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3arporioHOBaHO CUCTEMY SIKICHUX TIOKa3HHKA TSt KUTbKICHOT OLIHKH 9yTJIMBOCTI LIWTIHIPUYHUX TIepesiad 10
3MIHH MKOCBOBOI Bi/ICTaHI 8. L{i OKA3HIKH XapaKTepH3YIOTh, SIK MPH BiIOMIX HPOGMLISIX 3yOIiB 3MiHa 8 BILTABAE
Ha: TIepeJIaBayTbHe YHCII0, OiUHMIT 3a30p 1 MONOYKeHHs! KOHTAKTHOI ToukH. HaeneHo dopmymm st oOurcenHs Beix
3aIPONOHOBAHNX MOKA3HHKIB, @ TAKOXK JiarpaMy — MPUKJIA/H 1X BUKOPUCTAHHS JUTs KOHKPETHHX TIepesiay.

Kurouosi cioBa: mutiHAprHYHA ITepenava, HOXHOKH 3a4eIICHHS, SIKICHI TTOKa3HHUKH.

Offer a system of quality indicators for quantity evaluation of sensitivity of cylindrical gearings
from change center distance a,. Indicators are characterizing how changing of a,, with known tooth pro-
file is affect to: transmission ratio, backlash and meshing point position. Approved formulas for calcula-
tion all presented indicators, also diagrams — as examples of using for concretely gears.

Keywords: cylindrical gearing, gearing error, gearings qualitative indicators.
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B.B. BE/THAIKOB, x.T.H., 3aMecTuTelb [ TaBHOTO KOHCTPYKTOpa

OAOQ "33TM", Dnekrpoctanb, MockoBckas 001., Pocens;

C.A. IAI'YTHH, k.T.H., Begyuwmii KoHCTpykTop OAO "2O3TM";

E.A. I'Y/IOB, Benyimii vEbKeHep-KOHCTPYKTOP 110 peaykropoctpoerrio OAQO "93TM"

PEAYKTOPBI I''TABHOI'O TIPUBOJIA ITPOKATHBIX CTAHOB

OG6o0LIeH OMBIT DIMEKTPOCTAIBCKOIO 3aBOJA TSHKEIOTO MAILIMHOCTPOCHHS B 00JIACTH NPOSKTHPOBAHMUS U TIPO-
M3BOJICTBA CIICLMANBHBIX PEAYKTOPOB M IIECTEPEHHBIX KJIETEH IVIABHOTO MPHBOJA MPOKATHBIX CTAHOB pas-
JIMYHOTO HA3HAYCHHMSI: COPTOBBIX U MIAPOIPOKATHBIX, POIINBHBIX U PEAyKIMOHHBIX, CTAHOB XOJIOHOW MPO-
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KaTK{ TPYO U CTAHOB JUI IIPOM3BOJCTBA apMATypHOIO IpoKaTa. [Ipy MX MpOEKTHPOBAHNN YIUTHIBACTCS CIIC-
1mQuKa pabOTHI CTaHA U, IPEXKIE BCEro MUKIOrPaMMa HarPy30K, 3aBHCSAIIAS Kak 0T HOMEHKIIATYPBI IPOKATHI-
BAEMBbIX M3/IEIMH, TaK U NMEPEMEHHOCTH Harpy30K BHYTPU LIMKJIA IPOKATKH OIHOW 3aroToBKH. I'eomeTpuue-
CKH€ ITapaMeTpbl 3y0uaThIX Mepe/jad ONTUMU3UPYFOTCS 10 KPUTEPUIO KOHTAKTHOW M M3rMOHOM paBHOIPOUHO-
CTH, KaK MeXy CTYNICHSMH, TaK U BHYTPH KaX10H U3 HuX. [IpeycMOTPEHO 1 TEXHOJIOTMYECKH 00ECIIeYeHO
BBINOJIHEHHUE 3yOUaThIX IIepesiad ¢ BEICOKOTBEPABIMHU, IIEMEHTHPOBAHHBIMU H NITH()OBAHHBIMU 3yObSIMIL
KunroueBble ¢/10Ba: pegyKTop, MIeCTepEHHAs! KJIETh, IPOKATHBII CTaH, UKIOrpaMMa Harpy3oK.

Beenenne. 3a 70 ner cBoeil ucTOpuu DNEKTPOCTAIBCKUI 3aBOJ TSKEIOTO
MaIIMHOCTPOCHUsI HAKONMWMJI OOTaThlii ONBIT MPOEKTHPOBAHMWS, W3TOTOBICHUS H
KOMIUIEKTHOH HOCTaBKM NPOKATHBIX CTAHOB, KaK JUIA HAlIeH CTPaHBI, TaK W A
JaJbHero 3apy0exbs. KomIieke MaluH ¥ MeXaHW3MOB MPOKATHOTO CTaHa HACHI-
IIEH Pa3INYHBIMU CIIEIUAIBHBIMU PEyKTOPaMH, UCIOIb3yEeMbIMH KaK B TJIaBHBIX
MIPUBOJAX, TAK U BO BCIIOMOTAaTEIbHOM 000pYAOBaHUH.

TpamnnmoHHas cxema IpPHBOAA JTIOOOr0 MPOKATHOTO CTAaHA BKIIFOYAET B CeOS
IJIaBHBIA PEIYKTOp, OOECHEeUMBAIONIMN HEOOXOIMMOE IEpelaTOuHOE YHCIO MEXIY
9NIEKTPO/IBUTATENEM U paboueit KIeThlo, M LIECTEPEHHYIO KIETb, NpEAHA3HAYECHHYIO
IUT pacipelieNicHHs] TIepeJaBaeMOro MOMEHTa MEeXIy BajkaMH paboueit kireru [1-3].
J171s coenMHEeHNS ILEeCTEPEHHON U pabovell KieTel HCTIOb3YI0TCS YHUBEPCATIbHBIE HITH
3yOuarele mnuHaeu [4], obecrieunBaronye BO3MOXKHOCTh PabOTHI MPUBOJA TIPH M3-
MEHEHHH PACCTOSHUS MEXIy PaObOYMMH BaJIKaMH TTOCIIE KaXKIOH UX TIEPETOUKH.

