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Behaviour Diagnostics of Drive Units on Bucket Wheel Excavators
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JujarHocTHKa TOHalIamka IOTOHCKMX Tpyla Ha pPOTOPHOM Oarepy je cyOnumanuja
AQHAJUTHYKOT TpeceKa CTama, HyMEPHUYKOI MOJENa NMPEeKO METOJe KOHAUYHHX elIeMeHaTa H
M3MEpEeHNX BHOpalWja Ha KapaKTepUCTHYHAM MECTHMa MOTOHCKHX Tpyla, OJHOCHO, Jaje ce
METOJIOJIOIIKY TIPHCTYIl yTBphHBama MOHANIaka MOTOHCKUX Ipyla Ha POTOpPHOM Oarepy y
by BUXOBE Aajbe peBuTanm3anuje. [Ipuctyn peniaBamy npobiemMa je KOHLEIIN]CKU CTPOro
neUHUCAaH — aHAJUTHYKKA CEIMEHT KOjHUM ce yJasu y mpoOlieM, MoJeHupambe IpodieMa Kao
CMEpHHIA 32 IOHOLICHe HH)XCEHEPCKOI CTaBa, M EKCIICPUMEHTAJIHH Oe0 KOoju Tpeda Ia
MTOTBPAX UCIPABHOCT ¥ TAYHOCT METOJOJIOTHjEe y (QYHKIHjU OTKPHBamka y3pOKa aHOMAJHje U
CHOT IPEBEHTUBHOT OTKJIamhamha WK JOHOLICHA HCIIPABHE OZJIyKE.

Behaviour diagnostics of drive units on the bucket wheel excavator represents sublimation of
analytical state estimation, numerical model based on finite elements method and measured values
of the vibrations at the drive units typical locations. Namely, methodological approach in the
behaviour determination process for bucket wheel excavators drive units is presented, for the
purpose of its further revitalization. Problem resolving approach is conceptually strictly defined —
analytical segment for initial insight of the problem, problem modeling as the line for establishing
the engineering position and finally experimental part designated for confirming the accuracy and
precision of the methodology with the purpose of locating the causes of anomaly and preventive

remediation, or making the right decision.

1. ¥YBox

[NoroHcke rpyre Ha POTOPHOM Garepy Cy OCHOBHH €JIEMEHTH
MpeHoca OOPTHOI MOMEHTa M IPEKO BHX ce omoryhyjy cBa
TpaHCIaTopHa M 00pTHA KpeTama Koja ¢y V Kpajioj HyHKITH-
jU ocTBapHBama IPOU3BOIME. [ JlaBHE IOrOHCKE Ipylie Ha
poTOpHOM Oarepy Cy: IOTOH paJHOT TOYKA, NOTOH I'yCeHH
YHOI' TPaHCIOPTa, IIOTOH OKpeTa Oarepa, IMOTOH AW3amba U
CIIyIITaa CTpelie PaJHOTr TOYKA W IMOTOH TPAYHUX TpPaHC-
noprepa Ha Oarepy. Mnak, HajBa)KHHjU TOTOH U YjeJHO MO-
TOH KOjH Y CTBapH M KapakKTepHIlle POTOPHHU Oarep je MmoroH
pazHor To4Ka. 3aTo je y OBOM pajay HBeMy U AaT HajBehu 3Ha-
Yaj, ¥ HEroBO ANHAMHYKO MOHAIIAbE U MPUCTY PEBUTAIIH-
3aLMOHUM MPOLECHMMa MOTY C€ IPEICTABUTU Kao perep
OCTaJIMM MOTOHKUMa Ha Oarepy.

2. MeTo10/10THja IMjarHOCTUKE MOHALIAKA
MOTOHCKHUX I'PyNa HA POTOPHOM Garepy

Momrryjyhn crporo cy0jeKTMBHO yTBpheH NMpHHIMI H3paje
OBOT PaJia, KOj! je cyOonMmaryja aHaTUTHIKOL IIPeceKa CTama,
HYMEpPHYKOT MOJIeJIa NPEKO MeToje KOHAYHMX elleMeHaTa U
W3MEPEHHX in situ BUOpaLija Ha KapaKTePUCTUIHIM MECTHMa
TOTOHCKUX Tpyma, Ae)UHHCAH jé METOHOJOMIKHA MPHCTYII
yTBplHBama MOHAaIIaka IOTOHCKHUX TPyIia Ha POTOPHOM Oare-
py. To je 3acurypHo HOB IpuIia3 KOjH Jiaje KBaJUTET

