AHOTALIIA

bacnaii A.B. Po3BUTOK HAyKOBUX OCHOB BU3HAYEHHSI TEXHIYHOI'O CTaHY MPOKATHO-
ro o0JagHaHHS 3a JOMOMOIOI0 CTalllOHAPHOI CUCTEMH BIOpAIifHOTO MOHITOPUHTY —
Kgsamidikaiiitna HaykoBa mparls Ha IpaBax PyKOIHUCY.

Huceprariist Ha 3100yTTS HAYKOBOT'O CTYIIEHS JOKTOpa (iocodii 3a creriagbHic-
Ti0 133 — Tany3zeBe mamuHoOyayBanHs (I'amy3s 3HaHb 13 — MexaniuHa iHXKEHEpis). —
HanionansHa Metanmypriiina akagemis Ykpainu MiHiCTepCcTBa OCBITH 1 HAyKH Y KpaiHH,
Huimpo, 2021.

Jucepraiiisi NpyUcBsiY€HA MUTAHHIAM OOTPYHTYBaHHS Ta po3pOOKH CIOCO0IB, METO-
JIB, TIPUHITUIIIB 1 CUCTEM BIOpAIIfHOTO MOHITOPUHTY Ta J1arHOCTYBaHHS TEXHIYHOTO
crany (TC) obnamnanHs kiiteil Oe3nepepBHOro mupokomTadoBoro crana (BIIIIIC)
rapsiaoi MpOKaTKU, a TAKOXK MEPEBIPKH iX Mpare3aTHOCTI Ta e(heKTUBHOCTI y BUPOOHU-
YUX YMOBAaX.

VY nuceprtaiiiiHii poOOTI OTpUMaHI HOBI HAayKOBO OOIPYHTOBaHI TEOPETUYHI Ta
EKCIIEPUMEHTAJIbHI PE3yJIbTaTH, 0 y CYKYITHOCTI € CYTTEBUMU IS PIIICHHS aKTyallb-
HO1 HAYKOBO-TEXHIYHOI 3ajadi MiJBUIICHHS HaAiWHOCTI oOnagHanHs kiitedt BIIIIIC
rapsiuoi MPOKATKU 3aBISKH po3poOili criocoOiB, METOAIB, MPUHIIMITB 1 CUCTEM BiOpa-
[[IHHOTO MOHITOPUHTY Ta JiarHocTyBaHHS TC KOHTPOIHOBAHOTO OOIaIHAHHS.

HaykoBa HOBHM3HA OTpUMaHUX Pe3yIbTaTiB:

—  BIepIe Jyisi KOPIYCHOTO OOJaJHaHHS JiHIT MPUBOAY KOKHOI KJIITI 0araTokiiTbOBO-
ro 0e3nepepBHOTO CTaHa UISIXOM BUMIPIOBaHb OTPUMaHi JaHi po BiOpalliifHe mose
y BUTJIS1 peastizallii BIOpOBUIKOCTI B 7-9 TOUkKax mif yac poOOYOro i X0JIOCTOro
pEeXHUMY, TICTOTPaM 1 CepeTHbOKBAIPATUIHOTO BIAXUIICHHS;

— BrHepiue Ha 0a31 BeJIMKOi KIJTbKOCTI BUMIPIOBAHb JIJIsl BCIX KJIITEH BCTAHOBJICHUM CTa-
TUCTUYHMH 3B'SI30K BIJTHOCHOTO Yacy 3aIli3HIOBAHHS PEAKIii MIJISHOK JIHIT TPUBOAY
BiJl YaCy HaMpaIfOBaHHS IMUHETIB (3HOCY OPOH30BUX BKIIAIUIINIB) 3 YpaXyBaHHIM
MIPOKATAaHOTO COpTaMEHTy. Bu3HaueHO rpaHWYHI KIJIBKICHI 3HAYEHHS Yacy 3ari3HIo-
BaHHSI, MPU JIOCATHEHH] IKUX PEKOMEHAYETHCS MPOBEIAEHHS TEXHIYHOTO 00CIyroBY-

