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Annomayus. PaccMOTPEHBI 3IEKTPOMEXaHUUYECKUE MIPOLIECCHI, TPOTEKAMOLIHE TPH OABEME IPY3a MOCTOBBIM KpaHOM. OCHOBHasI niest paboThl 3aKIIH04a-

eTcsl B MICHTH(HKALMK aBapUitHOTO pexnmMa (reperpys3ku KpaHa) MeTo0M, OCHOBAHHBIM Ha KOHTPOJIE TOKA CTaTOpa dJIEKTPOBUTATENS TOAbEMA.
Jlnst mosryueHust [uarpaMM TOKa CTaTopa »JIeKTPOABUIaTells pa3paboTaHa MaTeMaTHYecKast MOAENIb MOCTOBOTO KpaHa (TPEXMACcCOBOH CXEeMbI), KOTO-
past BKJIIOYaeT B ce0st ypaBHEHUSL, OIICHIBAOIINE YIIPYTHE CBOMCTBA OaJIOK KpaHa M €ro KaHaTa. J{yis onicaHns IpUBOAHOTO aCHHXPOHHOTO 3IEKTPO-
JIBUTATENIs NPUHATA cuctema (0, B)-KoOpIrHAT, HEMOABMIKHBIX OTHOCUTEINILHO CTaTopa aieKTpoaBuraress. L{nkin noxbema rpys3a paccMarpuBaeTcst
Kak MOCJIC/IOBATEIbHOCTD TPEX ITAINOB: BHIOOP «CIAOMHBI) KaHATA; HATSDKEHHE KaHATa; OTPBIB U MOBEM Tpy3a. [ KaXaoro sTara COCTaBIICHBI
cucTeMbl An(depeHIaIbHBIX YPABHEHUH, ONUCBHIBAIOLINE IBHKEHHE MACC JIEMEHTOB MOCTOBOTO KPaHa U MIOBECHUE IEKTPHIECKHUX MTAPAMETPOB
anexrpoasurareins. OnpeeseHbl Ha4a bHbIE M TPAHIMYHBIC YCIOBHS JUIS KKI0TO 13 3TanoB. [IpoBeneHs! npeBapuTeabHble IpeoOpa3oBaHus CHUC-
TEM YpaBHEHMH K PELICHHIO YHCICHHBIMU METOJaMH U TTOCIIEAYOLIee MOJICTMPOBAHKE ITAIOB MObeMa IPy30B pasHoii Maccsl. [TocnenoBarensHoe
pelIeHne Tpex KPaeBbIX 3a/ad M03BOJIACT IOMYYUTh BEINYMHBI HHTEPECYIONINX TOKOB CTaTopa B MOMEHT OTpbIBA rpys3a. IlomydeHs auarpaMmbl
TOKOB (ha3bl CTATOpa AEKTPOJBUTATENS JUISl TPY30B Pa3INYHON Macchl. Pe3ynbTarsl MOAEIMPOBaHHs CBUACTEILCTBYIOT O HAIMYUM MOAJAIOLIEICS
(huKcanuy pa3HUIIE BEJIMYMH TOKOB CTaTOpa MOCI]E OTPHIBA Ipy3a OT ONOPHOM rmoBepxHOCTH. Ha ocHOBaHMM pa3pabOTaHHON MOJIENH M MOTy4eH-
HBIX PE3YJIbTAaTOB HCCIIEIOBAHMUS NPEUIOKEHA (PyHKIIMOHAIbHAS CXeMa YCTPOMCTBA 3alUThl KpaHa OT MEePerpy3KH U OMMCAH MPHHIMUI ero padoThl,
KOTOPBIH 3aKIIF0YAeTCsl B KOHTPOJIE MOAHMMAEMOIT MacChl Ipy3a M KOHTPOJIE TOKA CTaTopa IpH nogbeMe rpysa. Crenas BEIBOJ O IIEI1eCO00pa3HOCTH
1 3GPEKTUBHOCTH KOHTPOJIS AIEKTPUUECKUX BEIUUMH HJIEKTPOABUIATEIS TOABEMA [UIsl OPraHU3aLMK 3alUThl MOCTOBOTO KpaHa OT Meperpys3ok.
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- BBEAEHUE