1. Introduction

Drive units on bucket wheel excavator are main elements of
torque transfer. They enable every translator and rotary
motions for the purpose of production. Main drive units on
the bucket wheel excavator are: bucket wheel’s drive,
transport drive, superstructure swing drive, drive for
lifting/lowering of beam and belt conveyors drives. However,
most important drive and the drive that characterises the
bucket wheel excavator is the bucket wheel’s drive. For this
reason, it is emphasised in this paper and its dynamic
behaviour and revitalization processes approach can be
presented as an model or example for all other drives.

2. Methodology of Bucket Wheel Excavator Drive
Units Behaviour Diagnostic

Following the strictly subjectively defined principles of this
paper, which are representing sublimation of analytical
condition estimation, numerical model based on finite
elements method and measured values of the vibrations at the
drive unit’s characteristic locations, the methodological
approach to identifying (establishing) the behaviour of drive
units on the bucket wheel excavator was defined. That



BHILIE TIPU KPajIeM CTaBy, IPU KOHAYHO] OJUTYIH, KaKO KO
OfIpXKaBarba MO CTalby TAKO M KOJ| CBEHTYATHHX PCBUTAIN3a-
[MOHMX TIPOIleCa Ha PYJApCKUM MallldHaMa, ONHOCHO Ha
poTopHUM Oarepuma.

OsakaB npucTyn omoryhaBa ojpeljiBame CTBapHOT MOHA-
[Iama MOroHa, Moy3/1aHy MPOrHO3Y pearoBama HCTOT Y eKe-
IoaTanuju, aoOWjarme mapamerapa wu30opa ¥ OIITyKa,
onpehuBame y3poKa JIOIIEr IOHAIama WIH MOMYIITamka,
MIPOLIEHY eKCIUIOATALOHO BeKa M BpeMe IOy3IaHor paja
moroucke rpymne. OBOM MeTOJOJIOTHjOM YTBphyje ce cTame
HOTOHCKHX IpYIIa, IPH YeMy c€ YTHYE Ha JIOIIE ITOHAIIAke,
OJTHOCHO Ha Y3pOK TOT MOHAalllaka, a He Ha nocieanny. Ha
OCHOBY YTBphEeHOT ToHamama yTephyje ce nmpeocraia 4Bp-
croha U HberoB pajHu BEK, OMHOCHO Ja JIK Taj eJIEMEHT nuMa
U JIaJbe MPOjEeKTOBaHY, TPAXKEHY PaJHy CIIOCOOHOCT.

3. Komnjyrepcku Moaean U IMHAMUYKHA
npopavyH

Mogenvupame ¥ JAWHAMUYKHA TPOPadyyH j€ M3BpIICH 3a
noroxe pagHor Touka 6arepa SRs470.17/1.5, SRs1300.26/5
(HOBa Bep3uja 1Moroxa pagHor Touka). Mozenu cy ypaheHu
JIMHUjCKUM, TIOBPIIMHCKMM M 3allPEMHHCKUM KOHAYHHUM
€JIEMEHTHMA, OIHOCHO nporpamckumM nakerom KOMIPS.
Mozen W IUHaMHYKH TIPOpadyH IIOTOHA PaJHOT TOYKA
Oarepa SRs470.17/1.5, ca mpBa dYeTHpW TIJIaBHA OOIMKa
OCIIMIIOBamha, IaTH Cy Ha CIHLH 1.

Ipsu enasnu obaux ocyunosarwa — fy; = 15.3 Hz
First main form of vibration — fy; = 15.3 Hz

Third main _form of vibration — fy; = 28.6 Hz

certainly represents a new approach, adding quality to the
final decision, regarding the maintenance as well as possible
revitalization processes of the mining machines, namely
bucket wheel excavators.

This approach enables determination of the real behaviour of
unit, reliable prognosis of its reaction during exploitation,
obtaining the choice and decision parameters, determination
of the improper behaviour or failing causes, estimation of the
exploitation duration and drive unit reliable operation time
determination. This methodology is used for identifying the
drive unit’s condition, thus influencing on improper
behaviour, namely cause of that behaviour, not its
consequence. According to identified behaviour, remaining
strength and its operating lifetime is determined, or more
precisely - weather that element still has its designed,
required operating capability.