BaHHS;
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— BIepie oOrpyHTOBaHA Ta po3po0JieHa KOHIEMNI[S BU3HAYEHHS TEXHIYHOTO CTaHy
o0aHaHHS 3a IONIOMOTOIO JIIArHOCTUYHUX O3HAK, K1 OTPUMYIOTh JJISl IBOX PEXKH-
MIB pOOOTH CTaHa: a) 3aXOIICHHS CMYTH BaJIKaMH 1 0) cTaluii pexxum poooTH;

— BCTAHOBJICHO, 1110 MaKCHUMaJlbHE 3HAYEHHS pO3Maxy BiOPOIIBHAKOCTI KOPITYCHOTO
oOnaHaHHSA PEAYKTOpa 1 MIECTePEHHOT KIIITI MiJ Yac 3aXOIUICHHS CMYTH BaJKaMU
CTATUCTUYHO TIOB'SI3aHO 3 TEXHIYHUM CTaHOM (3HOCOM OpOH30BUX BKJIAQJIUIIIIB)
MINUHACIBHOTO 3YJCHYBAHHS 1 € J1arHOCTUYHOI0 03HaKow. Brepine BcTaHOBiIEHA
KOpeJsIIiiiHa 3aJeKHICTh MaKCHMAJIBHOTO PO3Maxy BiOPOMIBHAKOCTI TPU 3aXOIl-
JICHH1 CMYTHU BaJIKaMH BiJ] CTATHYHOTO MOMEHTY MPOKATKHU Ha BaJly JIBUTYHA;

— BIIEpIIIE BCTAHOBJICHA 3AJICKHICTh Yacy MOIIUPEHHS YAAPHOTO IMITYJIECY YepPE3 CMY-
Ty IO IPOKOUYYETHCS JI0 MOMEPEAHBOI KIIITI 3 ypaxyBaHHSAM TEMIIEpaTypu MeTaly 1
MDKKJIITROBOI BificTaHi. L{e 103BoJIsie BUKOPUCTOBYBATH JIaHY 3aJICKHICTh JJISI OITiH-
KM CTaHy TEXHOJIOT1i 1 00JIa{HaHHS.

[IpakTyHe 3HaYEHHS PO3POOICHOI METOMKY TOJISATaE B MOKIIMBOCTI BUOOpY Ie-
p10/IiB LUJIECIIPSIMOBAHUX BiOpaIliiHUX BUMIPIOBaHb, KOJIM B HAUOLIBIIIN Mipl POSIBIISI-
€ThCS 3B'SI30K J1arHOCTUYHUX O3HAK 31 CTAHOM OOJIaJIHAHHS, 1O CIPHUSE M1IBUILICHHIO
e(eKTUBHOCTI Ta IOCTOBIPHOCTI MPOLIECY A1arHOCTYBaHHS.

Y nepumomMy po3aisii BAKOHAHO aHalli3 Cy4acHOTO CTaHy PO3pOOKU cHUCTeM BiOpa-
LIAHOTO J1arHOCTYBaHHs OOJaJHaHHS MPOKATHUX CTaHIB, CUCTEMATU30BaHI KOHCTPYK-
TUBHI 1 TexHoJoriuHi ocobmuBocti BIIIIIC, aHanmizytoThCst TOJIOMKH 1 BIJIMOBU €JIEMEH-
TIB OOJaJHAHHS, PO3MISIIAETHCS MPOOIeMaTUKa PO3POOKU CIIOCOOIB 1 CUCTEM J1arHOC-
TyBaHHsI IPOKATHUX CTaHIB.

