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YBaxkaemble KoJieru!

Ienpto w3maHus >xypHana ‘“MalIMHOCTPOCHUE: CETEBOW JJICKTPOHHBIA HAYYHBIH S>KypHaN SBISETCS WHPOPMHUPOBaHUE
YUYCHBIX U NPAKTUKOB O HanOOJee NMEePCIEKTUBHBIX HAIPABICHUAX HCCICAOBAHUN M JOCTIDKEHHAX B 00JIACTH MAaIIMHOCTPOCHHUS.
XKypHan no3ummoHNpyecs: yIpenuTeneM U PEAaKIHOHHON KOJUIerneil B kadecTse MH(YOPMAIMOHHON IUIOMIAJKH HE TOJBKO IS
MyONMMKalUK Pe3yIbTaTOB HanOoJiee 3HAUYMMbBIX M MHTEPECHBIX HAyYHO-HCCIEIOBATEIBCKUX PAa0dOT, HO M ISl pa3BEpPTHIBAHUS
HAYYHBIX TUCKYCCHI B TEXHHYECKUX 00JIacTIX 3HaHWH. J{J1s 3TOTO B *KypHaJIe GOPMHUPYIOTCS clienuaibable pyopuku. Tak B Nel
3a 2013 rox Oputa oTKphITa pyOpmka “IIpoM3BONCTBO METAUIMYECKOH INPOBOJIOKH: COCTOSHHE W TIEPCIIEKTHBHI Pa3BUTHA ,
KOTOpasi BbI3Bajla MHTEpEC Yy HAIIMX aBTOpOB. Bo Bcex Mocieayromux HOMepax >KypHana OblIM OImyOJIMKOBaHBI pe3yabTaThl
UCCJIEZIOBAaHUI B 9TOM HallpaBjeHHH. B HacTosmiee BpeMs B peAakIfio NPOJOIDKAIOT IIOCTYIIATh CTaThH B 3TY PyOpHKY.

Y4uuTeiBasg TMONOXKUTENBHBINA ONBIT, HAuMHAs C TEKYyLIEro HOMepa, pelakius B KauecTBE TEMbI IJI HAyYHON TUCKYCCHH
npejaraeT HarpasieHue “TIpokaTHoe MPOM3BOACTBO: TEXHOJIOTHH, 00OpyHOBaHME M aBTOMaTH3auus’. PyOpuka oTkpbiBaeTcs
HIDKECIIEYIOIeH CTaThell WieHa pPEeAakUHOHHOTO COBETa, IOKTOpa TEXHHWYeCKHX Hayk, mnpodeccopa Kapanmaesa A.C.
[IpurnamaemM cHenuanrcTOB B 3asSBICHHOM HAIIPABICHHM K ITyOJIMKAIMU PE3YJIbTaTOB CBOMX HCCIIENOBAHUI B MOCIEIYIOIINX
HOMeEpax JKypHana.

Peoxonnezus

CoBepuIeHCTBOBAHME ABTOMATU3HMPOBAHHBIX
3JIEKTPOIIPUBOI0B ArpPeraToB NPOKATHOIO
MPOU3BOACTBA

Kapannaes A.C.
IOxHO-Ypanbckuil rocyapcTBEHHBIH YHUBEPCUTET
(HaIMOHANBHBIN NCCIIE0BATEIbCKNI YHUBEPCHUTET)

r. Yensibunack, Poccutickas @enepanus

askaran@mail.ru

Annomayun. B yciioBusiX, Korjga 00JbIIHHCTBO OTeYeCTBEH-
HBIX MeTA/LIYPruYecKHX NpeAnpUsITUH HAeT 10 MyTH BHePeHHs
TeXHOJOTHYeCKHX arperaTtoB 3apy0e;KHbIX ()MPM, BBINOJIHEHHE,
BHe/IpeHUE U NMPONAaraHia O0Te4eCTBEHHbIX Pa3paldoToK SIBJSIIOT-
csl He MPOCTHIMH, HO AKTYAJbHBIMH M Ba’KHBIMH 3agadamu. B
CcTaThbe NpeACTaBJeHbl Pa3padoTKH, BHINOJIHEHHbIE COBMECTHO
KOJIJIEKTHBAaMH MAarHuToropckoro rocyiapcTBeHHOro TeXHHYe-
cKoro yHuBepcuTeTa, HOKkHO-YpalbCcKOro rocyiapcTBeHHOro
YHHMBepcHTeTa NpH yyacTuu cneunajncroB OAO “Maruurorop-
CKHil MeTaJTyprudyeckuii komouHat”. [IpuopuTeTHHIM HAmpaB-
JICHHEeM HccIeJOBaHUii sIBJIsieTcs JHeprocoepeskeHne Kak Hero-
CPeACTBEHHO B 3J1eKTPONIPHBOJAX, TAK M ofecreyuBaeMoe cpea-
CTBAaMM ABTOMATH3HPOBAHHOIO 3j1eKTponpusoia. PaccMorpeHsbl
KOHIeNUUs U TeXHHYeCKHe pellleHHs, o0ecneunBaOLIUe CHHKe-
HHe NOTePb JIeKTPHYEeCKOoii JHepruM B pe3yJibTaTe yMEeHbLICHUS
noTpedeHNs] PeaKTHBHOI MOIIHOCTH THPHCTOPHBIMHU 3JIEKTPO-
NPHUBOAAMH NMPOKATHBIX cTaHoOB. TexHuueckasi 3¢PpeKTUBHOCTH
J0CTUTaeTCsl 32 cYeT CHUKEHMsI 3alaca THPHCTOPHOIo mpeoOpa-
30BaTeJisl M0 HANPS:KEHUI0 0e3 NMPHUMeHEeHHUs] KOMIEeHCHPYIOIHX
ycrpoiicTB. IIpeacraBiena undopmamnus o paspadorkax (aaro-
PMTMax U NPOrpaMMHOM ofecrieuyeHUH), odecrnevyuBaloIMX IHep-
ro- U pecypcocoepeskeHue 3a c4eT ONTHMH3ALMH CKOPOCTHBIX U
HAIPY304YHBIX PE:KMMOB 3JCKTPONPHBOAOB IIPH INPOU3BOACTBE
TOJICTBIX MOJIOC M3 TpyAHoAedOpMHPYeMbIX Mapok ctanau. Pac-
CMOTPeHa CTPYKTYpa CHCTeMbl AaBTOMATH3ALUU MPOKATHOI KJle-
TH ToJicToucToBOoro crana 5000. /[aHo onmucaHue JIOKAJBHBIX
CHCTEM ABTOMATHY€CKOr0 YNpPaBJIeHHs MCIOJHUTEILHOIO YPOB-
Hsl, 00eceYHBAOIINX PeryJIHpoBaHHe OTAeJIbHBIX TeXHOJIOIHYe-
CKHUX KOOpaMHAT. PaccMoTpeH BTOpPOii ypoBeHb aBTOMATH3AIUH,
KOTOPBIi 00ecneynBaeT yNpaBjieHHe TeXHOJOTHYeCKUM Ipolec-
COM B COOTBETCTBMHM € ONpeaesieMOii onepaTopoM NporpaMMoi.
3HauynTeIbHOe BHHMAaHHe yleJleHO pa3padoTaHHBIM pecypcocle-
peralonmM 31eKTPOTeXHHYeCKHM CHCTeMaM HIHPOKOMNO0JO0CHOTO0

craHa ropsiveil mpokarku. IIpeacTraBjieH KOMIUIEKC HAy4HO
000CHOBAHHBIX Pa3padoTOK MO COBEPUICHCTBOBAHHIO ABTOMATH-
3MPOBAHHBIX JJEKTPONPHBOJOB M CHCTEM peryJIHpOBaHHMA TeX-
HOJIOTMYeCKUX MapaMeTpoB. PecypcocOepeskenne obecneunBaer-
cfl 32 CcYeT CHUKEHHS MATEPHAJOEMKOCTH B pe3yJbTaTe COKpa-
HieHUs Opaka U MOoTephb ¢ KOHLEBOI o0pe3nlo moJioc. Pacemotpe-
Hbl CHCTeMa ABTOMATHYECKOI0 peryJHpOBaHUs HATSKEHHs ¢
JIONOJIHUTEJBbHBIM ObICTPOAEHCTBYIOIIMM KAaHAJIOM BO3JeHCTBUS
HA THAPaBJNYecKHe HA)KMMHbIe YCTPOHCTBA NMPOKATHON KJIeTH.
IpeacTaBiensl cn0cod M AJIrOPUTM YNPaBJIeHUs] HATSKEHHEM B
MEKKJIETEBBIX NMPOMEKYTKAX HeNpPepHIBHOH MOATPYNIBI YepHO-
BOIi Ipynnsl KJjeTeil cTaHa ropsiyeii npoxarku. Bee BbINoJIHeH-
Hble Pa3pa0oTKH BHEAPEHbl M HAXOAATCH B JKCILUIyaTallud Ha
ngeficteyromux craHax OAO “MarHuToropckuii MeraaTypruye-
ckuii komOuHaT”. IlpeMMyIecTBOM PacCMOTPEHHBIX pelleHuii
sIBJIsIeTCs1 BbICOKAsl 3(P(PeKTUBHOCTH NPU OTHOCHTEJBLHOH MNpo-
cToTe peanu3anuu. BHenpenue pa3padoTok pacmupsieT BO3MOXK-
HOCTH /eliCTBYIOIIUX M BHOBbL C031aBaeMbIX JHCTONPOKATHBIX
arperaToB, coco0CTBYeT NMOBBHILIEHUI0 IKOHOMUYECKOH I dek-
THBHOCTH TIPOM3BOJCTBA, €r0 Pecypco- W IHEProchepekeHuIo,
NOBBIIIEHHI0 KOHKYPEHTOCIOCOOHOCTH NPOAYKIHH.

Knwouessie cnosa: npokaTHoe Npou3BoACTBO, aBTOMATH3MPO-
BaHHBII J1eKTPONPHBO/I, CHCTEMbI ABTOMATHYECKOI0 PeryJjaupo-
BaHUs1, IIMPOKONOJOCHBII CTAH ropsiveil MPOKATKH, TOJCTOJIHMC-
TOBO# CTaH, 3Heprocéepe:keHue, pecypcocoepekeHne, MoBbiLIe-
HHe Ka4eCTBa, KOHKYPEHTOCMOCOGHOCTD.

BBE)IEHI/IE
OHeprocOepexeHne SABISIETCS NPUOPUTETHBIM HaIlpaBiie-
HUEM HAYYHBIX UCCIICHOBAHHNA CIICIHAIIICTOB JIIEKTPOTEXHH-
YECKOro NPO(GHIS MPOMBIIUICHHBIX HPEANPUITHA U 00Jb-
IIMHCTBA TEXHUYECKUX BY30B Poccuiickoit @exnepanuu. ITo
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00bsCHSeTCSI OOBEKTUBHO CIIOKHMBLICHCS CHUTyaluel, Koraa
npobieMa HepalHOHAJIBHOTO HCIOJIB30BAHUS SHEPIHH HOJTY-
ynna xapakrep “‘Hemsieunmmoi Oosesnu” [1]. JocraTtodHo
OTMETHTb, YTO CErogHs B PoccuM Ha eIMHUILY BBITYCKaeMOIl
NPOAYKLIUH PACXOAYETCS B TPH pasa OOJbILIe IHEPTeTHICCKHUX
pecypcoB, 4eM B HMHAYCTPHAIBHO DA3BHTHIX CTpaHaxX MHPA,
YTO JEeNaeT Hally SKOHOMHUKY HEKOHKYPEHTOCIIOCOOHOW Kak
Ha MHPOBOM, TaK ¥ Ha BHYTPEHHEM PBIHKaX.

[IpoBeneHne TEXHUYECKUX M OpPraHU3alMOHHBIX MEpo-
NPUATHH, CBA3aHHBIX C SHEProcOepeKeHneM, paloHaIbHBIM
NOTpeOIeHNEM JHEPruH, TpeOyeT HEeCOM3MEPHUMO MEHBIIUX
3aTpaT ¥ YCHIIMH 10 CPAaBHEHHMIO C 3aTpaTaMu Ha ee JIOTOJHH-
TeNBbHOE MPON3BOACTBO. CyIIECTBEHHBIE pe3epBHI IHEProcoe-
peXKEHHS HMMEIOTCS B UYSpHOW METaJUIypru¥, IPEIIpUsATHsS
KOTOpO# MoTpedsiroT okoio 18% BeipabaTeiBaeMoil B cTpaHe
3eKTpodHepruu [2]. B HawampHBINH TIepHO Iepexona Ha pPhI-
HOYHBIE OTHOIICHUS B CBSI3M C POCTOM IIeH Ha SHEPrOHOCHUTE-
JM COCTaBILIOIIAS SHEPro3arpar B ce0ECTOMMOCTH TOBApPHOH
MPOAYKIMH B YSPHON MeTauTypruu Bo3zpocia ¢ 15% B 1990 r.
10 35% B 1996 r. K HacTosimeMy BpeMEHHU 3TOT IMOKa3aTeb,
MO pa3HbBIM JaHHBIM, gocTturaet 40-45% [3]. Bricokas sHep-
TOEMKOCTh METAJIypIH4eCKOr0 MpPOM3BOJCTBA NpPU HEmpe-
PBIBHOM POCTE CTOMMOCTH JHEPropecypcoB oOyciaBiIHBaeT
UCKITIOUUTEIBbHYIO BXKHOCTh SHEPTOCOEPEIKEHUS ISl BCEX €T0
HIepEeIeIOB.

Bonporas wacte Hay4HBIX pa3pabOTOK ¥ HCCICIOBaHHUN
HalpaBlicHa Ha ITOUCK ITyTel PEIleHUs MPOOJIEeMBbl CHIKCHUS
9HEpro3arpaT MMEHHO B 4epHOH Meraumyprud. Hamboiee
3HaYMMBIC PE3yJbTAThl MOJYYEeHBI B OOJACTH CO3AHHUS YHEp-
rocOeperaoimmx aBTOMAaTH3UPOBAHHBIX  3JEKTPOIPHBOJIOB
IMPOKAaTHbIX CTaHOB, B KOTOPLIX 06ecneqHBaeTc;1 CHHXKCHUC
NOTEePh JJIEKTPUYECKONW JHEPrMU 3a CYEeT yMEHBLICHUS I10-
TpeOJICHUS] PEaKTUBHOW MOIIHOCTH 0€3 MPUMCHEHHUS KOMIICH-
cupyromux ycrpoiicts [4-10].

OHEPT'OCBEPEI AIOIIVE TUPUCTOPHBIE DJIEKTPOITPUBO/IBI
IPOKATHBIX CTAHOB [7, 8]

Hanbonee »HEpProeMKHMH 3JIEKTPOMEXaHWYECKUMH CHC-
TeMaMH METAJULyprUYeCKUX HNPEANPUITHH SBISIIOTCA JJIEK-
tporpuBo bl (OI) MOCTOSIHHOTO TOKa NPOKATHBIX CTAaHOB.
OHepreTn4ecKkrue NOKa3aTeNnn TaKuX dJIEKTPOIPUBOJOB JAEKU
OT ONTUMaNbHBIX. bonbmiasg yacTe NOTEPh ANIEKTPHUYECKON
DHEPrHU CBs3aHa C TOTPEOJIEHHMEM PEaKTUBHOW MOIIHOCTH,
BBI3BaHHBIM (Da30BBIM PEryIHPOBAHUEM HAIPSKCHHUS.

I'1aBHBIE 2JIEKTPONPUBOABI KJIETEH, KaK IIPABUIIO, BBIIOJI-
HSIOTCSI C JBYX30HHBIM pErylIMpoBaHHeM cKopocTu. K HHM
NPEIBSBISIIOTCS )KECTKHE TPeOOBaHUSI B OTHOLIEHUH OBICTPO-
JEHCTBUS M HAJIEKHOCTU TPU OTPAabOTKE YAAPHOTO MPUIIONKE-
HUS Harpy3KH, BO3HUKAIOIIETO IIPU 3aXBaTe MeTaljla BaJKaMH,
a TaKXkKe B PEKUME Pa3rOHA IOJ HArpy3KOHW NpHU MPOKATKE C
yckopenueM. JlaHHble TpeOOBaHUs BBINOJHSIOTCS, €CIU -
HAMHMYECKHH 3amac CHUCTEMBbI DPErylIMpPOBaHUs, U B HEPBYIO
ouepess 3arac BeinpsimiieHHol D/1C tupucropHoro npeobdpa-
3oBarens (TII), OyayT obecriedeHbl B HA3BAHHBIX JMHAMUYE-
CKUX pexuMax. JlomomHMTeNnpHOe yBEIMUYeHHe 3amaca obec-
MIeYNBAET MOBBIIICHNE HaaexxHocTu OIl, ofHAKO HMPUBOIUT K
YXYIIIEHNUIO SHEPreTHUECKUX IOKa3zaTesieil 3a cyeT yBenude-
HUSL TOTPEOJIeHUsT pPEeaKTUBHONH MOITHOCTH, 3aBHCAMIEH OT
CTETIeHH perynupoBaHus BempsmiieHHoH D/C.

C nenblo ynydlleHHs YHEPreTUUecKUX MoKa3aTeneil pas-
paboTaHa KOHLEIIUS CUCTEM JIBYX30HHOTO PETYJINPOBaHUS, B

OCHOBY KOTOPOH IIOJIOXXEH IPHHLHUI NepepacipeaeieHus 3a-
naca BeimpsviieHHoi DJIC TupucTopHOTO Tpeodpa3oBaTels B
YCTAaHOBHMBIIEMCSI M IWHAMHUYECKHX PEKUMaX, BBI3BAHHBIX
mMeHeHneM Harpysku Ol [4]. DTo MO3BOJSIET YMEHBIIHUTH
BEIMYMHY 3araca 3a c4eT 00Jee paldOHAIBFHOTO €r0 HCIOJb-
30BaHUSL.

B pamkax Ha3BaHHOW OOIIEH KOHIENIHH IPEIIO0KCHBI
CIoco0 W CHCTEMa 3aBHCHUMOTIO YIPaBJICHHS IHOTOKOM BO30Y-
xnenns B ynkuuu BeipsimiaenHoi D/1C TIT [S]. Cyts cno-
co0a 3aKiII04aeTcsi B TOM, UTO 3a/alolee BO3JEHCTBHE Ha pe-
TYJISTOp BHEIIHEro KOHTypa B LeNH BO30YxaeHus Gopmupy-
eTCsl NPOMOPIMOHAIFHBIM HOMHHAJIBHOMY 3HAUEHHIO BBI-
npsimaerHoit DJIC. Peanmsanms cmocoba MO3BOISET YMEHbB-
mUTh 3anac BeMpsiMiIeHHOH DJIC mpM OTHOCHTENBHO IUIAB-
HOM M3MEHEHHHU Harpy3ku (st THpUCTOpHBIX OI1 mpokaTHBIX
CTaHOB — B PE&KUME pa3roHa Ioja Harpyskoit). [IpuMenenue
pa3paboTaHHOW cUCTEMBI peKkoMeHayeTcs: B OI1 HenpephIBHBIX
1 PEBEPCUBHBIX CTAaHOB XOJOAHON IPOKATKH, PabOTAIOIINX B
IIMPOKOM JTMana3zoHe U3MEHEHUS Harpy3KH [6].

Jnsa orpannuenus 3amaca BeinpaMieHHod DJ(C TII npu
0TpaboTKe yIapHOTrO TPHIOKEHHUS HArpy3kd pa3padoTaHbl
CIoco0 W cHCTeMa 3aBHCHUMOTIO YIPaBJICHHS IHOTOKOM BO30Y-
KIICHHUSI C aBTOMaTHYECKUM H3MEHEHHEM YCTaBKH BBIIPSM-
nenHoi D/IC, a Taxke CHCTEMBI JBYX30HHOTO PETYIHMPOBAHUS
C MEPEKII0YEHIEM KOOPUHATHI, PETYIUPYEMOH 10 IIEMH BO3-
Oyxnenus [7].

[TpoBeneHHbIE TEOPETHUECKHUE U IKCIIEPUMEHTAIIBHbIE HC-
CJICIIOBAHUSI MIPEIJIOKEHHBIX CHCTEM IBYX30HHOTO PErYJIUpO-
BaHMS NPOJAEMOHCTPHPOBAIN BO3MOXKHOCTD CHIDKEHHMS 3araca
BemmpsivieHHoit DJ[C TII mpaktuuecku 0e3 yXyIIIEHUS AU-
HaMHUYECKHUX I0Ka3aTeliell M HaJeKHOCTH PabOTHI AJIEKTPO-
NpUBOAa. YJIy4dlIeHHE SHEPreTHYeCKUX MoKasaTenel obecrie-
YMBaeTCs NpPaKTHYeCKH Oe3 KalMuTalbHBIX 3aTpaT 3a CueT
CHI)KEHHsT BTOPMYHOTO HANpPSDKEHHS NpeoOpa3oBaTeIbHOTO
tpaHcdopmaropa [8].

TexHn4eckne  NperMyIIECTBA  aBTOMAaTH3MPOBAHHBIX
JIEKTPOIIPUBO/IOB KJIETEH MPOKATHBIX CTAHOB, BBITIOJIHEHHBIX
Ha OCHOBE CHCTEM JIBYX30HHOTO PEryJHpPOBAHHS CKOPOCTH C
TIEPEKITIOYAIOIINMHUCS CTPYKTYpaMH, 3aKJIIOYAIOTCS B CHIDKE-
HUM TIOTEPh SJIEKTPUUYECKOW 3HEPTHU 3a CUET YMEHBIICHHS
MOTpeOIeHNs] PEaKTUBHOW MOIIHOCTH O€3 NMPUMEHEHHS KOM-
NEHCUPYIOMINX YCTPOicTB. D deKT nocTuraercs 3a cuer cxe-
MOTEXHMYECKUX PELICHUI B CUCTEMax YIpPaBJICHHS 3JIEKTPO-
NPUBOIOB MpaKTHYEeCKU 0e3 KamnuTajbHbIX 3aTpar. VX npume-
HEeHue o0ecrevynBaeT CHW)KEHHE NOTpeOsIeHHs pPeaKTHBHOU
MoITHOCTH Ha 15-35% B 3aBHcHUMOCTH OT Harpy3ku. [Ipu sTom
COXPAHSIOTCS BBICOKHE JUHAMHYECKHUE XapaKTEPUCTUKU W
MIOKa3aTelH HaJIe)KHOCTH 3JIEKTPOIPHBO/IA.

Brenpenne paspaboTaHHOH  CHCTEMBI  JBYX30HHOTO
PEryJIMpOBaHuUs C MEPEKIFOYaIOMEHCs] CTPYKTYPOH B 3JIEKTpO-
npuBojax crana 2000 OAO “MarHuToropckuil MeTayuIypru-
yecknit komOuHaT” (OAO “MMK”) obecnieymsio CHIDKEHHE
MOTEPh ANEKTPHICCKOH SHeprun Ha 1,87 muH. kB1-u/ron.

DHEPI'OCEEPEXXEHUE 3A CUET OIITUMMU3ALIMU CKOPOCTHBIX
1 HATPY30UHBIX PEXXUMOB DJIEKTPOITPUBO/IOB KJIETEM
CTAHA TOPSYEM IIPOKATKH

OOuIenpu3HaHHOW MHPOBOW TEHICHIMEW Pa3BUTHS TEX-
HOJIOTHH IITUPOKOIIOJIOCHBIX CTaHOB TopsYei MPOKATKH SBIIS-
eTcs pacIIMpeHre COPTAaMEHTa 3a CYEeT MPOM3BOJCTBA MOJIOC
ToJIMHON 10 18-24 MM U3 TpyaHOAEDOPMUPYEMBIX U CHELIH-
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anpHbeIX crased [11]. BHenpeHue TeXHOIOTMH MPOKATKU
TpyOHOH 3aroTOBKM Ha HIMPOKOIIOJIOCHBIX CTaHaX TPETHETO
MOKOJICHNS] B MUPOBOIl IIPAaKTHKE /10 HACTOSIIETO BPEMEHH HE
ocymiecTBIsUIoch. OYEBUAHO, YTO IPH TaKOH NPOKATKE, BBI-
MoJHseMOH, B yacTHocTH, Ha ctane 2000 OAO “MMK?”, Bo3-
HHUKACT PsIJl TEXHUYECKUX M TEXHOJOTHYECKUX IPOoOIsIeM, CBS-
3aHHBIX C HU3KHMH CKOPOCTSIMH IPOKATKH (IO 2-X pa3 HIKE
HOMHMHAQJILHOH) M BBICOKMMH, HEPABHOMEPHBIMH OOXKaTHSIMU
no kiersM. Kak mokasamu skcneprMeEHTalbHbIE HCCIIEI0Ba-
HUS, IBUTATEJIN TJIaBHBIX JJICKTPONPUBOJIOB KJIETEH 3arpyiKe-
HBI 110 TOKY Ha 95-120% [12].

JIist onTUMH3aMK PEXXUMOB pa3paboTaHbl aITOPUTM OTI-
TUMHU3AIUX Harpy309HBIX PEXHUMOB 3JIEKTPOIPHUBOIOB HEIIpe-
peIBHOW Trpynmbel. Pa3zpaboraHo mporpamMmHOEe obecreueHue
“PacdyeT CKOPOCTHBIX M HAarpy304HBIX PEXHUMOB 3JIEKTPOIPU-
BOJIOB KJIETEH MIMPOKOMOJIOCHOTO CTaHAa TOpsded MPOKAaTKH
[13].

OHepro- M pecypcocOepekeHne 3a CYeT ONTHMHU3AINH
CKOPOCTHBIX M HArpy304HBIX PEXHMOB JJIECKTPOIPHUBOIOB
JOCTHUraeTcs 3a CUeT PallMOHANBHOTO paclpelielieHHs Harpy-
30K 110 KJieTsiM. TexHudeckas 3 (HeKTUBHOCTD U aKTyaIbHOCTb
3aJa4yl MOJTBEPIKAAIOTCS TEM, YTO Ha psjie OTEYECTBEHHBIX
MPOKATHBIX CT@HOB OCYLIECTBIISIETCS! IPOU3BOJCTBO TOJCTOU
MOJIOCHl U3 TPYAHOJE(GOPMHUPYEMbIX MapoK CTalld, HpenHa-
3HAYEHHOW Ui TNPOW3BOJCTBAa TpyO OONBIIOrO AnMaMerpa.
Hapsimy ¢ sHepro- m pecypcocOepexeHneM 3T0 oOecrednT
HUMITOPTO3aMEIIEHHE TOPOTOCTOAIIEH POy KIIHH.

CHUCTEMA ABTOMATU3ALIUU ITPOLIECCA TTPOKATKU HA
TOJICTOJINCTOBOM PEBEPCUBHOM CTAHE 5000 OAO “MMK”

BrimonHeHsl MccegoBaHue U MOJEPHU3ANMS CTPYKTYPhI
CHUCTEMBl YMpaBIEHUsS DJIEKTPONPUBOJAMU, BHEAPEHHON Ha
OJIHOM U3 CaMBIX COBPEMEHHBIX B MHPE TOJICTOJIMCTOBOM CTa-
He 5000 ropsueil MpoKaTKW, BBEJEHHOM B JKCIUIyaTallHIO B
2009 rony Ha npomruiomaake OAO “MMK” [14].

Ha puc. 1 npuBeneHa CTpyKTypa CUCTEMbI aBTOMAaTHU3AI[UN
npoKaTHOHM kiern craHa. CucreMa MMEEeT MHOTOYPOBHEBYIO
HEepapXUUECKYI0 CTPYKTYpyY. JIOKaJIbHBIE CHCTEMBI aBTOMATH-
YECKOTO YIIPaBIICHHS MCIIOTHUTEIBHOTO YPOBHS OOecIieYrBa-
FOT PEryJINPOBAaHUE OTACIBHBIX TEXHOJOTHYSCKIX KOOPAWHAT
(CKOpOCTH BpameHHs BaJIKOB, MEKBAIKOBOTO 3a30pa, Mpohu-
79 ¥ IUIAHIIETHOCTH MOJIOCH!). CHCTEMBI aBTOMAaTHYECKOTO
perymupoBanust (CAP) CKOPOCTH U HOJIOKEHUS DIIEKTPOIPH-
BOJIOB BBITIOJTHEHBI 110 W3BECTHOMY IPHUHIUITY TOIYHHEHHOTO
perynmupoBanusi koopauHat. CAP THAPONPUBOIOB HMEIOT
3aMKHYTHIE KOHTYPHI YIIPABJICHUS MOJT0KEHUEM.

JI1st mepBOHAYaNBbHOM YCTAaHOBKH 3a30pa MEXIy MpPOKaT-
HBIMH BaJIkaMW U PETYJIHPOBAHUS TONIIMHBI B MPOIECCE MPO-
KaTKd Ha CTaHE HCIIONb3yeTcss KOMOWHHPOBAHHAS CHCTEMA,
cocTosIasi U3 IEKTPOMEXaHNICCKUX U THAPABINICCKUX Ha-
JKUMHBIX YCTpOHCTB. CHcTeMa 3MEKTPOMEXaHHIECKOTO MO3H-
muonupoBanuss EMP (Electro Mechanical Positioning) uc-
MOJIB3YETCs ISl MPEABAPUTEIHLHON YCTAHOBKH 33a30pa MEXKIY
pabounMu BaJKaMH M YCTaHABIMBAET ME)KBAJIKOBBIN 3a30p
TakuM 00pa3oM, 4TOOBI CHCTeMa THAPABINIECKON PETYIIUPOB-
ku 3a3opa HGC (Hydraulic Gap Control) Bcerma Haxoaunach
B ONTUMAILHOM pabodeM [uama3zoHe M oOecmeunmBania Obl-
CTpO€ W TOYHOE TOJPETyJUPOBaHNE BOSHUKAIOIINX B MPOIIEC-
Ce MPOKATKHU OTKJIOHEHHUH TOJIIWHBI JTUCTA.

C nenpio oOecriedeHHs BRICOKHX MOKa3aTeIe reOMeTpUU
W3rOTABIIMBACMBIX JINCTOB MPOKATHAS KICTh CHA0KEHA CHUCTE-

Mo# cmemienus pabounx BankoB WRS (Work Roll Shifting) u
cuctemMorr u3rmba paboumx BakoB WRB (Work Roll
Bending), oO0peIWHEHHBIX Ha CTaHE B EAWHYI0 CHCTEMY
YIpaBICHUS MPOQUIEM U IUIAHIIETHOCTHIO JICTa C HA3BAHU-
em CVCplus (Continuously Variable Crown).