3. Computer Models and Dynamic Calculation

Modelling and dynamic calculations are performed for
bucket wheel drive units on the excavators SRs470.17/1.5,
SRs1300.26/5 (new version of the bucket wheel’s drive).
Models are based on linear, aerial and volumetric finite
elements, using KOMIPS software package.

Model and the dynamical calculation for the bucket wheel’s
drive on the SRs470.17/1.5 excavator along with first four
main forms of vibration, are presented in Fig. 1.

Jlpyeu enasnu o6aux ocyunosarea — fp; = 18.7 Hz
Second main _form of vibration — fy, = 18.7 Hz

Fourth main _form of vibration — fy, = 34 Hz

Cn. 1. Mooden u npsa uemupu 2naena obuKa ocyunroearba Cmpykmype pedykmopa paoioz mouka — SRs470.17/1.5
Fig. 1. Model and first four main forms of vibration of gear-box loading structure — SRs470.17/1.5

Ha ocHOBy npukasaHor JUHAMHYKOT IpOpadyHa MOXe ce
KOHCTaTOBAaTH BEOMa HEMOBOJBHO IHMHAMHYKO IIOHAIIAME
Hocehe KOHCTpyKIMje Kako peyKTopa Tako u nene Hocehe
CTPYKType TMOrOHCKEe Tpyle pagHor Tovka Oarepa
SRs470.17/1.5 (MomeHTHa TOoMyra W HOCad EIEKTPOMO-
TOpAa).

Mozen ¥ AMHAMUYKH TPOPavyyH HOBE BapHjaHTE MOTOHA
pamHor Toyka Oarepa SRs1300.26/5, ca wu3pakeHUM
o0JIMIIMMa OCLIMIIOBaba, IATH CY Ha CIIHLH 2.
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Above presented dynamic calculation shows very
unfavourable dynamical behaviour of the gear-reduction
loading structure and whole loading structure of the bucket
wheel’s drive unit on the SRs470.17/1.5 excavator (torque
lever and electric motor support).

Model and dynamical calculations for the new bucket
wheel’s drive on the SRs1300.26/5 excavator, along with
expressed forms of vibration, are presented in Fig. 2.
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JEHHX CHT'HaJa Ha YJIa3HOM BPATHIY 3a CTapy U HOBY BapH-
JaHTY ca OYHMIJICIHOM Pa3JIMKOM y TOOHjCHUM BPEIHOCTHMA
y KopuCT HOBe BapujanTe. OBakaB NIPHUCTYI je YjeIHO H
MOTBP/Ia AMHAMUYKOT MOJICNA M IpopavyyHa.

-

signals at the input shaft for old and new variant, with the
obvious difference in the values benefiting the new variant.
Old input shaft has greater acceleration in the time domain
than the new one-0.6 m/s* as opposed to 0.4 m/s’. This
approach represents confirmation of the dynamic model and
calculat10ns
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Cn. 4. Vnopeonu npuxaz cucnana yop3areay (pekeeHmHoM 00MeHY YIa3H02 8pamuiia pedyKmopa paoHoe moyka bazepa
SRs2000.28/3, 3a nosy u cmapy sapujanmy
Fig. 4. Acceleration signal comparison of the bucket wheel’s reduction input shaft on the SRs2000.28/3, in the frequency
domain, new and old variant

[IpBu cremen omrehema Jexkaja MPOy3pOKyje 3HAK KOjU
oJllaje HECHHXPOHM30BaHe (hpEeKBEHIMje BUOpaIja Ha3BaHE
,,TOHOBH (IIYMOBH) JieXKaja“ WM CHUTHAIHA, W FHHXOBE
xapMoHHKe. [IoHeKax HOBH JIeajeBU MPOHU3BOJE IIyMOBE,
HapOYMTO ako cy omrTeheHn TOKOM MOHTaxe, mpebda-
[MBamba, WK MIPWINKOM Npou3Bogme. Ha cimiu 5 natu cy
XapMOHHIM CHTHana Op3uHe Yy (PEKBEHTHOM JOMEHY
nexaja 22332 na Bparmny Il pemykropa morona paaHor
Touka Oarepa SRs470.17/1.5, rae je W HacTala KacHHje
XaBapuja Tor UCTOT Jiexkaja. CurHai je Hajjaun Ha 17.3 Hz
(5.3 mm/s), apyru xapmonuk 34.6 Hz (1 mm/s) u tpehu
xapmoruk 52 Hz (0.6 mm/s). CurHan je wu3paxeH Yy
BEPTUKAITHOM (aKCHjAITHOM) IIPABILY.