Benenue TeXHOIOrHYECKUX MPOLECCOB HAa METAJLTyp-
THYCCKHAX TIPEANPHUATUAK 00ECIeunBacTCs 3HAYUTEIb-
HBIM KOJHMYECTBOM TEXHOJIOTUYECKOTO U PEMOHTHOTO
oOopynoBanns. Ha wmeramrypruuecknx MpeampUsSTHIX
OJTHUM U3 OCHOBHBIX BUJIOB 00OpY/IOBaHUs ABISETCA IPY-
30M0ABEMHOE 000PYIOBAaHNE: MOCTOBBIC KpaHBI U KpaH-
OaJIKi pa3iau4HOro HasHadeHus. Jlois rpy30HOAbEMHBIX
MEXaHU3MOB B OOIIEM KOIMYECTBE TEXHOIOTHIECKOTO H
PEMOHTHOTO OOOpYAOBaHUS IIEXOB METAJUTYypPrHYECKHUX
npennpusaTuil Moxxker pocrurars 9 — 12 %. Hanpuwmep,
oO11ee KOIMYeCTBO MOCTOBBIX KPAaHOB IUIOILAJKHA CTPOU-
tenpHOro mpokata AO «EBPA3 3CMK» cocrasnser
nopsnka 530 egunun. OT HaxexxHOW W Oe3omacHOi pa-
OOTBHI T'PY30IOJBEMHBIX KPAHOB 3aBUCHT O€30MaCHOCTb
MepcoHajga, PUTMUYHOCTh TEXHOJOTHYECKUX MPOIECCOB
¥ SKOHOMHYECKHE TTOKa3aTeNH MpeanpusitTuii. B aToit cBs-
31 pa3paboTKa CPEJCTB 3alIUTHl U TUATHOCTUKH T'Py30-
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MOTLEMHBIX MEXaHU3MOB OT aBapUIHBIX CUTYyallUl SBIIS-
eTcsl aKTyallbHOU 3agauei [ 1, 2].

K 0CcHOBHBIM aBapUiTHBIM CUTYyaIIMsIM MOCTOBBIX KPAaHOB
MOYKHO OTHECTH CIICTYIOIIHE COOBITHS: OOPHIB ITOIHEMHBIX
KaHaTOB, MEPENoJbeM IPy303aXBaTHOTO OpraHa, HapyIle-
HHUE 1eIOCTHOCTH U F€OMETPUM KOHCTPYKIMU KpaHa, BbI-
XOJl U3 CTPOS AJIEKTPOABHUraTeysi MoAbeMa. 3HAYUTETbHAS
4acTh MEPEYUCIICHHBIX AaBapUMHBIX CHUTyallud BbI3BaHa
YBEJIMYCHUEM Harpy3KH IMpH MOJbEME Tpy3a 10 HEAOMyC-
THMOM.

st mpenoTBpalieHysl aBapuilHbIX PEKUMOB, BbI3BAH-
HBIX MOABEMOM TIPy30B UPE3MEPHOM MaccChl, UCIOJB3Y-
I0TCA TIPEJIOXPaHUTENbHBIE YCTPOHUCTBA (OTPaHUYUTEIH
rpyzonoabeMHocTH). Ilpemnaraercs K HCIONb30BaHUIO
HECKOJIbKO OCHOBHBIX CIOCOOOB KOHTPOJISI MEPETPY3KH.
YerpoiicTBa ¢ NPYKUHHO-PBIYKHBIMM CHUCTEMaMH HE
00J7a/1al0T TOCTATOYHBIMH TOYHOCTBIO U OBICTPOJCHCT-
BUeM [3], TEH30JaTYMKU TaKXkKe HUMEIT HeA0CTaToY-
HYI0 YyBCTBHUTEJNBHOCTH [4, 5]. Bo3MoxkHBI ycTpoiicTBa
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C HpI/IMCHeHI/IeM JOIMOJITHUTCIBbHBIX CHUJIOBBIX 3JIEMCHTOB,
YCIOKHSIONIMX KOHCTPYKIIMIO W CHIDKAIOIMIMX HAJEK-
HOCTb 3alIUThI [6].

