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Hucepraniiina po0OoTa NPUCBSUEHA CTBOPEHHIO AaBTOMATH30BaHOI CHCTEMHU
MO3ULIMHOTO KEpyBaHHS E€JIEKTPONPUBOJAMHU KpaHa-MaHIMyJIATOpa MpHU BIIIPALIOBaHHI
TEXHOJIOTIYHOTO MPOIECY Y CKJIaJll YCTAHOBKHU JI€3aKTHBAllll pallOaKTUBHUX METAIIIB, SIKA
3a0e3mneuye MiBUIICHHS IBUIKOAII Ta TOYHOCTI MO3UIIIOBAHHS BaHTAXXKy KpaHa B yMOBAax
JUHAMIYHOI 3MIHU XapaKTEPUCTUK HABAaHTAXEHHS Ta 30ypeHb.

B enepreTuuHiii ramysi, 30kpeMa Ha aTOMHUX €JIEKTPOCTAHI[ISIX, B TEXHOJIOTTYHUX
JIHIAX BUKOPUCTOBYIOTHCS KpPaHU-MaHINYJSATOPU [UIsl TPAHCIOPTYBaHHS CIELIaIbHUX
MarepialiiB, SIKE BUMAarae MmiJABUIIEHOI TOYHOCTI MO3UIIIOHYBaHHS BaHTaXy Ta MOTpeOye
BUKOHAHHS JKOPCTKMX YMOB Oe3neku. Taki YCTaHOBKM, HalpHUKiIad, YCTaHOBKHU
J€3aKTUBALlli METAJ€BUX BIJIXOJIB, € YHIKAJIbHUMH 1 TOMY JMJii CTBOPEHHSI CHCTEMH
KEpYBaHHS PYXOM KpaHa-MaHINMYJIATOpa HEMOXKJIMBO 3aCTOCOBYBATH IT1JIXO/IH, K1 3a3BUYal
BUKOPUCTOBYIOTh JJIsi 3arajJibHONPOMUCIIOBUX KpaHiB. Ha mBuAKOAil0O Ta TOYHICTH
MO3ULIOHYBaHHA POOOYOro OpraHy TaKOro KpaHy BIUIMBAIOTh HEBU3HAYEHICTh Maco-
THEPIINHUX XapaKTepUCTUK BaHTaXy, II0 TPAHCIOPTYETHCS, a TaKOX HelIealbHICTh
KOHCTPYKIIi MeXaHI4HOi 4YacTMHM KpaHa. Cucrema KepyBaHHS NPHUBOJAMU KpaHy-
MaHIMyJIsITOpa TOBUHHA 3a0€3MEeYUTH JUHAMIYHI XapaKTEPUCTHKHU, SIKI TapaHTyIOTh
BIIXWJICHHS pEaJbHOTO TMIOJOKEHHS BaHTaXy B 3a/laHOl TPAEKTOpii pyXy, IO HE
MEePEBULLYIOTh BCTAHOBJIEH] 3HAYEHHS Y BIATIOBIAHOCTI O BUMOT O€3IEKH.

[IpoBeneHo  aHami3  ICHYIOUMX  CHCTEM  aBTOMAaTHMYHOTO  KEpyBaHHs
EJICKTPOINIPUBOAAMH KPaHiB, 3 SKOTO BUIUIMBAE, 1110 TOUYHICTH KEPYyBaHHS (ITO3UIIIFOBAHHS) B
TaKMX CHCTEMAaxX 3aJIeKUTh: Bl TOYHOCTI BIANPALIOBAHHS KYyTOBOTO MOJIOKEHHS Bajy
MPUBOJHOTO JIBUTYHA, HA IKOMY BCTAHOBJICHO JaBay MOJOXKEHHS, Bi/l BIUIUBY HelAealbHOI

KIHEMaTUKHU CUCTEMHU, IO MOTpeOye CUHXPOHI3allli IPUBO/IIB MPU MEPEMIILIEHHI BAHTAXKY,



BiJl HasBHOCTI KOJMBAaHb BaHTaXy 1 JAMHAMIYHOI 3MIHM XapaKTEPUCTHK NPUBOAY 1
CepeIOBHINA, B sIKE 11 BaHTaX OIYCKAaIOTh, Ta MOTpeOye BIAMOBIAHOT KOMIEHCALIl 3MiH
HaBaHTaXEHHS 1 30ypEHb.