C nenpio yCTpaHEHHsS HEIIOCKOCTHOCTU M TOIEPEYHOU
Pa3HOTOJIIMHHOCTH JIICTOBOTO TPOKAaTa HCIIOJIB3YeTCs IPO-
THUBOM3TMO paboyMX BaJKOB — MEXaHM4YECKOE BO3AEHCTBHE Ha
npoduiM BalKoB B mpolecce npokatku. [IpornBonsrud Ba-
KOB OCYILECTBJISIOT C TOMOIIBIO I'MPABINYECKIX [IMJINHIPOB.
Yeunust THAPOIMIIMHAPOB U JaBJICHUE OT Ha)KMMHBIX BUHTOB
CO3/Ial0T M3rudaroIii MoMeHT. [IpunoskeHre Toro WM HHOTO
JOTOJIHUTENBHOTO M3TrHOAIOMEr0 MOMEHTa K BajKaM II03BO-
JSIET U3MEHATh PO IIIE OOYKHM BaJKa B MPOILIECCE MPOKATKU U
TEM CaMBIM PErYJIUPOBATh PACHPENCICHNAE BBITSHKKH IO IIH-
pHHE TIpOKaThIBaeMoOW monockl. CHcTeMa mpoTHBOM3THOa pa-
00YnX BaJKOB YCTAaHOBJICHA MEKAY MNOAIIWIHUKAMH IIEHKH
BEPXHETO U HIKHETO Pab0oYnX BaJIKOB.

Cucrema cmenienus pabounx BaikoB WRS ucnonb3yercs
JUISL TIPEJIBAPUTEIILHON YCTAaHOBKHU MPOQUIIsE PacTBOPa BaJIKOB
MEXIy mpoxoaamu (6e3 meTasuia B Bajkax). CMmeleHreM Baj-
KOB MCXKAY IMPOITyCKaMH OT JIMCTAa K JIMCTY aBTOMAaTHUYCCKHU
obecrieunBaeTCs KOPpEeKIUsi U3HOca pabo4yHMx BaJKOB, B pe-
3yJIbTAaTe YETO YBEJINUUBACTCS UX CTOMKOCTB.

Bropoii ypoBeHp aBTOMaTH3anyMu OOECTIEUYMBACT YIpaB-
JIEHUE TEXHOJIOTHYECKHM TIPOIIECCOM B CTPOTOM COOTBETCTBUH
C OIpezeNnsIeMoil onepaTopoM MporpaMMon, GOpPMHUPYET CHUT-
Hanbl 3aJaHust At JoKanbHEIX CAY M COCTOMT M3 KaHala
YIpaBJICHUS IPOKATHONW (TOPH30HTANBHOMN) KICTHIO W KaHaja
YIPaBIEHUS BEPTUKAIBLHOM KIIETBIO — 3IHKEPOM.

Cuctema ynpaBieHUs TPOKAaTHOH KieTblo (hopMHpYyeT
CUT'HAJIbI 3aJaHuA 11 CUCTEM aBTOMATHYCCKOT'O PEryjanpoBa-
HHUA CKOPOCTHU TOPU3OHTAJIBHBIX BAJIKOB, CUCTEMbI CMCUICHUSA
¥ 13ruba NpoKaTHHIX BaskoB. OHA ke Yepe3 CUCTEMY aBTOMa-
THYECKOTO KOHTPOJIS MEXKBaJKOBOIO 3a30pa IOJ Harpy3Koi
AGC (Automatic Gauge Control) ¢popmupyeT curHaIBI 3a7a-
HUS JUII CHCTEM aBTOMAaTHYECKOTO PEryJMpOBaHMS MOJIOXKe-
HUSL DJICKTPOMEXaHWYECKUX M TUAPABIMYECKUX HAKHMMHBIX
ycTpoiictB. CrielyeT OTMETUTh, YTO OCHOBHOM 3ajaueill cuc-
TteMbl AGC sIBIIsieTCsl KOHTPOJIb TOJIIHMHBI JINCTa OTHOCHTEIb-
HO €ro LEHTPAJIbHOW OCH M KOMIICHCAIMs CPEICTBAMHU TH-
PABINYCCKUX HAXKXUMHBIX yCTpOﬁCTB OTKJIOHCHUH TOJOIUHBI,
BBI3BAHHBIX B03ﬂeﬁCTBH6M Pa3JIMYHbIX BHCUTHUX (baKTOpOB.

Cuctema ynpaBiieHHs! 3JKepoM (GOPMHUPYET CUTHAI 3a]1a-
HHA Ha CKOPOCTH BEPTHUKAJIBHBIX BAJIKOB U CUT'HAJ B CUCTEMY
KOHTpOJISI MHpHHBEI packata AWC, koTopas 3agaeT MOJOoXkKe-
HHUE TUAPOLMIMHAPOB B COOTBETCTBHM C TPAaeKTOpHeH o0xa-
THSL, TIOJTydEHHON OT MOJIETH POKATKH.

Tpernit ypoBeHb ynpaBiieHHs NpeAHa3HAYEH A MJIaHU-
pPOBaHMSI TEXHOJOTHYECKOTO IIPOLEcca: pacueTa IMpOorpaMMbl
MIPOKATKHU, ONPE/IEJICHHS MOCIEA0BATEIILHOCTH JBMXKCHUS OT-
JIETIbHBIX 3JIEMEHTOB MEXaTPOHHOHW CHCTEMbI ITPOKaTHOW Kie-
t. [To KOMaHzie oneparopa, B COOTBETCTBUH C pacyeTaMH Ha
MaTeMaTH4eCKOH MoJienu OJI0KOM 3aJaHusl HOCIIe0BaTeIbHO-
CTH OCYIIECTBISIETCSl 3aJaHHE COTJIACOBAHHOTO JIBHXKEHHS
BCEX JJIEKTPO- U TUAPONPUBOIOB, & TAKIKE BCEX JIMCTOB, HAXO-
JANIUXCSI Ha TEXHOJIOTUYECKON JIMHUM cTaHa. MdakTudecku
CaMO YCTPOHCTBO 3aJaHus IIOCIEA0BATEILHOCTH MOApa3aeie-
HO Ha HECKOJIbKO MOJYCTPOMCTB, Kak0€ M3 KOTOPBHIX (QYHK-
LHOHHUPYET 110 CBOEMY aITOPUTMY M 33JeHCTBOBAHO Ha pas-
JIMYHBIX JIOTHYECKUX YIacTKaX OTCIICKUBAHMS.
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Ha sToM ke ypoBHE permaercs 3a1a4a oOecreyeHus Kade-
cTBa (DOPMBI JIUCTOB B IUIAHE — CHIKEHUSI Y/ICIBHOTO pacxoja
W MHHUMH3AIUA KPOMOYHOW OOpEe3M IIyTeM OIIpeAEIeHHS
OYepeHOCTH MPOKATKH JIUCTA B HPOJOIBEHOM M MONEPEYHOM
HaIlpaBJICHUAX C IPOMEKYTOYHOM KAaHTOBKOM packaTa Ha
pounbranre Ha 90 rpaja. Ha crane npumenena texuosorus ASC
(Automation Size Control), aHanornyHas U3BECTHHIM C Ha-
3BanusiMu  MAS-npokatka, EGO-npokatka m Plan View
Control (ynipaBnenue reometpueii) [15-18].

Texnonorus ASC obecrieunBaeT NpIMOYrojbHYyI0 GopMy
JIUCTa BO3ZCHCTBMEM Ha TOJIIMHY pacKaTa Ha pa3IUYHBIX
JTamax rnporecca. Jis 3Toro Bo BpeMs IPOKaTKU B Hadaye U
KOHIIe Tpoxoja (opMHpyeTcsl OONbInas TONIIMHA, YeM B Ce-
penune. Ilocne pa3BopoTa packata Ha 90 rpaj. U3NUIIKU Me-

Tajula MO KpasM MOABEPraroTCs JajlbHEUIIEH TPOKATKe, OCie
Yero JIMCT CWJIBHO BBITSATHBAETCS M INpHOOpeTaeT NpsiMo-
yronpHY0 opMmy.

Jist cBsI3M MEXIy YPOBHSMHU YNpAaBJICHHS OpPraHH30BaH
CHeIHANbHBIA MHTEp(ENC, OCYIMIECTBITIONINNA TaKkke HHDOP-
MAalMOHHBII 0OMEH MEeX/y OIepaTopoM, CUCTEMOH aBTOMAaTH-
3aIiM, TEXHOJIOTHUECKUMH JATINKAaMH M JaTINKaMH KOOPHIH-
HaT IPUBOJIOB.

Ormmcannas cucteMa BHenpena Ha ctaHe 5000 OAO “MMK”.
OmBIT SKCIUTyaTallMy TO3BOJISIET CAENaTh BBIBOJ O ee paboTo-
CIIOCOOHOCTH M BO3MOXKHOCTH CTaHa B IIEJIOM OCYIIECTBIISTH
MIPOKATKy JMCTa TOMIMHON oT 8 1o 50 MM, mupuHoit ot 1600
110 4800 MM ¥ uTHHOM OT 6 10 52 M C BBICOKMMH ITOKA3aTEISIMHA
Ka4eCTBa U MUHUMAIILHOI OOKOBO U TOPIIEBOW 00OPE3bI0.
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PECYPCOCBEPETAIOLLIME 2JIEKTPOTEXHUYECKUE CXEMbI
[LIMPOKOIIOJIOCHOI'O CTAHA T'OPSIYEN ITPOKATKH

B mampaBieHun pecypcocOepekeHus 3a CUeT CHIDKEHUS
MaTEepPHAJIOEMKOCTH MPOKAaTHOTO IIPOM3BOJCTBA BBITIOTHEH
KOMIUIEKC HAYYHO 00OCHOBAHHBIX, TEXHHIECKH HCIIOTHEHHBIX
1 BHEIIPCHHBIX pa3pabOTOK IO COBEPIICHCTBOBAHHIO aBTOMa-
TU3UPOBAHHBIX 3JCKTPOIIPHBOIOB M CHCTEM PETYIHMPOBAHUS
TEXHOJIOTHYECKHX [apaMeTPOB HIMPOKOMOJIOCHBIX CTaHOB
ropsiyeil mpoxaTku, BKIovaromumii [19]:

1. KoMIUIeKCHYI0 MOJEpHHM3aLUI0 THUPUCTOPHBIX JJICK-
TPONIPUBOJIOB KJIETEH M BCIIOMOTAaTEJbHBIX MEXaHH3MOB,
obecneunBaroryo [20-22]:

- TepeBOJ] KOMIUICKTHBIX JJIEKTPOIPHUBOIOB C aHAJIOTOBBIMU
CHCTEMaMH YIpPAaBICHHS Ha IMPsIMOe IU(PPOBOE PETyIHpOBa-
HHe 0e3 3aMEeHBI CHIIOBOM yacTh mpeoOpa3oBatels (aHaIoToOB
10100HOM MOJICPHHU3AIINH B MUPOBO#T TIPAKTHKE HE GBIIO);

- TOJHYIO 3aMeHY BCEX JIOKAIIbHBIX CHCTEM aBTOMATH3aIlHU
TIEPBOTO YPOBHS;

- BHEJIpEHHE CKBO3HOTO JUIS BCEr0 CTaHa BTOPOIO YPOBHS aB-
TOMAaTH3aIM1 U UHTETPAIMIO €ro B KOPIOPATHBHYIO CHCTEMY
yIpaBIeHUs IPOU3BOACTBOM.

2. Pa3paboTKy M peanu3alMio CHCTEM U aJrOPUTMOB
YIpaBIEHUS CKOPOCTHBIMH PEKUMaMHU 3JIEKTPOIIPUBOIOB KJIe-
Teil HEeNpepBIBHON TpyIHIbl, 00eCreunBaroONINX pecypcocode-
pEeXeHHe U yIydIlIeHue KaueCTBa MOJIOCH 32 CUST ITOBBIIICHHS
TOYHOCTH PETYJIHPOBAaHUS HATSDKEHUS U MOJACp KaHUS 3aaH-
HOTO TEMITEPaTypHOTO peKUMa MPOKATKH.

3. PazpaboTky W peamm3amuio HOBOTO TPHHIWNA II0-
CTPOCHHS BBICOKOJWHAMHYHBIX CHCTEM B3aUMOCBSI3aHHOTO
pErylupoBaHus TOJIIUHBI W HATSHKEHHS, 00ECHeYMBAaIOIINX
TEXHHYECKHE BO3MOXKHOCTH IPOHM3BOJCTBA TOpsdYeKaTaHON
nosiockl TonmuHou 0,8-1,5 MM, SBIIsIOIEHCS KOHEYHOH MpO-
JTyKIHEeH MEeTaJITypruuecKoro mpeupusTHs.

4. Pa3paboTKy 1 peanu3aiuoo crocoda aBTOMaTH4eCKOro
yIOpaBleHUs HaXUMHBIMH ycTpoiictBamu B coctaBe CAP
TOJIIIMHBI, COTJIACHO KOTOPOMY OCYIICCTBISCTCS W3MCHCHHE
MOJIOXKEHUST HAXKUMHBIX YCTPOMCTB IPU 3aXBaTe C MOCIEIYI0-
MM FX BO3BpAIICHHEM B 33JaHHYIO MO3HIHUIO AJIS MPOKATKA
OCHOBHOTO Y4aCTKa ITOJIOCHI.

B x071¢ KOMIIIEKCHOH MOAECPHHU3AINHN SJICKTPOIIPHUBOIOB U
co3nanus coBpeMeHHol ACY TII crana 2500 ropsueit npo-
katkn OAO “MMK” BbIMOIHEHBI TOJTHASI 3aMEeHa JIOKAIbHBIX
CHCTEM aBTOMATH3AI[MH MEPBOTO YPOBHSA M BHEJPEHHE CKBO3-
HOTO JJIs1 BCEr0 CTaHa BTOPOTO YPOBHS aBTOMATHU3aIMM, WH-
TErPUPOBAHHOTO B KOPIOPATUBHYIO CHUCTEMY YIIPaBIICHHS
MPOM3BOJACTBOM. [IpenoxeHbl W peanu30BaHBI CIEAYIOIINE
NPUHLUIIBI YIIPAaBICHUS! CKOPOCTHBIMU PEXHMaMH 3JEKTPO-
MPHUBOJIOB KJIETEH YHCTOBOM TPYIIIHL:

- KaCKaJHBIA MPHUHIHUI C UCTIOJIH30BaHHEM B KAa4eCTBE OIOP-

HOM IOCJIeTHEH KaTarolei KIETH;

- KOMIICHCAIUS CTAaTHYECKUX OTKIOHEHHH (TPOcagok) CKOpo-

CTH, BOHUKAIOLIMX P paboTe 3JIEKTPONPUBOAA M0]] Harpy3-

KOW;

- TOPMOJKEHHE KJIeTEeH MPH BEITYCKE ITOJIOCH.

TIPUHIINIIBI YIIPABJIEHMS CKOPOCTHBIMU PEXXMMAMU B ACY
TII LIMPOKOITOJJOCHOI'O CTAHA TOPSTYEH ITPOKATKH [23]

B xo71e KOMIIIEKCHON MOAECPHHU3AINHN 3JIEKTPOIPHUBOIOB U
coznanms coppemenHod ACY TII crana 2500 mpeasioskeHsl u
peaM30BaHbl HOBBIC MPUHIIMIIEI YIIPABICHUS CKOPOCTHBIMU
pexumamu OI1 4ucTOBOI rpynmel.

Kackaonas xoppexuyus crxopocmen knemei [24]. s
OTPaHWYEHUS BBICOTHI METIIH TIOJIOCHI B MEKKJIETEBOM IIpOMe-
KYTKE pa3paboTaHbl CHCTEMA U aJTOPUTM KacKaJHOH KOppekK-
UM CKOPOCTEH MPEIbIAYIINX KIIeTel 9rcToBoi rpynnsl. CyTh
3aKJIIOYaeTCsl B TOM, 4YTO KOPPEKTHPYIOIINE BO3ACHCTBUS
CKJIAIBIBAIOTCS M TIEPEAAIOTCS B HAIPABICHUN “TIPOTHB XOJa
mpokaTku”’. TIpym 3TOM BenWYMHA BO3JEHCTBUS HAa CKOPOCTH
MIPeAbIIYIIeH KIIETH PAacCYMTBHIBACTCS 10 W3MEHEHHIO 3a30pa
BaJIKOB. Perynsrop pasmepa neriy BO3JEHCTBYET Ha 3aJaHKe
CKOPOCTH, YCTpaHSET pa3HHIly MEXIy 3aJaHHOW W dakTHye-
CKOH JJMHAaM{ TOJIOCHI B MEXKKIJIETEBOM MPOMEXYTKE, UYTO
MI03BOJISIET COXPAHUTD BBICOTY IETJIM HEM3MEHHOH. B kauect-
BE OIOPHON KIETH HCIONB3YETCSl MOCIEAHAS KaTaromas
KJIETh, KOPPEKTHPYIOIIUE BO3ACHCTBHSA Ha HEE OTCYTCTBYIOT.
370 BBI3BAHO TPEOOBAHUAMH K ITOCTOSHCTBY CKOPOCTH IOJIO-
CBI Ha BBIXO/IC U3 YUCTOBOM Tpynmel. EQUMHCTBEHHBIM (aKTo-
POM, BIHSIOIINM Ha CKOPOCTHOH PEXHM, SIBISIETCS] YCKOPEHHUE
rocIe 3ampaBKé Monockl. OHAKO €ro BEIWYHMHA IOCTOSIHHA,
IMMO3TOMY MOXKET 6I>ITI) Y4T€HAa U CKOMIICHCHpPOBAaHa B CUCTEME
PETYIUPOBAHUS OXJIAKIACHUS.

Komnencayua cmamuueckux OmKIOHEHUIl CKOpocmu
Kknemu [25-28]. B amekTponprBOaX YHCTOBOI TPYMIbI IPH-
MEHEHBI IIPONOPLUOHAIBHBIE PETYJIATOPL CKOpocTH. MX Ha-
CTpO¥iKa TPOBEICHA TAKMM 00pa30M, 4TOOBI 0OECIICUNTh MaK-
CHMQJIFHO BO3MOXKHOE OBICTPOACHCTBHE KOHTYpa CKOPOCTH
IIPY TIOJTHOM OTCYTCTBHUH TIepeperynupoBanus. OQHaKO MpH-
MeHeHHe [I-perynsTopoB HE MO3BOJIICT YYECTb W BHECTH B
IIporpaMMy KOHTpOJIEpa BEIHYHHY CTATHYECKOTO OTKJIOHE-
HUSL (IPOCagKH) CKOPOCTH, 3aBUCAIIETO OT NPHIOKECHHOH Ha-
TPY3KH M OIPEEsIeMOro KECTKOCThIO MEXaHMYEeCKOH Xapak-
TEPUCTUKU. B pesynbpraTe 3TOro ynpasieHUE OT MaTeMaruye-
CKOM Mojenu cTaHOBUTCS Hed(pdekTuBHbIM. C HEIbI0 yCTpa-
HEHUsI ITOTO HEAOCTaTKa pa3paboTaH y3es KOMIICHCAIUU CTa-
THYECKOI MPOCaAKK B MPOTpaMMe YIPaBJIECHHs CKOPOCTHBIMH
peXuMaMy, BKJIIOYAIOIUN Pa30MKHYTBIM M 3aMKHYTBIM KOH-
TYpbl KOMIICHCAIINH, & Takke OJIOK JIOTWKM YHPaBJICHHS pe-
XKUMaMH. B pe3ynbraTe ANMTENBHBIX SKCIEPHUMEHTOB MOKa3a-
HO, YTO TakuM oOpa3oM obOecrieunBaeTcs Hamboiee d(hdek-
THBHOE PETYJIMPOBAaHNE C HAMMEHBIINM BIHMSHHEM Ha yCTOM-
YUBOCTh B JMHAMUYECKUX PEKUMAX.

Topmoiicenue uucmogoii zpynnsl npu 6vInycke HOI0CHL
[29]. Ecnu He mpeanpUHUMAIOTCS MEPHl MO0 OTPAaHUYCHUIO
CKOpOCTH TOCJEeIHEN KaTaroulell KJIEeTH, TO B pe3yJibTaTre yc-
KOpPEHHUsI TIPH TPOKATKE CKOPOCTh BBIXOJAd MeTajjla MOXKET
BO3PACTH 70 HEIOMYCTUMBIX mpenenoB (it craHa 2500 — no
12-12,5 m/c). Beimyck moJochl Ha TaKOW CKOPOCTH COIPOBOXK-
JAeTCsl yaapamMu “XBOCTa”, B pe3yjibTaTe 4ero MOXKET Mpo-
N30HUTH OOpBIB 1MOJIOCHL. JIJIst ycTpaHeHust 0003HaYeHHOW Mpo-
61eMbl pa3paboTaHa TEXHOJIOTHYECKasi CXeMa aBTOMAaTHIECKO-
ro TOpMOXKeHHs KieTel. IIpu mpokaTke TOHKHX TOJIOC, KOTIa
Be/MUMHA ycKopeHus makcumanbaa (0,1 m/c®), oneparop Mo-
JKET HE YCTaHaBJIMBaTh OrpaHWYEHHE CKOpOCTH MO0 ycra-
HaBJIMBATh €ro Ha ypoBHe 12 m/c. B ocTambHBIX ciydasx 1o
pa3HOCTH MeXIy (PaKTUUIEeCKOW CKOPOCTBIO M 3aJaHHOW CKO-
POCTBIO BBIMYCKAa aBTOMATUYCCKHU BBIYUCIIAIOTCA MOMCEHT Ha-
qaja TOPMOKCHUA U TEMIT TOPMOKCHUA.

PesynbraTramMu BHeApeHHs pPa3pa0OOTaHHBIX aJTOPHTMOB
yIpaBJIeHUs] CKOPOCTHBIMH pekuMaMu Ha ctane 2000 sBis-
I0TCSI CHIDKEHHE BHEIIJIAHOBBIX IIPOCTOEB, pa3paboTKa paruo-
HaJIbHBIX CKOPOCTHBIX PEKUMOB, yIyYIIEHUE yCIOBHH 3aXBa-
Ta IPYU TPOKATKE TOJICTOH MOJOCHI.
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COBEPUIEHCTBOBAHUE DJIEKTPOMEXAHUUYECKOI CUCTEMBI
ABTOMATHUYECKOI'O PET'YJIMPOBAHU S HATSXKEHU A ITOJIOCHI
HEIPEPBIBHOT'O IIIMPOKOITOJIOCHOT'O CTAHA T'OPSYEN
IIPOKATKU (HA IIPUMEPE CTAHA 2500 OAO “MMK”)

K cucremam perynmpoBaHAs HATSDKEHHS M TIETIIH TTOJIOCHI
COBPEMEHHBIX MIMPOKOIOIOCHBIX CTAHOB TOpSYEH MPOKATKA
NPEIbSBIAIOTCS JKeCTKHE TpeOOBaHWS, HampaBlieHHBIE Ha
obecrieyeHre HENPEephIBHOTO KOHTPOJISI U MOAJEpKaHHe TOY-
HOCTH PEryJlupOBaHMsA HATSDKEHUs KaKk B YCTaHOBUBIIMXCH,
TaKk ¥ B JUHAMUYECKHUX pexumax. IIpu mpokaTke TOHKUX IO-
JIOC B HENPEPBIBHOM IpyIIe CTaHa BO3HUKACT 3HAUUTEIIBHOE
B3aMMHOE BIIMSIHUE HATSDKEHUS M TONLIMHBI Honockl. CymecT-
BYIOIIINE CUCTEMBI, BHIIIOJIHEHHBIE MO MPHHIUIY KOCBEHHOTO
peryIupoBaHMs HATSHKCHHS, HE OOECIIEYMBAIOT BO3POCIINX
TpeOOBaHUI MO0 Pa3HOTONIIIMHHOCTH MIPH Tepexo/ie Ha TMPOU3-
BOJICTBO TOHKOH TOpsTYEKaTaHOH IOJIOCH TomuHoH ot 0,8 1o
1,5 MmM. YIpouieHHbIE aNrOpUTMBI 3aJaHUS U PErYJIUPOBAHUS
HATSDKCHHS, PEaTi30BaHHBIC B aHAJIOTOBBIX CHCTEMaX, MPUBO-
AT K IOABJIICHUIO 3HAYUTCJIIBHBIX HOFpGIlIHOCTGﬁ, KOTOPBIC
IpY TOBBIIICHUH TPeOOBAaHUH K TOYHOCTH PETYIHPOBAHUSA
TCOMETPHUUCCKUX PA3MEPOB HE ABJIAIOTCA AOIMYCTUMBIMU. 3910
TpeOyeT COBEPIICHCTBOBAHUS aJITOPUTMOB BBIYHCICHHS U
pEryIupOBaHMs IapaMETPOB, BIUAIOIINX Ha HATSIKEHHE, KO-
TOpbIE MOXKHO peajn30BaTh IIpU Iepexoje Ha HUPpOBOE
yIpaBJIeHHE B CHCTEMaX, BHITIONHEHHBIX Ha 0a3e IPOMBIII-
JIEHHBIX KOHTpoJu1epoB [30].

Bwmecte ¢ TeM, TOJBKO 3a CUET HMOBBIIICHHUS TOYHOCTH BBI-
YUCIICHUS W PETYIMPOBAaHUS TEXHOJOTHYECKHX ITapaMeTpoOB
He o0ecreynBaeTcsl BBHIMONHEHUE BO3POCIIMX TPeOOBAaHHWHA K
JUHAMHWYCCKUM IIOKa3aTCIsAM. Bo3nukia 3aa4a IIOBBIIICHUA
OBICTPOJICHCTBUSI PETYIMPOBAHUS 32 CUET MaKCHMAJIbHOTO
HCIIOJIB30BAaHMUSI pecypca KaHaja peryJupOBaHMs TOJIIMHEL,
BBLIITOJIHEHHOrO0 Ha 0Oase TUAPABINYCCKUX HAXXHUMHBIX YCT-
potictB. Haubosee 1ienecoo0pa3HbIM SIBISIETCS MOCTPOCHHE
CHUCTEMbI B3aMMOCBA3AHHOI'O PETYJIUPOBAHUA HATAXKCHUA U
TOJIIIMHEI, TIOZOOHO TOMY, KaK 3TO JellaeTCs Ha CTaHaX XO-
JOAHOH mpokaTKu. OMHAKO MPUHIMITHAIEHEIM OTIIHIAEM ITH-
POKOTIOJIOCHBIX CTAHOB SIBIICTCS HAMYHE TICTIeIepKaTEIeH B
MEKKIICTEBBIX TIPOMEKYTKAX YHCTOBOH TPYIIIIHL.

OCHOBHBIMH pe3yJIbTaTaMu pa3padoTOK SBISIOTCSL:

1. Anroput™m BBIYHCIICHHS 3aJaHHS MOMEHTa 3JIEKTPO-
MPUBO/IA NIETICACPKATENS U aHATUTHIECKHE 3aBUCUMOCTH JIS
BBIYKCIICHUS] COCTaBJISIONINX MOMEHTa, OOECIeYHnBAIOIIUC
HanboJee BBHICOKYIO TOYHOCTh 33JaHUSI U PEryJIMpOBaHUs Ha-
TSDKEHHS, TI0 CPABHEHUIO C M3BECTHBIMHU aHAJIOTMYHBIMHU CHC-
temamu [31].

2. Cnoco0 ¥ cucTeMa KOCBEHHOTO B3aUMOCBSI3aHHOTO pPe-
TYTUPOBAHUS HATSDKCHHS M TONIIUHBI TTOJOCHI, OTIHIHTEIb-
HBIM MPU3HAKOM KOTOPBIX SIBISIETCS AOMOJIHUTEIBHOE KOPPEK-
THpYIOLee BO3/ACHCTBHE Ha THAPABINYECKOC HAKUMHOE YCT-
POMCTBO MpPEABIAYLICH KIETH MEXKICTEBOrO MPOMEKYTKA,
0/[aBaeMoe OJHOBPEMEHHO C KOPPEKTHPYIOIIUM BO3JeiCT-
BHEM Ha CKOPOCTH JIBUTATENS 3TOH KietH [32].

3. TeopeTuueckue 1 IKCIEPUMEHTAIbHBIC HCCIICIOBAHUS,
KOTOpbIE MMOKA3aJH, YTO MPUMEHEHHE OBICTPOJCUCTBYIOIIETO
KOHTYpa C BO3JACHCTBHEM Ha MHIPABINYECKOE HAKMMHOE yCT-
POMCTBO TMO3BOJISIET YBENUYUTH OBICTPOJACHCTBHE CHCTEMBI
PEryIUpOBaHUs HATSDKCHHS M TETIH TOJOCH BO BCEX MHHA-
MHYECKHX PEKMMax M TeM caMbiM obecreduTh Tpedyembie
OTKJIOHEHHSI TOJIIIHBI MTOJIOCHI B mpezaenax +5% [29].

[Mony4yeHHbIC TEXHUYECKHE PE3YAbTaThl HATJISIHO TPEI-
cTaBjieHBbl B BUie auarpamMm Ha puc. 2 [33]. IloaHouenHoe
NPOMBILIICHHOE BHEPEHHE Pa3padOTaHHON YCOBEPIIEHCTBO-
BaHHOM CHCTEMBI OPUEHTHPOBAHO HAa MPOBOAMMYIO Ha CTaHE
2500 pexoHCTpYKIHUIO. B X01€ peKOHCTPYKIIUH IPeayCMaTpH-
BAaIOTCS 3aMEHA YCTAHOBJICHHOTO MEXaHMYECKOTO M CHIIOBOTO
JNEKTPUUECKOTO 000PYA0BaHUsI KIETEH U MeTleiepKaTenei, a
TAK)Ke TMOJHBIA MEePEeBOJ JJICKTPOIPHUBOAOB Ha HUPPOBOE
yIpaBJIeHUE.