C y4eToM M3IOKEHHOTO, a TAKXKE B YCIIOBHUSIX HEIOC-
TaTKa 3KCIUTyaTHPYIOIIETO ¥ PEMOHTHOTO MEepCoHaa, AJis
JIMATHOCTHUKY aBapUHHOM CUTyalny HE0OXOJUMO HCIIOIb-
30BaTh BC€ TCXHUYCCKHUEC BO3MOXHOCTH, B TOM 4YHUCJIC MEC-
TOJIbI KOCBEHHOTO KOHTPOJIS. MIeHTHHKanus aBapHitHON
CUTYyalluu MOJbEMa I'py3a Ype3MEpHOM Macchl BO3MOKHA
C WCIOJIB30BaHUEM KOCBEHHOI'0 METOAA, OCHOBAHHOI'O Ha
KOHTpOJIE 3JIEKTPUUECKUX TapaMETPOB JIEKTPOIBUTATENS
MexaHu3Ma roabema [7, 8]. [l BBIABICHUS AUArHOCTH-
YECKUX MPU3HAKOB CJEAYET MPOBECTH UCCIEIOBAHNUE MO-
Jie’r 00bEKTa B aBapUHHOM CUTYaIINH.

- MATEMATUYECKOE ONUCAHUE NPOLIECCA NOABEMA
rPY3A KPAHOM

Jliist onucanusi MEXaHUYECKOM YacTH PHUBO/IA MOIbeMa
MOCTOBBIX KPaHOB IPUHATA CTAHJAPTHON NpUBEACHHAS Ha
puc. 1 TpexMaccoBasi MOJEIb € YIPYTMMHU CBA3SIMU MEXKAY
Maccami [9].

JIBMKEeHHE Macc TPEXMacCOBOM MOJIETH MOCTe OTPhIBA
rpy3a 10 JaHHBIM paboThl [9] onmUChIBa€TCS BBIPAKCHUS-
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Puc. 1. TpexmaccoBast cxeMa MeXaHH3Ma MOABEMA!
m,, M, W m, — IPUBEJICHHBIC K KAHATY MAacchl IPy3a, MOCTa M BpaIlaro-
IUXCSA YacTell MeXaHU3Ma MobEeMa; ¢, U C, — JKECTKOCTH KaHara 1
MocTa KpaHa; P — cpe[JHeyCKoBasi CHjIa 3JICKTPOIBUIaTelIs

Fig. 1. Three-mass diagram of the lifting mechanism:
m,, m, and m, are masses of the load, bridge, and rotating parts of the
lifting mechanism brought to the rope; ¢, and ¢, — rigidity of rope and
crane bridge; P — motor starting force

myx; =P —F,(t);
myxy = F(1) = O+ myx3; (1)
myxy =G+ F(t)— F,, (),

TIE X, , X,, X, — IEpEMEIIeHus Macc; O = m, g — BEC MOHHU-
MaeMoro rpy3a; G = m,g — BEC MOCTa KpaHa C TEJIEKKOH;
F (t) — cuna HaTsOKeHHs MOIBEMHOTO KaHata;, F. - (f) —
K yrp.m

yrpyras cuiia 6aJoKk MOCTa.

s ommcaHusi MPUBOJHOTO ACHHXPOHHOTO 3JIEKTPO-
JIBUTATEIIS PUHATA cucTema (o, B)-KOOpAMHAT, HETOABHIK-
HBIX OTHOCUTENBHO cTaropa aekrponasurarens [10, 11]:

dvy .
—3% 4 i =U_. sin(ot);
dr s'sa M ( )
d
Wsﬁ + ]/:S‘ls[i = Oa
dt
d .
M +7 Lro, + L')Cl'\Vrﬁ = Oa
dt Ry
vy, i
By iy ———xy,, =0; @
dt rrp Rﬁap 1Vra )

\IISU. :LSiS(X +L i

m r(x;
Ve =Liig +L,ig;

WV& :Lrira +L ]

mbsos
\Vrﬁ = Lrirﬁ + LmisB;

P=3k(Woiy ~ Vigis )