First degree of the bearing’s defect induces signal that
reveals unsynchronized vibration frequencies called “tones
(noise) of the bearing” or signals, and their harmonics.
Sometimes new bearings produce noises, especially if they
have been damaged in the process of assembling, relocation
or production. Fig. 5 presents velocity signal harmonics in
the frequency domain of the 22332 bearing on the shaft I1I of
the wheel’s gear-reduction drive on the SRs470.17/1.5
excavator, which later failed. Signal is most pronounced at
the frequency of 17.3 Hz (5.3 mm/s), second harmonic 34.6
Hz (1 mm/s) and third harmonic 52 Hz (0.6 mm/s). Signal is
pronounced in vertical (axial) direction.
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Cn. 5. Xapmonuyu monoga nesicaja 22332 ua epamuiy III pedykmopa paoHnoz mouka 6azepa SRs470.17/1.5
Fig. 5. Tone harmonics of the 22332 bearing on the shaft Il of the bucket wheel’s gear-reduction drive on the
SRs470.17/1.5 excavator

Kibyd 32 eeKTHBHO NPEIMKTHBHO OJpXKaBame Jexaja je
TPEHJ] HABOA TOHOBA JIe)Kaja TOKOM BpPEMEHa O] HHXOBOT
noveTka. [loHekan omreheme Jexaja Hanpenayje o1 Beoma
Majior fedexTa 10 KOMIUIETHOT OTKa3a y PeJIaTUBHO KpaT-
KOM BpEMEHY, TaKO J1a paHa JAETEKIHja 3aXTeBa OCETJBUBOCT
Ha BeoMa MaJjie KOMIIOHCHTE BHOpaIiuja.

[Toroncka rpymna pagHor toyka Oarepa SRs470.17/1.5, y
OPBOM peJly PeayKTOp, MMa JIOIIe AUHAMHYKO MMOHAIIAbE,
ITO je MaHHU(pECTOBAHO MPEKO MPBE YETHPHU COICTBEHE
(peKBeHIle U HBUXOBUX OOJIMKA OcLmIoBama. Ha ciumm 6
JlaTy Cy AWjarpamu T0OMjeHUX CHT'Haia Op3uHe y ppeKBeH-
THOM JOMEHY Ha MECTy YJA3HOT BpaTHia pPeayKTopa
pamHor Touka Oarepa SRs470.17/1.5, 3a cBa Tpu pamgHa
ciry4aja.

Key for the effective predictive maintenance of the bearing
is the trend of its tone level since beginning of operation.
Sometimes damage of the bearing progresses from small
defect to complete failure, in relatively short period.
Therefore, early detection requires sensibility to very small
vibration components.

Bucket wheel’s drive unit on the SRs470.17/1.5 excavator,
primarily ~gear-reduction, has poor dynamic behaviour
manifested through first four own frequencies and their vibration
forms. Fig. 6 shows diagrams of the speed signals in the
frequency domain at the bucket wheel’s gear-reduction input
shaft on the SRs470.17/1.5 excavator, for all three cases.
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Peoyxmop, epamuno I — ﬁpe pemonma, y pady
Gear-reduction, shaft I — before repair (at operation)
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Peoyxmop, epamuno I — nocne pemonma, Ha npooHOM cmony
Gear-reduction, shaft I — after overhaul, on the test-table
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Peoyxmop,
epamuno I — nocne pemonma, y paoy
Gear-reduction,
shaft I — after overhaul (at operation)

110.00

Cn. 6. Cuenanu yop3zara y gppexeenmuom oomerny gpamuna I pedykmopa paonoz mouxa bazepa SRs470.17/1.5
Fig. 6. Acceleration signals in the frequency domain at the bucket wheel’s gear-reduction shaft I on the SRs470.17/1.5
excavator

Ha ocnHoBy nopehema Mepema BuOpauuja npu paiy peay-
KTOpa Ha 0arepy M pajHOM CTOIy, 3aKJby4yjeMo J1a je Haj-
BHIIIE JONLIO 0 oBehama BUOpaIyja caMo Ha (hpeKBEHIIN
12.4 Hz u To ca 6p3uHOM 4 mm/s. OBO je pasyMJBHBO jep je
peAyKTOp BHIIE U HETIOBOJbHU]E onTepeheH y paxy Ha Oare-
py Hero i Ha IpoOHOM cTOIy, V padpuIru.