OcHoBHbIe TexHHYecKue 3 dexThI, odecnedrnBaeMble pH
BHEIPCHUU CHCTEMBI:

- CHIKCHHE MAaTepHaJOeMKOCTH (pecypcocOepexenue) 3a
CYET TIOBBINICHUS TOYHOCTH PETYIHPOBAHUS TONIIHHBI HA
KOHI[aX PYJIOHA;

- yJIydlIeHHE YCIOBHUI 3aXBaTa MOJOCHI BAIKAMH 3a CUET pea-
JM3alHK AITOPUTMOB YIPABICHUS, 00ECIICUNBAIONINX B3aAUM-
HOE COTJIacoBaHKe pabOThl CHCTEMBI PEryJIHMPOBAHUS HATSKE-
HUSI U NeTaH 1osockl ¥ Tuapo-CAP TonmumHbl B AMHAMAYE-
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Puc. 2. CpaBHeHnEe TMHAMWYECKUX OTKIOHCHNH HATSKEHUS (2) M TOIIIUHEI (0)
B ICUCTBYIOIICH M pa3pabOTaHHOMN CHCTEMax PEeryINpOBaHUS HATSKESHI
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CKUX PSIKUMAX;

- MOBBIIICHUE Pa3MEPHON TOYHOCTH IOJIOCH 3a CUET OBICT-
POIEHCTBYIONIETO B3aUMOCBSI3aHHOTO PETYJIHUPOBAHUS HATS-
JKEHUSI ¥ TOJIIIIHHEI.

COBEPIIEHCTBOBAHWE CUCTEMBI COTJTACOBAHM S
CKOPOCTEM HEINPEPLIBHOU IIOAT PYIIIIBI YEPHOBOM I'PYIIIIBI
KJIETEU CTAHA T'OPSIYEN [IPOKATKU

B 2012 r. 3aBepuieHa HaydHO-HCCIEAOBAaTEIbCKasT pabo-
Ta, HalpaBJiCHHAasl HA COBEPIIEHCTBOBAaHHE CUCTEMBI aBTOM a-
THUYECKOro perynupoBaHus Hyjeoro HatspkeHus (CAPHH)
B HeTIpephIBHOW moarpymme kiereld (kmetu NeNe 4-6) craHa
2000 OAO "MMK”. BbInogHEHB! 3KCIEPUMEHTAIBHBIE HC-
CJIEZIOBAaHMs YCJIOBHH 3axBaTa IIOJOCHI M W3MEHEHUH HaTs-
JKEHMSI B TpOIIecce MPOKATKH. B pe3ymbrare mokasaHo, 4ToO
cymectByomass CAPHH He cooTBeTcTByeT COBpEeMEHHBIM
TpeboBaHUAM U Manod3((eKTuBHA B YCIOBHAX PACHIMPEHUS
COpTaMeHTa MMPOKaThIBaeMbIX ToJoc [34].

[Tpu4auHBI HEYOBIETBOPUTEIFHON TOYHOCTH 3aJaHUS U
NOJ/Iep>KaHUsl HATSHDKEHUS OTPEJICIICHBI 110 Pe3yJbTaTaM KC-
MEPUMEHTAIbHBIX HCCIEJOBAaHUM U paccMOTpeHsl B [35].
OnHOW M3 OCHOBHBIX NMPUYMH HAa3BaHO HEKOHTPOJINPYEMOE
COOTHOILIEHHE CKOPOCTEH 3aXBara IMOJIOCH MO KJIETSAM, KOTO-
poe 3amaetcs oT koHTposwiepa ACY TII. Hapsany ¢ yxyamre-
HHEM KadecTBa IPOKaTa HA BBIXOJE YEPHOBOW T'PYNIBI 3TO
MPpUBOAUT K HCAONYCTUMBIM JUHAMHWYCCKHUM Harpy3kam
(yaapam) npu 3axBate MOJIOCHI.

BrlnonHeH aHanu3 U3BECTHBIX CHCTEM aBTOMAaTHYECKOTO
peryaiupoBaHusa, OMPEACICHBI HaIlPpaBJICHUSA COBEPIICHCTBO-
BaHus cymiectsyronieii CAPHH. Ilpu aTom yaeneHo BHUMa-
HHE CHCTEMaM, B KOTOPBIX HE MCHOJIB3YIOTCS AATYHKH J1aB-
JICHNs1, BBIYHMCIICHNE HATSIKCHUS HMPOM3BOJHUTCSA KOCBEHHBIM
0o0pa3oM 1o mapaMeTpam MPOKAaTKH M TOKAaM DJIEKTPOIPHBO-
noB. llpeanoxeH crnoco0 IMO3TAHOTO YIPABICHUS HATSXKe-
HHEM B MEXXKJICTEBBIX IPOMEXYTKAX.

CIIOCOB U AJITOPUTM YIIPABJIEHUS HATSDKEHUEM B
MEXKJIETEBBIX TIPOMEXYTKAX [36]

C nmenplo pacmMpeHust (YHKIHMOHAIBHBIX BO3MOXKHO-
creit CAPHH nenpepsIBHOW 4YepHOBOH MOATPYHIIBI CTaHa
2000 pa3paboTaH HOBBIH CIOCOO COMIACOBAHHS CKOPOCTHBIX
U HEPrOCWJIOBBIX PEKHUMOB PaOOTHI JIEKTPONPUBOJIOB 4-6
kieteit. Crocob 3aximoyaeTcst B TOM, 4TO 3aMep NapaMeTpoB
npoiiecca MPOKaTKU M PeryJIMpoBaHNe CKOPOCTH U MOMEHTOB
MPUBOJHBIX JIBUTATENEH KIeTeH OCYIIECTBISIOT MOCIEN0Ba-

TeNbHO MO NPUBOAAM MOATPYIIBI, IPUYEM PETyIUPOBAHUE
OCYILIECTBISIETCS B 4eThIpe dTamna (puc. 3).

biok-cxema ONMHCAaHHOTO aNrOPUTMa YIPABIECHUS CKO-
POCTHBIMM M JHEPrOCHJIOBBIMH MNapaMeTpamMH IPOKAaTKH B
yepHOBOM 3-x kieTeBoil moarpynmne crana 2000 mpuBeneHa
Ha puc. 4.

IlepBbIii 3Tan HauMHAETCS C MOMEHTa BXOJla packaTa B
4-10 KJICTh M JUTUTCS IO MOMEHTa €ro BXoJa B 5-10 kieTh. Ha
5TOM 3Talle OCYIIECTBISETCS MOCIENOBATEIbHOE 3aIIOMHHA-
HHE 3HAYEHUN MOMEHTa CTaTUYECKOW Harpys3Ku IUIsl NEpBOM
kietn. IIpokaTtka OCYIIECTBIISIETCSI B CBOOOJHOM peXHME,
TaKk Kak IepeJHUIl KOHel] packaTa He JOCTUT elle Mocle-
oyromed 5-i kimeTd. 3a STaJOHHBIH MOMEHT CTaTHYECKOW
Harpy3ku IPUHUMAETCs] HaUMEHBUIMH, KOTOPBI COOTBETCT-
BYET y4acTKy packara ¢ OoJblueil Temreparypoi, mpu KOTo-
POM peryaupyoIUil CUrHaANI, yMEHBIIAIOIMUI CKOPOCTh Mpe-
IOpaymeit 4-i kineTr, 00eceuuT peXknM MUHUMAIBHBIX IPO-
JOJBHBIX TATOBBIX yCWJIMH 0€3 moamopa.

Ha BTrOpoM 3Tame ¢ MOMeHTa BX0OJa packara B 5-10 KIIETh
U 10 MOMEHTA €T0 BX0Ja B 6-10 KIETh OCYIIECTBISAETCS MPO-
BEpKa U IpU HEOOXOAMMOCTHU ObICTpas HaualbHasl HACTPOIiKa
CKOPOCTHOTO pE€XHMa B pETYIHPYEMOM IPOMEXKYTKE, a
MMEHHO, €CIIH CKOPOCTHOM PEXHM B MPOMEXKYTKE yCTaHOB-
JIeH W3HAdaJlbHO HEBEPHO, TO HAONIOJaeTcs CTyNeHdYaToe
U3MEHEHHUE Harpy3KH NMpeAblayllel KIeTH Mocje BXoJa pac-
KaTa B MOCIEAYIOMYIO KIeTh. JJaHHOE€ M3MEHEHHE KOMIICH-
CUpyeTCsl 3a CYeT HadajJbHOI'o PEeryJupoBaHUS — OBICTpOM
HOJICTPONKU CKOPOCTH 4-if KieTn.

Ha tpethem sTame mocie Bxonda packaTa B 6-yr0 KIETh
BBIUHCIISIETCS OTHOLIIEHHE MOMEHTOB CTaTHYECKOW Harpys3Kku
4-ii u 6-i1 xereil. C MOMOIIBIO MOJYY4EHHOTO K03 uIueHTa
OCYIIECTBISETCS MacIuTaOMpoBaHWE 3HAYCHUH MOMEHTOB
CTaTHYECKON Harpy3ku 6-i KJIE€TH K IOCJIEJOBATEIbHO 3a-
NOMHEHHBIM 3HAa4YCHHUAM MOMEHTa CTaTUYECKOH Harpys3ku
g 4-i1 knetd. HadnmHaeTcsl HENpPEpBIBHOE PETyIHPOBAHUE
CKOPOCTHOI'O peXXHMMa B MPOMEXYTKE MexXay 4-i u 5-i kie-
TAMH, KOTOpOE MPOJOJIDKAETCS B TEUEHHE BCEro BPEMEHH
HAXO0XJEHUs MpPOKaTa B CMEXKHBIX KIETSIX YEpHOBOW MOJ-
rpynnsl. HenpepsIBHOE peryaupoBaHUE CKOPOCTHOTO PEXH-
Ma OCYLIECTBISETCS MO Pa3sHOCTU MEXIY 3alIOMHEHHBIM MO-
MEHTOM CTaTHYECKON Harpy3Kku 4-i KJIE€TH U OTHOCHTENbHBIM
(akTHuecKUM Ha 6-i kieTH. PerynupoBaHue MOXXET ocCyliie-
CTBIIITBCA KaK depe3 MpuBoj 4-i, Tak u 6-if xiiereil.

Ilepsviii sman pezyruposanus

Tpemuti sman pe2ynupoganus

Jommeme

Q)
O

Bmopoii sman pezynupoganus

Yemeepmuiii sman pe2yiuposanus

SEemen

Puc. 3. Pa3,HCJ'IGHI/I€ Ha 5Tanbl IPpU PEryJIMPOBAHNU CKOPOCTHBIX U SHEPTOCUIIOBBIX PEIKUMOB JICKTPOIIPUBOJ0B MOATPYIIIbI
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UeTBepThlii 3Tall HAUMHAETCSA C MOMEHTA BBIXOJA packara
3 4-it xretn. IIpu 3TOM OTKIIIOYaeTCs HETPEPHIBHOE PETYITH-
POBaHME CKOPOCTHOTO PEXHMMa B MPOMEKYTKE MEXKIy IIEPBOH
4-1 u 5-# xiersmu. OTperyaupoBaHHOE HA MPEIBITYIINX ITa-
Iax COIJIACOBAHME MOMEHTA COXPAaHIETCSl Ha BCEM IPOTSDKE-
HUH BPEMEHH IIPU aKTHBHO PabOTAIOIIEM MPONOPIHOHAIEHOM

Y

peryiupoBaHUU, KOTOPOE BHOBb CTAaHET HEAKTHBHBIM, KOTJa
packaT BBIMJET U3 BCEX KJEeTel HENPEepbIBHON NOAIPYNIIBI WK
B 4-10 KJIETh TIOCTYNUT CJICAYIONIAs 3aT0TOBKA.

JlaHHBIA aIrOpUTM YHOpABIEHUS PEKOMEHIOBAHO BHE-
IpUTh B Tporecce mpoBommMoii pekoHcTpykuuu ACY TII
crana 2000.

OuncTKa MaccuBa JaHHBIX /‘

Omnpoc naruyuka HaJTu4uust
MeTajia B 4-il KiIeTu

Packar B 4-i1 kinetu?

BBoja MacuBa 3HaueHHI TOKa
SIKOpsL ABUTaTeNs 4-i1 KieTu

Omnpoc aTuyuka HaJTu4uust
MeTajuIa B 5-i Kiuetu

Packart B 5-i1 knetu?

Pacuert aTanoHHOTr0 3HAYCHUS

CTaTHYECKOM Harpy3Kku 4 KIIeTH

KOppeKHI/IH CHUTHaJIa 3aJlaHUs Ha

CKOPOCTH 4-i KJIeTu

Omnpoc naTuyuka HaJTu4dust
MeTajia B 6-i KieTu

Packart B 6-i1 kineTu?

BBoa macuBa 3HadueHHI TOKa

»

SIKOPSI IBUTaTeNs 6-1 KIIeTH

Pacuer craTudeckux MOMEHTOB
3arpys3ku 4-i u 6-i kiuereit

HenpepsiBHass koppeKuus
CKOpOCTH 4-i1 1 6-1i KieTer

OHpOC JaTdyuKa HaJIn4us
MeTallia B 4-i KiIeTn

na HET

Busyanuzanus ypoBHSI
KOPPEKIHH CKOPOCTH

HCT

OTKIIIOYHUTH CUCTEMY?

Packar B 4-i1 kietu?

Puc. 4. briok-cxeMa anropuTMa yrpaBiIeHUs] CKOPOCTHBIMH M SHEPTOCHIIOBBIMH ITapaMeTpaMy MPOKATKU
B 4epHOBOH 3-x KieTeBoil noarpymnmne crasa 2000
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OcHoBHBIE TeXHUUECKHE 3(D(DEKTHI:
- yJydlIeHHE YCJIOBHI 3aXBaTa II0JIOCHI BaJKaMH, CHUKCHHUE
aBapyi, CBA3aHHBIX C 3aCTPEBAHHUEM IOJIOCHI;
- TIOBBIMICHNE TOYHOCTH PETYIMPOBAHMS MEXKJICTEBBIX HATS-
JKCHUH B HENIPEPHIBHOW IOATPYIIIIE YePHOBOM IPYIIIIb;
- MOBBIIMICHNE YCTOWIMBOCTH TEXHOJIOTHYECKOTO TpoIiecca 3a
CUeT pealn3aliy YCOBEPIICHCTBOBAHHBIX aJITOPUTMOB YIIPaB-
JICHUsI CKOPOCTHBIM PEKUMOM KJIETEH.

3AKJIIOYEHUE
Pa3pabotansr »HEpro- pecypcocOeperaroniye aBTOMAaTH-
S3UPOBAHHBIC  JJICKTPOIIPUBO/BI, AITOPUTMBL U CUCTCMBI
YyIiipaBJICHUA B3aUMOCBsI3aHHBIMU AJICKTPOMEXAHNUYCCKUMU

CHCTEMaMH CTAaHOB ropsueil npokatku. OYeBHAHBIM NPEUMY-
IIECTBOM PAacCCMOTPEHHBIX PELICHUIl SBISETCS BBICOKas 3 (-
(heKTHBHOCTH IPH OTHOCUTEJIBLHOU NPOCTOTE PeaTH3aliH.

Pa3paboTaHHEIE CHCTEMBI YIPaBICHHS 3JIEKTPOIPHUBOIOB
KJIeTell U coCcOOBl aBTOMAaTHYECKOTO PEryIHpOBaHHsA TEXHO-
JIOTHYECKUX MapaMeTPOB PEKOMEHIYIOTCS JUIsl PacIupEHHOTO
BHEAPCHHUS Ha IIMPOKOIOJOCHBIX CTaHAaX Topsdell MpOKATKH
HE3aBHCUMO OT POJIa TOKA U THUIIA JICKTPOIPHBOJIA.

BHenpenue pe3yabTaToB B JIMCTONPOKATHOE MTPOU3BOICTBO
paciuupsieT BO3MOXKHOCTH JEHCTBYIOIIMX W BHOBbH CO3JaBac-
MBIX TEXHOJOTHYECKUX arperaToB, CHOCOOCTBYET IIOBBIIIE-
HHUIO SKOHOMHYECKOH 3()(EKTHBHOCTH NPOMU3BOJCTBA, €ro
pecypco- U 3HeprocOEpexKeHHI0, MOBBIILICHUIO KOHKYPEHTO-
CIIOCOOHOCTH NPOTYKLHH.
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Abstract. Although the majority of domestic metallurgical en-
terprises purchase and install processing lines from foreign sup-
pliers, development, implementation and promotion of domestic
equipment is still an urgent and challenging task. Technological
achievements of the joint research teams from Magnitogorsk
State Technical University, the South Ural State University and
the OJSC “Magnitogorsk Iron and Steel Works” (OJSC
“MMK?”) are described in the article. One of the priorities in the
research work is energy saving both in electric drives and in au-
tomation equipment of electric drives. The authors describe the
approach and the technical solutions providing reduction of elec-
tric power losses due to the reduction of reactive power consump-
tion by thyristor electric drives of rolling mills. Technical effi-
ciency is achieved thanks to the reduction of the thyristor voltage
converter storage without any compensating devices. Some algo-
rithms and software providing energy and resource saving due to
improvement of the speed and load modes of electric drives in the
process of plate production from the difficult-to-form/hard steel
grades are given. The structure of the automation system for
5000 plate mill rolling stand is presented. Local systems of the
automatic end-point control providing adjusting of certain tech-
nological variables are described. Automation of level 2 ensuring
the production process control according to the schedule prede-
termined by the operator is considered. Great attention is paid to
the developed resource saving electrical systems of the wide strip
hot rolling mill. The authors introduced a complex of scientific
developments aimed at improvement of automatic electric drives
and process variables control systems. The resource saving is
provided by reduction of specific consumption of materials as a
result of defective product reduction and the decrease of wastes
caused by strip end crops. The authors studied the system of au-
tomatic tension control with an extra fast acting channel adjust-
ing the hydraulic screw-down structure of the rolling stand. They
intro-duced the method and the algorithm of tension control in
the intestand gaps of the hot rolling mill roughing train. All the
de-veloped control methods and algorithms have been imple-
mented into the operating rolling mills of the OJSC “MMK?”. The
main advantages of the developed solutions are high efficiency
and relative simplicity of implementation/putting into practice.
The introduction of the algorithms will improve the production
capabilities of the operating and new rolling machinery, contrib-
ute to production efficiency improvement, resource and energy
saving and make the final product more competitive in the mar-
ket.

Keywords: rolling, automatic electric drive, automatic control
systems, wide strip hot rolling mill, plate mill, energy saving,
resource saving, quality improvement, competitiveness.
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Control Systems for Straight-Through
Drawing Machine Electric Drives*
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Abstract. The analysis of the control systems for straight-
through drawing machine with different power supply circuits of
the drive motors has been made. It is shown that the main task of
the feasibility of the process of drawing — equality-second volume
of metal passing per unit of time at each section of the drawing
machine is solved either by means of mechanization or via an
electric drive and automation tools. The matter has been settled
through mechanization at sliding and magazine-type machines.
In them, with installation of the simplest systems of unregulated
electric drive, the problem is solved in the first case through wire
slip on drawing capstans, in the second case — the use of special
driver devices. However, such wire drawing machines have sig-
nificant drawbacks: higher energy costs, low productivity. At
straight-through drawing machines the process reliability ques-
tion has been solved by an automated electric drive. Wire at such
machines from the capstan is directed into a die and then to the
next capstan without slipping on the capstan or additional bends
and twists.

In practice for drawing machine’s electric driving, systems
with series, parallel and individual drive motor power supply are
used. The analysis of schemes with a serial connection of motor
armatures revealed possibility of providing self-drawing process,
namely invariance countertension speed drawing. But we have
found that the deviation countertension substantially influenced
the change in resistance and wire deformation conditions in the
portage , and due to the different mechanical inertia blocks —
acceleration and deceleration of the machine. The errors in the
regulation countertension reach unacceptable according to the
technological requirements of units.

In the case of circuits with parallel motor armature self-
drawing process is absent and no specially organized every
countertension management systems essentially depends on the
motor voltage. Studies of various design options of electric con-
trol systems (indirect regulation, countertension sensors, pressure
of metal on a die and tension) showed that the best performance
can be achieved in the application of automatic control systems,
acting as a compensation system abnormalities, leading to break-
age of the wire. However, experimental studies have shown that
the error in the regulation countertension in any system with
parallel connection of the motor armature is also greater than the
maximum allowed.

Undoubtedly, higher quality indicators drawing process con-
trol is achieved with the use of electric drive systems with indi-
vidual power motors. In such systems, a given drawing speed
accuracy and the amount of force countertension provided with
closed automated electric control systems. Errors in the regula-
tion of technological origin does not exceed the maximum allow-
able values, while drawing speed is 5 times or more higher than
the maximum achievable on machines with other power supply
circuits of motors.

Keywords: drawing machine, electric drive, automatic control
system, drawing speed, countertension, energy requirement,
performance.

Gasiyarov V.R.
South Ural State University (National Research University)
Chelyabinsk, Russian Federation
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INTRODUCTION

Steel wire of diameter less than 5 mm is made, as a rule, by
cold drawing at special drawing machines. By the operational
principle there are several machine types distinguished: with
wire sliding on capstans, without the sliding, with wire accu-
mulation and the straight-through type [1, 2]. Sliding drawing
machines are used for fine and finest wire production. At these
machines the drawing capstans, dies and wire are put in water-
emulsion medium and that’s why they are called “wet drawing
machines”. Speeds are synchronized through slipping of wire
related to the drawing capstan. Drawing capstans here consist
of a row of discs of various diameters located at the same shaft.
Before each disc (drawing cone) there is a die installed for
changing the wire direction and leading it from one cone to
another idle (run-around) cones are used. They have same di-
ameters as the working cones. Fig. 1 shows wire motion
scheme and kinematic diagram of sliding drawing machine
UDZWG 161/21.
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Fig. 1. Wire motion scheme (a) and kinematic diagram (b)
of drawing machine UDZWG 160/21: M — electric motor;
G — gear; I1-1V — belt transmission; C — drawing cone

Drawing at such wire drawing machines is accompanied
by energy losses for wire sliding on capstans. In addition, an
increased cone surface wear with deep cuttings can be seen.
Of course, it reduces the surface quality of finished wire — on
its surface often formed longitudinal risks of various kinds are
often observed surface defects in the form of tears, scratches,
cracks, etc. [3, 4].

* CTaTbsl MyOIUKYeTCs B paMKaxX HaydHOU JucKyccuu: “TIpor3BOACTBO METATINYECKON MPOBOJIOKU: COCTOSIHUE U TIEPCIICKTUBEI Pa3BUTHS
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The mentioned drawbacks are absent in non-sliding wire
drawing machines. At these machines any desired wire diame-
ter can be produced. The simplest to control are the magazine
drawing machines (fig. 2).

1 23 4

—> 9 7

Fig. 2. Technological line layout of a continuous-flow n-block
magazine-type drawing machine: 1 — drawing die; 2 — driver;
3 —run-around roller; 4 — drawing block capstan; 5 — guide
roller; 6, 7 — gears; 8 — drive electric motor; 9 — take-up capstan

The task of ensuring equality of second volume of metal
passing on any part of the drawing machine is solved by a
special driver device. The presence of this device is the main
disadvantage of such machines. It twists the wire in the transi-
tion from block to block, which leads to poor performance due
to reduced speed and increased processed wire breakage. In
addition, drawing is performed with such machines without
countertension, which reduces the energy efficiency of the
process [5-7]. The disadvantage of sliding-type drawing ma-
chines is increased wear — grinding of capstans and processed
wire.

Equal per-second volume of metal passing per unit of time
in each section of the drawing machine can be achieved not
only using special driver devices or wire sliding, but also by
controlling the rotational speed of capstan. This method was
originally implemented on the loop drawing machines that
developed in the 60 s and 70 s of the last century [8]. Fig. 3
shows the production line of multiple loop drawing machines.

6 1 2 3 7
4 5 \%%

Fig. 3. Process line layout of a continuous n-block loop-type
drawing machine: 1 — drawing die; 2 — drawing block capstan;
3 — looper (compensating roller); 4 — gear, 5 — electrical drive

motor; 6, 7 — take-up and pay-off drums

In practice, up to the 90 s electric drive of loop drawing
machines was built multimotor implemented on DC motors
with separate excitation with parallel or serial connection ar-
matures and adjusting the magnetic flux [9-11]. In the past

10...15 years of electric drives of such machines have been
implemented based on asynchronous cage motors fed by fre-
quency converters. Within such machine’s line in each inter-
capstan interval, starting from the second one, spring loppers
are installed, which actually are compensating rollers: one or
two fixed guide rollers and one movable tension roller. A
spring prevents motion of the movable roller. The loop at
such machines reaches the size of 0,4...0,6 m.

The most high-efficiency are multiple drawing machines,
in which the wire from capstan is directed right into a die and
then — to the next capstan without forming loops (fig. 4). At
this wire is taut — in the elastic-stress state after the die as well
as before entering it. Tension force after the die is called the
draw force, and before the die — the countertension.

1 2 5

4

Fig. 4. Process line layout of a continuous n-block loop-type
drawing machine: 1 — drawing die; 2 — straight-through draw-
ing block capstan; 3 — gear; 4 — drive electric motor;

5 — take-up drum

These machines in comparison to the loop type have a
number of technological advantages, and namely: higher
drawing speed, simple design, much fewer wire bends, easy
maintenance, and higher process efficiency.

ELECTRIC DRIVE WITH SERIES CONNECTION
OF DC MOTOR ARMATURES
First in history straight-flow wire drawing machines had an
electric drive system, the diagram of which is shown in fig. 5.

Speed
reference

Fig. 5. Magnified flow diagram of electric drive of straight-
through drawing machines with regulation process of drawing:
TC, TE — thyristor converter and exciter; M — electric motors;
MFW — motor filed windings; IS — intensity selector; SR, CR —
armature speed and current regulators; CS, IVS — current and
internal voltage sensors
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Operation experience showed low reliability of these ma-
chines, impossibility to work for a long time at high speeds.
Below is the analysis of the causes. Below is an analysis of the
reasons for this.

The most general equation describing the static operation of
drawing machine, can be obtained from the equations of equilib-
rium of forces in the inter-capstan gap [8, 12-14], compiled un-
der the assumption that the radius of the i-th capstan at the wire

H ent : H H ext
entry point Rc,- and at the wire exit point Rci are equal

p=1-2,
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®
=10
1 1
R,
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Here P; — metal pressure on the i-th die; T; — draw force
through the i-th die; Q;, Qi+ — countertension before the i-th
and (i+1)-th dies; Mci— moment of resistance force at the

motor shaft of i-th capstan; u; — drawing value in the die equal-
ing to

w=lagagf

where df" and df™ — wire diameter before i-th die and after it.
If we do not consider the no-load torque, the resistance
force torque can be found as

da)MA
MCi:Mi_Mdynl'— :

—Jy i 3
,. 2 gy ®)

where M; — the moment reached by i-th capstan’s motor;
M g, — dynamic moment accelerating and decelerating the
motor; «;-@; — product of motor’s constructive constant and
its magnetic flux; @, — angular rotation speed of motor;
Jy, — total moment of mechanism inertia, driven to the motor

shaft; j; — gearing number of the gear; | — motor armature
current; t —time.

Considering together the last two expressions, we obtain
the equation for calculating the modes of operation of the ma-
chines with self-regulation:

Ki D1 dayy, O
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According to the expression (4) the equation system made
for n-block machine will consist of n equations and have n
unknown quantities: (n-1) countertension and total current | of
the motor armatures

T, x,-@, -1 dwyy
_Pz{—f_le._1_131+Q2,
by Jjr R dt
Kooy dayy,
Q _x®l_ 5, M2 _py 40,
My J2Re, dt ()
D, - o,
O Syl g M _p o7,
Hy ]n'ch " dt

Obviously, the solution to this system for static operation,
i.e. values Q; and 1, does not depend on the magnitude of the
output voltage of the thyristor converter supplying the motor
armature connected in series. Whence we may conclude that
established once when threading wire, the countertension val-
ues remain constant thereafter at all drawing speeds defined by
feed voltage. Countertensions also do not change while the
proportional change in the motor excitation streams. However,
the countertension values are significantly affected by the
metal pressure on a die, and also due to the different mechani-
cal inertia of blocks — acceleration and deceleration of the
drawing machine.

Described patterns are characteristic of the process of self-
regulation.

Fig. 6 shows the transient processes in the triple straight-
through drawing machine with electric drive system shown in
Fig. 5. As an example, it shows the speed and countertension n
taking place in drawing machine during acceleration and dis-
turbing influences in the form of increased resistance to de-
formation in the second die. The latter may be caused by, for
example, a short-term increase in friction loss or passing a
welding seam.
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Fig. 6. Transient processes in the straight-through drawing
machine with series connection of motor armatures

As it follows from the graphs, the error in the regulation of
countertension in the electric drive system under consideration
reaches unacceptable values as per the technological
requirements. Thus, an abrupt increase in deformation
resistance in the second die leads to a short-term loss of
countertension in this inter-capstan interval and to the
deviation of 4% and 86% respectively in the first and third
intervals.
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Also there are known schematic solutions of automated
electric drive systems for straight-through drawing machines
without direct measurement sensor of power parameters —
draw force indirect control systems. One of these schemes
implemented by JSC "Magnitogorsk Hardware and Steel
Works", in relation to a three-block straight-through drawing
machine VS3/4-550 [15], is shown in fig. 7.

s
s
s

Fig. 7. Magnified electric drive diagram
with indirect drawing force control:

TC, TE — thyristor converter and exciter; M — electric motors;
MFW — motor filed windings; IS — intensity selector; SR, CR,

FR — armature speed, current and draw force regulators; CS,
IVS — current and internal voltage sensors; FS— excitation cur-

rent sensor; BM — memory unit; Uc, Us, Ur— current, speed
and draw force feedback signals; Ut;, Uy — tension and excita-

tion current task signals

Drawing force stabilization is this kind of scheme is done
without consideration of friction force moments in the kine-
matic transmissions of the machine and dynamic operation
modes, i.e. the regulation is based on the following expression

(6)

MC[ _ K; '@i -1
Rcl- ji 'Rci

The discrepancy between the preset and indirectly calcu-
lated draw force values is transmitted to the regulator input.
The chief system part is the draw force automatic setting de-
termination units. The settings are adjusted less than this
block’s draw forces during the machine threading. Thus, ac-
cording to the expression (2) the system ensures self-
adjustment of the drawing machine at the operating drawing
schedules. Experiments conducted at the JSC "Magnitogorsk
Hardware and Steel Works" confirmed reduction of current
pulse by 2 times (fig. 8).