OnHUM W3 HanpaBJIEHUH COBEPIICHCTBOBAHUS PabOUMX JMHUH CTaHA SBISACT-
cs COBMEIIIEHHE TJABHOTO PEeIyKTOpa C IIECTEPEHHOH KICThIO U IPYT'MMH MeXa-
HU3MaMH, YTO I03BOJISIET COKPATHTh MPOU3BOJCTBEHHBIE MJIOIIAIH, CHU3UTH TPY-
JOEMKOCTb B C€0ECTONMOCTD CO371aBaeMoro o0bekTa [5].

B manHO# cTaThe paccMaTpUBAETCS 3BOJIIONHS PA3IMYHBIX CHEHATIBHBIX pe-
JTYKTOPOB NPOKATHOIO 000pynoBaHUSA. B OCHOBHOM, NpHUBEJICHBI CBEICHUS O pas-
paboTKax, 3allUIIeHHbIX maTeHTaMu Poccuiickoit ®eneparuu [6-9].

Oco0eHHOCTH NPOEKTHPOBAHUS PeIyKTOPOB NMPUBOAA NMPOKATHBIX CTa-
HOB. PeykTop 00ImeMamnHOCTPOUTENFHOTO IPIMEHEHHS TPOSKTUPYETCS, HCXOSA
13 yCJIOBHA PabOTHI MOJ MOCTOSHHOIN Harpy3koi B TeUeHHE TapaHTHHHOIO CpOKa.
[Tpn npoeKkTHpOBaHNY CTIEIHATIBHBIX PEIYKTOPOB, PEeIHA3HAYEHHBIX Al TPUBOJIA
KOHKPETHBIX MAalIMH, HEOOXOANMO YYUTHIBATH CHEUU(PHUKY PaOOTHI TUX MAllUH H
IIPEXk/Ie BCEro HUKIOrpaMMy Harpy3Ku IpUBOJA.

B Korctpykropckom otaene I3TM pacder 3y04aThIX epead Ha MIPOIHOCTh
BEITIONTHsIETCS B iporpaMMmHoM makete REDUK 4.3, xoTopsrit o mpock6e u ¢ yda-
ctueM D3TM 6wt pa3paboran B koHile 90-x ronoB OTAeN0M TEXHOJIOTHHU 3y0ua-
1hIX niepenauy [ITHUMTMALIII na ocHoBanuu I'OCT 21354-87.

BaxxHO# 0COOEHHOCTBIO 3TOTO MakKeTa SBISETCS BBINOJHEHHE NMPOYHOCTHBIX
pacueToB 3y0uaThIX Tepead ¢ y4eToM OXKMAAEMOI [IUKIIOrpaMMBbl HarpyxeHust. B pe-
3yJbTaTe pacdeTa ONPEAeNISIOTCS KPYyTSIIMe MOMEHTBI Ha BBIXOJHOM By PEILyKTOpa,
JIOITyCKaeMble KOHTaKTHOM M M3rMOHON BBIHOCIIMBOCTBIO 3yObEB KaXK/IOH U3 CTYIICHEHH.

IIpu npoeKkTHpoBaHUK MHOTOCTYHEHYATOTO PEIYKTOPA Er0 OCHOBHBIE T€OMETpUYE-
CKH€ TIapaMeTphl: MEXKOCEBBIE PACCTOSIHUS U EPENATOUHbIE YUCIIA CTyHEHEN, MOIYIU 1
IIAPUHBI 3y09aTHIX KOJIEC, IOJDKHBI OBITh BRIOPAHB! TAaKKM 00pa3oM, 4TOOBI 00ECTICUHTh
OJITHAKOBBIE 3aITachl IPOYHOCTH 10 KKIOMY M3 YKa3aHHBIX KpuTepreB. [Ipu mmene-
HUM 3aKJIaJbIBAEMON B WCXOIHBIE JAaHHBIC IMKIOTPAMMBI HATrPYXXCHUS, BEINYHHBI
Ka)XJIOr0 W3 yKa3aHHBIX MOMEHTOB CYIIECTBEHHO W3MEHSIOTCS, MPUYEM H3MEHSIOTCS
HE TOJILKO MX aOCOJIFOTHBIE 3HAUEHHSI, HO M COOTHOILIEHHE MEeXTy HUMH. | eomeTpunue-
CKHU€ MPOMNOPIMHU PEAYKTOPA, ONTUMAIBHBIE ISl HOCTOSHHOW HArpy3KH, Kak IpaBUIIo,
TpeOYIOT CYIIECTBEHHOTO M3MEHEHHMS [T CTYTIEHYATON LIKJIOTPaMMBbl HAarpy>KeHUSL.

18 ISSN 2079-0791. Bicwux HTY "XIII". 2013. Ne 40 (1013)



[IpoekTupys crienuaibHbIil PEAYKTOpP TIIABHOTO MPHUBOJA KOHKPETHOTO MPO-
KaTHOTO CTaHa, KOHCTPYKTOP MOXET U JIOJKEH 3HATh U YUUTHIBATh:

- HOMEHKJIATYPY MPOAYKIIMH, IPOKATHIBAEMOM Ha ITOM CTaHE,

- OXKHIAEMBIH TIPOICHT 3aTPy3KK CTaHa BBIMTYCKOM KaKIOTO THTIOpa3Mepa,

- PSKUMBI (MOMEHT M CKOPOCTb) MTPOKATKHY JUTS KAXKIOTO U3 TUIIOPa3MEPOB,

- COOTHOIIICHHE BPEMEHH pab0dero U X0JIOCTOTO XOI0B B IIUKIIE MPOKATKH.