Ha 6arepy SRs1300.26/5 na IIK ,,JIpmMHo* paguna cy u pazne
JIBa PA3IMYKMTA THIA M KOHIIEIIIM]e PEIyKTOpa IOroHa PajHOr
touka. Koy crape BapujaHTe IIOrOHCKE rpyIie OCHOBHH HEJIOCTa-
I PelyKTopa Cy BeoMa Jyrayka MOMEHTA I0JIyra, HeJOBOJHHO
KpYT CKJIOI yJa3HOT BpaTWia PeayKTopa, BpaTia poTopa ele-
KTPOMOTOpa M CaMOT' eJIGKTPOMOTOpa M BEJMKE TEKHHE KOja
HETIOBOJBHO YTHYE Ha pacniofeny onrtepehera 3aTera U cTyda
Oarepa (MOMEHT yBHjarba CTPEIIe BEJUKH Y ONMHOCY Ha MOy KHY
ocy). OBaj HeZOCTaTaK ce MOYKe MIHFMI3UPATH TaKO IITO CEe
KOJ HaBEICHHX MeCTa MOpajy eIMMUHICATH 3a30pH, &Id U Ja
Bese Oymy KOpeKTHe u 3a70BoJbaBajyhe. Emmvunancame HaBeme-
HOT HeJjocTaTKa 3axTeBa MnoBehame KPYTOCTH HAaBEIEHUX elle-
MEHATa CHCTeMa 3a KOName.

Koj HOBe BapujaHTe MOTOHCKE Ipyle paJHOr Touka Oarepa
SRs1300.26/5, Ha OCHOBY IMHAMHUYKOI' ITpopadyHa CHCTEMa
paHOT TOYKa, MOXE Ce 3aKJbyduTH ciezehe: Hema Kopena-
nja ca (peKBeHIlaMa Komama (KOJ cTape BapHjaHTe TO je
H3paXKeHO), HeMa IpeJioMa BpaTHiia eIeKTPOMOTOpa U yias-
HOT BpaTliia peaykTopa (Takohe je M3paxeHO KOJ CTape Ba-
pHjaHTe), Y OICery pajia eleKTpOMOTOpa TOCTOjH HEMOoXKeIb-
HO OCIIMJIOBaE-¢ MOMEHTHE IIOJIyre W HOcaya eJIeKTPOMOTO-
pa. Ha crui 7 matu cy yrnopenHd AujarpaMu Mepera BH-
Opauyja y (pekBeHTHOM JOMEHy, Ha CTapoM pEeIyKTOpYy
(y3eT je mpumep ca pemykropa Komama Ha O0arepy SRs1300
koju paau Ha [IK ,Ilosse JI°) m HOBOM pemyKTOpY KOju je
yrpahen Ha Oarepy SRs1300 xoju tpeHyTHO pamm Ha ITK
»PMHO.
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Based on the comparison of the vibration measured during
the gear-reduction operation at the excavator and on the
testing table, following conclusion was reached: greatest
increase in the vibrations is at the frequency of 12.4 Hz at
speed of 4 mm/s. This is understandable because the gear-
reduction is loaded more during its operation at the
excavator, than on the testing table at the factory.

Two different types and concepts of the gear-reduction bucket
wheel’s drive have been operating, and still are, at the
SRs1300.26/5 at Drmno open pit. Main disadvantages of the
old gear-reduction drive unit implies: very long torque lever,
insufficiently stiff assembly consisting of the gear-reductions
input shaft, rotor’s shaft, the electric motor itself and great
weight unfavourably influencing distribution of the load on tie-
weight and the pillar of the excavator (beam torsion torque is
large in comparison to longitudinal axis). This disadvantage
can be minimised if the gaps are eliminated at the mentioned
locations, whilst keeping connections correct and satisfactory.
Elimination of this disadvantage implies stiffness increase of
the mentioned elements of the system.