[Toxazano, mo B YkpaiHi TeXHIYHE IIarHOCTYBaHHS METAJIyprifHOTO YCTaTKy-
BaHHS OTPUMAJIO PO3BUTOK 3 80-X pOKIB MUHYJIOTO CTOPidYsA 5K 3aciO IiJIBUILIEHHS Ha-
JiHOCTI. 3a 1el yac B I[bOMY HamlpsMKYy YTBOPWJIMCSI TPU HAYKOBI IIKOIH. B meprriii
kol 3 Jonenpkoi [Homitexuiku (B.S. Cenym, M.O. Yennos, B.A. CunopoB) po3po0-
JSFOTHCSI METOAM JI1IarHOCTYBAHHS IEPEHOCHUMU 3aco0aMu BiOpaliiHOTO aHali3y 3 KO-
HTpOJIEM Horo mapametrpiB. B mpyriii mkom Harionaneniit MertanypriitHoi Akaaemii
VYkpainu (A.B. I'opaienko, B.K. [lanko, C.B. binoainenko) po3po6ieHO TEOpeTHUHi

OCHOBHU OOCIYrOBYBaHHS 1 JIarHOCTYBAHHSI TEXHOJOTIYHOTO YCTaTKYBaHHS 3a KOHTPO-
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JIeM KOMIUTEKCHUX MOKAa3HUKIB HAIIMHOCTI, pU3UKY 1 O6e3neku. Tpers mkona, sika chop-
myBanacs y M. Jainpo B [YM HAHY (B.I. bonsmakos, B.B. BepeHnboB), KyabTuBye
BUKOPHUCTAHHS MEPEXIAHUX MPOIIECIB y SIKOCTI JIarHOCTUYHUX MOKA3HUKIB TEXHIYHOTO
CTaHy MPOKATHOTO OO HAHHS.

VY po6orax iHo3eMHux aBTopiB (Ilekensc XK., Mitren K., [Naitremronnep I'., [lIBapit
M., Aperc M., Mexkenb JIx., Xenekanp ['. Ta 1H.) HaBeACHO MPHUKIIAIN 3aCTOCYBaHHS
CHCTEM JI1arHOCTUKH MPOKATHUX CTaHIB 1 iX €KOHOMIYHOT e(peKTUBHOCTI. 3p00JICHO BH-
CHOBOK IPO aKTYyaJbHICTh CTBOPEHHS 1 OOIPYHTYBaHHS METO/IIB 1 CIIOCOOIB T1arHOCTY-
BaHHS Ta BIAMOBIJHUX CHUCTEM, CHPSIMOBAHMX Ha MIJIBUINCHHS €(PEKTUBHOCTI poOOTH
IPOKATHUX CTaHIB.

Y apyromy po3aijii mpuBeIeHO aHAI3 BIOPOJWHAMIYHUX IPOIIECIB B MIPOKATHUX
CTaHax, MPEACTaBJICHUX B JITEpaTypHHUX JiKepenax. Brnepiie BuaiaeH! napiiaibHi IU-
HaMIYHI CUCTEMH 1 TOYKHA BUMIPIB B MEXaHIUHOMY 0OJIaJHAHHI JIiHIi TOJIOBHOTO MPUBO-
Ny 1 BJIaCHE MPOKATHOI KIIITi, B SIKUX BCTAHOBJICHO B3a€MO3B'SI30K JIMHAMIYHUX TPOILIE-
CiB, III0 MaIOTh BIJHOILIEHHS JIO CIIOCO01B A1arHOCTYBaHHS.

Buznadeni Touku 1 Miciisg oOaqHaHHs, SKUM HaHO1IBIIIOK MIpOr0 BiacTuBa iH()O-
pPMaTUBHICTH Ta 3B'130K 3 TC 1 3HOCOM 34JIeHYBaHb.

PosrisayTo (pakTopu 110 MpOBOKYIOTH Ta BILUIMBAIOTH HA BIOPOJIMHAMIUHI IMPOIIECH
M1]] Yac 3aXOIUJICHHS] CMYTH BaJIKAMH Ta B CTAJIOMY PEXUMI MPOKATKH (CITIBHO 3 XOJ0C-
THM XOJIOM).