Ha ocHOBaHWH 3THX JaHHBIX HEOOXOANMO TOCTPOWTH IHKIOTPAMMY HArpy-
JKEHUSI, JUISL KaXKI0M U3 CTYIIEHEH KOTOPO YKa3bIBAIOTCS

- KPyTSII{HEe MOMEHTHI Ha BEYIIEM Bally [0 OTHOIICHUIO K HAUOOJIBIIEMY,

- OTHOCHTEJIbHAS IPOJIODKUTENILHOCTh AEHCTBUS KaXI0T0 M3 MOMEHTOB,

- 4acTOTa BPAIICHUS BEIYIIETO Bajia, 00/MUH.

Hanpumep, Ha mpormBHOM Tabmmna 1 — JlaHHBIC pe)XUMa IPOKATKH
CTaHe TPyOOIPOKATHOTO arperara amerp 3arorosk, mm| 400 | 400 | 290
"400" Cesepckoro TpyOHOTO 3aB0-  |ITapamerp pexximMa
Jia TUIAHKAPYETCs TIPOIIMBATE 3aro- | YTOJI [OIaYU BAIKOB, IPajl 1119 |12
TOBKM auameTpoB D400 u @290, |Mowment npokarku, KH-m 1300{1100| 850
JAHHBIE TI0 PEXUMAM TIpoKaTky |MOMEHT xomocroro xoxa, KH-m 65 | 65 | 65

KOTOPBIX IPUBE/ICHBI B Ta0/mirie 1. [ JACTOTA BpaIleHys 3aroToBKH, 06/vur | 60 | 60 | 80

LlUKIorpaMmMa  HarpysKe- TIponOIDKHUTENFHOCTS [IMKJIA poKatkh, ¢| 65 | 65 | 40

HUSL COCTaBNseTcs B OTHOCH- | BPEMS IOX HAarpyskoif (MammtHoe), ¢| 24 | 27 | 20

Bpewms xosocroro xona (mays), ¢ 41 | 38 | 20

TCIBbHBIX CIAWHUIAX, Ha4YWHasig

[poueHT 3arpy3ku cTaHa, % 20 | 20 | 60

CO CTYIeHH C HauOOIBIINM
Tabmuna 2 — LuknorpamMma HarpyXeHus

KPYTSIIUM MOMEHTOM, U I103-
PYTAIL > Kpysie MOMEHTBI Ha BeyIieM Baly B OTHOCHT. €/IMHHLIAX:

BOJACT y4uTbIBaTH 10 10 eTy- 7550 | 0850 | 0,060 | 0,650 | 0,050

neHel. B mpuBesieHHOM NpH- OTHOCHTEIIBHBIE IPOIOJDKUTEIILHOCTH ACHCTBUSI MOMCHTA:

Mepe OHa BKJIOYaeT B cebs 5 70074 | 0,083 | 0243 | 0,243 | 0,300

CTYTIICHCH M UMCCT BHU]I, ITOKa- YacToTa BpallleHus BEIYIIEro Baia, 00/MUH:

3aHHbIH B TabmHE 2. 3500 | 3500 | 3500 | 4800 | 480,0

B 4ncno ucxongHeIx gaH-
HBIX JJIs1 pacdeTa BKJIIOYAETCS MAaKCHMAJIbHBI KPAaTKOBPEMEHHBIM KpPYTALIMHA MO-
MEHT, Ha OCHOBAHHM KOTOPOTO BBITIOJHAETCS MPOBEPKAa KOHTAaKTHOW M M3THOHOM
MPOYHOCTH 3yObeB NPH JICHCTBIM MUKOBBIX HArpy30K, Kak CIydalHbIX, TaK U OBTO-
PSIIOIIMXCS TIEPHOJMYECKH, HO B TeueHHe MeHee 5% BpeMeHH paboThl, HalpuMep, B
MOMEHT 3aXBaTa 3arOTOBKU. YKa3bIBACTCS TAKXKE XaAPAKTEP IPUI0KEHUs Harpy3Kud —
OJIHOCTOPOHHUM WJIM PEBEPCUBHBIM, CHMMETPUYHBIN UM HECUMMETPUYHBIN.

B nomonHeHue Kk pe3ynbTaTaM MPOYHOCTHOTO pacdera 3y0daThIxX mepeaad uc-
HOJb3yeMasi IPOrpaMMa BBIIAET UCXOAHBIE JaHHBIE ATl pacyeTa BaJOB M MOALIMI-
HHUKOB: YCHJIUS B 3al[EIICHUH U YaCTOTHI BPAILIEHHsI Ka)KI0r0 U3 BAJIOB AJS IEPBOH
CTYNIEHH IUKJIOTpaMMBL. PaccuuTbiBaloTcs Taroke Kod(p(UIMEHTH NpUBEICHUS
IUKJIOTPaMMBI K HaHOOJIbIIEMY MOMEHTY IIpH pacdeTe BaioB E, u mommmmnHnkoB
Ep, anms pacemotpennoro npumepa E,=0,721 u E;=0,624.

Kom0uHupoBaHHBIEe PeIyKTOPHI TJaBHOI0 NPHBOAA COPTONPOKATHBIX
cTaHoB. COpTONpOKATHBIE CTaHBI MpPEIHA3HAYEHBI M IMONYYCHHS KPYIJIBIX H
MHOT'OTPaHHbIX NPYTKOB, YroJIKa, LIBEJUIEPA U APYTUX BUAOB COPTOBOTO IpOKAaTa.
s obecnieueHHsT BCECTOPOHHETO OOXKaTHs MPOKATHIBAEMOT0 MaTepraia B TaKUX
cTaHax pabouue KJIETH C TOPU3OHTAJbHBIM IIOJIO)KEHHEM Oceil pabouyux BasKOB
JIOJDKHBI 4epe/lOBAThCS C BEPTUKANBHBIMH KieTsMu. IIpuBox kakmoil ropusoH-
TaJIbHOM KJIETH CTaHA BBIIOIHSETCS Yepe3 TPEXCTYNEHUaThIi UIMHIPUIECKUN pe-
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JOYKTOp, COBMEILLECHHBIH C IIECTEPEHHON KIETBIO.