Te 7, M 7, — CONPOTHBIICHHUs CTaropa u poropa; L u L —
MHYKTHBHOCTH CTAaTopa U poTopa; L, — B3auMMHas UHIYK-
THBHOCTB CTATOpA M POTOpa; ® — yrioBas wactora; U, —
(asnoe HanpsHKkeHue; Y, Y, , V> ¥, — IOTOKOCLCIIICHHSI
craropa (y,) u poropa (y ) Mo MPOIOIBLHOM () W TIOIIE-
peunoit (B) ocawm; i, Iy ¥ I, i, — COCTABIIAIOIINE TOKOB
CTaTtopa M POTOpa IO TPOAOIHHON W TOTEPEIHON OCSIM;
I — IIEpEIaTOYHOE YUCIIO0 MEXAHU3MA IOABEMA; R6ap — pa-
quyc OapabaHa MexaHU3Ma MMOIbeMa; k = 1'/R6,(lp — k03¢ pu-
[IUEHT MPUBEICHUS AIIEKTPOMarHUTHOTO MOMEHTA JIBUrarTe-
71 K TOABEMHOMY KaHaTy.

B pabote [9] umki mombema rpy3a paccMaTpuBaeTCs
KaK [OCJIEI0BaTEIFHOCTh TPEX ITAIOB:

— BBIOOp «CITa0MHBD) KaHATa;

— HaTsDKCHUE KaHAaTa;

— OTPBIB U MOJBEM TPy3a.

Jnis KaXXIoro W3 JTaloB C HCIOTH30BAHUEM BBIPaXKe-
Huil (1), (2) MOXKHO 3amucarh cucteMy audQepeHIranb-
HBIX YPaBHEHUI, ONMUCHIBAIONINX BIKCHHE MAcC W TIOBE-
JIEHHE DIIEKTPUYECKUX MapaMeTpoB asurarens [9, 10, 12].

Ilepewiit sman.

— HavyaJbHbIE YCIOBUS:

X =0;x=0;x=0;i =i I = g0

lru = lraO; Zrﬁ = erO; 1= 0’
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— cucTeMa ypaBHEHUI:

ml'xl” = 3kLm(irais[3 - ir[iisa);

di .
L —>%+L l’“+ri =U, sin(o?);

s dt m dt §Uso M

sp dlr[i .
dt dt

di
L—“+L, 3)
dt
—kox{(Lydg + L i) = 0;
di,g dig
L —+L,— Py g+
dt dt
+IQ?1'( VI‘U. +L"1ZS(X) 0
— YCIIOBHE OKOHYAHHS:
E(t)=¢x, >0. 4)
Bmopoit sman.
— HaYaJIbHBIC YCIIOBUSI:
r__ . 0 ey o — .
X7 Xk x2 X3 x311<’ lsa l?().lK’ lsﬁ B lsBlK’
irct. - irulk; irﬁ - ir[ilK; 1= th;
— CHCTeMa YpaBHECHUI:
myx) = 3kL,, (i,yig — il ) -
- (x —x3);
myxy =G+ ¢ (% = x3) = %35
di di . .
L ﬁ +L, a:ta + 14, = U, sin(o?);
. digg . di,g S
—+L —+riy=0;
Sde " dr P )
di ]
Lr clr; + m rro
(L, + L, i ) 0
di,g
L, P L,— L r, er
dt dt
+IOC{( rra+Lmls(x) 0
— YCJIOBHE OKOHYAHMUS:
F () =c,(x,—x,))=m,g. 6)

Tpemuit sman.
— HayaJbHBIC YCIIOBHUS:

!
X

— v e =0 [ A
=X x=05 5= x50 =i

S0 s02K > lA‘B - lsﬁZK’

lru - lru21<; lr[i - lr[i21<; 1= t21<;

— cUCTEéMa YpaBHEHUI:

ml‘xI”: 3kLm(iraisﬁ - irﬁisa)_Q _Cl(xl _XZ);
myxy = ¢, (X, —x,) — Q + myx};

" __ .
myx; =G +c(x —Xy) — ;53

di .
L —*+L, ra | lisy = U,y sin(w?);
dt dt
diy,  di, ()
Li—+L,——+ri=0;
Codt dt

di
L —*+ —kx/(Lig+ L, ig)=0;
r dt 'm dt riro 1( rirp msﬁ)
di di
B sB . ’
L + L ——+ri,+kx o T L, 0.
r df ‘m dt rrp 1( msa)

Cucremsl ypaBHerui (3), (5), (7) aBnstoTcs 3amauaMu
Koum. Ilpu 3TOM HayasibHBIE YCIOBUS AN KaKIOH clie-
JyIoIIel 3a7aqy ONpeNeIIoTCs MO0 pe3yabTaraM pacdeTa
NpeAbITyIIei.