Po3po0ieHo imiTariiiiHy MoJenb MEXaHIuHOI CHCTEMH KpaHa-MaHIMMyJIsATopa y CKIajl
YCTAHOBKM JI€3aKTHBAIlli pPal0OaKTUBHUX METaliB, MPOBEIECHO MOJCIIOBAHHS Ta aHai3
CTaTUYHUX 1 JUHAMIYHUX PEXKUMIB POOOTH NMPHUBOJHUX MEXaHI3MIB KpaHy (MOCTa, BI3Ka i
BAaHTAXOMIIMOMHOTO  TPUCTPOIO) TMpH  TEPEMINICHHAX  BaHTaXy (BiAOpalfoBaHHI
TEXHOJIOTTYHOT'O MPOIIECY) Y TPHOX KOOP/IMHATAX.

[IpoBeneHO MOPIBHSIIBHUN aHAMI3 PE3YJIBTATIB PO3PAXYHKIB 32 IMITALIHHOK MOJIEILTIO
KpaHa-MaHiMmyJsTopa Ta 3a JIHeapu30BaHUM MaTeMaTUYHUM onucoM. OTpruMaH1 pe3yabTaTu
CBIYaTh MPO aJIEKBATHICTH MOJEN Ta JIAal0Th MOXJIMBICTH B TOAAJBIIOMY 3/1MCHIOBATU
MOJICIOBaHHS MPUBOJHUX MEXaHI3MIB MOCTOBHUX KpaHIB y CKJIAJl CHUCTEM KepyBaHHS
MIOJIOKEHHSM BaHTAXYy.

CuHTE30BaHO CHCTEMY KE€PYBaHHS LIBUJKICTIO MOCTYNAIBHOTO MEPEMIIIEHHS KpaHy-
MaHIMyJSITOpa 3a JAOMOMOIOK JIHIMHOTO KEpyBaHHS 31 3MIHHMUMH MapaMeTpaMu, sKa
€(pEeKTUBHO TacuUTh KOJMBAaHHS BAaHTAXy, II0 MEPEMILIYETHCS MOCTOBUM KpaHOM, 3
ypaxyBaHHSM 3MiHHU JTIOBKMHH KaHaTa.

BrockoHaneHo MeToJ1 KepyBaHHS KPAaHOM-MAaHIITYJIITOPOM 1 MPENICTABICHO PIICHHS
MpOoOJIEMH ONTUMAJILHOTO 3a IIBHJKOAIEI0 TAaCIHHS KOJMBaHb BAaHTAXY MPHU TEPEMIIICHHI
KpaHy, OTPHUMaHe IUITXOM CHHTE3y CUCTEMH 31 3BOPOTHUM 3B'S3KOM 32 BEKTOPOM CTaHy 1
cnoctepirayem crany JlroenGeprepa TpeThoro MopsiAKy Ha IiJICTaBi JJiHeapu30BaHOT MOIEITI
31  3MIHHMMH  [apaMeTpamMu.  AJamnrtaifisi  CepeIHbOTeOMETPUYHOTO  KOPEHS
XapaKTEPUCTHUYHOTO MOJTIHOMA 1 KOe(IIIEHTIB PEryasTopa CTaHy 10 3MIHU JOBXXUHH KaHaTa
JI03BOJISI€ 3MEHIIUTH aMIUTITYAy KOJMBaHb BaHTAXy IPHU PO3TrOHI 1 rajJbMyBaHHI Bi3Ka, 1
JKBIIYBAaTH 1X HA IUISHII pyXy 3 TOCTIHHOIO MIBUAKICTIO 1 B IIUIBOBIN TOYIII.

3 oTpuMaHUX Pe3yJbTaTiB 3p00JIEHO BUCHOBOK TIPO JIOIIIHHICTh BUKOPUCTAHHS JJIS
MPUBOJTY TEJIECKOMIYHOI KOJIOHU KpaHa-MaHIIMyJIsITOpa CUCTEMHU PETyJIIOBaHHS MOJIOKEHHS.