[IpuBOa BepTHKAIBHBIX pabOUYMX KIETEH OCYIIECTBISIETCS Yepe3 KOMOMHUPO-
BaHHBIE KOHHYECKO-LMIMHApUYEecKHe peaykropsl [5]. IlocaenHel CTyneHbr0 3THX
PEIYKTOPOB SIBISIFOTCS IIOJIBIE IIECTEPEHHBIC BAJIKH, BHYTPH KOTOPBIX Pa3MEIICHEI

COCANHUTCIIBHBIC IIITUHACIIN. Hepez{aTquLIe qucia peaAyKTOPOB YMEHBIIAOTCSA OT
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Pucynok 1 — KoMOMHHPOBaHHEIN peIyKTOp IJIABHOTO TIPHBOJIA COPTONPOKATHOTO CTaHa
KJIETH K KJIETH, 00ecneynBasl yBEINUYEHHE CKOPOCTH MPOKATKU ¢ ydeToM Kodddu-
IIMEHTA BBITSDKKM M KaTalolleTo JuaMeTpa padoumx BaikoB. Bemymue Banbl Beex
PEAYKTOPOB PacIOIOKEHBI HA OJHOM YPOBHE, UTO MO3BOJIAET Pa3MECTHUTh MIPHBOI-
HBIE IBUT'aTeIM Ha OJHOM 00IIel IUIOMaAKe U YIPOCTUT UX 00CTyKUBaHHE.

[ mepeMenieHnst BepTUKAIbHOW padovelt KIeTH MpH HacTpOMKe U mepeBall-
K€ €€ CTaHHMHA JIOJDKHA ObITh CHAOXXEHa BUHTOBBIMH MOABEMHUKAMHU C MPUBOJIOM,
KOTOPBIIl OOBIYHO BBITIONHAETCS B BHJIE YEPBSUHBIX PEAyKTOpOB. B omHON U3 mo-
CIeJHUX KOHCTPYKLUI B HHMXKHEH 4acTH KOpITyca TIaBHOTO PEOYKTOpa yIanoch
HaWTH 30HY, CBOOOAHYIO OT IVIAaBHBIX Iepefad M pa3MEeCTUTh B HEll OJIMH 4epBsU-
HBIA peAyKTop MexaHu3Mma nojaseMa [9]. CoBMelieHHe TJIaBHOTO U BCIIOMOTaTeNlb-
HOTO NPHUBOAOB MO3BOJIMIO CHH3UTh CEOECTOMMOCTD M3TOTOBJIEHUS, 3HAUNTEIHHO
YIPOCTHUTH 00CITyKMBaHHE BCEH YCTAHOBKH M MOBBICUTH HAJIEKHOCTh IIPHBOJIA.

st mpuBoza TOPU3OHTANBHBIX OECCTAaHMHHBIX pabounx KieTel yaasloch pea-
JIN30BaTh OYEHb KOMIIAKTHOE KOHCTPYKTHBHOE peEIIeHHE, B KOTOPOM IIITHUHAEINH,
MIPUBOJIAIINE B IBIKCHUE paboUre BaJIKH, MPOITYIIEHBI CKBO3b ITOJIBIE IIECTEPEHHbIE
BaJIKM KOMOMHHMPOBAHHOTO PEAYKTOPa, YTO IO3BOJIIET MAKCHMAJIBHO NPHOIN3UTH
MIPUBOJ K paboUel KIETH U 3HAYUTETHHO COKPATUTh 3aHUMAaeMYI0 TUTOIA b 1exa [3].

KomOuHnpoBaHHbIE peyKTOPB! ONMCAHHBIX KOHCTPYKIMH OBUTH TTOCTABIICHBI
Ha TaKMX COPTOINPOKATHBIX CTaHaxX, Kak craH 350/250 MeTayurypruueckoro 3aBoja
"Onexrpoctans”, cran 450 s Xemyanckoro MetkomOuHara B Erunre, crana 650
Hcdaranckoro mer3aBosa B Vpane, 1 11es1oM psijie IpyTux.

IllecTrepenHble KiIeTH IS MPOU3BOACTBA apMATYPHOro mpokara. Msro-
TOBJICHUE MPEIBAPUTEIBHO HANPSKEHHOTO XKeJIe300eTOHa 3HAYUTENbHO YHpoIla-
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€TCsl, €CJIM apMaTYpPHBIN MPOQUIIb BHIIIOIHEH C BAHTOBOW KaHAaBKOM [7].

B mponecce mpokaTkM Takux Npoduiield BpalleHHe BaJIKOB pabodeil KIeTH
JIOJDKHO OBITh CTPOr0 CHHXPOHHM3HUPOBAHO, YTO OOECICYMBAETCS 3alleIICHHEM JIBYX
LOUIMHIPUIECKNX 3yOUaThIX BaJIKOB INecTepeHHOH KieTH. C apyroil CTOpOHBI, B IPO-
Liecce HACTPOWKH KJIETH pabodie BalKH HEOOXOIMMO IUIABHO IPOBOPAYMBATH OIMH
OTHOCHTENBHO APYroro, oOecreunBasi COBNAICHIE BHIIOJHECHHBIX HA HUX KaJIMOPOB.
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Pucynok 2 — lllectepenHas kieth ctana 350

JUis ycTpaHEHHUs 3TOro NMPOTHUBOPEUHS B KOHCTPYKIMHU MIECTEPEHHON KIETH
MPEIYCMOTPEHA BO3MO)KHOCTh OCEBOTO CMEIIIEHHS BXOIHOTO Baja.