Jns npusenenus cucteM (3), (5), (7) x crangapTHOMY
BH]ly BBejieM 3ameny [13, 14]:

S X,
o = gy Vo T gy Ve

o X,

o U o x, T

S X, ®)
o= g Ve T oy Ve

o X,

"Eox VT ox x Y

TIe Xm = coLm — UHAYKTUBHOE CONPOTHUBJICHUE B3aUMHOU
HMHJYKTUBHOCTH MalllVHBbI; Xr = 0)L’, u XS = coLS — UHJYKTUB-

HBIC CONPOTUBIICHHS POTOpA M CTaTopa; G =

s
IUECHT pacCCCsAHUA.
BBCZ[CM TAKXKE CIICAYIOIIUEC 0003HAYCHHS:

Hcxonuoe 0003HAYCHHE . . Y W W, Vg X Xy X3 X X, X,

BaMeHa .. .............. W W, Wy W, W W Wy W Wy Wi

3anumieM cooTHOIIEHUS (8) B HOBBIX 0003HAYCHHUSAX

P SR R

U oX, | oX, X,

o X,

Mo ox " T ox x M

1 X, ©)
e Tox M ox x, M

1 X,

" ox M ox x
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[IpeoGpazyem cuctemy ypasuenuii (3), (5), (7) ¢ yue-
ToM (9) M BBIIIETIPUBEIEHHOM 3aMEHBI TIepeMeHHbIX [ 15 — 18].

Ha mpumepe cuctemsl Boipaxkenuid (7) (TpeTuii sTar)
MOKa)KEM IPHBEACHHE K CTAaHIAPTHOMY BHIY. 3alHIIeM
cucreMy (7) ¢ yueToM 3aMEHBI U HOBBIX 0003HAUCHUIL:

dw, . .
o —U,p SIN(07) = 1,5
dw, .
s
dw, )
= - 1., +kwsw,;
aw,
— = —riyg + kwgwy;
dt
dws 3kL, . . . . G
— = Dodg—igl,)—— (Wg —Wy);
dt m, ()(st Bsa) ml( 8 9)
(10)
s _ Gy — =L
= 8~ Wo >
dt  m, m, dt
v, G ¢ c
= (W — W) — W
dt my;  my m,
dwg
__WS;
dt
aw,
_9_W6;
dt
dwy,
da

[locnenoBarenbHBIM penieHHeM Tpex 3anad Ko Mox-
HO PacCUYMUTaTh BEIMYMHBI HHTEPECYIOIINX TOKOB CTaTopa.
CoBMeCTHOE pellieHHe PeoOpa3oBaHHbIX BhIpakeHui (3),
(5), (7) mo3BOIAET MONYYHUTH DINEKTPUUECKHE BEITUYMHBI
ANIEKTPOABHTATENS (TOKOB CTAaTOpa) Ha ATalle Hadala TBU-
JKSHHUS TIPU OTPBIBE TPy3a OT OMOPHOU TOBEPXHOCTH.

Puc. 2. Konebanus Toka craTopa 3JeKTPOIBUTATEls P MOABEME TPy-
30B Pa3IMYHOM MacChl JUIs TOJHOM NOCIIE0BATEILHOCTH
TpEX ATAINOB B MAcIITa0e HECKOIBKUX KOJIeOaHHii TPy30B

Fi

—_

g. 2. Oscillations of current of the electric motor stator when lifting
loads of different weights for a complete sequence
of three stages on a scale of several loads oscillations

[ MATEMATMYECKOE MOAENUPOBAHME

[lpuBenennass MeTomuka ObLIa WCIONB30BaHA LIS
pacdyeToB TOKOB CTaTopa ABHUTATENsl MEXaHU3Ma IOIbe-
Ma PEMOHTHOIO MOCTOBOIO KpaHa TIPy30HOABEMHOCTBIO
321 AO «EBPA3 3CMK» B mnporpaMMHOM KOMILIEKCE
MatLab [19, 20].