Stabilization of the armature current can be done another
way, for example, as in the circuit shown in fig. 9, using cur-
rent source implemented on thyristor converter with a current
regulator. In this scheme, the draw force regulation is done via
the excitation channel.

Electric drive of the first capstan is leading and made with
negative feedback on speed and sets a target speed of drawing
for the entire machine. Other capstan electric drives are idle,
control systems regulate the moment whereas the rotation
speed is determined by the wire linear speed. It should be not-

ed that the speed stabilization at the first capstan is a kind of
"filter" that eliminates load change for subsequent capstans
associated with possible changes in the diameter of the
workpiece, the instability of its geometry and quality of sur-
face pretreatment.

The matching blocks B1...B3 are proportional amplifiers
providing equal signals from the speed sensors SS1...SS3 at
unworn drawing dies. Otherwise, if dies are unworn signals at
the outputs of the adders following the matching blocks are
zero.

Outputs of the moment setting units in the steady state
have constant positive signals corresponding to the given val-
ues of power parameters of drawing. In starting modes are
provided ramp current excitation (in the scheme are not listed)
for each control channel corresponding acceleration values.

Keys Ki, K, are provided for connecting self-adjustment
circuits to the corresponding channels in the regulation of
steady-state drawing, as well as adjustment of outputs of
matching blocks.

i-'uhru.;‘mmmwumﬁammﬂmmm?Jf.ma;etmes‘ m:r,wwwm:wu.::m;;IWTM:wﬁr::wmxﬂﬂm.‘mm
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Fig. 8. Oscillograms of motors’ currents without
drawing force regulators (a) and with them (b)

Torque
setting block

Fig. 9. Magnified flow diagram of electric drive
with current source in the armature circuit:
TC, TE — thyristor converter and exciter; M — electric motors;
MFW — motor filed windings; IS — intensity selector; SR, CR,
TR — armature speed, current and torque regulators; SS, CS —
speed and current sensors; B — matching blocks; U¢, Us — cur-
rent and speed feedback signals; Uis, Uic — speed and current
task signals

Mawunocmpoenue: cemeeoii 31eKmpoHHbLIL HAYyuHbLl HcypHan. 2014, Nel 19



Russian Internet Journal of Industrial Engineering.2014. Mol

The principle of operation of the circuit can be explained
as follows. In the wear process the metal pressure on die de-
creases. Let the decrease be AP; . Then, according to the equa-
tion of equilibrium of forces in the deformation written for this
circuit as

T; =P +=L=const , )

Hi
there will be a corresponding change of countertension force
4Q;. Reducing countertension at a constant engine torque will
cause a reduction in the previous drum and its speed in accord-
ance with the assignment scheme for increasing the excitation
current i-th motor. Increasing the excitation current at constant
armature current will increase the time and as a consequence,
the amount of effort drawing AT; = AP;. As a result, according to
(7) countertension will restore its initial value.

Q.

ELECTRIC DRIVE WITH PARALLEL CONNECTION
OF DC MOTOR ARMATURES

When implementing schemes with parallel motor armature
it should be noted that no specially organized every
countertension control systems and, moreover, substantially in
its law depends on the voltage at the output of a thyristor con-
verter (frequency of the output voltage of the frequency con-
verter) [16-18]. In addition, an uncontrolled drawing machine
shows significant deviations in countertension in dynamic
modes, which always leads to wire breakage [19-21].

Fig. 10 shows the transient processes of countertension at
parallel connection of the motor armature. As in the case of
serial-connection motors (fig. 6), the case of machine’s accele-
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Fig. 10. Transient processes in the straight-through drawing
machine with parallel connection of motor armatures

ration and load-on — increase of deformation resistance in the
second inter-capstan interval. Transient process analysis
shows that the error in the regulation of countertension in a
system with a parallel connection of the motor armature ex-
ceeds the maximum permissible values and in this case reach-
es 24% and 28% respectively in the second and third intervals.

Higher performance of the straight-through drawing ma-
chines can be achieved in the application of automatic control
systems, acting as a compensation system for discrepancies
leading to breakage of the wire. The algorithm of such sys-
tems’ operation is based on the equation of the relationship of
power parameters of the process of drawing (1), according to
which the countertension plays a role of a synchronizing
communication between the drawing capstans, and ensures the
stability of the process of drawing with various types of dis-
turbances. Besides, the countertension eliminates wire slip-
page on capstan.

Such systems can be built in two versions: as a
countertension stabilization system and as a draw force stabili-
zation system.

Fig. 11 shows a magnified functional diagram of a control
system of a four-block straight-through drawing machine,
working as a countertension  stabilization  system.
Countertensions are measured by sensors WS;...WS; and
compared to preset values. The comparison result is fed to the
control system, which influences the motor through the wind-
ing channel.

Speed
reference

Fig. 11. Magnified flow diagram of electric drive with
countertension sensors:
TC, TE — thyristor converter and exciter; M — electric motors;
MFW — motor filed windings; WR — armature countertension
regulators; WS — countertension sensors; Ug — countertension
feedback signals; U, Uy — countertension and excitation cur-
rent of task signals

Countertension stabilization helps stabilize the whole process
of drawing and therefore leads to increased machine’s productiv-
ity and improves the quality of the wire. But countertension sta-
bilization itself is still insufficient to significantly reduce the
number of breakages. Indeed, the wire breakages occur mainly in
the areas after the die, where the tension force equal to T;, signif-
icantly exceeds the countertension force. Furthermore, when the
critical value of countertension is exceeded [8, 22] the
countertension force increment causes a proportional increment
of the drawing force, otherwise:
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Consequently, the specific drawing force, reaching the limit,
equal tensile strength of the treated metal, it also leads to
breakage.

Consequently, a significant reduction in the number conti-
nuity can be achieved by the application of the automatic con-
trol system propulsive pitched acting so that the effort of
drawing never be surpassed allowable values. The basis of this
system still should be based on countertension regulation.
However, the operation of the system at the same time shall in
all cases correspond with the drawing force control schedule.
For this purpose, the set point control loops countertension
necessary to act so that when the pressure on the die 4P; back
towards them countertension changed by an amount equal to
the absolute value of deviation AP; and opposite in sign, i.e.
always be performed first equation (8).

To implement the above problem in the system shown in
fig. 12, put pressure sensors on the die. Circuit differs from
that shown in fig. 11 only in that voltage set point, set point
defining countertension used Uth_ difference DC voltage and

an output voltage from the pressure sensor on a die. Pressure
on the die is selected such that the error at the controller input
at rated pressure to conform to the die countertension given
values in the normal operation of the machine.

Speed
reference

Fig. 12. Magnified flow diagram of electric drive with
countertension sensors and sensors of metal pressure on the die:
TC, TE — thyristor converter and exciter; M — electric motors;

MFW — motor filed windings; WR — armature countertension

regulators; WS, PS — countertension and pressure sensors; Uo,

Up — countertension and pressure feedback signals; Ui, Uy —
countertension and excitation current of task signals

When applied force sensors drawing reference signal
should be generated according to (1) in accordance with the
relationship:

U, :UzT,- _UtQ,-+1 . ©)

Thus, fig. 13 is a variant of the construction of such a drive
system [20]. In this circuit, unlike the previous one, instead of
two sensors in each inter-capstan interval only one is used —
drawing force sensor. In [20, 23] proved that using force sen-
sor drawing can achieve twice the absolute invariance
countertension change both the regime and the efforts of draw-
ing. Moreover, for i-th motor is necessary and sufficient to
maintain the flux at

(10)
Speed
reference
TC

Fig. 13. Magnified flow diagram of electric drive with draw-
ing force sensors:

TC, TE — thyristor converter and exciter; M — electric motors;
MFW — motor filed windings; WR — armature regulators; WS —
tension sensors; Uy — tension feedback signals; Ug, Uy —
countertension and excitation current of task signals

Studying the dynamic properties of the above electric drive
systems, conducted by the authors of [24] showed that:
- the process of forming countertension both in relation to con-
trol action — the electric motor and disturbing influences —
changes the speed of drawing, the deformation conditions,
tension wire to the machine, and after it, is oscillatory;
- the electromagnetic torque of the motor as the manipulated
variable has a significant effect on the steady-state value
countertension in all the inter-capstan intervals in the dynam-
ics, the most noticeable effect is observed only in the course of
the next process inter-capstan interval.

ELECTRIC DRIVE WITH INDIVIDUAL MOTOR POWER

In the works [25-30] there are process requirements to auto-
mated electric drives of continuous straight-through wire draw-
ing machines according to which the drawing capstan electric
drive shall ensure preset ac-curacy control of the two data items:
drawing speed and countertension force. Meeting these require-
ments is only possible if the tasks are distributed among the
block drives: one block shall drive and the rest become driven.
In this case, the drive block electric drive is able to control speed
automatically and ensure the required speed capture. Idle block
electric drive is designed as direct countertension control. Out-
line flow diagram of the electric drive system, implementing this
idea, is shown in fig. 14 [30-33].
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Fig. 14. Outline flow diagram of straight-through drawing machine electric drive with DC motor individual power supply:
TC — thyristor converter; M — electric motors; ASCS, ACCS — automatic speed and countertension control systems; CS, SS,
WS — current, speed and countertension sensors; U;s, Uig — speed and countertension task signals; Ug, Us, Ug — current, speed
and countertension feedback signals; U — tension feedback signals

The electric drive of multi-block straight-through drawing
machine under consideration contains drive DC motors M,
powered by thyristor converters TII. The final block electric
drive is equipped with the “ASCS” speed control system, all
other blocks — with the “ACCS” automatic countertension
control system. Both systems are based on the principle of
data control.

Electric drive speed regulation system of the last drawing
unit has an internal current control loop and an outer speed loop.

Countertension control system essentially can be imple-
mented as a dual-circuit current inner loop and outer loop ten-
sion and three-contour — with the internal circuits, and the cur-
rent speed.

In the dual-circuit system is subject to regulation and op-
timized current loop, as shown in [8], the unit represented by
the transfer function of the form:

M KAT;-p+1
wip)=MP) _ (2119 )
O(p) T, p°+T;-p+1
To configure circuit countertension, for example, a modular
optimum tension controller must have a transfer function [8]

W, ( )_ KI/KQ T2'p2+T3'p+I
regt P 4-Trg-p  K-(T;-p+1)
where Ko, KQ — scale factor (feedback) to the coordinates of
current and countertension, TTE — thyristor converter time
constant.

Because of the complexity of the transfer function of a
two-tuning control system for modular countertension opti-
mum is very difficult.

If, departing from the optimum, perform tension controller
proportional integral, then to ensure stability of the system loop

(11)

(12)

tension must be slow acting capable of dynamical properties
compensated only quasi-stationary bias countertension [34].

In a three-contour control system implementation regulator
countertension simpler than the dual-circuit. Therefore, in
practice, as a rule, it applies a three-contour control system
countertension with inner loop current control, speed control
loop and an outer loop control countertension.

In [8] it is shown that the parameters of the adjustment for
the regulator countertension essentially depend on the design
parameters of the machine , the properties of processed wire.
Therefore, setting the actuator to implement a particular ma-
chine recommended by amplitude- frequency characteristics as
shown, for example, in [32].

Current control loop tuning in both systems the drive (as
master and slave) should be implemented on a modular (tech-
nical) optimum.

When you configure the speed loop for electric driven unit
must consider the fact that the control system is a three-
contour and internal speed loop here. In order to avoid over-
shoot rate (ensuring aperiodic transient) are useful for setting
optimum modular, i.e. astaticism with first-order and static
control action with respect to the disturbance.

For electric driving unit speed loop is external. Currently
used conventional two outer contours speed settings — for
modular and symmetric optima. In practice, more commonly,
due to the simplicity of the technical implementation is used
for setting an optimum module. Since the technology by main-
taining the accuracy requirements are not high speed (up to the
maximum permissible error of 5%), then despite the fact that
in relation to the disturbance by the load system thus config-
ured has low precision, the circuit configuration it is expedient
to make at optimum module.
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Fig. 15. Research results on drawing machine with motor individual power supply

Fig. 15 shows the oscillograms of speed and counterten-
sion at work of the abovementioned system with individual
power motors. Oscillograms were recorded on a continuous-
flow drawing machine VPT 5/750.

In the given oscillograms all main modes of drawing ma-
chine are clearly visible. Acceleration and work at a steady
rate of drawing shown in fig. 15, a. Countertension regulation
mode is shown in fig. 15, b in case of its reduction by 2 times
in the forth inter-capstan interval. Fig. 15, c, is shown in the
case of an emergency stop modeled by disconnecting the volt-
age at the motor the last drum. Fig . 15, d shows oscillograms
mining job hopping regulator inlet countertension third block.

Results of experimental studies have shown that the error
rate to maintain drawing does not exceed 0,3 m/s. Error main-
tain countertension in all modes is also smaller and maximum
amounts (to the exclusion of interference ) 0,1 kN static mode
and 0,23 kN — for dynamic operation. Transient process quali-
ty proves satisfactory. Analysis of modes of interconnected
electric ram drawing machine confirmed that the developed
principles of management of electric and proposed adjustment
control loops provide speed control drawing with a maximum
error not exceeding +5%, tensioning with an error not exceed-
ing +15%. This corresponds with the given technological re-
quirements.
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Moreover, as experience has shown long-term operation of
straight-through individually-powered drawing machines that
these machines can steadily work at a speed under 50 m/sec,
which is 5 times faster than at the machines with a serial or
parallel connection of DC motor armatures.
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trol of the drawing process with serial or parallel connection
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drawing speed in the machines with a serial connection of
motors and lack of self-regulation on the machines with paral-
lel connection of the motor armature. On the basis of experi-
ence operating these machines established that they are not
provided by the constancy of tension wire in steady and tran-
sient operating conditions.

Higher levels of quality control of the drawing process
have drawing machines with individually powered motors,
where the accuracy of drawing speed regulation and value of
countertension force are provided by closed automated electric
control systems. Deviations of technological coordinates in
such machines do not exceed the maximum permissible
values, with the speed of drawing 5 times or more higher than
the maximum achievable in the machines with other power
supply circuits of motors.
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CucreMbl ypaBJIeHU JJIEKTPONPUBOIAMHA
MPAMOTOYHbIX BOJIOYUJIbHBIX CTAHOB!
aHAJIM3 TOCTOMHCTB U HEJ0CTATKOB
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00O “T'pynagoc Uctpa”
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dulyanov@grundfos.com

Annomayusa. IIpoBeaeH aHANW3 CHCTEM YIPaBJEHUS JJIeK-
TPONPUBOAOB NPAMOTOYHBIX BOJIOYMJILHBIX CTAHOB € Pa3jiny-
HBIMH CXeMaMH NUTAHHSA NPHUBOAHBIX ABurarteneil. Ilokasano,
YTO OCHOBHasl 3a/1aya PeaJu3yeMOCTH TEXHOJOTHYecKOoro Mnpo-
1ecca BOJIOUEHHUs — ofeclieyeHHe PABEHCTBA CEKYHIHOro o0bema
MeTaJl1a, NPOXOASIIero B eIHHUIY BpeMEHH Ha KaKI0M Y4acTKe
BOJIOYHJIBLHOIO CTaHA, pelllaeTcsl KaK CpeACTBAMU MeXaHU3alHH,
TaK cpeJACTBAMH JJIEKTPONPHUBOAA U aBToMaTu3anuu. CpeacTsa-
MH MeXaHH3alUH BONPOC pellleH HA CTAHAX CO CKOJIb:KeHHeM U
HAa CTaHAX MAaras’MHHOro THUNa. B HHUX NMpPH ycTaHOBKe HAMIIPO-
CTelfllIUX CHCTeM HeperyJIMpyeMoro »3JeKTpPONnpuBoAa 3ajaya
peliaeTcsi B MePBOM CJIy4yae MPOCKAIL3bIBAHMEM MPOBOJIOKH IO
BBITSKHBIM 6apa0aHaM, BO BTOPOM cjIy4ae — IPUMeHeHHeM clie-
HHAJIBHBIX NMABOJAKOBBIX ycTpoiicTB. OfHAKO TakHe BOJOYHIb-
Hble arperatbl 00.121a10T CyIleCTBEHHBIMH HeJ0CTATKAMU: IIO-
BBILICHHBIMH JHePro3aTpaTaMH, HU3KOI NPOU3BOAUTEIbHOCTHIO.
CpeacTBaMH aBTOMATH3MPOBAHHOIO 3J1EKTPONPHBOAA BONpPOC
peanu3yeMocTH Mpolecca BOJIOYeHHs] pellieH HAa MPAMOTOYHBIX
cranax. IIpoBoJioka Ha TakuX cTaHax ¢ 6apa0aHa cieqyeT Helo-
CpeICTBEHHO B BOJIOKY M 3aTeM Ha cJieaAylouuii 6apadan 6e3 npo-
CKATb3bIBaHUA MO 0apadaHy U 0e3 TOMOJTHUTETbHBIX H3rHOOB U
CKpPYYMBaHU.

O030p 3KCNIyaTHPYEMOro BOJIOYMJILHOIO 000PY/10BAHUS TO-
Ka3aJl, YTO HAa NMPAKTHKe JUIs1 MPSIMOTOYHBIX BOJOYHJIBHBIX CTa-
HOB NPUMEHSAIIOTCS CHCTeMbI 3JIEKTPONPHBOAA C NMOC/Ie0BATE/Ib-
HbIM, NAPALIeJbHBIM U HHAUBUAYAJILHBIM NHTAHHEM JBUraTe-
Jiell MocTOsIHHOro Toka. IlpoBeneHHBIN aHAIM3 cXeM ¢ MOCJIeN0-
BaTeJbHbIM COCIMHEHHEeM sIKOpeil ABUraTeseil BHIABHII BO3MOXK-
HOCTH O0ecrledyeHHMs] caMOpery/IMpoOBaHMs Ipoluecca BOJIOYEHMS,
a2 MMEHHO HHBAPUAHTHOCTh NPOTHBOHATSIKEHUSI CKOPOCTH BOJIO-
yeHUs. ONHAKO YCTAHOBJIEHO, YTO HA BEJIHYHHY OTKJIOHEHHS
NPOTHBOHATS’KEHHS] CYLeCTBEHHOEe BJIMSIHHE OKa3bIBaeT H3Me-
HEHHE CONPOTHBJEHMs M YCJ0BMii JedopManuM NPOBOJIOKH B
BOJIOKe, a TaK:Ke BCJeICTBHE PA3JMYHON MeXaHHYeCKOW HMHep-
IMOHHOCTH 0JI0KOB — YCKOpeHHe M 3amensieHue crana. Ilpu sTtom
OIMOKH B PeryJIMpPOBAHMH NMPOTHBOHATSIKEHHUS] JOCTUTAIOT He-
JONMYCTHUMBIX B COOTBETCTBHH € TEXHOJOTHYeCKHMH TpedoBa-
HUSIMHU BeJTHYHH.

B ciayuyae peaqm3anuu cxeM ¢ NMapajieJbHbIM BKJIIOYeHHEM
siKopell JBHMraTeJieil caMopery/JHpoBaHue INpouecca BOJOYEHHUS
OTCYTCTBYeT U 0e3 crneuajJbHO OPraHU30BAHHBIX CHCTEM YNpaB-
JIEHHsl Kak10e MPOTHBOHATSI’KEHHE CYIeCTBEHHO 3aBHCHT OT
HanpsikeHusi Ha asuratene. IIpoBegenHble HccaeA0BaHUS pa3-
JIMYHBIX BAPHAHTOB MOCTPOEHHSI CHCTeM YNPAaBJEHHS JIeKTPo-
NMPHBOJOB (KOCBEHHOI0 PeryJHpoBaHHus, ¢ JaTYHKAMH MPOTHBO-
HATSIHKeHUs], 1aBJeHHs] MeTa/llIa HAa BOJIOKY U HATSIZKeHHs) MOKa-
3aJiM, YTO HauOoJiee BBICOKOI NPOU3BOAUTEHLHOCTH YaaeTcs
JO0CTHYbL NPH NPHMEHEHWHU CHCTeM aBTOMATHYECKOI0 yNpasJie-
HHSl, JeHCTBYIOIMX KAaK CHCTeMbl KOMIIEHCALIMH OTKJIOHEHHI,
BeylIMX K OOpbIBY NpPOBOJIOKH. OAHAKO 3KCIIepUMMEHTA/IbLHbIe
HCC/Ie[OBAHUS TMOKA3a/IH, YTO OIIM0KAa B PeryJMpOBAHMM IPO-
TBOHATSIZKEHHUs] B JIIOOBIX CHCTeMaX € NMapajuieJbHBIM COeIHHe-

l'acusapos B.P.

IOxHO-Ypanbckuit rocynapcTBEHHBIN YHUBEPCUTET
(HaIMOHANBHBIA UCCIIETOBATEIHCKIH YHUBEPCHUTET)
r. Yensbunck, Poccuiickas @enepanms
gasiyarovvr@gmail.com

HHeM SsIKOpeil ABMraTeseil Tak:ke NpPeBbINIACT MAKCHMAJIBHO
JOIyCTUMBIC 3HAYCHUS.

HecomHeHHO, 0oJiee BLICOKUX IOKa3aTe/eii KauyecTBa yNnpaB-
JIEHUs1 NIPOLeCCOM BOJIOYEHHS JOCTUTalOT NPH NPUMEHEHUH CHC-
TeM 3J1eKTPONPUBOAA ¢ MHAMBHAYAJbHBIM NMUTAHHEM JBUraTe-
Jeil. B Takux cucremax 3aJaHHAs TOYHOCTH peryJMpPOBAHMSA
CKOPOCTH BOJIOYEHHS] W BeJHYHUHBI CHJIbl MPOTHBOHATSIKEHHS
ofecne4yHBalOTC ABTOMATH3HPOBAHHBIMH 3JIEKTPONIPUBOJIAMH C
3aMKHYTBIMH CHCTeMaMH ynpasJjeHus. Omn0ku B peryJjupoBa-
HUHU TeXHOJOTHYECKHX KOOPAMHAT He NPeBbINIAIT MAKCHMAJb-
HO JOMYCTHUMBIX 3HAYeHHii, IPH 3TOM CKOPOCTH BOJIOYEHMS B 5
pa3 u 0oJlee MPeBLIIAIOT MAKCHMAJIBHO J0CTUraeMble HA CTAHAX
¢ APYrUMHM CXeMaMHU NUTAHUS JBUTaTeJIei.

Knwuesae cnoséa: BOJOYMIBHBINA CTaH, 3JIEKTPONPHBOI,
CHCTEeMa aBTOMATHYECKOIO0 YNPABJIEHHS, CKOPOCTb BOJIOYEHMS,
NPOTHBOHATSZKEHHE, JHEPro3aTPaThl, NPOU3BOAUTEIbHOCTD.
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AHAJINTHYECKHE UCCIeA0BAHUS BIMSIHUSA
TEXHOJOTHYECKHX MAPaMeETPOB HA CKOPOCTh
nepopManuu NP BLICOKOCKOPOCTHOM
BOJIOYEHHMH IIPOBOJIOKH

Paanonosa JI.B.

IOxHO-Ypanbckuil rocyJapCcTBEHHBIM YHUBEPCUTET
(HaLMOHANIBHBIN UCCIIEN0BATEIbCKUM YHUBEPCHUTET)
r. YenstOunck, Poccutickas denepanus
RadionovalLV@rambler.ru

Annomayusa. B ctaThbe nNpuBeaeHbl HCCJIEI0BAHUS, B X01¢ KO-
TOPBIX YCTAHOBJICHO, YTO NPHYUHOI TNOHUKEHHOH CTOHKOCTH
B0JIOYMJIBHOT0 MHCTPYMEHTA, ¢ KOTOPBIM CTOJIKHYJIMCh OTe4ecT-
BeHHbIe MeTH3Hble NPeINPHUATHH B NpoLecce 0CBOEHHs! BLICOKO-
CKOPOCTHBIX NPSIMOTOYHBIX BOJOYMJIbHBIX CTAHOB, SIBJIsIETCS
3HAYMTEJLHO BO3pPOCHIasi CKOPOCTh AedopManuu U Kak cleacT-
BHe IOBbIIIEHHOE CONMPOTHBJIEHHE MIacTHYecKoMY AedopMupo-
BaHHUI0. PaccMOTpeHO BiIMSIHHE TEXHOJIOTHYeCKHX apaMeTpoB, a
HMEHHO CKOPOCTH BOJIOYEHHsI, padouero noJyyrjia BOJI0KH, 1Ha-
MeTpa NPOBOJIOKU M eIUHHYHON BBITSKKH HA CKOPOCTH Aedop-
MallMH MeTajlia. YCTAHOBJIEHO, YTO 1JIsl MOBBIIIEHUS CTOHKOCTH
BOJIOYHJILHOT0 HHCTPYMEHTA U A0CTH:KeHHsl MACHOPTHBIX 3HaYe-
HMIi cKopocTeii BOJI0YeHHs] HEOOXOIMMO NPH BbBIOOpE TEXHOJIO-
rH4YecKHX NapaMeTpoB Mpolecca BOJOYeHHs PYKOBOACTBOBATh-
csl MIPUHLIMIIOM o0ecneyeHusi paBHOMepHOi#i AedopManuu 1o ce-
YeHHI0 TMPOBOJIOKH MyTeM COrIACOBAHHS €IMHMYHOIi cTemeHH
nedopManuu ¢ padoyuM yrjioM BOJOKH U K03 duumenTom Tpe-
HH 110 IPUBEICHHOMY B Pad0oTe COOTHOLIEHHIO.

KiroueBbie cl10Ba: npamMomouHblil 60104 UNLHYLL CIAH, 60J10-
Ka, U3HOCOCHOUKOCHb, CKOPOCmb Oedhopmayuu, conpomueenue
Odechopmayuu.

BBEJIEHUE

B nocnennee necsituietre B X0/1€ TEXHUUECKOTO MEPEBOO-
PYXCHHS OTEYECTBEHHBIX METH3HBIX NPEINPUATHIA BOIOUHIIb-
HBIC CTaHbl MAara3MHHOTO THIIA MEHSIOTCS, KaK MPaBHIIO, Ha
NPSMOTOYHBIC BOJIOYMIBbHEIE CTaHBl. OIHUM W3 CYIIECTBECH-
HBIX OTJIUYUN COBPEMEHHBIX MPSMOTOYHBIX CTAHOB SIBIISIFOTCS
BBICOKHE CKOpocTH BosioueHus [1]. Ecnu npu BojoueHuu Ha
CTaHaX Mara3uHHOTO THIIA TIPH TPYOOM BOJIOYEHHH CKOPOCTH
HAXOJIWIIACH B Tpeenax 2-7 M/C, TO COBPEMEHHBIC PSIMOTOY-
HBIE CTaHBI MO3BOJIIIOT JOCTUTaTh CKOpocTeit mo 45 m/c. On-
HAKO, TPAKTHKA JKCIUTyaTallid HOBBIX BOJIOYMIIBHBIX CTaHOB
MOKA3bIBAET, YTO JOCTHYh 3aSBICHHBIX 3HAYEHUN CKOPOCTH
BOJIOYCHHS B YCIIOBUSX OT€UCCTBEHHBIX NPEATIPUSITUN HE Pe-
Ko ObIBaeT kpaitHe TpyaHO. CBS3aHO ATO B MEPBYIO OUYepelh C
TEM, YTO IpU PabOTe Ha BBICOKHX CKOPOCTSIX CYHIECTBEHHO
CHMIKACTCS CTOMKOCTH BOJIOK.

Ha cToiikocTh HHCTpYMEHTA MPH BOJOYEHUH OMPEICISTIO-
ee BIMSHUE OKa3bIBaeT TPEHHE, BOSHHUKAIOIIEE Ha KOHTAKTE
MeTaia ¢ Bookoi. KoagduimeHT TpeHus: B 3aBUCUMOCTH OT
TUIIA TEXHOJOTHYECKONW CMAa3KH, IOJCMA309HOTO MOKPBITHS,
CKOPOCTH BOJIOYEHUsI, TEOMETPUH KaHaTa BOJIOKA MOXET W3-
MEHSTECS 3HaUnTeNBHO (10 10 pa3) [2]. [loBbimenne k03¢ du-
[IMEHTA TPEHUS B CBOIO OYepeah MOXKET MPUBOIUTH K pa3orpe-
BY MPOBOJIOKU U BOJIOKH, KOTOPOE HE TOJBKO yXY/IIAET MeXa-

HUYECKHE CBOMCTBA TOTOBOI MPOBOJIOKU, HO U MOXKET SABJISATH-
Csl TPUYMHON OKHCIICHUS W PA3JIOKCHHUS TEXHOJIOTHICCKON
CMa3KH, YTO MPUBOIUT K eIie OOJIbIIIEMY MOBBIIICHUIO KO3 (-
¢unmenta Tpeans. OTHAKO CIEIyeT OTMETHTh, YTO ITOBBIIIC-
HHE CKOPOCTH BOJIOUEHUS XOTS M OTPHULIATENIFHO CKa3bIBaeTCS
Ha TEMIEPaTypHOM pEXHME Mporecca, HO Kak ITOKa3aHO B
pabote [3] BIusHHE €ro MEHEee CYIIECCTBCHHO, YeM pabodero
MOJTyyTOJIa BOJOKKA WX Kod(dduimenta TpeHns B odare me-
(dbopmarmu, 006ecreYnBacMOro Pa3HbBIMH BHUIAMU TEXHOJOTH-
YeCKMX CMa30K ¥ TOACMAa30YHBIX HOKpHITHH. Kpome Toro,
COBPEMEHHBIE CTaHbl UMEIOT JA0CTATO4HO 3 deKTHBHYIO cuc-
TEMY OXJaXXICHUS MPOBOJOKH, KOTOpasl OCYHIECTBIICTCS 3a
CUET NMPUHYAMTEIBLHOTO OXJIaXJCHUSI BOAOH TAHyIIMX Oapa-
0aHOB ¥ BOJOK [1]. O4eBHUAHO, YTO MPH BOJOYCHUH H OCOOCH-
HO BBICOKOCKOPOCTHOM JOJDKHBI IPUMEHSATHCS] TOJIBKO BBICO-
KOA((PEKTHBHBIC TEXHOJIOTHUECKUEC CMA3KH.