Po3pobieno MaTeMaTHUHy MOJIENIb MEXaHIYHOT YaCTUHU CHCTEMHU €JICKTPOIPHUBOIY
BAHTAKOMIJHOMHOTO  MPUCTPOIO  KpaHa-MaHIMyJIsATOpa  YCTAHOBKHU  JI€3aKTUBAIIil

palOaKTUBHUX METAJliB, sSKa aJ€KBATHO BiToOpakae Taki OCOOJIMBOCTI TEXHOJIOTTYHOTO



IpOIIECy AK 3MIHY MOMEHTY CTaTHYHOTO OMOpPYy Ta MOMEHTY 1HEpIii MPUBOIY NpU 3aHYPEHH]
KOIIIMKA 3 BAHTAXEM Y JIC3aKTUBYIOUNH PO3YHH, MUTTEBE 3MEHIICHHS IITBUIKOCTI KOIIIKA 710
HYJIs Ta BUIIIJIGHHS. MacH KOIIIMKA BIJ] MacH KOJIOHU TIPU JOCSTHEHH1 KOIITMKOM JIHA BaHHHU.

BusHaueHo, 110 3aCTOCYBaHHS B EJEKTPONPHBOAlI BAHTAXKOMITHOMHOTO MPUCTPOIO
KpaHa-MaHIIMyJSITOpa CHUCTEMH PEryJIIOBaHHS INBUAKOCTI TIPH  OyJb-sAKiM TMOXHUOI Y
PO3paxyHKy TaxorpaMu MPHU3BOJUTH A0 PUBKIB MPHU JOCATHEHH! KOIIMKOM JIHA BaHHU (IO
3YMOBITIO€ PO3IUIECKYBAHHS JI€3aKTUBYIOUOT0 PO3UMHY Ta HEMPHUITYCTUME 3aHYPEHHS KOJIOHU
BaHTAXXOITITHOMHOTO MPUCTPOIO abo ii JeTayiell y Je3aKTUBYIOUMI PO3YHMH) UM JI0 3aBUCAHHS
KOIIIMKA HaJ[ THOM Ta MOPYIICHHS MPOILIECY BIIOKPEMIICHHS KOIIIMKA BiJl KOJIOHH.

Po3pob6sieno Simulink-monent cucreM 4YacTOTHOTO KEpyBAaHHS EJIEKTPOIPUBOJAMHU
MOCTa Ta Bi3Ka KpaHa-MaHIMMyJATOpa 3 BUKOPUCTAHHAM KHUBJICHHS JIBOX JBUTYHIB BiJ
3arajibHOrO Ta 1HIUBIAYyaJIbHUX MIEPETBOPIOBAUIB YACTOTH, 3p0O0JIEHO MOPIBHSIBHUAN aHaJI3 Ta
BU3HAYCHO ONTHUMAJIbHI CTparerii KepyBaHHA, SIKI MiJBUIIYIOTH IIBHUAKOIIIO 1 TOYHICTb
MO3UIIOHYBAaHHS KpaHa.

AHani3 cTpareriii KepyBaHHs I0Ka3aB, 1110 Kpalll pe3yJIbTaTh ISl CKAISIPHOT CUCTEMU
€ «Master-Slave» Ta «Mean controly, siki MatOTh BUCOKY IIBHIKO/1I0 CUCTEM 1 B pe3yJIbTaTI
BEJIMKY TOYHICTh MO3UIIIOHYBAaHHS Bi3Ka, a came Mpu cTparerii kepyBanHs «Master-Slavey
noxuOKa MO3ULIOHyBaHHs ckiana 2.3%*10° M npu gomycrumiii 0.02M Ta npu «Mean control»
2*10° M, 1m0 ABIAETHCSA JOCTATHHO BHUCOKOI TOYHICTIO MO3MIIIOHYBAaHHS Ta BiAIOBinae
MMOCTaBJICHUM BHMOTaM. Pi3HUIA MIBHAKOCTEH MPU TAKUX CTPATETIAX € HEBEIHUKOK 1
MIPUCYTHSI JIUIIIE ITPU PO3TOHI Ta raJlbMyBaHH1, 3 4OT'0 MOYKHA JIIATH BUCHOBKY, 1110 (DAKTUYHO
MpOoOYKCOBYBAHHSI KOJIIC Bi3Ka € MaJIOBIPOT1THUM.