BusznadyeH1 3aKOHOMIPHOCTI MEPIOAMYHOCTI 3HOCY Ta YTBOPEHHSI 3a30piB Ha HITTUH-
JIebHIN 1 MOTOPHIM IUISHKAaX Ta iX 3B'S3KY 3 TPUBAJIUM 4acOM POOOTH CTaHy 1 3aMIHOIO
€JIEMEHTIB.

OOrpyHTOBaHO Ta 3alPOTIOHOBAHO METO] BU3HAUEHHS IIJICCIIPSIMOBAHUX TIEPIOJIiB
BIOpaIiiHUX BUMIPIOBaHb, M1J] YaC SKUX JOCATAETHCS HANOUIBIIUN e(eKT B A1arHOCTY-
BaHHI TC ob6magHanas. BiH 103BOJIsI€ OTpUMATH 3HAYCHHS «HANWKpAIIUX» J1arHOCTHY-
HUX TIapaMeTpiB IPH HOPMAJILHOMY CTaH1 0OJagHAHHS Ta «HAUTIPIINXY MICIS TPUBAIIOT
poboTu kiitel abo mepena KamiTaJbHUM PEMOHTOM. 3HAHHS «KpailHIX» 3HA4YeHb Napa-
METpIB Ta iX MOPIBHUILHUN aHaIII3 3 TOTOYHUMH 3HAYCHHSIMH CIPUSIE T1IBUIIEHHIO J10-

CTOBIPHOCTI BCTAaHOBJICHHS J[1arHO3Y.
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BIIIIIC rapsoi mpokaTtku BigHOCHTHCS 10 H0Brux (mo 1000 m) mpocTtopoBux
00'ekTiB 1 ckiamaeTbes 3 10 - 12 mamuH. Y 3B's3Ky 3 1TuM po3po0JieHi 3arajibHa KOHIIe-
MIisI Ta MPUHIIMIN TOOYI0BH BIOPOIarHOCTUYHOI cucTeMu MoHiTopuHry TC oGmnan-
HaHHs. BupilieHi nuTanHs BUMIpIOBAIbHUX 3ac001B, KUTBKOCTI KaHAIIB 1 JIiHIN niepesa-
Yl CUTHAJIIB JI0 €IMHOTO PEECTPATOPA, 3B'A3KY 3 IITATHUMHU CHCTEMaMH BUMIPIOBAHHS Ta
peryJtoBaHHS.

Po3po6iieHo TexHIYHI BUMOTH IO CUCTEMH BiOPaliifHOrO MOHITOPHUHTY Ta JI1arHOC-
tyBaHHs TC o6nannanns kmiteir BIUILIC rapsuoi npokarku.

Y TperboMy po3aiji HaBeleHO aHali3 BUKOHaHUX Ha cTaHl 1680 IIpAT «3amnopi-
YKCTaJIby» IIIECIPSIMOBAHUX JOCHIIHO-MIPOMHUCIOBUX BIOPOBHUMIPIOBAHb, MPECTABICHA
METO/IMKA Ta 3aC00U BUMIPIOBAHb.

JI1st KO>KHOI 3 A€CSTH KJIITEeH BU3HAYEHI BI3yaJibHI 00pa3u BIOpALliiHUX MPOIECIB
OJIHOYACHO Y BCIX TOUYKaX OO0JIaJIHaHHS TIPU HOPMAJIbHOMY (TiCJIsi pEMOHTY a00 BCTaHO-
BJICHHSI HOBOT'O LITIMHJIEINS) 1 MOTIpIIeHOMY (TIepe] pEMOHTOM) cTaHi. TUM camMuM BIie-
piiie OTpuMaHi 00pa3u BIOpAIIHHOTO MOJIA KIITEH B XOJIOCTOMY PEXUMI, ITPU 3aXOIJICH-
HI CMYTH BaJIKaMU 1 B IPOLIECI TPOKATKH.

