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Annomayua. BpnonHeno 3KclepUMEHTANbHOE HCCIeI0BaHUe N0 YIPABICHUIO HANpPsKeHUeM A/ BakyyMHOH gyrosoil meuu JBC-3.2-I'] B ycnoBusax
METAJUTYpPrUdeCKOro 3aBoja «MEKTPOCTalby. FIcnomnp3ya Ko GULHEHTHI, HOTYICHHBIE B X0¢ SKCIICPHUMEHTA, IIPOBSACHO MOJCIHPOBAHUE Pa3-
paboTaHHOH MOJEIH YIPaBIeHHS HAMpsKeHHEeM IJI1 BaKyyMHOH IyroBoi meud. lIpescTaBneHbl pe3yabTaThl MOJCIHPOBAHUA HANPKEHHS IIEYH
C KAMeNbHBIMH 3aMBIKAHMSIMH IS TIATOTO 4aca NEPEMaBa. YCTAHOBIEHA ONMH30CTh paspaboTaHHOH MOJCTH YIPABICHUS ¢ PEANbHBIM OOBEKTOM.
IposeneHo cpaBHeHUE ¢ APYTMMH HCCIEI0BAHUAMH IO YIPABICHHIO HANPSKEHHEM A5 BAKYYMHbIX JyroBblx meueil. Caenano sakiroueHue, 4to
pazpaboTaHHyo MoAeb B JanbHeiilleM MOXHO UCIOIb30BATh 15 OCTPOCHUSL CUCTEMbL PECYIHPOBAHMS BAKYYMHOM IyroBOH neublo.

Karouesvie crosa: BaKyyMHas OyroBas ICYb, MAaTCMaTHYCCKas MOICIHb, IKCNCPHMCHTAJIBHOC MOACITHPOBAHHUC, TIPOLICCC TCPCITaBa, I'Il/Ul—pcrym{Top_,

porpaMma Tieperiiara (perent), CpaBIuTeNLILIH anamms.
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DKCNEPUMEHTAIbHBIE MCIBITAHUA Pa3padOTaHHOH MO-
JICTIV YTTPARICHUSA HATIPSKCHHUCM TIPOBOTHITHCE HA BAKyyM-
HOM xyrosoif neun JBC-3.2-I'] MeTaiuypruuecKkoro 3aBo-
J1a «DJCKTPOCTAIIbY.

[TapameTpbl, TPH KOTOPBIX OCYIIECTBISIICS JKCIIEPH-
MEHT: JHAMETP Kpuctammusatopa 320 MM, auamerp mne-
perutaBnseMoro snexrpoda 250 MM, Mapka crajid Iepe-
wiasisieMoro snexrpoga IIIP3 DII718, Tox muasiedus
3,8 KA, Hanipskerne neun 26,4 B. B xadecTse perynsTopa
Ha meun ucnonszopancs [IUJ1-perynstop dupmer Siemens
(CONT _C) [1] ¢ oriroueHHBIMHA HHTErpalbHOH 1 audde-
PEHIHATHHON COCTABIIAIONTHMH.

Hampspkenne medu, KOTOpoe IOCTYIano Ha BXOHd aHa-
JoroBO-TH(poBOTO TIpeobpazorarens (Allll) xouTporn-
aepa Siemens [2] (pazpansocts ALl 14 Out, yactora
onpoca Bxofaa 0,052 mc), CHUIMaNoCh ¢ IIYHTOB COIMACHO
DJICKTPUICCKUM CXCMaM TIOAKIIFOUCHHS HCTOYHHKA ITHUTA-
Hus (Beimpamutens Estel Electro AS B/I-0,5M). Tlocne
CPaBHEHM ILOJYYEHHOIO CUIHAIA ¢ 3aaHHBIM, KOHTPOJI-
Jiep TOCKUIAJl CHTHAT YIPABJICHHs Ha IIH(PO-aHaTIOTOBbIH
npeobpazosarens (LIATI) ¢ paspsanocteio 12 6ut u ga-
crotoil nepenaun curdaia 0,8 mc. C KOHTpoJIEpa CUTHAI
nepenasaics Ha npuson Sprint Electric 340XRi, koTopsLit
yOpaBJisll JIBUraTeeM TnocTtosaudoro toka I1-12 [3, 4],
nepeMenIaloNuM TITOK ¢ PacXoAyeMBbIM dIeKTpogoM. Pa-
0oTa 1Meun MPONCXOINNA IO TTpoTpaMMe (PeNenTy), pe-
cTaBlieHHOM Ha puc. 1.
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IMocne BakyymMupoBaHus BO30yXkJ1ajach 3JeKTpUue-
cKag JIyra MCKAY MOAJOHOM KPUCTATNIM3AaTOpa M HHXK-
HHUM TOPLIOM WIEKTPOAd U yCTaHABJIMBAJICH LyTOBOH 3a30D
20 mM. [lamee B TedeHuwe 5 MHH NPOM3BOLUIICH IPOIPEB
pacxofyeMoro 3j1eKTpoja IpH Toke 2,5 KA, 3aTeM B Teue-
HHE 6 MUH TIPOUCXOJINIO TIOBBIIICHUE TOKA 0 5 KA U Ha-
BEIEHHE <«OKUAKOM» BaHHBL. llocie HaBedeHHs «GKUIKON»
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Puc. 1. TIporpamma nepemnnasa (peuenrt) s cnuasa TIP3 311718

Fig. 1. Melting receipt for the alloy EP718
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BaHHb! BBIXOIWIM HA pabouMii PEKUM MEPEIaBa Mpu TOKE
3,8 KA [S, 6].