BcraHoBrieHO, 1m0 MpHW BUKOPHUCTAHHI CHCTEMH BEKTOPHOTO KEpyBaHHS Ta JBOX
MEePETBOPIOBAYIB YaCTOTH OTPUMAEMO PE3yIbTaTH 3 MOXHOKAMHU TO3WIIIOHYBAaHHS: TPH
BIJICYTHOCT1 KOMIIEHCAIIT - 1.6*10°° M, a 3 xommeHcamieo - 8*10° M, mo cBigunTH po
BEJIMKY TOYHICTH MO3UIIOHYBaHHS.

Po3pobneno Simulink-mMozem cucTteM YacTOTHOTO KEPYBaHHS EJIEKTPOIPUBOIY
BAHTAXKOMIAHOMHOTO MPUCTPOIO KpaHa-MaHIMyJIATOpa, 3p00JIEHO MOPIBHJIBHUNA aHalI3 Ta
BU3HAYCHO ONTUMAIbHY CTpATErit0 KepyBaHHS, SKa IMIABHUIIYE IIBUAKOMIIO 1 TOYHICTH

MO3UITIOHYBaHHS BaHTAXy KpaHa.



CUHTE30BaHO CHUCTEMY TMO3MLIAHOTO €JIEKTPOIPUBOAY 13 3aJal0YMM TIPUCTPOEM,
MPOMOPLIAHO-IHTETPAJIbHAM ~ PETYASTOPOM  MIBHIKOCTI Ta JIHIAHUM TPONOPLIAHUM
PETYJISITOPOM TOJIOXKEHHS, KA 3a/I0BOJIbHAE BHMOraM TEXHOJIOTIUHOIO IIpolecy (a came
BUMOT'aM TO3UIIIOHYBAHHS) 1 MOKE OYTH PEKOMEHIOBAHO ISl BAHTAXKOM1THOMHUX MPUCTPOIB
KpaHiB-MaHIMyJISTOPIB.

Po3pob6ieHo cucteMy aBTOMaTUYHOTO K€pyBaHHs Ha 0a3l MPOrpaMOBaHUX JIOTTYHUX
KOHTPOJIEPIB, B SKiii BHKOHAHO TMPOTpPaMHy peaji3alilo po3pOOJICHUX alTOPUTMIB
KEPYBAHHS aBTOMaTU30BaHUM KPAaHOM-MaHIMyJISITOPOM.

HoBu3zHa poboTu nojsirae B HacCTyrHOMY. Briepiiie po3po6sieHo iMiTaliiHy MoJIeb
MEXaHIYHOI CHCTEMH KpaHy-MaHINyJIAToOpa y CKJIaAl YCTAHOBKM JI€3aKTUBAIlll
pasioaKTUBHUX METAJIIB, KA J103BOJISIE POBOJUTH MOJEIIOBAHHS Ta aHaJ3 CTaTUYHUX 1
JUHAMIYHUX PEXUMIB pOOOTH NPHUBOJIHUX MEXAHI3MIB KpaHy MPHU NEPEMIIICHHIX BaHTAXY
(BiampalroBaHHI TEXHOJIOTTYHOTO MPOIIECY) Y TPHOX KOOPIUHATAX.

BrockoHaneHo MeToa KepyBaHHS KpPaHOM-MaHIMYJISTOPOM ISl ONTUMAJIBHOTO 32
IIBUIKOAIEIO TACIHHS KOJIMBAaHb BaHTAXXy IPH NEPEMIIICHH] KpaHy, 3 ypaxyBaHHSAM 3MIHU
JIOBKMHU KaHaTa, IKUW MOJISIrae y CUHTE31 CUCTEMU MOJAAJILHOTO KEPYBaHHS 31 3BOPOTHUM
3B'I3KOM 33 BEKTOPOM CTaHy 1 croctepiradyeM crany JlroeHOeprepa TpeTboro Mnopsjaky,
SIKUWA BITHOBJIIOE KYT BIJIXWUJICHHSI BaHTa)Ky BiJl BEPTHUKaI Ta HOr0 KyTOBY IIBHUJIKICTH, Ha
IT1JICTaB1 JIIHEAPU30BaHOI MOJIEIII 31 3SMIHHUMHM MapaMeTpaMHu.