VY BCIX KNITSAX NIATBEPIKEHO PaHillle BCTAHOBJIEHY BJIACTUBICTh 3aMi3HIOBAHHS pe-
aKIii JIISTHOK JIHIT MPUBOJY Ha JIIF0 YAApPHOTO HaBaHTa)XEHHS J0 poOodoi KiiTi. Yum
Jajal BiJ KTl po3TallloBaHa TOYKa (JaTYWK BiOpairii), THM OiIbINE Yac 3aIi3HIOBAHHS

T,. Briepie BCTaHOBIIEHO, 1110 Yac 3ali3HIOBAHHS T, HE 3aJ€KUTh BlJ IIBHIKOCTI IIPO-

KAaTKH, a TUIbKH B1Jl CTaHy 3HOCY B 3WICHYBaHHSX. J[JI1 KOXKHOI 1-TOi TOYKH KIIITEUH BU-
3HAY€H1 TPAHUYHI 3HAYEHHS T, IPH JOCATHEHHI SKUX CH1J 3A1HCHIOBATH 3aMIHY ILIIH-
HJICHIB.

VY mapi kiitet JIYO - Ne 1 mig gac O6e3nepepBHOT MPOKATKU BCTAHOBJICHO, 1110 3a-
JICKHICTh aMIUTITY I BiOparii BiacHe kTt YO Ta mectepeHHo1 KIiTi BiJl IIBUIKOCTI
HEY3TOJDKEHOCTI 3aanus cisg6a B kiiTi Ne 1 mae minimym. Ha miif migcTasi 3anponoHo-
BaHO CIMOC10 KOPEKIli MIBUAKOCTI 3aBAaHHs clisi0a.

HesBaxkaroun Ha BeJIMKY BificTaHb MK KITAMH Ne 2 - Ne 3 (19 M) i Ne 3 - Ne 4 (25
M) B JIaHUX IMapax KIITeW TaKOK BCTAHOBJICHO B3a€EMOJIII0 00JIaHAHHS 0 BiOpartii mif

yac 0e3nepepBHOT MPOKATKHU, KOJIU BiIOYBAETHCS 3aXOIJIEHHS CMYTH B HACTYIHINA KJIITI.
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Brepie 3a maHumM#u BUMIpiB BU3HAYEHA MIBUIKICTH MOIIUPEHHS €Heprii (KpyTUIBHOTO
yIapHOTO HaBaHTAKEHHS) y3J0BXK JIHIT MPUBOAY 1 MK KIITSIMH Yepe3 pO3IMEUYCHY CMY-
Iy, 110 IPOKOYY€ETHCSI.

BcranoBieHo, M0 MIBUAKICTh MOUIMPEHHS YAAPHOTO HAaBaHTaXEHHs BiJl poOodoi

KJIIT1 70 1-TO1 TOYKM BUMIPIOBAHHSA SIK 1 4ac Tj 3aJ€KUTh B1J 3a30py Oy, B LINMHHJCIIb-
HOMY 34JICHYBaHHI. Y TOMl k€ 4ac MIX TOYKaMM «BCEPEIUHI» JIiHII BOHA BIJ 3a30PY Oy

HE 3aJIeKUTh, 4 BU3HAYAETHCS KOHCTPYKTUBHOIO OCOOJIMBICTIO 1 TEXHIYHUM CTAHOM JIi-
nsuku. Hampukinaza, nie nepegaya HaBaHTaKEHHS 4epe3 3y0dacTe 3uUerieHHs KoJeca 1
HIECTEPHI peAyKTOpa ado Baly 3 3yO4acTUMH My(TamH.