HccnenoBany BeTHYUHBI TOKOB CTATOPA B PEXKUME MO b-
eMa Ipy30B JOITyCTUMON Macchl U MOIbeMa Irpy3a Maccow,
MpeBbIIatoNe nonyctumyio Ha 3, 15 u 25 %. Pesynbra-
Thl MOJETMPOBAHUA: BEIUUYMHBI TOKOB CTaropa 3JIEKTPO-
JBUTATENIs MOABEMa IPU OTPHIBE OT TOBEPXHOCTH TPY30B
maccort m, = 32 000 kr, m, =33 000 kr, m, =36 000 kr u
m, =40 000 xr (/,(9), 1,(2), I,(¢) n 1,(f) COOTBETCTBEHHO) 10~
KazaHbl Ha puc. 2 — 4.

Ha puc. 2 no momenta Bpemenu 4,8 ¢ mpojgoiKaeTcst
BBIOOp «CIIa0MHBD) KaHaTa MeXaHu3Ma noabeMma (IepBblii
9Tal JBIKCHUS MexaHu3Ma). Ha mepBom stame Tok crato-
pa He 3aBUCHUT OT BEJIMYMHBI MACChl IPy3a U OJMHAKOB JIJIs
BCEX IPy30B. 3HAUCHHE TOKA B TCUCHHE TICPBOTO 3Tara He-
M3MEHHO (32 MCKIIIOYCHHEM He M300pa)KeHHOTo Ha puc. 2
POMEKYTKa BPEMCHH TIPH 3aITyCKe ABUTATENs ). Bemmunna
«CITaOMHBD» KaHATa TPUHATA OMUHAKOBOH JJIS BCEX TPY30B.
B momenT Bpemenu 4,8 ¢ nepBblil dTan IBUKEHUS 3aKaH-
YUBAETCS B COOTBETCTBUU C YCIOBUEM (4) OKOHUAHUS Tiep-
BOTO 3Tara.

Ha Bropom sTame OBMKEHHS aMIUIUTYIHOE 3HAYCHHE
TOKa BO3PAcTaeT MO MEpe HATSHKCHUS KaHaTa MEXaHHU3Ma
nogbeMa. Jlo OKOHUaHUS dTana 3HAaYeHHs TOKa TaKXkKe He
3aBHCAT OT Macchl rpysa (puc. 2, 3).

Bpems Hayasia TpeTbero 3tamna ABMKEHHS IS KaKI0TO
U3 TPY30B pa3nuiHo (puc. 2, 3). B cooTBercTBHHM C yCiO-
BHEM OKOHYAHHs BTOPOTO 3Tama (6) Juis rpy30B OONbIIeH
MAacChl OTPBIB I'Py3a IMPOUCXOIUT MO3THEE.

Ha Tperbem sTamne ABMKEHHUS aMIUIMTYAHbIE 3HAYEHUS
TOKa KOJICOIIOTCSI C 4aCTOTOU, OMPENesIeMO COOTHOIIIE-
HHEM IPHUBEACHHBIX MaCC U JKECTKOCThIO cBsizeill. Kpome

LA
60

40

20

_go ! I I I I
4,8 50 52 54 56 tc

Puc. 3. Konebanus Toka ctaropa 3JeKTPOIBUTATENs IPH TOIbEME IPY-
30B Pa3IMYHON MacChl B MacIITabe OJHOTO IEPBOro KoseOaHus Ipy30B

Fig. 3. Oscillations of current of the electric motor stator when lifting
loads of different weights on the scale of the first oscillation of loads
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_g0 I I I I
5,260 5,264 5,268 5,272 5,276 tc

Puc. 4. Tok craropa 2JIeKTpOABUTATEIISI IPH [ObEME IPY30B Pa3IHIHON
MAcCCBI B MacIIrabe 0HOr0 IMOJHOTO KOJeOaH s TOKa

Fig. 4. Current of the electric motor stator when lifting loads of different
weights on the scale of one complete current oscillation

CMEIICHHUS 10 BPEMEHHM Hayalla TPEeThero irama (OTphiBa
rpy3a) OTIIMYAIOTCS 110 BEJIMYMHE MIHOBEHHBIC W aMILIH-
TYJHbIE 3HAYEHUS TOKA [Vl PA3HBIX MacC m,, m,, M, U m,
(puc. 2 — 4). Taxxe HaOMOMAaETCS CMEIIIEHUE KOJICOaHHUH 11O
(asze 1 rpy30B pa3nuvHON Maccel. [losBieHne pa3nuauii
B BEIIMYMHAX MOJCIHPYEMOro TOKa CTaropa Ha TPETheM
JTare CBUICTEIBCTBYET O UyBCTBUTEIBHOCTU MOJICIH K Ba-
pHAIMH MAcChl TIOJJHUMAEMOTO IPy3a.