Ha pucynke 2 noxa3aHa KOHCTPYKIHUSI Tako# miectepeHHON kietu. OHa cozep-
JKUT OJIHY BXOJHYIO BaI-IIECTEPHIO C ABYMs pa3sHOHANPABICHHBIMH KOCO3yOBIMHU
BEHIIaMHU M /IBa BBIXOAHBIX Bajia. Koco3yOwlit BeHel 1 BXOAHOTO Basia BBE/ICH B 3a-
LIeTUICHHE C BEHIIOM HIDKHETO BBIXOIHOTO Basa 2 Yepe3 MapasuTHYIO IIeCTepHio 3, a
BTOPOH MOJIYIIEBPOH 4 CLETIEH ¢ 3y0UaThiM BEHIIOM CPEAHETO BBIXOIHOTO Basa 5.

IIpn HacTpoiike MONOXKEHHS KaIMOPYIOIIMX BAIKOB pabouel KIIETH BXOIHYIO
BaJI-IIIECTEPHIO MOYKHO TIEPEMEIIaTh B OCEBOM HAIPABJICHHUH C TIOMOIIBIO CHEIHAIBHO-
TO MEXaHM3Ma, BKITFOYAIOIIETo Mapy "BUHT-TalKa' ¥ 4epBIUHbIA pexykTop. [Ipu Takom
TIEpEMEIIICHIH OJIMH BBIXOIHOM BaJl MPOBOPAYMBAETCS OTHOCUTENHHO APYTOro BIUIOTH
JI0 COBMEIIIEHHS KaTMOPOB pab0YMX BAJIKOB, M B 3TOM IOJIOKEHUH OJIOK (PHKCHUPYETCS.

[NpennosxeHHOE TEXHUUYECKOE pellieHHe OBbIIIO PeaIn30BaHO P NPOSKTHPOBAHUH
paboueii TMHUN YrCTOBOU KiteTH ctana 350 JIoHeIKoro MeTayuryprraecKoro 3aBojia.

IpuBox maponpokarHoro crana. [llapel npou3BoAATCS METOAOM ropsuen
BHUHTOBOH NPOKATKH MEXAY ABYMs KaluOpOBaHHBIMH BaJKaMH, KOTOPBIE CKpPEIIH-
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BAIOTCS O] HEOONBIINM YIJIOM M BPALIAKOTCSA B OJHOM HampasieHuU. CI0KHOCTh
MIPOSKTHUPOBAHUS PEAYKTOPA JUIS STHX CTAHOB COCTOMT B HEOOXOUMOCTH MEPEAaTh
OOJIBIIHE KPYTAIIMNE MOMEHTHI MPH MAJIOM PACCTOSHHM MEXY BBIXOJHBIMH Baja-
Mu. M3MeHeHHe TPaIUIMOHHON CXEMbI PACIONIOKEHUSI PEIYKTOPA 10 OTHOIICHHIO
K paboueil KiIeTr MO3BOJIMIIO B CTaHAX MOCIEAHEH KOHCTPYKIIMK YMEHBIIUTD Maccy
peayKTOpa MpH COXpaHEHUH ero Hecylel cocobroctu ¢ 23 1o 8 ToHH [8].

A
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Pucynoxk 3 — IIpuBoj maponpokaTHOro cTaHa

Jljist peryTUpOBKH B3aUMHOTI'O MOJIOXKEHHUSI BUHTOBBIX KaIHOPOB pabouyux Bali-
KOB B PEAYKTOpP BCTPOCH MEXAHM3M X OTHOCHTEIHEHOTO pa3BopoTa [5]. DTOT Me-
XaHW3M BHITIOJHEH B BHJE JIBYXOIOPHOTO Baja, KOTOPBIA MPOXOAUT Yepe3 MOJBIN
BBIXOJHOW BaJl peAyKTOpa M COSAWHEH ¢ HUM 3yOuatoil Mmy¢Toi. Brymka My Tsl
Haca)KeHa Ha OJWH W3 KOHIIOB JIBYXOIIOPHOTO Bajla MOCPEACTBOM IumieB. Ha BTo-
POM KOHIIE 3TOTO Baja 3aKpeIUIeHa I'OJOBKA YHHBEPCAILHOTO MIMHHICIS, CBA3BI-
BAIOIIETO €ro ¢ pabodnM BajakoM. UwWcia BHYTPEHHHX HUIAIECB Zyj; U HAPYKHBIX
3yObeB Zy; BTYJIKH HEKPaTHBI MeXIy co00i. DTO NO3BOJSET MpHU HACTPOIiKe Ka-
JUOPOB pa3BopaunBaTh pabOYUil BAJIOK OTHOCHUTENILHO BBIXOJHOTO Baja PeIyKTOpa
¢ To4HOCTBIO 110 27/(Z11Z\), pan. Tem campiM oOecrieunBaeTcsi HEOOXoAUMast TO4-
HOCTh W HAJEKHOCTh YCTAHOBKHM BHHTOBBIX KaJIMOpPOB M, B KOHCYHOM CYETE, I10-
BEIIIICHIE TOYHOCTH IPOKATHIBAEMBIX IIAPOB.

[IlapornpokaTHbIE CTaHBI C TIABHBIM MPUBOJJIOM Yepe3 PEIyKTOPHI TaKOW KOH-
CTPYKIMH OBLIM ITOCTABICHBI M YCIEITHO SKCIUTYaTUPYIOTCS] Ha METAIUTYPrHYECKUX
3aBoxax B ['ypeeBcke u bekabane, B Mekcuke u B Uaanu.