BcranoBineHo, 1110 po3Max BiOpPOIIBHAKOCTI B MOMEHT 3aXOIUICHHS CMYTU BaJIKaMU
yepe3 KOPCTKICTh OcepeniKy aedopmalii 3aJIeKUTh BiJ MapKd CTajl 1 pexuMy oOTHC-
HEHb. YUM KOPCTKIIIE OCEpEeNOK, THM OLIbIIEe po3Max BIOPOUIBUIKOCTI, TUM OLIbIIE
cWiIa yJapy B KIITI (3a iHIIMX piBHUX yMmoB). [Ipu mpoxkaTiii ToBCTUX cMyT (4 - 6 MM)
po3Max BIOpOMBUAKOCTI BUsiBUBCS B 1,3...1,6 pa3u MeHIe, HIX NPy IPOKATIl TOHKUX
cMmyT (2 - 2,5 mm). XKopcTKicTh ocepenika 301IBIIYETHCS 10 OCTaHHIX KJIITEH YHUCTOBOI
IPyIH, pa3oM 3 IIUM 3pOCTa€ po3Max BiOpaiiii.

Brepiie BcTaHOBIICHA KOpesliiiHa 3aeKHICTh po3Maxy BiOparlii A, mpu 3axom-
JIEHHI CMYTH B1Jl CTaTUHYHOIO MOMEHTY Mg, . 31 30UIBIICHHSAM CTaTUYHOTO MOMEHTY
M, po3max BiOpauii Apax 3pocTae. Yum Ounbmuii 3HOC OPOH30BUX BKJIAJMIIIB IIH-
HJIENIB Ta KYTOBUX 3a30pIB Oy, TUM Ounblie A, . HagaHo oOrpyHTyBaHHS 3a3Haue-
HUM 3anexHocTsaMm. [lpencraBineni rpadiuni 300pakeHHS KOPEISAIIWHUX — TOJIB
{Amax’ MCT} pU HOPMaJbHOMY Ta TOTIPIIEHOMY TEXHIYHOMY CTaHI yCTaTKyBaHHS.

Bu3zHaueHO KIIbKICHI XapaKTEPUCTHKH, 3a SIKUMHU MOKHA OI[IHIOBATH MOJIs, OPIBHIOBA-
TH 1X MK CO0O0IO Ta 3 TEXHIYHUM CTaHOM (KOE(]III€EHT KOPEAIii I, alpoKCUMyIo4a 3a-
nexHicTh Apayx (Mer))-

Y d4erBepTOMY pO31iJi BUKOHAHI JIOCHTIPKEHHS BMIPOBa/KeHOi Ha ctani 1680
1680 TIpAT «3anopixcTayiby CUCTEMH JiarHocTyBaHHs. HagaHo aHami3 crmoco0iB BU-

3HayeHHs TC oOnanHaHHS MPOKATHUX KJIITEH 3a pe3ysibTaTaMu BIOpOBUMIpIOBaHb. Y3a-
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raJibHeHl Ta pO3MJIAHYTI 1H()OPMATHBHI 1 JIATHOCTUYHI O3HAKHU Ta iX 3B'I30K 3 MapaMerT-
pamu TEXHIYHOTO CTaHy peayKTopa.

Po3rissHyTO MUTaHHS BUKOPUCTAHHS MapaMeTpiB BIOpaIlIMHUX MPOIECIB B CyMIXK-
HUX KIITSAX B MEPEX1THUX MPOIIecax 3aXOIUICHHS Ta BUKUY CMYTH BaJKaMHU.

Po3po6ieHo psg HOBUX cOCOOIB J1arHOCTYBaHHS Ta BAOCKOHAJICHI BIJIOMI CIIOCO-
Ou 1 METOAM BU3HAYCHHS Ta PO3Ii3HABAHHS TEXHIYHOI'O CTaHY BY3JIB.

Y n'aromy po3aiii npeacTaBieHi CTPYKTypa 1 TEXHIYHI XapaKTePUCTUKU CUCTEMH,
MeTou oOpoOKM Ta Bi3yaui3allii pe3ysbTaTiB BUMIPIOBaHb, OMMCaHI MPUHIMIIH 00p00-
K4, (popMyBaHHS Ta 30epiranHs 0a3u 1aHUX BUMIPIOBAHb.

