in [5]. The
boom is considered as sole system.

This model is dealing with 2 DOF’s, deflection of boom
top q; and deflection of boom bottom q;.

Mathematical formulation of vibration of adopted
model is set through Langranges equations of the

43



nosoze Ao nudepeHujaTHe jeqHaYnHe
A-4+C-q=0

Hje je pelaBame Aato y [5,6], 3ajenHo ca nobujamem
¢pexsenTHe jenHauune W (pekpennuja. Dopmupame
M3pa3a 3a KUHETHYKY M [IOTCHIMjAIHY €HEprujy
cucrema je takohe mpukazano y [5,6]. Ilorenuujanna
eHepruja je ojpelleHa TPUHIMIOM CyIEpHO3UIH]e
nedopManuja, a MaTpUila KPYTOCTH YKIBYUYje U YTHUIA]
OPOMEHJBUBOCTH TONPEUHOT IIpeceKa CTpene IyXK
pactiona [5]. Jlunmamuuka ontepehema, ciamka 3, je
ampokcumupana ®dypejeoBuM pemopuma [5]. Pememse
JudepeHIMjaTHEe jeTHaYHHE OCIHJIOBaba, y OHIITHM
OpojeBMMa W y 3aBHCHOCTH O] yTJila Haruba crpene je
KOMIUIETHO Hpe3eHToBaHO y [5]. Pasmatpajy ce camo
NpUHYAHE oclwianvje 0e3 npuryiiema (jep Hema
MPUTYIHHUX eJeMeHaTa y Mojely) ob3mpoM ma ce
co0OoMHEe OCHMIANMjC Y PEATHHM YCJIOBHMAa BEOMa
Op30 mpurynryjy. Pelieme Baxd 3a OCHHIOBAamE BaH
pe3oHaHTHe 06IacTH.

3.1 PE3YJITATU JUHAMMWYKOI' MOJEJIA

MeTeMaTiuka dbopmynaimja ocIuoBama  je
TIpUMemkeHA y opuruHaIaHoM codpTBepy v MatKE/l-y. 3a
KOHKpETaH IMpPUMep cTpene W 3a yrao Haruba on 15
cTeneHu ToOujeHH cy ciaenehu peleBaHTHH JHHAMUYKH
OJITOBOPHU: COIICTBEHE KPY»KHE (PpeKBeHIIH]jS

o=[96 323] s,

MOJJajlHa MaTpuia

1 1
S = .
-0,11 2,18

IMpomeHa reHepamucaHvX KOOPJAMHATA BpXa CTpele U
1IeTe cTpesie Y BpEMeHy JaTa je Ha CIIMIH 6.

JlMHaMIUKY [TapaMeTpe 3a ApYre yrioBe Haruba crpene
IIPE3CHTOBAHU Cy Y Hpuiory [5].

4. KOHAYHOEJIEMEHTHHA MOJIEJI CTPEJIE

Konauno-eneMeHTHH Mozen crpene je ypaben y
nporpamckoM nakery CAII 2000 u npukasaH Ha cIHIH
1.11, 3a moMoXaj cTpene Kaaa oHa rpamu yrao ox 15 ca
BepTHKaJIOM. CBH €IEMEHTH Cy MOACTHUPAaHH Kao
JIWHHUJCKH €JEeMEeHTH THNa Tpele, OCUM YIKETHOTr
cHcTeMa KOjH je MojaenupaH kao ompyra [3]. 36or
IPOMEHJBUBOCTH IOIPEYHOT Mpeceka CTpelie, Npeambu
Jeo je TOJAeheH Ha 15, a 3amamu Ha 5 KOHauHA
exeMeHTa. KapakrepucTuuHe KOHIIEHTpHCAaHE Mace Cy
JojaTe MacaMa y YBOPOBHMA, I'CHEPUCAEHEM CaMHM
nporpaMckuM nakeroM. Omrepeliema Ha BpXy CTpene
3ajara cy TabenapHo.