I[IpuBoa pexyKIMOHHO-PACTSKHOTO cTtana. OJHUM U3 OCHOBHBIX TpeOOBa-
HUHM K KOHCTPYKLIMH 3TOTO NPHUBOJA SIBISETCS BO3MOXKHO OoJiee TECHOE PacIoiio-
JKEHHE TPEXBAJIKOBBIX paboumx Kiereil. J{is DOCTIKEHHMS 3TOH IeNH OTIeNbHBIC
OJIHO- WJIM JBYXCTYyIEHUYAThIE IIEpEJaul PACIOJIOKEHbI B TPU psila B €IUHOM KOp-
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myce rJ1aBHOro peaykropa. OHu oGecrieunBaroT BpaleHue 24-X BEIXOIHBIX BaJIOB C
HapacTaHUEM 4MCjIa 000POTOB MO 3aJaHHOMY 3aKoHy. IIepBblif U3 TakuX peayKTo-
poB ObL1 MOPOoOHO omucaH B ctathe [1]. JlanbHelinee ycoBepIIeHCTBOBAaHNE KOH-
CTPYKLIMHU 3TOTO PELYKTOpa MO3BOJIMIO YMEHBIIUTH €ro Maccy ¢ 88 10 55 TOHH.

[ocnemaum u3 3toit cepru B 2006 romy OBUT CIIPOSKTHPOBAH PEAYKTOP MPH-
Bozma 15-kmeTheBoro craHa JIHEMpPONIETPOBCKOTO TpyOompokaTtHOro 3aBoaa. Ero
KOHCTPYKLIMS 00eCIeYnBaeT BO3MOXKHOCTh YCTAaHOBKHM C HaKJIOHOM B 60° k ropu-
30HTY, 4TO TpeOyeTcs U3 TEXHOIOTHIESCKUX COOOpaKeHUH.

Pepykrop ryiaBHOro npuBOJAa NPOLIMBHOIO CTaHAa. JIByXCTyneHYaThli
meBpoHHbIN penykrop LIJ[-1600 npeanazHadeH 11 IpHUBOJAA KaXa0To U3 ABYX pa-
004YMX BaJKOB IPOIIMBHOrO cTaHa. [Ipu Macce 77 TOHH 3TO OJMH M3 CAMBIX KPyII-
HBIX pPeIyKTOpOB, n3rotoBiaeHHbIX Ha O3TM. Ho rnaBHOe ero JOCTOMHCTBO COCTO-
UT HE B TabapuTax, a B TEXHUYECKOW XapaKTepHCTHKE.

ITpu ero mpoeKTHpOBaHMH HA OCHOBE HAaKOIUIEHHOTO PaHEe OMbITa Obla BbI-
TMIOJTHEHA TIIATeNbHAast ONTUMHU3AIMS [TapaMeTPOB 3aleTUICHHS 110 KOHTaKTHOW U U3-
THOHOM PaBHOMPOYHOCTH KaKAOH M3 CTyNEHEH C y4eTOM TEXHOJOTMYECKHX BO3-
MOJKHOCTEH 3aKaJIOuHOTO 1 3yOope3Horo obopymoBanus 3aBona [2]. [Ipemmoxen u
MIPOBEPEH P CMENbIX KOHCTPYKTOPCKUX U TEXHOJIIOTHYECKUX PEIICHUH, TAKUX KaK
ropsiyasi mocajka Ha CTYIHIly OKOHYATeIbHO Hape3aHHBIX MOJIYIIEBPOHOB C Mpe.-
BapUTEJIbHBIM pacueToM JieopManny 3y0uaTeix BEHIIOB MOCIIE HAarpeccoBku. bia-
rojapsi ’TOMy BIIEpBbIE B Halllel MPaKTHUKE yJalIoCh CIPOEKTUPOBATh M U3TOTOBUTH
PEAYKTOP ¢ HOMUHAIBbHBIM KPYTAILIUM MOMEHTOM Ha TUX0X0HOM Bany 1000xH M.

B cocrase Tpy6ompokaTHoro arperara "'400" gBa pemykropa 3TOTO THIA OBLIH
noctaBieHbl Ha CeBepcKuil TPYOHBIH 3aBOJ M YCIEHIHO SKCIUTyaTHPYIOTCS Ha ca-
MBIX TSDKEJIBIX PEXHMMax NMPOKaTKH. PeryssipHbI MOHUTOPHHI COCTOSHHS peryK-
TOPOB MOKa3aJI, 4TO ITOCIEe KPAaTKOBPEMEHHOTO MPHPaOOTOYHOTO H3HOCA aKTUBHBIX
MOBEPXHOCTEH 3yObeB MX COCTOSHHE CTaOMJIM3UPOBAJIOCH, M Iocie Ooiee ueM 5
JIeT epeady He TpeOyIoT 3aMeHBI 3alIaCHBIMH 9aCTSIMH.

Bonee toro, B Hacrosimiee BpeMs PyKOBOJACTBO 3aBOJa MPHHSIO PEUICHHE O
MO/JICPHHU3AIMH [TPOIINBHOTO CTaHA C YBEIMYEHHEM MOIIHOCTH IEKTPOABHUraTeleH
¢ 4000 mo 6000xBT. ITpu sToM nepen I3TM Obla OCTaBIICHA 3a/1a4a, COXPAHHB
KOpITyca UMEIOILINXCS PElyKTOPOB, BCTPOUTD B HUX I€peAadH, O3BOJISIONINE YBe-
JMYUTh KPYTAMIHA MOMEHT Ha THX0XOAHOM Baiy 1o 1300kH-M. DTa 3amada Obiia
pelieHa myTeM 3aMeHbl MaTepHUaJIOB M TOBBIIICHHUS TBEPJOCTH 3yOUaThx Kojec. B
YaCTHOCTH, TBEPIOCTh OOBEMHO 3aKaJICHHBIX OBICTPOXOAHBIX IIEBPOHHBIX Baj-
nrectepeH Obuta noskimnieHa 10 42...47HRC, uyto moTpeboBao CymecTBEHHOTO CO-
BEPIICHCTBOBAHUSI TEXHOJIOTHH X TEPMHUYECKOI N MEXaHHU4YeCKOi 00paboTKH.