Hanano onuc METOIMKM MOHITOPHHIY BIOpaliifHMX MPOLECIB OJHOYACHO Y BCIX
KJIITSIX 0araToKJIIThOBOTO CTaHYy.

HaBeneHO mpakTW4YHI NPUKIAAd A1arHOCTYBaHHS Jerpajaiii BY3JiB 1 morepe-
JoKeHHs nojoMok. HanaHa omiHka eheKTUBHOCTI poOOTH CUCTEMH B LIEXY rapsidoi Mmpo-
KaTK{d TOHKOTO JUCTa TeXHIYHUM KepiBHUITBOM I[IpAT «3amopixkcrans» (BIATYK MpO
po0oTYy cTamioHapHOi cucTeMu Ha rpokatHomy ctani 1680 B LITTITJI Bix 16.06.2021p).

KurouoBi ciioBa: 6e3nepepBHU MIMPOKOITA00BHM CTaH, rapsivya MpoKaTKa, KIiTh,
JiHIA TOJIOBHOTO NPHUBONY, JMHaMiKa, BIOpaliiiHI MpoLEcH, MOHITOPUHT, TEXHIYHUUI

CTaH, Yac 3aITi3HEeHH, IIarHOCTHKA.
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ANNOTATION

AV. Baglai. Development of scientific bases for determining the technical
condition of rolling equipment using a stationary vibration monitoring system. —
Qualifying scientific work as a manuscript.

Thesis submitted for obtaining the Doctor of Philosophy degree in Mechanical
engineering sciences, speciality 133 — Industry engineering. — National Metallurgical
Academy of Ukraine, Dnipro, 2021.

The dissertation is devoted to the issues of substantiation and development of
methods, methods, principles and systems of vibration monitoring and diagnostics of
the technical condition (TC) of the equipment of the stands of a continuous broadband
hot rolling mill, as well as checking their operability and efficiency in production
conditions.

In the dissertation work new scientifically substantiated theoretical and
experimental results are obtained, which together are essential for solving the current
scientific and technical problem of increasing the reliability of hot rolling mill
equipment by developing methods, methods, principles and systems of vibration
monitoring and diagnosing controlled vehicles. equipment.

Scientific novelty of the obtained results:

— for the first time for the case equipment of the drive line of each cage of the
multicellular continuous state by measuring the data on the vibration field in the
form of vibration velocity realization at 7-9 points during operating and idle mode,
histograms and standard deviation;

— for the first time on the basis of a large number of measurements for all stands
established a statistical relationship of the relative delay time of the reaction of the
drive line sections from the time of operation of the spindles (wear of bronze
inserts) taking into account the rolled range. The maximum quantitative values of
the delay time are determined, at the achievement of which it is recommended to
carry out maintenance;

— for the first time the concept of determination of a technical condition of the
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equipment by means of diagnostic signs which receive for two modes of work of a

condition is proved and developed: a) capture of a strip by rolls and b) a steady
mode of work;

— it is established that the maximum value of the vibration velocity of the gear
equipment of the gearbox and the gear stand during the capture of the strip by rollers
Is statistically related to the technical condition (wear of bronze liners) of the spindle
joint and is a diagnostic feature. For the first time the correlation dependence of the
maximum scope of vibration speed at capture of a strip by rolls on the static moment
of rolling on a motor shaft is established,;

— for the first time the dependence of the time of propagation of the shock pulse
through the strip that is rolled to the previous cage, taking into account the
temperature of the metal and the intercellular distance. This allows you to use this
dependence to assess the state of technology and equipment.

The practical significance of the developed technique lies in the possibility of
choosing the periods of purposeful vibration measurements, when the connection of
diagnostic features with the condition of the equipment is most manifested, which
increases the efficiency and reliability of the diagnostic process.

The first section analyzes the current state of development of vibration diagnostics
systems for rolling mill equipment, systematizes the design and technological features
of broadband mills, analyzes breakdowns and failures of equipment elements, considers
the development of methods and systems for diagnosing rolling mills.