Bnepmie po3po0iieHO MaTeMaTH4Hy MOJENh MEXaHIYHOI YacTUHM CHCTEMU
€JIEKTPONPUBOAY BAHTAXKOMIIHOMHOIO TMPUCTPOI0 KpaHA-MaHIMyJIATOpa YCTAaHOBKHU
J€3aKTUBAllli PaJlOAKTUBHUX METaNiB, B SIKIl BpPaXxOBaHO 3MiHY MOMEHTY CTaTHYHOIO
HABAaHTA)XCHHS, 3yMOBJICHY Ji€l0 BUIITOBXYBAJIBHOI CHJIM TIPH 3aHYPEHHI BaHTAXy Yy
TEXHOJIOT1YHY BaHHY 0OMEXXEHOT0 00‘eMy 3 PIIMHOI0, Ta 3MIHY MOMEHTY 1HEpIIii MPUBOTY
MICJIS TOCSITHEHHST BAaHTAXKEM JTHA BaHHH.

BrockonaneHo  MeTOA  KepyBaHHS  3a  TOJIOKEHHSM  €JIEKTPONPUBOAOM
BAaHTKOMIAHOMHOTO TIPHUCTPOIO KpaHA-MaHIMyJIATOpa, SKUM TMIABUIILYE IIBUAKOMIIO 1
TOYHICTh MO3UIIIOHYBAaHHS BaHTa)XXy KpaHa Ta MOJISITA€ y CUHTE31 CUCTEMM MO3ULIMHOIO
KEpyBaHHS 3 33/IaF0YMM MPUCTPOEM, TIPOTTOPIIIIHO-IHTETPAIIbHUM PETYIISTOPOM IIBUIKOCTI

Ta JIHIHHUM TPOMOPILIHUM PETYISITOPOM MOJOKEHHS.



[TpakTiuHe 3HAYEHHS OAEPKAHMX PE3YJIbTATIB MOJSITae B JOBEACHHI HAIIMHOCTI
3aMpoNOHOBAHOI CUCTEMU KepyBaHHS €JIEKTPOIPUBOJAMHU MOCTOBOTO KpaHa-MaHIMyJsTOpa
Ta CTBOPEHH1 HAYKOBOi 0a3M /JIsi CHHTE3y CUCTEMH KepyBaHHS €JIEKTPONPHUBOIaMU KpaHa-
MaHIMyJISTOpa YCTAHOBKY JI€3aKTUBAIIT PaJi0OaKTUBHUX METAIB.

Po3po6iena imiTariiiHa MoJiesIb MEXaHIYHOT CUCTEMH KpaHy-MaHIMMyJIsaTopa MOXe
OyTH BUKOPHCTaHA JJIs JOCIIKEHHS IMPOIECIB MEePEeMIIICHHSI BaHTaXy MPU OJHOYACHIM
poOOTI MOCTa, Bi3Ka 1 BaHTAXOMIJAOMHOTO MPHUCTPOIO JIOOOr0 1HIIOTO KpaHa-
MaHIMyJsTopa.

BuxopuctanHs 3ampolOHOBAHUX CHCTEM KEpPYBaHHSA JIO3BOJISIE  BUKIIOYHTH
MOKJIUBICTh TEPEI3Ay YW HEOO0I3ay poOOYOro OpraHy BaHTaXXOIIIHOMHOIO HPHUCTPOIO
KpaHa-MaHIMyJIsITopa MpU 3aHYpPEeHHI B TEXHOJOTIYHY BaHHY OOMEXEHOro o0‘emy 3
PIAMHOIO 32 PaXyHOK pPO3pOOJEHUX METOJIB KepyBaHHS Ta 3aJaTUMKIB NoJIokeHHs. [Ipu
[[bOMY BUKJIIOUAETHCS BUKOPUCTAHHS CKJIAQJHUX MEXaHIYHUX MOCAJOYHUX MPUCTPOIB IS
TOYHOTO MO3UILIIFOBAHHS.

Po3pobsieHi MeTroau Ta CHUCTEMHU KEpyBaHHA MOXYThb OyTH BUKOPHUCTaH1 s
PO3pPOOKH HOBUX METO/11B YACTOTHOTO KEPYBAHHS Oy Ib-IKUMH 1HIIIUMH €JIEKTPOIIPUBOIAMHU
CHellagi30BaHuX KpaHIB-MaHIMYJISTOPIB.