New variant of the bucket wheel drive unit on the
SRs1300.26/5 excavator, based on the bucket wheel’s system
dynamic calculation, following conclusion can be reached:
there are no correlations with the digging frequencies (present
at old variant), there are no failures of the shafts (also present
at old variant), there are unfavourable vibrations of the torque
lever and the electric motor support within operating scope of
the electric motor. Fig. 7 shows comparison of the vibration
measured within frequency domain, at the old gear-reduction
(SRs1300 operating at Field D open pit) and new one mounted
on the SRs1300 currently working at Drmno open pit.
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Cmapa sapujanma / Old variant

Hosa sapujanma /New variant

Cn. 7. Vnopeouu oujacpamu yop3sarea subpayuja usmepenux Ha yiazHoMm epamuiy pedyKmopa paorHoz mouka bazepa
SRs1300 — cmapa u nHosa sapujanma nozoucke epyne
Fig. 7. Comparisons of vibration accelerations, measured at the input shaft of the bucket wheel’s gear-reduction on the
SRs1300 — old and new variant

Beha kpyTocT HOBOT pefyKTopa je AoKa3aHa Kako JHHAMH-
YKHM [POpPaYyHOM (HEMOBOJEHO OCLMJIOBAKE H3PAKCHO
KOJI MOMEHTHE TOJNyre ¥ HOcaya MOTOpA), TAKO U EKCIIe-
PUMEHTAJIHUM MepemeM. Ha xapakTepHCTHYHOM, IOMHHA-
HTHOM MECTy YJA3HOT BpaTHia pPeAyKTopa, MaKCHMalHe
aMILIATYZIe y BpeMeHCcKoM jomeny cy 0.15 m/s®, a y ¢pe-
kBeHTHOM momeny 0.025 m/s’. Kox crapor peaykropa Te
BPEIHOCTH Cy HEKOJIMKO MyTa Behe u TO ca M3pakeHUM CH-
THajuMa Koju ykasyjy Ha Oynyhe npoOieme. MakcumaiiHa
aMIUTUTYAa Y BPEMEHCKOM JoMeHy je one 0.55 mm/s, a 'y
¢pexBenTHOM noMeny 0.1 mm/s. OuunTo je na crapa Bapu-
jaHTa Mopa NpeTpIeTH MPOMEHE y TeOMETPHjH U HOBOM
IM3ajHy ca acrekra noBehama HHBOA KPYTOCTH, OZHOCHO
moBehama concTBeHnx ¢pekseHu. To je, m3mehy ocranor,
W JIOBEJIO J0 3aMEHe CTape IOrOHCKE TpyIe pagHOr TOYKa
6arepa SRs1300 na I1IK ,,/Ipmuo*. Ko HOBE mOTroHCKE Tpy-
e, 3Hajyhn 1a je enekTpoMoTop ca ()pEeKBEHTHOM peryliamu-
joM, m3MepeHa Op3rHa 00pTama, OIHOCHO IMOOYAHa Op3HHAa, je
Ha 1020 min'. Hema m3pakeHnx xapmonuka nodyze (2X, 3X
UTJ.), 1a Ce MOYKE KOHCTAaTOBATH BUCOKA KPYTOCT €JIEMEHTa ca
J100po pacniopel)eHoM MacoMm, IITO HUje OMO CIIy4aj ca CTapoM
TIOT'OHCKOM T'PYIIOM.

4. 3akmbydak

PeBuranuzanuja potopHor Oarepa je HHKEHEPCKH KpeaTH-
BaH U CJIOXEH IOCTyHaK Koju oOyxBaTa CKyIl eJeKTpoMa-
IIMHCKUX WHTEPBEHIIMja KOjHMa Ce BPIIM 3aMeHa CBHX J0-
Tpajaiux Wik omTelieHuX JeloBa W, EBEHTYaIHO, HHHXOBa
MozepHu3arrja. OHO MITO MPETXOIH MOCTYMIMMA KOJU YH-
HE PeBHUTANM3AIN]Y CY OOMMHA U TPELI3HA JHjarHOCTHYKA