[ BoiBOARI

IIpoBeneHo MaTeMaTnyecKOe MOJEIUPOBAHKE IPOLIEC-
COB II0/Ib€Ma TPY30B pazInyHON Macchl. Ha nepBbIx ABYX
JTanax 3HAuYEHUS TOKA MPUBOJHOIO 3IIEKTPOJBUIATENs
MEXaHU3Ma MOJbEMa HE 3aBUCST OT Macchl rpy3a. Bpems
Hauaja TPEThero 3Tana 3aBUCUT OT Macchl Ipy3a. HacToTa
KoJIe0aHMH TOKa Ha TPETHEM 3Tale 3aBUCUT OT MACCHI IPy-
3a, HO IIPH 9TOM M3MEHseTCs B HeOOIbIINX Mpeaenax (s
rpy30oB ¢ Maccamu 32 u 40 1 pasnuna cocrasuna 0,1 I').
MrHOBEHHbIE M AMIIIUTYAHbIE 3HAYEHUs TOKA HA TPETh-
€M JTalle BO3PacTaoT 110 MEPE YBEIMUYEHUS MacChl Ipy3a.
PesynbraTel MOAEnMpOBaHUS CBUAETENBCTBYIOT O HAJM-
YUU TOJAarolIelics (UKCAIMU Pa3HUIE BEITUYHH TOKOB
cTaropa Al TPy30B Pa3HOIl Macchl IOCIE OTpbIBA Ipy3a
OT OINOPHOW IMOBEPXHOCTH. TakuM 00pa3oM, KOHTPOIb
JNIEKTPUUECKUX BEIMYUH 3JIEKTPOJBUraTeNss MOAbEMA
[I03BOJISIET CO3/1aTh 3alLUTY I'PY30I0ABEMHOIO MEXaHU3MA
OT MEePErpy3Ku Ha OCHOBAaHUH METO/1a AMIIIUTYAHOIO aHa-
Ju3a ToKa cTaropa.
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MODELING OF OVERLOADS OF RAISING MECHANISM IN METALLURGICAL
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Abstract. Electromechanical processes occurring when the load is lifted by
an overhead crane are considered. The main idea of the work is to iden-
tify emergency mode (crane overload) by a method based on control of
stator current of lift motor. To obtain stator current diagrams of electric
motor, mathematical model of overhead crane (three-mass circuit) has
been developed, which includes equations describing elastic proper-
ties of crane beams and its rope. A system of (o, B) coordinates, fixed
relative to electric motor stator, is adopted to describe the drive asyn-
chronous motor. Lifting cycle is considered as sequence of three steps:
choice of the rope “slack”; rope tension; separation of cargo lifting.
For each stage, a system of differential equations has been compiled
describing motion of masses of overhead crane elements and electri-
cal parameters of electric motor. Initial and boundary conditions for
each of the stages were determined. Preliminary transformations of
the system of equations to their solution by numerical methods and
subsequent modeling of stages of lifting loads were carried out for dif-
ferent weights. Sequential solution of three boundary value problems
allows obtaining values of stator currents at time of load separation.
Diagrams of stator phase currents of an electric motor were obtained
for loads of different mass. Simulation results indicate the presence
of fixable difference in magnitudes of stator currents after the load is
separated from the support surface. On basis of the developed model
and the study results, a functional diagram of crane overload protec-
tion device is proposed and its principle of operation is described. It
consists in controlling lifted load mass and stator current when lift-
ing the load. Conclusion is made about feasibility and effectiveness of
monitoring electrical values of lifting motor for development of over-
head crane protection against overloads. Effectiveness of the proposed
system was evaluated.

Keywords: stator current, electric motor, protection, crane, modeling, over-

loads.
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