Takxke NpUYNHONW CHUKEHUSI CTOMKOCTU MHCTPYMEHTA U
BBICOKOCKOPOCTHOM BOJIOUECHUH MOXKET SBJSTHCS TTOBBIIICHHE
CONPOTHUBJICHUS TUIACTHYECKOMY Je(OPMUPOBAHUIO MeTalljia
3a CUET YBENWYCHUs CKOpocTh nedopmanuu [4]. B obmem
cllydae CONPOTHUBIICHHE JeOpMalMU SIBISIETCS  CIOXKHON
(yHKIMEH, 3aBUCAIICH OT CTENEHH HAaKOIUIGHHOW aedopma-
IIUH, TEMIIEPaTypsl, CKOPOCTH AedopMalii M HCTOPHH Je-
¢opmupoBanus. [Ipr 3TOM 3HAYUTETBHYIO POJB 3/I€Ch OKa3bI-
BaeT KaK pa3 CKOPOCTbH e(OpMaInH, C MIOBBIIIIEHUEM KOTOPOU
IpU BCEX TEMIIEpaTypax M CTEMEHAX AeOopMaldi COMPOTHUB-
neHne nedopmanuu yBenmuupaercs. OZHAKO B 3TOM BOIPOCE
HET OYEeBUJHOCTH M OJHO3HAUYHOCTH MCTHHHOTO BIIUSHHS CKO-
poctH nedopManuy Ha CONPOTHBICHUE IUIACTHYECKOMY Je-
(hopMupOBaHHIO.

B cBsi3u C BhINIECKa3aHHBIM MLENBI0 HACTOSIIEH paboThI
ABJISIETCSA TPOBEJCHHUE AHAJUTUYECKUX WCCIICIOBAHUHA BIIHS-
HUSl TEXHOJOIMYECKHX IapaMeTpoB Mpolecca Ha CKOPOCThb
JneGopManuy Ipu BEICOKOCKOPOCTHOM BOJIOYEHHH MPOBOJIOKU
JUIS BBISBICHUS BO3MOJXKHBIX MEPOINPHUITUN MO MOBBILIECHHIO
CTOHKOCTH BOJOYHMIIFHOTO HHCTPYMEHTA.

BIIMSHYA TEXHOJIOTMYECKUX [TAPAMETPOB
HA CKOPOCTE JIE@OPMALIH
CkopocTh saedopMany Ompenensercss N3MEHEHHEM CTe-
meHu JeGopMalii & BO BpEMEHH 7 , T.€.

. de
&=—o), 1)

dr
U B HpOHCCC&X IIACTUYCCKOT'O ,He(l)OpMI/IpOBaHI/IH MOXKET H3-
MECHATHCA B AOCTATOYHO HII/IpOKI/IX npez(enax B 3aBUCHUMOCTHU
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OT TEXHOJIOTHIECKUX [APAMETPOB TIPOLIECCa BOJIOYCHHS.
Ha ckopocts nedopMmariuy MpOBOJOKK MPH BOJOYEHHH
BIIMSIOT CKOPOCTh BOJIOUECHHS, €IMHAYHAS BBITSDKKA, JHAMETD
HPOBOJIOKKM U pabouuii yroa Bonoku. CpeiHsist CKOPOCTh Je-
(bopMalyH B BOJIOKE B 3a8BHCUMOCTH OT BBIIIEIIEPEIHUCIICHHBIX
[apaMeTpOB MOXKET ObITh PACCUMTAHA, HANPUMEP, MO MpPEJ-
nokeHHo# B pabote [4] I'.JI. KomMoropoBbIM 3aBUCHMOCTH:

tga

4-|InJpu+2-—==|v, -tga
( H 3\/§j 618
dJu-1-u

TZie {4 — BBITSDKKA; @ — MOJIYyToJl BOJIOKH, Ipaj; V, — CKOPOCTb
BOJIOYEHUSL, M/C; 0 — TUaMeTp HPOBOJIOKH Ha BBIXO/E U3 BOJIO-
KH, M.

[Ipu BeIBOAE popMyIIHI (2) OBUIO MPHUHSATO TOIYIIEHUE, YTO
HEpaBHOMEPHOCTh JiehOpMaIii IIpH BOJIOYEHUH 10 CEYCHUIO
IIPOBOJIOKH HE3HAYHTEIbHA, A TIO3TOMY €I0 IPEeHeOperaeTCsL.

CpaBHMM Ha TIpuUMepe apMaTypHON INPOBOJIOKH AHaMeET-
pom 3,00 MM BIHSHHE TEXHOJIOTHYECKHUX MAapaMETPOB MpOIiec-
ca Ha CKOpOCTb Jle(pOpMaIvy MPY BOJIOYEHUH Ha CTaHe Mara-
3MHHOTO THIIa U IPsSMOTOYHOM crane ¢pupmbl Koch, B ycio-
Busix OAO “benopenkuii MeTaryprudyeckuii KOMOUHAT” .

Bonouenue apmarypHoil npoBojoku auamerpom 3,00 Mmm
U3 COpOMTU3UPOBAHHON 3aroTOBKM quameTpoMm 6,50 MM Tpa-
quuoHHo B ycnoBuax OAO “benopeuxuil mertamiypruye-
CKHiIi KOMOMHAT” OCYILECTBIAJIOCh B CEMb NMPOX0J0B. Pacuer
SHEPrOCHJIOBBIX IAPaMETPOB BOJIOYEHHUS O THIUYHOMY Ce-
MHKPAaTHOMY MapUIPyTy BOJIOYCHUS TpuBesieH B Tabu. 1 [5].

6":

@

Tabmmma 1
Pe3ynpTaThl MaTEMaTH4YECKOTO MOJICIMPOBAHUS IIpoliecca
BOJIOYEHHS [TPOBOJIOKH quameTpom 3,00 Mmm
u3 3aroToBkH 6,50 MM (ctanb 70)

WcxoaHble JaHHEBIE

JmameTp 3aroTOBKH, MM 6.50
JlyameTp roToBoi MPOBOJIOKH, MM 3.00
BpeMeHHOE COIPOTHBIIEHHE Pa3pEIBY 3aroToBKH, H/Mm? 1158
Conepxanue yriepoaa, % 0.70

Pe3ynbTath! pacuera

Homep npoxona 1 2 3 4 5 6

MapmpyT Bono4eHHs 5.993|5.293|4.674|4.128|3.692|3.303| 3

CTerneHb eIMHUYHON

nedopmanmn, % 15122 | 22| 22| 20 | 20 |17.48
, Yo

CyMMapHasi cTerneHb

nedopmarmn, % 78.7

Koopuumen surrson | 1.1761.2821.282] 1.282[ 1.250] 1,250 1.212

CyMMapHasi BBITSDKKA 4.69

Bpemennoe conpotus-

enme paspiny, H/nd 1206 | 1283 | 1366 | 1453 | 1536 | 1625 | 1705

Tomyyron Boxoku, rpaf. 6 6 6 6 4 4 4

Koadduument tpenns 0.030{0.030{0.030{0.030|0.030{0.030 | 0.030

Hanpspkenue Bonouenus,

2 342.6|498.3|530.2|564.2(557.1|589.1 [546.8
H/mm

Veunue Bonouenus, H 9658 [10956| 9094 | 7547 | 5963 | 5044 | 3863

CKOpOCTb BOJIOUEHHUS,

120 | 124 | 159 | 198 | 253 | 319 | 398
M/MUH

MomHocTb, ToTpedisemast

21.46|25.16|26.78 |27.67 | 27.94 | 29.8 |28.47
JNEKTPOABUTATEISIMH, KBT

Pacxon anexrpuueckoit

sHepruu, KBT/1 143.56

IIpou3BomUTENBHOCTD, T/4 1.316

C moMoupl0 MaTeMaTH4eCKOW MOJENH TeMIIepaTypHO-
CKOPOCTHOT'O PeXHUMa BOJIOYECHHS IIPOBOJIOKU Ha CTaHaX Mara-
3WHHOTO THIIa OblJIa BHIIIOJIHEHA OIIEHKA TEMIIEPATYphl IPOBO-
JIOKH TIPH BOJIOYCHHH 110 MapmIpyTy [6] (Tadmx. 2).

Tabmnuma 2
Temneparypa npOBOJIOKH P BOJIOYCHHH 10 MAPIIPYTY
65—460—553—47—-41—>3,7—33—3,0

Howmep npoxona Temnepatypa mpoBoJIOKH,
(mmameTp IPOBOJIOKH, MM) °C
1 (6,0) 169
2(53) 179
3(4,7) 204
4(41) 231
5(37) 255
6(3.3) 282
7(3,0) 319

Jlia yka3zaHHBIX B TaOl. 1 TEXHOJOIMYECKUX MapaMeTpoB
Ha puc. 1 mpHBeAEHBI CpelHHE CKOPOCTH JedopManuu Io
npoxonaM. Kak cienyer n3 pe3ynbTaToB pacdyeToB, CKOPOCTh
nedopmanuy npu BOJIOYEHUHU CO CKOPOCTBIO 10 7 M/C HE Tpe-
oimaer 700 ¢
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ckopocmb deghopmayuu, llc

1 2 3 4 5 6 7
HOMep npoxooda
Puc. 1. Pacnpenenenue cperHUX cKopocTeit qeopmanuu
IpY BOJIOYCHUHU apMaTypHOH MPOBOJIOKU
Ha CTaHe Mara3MHHOIO THIA

CorJtacHO 3aBUCHMOCTH (2) yBeIMYEHHE CKOPOCTH BOJIOYE-
HUA C TEMHU K€ BBITSOKKAMU U yYIJIaMU BOJIOK IIO MIpoXodamM
MIPUBOJUT K MPONOPHMOHAIBHOMY YBEIHMYCHUIO  CKOPOCTH
nedopmaryy. Tak TpH BBICOKOCKOPOCTHOM BOJIOUYEHHH CO
CKOPOCTBIO BBIX0JIa TIPOBOJIOKH ¢ MociieiHero Oapadana 40 m/c
CKOpPOCTh Jeopmariiu mpebiraet ypoBus 4000 ¢t

Puc. 2 wumoctpupyeTr ckopoctu nedopManuu 10 Ipoxo-
JaM TpU BOJIOYEHUM Ha HpsAMoTodHOM craHe tuma KGT 25.
Ha puc. 2 B cpaBHeHuUH ¢ puc. | pa3nudune B Xapakrepe u3Me-
HEHHUSI CKOpOCTH AeOpMaIiK OT IIPOXoJa K IPoXoxy oObsc-
HACTCA OTIIMYHEM CKOpOCTeﬁ BOJIOUCHUA B KaXXIOM KOHKPECT-
HOM Omoke. Ha mpsMOTOYHOM cTaHEe W3MEHEHHE CKOPOCTH
BOJIOUEHHSI OT MPOXoJa K HPOXOAY JKECTKO COOTBETCTBYET
BEJIMYMHE BBITSDKKM METaJUla, a Ha CTaHe MarasuHHOTO THIa
3TOTO COOTBETCTBHSI HET.
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HoMep npoxooa

Puc. 2. Pacnpenenenue cpeiHUX CKOpocTell nedopManuu
IIPU BOJIOYEHUU apMaTypHOU NPOBOJIOKU
Ha npssMoToyHOM craHe Tuna KGT 25

JIJs OLIeHKW CTeTIeHW BIUSHHSA PAa3JIMYHBIX TEXHOJIOTHYC-
CKHX MapaMeTPOB Ha M3MEHEHHE CKOPOCTH AehopMarivu ObLIH
MIPOBEJICHBI CIEYIONINE aHATUTHYECKHE UCCIICJIOBAHMUS.

Ha puc. 3, a moka3aHO BIMSHHC BEIUYUHBI BBITSKKH MPH
HEU3MEHHBIX JIMaMeTpe MPOBOJIOKU 3 MM, CKOPOCTH BOJIOYE-
Hust 40 M/c 1 paboYeM MOMyyriie BOIOKA 4 Ha CPEIHION CKO-
pocTh nedopmanuu. BiusHUE CKOPOCTH BOJIOUEHUS MPHU TO-
CTOSIHHBIX TUaMeTpe 3 MM, eIUHIUYHOHN BHITsDKKE 1,32 1 pado-
YeM TIONYYTJIE BOJIOKH 4’ nokazaHo Ha puc. 3, 6. Brmusane
pabodero MoIyyriia BOJIOKH IIPH ITOCTOSTHHBIX AHaMeTpe 3 MM,
eIMHUYHOW BHITSDKKE 1,12 m ckopoctn BojoueHus 40 m/c
MPUBEJICHO Ha puC. 3, 6. BimsHMe araMeTpa MPOBOJIOKH Ha
CPEIHIOI CKOPOCTh AedopMaruu Moka3aHo puc. 3, e, 37ech
eIMHUYHAS BBITSKKA paBHa 1,25, ckopocTs BosoueHus 40 m/c,
a paGodHii TOTyyroN BOIOKH 4 .
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Puc. 3. BiusiHue BeTMUMHBI € JUHUYHOMN BBITSKKY (a),
CKOPOCTH BOJIOYEHHUS (6), pabGodero mosyyriia BOJOKH (6) 1
JMaMeTpa IPOBOJIOKH (2) Ha CPEIHIOI CKOPOCTH jJehopMaliu

Kak crenyer u3 npuBeAeHHBIX IpadUKOB, yMEHBLICHHUE
€IMHUYHON BBITSDKKH, KaK M YMEHBIICHHE TUaMeTpa HpOBO-
JIOKH, IPUBOJMT K HOBBIMICHUIO CPEIHEH CKOpOCTH Aehopma-
UK. YMEHBIIAET K€ CPEIHIOI0 CKOPOCTh AehopMalin yBe-
JIMYEHUE CKOPOCTH BOJOYEHHS M YBEJIHMUYEHHE pabouero moiy-
yriia Bosoku. [Iprdem coderaHne eIMHUIHON BBITSKKA B 1,17
C TONYYIJIOM BOJOKH B 6 TpH BOJOYCHHH MPOBOJOKH IHA-
MetpoM 3,0 MM co ckopocThio 40 M/C IPUBOIUT K TOBBIMIC-
HUIO cpejiHeil ckopoctr aedopmammn g0 7500 ¢, Bomode-
HHUE XK€ MPYXUHHOW MPOBOJOKH IHAMETpoM, Hampumep 1,9-
1,5 MM, CONpPOBOXIAETCS CPEeHEH CKOPOCThIO 1eopMalvy B
12000-15000 ¢™.

B nmpuBeneHHBIX BHIIIE pacyeTax paccMaTpUBalach ycpen-
HEHHBIE 110 30HE Ae(OPMHUPOBAHUS CKOPOCTH JedopManuu.
OnHako cieayeT cka3arb, YTO JIOIYIIEHHE O He3HAUYNTEIbHO-
CTH HEOJHOPOAHOCTH Je(opManuy INPH BOJOYCHUH H3-32
JOCTAaTOYHO MAJbIX YTJIOB BOJIOK o = 8-16°, mpuHATOE TIpH
BbIBOZIe (OpMYyJBI (2), CYIIECTBEHHO HCKAKAIOT UCTUHHYIO
BEIMYMHY CKOpOCTeH AehopMaIiiH.

B mocnenHee BpeMsi M3ydEHHIO BOIPOCAa HEPABHOMEPHO-
ctu AehopMaIiK 10 CEYEHHIO MTPOBOJIOKH B NPOIIECCE BOJIO-
YEeHUsI yAemsieTcst 00JbIIoe BHUMAHHE, KaK OT€YECTBEHHBIMHU
[7-9], Tak u B 3apybexubimu [10-14] uccnenoBarensimu.

YcranoneHo [15], yTo mpu TPagULIMOHHO NMPUMEHSEMBIX
B OTCYECTBEHHOW IPAKTHKH TEXHOJOTMYECKUX IapamMerpax
Tporecca BOJIOUEHUS (IIPH HEBBICOKUX CAMHUYHBIX 00XKaTHAX
15-20%, npu paboumx yriax Bosiok B 10-14° u mpu 3KOHOMUHU
Opd BBIOOpE THIIOB TEXHOJOTMYECKHX CMAa30K) BO3HHKACT
3HAYUTEIbHAs] HEPAaBHOMEPHOCTH Ae(OpPMAIMU 10 CEYCHHIO
NPOBOJIOKHM — €€ JIOKAIM3alksg B IPUIIOBEPXHOCTHBIX CJIOSX
Mmertaiuia. Jlokanuzamus aehopMaliy B TOBEPXHOCTHBIX CIIOSIX
MIPUBOJUT K ele OOJIbIIEMY BO3PACTaHHIO PeabHBIX CKOPO-
cTelt eopManyy 1Mo CpaBHEHHUIO C PUBEACHHBIMU Ha puc. 3.
3TO B CBOIO OYepelb BEAET K IOBBIIICHHIO CONPOTHUBICHUS
TUIACTUYECKON eopMalMi U KaK B Pe3yJbTaTe — MOBBIIICH-
HOMY U3HOCY BOJIOK. [To3TOMy mepexos; K BBICOKOCKOPOCTHO-
MY BOJIOYEHHIO MMOJIHMMAET Ha HOBBIH YPOBEHb aKTyaJIbHOCTb
BBIOOpA TEXHOJOTHYECKUX MapaMeTpoB Ipoliecca BOJOUYECHUS
C y4eTOM HEpaBHOMEPHOCTH Ae(OpMaliy 10 CEYEHHUIO MpO-
BOJIOKH.

BJIMSAHUE TEXHOJIOIMYECKKX [TAPAMETPOB
HA CTOMKOCTH BOJIOUYUJIBHOI'O MIHCTPYMEHTA

B pa6ote [16], ucronb3ys METO JIMHUN CKOJIBKEHUS, ObI-
JI0O TOKa3aHO KaueCTBEHHOE H3MEHEHHE HAINPSIKEHHOTO CO-
CTOSIHUS B o4are JeopMaIiy I Pa3IUIHBIX YCIOBUI BOJO-
YeHHs (IMaMeTp MPOBOJIOKH, OOXKaTHE, YroJd BOJIOKH M Tpe-
Hue). B mocaenyromux padorax [9, 17] Obuto mpeanokeHo
COOTHOIIICHHE, ITO3BOJISIONICE BBHIOMPATh TEXHOJOTUYCCKHE
mapaMeTphl Mpolecca BOJOYCHUS ST O0CCIICYCHUS PaBHO-
MEpHO# nedopMaIiuu 1Mo CEYSHUIO MPOBOIIOKU

2

1- arctg(tga +f )
1+ arctg(tga +f )

Tak BBIOOp €AMHUYHOW CTemeHu jaedopmaiiiu, B 3aBUCH-
MOCTH OT paboyero Mmoyryyria BOJOKH U KO3(QUIUEHTa Tpe-
Hus [18], obecneunBaromell paBHOMEpHYIO jaedopmarnmu 1o
CCUCHHIO TPOBOJIOKH, MOXXHO C/IENATh WCIIONB3Yys HOMOTPaM-
MBI, IPEICTaBJICHHBIC HA pHC. 4.
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CTOPOHY BeIeT K M3MCHEHHUIO THIA HANPSHKEHUH B MOBEPXHO-
CTHOM CJI0€ MPOBOJIOKH (puc. 5).
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Puc. 5. Xapakrep 0CTaTOYHBIX HaNpPsHKEHUH B TOBEPXHOCTHOM
CJI0€ B 3aBHCUMOCTH OT TEXHOJIOTHYECKUX IapaMeTpPOB

BrusHue Ha BEeIMYUHY HOPMAILHOTO JABJICHUS HAa KOH-
TAKTHOW IMOBEPXHOCTH OKa3bIBA€T KaK CIAMHUYHAS CTCICHb
neopManuy, Tak U pabovnil MOIyyroi BoJoku u [2]. M3me-
HEHHE HOPMAaJbHOTO KOHTAKTHOTO HAIPSDKEHUS B 3aBHCHMO-
CTH OT €AMHUYHON cTeneHu nedopmaunu (puc. 6, a) u nony-
yria Bojoku (puc. 6, 6) MOKa3bIBAIOT, YTO yBEIHUCHHE €IH-
HUYHOU cTereHu aedopmaru ¢ 15 mo 25% mpu cHmKeHHH
pabouero moiyyria BOJIOKU ¢ 6 10 4° MPUBOANUT K CHIKCHHIO
HOPMAaJILHOTO KOHTAaKTHOTO HampspkeHus ¢ 1,73 no 1,27, T.e.

6onee yem Ha 25 %, 4TO B CBOK O4Yepe.lb, HECCOMHEHHO, I0-
JIOXKUTEIBHO BJHMSET HA CTOWKOCTH BOJIOYHJIBHOTO HWHCTPY-
MEHTA.
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Puc. 6. 3aBHCHMOCTh HOPMAJIBLHOTO KOHTAKTHOTO HANPSIKEHHUS

OT eAMHUYHON CTeneHu aehopmanuu (a) u
0T paboyero Noyyria BoJoku (6)

NOJLYY207 B0NIOKU, 2pao.

3AKJIFOYEHUE

Takum 00pazom, AJst TOTO YTOOBI HA COBPEMEHHBIX BOJIO-
YUJIBHBIX CTaHaX JOCTHYb CKOPOCTEH BOJOUYEHHMS MPETyCMOT-
PEHHBIX TAaCIIOPTOM BOJIOYMJIBHOTO CTAaHa U MOBBICHTH CTOM-
KOCTh BOJIOYHMJIBHOTO HMHCTPYMEHTa HEOOXOIMMO H3MEHHUTH
MOJX0J, K BBIOOPY TEXHOJOTHUECKHX MapaMeTpoB Ipoliecca:
eMHUYHOW cTemeHn naedopMmanmu (BBITSDKKH) M pabodero
yria Bojokd. Kpome Toro, He0O0X0IMMO NMPHUMEHEHHE COBpE-
MEHHBIX BBICOKOI()(PEKTUBHBIX TEXHOJOTHYECKUX CMa3oK,
o0ecrieunBaOINX  CHIDKCHHE  KOd(D(UIMEHTAa  TPEHHA,
YMEHBILICHUE KOTOPOTO HE TOJIBKO MOJIOKHUTEIBHO CKa3bIBaeT-
Csl Ha TEMIIEPAaTYPHOM PEKHME IIPOLIECCca BOJIOYCHUS, U U3HO-
COCTOMKOCTH BOJIOK, HO M BHECET CBOM IOJOXHUTEIbHBIN
BKJIaJ B IOBBINICHHE PaBHOMEPHOCTH AeopMalu Mo ceye-
HHIO TIPOBOJIOKH.
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Analytical studies of the influence of process
parameters on the rate of deformation
at high-speed wire drawing

Radionova L.V.
South Ural State University (National Research University)
Chelyabinsk, Russian Federation
Radionoval VV @rambler.ru

Abstract. This article presents the results of the effect of draw-
ing speed on the rate of deformation and resistance to plastic
deformation. When wire drawing on modern high speed wire
drawing machines significantly increases the required amount of
drawing dies. The influence of the technological parameters:
speed drawing, half-angle of the die, wire diameter and a single
strain on the rate of deformation of the metal. The influence of
the technological parameters: speed drawing, half-angle of the
die, wire diameter and a single strain on the rate of deformation
of the metal. Found that increasing the resistance to drawing dies
and achieve passport velocities drawing, when selecting process
parameters drawing guided by the principle of uniform strain
over the cross section of the wire by matching the single strain
with half-angle dies and friction coefficient on the formula given
in the article.

Keywords: direct flow drawing machine, portage, durability,
speed of deformation, deformation resistance.
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O030p MeTOI0B 0€31ATYHKOBOIO OIPeaeIeHUs
CKOPOCTH ACHMHXPOHHBIX JABUraTeJIei

Maxkapos B.I"., Tam6oB B.B.

KazaHckuii HalMOHAJIBHEBIA UCCIIEN0BATEIbLCKUI
TEXHOJIOTUYECKUI YHUBEPCUTET
r. Kazans, Poccuiickas @enepanus
electroprivod@list.ru, 112108@rambler.ru

Annomayusn. IlpoBenén ananus cocrossHusi padot B odJaacTu
HACHTH(PHUKANMH APAMETPOB M NEPEMEHHBIX BeJIMYHH 3J1eKTPO-
NpHUBOJA. AHAJIU3 COBPEMEHHOI0 COCTOSIHUSL  YaCTOTHO-
peryJmpyeMbIX 3JIeKTPONPUBOIOB MOATBEP:KAAeT aKTyalIbHOCTb
NpoBe/IeHUs] HCCIeI0BaHUH B JaHHOi o0jactu. [loka3aHo, 4To
onpe/e/éHHbIe MPeMMYLIeCTBA HMeeT HelpepbIBHbII rpaueHT-
HbIii MeTOJ NOHCKA MHMHHMYMa OIpeldea¢HHO-NO0JI0KUTEIbHOM
(yHKIMM 0T HeBsI30K YpaBHeHHIi djiekTponpusoaa. O0ocHOBaHa
1e/1ec000pa3HOCTh NAPA/IEIbHOIO pellieHHus 3aJa4u Oe3gaT4u-
KOBOI'0 ONpe/ieJIeHUsl CKOPOCTH ACHHXPOHHOIO JBHrarteist H
uaeHTH(UKaUU ero mapamerpos. /s uaeHTH(UKALUU napa-
MeTPOB M 0e31aTYHKOBOI0 oIpe/esIeHUsl CKOPOCTH Mpeiaraercs
HCHO0/Ib30BaTh QYHKIMH YYBCTBUTEILHOCTH ACHHXPOHHOIO /BH-
rare/si K ©3MeHeHHI0 IapaMeTPoB.

Knrouesvie cnosa: tpexdasHblii acCHHXPOHHBIH JBHUraTelb,
0000mEHHAsA JJIeKTpUYecKasi MallMHA, uIeHTHHUKAaUUA napa-
MeTpOB, 0€31aTYNKOBOE OIIpe/e/IeHHe CKOPOCTH.

BBEJIEHUE

O¢ddextuBHOCTE PabOTHI CHCTEM YHpPABICHHS YacTOTHO-
PETryIUpyEeMBIX 3JIEKTPOIPUBOJIOB 3aBHCUT OT 00BEMa W TOU-
HOCTH WH(pOPMAIUU O TEKYIIEM COCTOSHHHU TPUBOJA, TO €CTh
0 €ro MmapamMeTpax W IIePeMEHHBIX BEJTHMYUHAX.

IIpu mocTpoeHHM 3aMKHYTBIX CHCTEM BIIEKTPOIPHBOJA
HEOOXOMMO pacroyiaraTh M3MEPEHHBIM (MCTHHHBIM) 3Hade-
HHEM CKOPOCTH JBHIaTelsl, KOTOPOE Ha BXOJIE CUCTEMBI pery-
JIMPOBAHUS CPABHUBAETCS C 3aJaHHBIM (TIPEIMHCAaHHBIM) 3Ha-
yeHneM. B OosbIIMHCTBE ciyyaeB M3MEpPEeHHEe CKOPOCTH OCY-
IIECTBIIAETCS BPAIIAIOLINMHUCS JAaTYMKaMU CKOPOCTH, PacIo-
JIO)XCHHBIMHU HA BaJly IBUTATENl1. B TedeHne mocieqHux aecs-
THJICTHU HAMETWIACH TEHACHIUSA CO3MaHUS SJICKTPOIPHBOIOB
0e3 JaTYMKOB CKOPOCTH. DTO MPHUBEJIO K Pa3pabOTKe METOAOB
0e31aTINKOBOTO OIpeeNieHusI CKopocTH. [Ipu sToM m3mepsie-
Masi BeJIMYMHA OTIPEAENSETCS] KOCBEHHBIM MyTEM Uepe3 JIErKo-
JOCTYITHBIE HM3MEPEHHUIO 3JEKTPHUYECKUE IMepeMEeHHbIe, KOTO-
pbIe U3MEPSIOTCS U C APYTHMHU HEeIIMH. TaKuMHU BeTUIHHAMHA
SBIISIIOTCS, B TIEPBYIO OYepeb, HANPSHKCHHUS Ha BBIXOJE HH-
BEPTOPA, OT KOTOPOTO MIUTAETCS ABUTATEIb, U TOKH CTATOPA.

[Napamerpsr acuaxponnoro asuratens (AJl) (akTHBHBIE CO-
MPOTUBIICHHUS U WHAYKTHBHOCTH (a3 0OMOTOK CTaTopa M POTO-
pa, B3auMHasi WHIYKTHBHOCTb, CyMMAapHBIIi MOMEHT WHEPIIHU
MOJBIDKHBIX YacTeH, CTaTHYECKUH MOMEHT) B mporecce QpyHK-
LUMOHUPOBAHUS 3JIEKTPONPHUBOJA M3MEHSIOTCS B 3aBUCUMOCTH
OT pekuMa pabOTBI TBUTATENST M €0 TEIUIOBOTO COCTOSIHUSL.
Kpome Toro, Oojplast 4acTh napamMeTpoB M MEPEMEHHBIX CO-
CTOSIHUS JIBUTATENIEH HE JOCTYITHA MPSIMOMY U3MEPEHHUIO.

[TosTomy 3amady 0€3qaTYMKOBOTO OMPEIETCHHUS CKOPOCTH
1eecoo0pasHo pemarh mapauielbHO ¢ 3amadedt uaeHTudu-
Kalluy apaMeTpoB.

TEOPETUYECKUE MOJIOXEHUSA

W3BecTHO 3HAYUTEIHHOE KOJMYECTBO ITYOJMKAIHHA, Mpe-
JAralomuX METOMBl PEIICHWs 337a4 WACHTH(HUKANUU Tapa-
METPOB 1 MIEPEMEHHBIX BEIIMUUH JBUTATENEH, a TAKKE TEXHH-
YEeCKHUX PEeIIeHUH I UX pealn3aluy.

MeTombl TpeABAPUTEIBHON HICHTU(UKAIIMH TapaMeTpPOB,
UIeHTU(HUKALUE Ha OCHOBE METOJIOB OLICHWBAHMSI, HA OCHOBE
MIOMCKOBBIX METO/IOB M Ha OCHOBE MCKYCCTBEHHBIX HEHpOH-
HBIX ceTei mpuBeieHs B [1].