Increased stiffness of the new gear-reduction is confirmed
by dynamic calculation (unfavourable vibrations at torque
lever and motor support) as well as experimental measur-
ing. Value of the amplitudes in time domain, taken at
typical, dominant place of the gear-reduction input shaft, is
0.15 m/s?, whereas in frequency domain this is 0.025 m/s”.
These values are several times greater for old gear-
reduction, with pronounced signals indicating future
problems. Maximal amplitude in the time domain in this
case is 0.55 mm/s, and 0.1 mm/s in the frequency domain.
Obviously, old variant must be revised regarding geometry
and the new design from the aspect of increasing the
stiffness level, namely increasing the own frequencies.
Among other things, this caused the replacement of the old
bucket wheel’s drive unit on the SRs1300 excavator at the
Drmno open pit. Considering the fact that electric motor
has frequency regulation, measured rotation speed i.e.
speed of actuation at the new drive unit is 1020 min™'. There
are no pronounced actuation harmonics (2X, 3X etc.),
therefore the high stiffness of the elements with proper
distribution of the load can be stated, which was not the case
for the old drive unit.

4. Conclusion

Revitalization of the bucket wheel excavator is creative and
complex engineering process. It involves set of electrical
and mechanical interventions performed to replace all
deteriorated and damaged parts and possibly modernize
them. Revitalization procedures are preceded by
comprehensive and precise diagnostic examinations. More



ucnuThBama. Ko enekTpo 1 MammHcke onpemMe Ha 6arepy,
YCIIOCTaBJbEHH CY JaCHH KPUTEPHjYMU O HHUXOBO] 3aMEHHU
WM pexaOWIINTalju Hero KO/ YeJIMYHe KOHCTpYKLHje, 6e3
003upa 1ITO 32 paJIHU BEK POTOPHOT Oarepa, BaXKH MPaBUIIO
Jla IMPEKTHO 3aBUCH OJ1 TPAjHOCTH YEIMYHE KOHCTPYKIIHjeE.
CIIOXEHOCT CTPYKTYpe POTOPHOr Oarepa yTHYe M Ha CJIO-
JKEHOCT Mpolieca peBHTaNH3allMje, 3Hajyhu 1a ce Ha poTop-
HOM 0Oarepy Hayiase pa3MYdTe TPyIe rpaambe MAIIHHCKE H
@JIEKTPO OTIpeMe, KOje MPeCTaBIbajy NUJbHY TPYITy peBUTA-
J3anmje.

OCHOBHH pe3yiTaT KOju NeHHHUITY TTI00aTHA HUBO MOHA-
I1aha OrOHCKE TPyIe, a KOjH Cy JOOWjeHH aHaJIUTHYKO-HY-
MEpPHYKO-EKCIIEPHMEHTATHUM TIPOPAuyHOM M MeperheM (Mo-
Ty ce TpeTUpaTd M Kao MpaBIH JielioBama ka oapxkai39 y),
yKazyjy Ha cnenehe:

® [IOrOHCKE TPyIe PaJHOTr TOYKAa KOje MMajy BEIUKO
pactojambe m3Meh)y ocioHama, WMajy pelaTUBHO
Jole JOUHAMUYKO TMOHANIAWkhe; y JHHAMHYKOM
IpopadyHy I10jaBa IpeioMa yJIa3HOT BpaTHiIa Kao
npeu, 2X, 3X wmwmm 4X XapMOHHK, JOKa3aHO
BUOpOIIMjarHOCTUKOM; CTapHje u3Bende uMmajy
MamU I7100ajJHU HUBO KPYTOCTH; YECTO ce Modyxaa
oJ1 o0pTama BpaTUIa pOTOpa EIEeKTPOMOTOpa UIIH
ylIa3HOI  BpaTWla pelayKTopa IOKJIama ca
(pekBeHIIOM  TMOHAIIaka  KOHCTPYKOWje  Ha
Ipenazy HUBOAa KPYTOCTH; KOJ HOBHjUX H3BeIOH,
poOieMu Cy JIOKJIHOT KapakTepa u To Hajuemthe
H3PXEHU MPEKO HEeaIeKBaTHOI YJIA3HOT BpaTHIIA
1 MOMEHTHE IOJIyT'e MaJjloT HUBOa KPYTOCTH;