IonydyeHHble 3KCOEPUMEHTAIBHbIM [YTEM 3HAYCHUS
HanpsbKeHus npuBeaeHsl Ha prc. 2 (0 mo ocu abenmce co-
OTBETCTBYET ISTOMY HACY MTEPETIIIARA).

Jns pemenus ypaBHeHHH (2) — (12), IpUBEICHHBIX B
pabote [7], ObLIa Henmonb3oBaHa (yHKIKA ode23 mporpam-
mbl Matlab.

| § (S . ~ [ - s

YHcncHHbIC 3HA4YCHUS KOA(D(HIIMCHTOB YpaBHCHHMH
(2) — (12) [7] upuBeseHB! HIDKE: HHTEPBAJ BPEMEHH YCPSI-
Henust ownbku, 7'=6¢; Tox neuw, I = 3800 A; conpo-
THUBJICHUEC | MM MpOMEKyTKa JYTH, RMM 0,301 Om/mmM;
CONPOTHBIEHHE sKOpA asurarend, r, = 10,61 Om; compo-
tusneHue 1 Mm Karm, R = 0,111 OM/MM; cOnpoTHBICHHE
anekrposa u cimrka, R = 0,00108 Om; mroTtHOCTE 3nek-
Tpoma, p = 7874 xm/M>; pamuyc cautka, R = 0,16 M; paguyc
anekTpona, r, = 0,125 M; KoapUIHEHT nepeaadn peayKTo-
pa, Kp =2,47-107° M; MOMEHT HarpysKH, M_=0,00691 KM%/
¢?; MpUBEIEHHBIH K Baly JBUTATelss MOMEHT WHEpIHH
MEXaHHYCCKOH CHCTEMBI (MICKTPOMA, IITOKA U Ipy3a),
J=0,00106 kr-M>; MHAYKTUBHOCTE KOPS, L _=0,19 I's; co-
NPOTHBJIEHHE AKOPst iBurarens, », = 10,61 Om; KoHCTpyK-
THBHAs TOCTOsIHHAs ABurarend, k, = 20; KOHCTpPYKTHBHAasI
TIOCTOSIHHAS TBHTATeTs, k= 1,4 (kr-M?)/(c?-A); KOHCTPYK-
TUBHAs MOCTOsHHAS ABurarens, k, = 1,4 B-c; mocrosuHas
BpeMeHH Boinpsmutens, T = 0,2 ¢, mocTosHHas BPEMEHH
CINAaKUBAIOIIETO (DUIBTPA, T, = 6 ¢; MaccHl IITOKa, Tpy3a

!

T ATATTIA AR ATTT = AAN v 1 = 70 1o
n JJI\J[\I}}UAG UUULDUIUIDUHHU, IIL"l TV D, Il'b J IV R,
m,=1040 kr; CKOPOCTH PpOCTa  KaIlIH, =(,03 m/c;

v, =0,03 m/c; v,
)

= 0,06 M/c; MakCUMaNbHAas L[JTI/IHa Karuiu,
= 0,009 m; nmuna xar, A = 0,0074 M; ko>pdunnent

Kl

perynsTopa, |g| > 04, K Ko 12 = 80; crma-
KCHHOC 3HAYCHHE HAPSOKCHUA, U, > 10 iy, = 10 su, <-10,
u, =—10.
J:Jna_1a+']11’ (1)
e J, =~ — MOMEHT WHEpIMH Bajia JBuUrarelns, .J

BHJlﬂ

=0,00106 xr-m?%;

26,8
26,7
26,6
26,5
26,4
26,3
26,2
26,1
26,0
25,9

25,8 l L I I I
0 0,5 1,0 1,6 2,0 2,5 3,0

Hanpsoicenue, B

Bpema, ¢

Puc. 2. 31\uuepumemaubﬁoe 3HAUCHUE HALIPHAMKEHUSA, CHATOC C 1lIe4Yn

Fig. 2. Experimental voltage captured from the furnace

2
H = (mTTT + mT + m’?)Kp b (2)
rae J, — MOMEHT uHepuuu Harpyskd, J = 1,13-107 kr-m?;
F;V[LL[ = mLng7 Fmr = n1Fg’ F;III) = ’nﬁg’ (3)
e F L F F  —Cula TSoKeCTH HITOKA, IPy3a U SIIEKTPO-

I COOTBBTCTBBHHO KIM/c?;
magenud, 9,81 m/c?;

: & — YCKOpeHHe CBOOOIHOTO

M]] = (FJ?’I[II - F + F;’PT?)K > (4)

!