WnenTndukanus aCHHXpOHHOTO JIBUraTelis Ha OCHOBE Me-
TOJIOB OLICHUBAHMs €r0 MapaMeTpOB U MEPEMEHHBIX COCTOS-
HUS B PealbHOM BPEMEHU OCYHIECTBISIETCS MPU MOMOLIM Ta-
KHX MaTeMaTHYEeCKMX METOJOB KaK pacIIMPEeHHbIH (GuibTp
KanmaHna 1 peKyppeHTHBII MeTOJ HaUMEHBIIMX KBaIpaToOB C
HCTIONIB30BAaHNEM YpPaBHEHHH IMHAMHUKH OOOOIIEHHOH »Iek-
Tpudeckod MamuHbl. [Ipn 3TOM HHpOpManus o mpoueccax B
3JIEKTPOABUraTeNe IIOJIY4YaeTCsl IyTEM W3MEPEHHs TEKYIUX
3Ha4eHUH (ha3HBIX TOKOB U HANPSKEHUH CTaToOpa, a B YCTaHO-
BUBILIEMCSl PEKUME HEOOXOIUMO TAKKe M3MEPEHHE YacTOThI
BpamieHus poropa [1].

JlocTonHCTBaMHU TIPUBENEHHBIX METOAOB SIBISIOTCS OTHO-
CHUTEJIFHO HEBBICOKHE TPEOOBaHMS K BBIYUCIUTEILHBIM PeCyp-
caM ¥ BO3MOXKHOCTb HaXO>KJEHHs OLIEHOK IapaMeTpoB M Iie-
PEMEHHBIX COCTOSIHUSI 2JIEKTPOJBUTATEINS B PEATbHOM BpeMe-
HU IIpU MUHUMAJILHOM Habope n3MepuTeNbHON HHPOPMAILIHH.

OpHako NpU HUCHONB30BaHUHM PEKYPPEHTHOIO METOoAa
HaMMEHBIINX KBaJpaTOB HEOOXOAMMO ONHCaHHE OOBEKTa
UICHTH(PUKAINN anre0pandeckKUMU YpaBHEHUSIMH, a PAaCIIH-
pennblii GpuibTp Kanmana, 1mo cyTw, siBJIs€TCS TPaAueHTHBIM
METOJIOM U JAET CTPOroe pElICHHE 3aJaud ONTHUMAJIbHOTO
OLICHMBAHMS TOJIBKO JUIS JIMHEHHBIX OOBEKTOB, a B IPHMEHE-
HUU K HEJMHEHHBIM OOBEKTaM, K KOTOPBHIM OTHOCSATCSI aCHH-
XPOHHBIE JBUIaTENH, B MPOLIECCE OLICHUBAaHUS BO3MOXXHO HE
TOJIBKO TIONaJlaHUE B JOKAIbHBIM 3KCTPEMYM, HO U BO3HUKHO-
BEHHUE HEYCTOWYMBOI0 MPOLECCa OLICHUBAHMUS.

B [2] npemnoskeHO ycTpOWCTBO OIEHMBAHUS NapaMeTpOB
JJIEKTPOJBUIATEIISl TTOCTOSIHHOTO ToKa. VpeHTndukanums ma-
pPaMeTpoB OCYIIECTBISETCA C IMOMOIIBI HEMPEPBIBHOTO Ipa-
JUEHTHOTO METOJa MOKCKa MUHUMYMa ONpPeAeNEHHO MOT0XKH-
TEJIbHOW (QYHKIIMH OT HEBS30K YpaBHEHWH [BUTATENd. YCT-
PONCTBO COAEPIKUT NATINK HAPSHKEHUS, JATIUK TOKA, TaTIHK
NIPOU3BOJHOM OT TOKa, JAaTYUK YIJIOBOW CKOPOCTH, AATUUK
YIJIOBOI'O YCKOPEHMSI U ITO3BOJISIET OLIEHUBATH COIIPOTUBIICHUE
1 WHAYKTUBHOCTH OOMOTKH SIKOPS, MOMEHT MHEPIINH U CTaTH-
YECKMH MOMEHT Harpy3KH.

B [3-5] moka3zana 1enecooOpa3HOCTh MPUMEHEHHS Hempe-
PBIBHOTO I'PaIMEHTHOTO METO/a MOMCKAa MUHUMYMa (pyHKIHH
K WJICHTU(UKALUY TapaMETPOB aCHHXPOHHOTO JAIBUTATEIIS.
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B [6] npeanaraercsi OCyLIECTBISTh MACHTU(GHKALMIO Ma-
paMeTpoB U TOKOB KOPOTKO3aMKHYTOTO pOTOpa TpéX(a3zHOTOo
ACHHXPOHHOTO [JBHTaTeNsi C HCIIOIb30BAaHUEM TPAIUEHTHOTO
METO/1a ITONCKa MUHUMYMa (DyHKIUH.

B [7] paccmaTtpuBaeTcst IpeACTaBIEHO YCTPOUCTBO OICHH-
BaHMs NapaMeTpOB ACHHXPOHHOIO IBHrarens. Peann3zoBaH
AQHAJIOTUYHBIH METOJ WACHTU(HUKAINA. Y CTPOICTBO ITO3BOIIS-
€T OLICHUBAaTh AKTHUBHBIC CONPOTUBJICHUS U HHIYKTHUBHOCTHU
(a3 oOMOTOK cTaTtopa M pOTOpa, B3aUMHYIO MHAYKTHBHOCTD,
MOMEHT HMHEpLHHU, CTaTHUECKUIl MOMEHT, a TakXKe TOKH KO-
POTKO3aMKHYTOTO POTOpa.

B Hactosiee Bpemst 0oJbIlioe BHUMaHHE yaenseTcs 0es-
JATYHKOBEIM 3JeKTponpuBogaM. Ocoboe 3HadeHHE MOI00HBIE
3JIEKTPOIIPUBOJBI UMEIOT B YCTaHOBKAX, PabOTAIOMMX B IO-
JKapOOTIACHBIX, B3PHIBOONACHBIX, XUMUYECKUX W PATHOAKTHUB-
HBIX Cpe/iaX, B YCIOBHUSAX MOBBIIICHHBIX BUOPAMi 1 yIapHBIX
MEXaHNYECKUX Harpy3ok. B Takmx anmekTporpuBonax, B Oc-
HOBHOM, NPUMEHSIOTCS IBUTaTelIHn 0e3 JaTYMKOB MEXaHHYe-
CKUX NEPEMCHHBIX.

B paMkax yka3aHHOrO HalpaBJICHUS Pa3BUTHUS 3JIEKTPO-
MPUBOJIA BEIYTCS MCCICAOBAHKS U Pa3pabaThIBAIOTCS METOIbI
6e31aTYNKOBOTO OINpeIeNeHHsI CKOPOCTH, TO3BOJISIOMINE OCY-
IIECTBJIATh OLICHKY CKOPOCTH KOCBEHHBIM IIyT€M dYepe3 J0C-
TYyIIHBIE U3MEPEHHUIO 3JIeKTpHUecKkue nepeMeHHsle. Ilpu Takom
noaxone (YHKIWM BpAINAIOMIETOCS JaTdWKa MepeaaroTCs
3JIEKTPOHHOMW YacTH CHCTEMBI. DTO BEIET K €€ YCIIOKHEHHIO,
OJTHAKO BBINOJHEHHE CHCTEMBI YIPaBJICHUS HA MHKPOIIPOIEC-
COPHOH OCHOBE HE NMPHBOJUT K CYIIECTBEHHOMY YIOPOXKaHHIO
npuBoza. Crexyer OTMETHTb, YTO IIPU 3TOM OTIAZAeT HE0OXo-
JAUMOCTb B IPOBOAAX, COCAUHAIOMUX JATYUK CKOPOCTU C CUC-
TEMOM YIpaBJIC€HUA, KOTOpasA MOXKET HAXOJUTHCA Ha 3HA4YU-
TCJIbHOM PACCTOSAHUMN OT ABUTATEIIA U JaTUHKA.

Bbe3narankoBoe omnpeneneHne CKOPOCTH MOKET BBITIOHSTh-
Csl C HCIIOJIb30BAaHUEM PA3IUYHBIX METOJIOB, CJIOXKHOCTh KOTO-
PBIX B 3HAYMTENILHOMN CTETIEHH ONpeessieTcsl TpeOyeMbIM aua-
MIa30HOM PETyJIHPOBaHUs NPHUBOJA M TPeOOBAHHAMH K TOYHO-
ctu mmMepeHust ckopoctd [8]. B [9] mpuBenena xmaccugpuka-
U5, B COOTBETCTBHH C KOTOPOM METOJIbI ONPEAEIICHNSI CKOPO-
CTH aCHHXPOHHOTO JIBUTaTels MOAPA3EIAIOTCS Ha MSITh TPYIIL

K mepBoii rpynme OTHOCSATCS HEaalTHBHBIE METONBI, B
KOTOPBIX CKOPOCTH OIIpEIEIsIeTCs] HEIOCPEICTBEHHO Yepes
U3MepseMble HampsKeHHE M TOK CTaTopa, U METOIBI, OCHO-
BaHHBIC HAa ONPEAETICHUN CKOPOCTH Yepe3 PacCUUThIBAEMBIC B
CXeMe YacTOTHl HampshKeHus nutanus u poropHoit J/1C. Bro-
pYyIO TPYIIy COCTaBISIOT aJaNTUBHBIE MeTOAbl. OHU OpHUEH-
TAPOBAHbI HAa 3aMKHYTBIEC CUCTEMbBI PETYJIMPOBAHUA DJICKTPO-
IprUBOAAa, B KOTOPBIX aganTanud NPUMCEHEHA IJIA IOBBIMICHUA
TOYHOCTH U3MEPUTENIbHON cHucTeMbl. B TpeThro rpymmy BXo-
JISIT METO/IbI, OCHOBAHHBIE HA KOHCTPYKTHBHBIX OCOOEHHOCTSIX
JIBUTATENIs M MCIOJB3YIONINe, Halpumep, nHpopManuio, Ko-
TOPYIO HeceT B cebe KpuBas HaMarHWYMBaHUS MalIWHbL Yer-
BepTas IpyIIa — 3TO HeJIMHEHHbIe METO/IbI, Oa3upyIoIrecs Ha
TEOpUU HEHUPOHHBIX IeNed, a MOCHeNHss, NATas, — Tpymnmna
METOAOB, WUCIOJB3YIOIUX JJId MOBBIIICHUA TOYHOCTHU AOIIOJI-
HUTEJIIbHBIC BBICOKOYACTOTHBIC CUTHAJIBI WX JPYTYIO AOIIOJI-
HUTENbHYI0 HHPOPMAITHIO.

B ocHOBY mpuHIIMIA TOCTPOEHHUS CXeM Oe3MaTIMKOBOTO
OTIpe/IeNIeHUs] CKOPOCTH MOJIOKEHO BEKTOPHOE MaTeMaThde-
CKOE OIMCAHHWE ACHHXPOHHOTO [BUTATeNll B HEMOABMKHOU
cucreMe koopauHaT. CKOPOCTb MOXKET PACCUUTHIBATHCS Yepe3
BEIMYMHBI, 3aIHCaHHBIE BO BPAILAIOIIEHCS CUCTEME KOOpPIU-

HaT, B HETIOJBW)KHON CHCTEME KOOPJMHAT, B HETOABWKHOU U
BO BpallaroIIeiics CucTeMax KOOPUHAT.

B [10] paccmarpuBaercst croco0 ONTHMAaNbHON OICHKH
YaCTOTHI BPAICHUS] ACHHXPOHHOTO ABHTATEINS M CHCTEMA JUIS
ero peanmm3anuy. OIEHKA 9aCTOTHI BPAILICHUSI OCYIIECTBIISACT-
Csl HA OCHOBAaHHMH M3MEPSIEMBIX TEKYIIUX 3HAYCHUH Harmpsoke-
HUM ¥ TOKOB CTaToOpa [BHUTATeNsl, MPOU3BOAUTCS NPIMOE H
KOCBEHHOE BBIYMCIICHHSI 3HAUYEHHH PEAKTHBHOW MOIIHOCTH,
MIPOTIOPIMOHANIBEHO-MHTETPAIbHOE IPe0Opa3oBaHne Ha OCHOBE
MHUHAMH3aLUN KPUTEPHsl KAauyecTBa, OINPEAEIIEMOro IO CO-
XpaHEHHbIM paHee IBYM INPEIBIAYIIUM 3HAUYECHHSIM OLICHKH
YacTOTHI BPallleHHUs] U Pa3HOCTH 3HAYEHUH MPSIMOTro U KOCBEH-
HOTO BBIYUCIEHMH PEaKTUBHOW MOLIHOCTH.

B [11] mpemmokeH crocod onpeneneHus OIMEHKH 9acTOTHI
BpAIICHU aCHHXPOHHOTO IBHTATEIsl, KOTOPask OCYIIECTBIISCT-
Csl HA OCHOBAaHMU M3MEPSIEMBIX MTHOBEHHBIX BEJIMYMH TOKOB H
HaNpsDKeHUH CTaTopa acHHXPOHHOTO IBHTATENS C IOMOIIBIO
MpeIBapUTeIbHO 00YUCHHOW NCKYCCTBEHHOH HEHPOHHOM CEeTH.

be3nartunkoBble  aNrOpPUTMBI  BEKTOPHOTO  YIpPaBJICHHS
UCIIOJNIB3YIOTCS B DJIEKTPONPHUBOAAX, KOTOPbIE HE TpeOyroT
HpEeNILHOTO OBICTPOICHCTBYS, pabOTaIOT NPEUMYIIIECTBEHHO
B YCTaHOBHUBILEMCSI PEXKUME U HE 00JIalaloT MIMPOKKMH JTa-
Ha30HaMH peryaupoBaHus ckopoctu (1o 1:100).

AHanu3 JaHHBIX, NPEIOCTABISIEMBIX IPOU3BOAUTEISIMH
npeoOpa3oBaTeel 9acTOThI, OKa3bIBAET, YTO OE34aTINKOBbIC
JIEKTPOIIPUBOBI MIPOU3BOAATCS CEPUITHO MHOTUMH (HPMaMHU
[12-14].

[IBeacko-mBeiimapckoir kommanueit ABB mpomsBomsaTes
mpeobpazoBarenu 4actotel ACS350 ¢ 0e31aTINKOBBIM BEK-
TopHbIM  ympaBinenueM, ACS1000 ¢ HemocpeacTBEeHHBIM
ynpasienueM MomeHToM (DTC) koTopble rapaHTHpyIOT ca-
MYIO BBICOKYIO TOYHOCTh KOHTPOJISI O€3 NMpUMEHEHHs JaT4uu-
KOB CKOPOCTH, HECMOTpsSI Ha KOJeOaHUsI BXOJIHOTO HarpspKe-
HUS U CIIy4ailHble Meperpy3Ku.

Ipeo6pazoBatenu wacrotsl kommanuu Control Technics
(Benukobpuranusi) cepun Commander SK mpennazHaueHsl
JUISL YIIPABJIEHWS ACMHXPOHHBIMH ABHUTATENsIMH O€3 JaTduKa
00paTHOH CBS3M.

[MpeoGpa3zoBatenu wactoTel Siemens Micromaster 440 c
0e31aTYNKOBBIM CITOCOOOM BEKTOPHOTO peryiupoBanus (Vec-
tor Control Sensorless) npuMeHsItOTCs UIsl MPOLIECCOB C BBICO-
KOW JIMHAMHUKON U TOBBIIICHHBIMU TPEOOBAHUSIMU K CTapTO-
BOMY MOMEHTY U Ieperpyske.

Kommnanust Mitsubishi Electric BeimyckaeT npeotpasosare-
mu gactoTel cepun FR-A740 c cuctemoli 0e31aTYMKOBOTO
BekTopHoro perynuposanus (Real Sensorless Vector Control),
npeobpazoBarenu FR-D700 ¢ koppeknueli M3MEHSIONMXCS B
npouecce pabOTHl MapamMeTpoOB.

BeznarunkoBble aCHHXPOHHBIE — SJIEKTPONPHBOJBI CEPHH
OIIB ¢ apanTHBHO-BEKTOPHOI CHCTEMON yIpaBIeHHUS paspa-
6otansl HTL] DnextponpuBona “Bekrop” MIBaHOBCKOTO TOCY-
JIApCTBEHHOTO YHEPreTHYECKOr0 YHUBEPCHUTETA U BBIITYCKAIOT-
ct OO0 “DJIIIPU” YebokcapcKoro »3IEKTpOAniapaTHOro
3aBojia.

Jnst peiienus 3a1a4u uaeHTH(GUKAIIMK apaMeTpoB U Oe3-
JIATYNKOBOTO OIPEJCIICHUS] CKOPOCTH IPEAIaraeTcsi UCIOJib-
30BaTh (DYHKIUHM YYBCTBHUTEIBHOCTH aCHHXPOHHOIO JBHIaTe-
JIS K MI3MEHEHHIO TlapameTtpos [15].

3aBHCHMOCTh XapaKTEPUCTHK CUCTEMBI OT M3MEHEHHUS Ka-
KHUX-THOO ee TMapaMeTpoB OLCHUBAIOT YyBCTBUTEIHLHOCTHIO
[16-18].
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ITox uyBCTBUTENBHOCTHIO MOHUMAIOT CBOMCTBO CHUCTEMBI
U3MEHATh PEXHM DPAaOOTHI BCIEACTBHE OTKJIOHCHHS KaKHX-
00 mapaMeTpoB OT HOMUHAJIBHBIX 3HAUeHHH. J[J1s1 unciioBoit
OLICHKH YYBCTBHTEJILHOCTU HCIONB3YIOT (DYHKIUH YyBCTBU-
TENBHOCTH, ONpENe/sieMble KaK YacTHBIE ITPOM3BOAHBIE OT
KOOpJMHAT CHCTEMbI MM IIOKa3aTeNed KadecTBa INPOIECCOB
ynpaBneHm 1o BapnaumM apamMeTpoB:

=(0x;/0a)°,
rie X,- — KOOPJIUHATBI CUCTEMBI, &; — IAPAMETP CUCTEMBI.
Wnznexc ° o3uadaer, 4o (YHKIMS Uj; BBIYHCIACTCS NPH

HOMHUHAJBHBIX 3HAUCHHUSIX TAPAMETPOB.

[pu mpeHTHUKALNKE MAPAMETPOB ACHHXPOHHOTO JIBUra-
Temsl [eeco00pa3Ho HCIONb30BaTh MATEMAaTHYECKOE OIHCA-
HHE 000O0IIEHHON 3JIEKTPUYECKOM MallIMHBI B OCSIX d, q.

di
) 1d Alaq
Urg = Ryigg +L1W+ m L

diy, dizg
—+ M

dt + M dt
dl1d

cul(Llllq + M lzq)

Uig = Rylyg + Ly + w1 (Lilyg + Miiza);

. dizq
< 0 = RZlZd + L2 W wz(Lzlzq + Mmllq)

— 4+ M
dt m dt

L ]z i + Pu(PaMim (i1gi2a — i1ai2a) — Me),

TIE Uyg , Uyq — PasHbIE HATIPSOKEHHS OOMOTKH CTaTopa; iyq,
i1q — hasHble TokM OOMOTKM cTatopa; Ry
conpoTtuBiieHHsT a3 0OMOTOK craropa W poTtopa; L, , L, —
HHIYKTHBHOCTH (pa3 oOMOTOK cTatopa u portopa; M,, — B3a-
UMHAasg UHIYKTUBHOCTb; W1 — YIJIOBas CKOPOCTh CHCTEMBI KO-
opauHar d, g, 3J1. paj/c; w, — yriaoBas CKOPOCTh CKOIBKEHHUS;
Js — cyMMapHbIi MOMEHT MHEPLUHU MOJBWXHBIX YacTell; p, —
YHCIIO ITap IOJIIOCOB; M, — CTaTHYECKHH MOMEHT.

'enepupoBanne GYHKIMH YyBCTBUTEIBHOCTH MOXHO
OCYIIECTBUTh MyTEM pEIICHHs CHCTeMBI T depeHInaIbHbIX
YpaBHEHHH OTHOCHTENHHO BapHaIlli BCeX MEPEMEHHBIX BEJH-
YHH, TI0JTy4aeMBIX 32 CUET H3MEHEHUS OJTHOTO U3 MapaMeTpOB.

Hanpumep, QyHKIMH 4YyBCTBUTEIBHOCTH 1O aKTHBHOMY
CONPOTHUBJICHHIO R; MOTYT OBITH MOJIY4EHBI C IOMOILIBIO Clie-
JYIOIIEH CUCTEMBI ypPaBHEHUN

0= Rzizq + L2 + wz(Lzlzd + M lld)

, R, — akTuBHBIC

diyq dizq
Ritig + L— =+ Moy — w1 (Ll + Mplyg) =
=F = -l
_ lig dqu _
Ritig+1L It + M, it + w, (LT + M, 554) =
=F, =l

L2d diyg _ _
W + me — Wy (leq + Mmllq) +

+@(Lizg + Mpiyg) = F5 = 0;

diy, diy,
Rolaq + L+ My —" L+ w,(LTyq + M) —
—@&(Lizg + Mpiyg) = F, = 0;
dw . .o _ . -
]ZE + Pn (pan(Hdlzq *lialig ~ liglaa — llqlz‘i)) -
= F5 =0,

TIC lig, ligy laay l2gy @ — MaJIbIC NPUPAIICHHS, TTOJTyICHHBIC
COOTBETCTBYIOLIMMH IEPEMEHHBIMM BEJIMYMHAMU H3-3a Ba-
puanuy napaMmerpa.

3anumeM (YHKIMHM 9yBCTBUTEIBHOCTH TOKA i;4 10 Mapa-
MeTpaM aCHHXPOHHOI'O 3JICKTPOABUTaTENs

, Oiyg . dirg alm
S(i1a, Ry) = a—Rl; S(iya, Ry) = —i S(ha L) = oL ’
, Oiyg . alm
S(lld!Mm) = aM ; S(lld: c)
m C

Jis uneHTHUKANUMU TpeiaracTcs NPUMEHUTHh HEmpe-
PBIBHBIN IPaIUEHTHBIA METOJ MOMCKA MUHUMYMAa OIpeneaEH-
HO TMOJIOKUTEILHONH (QYHKIMH OT HEBA3OK MO TOKAM i1q U 14
[6. 7]

CocraBuMm cucremy auddepeHInaNbHBIX ypaBHCHUN OT-
HOCHUTEJIBHO OI[CHOK [TapaMeTpOB:

dt

)Aiyg + S(iya, R)AL,|;

—Hg, [SCGirar RDAL g + S(izq, Rz)Ai1q];

dt
dL dL, dL, ) ) ) )
e dar _.UL[S(ller)Alld + S(ller)Allq];

—HUR, [S(im' Ry

dM;, . . . .
W = _.uMm [S(lld' Mm)Alld + S(lldr Mm)Allq];
aM, . . . .

dt = _HMC [S(lld'Mc)Alld + S(le'Mc)Allq];

TIE W, Mgy My Mg, Hay, — TIOJIOKHUTENBHBIE KOO OUIMEHTEI,
OTIpeIeNIAIONINEe CKOPOCTH M3MEHEHHs OLIEHOK IMapaMeTpoB;
Aiy g4, Aijg — TOTPEITHOCTH 11O TOKAaM CTaToOpa.

[Ipeanaraemslii anIrOpuUT™M MOXKET OBITH YCHEUTHO PeaIn3o0-
BaH COBPCMCHHBIMU MUKPOIIPOUECCOPHBIMU CUCTCMaMH
YIOpaBJIE€HUs] YaCTOTHO-PErYIMPYEMOro 3JEKTPOIIPUBOAA C
ACHHXPOHHBIMH JIBUTATEJISIMH.

[IpumeHeHHe mnpelaraeMoro MeToja IMO3BOJIUT obecrie-
YUTh 0OJee BBICOKYIO ITOMEXO3aIUIIEHHOCTh, O0OYCIOBICH-
HYI0O OTCYTCTBHEM HEOOXOAMMOCTH A HEepeHIUPOBAHMS
TOKOB, CHU3UTh Maccy W rabapuThl, a TaK)kKe paclIupUTh 00-
JaCTh NMPUMEHEHHsS ACHHXPOHHOTO 3JEKTPOIpPHUBOJAA 3a CUET
OTCYTCTBUSI JATYNKOB MEXaHUYECKUX TIEPEMECHHBIX.

BBIBO/IbI

1. IIpoBenEHHBIN aHATN3 HAYYHO-TEXHUYIECKOH JHUTEepaTy-
PBI ITOKa3bIBAET IIEIEeCO00Pa3HOCTh Pa3paboTKU aITOPUTMOB
0€3aTYNKOBOTO ONPE/IEIEHHUs CKOPOCTH B 3JIEKTPONPHBOJIAX
C Pa3JINYHBIMU TUIIAMHU JBUTATEICH.

2. B cBBH C MmHUPOKMM TNPHUMEHEHHEM YacTOTHO-
PeryiaupyeMbIX 31€KTPOIPHUBOLOB C ACUHXPOHHBIMU JIBUraTe-
JSIMM aKTyaJIbHOW SBISIETCA 3a/ada 0e3MaTYMKOBOTO Ompere-
JEHUsI CKOPOCTH, KOTOPYIO II€IeCO00pa3HO pelaTh mHapa-
JIETBHO C 3a/1aueii uieHTH(UKAIUN TapaMeTPOB aCHHXPOHHO-
IO 3JIEKTPOABUIaTEIIA.

3. Unentndukarus mapaMeTpoB U MPOIECCOB aCHHXPOH-
HOT'O 3JIEKTPOIPHBO/IA MOXKET OBITh YCIIEITHO OCYIIECTBIIEHA C
IIOMOIIBI0 HEIPEPBIBHOIO I'PaJMEHTHOIO METOJA IIOUCKA MU-
HUMYMa OIPEIeNEHHO TOJI0XKHUTEIbHON (PYHKIMH OT HEBA30K
YPaBHEHUH 3IEKTPONPHUBOA.

4. Tlpennaraercs i uAeHTH(UKALNH ITApaMETPOB U Oe3-
JATYNKOBOTO OTIPENEIeHUsI CKOPOCTH MCIIOIB30BaTh (HYHKIIMH
YyBCTBUTEJIBHOCTH aCUHXPOHHOI'O 3JIEKTPONPUBOJA K HU3MeE-
HEHUIO [1apaMETPOB.
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Review of Methods Determining the Speed
Sensorless of Induction Motors

Makarov V.G., Tambov V.V.
Kazan National Research Technological University

Kazan, Russian Federation
electroprivod@list.ru, 112108@rambler.ru

Abstract. The analysis of the state of work on the identifica-
tion of parameters and variables of the electric drive is held.
Analysis of the current state of variable frequency drive confirms
the relevance of the research in this area. It is shown that certain
benefits has a continuous gradient method of finding the mini-
mum of a positive definite function from the discrepancies equa-
tions electric drive. Substantiated expediency parallel solution of
the problem determining the speed sensorless induction motor
and the identification of its parameters. For the identification
parameters and determine the speed without sensors is proposed
use the of the sensitivity function the asynchronous electric drive
to change of parameters.

Keywords: three-phase asynchronous motor, generalized
electric machine, identification of parameters, sensorless current
speed detection.
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MeTOoan4ecKU KOMILIEKC
1JIA o0ecrneYeHUs mapaMeTpUuYeCcKo HAIeKHOCTH
TEeXHOJIOTHYeCKOro 000py10BaHUA

Anmnkeena O.B.
IOro-3anaaHelii rocyapCTBEHHBIH YHUBEPCUTET
r. Kypck, Poccuiickast ®enepanus
olesya-anikeeva@yandex.ru

Annomauusn. TloBbilieHNe KayecTBa H KOHKYPEHTOCIIOCOOHO-
CTH NPOAYKIHH MAIIHHOCTPOMTEIBHOH OTpaciu omnpenensieT
HE00X0IUMOCTDb MOBBINIEHUS] TOYHOCTH M HAJEKHOCTH IPOH3BO-
JSIIIEro 3Ty MPOAYKIMIO TeXHOJOrn4eckoro obopynosanus. Ilpn
3TOM 0c00asi PoJib OTBOJAMTCS MAaKCHMAJIBLHO BO3MOMKHOMY CHH-
JKeHMI0 3aTpar. B paGoTe mpeacTaBiieH MeTOIHYECKHIl KOM-
IJIeKC, 00ecneuHBAIOINUI MapaMeTPUYECKYI0 HAJIeKHOCTbh Me-
TAVIOPEKYINX CcTaHKOB. IIpmMeHeHHMe KOMILIEKCa MO3BOJHT
JMUATHOCTUPOBATh (PAKTHYECKOE TEXHHYECKOe COCTOSIHHE CTAH-
KOB, YTO NpHBeJeT K CHIKEHNUI0 BO3HUKAIOIIUX H3/epiKeK, CBSI-
3aHHBIX ¢ MPOM3BOICTBOM HA ITHUX CTAHKAX MPOAYKIMH, HE COOT-
BEeTCTBYIOLIEHl TPeOOBAaHUSM HOPMATHBHBIX 10KyMeHTOB. Kpome
TOro, B NpeIT0KEHHbI MeTOANYeCKHH KOMILIEKC BKJIIOYEHA
METO/IMKA IPOTrHO3MPOBAHMUSI NAPAMETPUYECKOHl HAJEKHOCTH
METAJJIOPEKYIIMX CHCTEM, MO3BOJISIIOMIAsI YHPABJISITh KadecT-
BOM MX npouecca peMoHTa. C npuMeHeHHeM MpeJI0KeHHOH Me-
TOAUKH TMOCTPOEHBI MOJEJH BepOSITHOCTH 0€30TKa3HOii padoThI
TOKAPHOr0 CTAHKA MpH 00padoTKe HA HEM HMJIMHIPUYECKUX M
TOPIOBBIX NMOBepxXHOCTell. B pagoTe npuBeaeHBI MoOIeIN CXEMHO-
napaMeTpUYecKoii HaJe;KHOCTH TOKAPHO-BHHTOPE3HbIX CTAHKOB,
a TaKiKe OTMe4YeHbI pe3yJIbTaThl ONbITHOWH anpodauun pa3pado-
TAHHOT O KOMILTEeKCa.

Knroueevie cnoséa: MeTalsiope:kylIHe CTAHKHM, AMATHOCTHKA,
NMPOTHO3HPOBAHME,  HAJAEKHOCTb, PEMOHT,  TeXHHYECKOe
o0cIyKUBaHHE.