e  yJIa3HO BPaTWIO PelyKTopa WM BPaTHIO POTOpa
SNIeKTPOMOTOpa,  Kao  TJaBHM  IIOKa3aTesb
JUHAMIYKOT HOHAIIAkbA penykropa u
€JIEKTPOMOTOpa, MOpajy HMMaTd IOBOJbHH HHUBO
KPYTOCTH W MOpajy OWTH ONTUMH3MpaHa ca
acrekTa JUMEH3HMOHHCAaHOCTH W T€OMeTpHje
(KOH30JIHU 10 TIpeMa CIIOjHHUI Mopa OWTH Mamu
WK jemHaK pacrojamy usMel)y JexajeBa 'y
PEeOyKTOpY); MOCTaBJbambha TEXKEr Jelia CIOjHUIIC
Ha CTpaHH BpaTWJIa POTOPa EIEKTPOMOTOpPa, 300T
Behier HIBOA KPYTOCTH W BHIIE MPBE (PEKBEHIIE j&
OIIPaBIaHO.

[Toroncka rpyma pagHor TOYKa POTOpHOr Oarepa, usMmehy
OCTaJIuX, I/IMajth/I Yy BUAY AUHAMHUYKU MOJCII, MOXE UMATU
BPEMEHOM JIOIIIE [IOHAIAke, Y 3aBUCHOCTH O]l HAIpes HaBe-
JICHUX Tpellaka y HHUBOMMa KPYTOCTH, T€OMETPUJH U OCJIOH-
mMa. MelyTum, NpaBHIHUM ITOCMaTpameM Ielie TpyIe,
OJIHOCHO CBHX ICHHX €JIeMEHATa, O]l Iara eICKTPOMOTOopa,
MPEKO eJIeMeHaTa MpeHoca OOPTHOI MOMEHTa, 110 OCJIOHAIa
MOTOHCKE TPyNe Ha CTPeNH pPaJHOr TOYKa, Kao0 M HWHXKe-
EPCKOM HHTYHIIHjOM, MOXKE c€ JONM 10 MpaBHIIHOT aHja-
THOCTHKOBamba CTaba U MOHAIIAKka, U JOJTKEeHa 10 Y3poKa
npodieMa, y IUJbY HBErOBOT IIPEBasHIaKeHha.
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exact criteria for replacement or rehabilitation were
established for electrical and mechanical equipment at the
excavator then for steel construction, regardless the fact that
lifetime of the bucket wheel excavator is directly related on
lifetime of the steel construction. Since the bucket wheel
excavator comprises of different strucural units, machinery
parts and electric equipment representing the target group
for the revitalization, it is safe to say that the bucket
wheel’s structure complexity influences complexity of the
revitalization process.

Main results defining the global level of drive unit’s
behaviour,  attained  through  analytical-numerical-
experimental calculation and measuring (representing
actions towards maintenance), indicate following:

e Bucket wheel’s drive units with great distance
between supports has poor dynamic behaviour; in
dynamical calculation input shaft failure appearance
as first, 2X, 3X or 4X harmonic, as proved by vibr-
diagnostics; older constructions have lower global
level of stiffness; often the actuation from the
rotation of the rotor’s shaft or the actuation from
the gear-reduction input shaft coincide with the
behaviour frequency of the construction at the
transition of the stiffness levels; with newer
constructions, problems are localized and often
expressed through inadequate input shaft and
torque lever with the small level of stiffness;

e Input shaft of the gear-reduction or shaft of the
electric motor rotor, as main indicator for the
dynamic behaviour of gear-reduction and electric
motor, must have adequate level of stiffness. They
also have to be optimized from the aspect of
dimensioning and geometry (console part towards
the coupling has to be less than or equal to the
distance between the bearings of the gear-
reduction); placing the heavier part of the coupling
at the side of the electric motor rotor’s shaft is
justified by the higher level of stiffness and higher
first frequency.

Based on the dynamical model, bucket wheel’s drive unit on
the excavator can perform poor behaviour in time, depending
on above-mentioned mistakes concerning levels of stiffness,
geometry and supporting. Nevertheless, adequate observation
of the whole group, namely all of its elements such as electric
motor pad, elements of power transfer, supports of the drive
units at the beam, and engineering intuition can lead to
proper condition and behaviour diagnostic, and detection of
the cause of the problem with the goal of overcoming it.
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