Pe3ynbraT BUKOHAHMX B JUCEpTaIlii MOCHIIKEHb (MOJEN MEXaHIYHOI CUCTeMHU
KpaHa-MaHIMyJIsTopa, aITOPUTMH aBTOMAaTHYHOTO KEPYBaHHS €JIEKTPONPHUBOIAMHA KpaHa)
Bukopuctano komnaniero TOB «HT® TEMOC» npu CTBOpEHHI CHUCTEMHU MO3ULIMHOTO
KEpyBaHHS €JIEKTPONPUBOJIAMA MOCTOBOTO KpaHA-MaHIMyJSITOpa y CKJIaJl YCTAaHOBKH
ne3akTuBalli pagioaktuBHuX MetaniB Ha I «HaiionanibHa atoMHa eHeproreHepyroua
kommnanisg «Exeproarom» BII «PiBHEHChKka aTOMHA €JIEKTPOCTAHIIISN, 1O MiATBEPIKEHO
BIMOBIIHUM akToM. PeanizoBaHa cucTemMa TO3WTHMBHO 3apeKOMEHIyBajga cebe mpu
BUKOPHCTAHHI.

Knrouosi cnosa. xpan-maHIIyJIsSTOp, MOJENb, aBTOMAaTU30BaHA CHCTEMaA, CUCTEMaA
KEepyBaHHS, BAHTAKOM1AHOMHUI PUCTPIH.
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ANNOTATION
Ryzhkov O.M. Dynamics control of electrical drives for the bridge crane with
manipulator. — Qualifying scientific work with the manuscript copyright.
The thesis for a doctor of philosophy science degree in speciality 141, “Electrical
power engineering, electrical engineering and electromechanics”.— the institute of
Electrodynamics of the NASU, Kyiv, 2021.

The dissertation is devoted to creation of the automated system of positional control
of electric drives. For the crane manipulator witch working in technological process as a
part of radioactive metals decontamination system. This system used for providing
increasing of speed and accuracy for the cargo positioning in conditions of dynamic change
of characteristics of loading and disturbances.

In the energy sector, in particular at nuclear power plants, process lines use cranes
to transport special materials, which requires increased accuracy of cargo positioning and
requires strict safety conditions. Such installations, such as metal waste decontamination
plants, are unique and therefore it is not possible to use the approaches commonly used for
general industrial cranes to create a crane-manipulator movement control system. The speed
and accuracy of positioning of the working body of such a crane under the influence by the
uncertainty of the mass-inertial characteristics of the transported cargo, as well as the
imperfection of the design of the mechanical part of the crane. The control system of the
manipulator crane drives must provide dynamic characteristics that guarantee the deviation
of the actual position of the load from the specified trajectory, not exceeding the set values
in accordance with safety requirements.

The analysis of existing systems of automatic control of electric drives of cranes was
carried out, from which it follows that the accuracy of control (positioning) in such systems
depends: on accuracy of angular position in drive motor shaft on which the position sensor
is established. Movement of the load, from the presence of oscillations of the load and the
dynamic change of the characteristics of the drive and the environment in which the load is

lowered, and requires appropriate compensation for changes in load and disturbances.



A simulation model of the mechanical system of the crane-manipulator as a part of
the installation of decontamination of radioactive metals is developed, modeling and
analysis of static and dynamic modes of operation of crane drive mechanisms (bridge,
trolley and lifting device) during cargo movements (technological process testing) in three
coordinates.

A comparative analysis of the results of calculations on the simulation model of the
crane-manipulator and on the linearized mathematical description is carried out. The
obtained results testify to the adequacy of the model. This model make possible simulating
the drive mechanisms of bridge cranes and using it in load position control systems.

A system for controlling the speed of translational movement of the crane-
manipulator with the help of linear control with variable parameters has been synthesized,
which effectively dampens the oscillations of the load moving by the bridge crane, taking
into account the change in the rope length.

A new solution to the problem of eliminating oscillations of a load moving by a
crane mechanism of translational motion and a lifting device, obtained by synthesizing a
system with feedback on the state vector and a third-order Luenberger state observer based
on a linearized model with variable parameters. Adaptation of the geometric mean root of
the characteristic polynomial and the coefficients of the state regulator to change the length
of the rope allows reducing the amplitude of oscillations of the load during acceleration and
braking of the truck, and eliminating them in the area of movement at constant speed and at
the target point.

From the obtained results, it is concluded that it is expedient to use a position control
system for the drive of the telescopic column of the crane-manipulator.