BBEJIEHUE

OnHUM M3 CIEeNCTBHI SKCIUTyaTalliy Ha IPOMBIIIIEHHbBIX
npeanpusTusix Poccutickoit denepanmuu MopatbHO U hu3nde-
CKHU yCTapeBIIEro TEXHOJOTHYECKOTo 000pyI0BaHUS ABISIETCS
npobiieMa BBIITYCKa NPOAYKIIMH, HE OTBEYAIOIIEH TexXHHYe-
CKUM TpeOoBaHMsAM. HecMOTpsi Ha MOCTOSTHHOE pa3BUTHE OT-
pacieil cTaHKO- M MaITMHOCTPOEHU, MpoOiieMa BEIMyCKa He-
Ka4eCTBEHHON MPOIYKIMHU SIBISIETCSA aKTyaldbHOH, T.K. TEXHO-
jJornyeckoe 00OpyZOBaHWE, €€ BBINTycKaroliee, TpedyeT
00BIIIX KamUTATOBIOKEHuH [ 1,2].

CymiecTByeT ABa peUIeHUs JTaHHOH MpoOiieMBl — 3TO MO-
JlepHH3aIys (3aMeHa) WM PEeMOHT o0opyznoBaHus. B cBsi3u ¢
OTPAaHNYEHHOCTHIO (PMHAHCOBBIX CPEACTB, Ha OOJBIIMHCTBE
OTEUYECTBEHHBIX IPOMBIIIICHHBIX MPEATPHIATHH BBIOHUPAIOT
BTOpPOU BapuaHT.

TakuM 00pa3zoMm, akTyadbHOW SIBIISIETCS MpoOJieMa IMOBHI-
IIEHUS] TOYHOCTH M HAJEKHOCTH TEXHOJIOTHIECKOTO 000pyI0-
BaHUsI IPY MUHMMAJIBHO BO3MOXHBIX 3aTpaTax pecypcoB.

OBECHEYEHUE TOYHOCTU U HAJIEXKHOCTH
TEXHOJIOTMYECKOI'O OBOPY IOBAHUA
IlokazaTenu kadecTBa MaHIPIHOCTpOPITeJ'ILHOfI npoaAyKIuun
3aBHUCAT OT IIOKa3aTelIeii TOUHOCTH O6p.':160TKI/I HX JeTajlield Ha

Metayuopexxymux crankax (MPC) [3-5], mpuyeM TOYHOCTH
obpabotku neraneit Ha MPC o0ycnoBieHa napaMeTpamu reo-
METPUYECKOW TOYHOCTH CTaHKOB. [loaToMy obecrieueHue Tou-
HOoctt MPC o0ycnaBnmBaeT BBITYCK Ha HHUX KadeCTBEHHOW
MIPOXYKINH, a TAK)Ke CHIDKCHHE 3aTpaT, CBA3aHHBIX C BBIIMYC-
KOM Opaka.

VYnpaBneHne KadecTBOM IIPOIIECCOB PEMOHTa M TEXHHYE-
CKOTO OOCITY>KUBaHHUSI METAJUIOPEKYIIUX CTAaHKOB OOecreyu-
BaeT UX TOYHOCTh U HAJCKHOCTH. IIpy MOBBHIICHUH TOUHOCTH
U HAJI)KHOCTH CTAHKOB OOJIBIIYIO POJIb UTPAIOT JOCTYIIHBIC
CpeICcTBa M METOJbl TEXHHYECKOW AMAarHOCTUKH, T.K. C IIOMO-
IIbI0 HUX PEIIAIOTCS 3aJjauyd HEe TOJNBKO YCTAHOBJICHMS JUar-
HO32 TEXHUYECKOTO COCTOSIHUSI 000pYyJOBaHMsI, HO M IPOTHO3a
1 TCHE3W3a ero TeXHHUYeCKoro coctosHus [6]. B pabote pac-
CMAaTpPUBAIOTCS IIEPBBIE JIBE 331a4H, T.K. UMEHHO OHH SIBJIAIOT-
Csl HaMBa)XHCHIIMMHU B YCIOBHAX COBPEMEHHOW 3KOHOMHKH
TIPOMBIIICHHOCTH.

B Hacrosimiee BpeMsi IIMPOKOE NMPUMEHEHHE 3a PyOekoM
HOJYYMIIN PA3INYHbIe METOJbl AUATHOCTUPOBAHUS COCTOSHUS
MPC. Hanpumep, Takue, Kak: METOJ] OLIEHKU COTJIaCOBAHHO-
CTH paboTHI MPUBOJOB; U3MEPEHHE BHOpAMK POTOPHBIX Ma-
IIMH, PEIYKTOPOB — BHOPOCKOPOCTH, BUOPOYCKOPEHHUS, CIIEK-
Tpa orubaromieil BBHICOKOYACTOTHOW BUOpalliu; H3MEPEHUE
TEMIIepaTyphl; BU3yaJbHBIN KOHTPOJIb; ONpPEIeIeHHE COCTOS-
HUsI CMAa309HOTO Maciia M MHorue apyrue. Hecmorps Ha mpo-
TPECCUBHOCTh JTaHHBIX METOJIOB, MHOTHE W3 HHX SIBIISIOTCS
JIOCTaTOYHO JOPOTOCTOSIINAMH /I IPUMEHEHNSI B COBPEMEH-
HBIX YCJIOBHSIX OTEUECTBEHHBIX mpeanpustuii. Kpome toro, B
OOJIBIIMHCTBE CIIy4aeB, INEPEAOBBIC IPOMBIIUICHHBIE Ipel-
TIPUATHS 3apyOeKHBIX CTPaH HE pas3IIIallialoT METOIbI THarHO-
CTHPOBAaHUS W TPOTHOZHPOBAHUS TEXHUYECKOTO COCTOSHUS
CBOET0 TEXHHYECKOro 00OpYyIOBaHWS, HO, HECMOTPS Ha 3TO,
HCCIIeIOBAHMS B JTaHHOW oOmactH [2, 7-11] mo3Bonmau ycra-
HOBHTH, YTO OOIIEH 4epTOH ITaHHBIX METOAOB SIBISETCS TO,
YTO OHM HCHOJIB3YIOTCS B paMKaX CHCTEMBI PEMOHTa M TEXHU-
YEeCKOro OOCITy>KUBaHUS O0OpYNOBaHHS II0 (HaKTHIECKOMY
TE€XHUYECKOMY COCTOSHHIO.

B 60-x rr. XX Beka mosryunia cBOe HayaJlo CHCTeMa Iula-
HOBO-TIPEAYNPEAUTENILHOTO PEMOHTA, KOTOpas MCHOIb3yeTcs
HA OTEYECTBEHHBIX IPOMBIIIICHHBIX NPEANPHUITHAX U B Ha-
crosiiee Bpems [4]. Eciu Bo Bpems pa3Butust obnacreil craH-
KO- ¥ MAaIlIMHOCTPOEHHSI OHa ObUTa BechMa 3(h(heKTHBHOH, TO B
HacTosIIee BpeMs, MpH (HU3NIECKOM H3HOCE MeTaiooopabda-
TBHIBAIOIIETO 000pyAOBaHMA Ha mpeanpusaTuix PO B 85%, ona
ABJIsIeTCA HE3((EKTUBHOM, T.K. BEITUKH BEPOSITHOCTH BO3HHUK-
HOBEHHS:
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1) He0OXOAMMOCTH NPOBEAEHHS BHEIUIAHOBOTO PEMOHTa 000-
PyJlOBaHUA;

2) curyanuii, IpU KOTOPHIX PEMOHTY IOMJICKUT 00OpymoBa-
HHE, HE U3PAacX0/I0BaBIIEE CBOM PeCypc TOUHOCTH.

IIpu ycnoBuu paccmotpenus MPC B kauecTBe CIIOKHBIX
TEXHOJIOTHYECKUX CHCTEM, KOTOPBIMH OHH SBIISIFOTCS,, K OC-
HOBHBIM II0Ka3aTeNsIM KadyecTBa CTAaHKOB MOXKHO OTHECTH:
napaMeTpsl FeOMETPUUECKON TOUHOCTH CTaHKa U FreoMeTpude-
CKasi TOYHOCTh 00pabOTaHHBIX Ha CTAaHKE TIOBEPXHOCTEH JeTa-
et [12-14].

TouHocTh 00pabOTKM 3aBHCUT OT BCEX KOMIIOHEHTOB TEX-
HOJIOTMYECKONH CHUCTEMBI, NO3TOMY HCIIOJIB3YIOTCS JIBa B3au-
MOJIOTIOJIHSIFOIMX APYT Jpyra IOAX0Aa K OIEHKE TOYHOCTH
CTaHKOB.

IlepBbIil MOAXOJ OCHOBAaH Ha PaCCMOTPEHHM IeOMETpHue-
CKOHM TOYHOCTH cTaHka ¢ ucnonb3oBanueM I'OCT Ha ero Hop-
MbI TouHOCcTH B ['OCT 22267 [15], mub0 ¢ UCTOIB30BAHUEM
BapHaIlMOHHOTO MeToa pacuera TouHoctd MPC [3, 7].

Bropoii noaxoa 0CHOBaH Ha aHAJINM3E MTOKA3aTeNeH TOUHO-
cTH 00paboTaHHBIX JeTanell — QyHKIMOHATBHOW AUATHOCTHKE
craukos [7, 15].

B pabote [7] BbmonHeH ananm3 aeictByrommx ['OCT Ha
HOPMBI TOYHOCTH CTaHKOB. Pe3ynbTaToM aHanm3a SBUIICS BBI-
BOJ O TOM, YTO B HOMEHKJIATyphl paccMmoTpeHHbIXx ['OCT
BKJIIOYEHBl HE BCE IOKAa3aTelM, OKAa3bIBAIOIIME BIMSHHE Ha
TOYHOCTh 00paOOTaHHBIX 3aroToBoK. [lo3aTomy, B padote mpu
JUArHOCTUPOBAHUU TEXHHUYECKOTO COCTOSIHHMSA U MPOTHO3UPO-
BaHHM IapaMEeTPUUYECKONH HAIEeKHOCTH TEXHOJIOIMYECKOIro
000pyIOBaHUS WCIIONB30BAH MEPBBIN MOAXO0J C HCHOIB30Ba-
HHEM BapHaIllMOHHOI'O MeTo/a pacdyera TouHoctd MPC.

B ocHOBe BapHalMOHHOTO MeETOJa pacueTa TOYHOCTH
CTaHKOB JICXKHUT (QyHKIUS GOopMO0OOpa30BaHUs BUIA

ro = Age*, 1)
rne Iy — pagumyc-BeKTop obpabaTeiBaeMoi MOBEPXHOCTH; Ay —
MaTpHIla IpeoOpa3oBaHUI KOOPANWHAT, COCTOSIIAsA U3 MaTPHIL
060GIEeHHbIX TIepeMeleH il ¥ TOBOPOTOB; €' — pamyc-
BEKTOp Hadasla KOOPJIMHAT.

B pabote [3] cTpyKTypHBIif COCTaB TEXHOJOTHUECKOH CHC-
TEMBbI OTIpEJIeTIeH CIIEIYIOINM 00pa3oM:

A): = AprlAstAprzAi! (2)
rne As — MaTpuIa nmpeoOpa3oBaHUM KOOPIUHAT TEXHOJIOTHYE-
CKOH cucTeMbl; App — MaTpHlA, MOJAENUPYIOLIAs JBUKEHUS
HpUCTIOCOONIEHHST [UIsl 3arOTOBKH; Ag — MaTpula, MOJIEIH-
pyrolas JBHKEHHS CTaHKa; Ay, — MaTpULa, MOJEIUPYIOLIas
JBIDKEHUS IPUCTIOCOOIICHUS JIs1 MHCTPYMEHTa; A; — MaTpuIia,
MOJICTIMPYIOIIasi PEXyIIHNe KPOMKH (IIOBEPXHOCTH) HHCTPY-
MEHTA.

[onnas Bapuanmsa GpyHKIHHA GopMooOpa3oBaHUS TEXHOIO-
rUYeckor cucteMbl AAs, Oe3 ydera medopmaruii ee dIIeMeH-
TOB, PaBHA!

Ay = AAprlAstAprzAi + AprlAAstAprZAi + (3)
+Apr1AstAApr2AL’ + AprlAstAprZAAil
U B HEe BXOJAT MATPHIBI MAJIBIX IIOBOPOTOB W CMEUICHUH 110
OCsIM KOOPAMHAT: AApq — NMPUCHOCOOJEHHS TOJ 3aTOTOBKY;
AAg — cranka; AAdpr, — IPUCTIOCOONIEHHS 10T MHCTPYMEHT; Ad|
— MHCTPYMEHTA.

BexTopHblii Arg 1 CKaJsIpHBIA Arn GanmaHChl TEXHOIOTHYE-

CKOH CHCTEMBI PaBHBI, COOTBETCTBEHHO!

Ary = AAse*, 4)
Arn = Argn, (5)
r7ie N — BEeKTOp HOpMaIH K 00padaTbiBaeéMOi MOBEPXHOCTH.

B paMxax mpHHATOrO MOIX0/a NPEIIOKEH METOA THArHO-
CTHPOBAHUS COCTOSIHUSI METAUIOPESKYIIHX CTaHkoB [16, 17]
(puc. 1), a Takke MeTOIUKa MPOTHO3UPOBAHKS HapaMeTpHye-
CKOi1 HaJI©KHOCTH TexHONMOrnueckux cucteM [ 18, 19] (puc. 2).

* OnpezesneHye BUJ0B 00pabaThIBaEMbIX TIOBEPXHOCTEN U
00beMa BHIOOPKH;

* YcTaHOBIICHUE TpeGOBﬁHPIﬁ K TOYHOCTH 3arOTOBOK.

dtanl

* Onpenienenye KOIMIECTBA U3MEPEHHH;

* BrIsIBIIeHHE KOIMYECTBA U PACIIONOKEHHUS TOUEK, B KOTOPBIX
MPOU3BOJATCS U3MEPEHHS;

*» Be16op cpeicTB n3MepeHnii.

* BpIBOJ1 ypaBHEHU I BEKTOPHBIX U CKAJISIPHBIX OaJIaHCOB
TOYHOCTH (hOpMOOOPa3yIOIIeH CHCTEMBI CTaHKA.

Y%

dtan4

* [IpoBesieHne NPSMBIX U KOCBEHHBIX M3MEPEHUIT IOrpeHoCcTe
00pabOTKH MOBEPXHOCTEH 3arOTOBOK.

° OHpCHCJ’IeHI/IC 3HAaYCHU I TEOMETPHUYCCKUX norpemﬂoc*reﬁ
CTaHKa,

3tan5 | e [loaroroBka peKOMEH AN [0 PEMOHTY CTaHKa.

Puc. 1. Meton auarnoctupoBanus coctosinuss MPC

Oran 1
OnpenesieHne CTPYKTYPHOIO COCTABA TEXHOJOIMYeCKOH CHCTEMbI
U BbIYMCJICHHE NOTHO Bapuanun ee QyHKIHH (opMo0odpa3oBaHus.
Boblunc/ienne BEKTOPHOro 0ajaHca TOYHOCTH.

v

dranm 2
3aganue MHOKkecTBa 00pabaTpiBaeMbix nosepxHocreii {OI} u
TpeOoBaHMIi K X TOYHOCTH. BhIunciieHHe CKaIsAPHBIX 02/1aHCOB
TouHocTH 151 MuoxkecTBa {OI1}. [IpeodpasoBanue CKAISIPHBIX
0aJaHCOB B pa3MepHBIe IeNH.

v

Oran 3
OnpenesieHne BpeMEHHBIX 3aBHCHMOCTEI H INIOTHOCTH BEPOSITHOCTH
H3MEHEHHSs COCTABJISIIOUINX Pa3MEePHBIX Leneid.

v

Jran 4
IlocTpoenne Moje el MOTepH TOUHOCTH TEXHOJIOTHYECKOM CHCTeMBbI
1o muoskecrsy {OI1}.

Oran 5
MopenupoBanue nmpoiecca NOTepu TOYHOCTH [JIs1 ONpeeIeHust
BEPOSITHOCTH (€30TKAa3HOil paGoThl — MPOrHO3HPOBaHUE
napaMeTPUYecKoii HaIeZKHOCTH TEXHOJOTHYECKOro 000py/10BaHUS.

Puc. 2. MeToauka nporHo3upoBaHus MapaMeTpUIecKon
HA/ICKHOCTH TEXHOJIOTHYECKUX CHCTEM

s nuarnoctuku TokapHo-BuHTOpe3HbIX (TBC) u BepTH-
kanbHO-(pesepHbx (BOC) crankoB ObLTa mpeayioxkeHa KOH-
CTPYKIIMS TECTOBOM JeTanu (0Opasma-u3enws), Heooxoaumas
JUISL TUarHOCTUKH BCEX TIOKa3aTeneil reoMeTpUIecKoi TOUHO-
cTi GOpMOOOPA3YIOLINX CUCTEM ITHX CTAHKOB (pHC. 3).
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Puc. 3. TecroBas netans nis quarnoctuku TBC u BOC:

a — MOJIETIb TECTOBOH ETAJH; O — MU3TOTOBIICHHAS AETallb U €€
KoHTpoub: LTI — nunuaapudeckas noBepxHocTs; BII — BuH-
ToBast MoBepxHOCTh; I1IIT — moBepXHOCTH MIIOCKOTO TOPLA;
LTI — 6oxoBas MOTYLUIMHAPHYECKAs TIOBEPXHOCTD IITIO-

HouHoro nasa (ILII); BIT — mockast 60koBasi MOBEPXHOCTh
IHIT; ITd — noBepxHOocTh nHa LI

Meron nuarnoctupoBaHusi coctostausit MPC Ha mpumepe
TOKapHO-BUHTOpe3Horo Moj. YT16B u  BepTukanbHO-
(peseproro moxa. 6112 crankos ObuT ampoOupoBaH Ha 3A0
“Kypckasi NOAIUITHUKOBAsE KOMIIAHUS .

Jli1sl TOBEpPXHOCTH IIOCKOTO TOpua, oOpabaTsiBaeMOl Ha
ToKapHOM ctaHke MoJ. YT16B (puc. 4), ypaBHeHue Oananca

Puc. 4. ®opmoobpazyrorias ciucteMa TOKapHO-BUHTOPE3HOTO
CTaHKa: Sy — CHCTeMa KOOpAUHAT 00pabaThIBaeMOI AeTa C
32)KUMHBIM TPUCTIOCOOJICHUEM H IIIHH/IEIIEM;, S; — CHCTEMa
KOOPJIMHAT CTaHHWHBI ¢ KOPITYCOM IIIMUHIIEITBHOTO Yy31a; Sy —

cHCTeMa KOOPIMHAT POIOJIBHOTO CYIIIOPTa; S3 — CHCTEMa KO-
OpJIMHAT MOTEPEYHOTO CYIIIOPTA C PE3LEACPKATEIEM 1 PE3LOM

HOPMAJTbHBIX MTOTPEIIHOCTEH UMEET BHI;

Arn, = agxsing — oxcose — (By + B)x + + X308, (6)
IJie ¢ — yroj MOBOpOTa ILIMWHIENS CTaHKa, TPaj.; X — Iepe-
MEHHAsl, UMECIOIAsi CMBIC] MOCTYIATEIBHOTO MEePEMEIICHUS
Broib ocu OX, MM; g — MaJIbIii yTOJI IMTOBOPOTAa BOKPYT OCH
OX oOpabatbIBaeMO# JeTany co MINMHUHAETEM, Tpan.; fy — Ma-
Tl yron nmoBopota Bokpyr ocu OY oOpabaTbiBaeMoi aetanu
CO IIMHHACIEM, TPaj.; 1 — MaJbIil YrOJl MOBOPOTa BOKPYT OCH
OY craHuHBI, Tpax.; f/ — MaJBId yTOJI MMOBOPOTA BOKPYT OCH
OY mpognonbHOrO Cymmopra, Ipaf,; 8. ,3 — Manoe abCooT-
HOe cmelnieHue BAoib ocu OZ oOpabaThiBaeMOM NETamd CO
LIMUH/IENeM, CTAHUHBI, IPOIOJIBHOTO CYMIIOPTa U MONEePEYHO-
ro CYIIOPTa COOTBETCTBCHHO, MM.

[lpu OWarHOCTHKE CTaHKAa OBUIM MPOBEICHBI U3MEPCHHUS
MorpenrHocTeil 4; mIockoro Topia (JUIMHBI HUIHH/IPA) B IBE-
HAAUATH ToYKax (¢j, X;) (Tabdmn. 1).

Tabmuna 1
Pesynbrarel usmepenuii
MOTPEIIHOCTEH MI0CKOro TOpIa

Bejauuuna 1 2 3 4 5 6
oi,° 0 60 | 120 | 180 | 240 | 300
Xiy MM 100 | 100 | 100 | 100 | 100 | 100

A, MM 1020|0530 20|10

Beauuuna 7 8 9 10 11 12

o ° 0 60 | 120 | 180 | 240 | 300
Xiy MM 200 | 200 | 200 | 200 | 200 | 200
A, MM 20 { 05] 20 (05) 10|05

ITonyyeHHble 3HaYEHUS IEOMETPUYECKUX IOTPEIIHOCTEN
(dopmooOpa3yromel cucTteMbl cTaHka: op=3,12”; fy=1,8";
Br+Pa= 1,87 %o 8, = 2,08 mm.

Jl1st TOBEpXHOCTH JTHA LITOHOYHOTO 11233, PacIioI0KeHHO-
ro Baojb ocu OY (mpu 006paboTKe €ro KOHIICBOH IMIHHIPH-
YeCcKOW TpsMO3y0oi (Gpe3ol, IBHKYIIEHCS 10 YacoBOU
cTpernke), oOpabaTeiBacMoil Ha (pe3epHOM cTaHKe Mox. 6J[12
(puc. 5), ypaBHeHHMe OanaHCa HOPMAJIBHBIX MOTPENIHOCTEN
UMeeT BUJI:

Arnf = —¥7_, a;Rsin(@y; + -0+ Y oBiRcos(@y; +
2yn)—i=01aly——a3Rsin2njn+L3Rcos2njn—i=030z7

2mj

rae j = (1,...,n) — HOMep Jie3BUs (Bpe3bl; N — YHCIIO ne33§4%2
¢pe3ssr; R — paguyc ¢pesbl, MM; 0 3 — Majble YIribl TIOBOPO-
TOB BOKpYr ocu OX oOpabaTbiBaeMOH AeTall cO CTOJIOM,
MIPOJIOJIBHBIX CaJIA30K, CTAHUHBI M HIMTUHJEIS] COOTBETCTBEHHO,
rpap.; Po.3 — To xe, Bokpyr ocu OY, rpan.; &, 3 — Mauoe ab-
COIOTHOE cMeleHne Baoss ocu OZ obpabareiBaeMoil netanu
CO CTOJIOM, MM; ¢ — YIOJI TIOBOPOTa j-ro Jie3sus dpess (pa-
BeH arcsin(xi/R), rae X; — koopauHaTa X j-ro ne3Bus dpessi),
rpan.

[Ipu auarHoCTHKE BEPTUKAIBHO-(PPE3epHOro CTaHKa MOJI.
6112 ¢ pamuycom ¢pe3st R=10 MM u umciom ne3puid n=9,
OBLIN NPOBE/IEHBI U3MEPEHHS MOTPEITHOCTEH Aj MOBEPXHOCTH
JTHa 3aKpPBITOTO IIMOHOYHOTO Ma3a (TIyOWHBI MMa3a) B BOCBMH
TOUKAX (¢@yj, ¥i) (Tab. 2).
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Tabmmuna 3
ITapameTtpsl reomerpuueckoit Tounoctd TBC
. O6o3Hay-¢
HapaMeIp, €ro CbI/BI/[‘ICCKI/II/I CMBICIT napa.
0Ol2; Y3: TOYHOCTh YCTAHOBKHU HAIIPABJISAIOILUX B IIPOJIOIIb- BIT1: BIT2
HOM/ TIOTIEPEYHOM HaIlpaBJICHUHN
o1 +a; 1 +P2: IPSIMOJIMHEWHOCTD MPOIOIBHOTO MEpeMelLie-
HUS CYIIIOPTa B BEPTHKAIBHON/ TOPH30HTAIBHON IIOCKO- BII3; BIT;
CTH
dxo, Yo ( 6%, + 6}2,0): panuanbHOe OHEHUE HAPY)KHOM LeH- BITS
TpHUpYIOLIEH OBEPXHOCTH IUNUH/ENS NepeaHeld 6abku
329 oceBOe OHEHNe NIMIHAENS NepenHei 6a0ku BII6
2 @ Y2 Bi: IpAMOTUHEHHOCTD U NapaIeNbHOCTh
TPACKTOPUH TIPOJOJIBHOIO MEPEMENICHNS CYIIIIOPTa OTHO- BI17: BII8
CHUTECJIbHO OCH BpAIICHUS MITTHMHACIIA HCpeHHeﬁ 06abku B ’
TOPU30HTAIBHOM / BEPTUKAIBHOM IIIOCKOCTH
¥3_, @;: IPAMONMHEHHOCTh M TIAPALIETLHOCTE TPAEKTOPHH
nepeMeIleH s BEpXHHUX Calla30K CYIIIOPTa OTHOCUTEIbHO BIT9
OCH BpALLCHUs MITUHIENA epeaHei 6adku B BEpTHKAIb-
HOM IJIOCKOCTH
3 o Bi: NepIeHIMKYISPHOCTL TPAEKTOPHHU TIepeMELICHUS
MONEPEYHBIX CAJIA30K CYNIIOPTA K OCU BPaLCHMS IIITUHE- BII10
151 epeiHerd 6adku
Y1 Bi: MepreHaHKyIAPHOCTD IIMHH/AETLHOTO Y3I1a M OCH BII11
IIITAHICITIA
Puc. 5. ®opmoobpasyrorias cucteMa BEpTUKAIBHO- %o, Bo: YTTIOBOS GHEHHE IIMEAENS ¢ TATPOHOM BIII2
(dpe3epHOTO CTaHKa: Sy — cUcTeMa KOOpIHAT 0OpabaTriBae- 0g*+PB1; 0a+Po: YrIIOBOE GHEHME MIMMHJENS C NATPOHOM 1 BIII3:
MOH JeTalH ¢ 3aKHMMHBIM IIPUCTIOCOOICHHEM U CTOJIOM; S; — TPAMONHHEHHOCTD HPOIIP/HBHOFO TepeMEIEHNA CYNIOpTa B BIII4
TOPHU30HTAJIbHON/BEPTUKAJIBHOU ITIJIOCKOCTH
CHUCTEMA KOOpAWHAT MOINCPECYHBIX CaJIa30K; Sz — CUCTCMaA KO- P D
Oo+P1+P2: MEepIeHUKYISIPHOCTh TPASKTOPUH TIEPEMELICHHS
OpJIMHAT KOHCOJIH; S3 — CHCTEMa KOOPIMHAT CTAHUHBL; Sy — [POJIOJIBHOTO CYIIIOPTa K OCH LIIIMHIENS U YIII0BOE One- BIIIS
CHCTEMa KOOPIUHAT IIMUHACIS C 3aKUMHBIM ITPHUCIIOCO0ITe- HUE INAHIeNS
HHUEM U (1)[)630171 >3 @ + @y IPAMONMHEIHOCTD U IAPAILIENEHOCTh TPAeK-
TOPUU NEPEMEILIEHHS] TOTIEPEYHOTO CYNIOPTa OTHOCUTEIb- BII16
HO OCH BpAIlICHUA MUHACIA U OTKJIOHCHUC IITUHICIBHO-
IO y3/1a OT OCH LIITHHIEIS
Tabmuua 2 2, B;: IPSIMONTMHENHOCTD M MapaIeTbHOCTh TPACKTOPUH
Pe3ynbrarsl n3MepeHus HOrpeurHoCTe MOBEPXHOCTH IHA TPOMOIBHOTO TICPEMEIICHHA CYIIOPTA OTHOCHTEIBHO OCH BII8
Y
BpallleHUs MITHHACIA IEPEIHEU 6abku B BEPTHKaAJIbHOU
IIJIOCKOCTH
Bennunna 1 2 3 4 5 6 7 8 3
Y1 a; + @y + By yriioBoe GHeHHe MIMHHAEIS C IaTpo-
Pxir © 236 | 369 | 531 | 90 236 | 369 | 53,1 | 90 HOM, OTKJIOHEHHE IIIUHAEIBHOIO Y3/1a OT OCH LINMHJENS 1
MPSAMOJIMHEWHOCTh M TAPAIIENbHOCTD TPACKTOPUH Mepe- BII17
Yi, MM 10 20 30 40 50 60 70 80 MEILEHFIS TIONePEYHOTO CYIIOPTa OTHOCUTENBHO HAMPaB-
JIIIOINHUX CTAHUHBI
Aj, MM 1,0 2,0 10 | 15 3,0 2,0 25 |15 7 5. ~
Y:7-1 Bi: IPAMOIMHEHHOCTD IIPOIOIBLHOTO [EPEMELCHHS BII4
cynropTa B FOpH3OHTaHLHOﬁ TIJIOCKOCTHU
o 3 . .
IMosryueHHBIE 3HAYECHHS] TEOMETPUUYECKHMX IIOTPEIIHOCTEH =1 Bi; Ps: mepueHWKYIIAPHOCTH TPAGKTOPHH NIepeMellie- BIM21:
o . HU IIONEPEYHOT0 CYIIIOPTA: K HANIPABIAOIIUM CTAaHUHBI; g
(hopMooOpasyromIeil CHCTEMBI CTaHKA: BII22
5 3 5 3 1 OTHOCHUTEIIFHO IPOJIOIBHOTO CYIIIOPTa
i=0 & = 7,5-107° MM; Zizo Bi =6,9-107° mMm; Zizg a; = dyo: pauaIbHOE OMEHHE HApYKHOH LEHTpHUpYIoLIeit mo- BITS
—2-.1073 MM, 03=0,2- 10-4 MM; [33:0’3 . 10—4 MM; Zi3=0 6zi — BEPXHOCTH IINMHJIEIS TTepeiHeii 0abKu ¢ MaTpoHOM
BII23;
1,54 MM. . . , , , B4
PesynbpraTel muarnoctupoBanusi coctossaus MPC mokasa- Lizo Oxii Xi=1 6xi s Liz1 8yi + Gx01 Lizo Syis Lizo 8zt 0T BII26;
. KJIOHEHHE OT pa3Mepa BI27
JI, 4TO JId CHUKCHHUA IN'COMETPUICCKUX NOTIPCIHTHOCTEU O6pa- >
. BI128
OOTaHHBIX MMOBEPXHOCTEU 3arOTOBOK, HeO6XOJII/IMa KakK 3aMCHa 5
Zi=0 Yi: NEPIICHAUKYISIPHOCTh TPACKTOPHUU NIEPEMETLICHUS BIT29
MOAIIMITHUKOB MIITUHAEIBHOIO y3JIa C 1[EJIbI0 BOCCTAHOBJICHUA TIPOJIONBHOTO CYMIOPTA OTHOCHTENBHO OCH IITHHIENST
KjlacCa TOUYHOCTH “B”, TaK U pPEMOHT WJIM 3aMCHA IaTPOHaA. ¥3: TOYHOCTh YCTAHOBKH HAMPABJISIIOIIMX B ITONEPECIYHOM BII2
. HarpasBJICHUN
MOJEIN CXEMHO-TIAPAMETPUYECKOM HAJTIEXKHOCTU - 52 152 6 .
TOKAPHO-BUHTOPE3HBIX CTAHKOB 0, 890, ({80 + Oyo) : paMaTLIO Ghcrme Hapyriofi BIIS
Takum oGpasom, mociie cocTaBieHHs1 0ANaHCOB TOYHOCTH UCHTPHPYIOUEH OBEPXHOCTH MU H/EIIA Mepe/iei Gabkn
2 2y . -
00pabaThIBaeMBIX Ha PACCMOTPEHHBIX CTaHKaX HMOBEPXHOCTEH 0o, for (v &g + Bp) : yrioBoe Gnenne WIMMHAEN ¢ naTpo BIII12
HOM
obpasna-u3zenus, MOsSBUIACH HEOOXOAMMOCThH OTpEeIICHUS T S ——————
o i=0Fi p p TP P
(I)I/ISI/I‘IGCKOFO CMBbICJIAa MMapaMeTPOB reOMETPUICCKON TOYHOCTHU NIPOJIOJIBHOTO MEPEMEILECHUS CYIIIOPTa OTHOCUTENBHO OCH BII8
craHkoB. B Tabu. 3 mpuBeneHbl mapaMeTpsl TeOMETPHUYECKOM BDAICHHS [IHH/CI B BEPTHKAILHOMH MIIOCKOCTH
820: oceBoe OMEHHE INKHAENS nepenHel 0adku BII6
TOYHOCTH TOKapHO-BUHTOPE3HOTO cTanka [20]. 3 -
Yi7—g 05 OTKIIOHEHHE OT pazmepa BI128
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O603naunB y3161 TBC cnenyromum obpaszom: Y1 — obpa-
GarpiBacMasl AeTalb C 3aKUMHBIM IIPUCIOCOOJICHHEM W
mnuHeneM; Y2 — CTaHHHA C KOPITyCOM IINUHAEIBHOTO Y3713,
Y3 — mpomonpHBIN CymmopT; Y4 — MONEpPEeYHBIH CYIOPT C
pe3neaepKaTesieM U pe3loM, KaXIoMy Y31y ObLIM IOCTaBIIe-
HBI B COOTBETCTBHUE €TI0 IApaMeTPhl MOTPELTHOCTEH TeOMETPH-
YECKOTO PACTIONIOKCHUS
Sy, Oyo — pasuanbHOE OUEHHE HAPYXKHOH IEHTpHpYIOIE Mmo-
BEPXHOCTH IIITUHJEIS NepeiHei 6a0ku ¢ marpoHoM, 1Y1;