Penyxrops! riaasHoro npusofa craHoB XIIT. OrmraurensHON 0COOEHHOCTBIO
NPHUBOJIa CTAaHOB XOJIOJHOM IIPOKAaTKW TpyO sBiseTcss OBICTpOE  BO3BPATHO-
MOCTYNATENIbHOE JBUKEHHE MACCUBHOW KIIETH, B pe3yibTaTe KOTOPOro B MPUBOJE BO3-
HHKAIOT JUHAMUYECKUE HArpy3KH, KOTOPBIE COMIOCTABUMBI ([JA’KE C y4ETOM YaCTHYHOTO
YPaBHOBEIIMBaHMS) ¢ paboyeil Harpy3Koi U MOTYT JlaXke 3HAUMTENIHHO MPEBBIIATH €.

IIpumepHOE U3MEHEHUE KPYTAIUX MOMEHTOB, IPUBEJICHHBIX K BEIXOJJHOMY Ba-
Iy peIyKTOpa, 32 OJIMH JBOWHOM X0/ pabouell KIeTH MpeCcTaBIeHO Ha pUCYHKE 4.

Ha stom rpaduxe: o — yrona nopopora Kpusowmna, 73 — MOMEHT OT pabodei
Harpy3Kkd C y4eTOM CHJI TpeHHus, Tq — MOMEHT OT CHJI UHepUuH, T — CyMMapHbIH
KpyTsmui MOMeHT. Kak BUJIHO M3 pUCYHKa, MOMEHT I HE€ TOJIBKO CYLIECTBEHHO
HepeMeHeH 110 BEIMYKHE, HO B KOHIlE pabovyero u 0COOEHHO XOJIOCTOTO XOa MO-
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XKET JIaKe MEHATH 3HaK, IIEPEBOJIS AIEKTPOIBUTAaTENb B TEHEPATOPHBIN PEXKHM.

C y4eroM 3T0ro o0CTOATENBCTBA B IIPUBOJE TAKUX CTAHOB TPAIMIMOHHO UCIIONb30-
BJIUCh TSDKEJIBIE PELYKTOPBI, 3y0UaThie KoJjieca KOTOpbIX Opaim Obl Ha ceOst yacTb (yHK-
vt MaxoBHKa. [Ipy TakoM Toaxoze 3yOdaThle Iepenady W3rOTaBIMBAIIACh ¢ OOBEMHON
3aKaJikoi mecrepe 1o Teepaocta 270...300HB u xonec no tBepmoctr 240...280HB.

Tax, Hanmpumep, i npuBoga crana XI1TP-350, Haubonee KpymHOTO U3 H3TO-
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Pucynok 4 — I'paduik mpuMEpHOTo U3MEHEHUsI KPYTSIIUX MOMEHTOB B cTaHax XIIT

ToBJIEHHBIX Ha D3TM, HE0OX0qUM KPYTSIINI MOMEHT Ha BBIXOJHOM Bally pPenyK-
topa 7=450kH'M. DTOT MOMEHT BIOJIHE MOXET ObITh 00ECIe4YeH JBYXCTYIEeHYa-
TbIM penykropoM 112-1200 ¢ TepMuyecKd yIyUdIEeHHBIMU KOJIECAMHU.

OnHaKO CeroHs TSKeNbIe PeayKTOPHI C TAKOH TepMO0OpabOTKOI He KOTUPYIOTCS Ha
MHPOBOM pbIHKE. [103TOMY, 15l HABCTpedy MOXKENaHUsAM 3aKa3qrKka, Mbl CIIPOSKTHPOBAIN
1 TIOCTABIUT B 3TOT CTaH peaykTop L[2-715 cymecTBeHHO MeHBIIIeH Macchl 1 rabapuToB ¢
[IEMEHTHPOBAaHHBIMHU 3yOUaThIMU TIEpeiauaMy, NUTH(OBAHHBIMU 10 6-if CTeNeH! TOYHO-
ctu. ConocTaBiieHre HEKOTOPBIX MOKa3aTesIel STHX PeIyKTOPOB — CM. Tabuily 3.
Cran XIITP-350 6pu1 mO-

Tabmuia 3 — CpaBHHUTEbHAS XapaKTEPUCTHKA
P by craBneH B 2007 romy Juis KoMma-

IJIaBHOTO IpuBoja crana XIIT

Tunopaswep| L2-715|[[2-1200| HHH TISCO, Kuraii, u ycrienrHo
IMapametp 3amylIeH B paboty. B Hactosee
Me)KOCeBOE PacCTOsIHHE T/X cTyrer, MM | 715 | 1200 | BpeMs aHaJOTMYHBIA CTaH M3ro-
Hapysxs1if [rameTp T/X Koeca, MM | 1180 | 1900 | TaBiamBaerca O3TM mna dupmel
Macca T/x Koneca, KT 2000 [ 7000 | WILH.SHULZ GmbH, I'epmanust.
MowmeHT nHepIuH T/X Koneca, kr-m° | 350 [ 2500 BoiBoabl. s Toro uro-

Obl CrielMalbHble PEAYKTOPHI TIIABHOTO MPHUBO/A MIPOKATHBIX CTAHOB Pa3IMYHOTO
Ha3HA4YEHUsI COOTBETCTBOBAJIM CErOJHSIIIHEMY MUPOBOMY YPOBHIO, TIPH UX MPOEK-
THPOBAaHUH HEOOXOIUMO:

- YUUTHIBATh cIeNU(PUKY pPabOTHI cTaHa M, IPEXJIE BCEro LUKIOTPaAMMY
Harpys3kH, KaK B 3aBUCUMOCTH OT OKHJIa€MOW HOMEHKJIATyphl IPOKAThIBAEMbIX M3-
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JIeTINH, TaK ¥ BHYTPH LIUKJIA TIPOKATKH OJHOM 3arOTOBKH;