4.1 PE3YJITATH KOHAYHOEJIEM. AHAJIN3E

Kao pesynrar umamo riapHe oONMKe OCLIIOBama OJ
KOjHX Cy IpBa 4 mpHKa3aHa Ha CIIMIM 5. 3aHeMapeH je
ytuna] Bumux ¢pekBennu. Takohe, mobujena cy
BPEMEHCKAa IOMEpama CBHX YBOPOBA, NPH 4YeMy CY
noMepama Bpxa CTpele M TeTe CTpene MpHKa3zaHa Ha
ZHjarpaMy Ha CITHIH 7.
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second part

A-q+C-q=0
and presented in [5,6], along with eigenvector analysis
and determination of circular frequencies.
Kinetic energy and potential energy formulation is
presented in [5,6]. It has to be point out that variability
of boom section is included in stiffness matrix of the
whole system, which is determened through the
principle of deformation superposition [5]. Gained
external loadings, fig.3, is inserted as periodic function
described in Fourier series [5].
Solution of differential equation gives formulation of
oscilating motions, with variability of its parameters,
(alogn with inclination of boom o), and presented in [5].
It is only considered forced non-damped vibration
(since there is not damping elements), concerning the
fact that in real cases free vibration is easily damped.
The solution considers non-resonance case of motion.

3.1 RESULTS OF DYNAMIC MODEL

Mathematical formulation of boom vibration motions is
applied in original software in MathCAD. For real
example of boom and for inclination angle of 15°, there
are obtained relevante dynamic responces.

Circular frequenies, are as follows:

o=[96 323] s

Modal matrix is

1 1
S =
an Lm}

Transversal oscilation charts for boom top and bottom
are given in figure 6.

Dynamic responces for other inclination angles of boom
are presented in appendix of [5].

4. FINITE ELEMENT MODEL OF BOOM

Finite element model of boom structure is done with FE
analysis software SAP 2000, and presented in figure 1.c.
Model is done for inclination angle of boom of 15°. All
the elements are modeled as beam linear elements. Rope
system is modeled with LinearLink element [3]. Top
boom segment is divided into 15, and botom segment in
5 elements because of the variability of boom section.
The concentrated masses of characteristic parts of boom
are added to generated lumped system of masses [5].
The dynamic loadings are performed on top of the boom
as time history functions.

4. 1 RESULTS OF FINITE ELEMENT ANALYSIS

Modal shapes are determened with modal analysis, with
4 principle shapes, presented in figure 5. Modal shapes
with higher frequencies are . neglected. Nodal
deflections, of boom top and boom bottom, are
presented in figure 7, and includes results from time-
history analysis.
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Cnuxa 5. I'nasnu obnuyu ocyunosarea/ Figure 5. Modal shapes

[m]
0.15 -
0.10 e -

0.05

0.00

-0.05 - nf X

-0.10 -

-0.15

T v T v T T T 4 T
] 1 2 3 4 5

[s]

Cnuxa 6. I'enepanucana nomeparea
Figure 6. Transversal oscillations

5. YIIOPEJIHU ITPUKA3 PE3YJITATA

Ha ocHOBY NpEeTXOQHOT MOXeE ce JaTH mopeleme
pEICBaHTHUX pe3ynaTara JoOHjeHH MaTeMaTH4KHM
MOJIENIOM M AMHAMHMYKOM aHaimu3oM nporpamMa 3a MKE.
Pasmatpajy ce camo mppa 2 0oOJluKa OCLMIOBAHA KO
KE monena nprka3aHa Ha CIHLHE 5, jep ce 3 u 4. 00aHK
MOTY 3aHeMapHTH 300T BHIIMX (PpPEKBEHIH A CaMUM
THM M MambHM VTHIajeM Ha IWHAMHKY cTpene [8].
Pasnamke CONCTBEHMX KPYXKHHX (DPEKBEHIHM OBHX
Mojiena ¢y naartay tabemu S.1.

-0.10
-0.15

-0.20

-0.30

-0.35

(m]

0.15

0.10 o oo

0.05

0.00

-0.05 —

0.25 e

Cnuxa 7. Ilomeparea 4eoposa
Figure 7. Nodal deflections

5. COMPARASION OF RESULTS

Now, it can be proceeded with comparasion of results
gained with mathematical-dynamic model and finite
element analisys for boom inclination angle of 15°. Into
consideration it can be taken only two modal shapes,
from FE model, fig. 5, because of the values of the
gained frequencies (3rd and 4th frequency can be
neglected from analysis because of high values [8]).
Diferencies between circular frequencies gained by
these 2 models are given in table 5.1.