A mathematical model of the mechanical part of the electric drive system of the load-
lifting device of the crane-manipulator of the radioactive metal decontamination unit has
been developed. This adequately reflects such features of the technological process as the
change of static resistance moment and drive moment of inertia when immersing the mass
of the basket from the mass of the column when the basket reaches the bottom of the bath.

It is determined that using speed control for the hoisting device of the crane-

manipulator make the errors in the calculation of the tachogram and leads to jerks when the



basket reaches the bottom of the bath. This causes splashing of decontamination solution,
unacceptable immersion before the basket hangs over the bottom, and the process of
separating the basket from the column is disrupted.

Simulink-models of frequency control systems of bridge electric drives and truck
crane trolleys using power supply of two motors from common and individual frequency
converters are developed, comparative analysis is made and optimal control strategies are
determined, which increase crane speed and accuracy. The analysis of control strategies
showed that the best results for the scalar system are "Master-Slave" and "Mean control”.
Which have high system performance and as a result high accuracy of trolley positioning,
namely with the control strategy "Master-Slave" positioning error was 2.3*10° m with a
permissible 0.02 m and with "Mean control" 2*10 m, which is a fairly high positioning
accuracy and meets the requirements. The difference in speeds in such strategies is small
and is present only during acceleration and braking, from which it can be concluded that the
actual slippage of the wheels of the cart is unlikely.

It is established that when using a vector control system and two frequency
converters we get results with positioning errors: in the absence of compensation 1.6*107
m, and with compensation 8*10° m, which indicates high accuracy of positioning.

Simulink-models of frequency control systems of the electric drive of the load-lifting
device of the crane-manipulator are developed, the comparative analysis is made and the
optimum control strategy, which increases speed and accuracy of positioning of cargo of the
crane, is defined.

A positional electric drive system with a master device, a proportional-integrated
speed controller and a linear proportional position controller has been synthesized, which
satisfies the requirements of the technological process (namely positioning requirements)
and can be recommended for hoisting devices of manipulator cranes. An automatic control
system based on programmable logic controllers has been developed, in which the software
implementation of the developed control algorithms for the automated crane-manipulator
has been performed.

The novelty of the work is as follows. For the first time a simulation model of the

mechanical system of the manipulator crane was developed as a part of the radioactive metal



decontamination unit, which allows modeling and analysis of static and dynamic modes of
crane drive mechanisms during cargo movements (technological process testing) in three
coordinates.

The method of control of the crane-manipulator for optimum on speed of damping
of fluctuations when moving the crane is improved. Also taking into account change of
length of a rope, which consists in synthesis of system of modal control with feedback on a
vector of a condition from the vertical and its angular velocity, based on a linearized model
with variable parameters.

For the first time a mathematical model of the mechanical part of the electric drive
system of the hoisting device of the crane-manipulator of the radioactive metal
decontamination unit was developed, which takes into account the change of static load
moment due to the action of the ejection force. cargo bottom of the bath.

The method of position control of the electric lifting device of the crane-manipulator
has been improved, which increases the speed and accuracy of positioning of the crane load
and consists in the synthesis of the position control system with the master, proportional-
integrated speed controller and linear proportional position controller.

The practical significance of the obtained results is to prove the reliability of the
proposed control system of electric drives of the bridge crane-manipulator and to create a
scientific basis for the synthesis of the control system of electric drives of the crane-
manipulator of radioactive metals decontamination unit.

The developed simulation model of the mechanical system of the crane-manipulator
can be used for research of processes of movement of cargo at simultaneous work of the
bridge, the cart and the load-lifting device of any other crane-manipulator.

The use of the proposed control systems eliminates the possibility of moving or not
reaching the working body of the lifting device of the crane-manipulator when immersed in
a technological bath of limited volume with liquid due to the developed control methods
and position sensors. This eliminates the use of complex mechanical landing devices for
accurate positioning.

The developed methods and control systems can be used to develop new methods of

frequency control of any other electric drives for specialized cranes.



The results of research performed in the dissertation (models of the mechanical
system of the crane-manipulator, algorithms of automatic control of electric crane drives)
were used by NTF TEMS LLC for creation positional control system of electric drives for
the bridge crane-manipulator. This crane used by energy company "Energoatom" SE "Rivne
Nuclear Power Plant”, which is confirmed by the relevant act. The implemented system has

proven itself in use.

Keywords: manipulator crane, model, automated system, control system, hoisting
device.