8,0 — ToplieBoe OueHue (haHna MIMHUHACTS HepeaHed 6adku,
2V1;

do, Po — yriIoBoe OMeHHe MMIKHAEINS ¢ naTpoHoM, 3Y1;

Yo — IOBOPOT IIMUHAENS BOKPYT cBoel ocH, 4Y1;

Oy1, Oy1 — panuanbHOE OMEHHME HApyKHOH LIEHTPUpPYIOIIEN Mo-
BEPXHOCTH IIMUHACTS IepenHeit 6a0ku ¢ maTporoM, 1V2;

8,1 — TopueBoe OmeHre (hIaHma MMHUHAETS NepemaHed 0alkw,
2V2;

0 — IPAMONMHEHHOCTh MPOJOIBHOTO IEPEMEIICHHUS CYTIIOP-
Ta B BEPTUKAIBHOH MII0CKOCTH, 3Y2;

B1 — IPSIMOJIMHEIHOCTH NPOAOJIBHOTO MEpEeMEIIEHHs CYIIIOop-
Ta B TOPU30HTAIBHON IITOCKOCTH, 4Y2;

Y1 — IPSIMOJTMHEHHOCTH NMPOAOJIBHOTO MEPEMEIIEHHS CYIIIOpTa
B ()pOHTATBHOM IUIOCKOCTH, 5Y2;

dy2, dy2, 0,2 — OTKIIOHEHHE OT pasMepa, 1Y 3;

0 — MPSIMOJIMHEIHOCTh TPACKTOPHH MEPEMEIIEHHS MPOIOIIb-
HOTO CYNIIOPTa OTHOCUTEIHHO HANPABILIONINX CTAHUHBI, 2Y3;
2 — mapaeabHOCTh TPACKTOPUH MEpEeMEIIEeHHs MPOOIbHO-
T'O CyNIIOPTa HANpaBJISIOIIUM CTaHUHBL, 3Y3;

Y2 — TEpHEHAMKYJSPHOCTh TPACKTOPHH IIEPEMEIEHUsS] MpOo-
JIOJIEHOTO CYIIIOPTa OTHOCUTEIBHO OCH LInuHaens, 4Y3;

O3, Oys, 0,3 — OTKIIOHEHHUE OT pasMepa, 1Y4;

03 — TOYHOCTh YCTaHOBKH HAIPaBIISIOIINX ITONEPEYHOTO CYI-
IOpTa B POIOJIFHOM HarpasiieHIH, 2Y4;

3 — MepIeHANKYISIPHOCTh TPACKTOPUU MEPEMEIIEHHS IT0TIe-
PEYHOTO CYNIOPTa K HAIPABJISIFOIIUM CTaHHUHEL, 3Y4;

Y3 — TOYHOCTh YCTAaHOBKH HAIIPABJISIOIINX HONEPEYHOTO CYTI-
1opTa B NONIEPEYHOM HarnpasieHuu, 4Y4.
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Puc. 6. Monenu cxemHo-TiapameTpudeckoii HagexHoctu TBC: a — Moxgens 1; 6 — moxensb 2; 6 — Mozenb 3
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[Tocne 3TOro OBUIM MOJYYEHBI MOJEIH, OIKCHIBAIOLIME
CXeMHO-TlapaMeTpHuecKkyto HajnexHocts TBC, B KOTOpBIX B
KadeCcTBE BBIXOAHBIX IapaMeTpoB (OPMOOOPA3YIOMUX Y3IIOB
CTaHKa MPUHSATHl 3JEMCHTapHBIC IOTPEIIHOCTH IOJO0KEHHS
y3710B B NPOCTPAHCTBE, a B KauecTBE IMOKa3aTeseil kauecTBa
TEXHOJOTMYECKONM CHCTEMBI: IapaMeTpbl T€OMETPUUYECKOU
touHocTH ctanka o 'OCT 18097 [21] u TOCT 22267 (Mo-
Jens 1 Ha puc. 6); mapaMeTpbl T€OMETPUYECKON TOYHOCTH,
OTIPEZICTICHHBIE C IIOMOINBIO PEHICHHS CHCTEM YypaBHEHHH
pa3sMEpHBIX IICTICH, COCTaBICHHBIX MO OalaHCaM TOYHOCTH
CTaHKa (Mojenp 2 Ha puc. 6); mapameTpsl reoMeTpUYecKon
ToyHocTH 00pasnoB-uzaenuidi mo FOCT 18097 (monens 3 Ha
puc. 6); mapaMeTpbl TeOMETPUIESCKON TOYHOCTH BCEH HOMEHK-
natypbl oOpabarsiBaeMbIX moBepxHocteil neraneit mo 'OCT
24642,

AHanu3 CTPYKTYpHI MMOCTPOCHHBIX MOJENEH MTO3BOJIMII TIO-
JIY9UThb BBIBOJBIL:

1) Haunbosee MOJHBINA aHAIM3 CXCMHO-TIAPAMETPUYCCKON Ha-
nexxaoctd TBC Bo3MOXEH TOJIBKO IPH MCHONB30BaHUHT MOJIE-
m 2;

2) HauMeHee TOJHBIA aHaIU3 CXEMHO-TapaMeTPUIeCKON Ha-
nexHoctd TBC BO3MOXKEH NMpH HUCMONB30BAHUM MOAETU 3,
HEJIOCTaTKaMH KOTOPOH SIBIISIOTCSL:

- OTCYTCTBHE B3aMMOCBSI3M MEXJIy BCEMH 3JICMEHTaMH CUCTe-
MBI;

- MHHHUMAaJIbHOE YHCIIO ONPENEeNeMbIX BBIXOIHBIX ITOKa3aTe-
JIEW CUCTEMBI;

- OTCYTCTBHE CBs3€il MEXAy BBIXOAHBIMM MOKA3aTeISIMU CHC-
TE€MBbI U BceMu napamerpamu y3iaos MPC.

Peanuzarust mpennoskeHHONH METOTUKH IPOTHO3UPOBAHUS
apaMeTpUUecKod HAJEeKHOCTH TEXHOJOTMYECKHX CHCTEM
OpuTa ocymiecTBieHa Takoke Ha 3A0 “Kypckas moammImHuKO-
Bas KOMITaHHS~ Ha MPHMETE TOKApHOTo cTaHka Mox. YT16B.

[IpennonoxuM, 9To U3MEHEHHE MapaMeTPOB reoMeTpHUe-
ckoii touHoct MPC umeer nunelinbIi 3akoH [19]:

X =X, +yt, @)
rae Xo — HavyajgbHOE 3HAa4YeHHe mapamerpa mpu t = t, MKM
(pam); Y — CKOpOCTh M3MEHEHUS MapaMeTpa, MKM (pan)/rox; t —
BpeMsi, TOJI.

Torna MIOTHOCTH BEPOSATHOCTH CKOPOCTH MOTEPHU TOUHO-
CTH TOKapHO-BHHTOPE3HOI'O CTaHKa NMpH 00paboTKe MM ITH-
JMHAPUYIECKNX OBEPXHOCTEH MMEET B

_(anT‘YCpan)z

o2
fOu) = e ®)

TIE Oyom = O, — CPEJHEE KBAJAPATUIHOE OTKIIOHEHHE CKOPOCTH
mpolecca MOTEPH TOYHOCTH CTaHKa, MKM (Ppaf); Yy — CyMMa
CKOpOCTEl M3MEHEHUs! MapaMeTpoB I'€OMETPUYECKON TOYHO-
ctn MPC, Mium (pan)/rot: Yurr = (Vgo + Vp1)Z + Tizo Vexi —
A TWIMHAPHYECKUX —TIOBEPXHOCTEH, Virr = Yireo Vpi X +
Y3 0¥szi — JUIA TOPIOBBIX TOBEPXHOCTEH; Yepur — CYMMa
CpelHUX 3HAYeHHH CKOPOCTEH M3MEHEHUsl MapaMeTpoB Ieo-
MeTpudeckoir touHoctd MPC, wmkwm (pam)/rox:

(ychO + ychl)Z + 2?20 ycpc?xi
BEPXHOCTEH, Yepnrr = Yioo Yeppi X + Yizo Vepszi — AL TOPLO-
BBIX IIOBEPXHOCTEH; Yj — CKOpOCTh H3MEHEHHMs Mapamerpa
reOMETPUYECKON TOYHOCTH cTaHka, j={fo, Bi, Oxo.3} — A 1K~
JMHIPUYECKUX NoBepXHOCTeH, j={f0 2, J;0.3} — A TOPLOBBIX
HIOBEPXHOCTEH, MKM (Pall)/TOJL; Yepj — CPENHAS CKOPOCTh H3MeE-
HEHUSI TapaMeTpa TIeOMETPUYEeCKOW TOYHOCTH  CTaHKa,

YCPHFT =
— I HWIMHAPWUYCCKUX I10-

MKM (pam)/Tom; dxg.3 — MAJIbIE a0OCOFOTHBIC CMEIICHUS [0 OCU
OX obpabatbiBaeMOil JeTan CO IITHH/AENEM, CTAHUHBI, TIPO-
JOJIBHOTO CYIIOPTa U MOTEPEYHOTO CYNIIOPTa COOTBETCTBEH-
HO, MKM; Z — AyTHa 00pabaThIBaeMOro y9acTka, MM; X — paIu-
yc 00pabaThIBaEMOr0 TOpIA, MM.

BepositHocTh Ge3oTkazuoii pabotel P(T) cTaHka ompeje-

nsercs o ¢popmyie [4]:

1%T)=05-k&5mf(ﬁ2%£§;ﬁ) 9)
e Y., — CPeIHEE 3HaUEHHE CKOPOCTH M3MEHEHHUS apaMeTPOB
TEOMETPUYECKOW TOYHOCTH CTaHKa, MKM (pax)/rom; T — cpok
ciryxObl MPC, rom; Xmax — IpenesibHO JOMYCTUMOE 3Ha4eHHe
rapamMeTpoB, IPHU KOTOPOM HACTYMAeT MpeeSIbHOe COCTOSIHUE
CTaHKa, MKM (paf).

[TocTpoeHue Moz MOTEPH TOYHOCTH TOKAPHOTO CTaHKa
1o o0pabaThIBAEMBIM LWIMHAPUYECKUM ITOBEPXHOCTSAM IIPO-
BEAEM TIPH YCIOBUH ITOJYMHEHHS IUIOTHOCTH PAaCHpe/eeHHs
BEPOSTHOCTU JJMH 00pabaTbiBaeMbIX IUIMHIAPHYECKHUX I10-
BEPXHOCTEH W paanycoB 0OpabaThiBaeMbIX TOPLIOB HOPMaJb-
HOMY 3aKOHY pacrpenesieHus (CO CPEeAHNM 3HAYEHHEM IJTHHBI
o0OpabaTbiBaeMO# IMITHHIpHIECKON mMmoBepxHOCTH Z = 80 MM,
CTaH/IApTHBIM OTKJIOHEHHEM G, = SMKM U NpeIesbHO JOIycC-
TUMBIM 3Haue€HUEM 1, = 8,8 MKM — JUIsl HMJIMHAPUIECKUX I0-
BEPXHOCTEH; CO CpegHMM 3HaueHHeM paxuyca x =30 Mm,
CTaH/IApTHBIM OTKJIOHEHHEM G, = IMKM M NpeJelbHO JOIycC-
THUMBIM 3HaueHHeM 7, = 3,8 MKM — Ul TOPLOBBIX ITOBEPXHO-
CTeH).

Bepositroctu PI1(T) u P2(T) 6Ge30TKa3HOi#T paboOThl TOKAp-
Horo cranka Mox. YT16B npu 00paboTKe HMIHHAPUYECKUX U
TOPLOBBIX MTOBEPXHOCTEH, COOTBETCTBEHHO, MIPEICTABICHBI Ha
puc. 7.

1,
P(T)
P1(T)
0.91
P2T)
0.81
0.7 . . :
0 1000 2000 . 3000

>

Puc. 7. BepositHocTr 6e30Tka3HOM padotel TBC mon. YT16B
nipu ob6paboTke tmuHApHYeckux (P1(7)) 1 TOPIOBHIX TO-
BepxHocreit (P2(7))

W3 monydeHHBIX pe3yabTaTOB MOJAEIMPOBAHUS IOTEPH
TOYHOCTH TOKApHOTO CTaHKAa CJEIyeT, 4TOo Tpu 00paboTke
JeTaned ¢ 3aJaHHBIMU MPEJENbHO JOMYCTUMBIMH 3HAUYCHUSAMU
T, n T, mapaMeTpUYECKNX OTKa3 ¢ OOJbIICiH 107Ieil BepOsITHO-
CTH HACTYIHT IPH 00paboTKe TOPIIOBBIX MIOBEPXHOCTEH.

3AKJTIOUYEHUE
TakuMm 00pa3oM, MpeaIoKEHHBIH B paboTe Moaxoj K Mo-
CTPOSHHUIO MOJeNiell CXEMHO-TIapaMeTPUIECKON HaIEeKHOCTH
MPC no3BoiiieT U3y4yuTh CXEMHO-IIapaMETPUUECKYIO0 HaJlexk-
HOCTB CTaHKOB IIPH IMOMOIIH CUCTeM Mojeiel. B padore mpu-
BelleHa CHUCTEMa MOJeNIel BBIXOIHBIX IapaMEeTPOB TOYHOCTH
JUTSL TOKAPHO-BUHTOPE3HBIX CTAHKOB.
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Paccmotpennsle B pabote MeToJ| pyHKIMOHAJIBHOM 1uar-
Hoctukd MPC 1 MeTonuKka MPOrHO3UPOBAHUS MapaMeTpude-
CKOW HaJeHOCTH TEXHOJOTHYECKHX CHUCTEM PEIIaroT 3aJa4n
TEXHUYECKOW NUArHOCTUKH: HE TONBKO AAIOT IIOJHOE Tpea-
CTaBjleHHE O (DAKTHYECKOM TEXHHYECKOM COCTOSIHUM MeTall-
7000pabaThIBarOMIEro O00OPYAOBAaHUS, HO W MPOTHO3HPYIOT
€ro COCTOsTHHE B OymyIeMm.

Kpome Toro, oHM NMO3BOJISAIOT CIELUATUCTAM NPEIIPUATH
YIPABISITH KAa9€CTBOM IIPOIlEcCa PEMOHTA TEXHOJIOTHYECKOTO
000pyIOBaHUS IOCPEACTBOM:

- BBISIBJICHUS B3aMMOCBSI3€H MapaMeTpoB TOUYHOCTH U3IEIHS C
napaMeTpaMy TOYHOCTH 000pyI0BaHHUS;

- OIpeAeNeHNs NMPHYNH OTKJIOHCHHWH MapaMeTpoB TOYHOCTH
W3ICIIHI;

- oIpeJesIeHus oCIeACTBHH nedekToB y3noB MPC;

- UACHTA(UKAINT COCTOSHUN Y3JI0B CTAHKOB,;

- OIpe/ieIeHUs] BO3MOXKHOCTH BO3HUKHOBEHHUS Ie()eKTa;

- omnpezesieHHss BO3MOXHOCTH U3MEHEHHUS ITapamMeTpa reoMeT-
pHYECKOH TOUHOCTH CTAHKa;

- pa3pabOTKH M peau3alyy Mep M0 YCTPAHCHHIO NPUIHH OT-
ki1oHeHui Tounoct MPC ot TpebGyemoii;

- ONTUMU3AIMH TIPOIIecca 00CTYKUBAaHHS CTAHKOB;

- TOBBIICHWA YPOBHS 3HAHWH CIHENMAINCTOB PEMOHTHBIX
HOpa3ciICHU .

BHeznpenune npeutoKeHHBIX B paboTe pa3paboToOK MO3BO-
JWT YNPaBIATh MPOLECCOM PEMOHTA M TEXHHUECKOTO 00CTy-
JKMBaHHU 000pYyIOBaHMS MO ero (akTHYeCKOMY TEXHHUUYECKO-
MY COCTOSIHHUIO.
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The Methodical Complex for a Securing
of a Technological Equipment
Parametric Reliability
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Abstract. A product quality and competitiveness of an engi-
neering industry improvement is defines a need of an increase the
accuracy and reliability of a making this product technological
equipment. A special role is given to the best possible cost reduc-
tion. In work the securing of a metal-cutting machine tools par-
ametric reliability methodical complex is presented. The complex
application is allow to diagnosing the actual technical condition
of machines that will reduce the arising costs of production on
these machines not corresponding to requirements of normative
documents production. Furthermore, the technique of a cutting
systems parametric reliability forecasting is included in the pro-
posed methodical complex. It is allow managing the quality of
their process of repair. Probability of faultless work lathe models
are constructed with application of the proposed methodology
when processing on f lathe cylindrical and face surfaces. In work
circuit-parametric reliability lathes models are presented and
experimental approbation of the developed complex results are
marked.

Keywords: metal-cutting machine tools, diagnostics, forecast-
ing, reliability, repair, maintenance.
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Pa3pa0doTka 0e31aTYMKOBOMA CHCTEMbI

yIpaBJICHHUA JJIEKTPONPUBOAA JUPTA

Kpacnos U.10., Jlanrpad C.B., Uepemucun B.H.
HauponanbHbIN HMCCIIeI0BATEIbLCKHIA
ToMCKUI NONUTEXHUUECKUN YHUBEPCUTET
r. Tomck, Poccuiickas @enepanus

kiu@tpu.ru

Annomayusa. IlpoBeieH aHATN3 BO3MOMKHBIX BADHAHTOB CKa-
JIIPHOTO M BEKTOPHOro ynpasjeHus B cucreme ITU-AJI 6e3 nat-
YHKA 4YaCcTOThI BpamieHusi poropa. IlpeacraBiena peanusanus
0e31aTYMKOBOIl CHCTeMbl BEKTOPHOro ymnpasJjenus. besparum-
KOBasl CCTeMa YNpaBJIeHHUsl OCHOBAHA HA aJrOpHTMe OLEHUBA-
HUHU 4YaCTOThI BpalieHus Bajia poropa. OneHHBaHHe OCYlIeCTB-
JsieTcsi 10 MHGOPMALMU 0 TEeKYHIMX HANPSIKEHUSIX U TOKaX, MO-
CcTynapiueid ¢ COOTBETCTBYWIIHMX AaT4MKOB. Ilpu HeGob1IOH
YacToTe BPallleHHs HCHOJIb3YeTCsl CKAISIPHAs CHCTeMa yIpaBJie-
Hud. IIpn gjocTHKEHHUH JOCTYNHOI K OLeHHBAHMIO YaCTOTHI OCY-
LIeCTBJIsACTCH IIABHBII Nepexof K BEeKTOPHOH cuUcTeMe YIpaB-
Jgenus. IlnaBHblii nepexon peajausyercs: ¢ HOMOIIBIO HHTEIPHPO-
BaHUs KOOPAMHAT yNpaBJeHHs] NPH CKAJIAPHOM yNpPaBJeHHH 10
3HAYeHUH KOOPAMHAT NPH BEKTOPHOM YynpapjieHuu. MMeHHO
TaKuM o0pa3oM yaaercs u30e:xkaTb OPOCKOB, PHIBKOB U Y1apOB B
MeXaHHYeCKHX 4acTAX 3JeKTPONPHBOAA NPU ero pasroHe U Top-
MOKEHHH

Knioueevie cnoea: cucrema ymnpapieHHsl, NpeodpasoBaTeib
4YacToThl, WACHTH(UKANUA NMapaMeTPoOB, NepPexoAHbIil mpoiecc,
0e31aTYMKOBbIEe CHCTEMBI, 3JIEKTPONPUBOA JU(TA.

BBEJIEHUE

B ycnoBusix peIHOYHON KOHKYPEHIUM 3HAYUTEIBHO BO3-
poci TpeGoBaHUs, MPEABSIBIsIEMbIe K JITN(PTOBOMY 000pyI0-
BaHUIO, OCOOEHHO B YacCTH 3aMEHBI CYIIECTBYIOIIMX HEpPEery-
JUPYEMBIX  3JIEKTPOIPHUBONOB  YaCTOTHO-PETYIHUPYEMBIMH
anextponpuBogaMu. Ilo naHHbiM cnenuanuctoB MI'VII
“Mocaudt”, Mpu KCILTyaTalii HECKOJIILKUX COTEH MOJEPHHU-
3UPOBAHHBIX JU()TOB B PEAbHBIX YCIOBHAX ObUIM MpaKTHYe-
CKU TOJTBEPXKACHBI CIEIyIONe NPEenMyIIecTBa YacTOTHO-
PEryIUpyEeMBIX 3JIEKTPOINPHBOAOB: CYIIECTBEHHOE IIOBBIIIE-
HHE HaJIeKHOCTH JMPTOB (CpemHss HapabOOTKa Ha OTKa3 yBe-
mramiack ¢ 200...250 no 450 yacoB); yMEHbIIEHHE YHEPTOMO-
Tpebnenus B 1,5...2 pasa; yMeHbIIEHHE ITyCKOBBIX TOKOB B
2,5...3,5 paza (B nepByto odepens IO NPUYMHE NPUMEHEHUS
ACHHXPOHHBIX 3JIEKTPOIIPUBOAOB C YAaCTOTHBIM PETYJIHpPOBa-
HUEM).

Takxke 3a cueT 3aMeHbl JBYXCKOPOCTHBIX ABHUTraTeineu ¢
MaCCHBHBIM MaxXOBHKOM Ha OOIIEHPOMBIIIJICHHBIE IBUTATENN
MOJYYaloT CHIDKEHUS MaTEePHaJOEMKOCTH JI0 TPEXCOT KHIIO-
TpaMM Ha OJIUH JTHPT.

YacToTHOE ymNpaBieHUE II03BOJSIET OOECICUYUTh ONTH-
MaJlbHble TpauKy pasroHa M 3aMeUIeHHs, TapaHTUPYOIIHe
HEOOXOMMYIO IIABHOCTh XOZAa M BBICOKYIO TOYHOCTH OCTa-
HOBKHM KaOWHBI u(Ta. ITO, B CBOIO 0YEpe/b, CBOAUT K MUHU-
MyMy IMHaMH4eCKHE Harpy3ku, YTO CIIOCOOCTBYET CYIIECT-
BEHHOMY TMOBBILICHHIO JOJITOBEYHOCTH Y3JIOB JH(TOBOTO
000pyIOBaHUS M CHIDKCHUIO 3KCILUTyaTallMOHHBIX PACX0J0B Ha
BBITIOJTHEHHE pabO0T KamuTaIbHOTO XapakTepa.

TTPUHIIUIT PABOTBI BE3JIATYMKOBOW CUCTEMBI YIIPABJIEHU S

C menpio obecrnieueHHs CTaOMWIHLHON pabOTHI Oe3IaTINKO-
BOT'0 3JIEKTPOIIPUBOJA BO BCEM JIHANa30HE YacTOT NMPUMEHSIOT
KOMOWHHPOBAHHOE YIIpaBJICHUE, HAIPUMEp, yNpaBieHHE IO
TOKY B 00JIACTH MaJIbIX 4acTOT, a B 00JIaCTH CPETHHUX U OOJIb-
IIMX 9acTOT — BeKTopHoe ympasieHue [1]. IIpu stom B Mo-
MEHT MEepPEeKII0UYeHUsT BOSHUKAIOT KOJIEeOaHUs AIIEKTPOMarHuT-
HOTO MOMEHTa, NMPUBOJSIIME K CYIIECTBEHHBIM BHOpAIHAIM
KaOWHBI TH(PTA U, COOTBETCTBEHHO, HEMPHUATHBIM OIIyIICHUSIM
JUISL TTACCAXKHUPOB.

Ha puc. | mpuBeseHa (yHKOMOHaNBHAs CXeMa, peaiu-
3yromasi MpeAjaraeMblii alrOpUTM IUIABHOTO mepexona. Ha
cXeMe HazHaueHHe OJIOKOB MPSAMOTo M 00paTHOTO Mpeodpazo-
BaHUs KoopauHaT, [IH-perynsaTopoB (IpOMOpIHUOHAIBHO-
HUHTErPaJIbHBIX) CKOPOCTH, TIOTOKA, TOKOB MO ocsiM d 1 ¢ cooT-
BETCTBYET CHCTEME 3JIEKTPOIPHUBOAA C JaTYMKOM YacCTOTHI
BpameHus. Taxxe HeE0OXoIUMO OTMeTUTh, uTo Bce [IU-
PeryIsaTOPH! BBIIOJIHEHBI C OTPAaHUYEHUEM JHMAalla30Ha BBIXO/I-
HBIX CHTHAJIOB M COZAEp)KaT OJIOK TUHAMUYECKOH KOMIIeHCa-
MM cTereHn HacwimeHus. Muentugukarop ckopocru (MC)
BBINIOJIHEH Ha ocHoBe craHjapTHeix mnpouenyp ACI FE u
ACI_SE pazpaborku Texas Instruments Inc. Cremyer otme-
THTb, YTO BEKTOPHOE YINIPaBJIEHHE B JJAHHOW CXeMe BBITIOJIHE-
HO C OpHEHTaIMel N0 BEKTOPYy IOTOKOCIEIUICHHUS pOTOpa Ha
OCHOBe OJioKa “AAaNTHBHOW HICHTU(UKAIINH ITOTOKA U YyIJia
noBopoTa monst portopa” (AUII) (cm. pue. 2). boox AUII
(dbopMupyeT alallTUBHO-M3MEHSIOLIYIOCS TP MEPEXoJie Mex-
Iy THIAMM YIPaBICHUH 30HY OTpaHMYEHHS 4acTOTHI Bpalie-
HUS NOJIS CTAaTOpa JABUraTellsl o, U BBIYUCIIAET NOTOK P 1Bu-

rateis M yroia nosopota © mois poropa.
B TOKOBOM yIpaBJeHHH, KOT/Ja YacTOTa 3adaHusl ¥ HE
HpEBBIIIAET YCTAHOBJIEHHOTO 3HAYEHHUS , BBIXOJHAS

TIepEMEHHAs Omoka “CurHaim3aTtop mepexona OT

CKaJIsipHOTO YympaBieHus K BekTopHomy” (CII) mpuHHMaer
3Ha4YeHue, paBHoe “0”, 4TO COOTBETCTBYET MOIKITIOUCHHUIO Ha
Bxox Onoxa AWII (cm. puc. 1) 3HaueHMs 3aJaHHON YacTOTHI

BpamicHuA BaJia IBUTaTECIIA.
HpI/I MPEBBLIIICHUN YacTOTOM 3aJaHus YCTaHOBJICH-

HOI'0 3HA4YCHUA , CUCTEMa HAYUHACT MEPEXOJ K BEKTOP-

HOMY yInpaBieHul0. Tak 3HaueHHE NEPEMEHHON Me-

HieTcs Ha “1”, a 6moxy AUII mepenaercs oneHeHHOE OIOKOM

WC 3HaveHue 4acToTh BpallCHUs Bajla ABUTATCIIA. 30Ha
OrpaHUYCHUSA BBIUMCIICHHOH YaCTOTEI Ha4YUHACT paciliu-

patbest ot “0” mo “1” [o.e.]. Ilepemennas Ha4yMHAET yBe-
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