- IPEyCMOTPETh M TEXHOJIOTHYECKH O00ECIEUHTh BBHITIOJHEHHE BCEX 3yO4aThIX
nepeaay ¢ BBICOKOTBEPIbIMH, IEMEHTHPOBAHHBIMU U IUTH()OBAHHBIMU 3yObSIMH;

- ONTHMHU3UPOBATh TEOMETPHUYECKUE MApAMETPHI 3yOUaThIX Mepenad Mo KpH-
TEpUIO KOHTAKTHON M M3THOHON PaBHOMPOYHOCTH, KaK MEXIY CTYINEHSIMH, TaK H

BHYTPU KaXJ0W U3 HUX.
Cnucok siureparypsl: 1. Kosmywenko A.A., Konvinos A.@., Jlazymun C.A. Pemykropsl TpyOOIpPOKaTHOrO 000~
pyznoBanus / Bectank manmHoctpoenus. — 1985. — Nel0. — C43-47. 2. Kosmywierko A.A., Jlazymurn C.A. Onbit
ONTHMH3ALIN HOPMATH30BAHHBIX PEIYKTOPOB METATLTYPIHYECKOro 000pyaoBanus // TsbKenoe MallmHOCTPOCHHE. —
1990. — NeS. — C.5-7. 3. Kosmywienxo A.A., Jlacymun C.A. 1llecTepeHHbIC KJIETH NPOKATHBIX CTaHOB // Tspkemnoe
manmHoctpoetne. — 1998. — Ned. — C.19-22. 4. Aiipanemos D.J1. u dp. CoBeplLIeHCTBOBaHKE 3y0UaTbix My(pT U
mmvHzeneit konctpykmm 93TM // Tsoxenoe mammHocTpoerue. — 2000. — Nel2. — C.13-15. 5. Kosmywenko A.A. u
Jp. KoMOMHMpPOBaHHbIE PEAYKTOPBI MPOKATHBIX cTaHoB // Tspkenoe Mammuoctpoetue. — 2005, — Ne3. — C.13-15.
6.Tlat. Nel776211 CCCP. MK B21 B35/12 IllectepeHHas KjeTh IVIABHOTO MPHBOJA MPOKATHOTO CTaHA.
(4.4. Kosmywenko u dp.). 7.Tlar. Ne2009742 P®. MKU B21 B35/12. Cran npojosibHON mpoKaTky npoduiieii
nieprozdeckoro cederust. (b.A. Cepman u 0p.). 8. Tlar. Ne2162025 Pd. MKH B21 H1/14. I'naBHast wHpst CTaHa
yist ipokatku wapos. (4.4 Kosmywenko u odp.). 9.1lar. Ne2163174 Pd®. MKU B21 B13/06. Muoropyubesast
BEPTHKATbHAS KJIETh TIPOIONBHOI TpoKatki. (b.4. Cepmar u dp.).

THocmynuna ¢ peoxonneeuro 25.03.2013

V]IK 621.833.38

PeyKropb! IIIaBHOr0 NpuBojia NPoKaTHbIX craHoB / B.B. Bexnsikos, C.A. Jlaryrun, E.A. ['yios
// Bicauk HTY "XIII". Cepis: Ilpobmemn Mmexaniunoro mpusony. — X.: HTY "XIII". — 2013. —
Ne40(1013). — C.17-25. — bibmiorp.: 9 Ha3s.

V3araibHeHO 10CBi ENeKTpOoCTAIECKOro 3aBOJTy BKKOIO MAIMHOOY/TyBaHHS B TaiTy3i IPOCKTYBAHHSI 1 BHI-
PPOOHHMIITBA CTIELIATBHIX PEIYKTOPIB 1 LIECTEPIHYACTHX KITITei FONOBHOIO MPUBO/Y MPOKATHIX CTAHIB PI3HOTO MpH-
3HAYEHHS: COPTOBUX Ta IIAPONPOKATHHUX, POIINBHIX Ta PEAYKIIIHIX, CTAHIB XOJIOIHOI POKATKH TPYO Ta CTaHIB
TS BUPOOHHLITBA apMATypHOTO Tpokaty. [Ipu iX mpoeKTyBaHHi BpaxOBYEThCs crielmdika podOTH CTaHy i mepi 3a
BCE IMKJIOTpaMa HaBAHTKEHb B 3AISKHOCTI SIK Bl HOMEHKJIATYPH TIPOKAaTyBaHHUX BUPOOIB, TaK i KTy NPOKATKA
OJIHIET 3arOTOBKH. ['eoMeTputHi mapamMeTpu 3yOuaTux repead ONTHMI3YIOTBCS 32 KPUTEPIEM KOHTAKTHOI Ta 3TH-
HAJIBHOI PIBHOMIITHOCTI, SIK MK CTYIICHSIMH, TaK 1 B KOKHii 3 HuX. [Tepea0aueHo Ta TEXHOJOTYHO 3a0e3I1eUeHO BH-
KOHAHHSI 3y0UaTX repezay 3 BUCOKOMIITHUMH, [IEMEHTOBAHMMH Ta ILTi(hOBaHNMH 3yOamu.

KurouoBi c10Ba: pexykrop, mectepiHuacTa KIIiTh, IPOKATHUH CTaH, IIUKJIOrpaMa HaBaHTa)KEHb.

The experience of the Electrostal Heavy Machinery Plant in the design and production of special gearboxes
and gear stands for main drive of various rolling mills is summed up. The specifics of rolling and ball-rolling,
piercing and reduction mills, mills for cold rolling tube and for the production of reinforcing bars are considered.
The load sequence diagram depends both on the range of rolled products, and variable loadings in a rolling cycle of
a workpiece. Geometric parameters of gears are optimized by contact and bending equal strength, as between the stag-
es as within each of them. Carburizing, hardening and grinding of teeth are provided and secured technologically.

Keywords: reducer, gear stand, rolling mill, load sequence diagram.
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