Tabena 5.1-Kpyscne dppexsenyuje/Table 5.1-Circular frequencies

Br. Junamuuku mozen | KE Moaen Onctyname
No. Dynamic model FE model error [%]

1. 9,6 9,9 3

2. 323 34,7 7

TlocmaTpameM ob6nmka mpBa 2 oOJMKAa OCLMIOBaBkA
KOHAYHOEJIEMEHTHOT MOJejia Ha CIUIM 5 U MOjalHe
Marpuile JAUHAMHYKOI MOJENa MOXE €€ MNPUMETHTH
BeNMKa ToxyAapHOCT. EBHMAEHTHO je Ja HoMepama
KapaKTepUCTHYHMX Tadaka Ha CTpeIH AOOMjeHHX Ha

According to the two modal shapes of FE model,
presented in figure 5, and values in modal vectors it can
be concluded that modal matrix follows modal shapes
with high accuracy.

But, if we compare deflections of characteristic boom
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OCHOBY OBa 2 Mofena, cliuke 6 u 7, ofynapajy ¥ jeauHa
CIIMMHOCT TTOCTOjH KOJ TIoMepama nere crpene. Cpeame
BpeaHOCTH 3a 00a cilyyaja Cy BeoMa CIIMYHE UITO
yKa3yje Ha CIIMYHOCT CTATHYKUX yruba, a caMUM THM H
Ha 100po mocraBJeame npobieMa. Benuke pasnnke kox
oMeparma Bpxa cTpelie HOTHYY O OJIUCKOCTH OCHOBHE
bpekBeHIle 1 PppeKBeHIe PHHYIE KO OBe MalllHHe, Na
caMUM THM, 300T 110jaBe pe3oHaHlHje, U Malle pa3iuke
y ¢pekBeHIMjaMa MOry MMaTH BEJMKOr yTHIaja Ha
CKOKOBHT 00nuk aujarpama. Komruretna Bepudukaimja
06a Moziena je moryha caMo BaH pe3oHaTHe 00JIacTH.

6. 3SAK/bYYAK

VY OpeTxonHOM TEKCTy IpPHMKa3aHa Cy JABa Pa3iH4HTA
Mozella KOHCTPYKLHje CTpelne MNpeTOBAPHOT MOCTA!
ynpormheHn MaTeMaTHYKH MOJIET M KOHAYHOEIEMEHTHH
Mozen. MaTeMaTHdKH MOJeN Jaje KOHAdHe jeJHavHHe
OCIMIOBakba TCHEPAIMCAHMX Tayaka Yy OIIITHM
6pojeBuMa, 1Ma caMHUM THM HMMa YHUBEp3allaH KapakTep
H MOXE c¢ PUMCHUTH Ha CIMYHUM MalliHaMa HIH Ha
dammwju MammHa 3a oxapehene ananmmze. Mehyrum,
aNTOpUTMOM HHUje o0yxBaheHa pe3oHaHTHa oOJyacT mWTO
Jaje MyTOKa3 3a [Oajke YycaBplIaBame mocrojelier
Mozena. Mozen je BeoMma IOrojaH 3a MaTeMaTHUKY
MaHUIyJNalyjy ¢ oO03MpoM Ja Cy jeOHAdHHE ¥
HOMEHYTOM anropuTMy 2 pena. Ca acriekra hpexBeHTHE
aHaim3e Moxe ce pehm Ja je Mojed JOBOJbAH.
KonagnoenemeHTHH Monen je ypaheH 3a KoHKperaH
npuMep CTpeile W 3a creuMjanal Hoioxaj. 3a Taj
MoJoXkaj OH Jaje cBeoOyxBaTHY (PPEKBEHTY aHAIM3Y
cTpene W OA3MB CHCTEMa Ha JHHAMUYKO omTepeheme.
Onroeapajyhin pe3ynTaTd KOHAYHOCICMEHTHOT MOZEIa
NOTBPYYjy HCHPaABHOCT ¥ NPETIIOCTABKE MATEMATUUKOT
MOJeNa W JOBOJGHOCT 2 cremeHa ciobome 3a
onpehuBame GpexkpeHIUja cTpene. Moxe ce 3aKbyauTH
Ja cy oba Mozena Beoma BakHAa M MOTpeOHa 3a
aJIcKBaTHY IUHAMHYKY aHAIH3Yy CTpeie rmocebHo 300r
HBEHE JHHAMHYKE HEeCTaOMIHOCTH KOjy MoOKasyje y
TIPAKCH.
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