61 = ﬂ: (5)
Vi

rae 0, — MepBbld MOMEHT Bpemenn, &, = 0,3 ¢;
. L,—-h
5, = u, (6)
V2

)

0,=—, 6]

rie 0, — YE€TBEPTLIL MOMEHT BpeMenu, 8, = 0,123 c.

Pesyabrarsl MOACIHPOBAHUS HAIPAMKEHUA [1€4U [Pejl-
crasiicHbl Ha puc. 3 (0 o ocu abenuce COOTBETCTBYET I1s-
TOMY 4Yacy TepPeIuiaBna).

CpaBHHBas MONYUEHHBIE PE3yABTaTHl MOJAETNPOBAHMS
(puc. 3} ¢ peanbHEIMU MOKa3aHUAMH HANPSKEHHS MPOIec-
ca BaKyyMHOTO AYTOBOTO rMeperniaBa (CM. pHucC. 2) BHIHO,
YTO KapTHHA HAIMYHSA KalelIbHBIX 3aMBIKAHHH TPUMEpPHO
conocTtaBuMa. [IpyHHUMas 3TO BO BHMMaHHE, MOXKHO CUM-
TaTh, 4YTO MOJICIIb YIORIETROPSCT PEATBHBIM TTOKA3ATCIAM
U IIapaMeTpaM HCCeayeMO TIeUH.
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Fig. 3. Modeling of the furnace voltage with drip closures
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Fig. 4. Diagram of voltage and current in accordance with the article [8]

Juta  Oonbmiedt CXOXKECTH TPOMOIETHPYEM MOAETH
yhnpaBieHusi HanpsikeHus [7] euie pas, UCNofb3ys MoJy-
YeHHEIE 3KCTIEpPUMEHTANTRHBIC JIAHHEIE B XOJIe Teperuiara
cruaga TIP3 BI1718.

B pa6ore [8] npuBenennr rpad Ky, MOKa3bIBAIOIIHE 10~
BCJICHHC COTIPOTHBICHUS, HATIPSDKCHUS W TOKA BHYTPH Ba-
KyyMHOI TyTOBOI MEYH B MOMEHT 00Opa3oBaHMs, MTaJACHU
¥l CITUSTHUS KaTTH cO cTUTKOM (prc. 4). ['paduxu conpoTus-
TICHUS ¥ HATIPSKSHUST COOTBETCTRYTOT APYT JIPYTY.

CpaBHHIEBAS TTOKA3aTCIH, TOTYUCHHBIC YKCTICPUMCHTATE-
HbIM METOJIOM, C JJAHHBIMH PadoThl [8] BH/HO, YTO CHATHIC
c neun [IBC-3,2-I'1 3HaueHHs TOKA, HANIPSDKEHUSI M COMPO-
THUBJIEHHUA C 3aJAHHBIMHW MHTEPBAJIdMU COOTBETCTBYHOT HUH-
TEpRAIAM, MTOKA3aHHBIM Ha puc. 4. ChaeayeT 3aMETUTh, YTO
Jlannkble, IpUBEJIEHHbIE B paboTe [8], He Mo3BOAAIOT Onpe-
JIEJIUTh AUaMeTp KPHCTAIM3aTopa, a TAK e KOHCTPYKLMIO
CaMOH MeYH U YIACTOK, Ha KOTOPOM MPOHCXOIUT MEePerliaB.

Buigoowsr. TlpoBeneHO SKCIEPUMEHTAIBHOE HCCIIENO-
BaHUE, OCYLIECTBIIEHHOE HA BaKyyMHOH IyroBOH Ileuu
ABC-3.2-T'l meTammyprudeckoro 3apojia « JNeKTpoCTanby.
Pesynerarsl MOJENHpPOBaHUS TpOIEcca YNpaBJIeHHsT Ha-
NPSDKCHUEM  BaKyyMHOW JYTrOoBOHW TMEYHM HA OCHOBAHHH
ypasHennit (2) — (12) [7] 1 pe3ynsTaThl YKCIIEpHMEHTA CO-
MmoCTaBNUMBI.
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Abstract. The experimental studies of voltage control were performed on
the vacuum arc furnace DVS-3.2-Gl of JSC “Metallurgical Plant”
Electrostal”. Using the obtained coefficients the simulation model of
voltage control was developed for the vacuum arc furnace. The simu-
lation results of furnace voltage with a drip closures for 5th hour re-
melting are considered. The authors established the closeness of devel-
oped management model with the real object. The article describes the
comparison with other studies on stress management for vacuum arc
furnaces. It was concluded that the developed model can then be used
as a model for the construction of the control system of the vacuum
arc furnace.
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