It is shown that in Ukraine technical diagnostics of metallurgical equipment has
been developed since the 80s of the last century as a means of increasing reliability.
During this time, three scientific schools were formed in this direction. In the first
school of Donetsk Polytechnic (V.Y. Sedush, M.O. Chentsov, V.A. Sidorov) methods
of diagnosing by means of portable means of vibration analysis with control of its
parameters are developed. In the second school of the National Metallurgical Academy
of Ukraine (A.V. Gordienko, V.K. Tsapko, S.V. Belodedenko) the theoretical bases of
service and diagnostics of the technological equipment under control of complex

indicators of reliability, risk and safety are developed. The third school, which was
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formed in Dnipro at the Iron and Steel Institute of NAS of Ukraine (V.l. Bolshakov,

V.V. Verenev), cultivates the use of transients as diagnostic indicators of the technical
condition of rolling equipment.

In the works of foreign authors (Pekels J., Mitten K., Geigemiiller G., Schwartz
M., Arens M., Mekel J., Helekal G., etc.) give examples of the application of diagnostic
systems for rolling mills and their economic efficiency. The conclusion is made about
the relevance of the creation and substantiation of methods and methods of diagnostics
and corresponding systems aimed at improving the efficiency of rolling mills.

The second section provides an analysis of vibrodynamic processes in rolling
mills, presented in the literature. For the first time, partial dynamic systems and
measurement points in the mechanical equipment of the main drive line and the rolling
stand itself are identified, in which the relationship of dynamic processes related to
diagnostic methods is established.

The points and places of the equipment, which are most inherently informative and
related to the technical condition and wear of the joints, have been determined.

The disturbing factors influencing vibrodynamic processes in the modes of strip
gripping by rolls and steady rolling (together with idling) are considered.

The regularities of the periodicity of wear and gap formation on the spindle and
motor sections are determined in connection with the operating time of the mill and the
replacement of elements.

A method for determining purposeful periods of vibration measurements, during
which the greatest effect in diagnosing equipment TC is achieved, is substantiated and
proposed. It allows one to obtain the values of the "best" diagnostic parameters in the
normal state of the equipment and the "worst" ones after long-term operation of the
stands or before major repairs. Knowledge of the "extreme" values of the parameters
and their comparative analysis with the current ones helps to increase the reliability of
the diagnosis.

Continuous broadband hot rolling mill refers to an extended (up to 1000 m) spatial
object, consisting of 10-12 machines. In this regard, a general concept and principles for

constructing a vibration diagnostic system and monitoring the technical condition of
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equipment have been developed. Issues of measuring instruments, the number of

channels and signal transmission lines to a single recorder, communication with
standard measurement and regulation systems have been resolved.

Technical requirements to the system of vibration monitoring and diagnostics of
technical condition of equipment of stands of continuous large-scale state of hot rolling
are developed.

In the third section, the analysis of the purposeful experimental-industrial
vibration measurements performed at the mill 1680 is presented, the methodology and
measuring instruments are presented.

For each of the ten stands, visual images of vibration processes were determined
simultaneously at all points of the equipment in normal (after repair or installation of a
new spindle) and deteriorated (before repair) condition. Thus, for the first time, the
images vibration field of stands in idle mode, when the strip is gripped by rolls and
during rolling.

In all stands, the previously established property of delaying the response of the
drive line sections to the application of a shock load to the working stand was
confirmed. The further from the stand is the point (vibration sensor), the longer the

delay time t,. It was established for the first time that the time t, does not depend on

the rolling speed, but only on the state of wear in the joints. For each i-th point of the

stands, the limiting values t,;, are determined, upon reaching which it is necessary to

replace the spindles.

In a pair of stands, DUO - Ne 1 is installed during continuous rolling. that the
dependence of the vibration amplitude of the duo stand and the gear stand on the speed
of the mismatch of the slab problem in stand Ne 1 has a minimum. On this basis, a
patent-protected method for correcting the slab setting speed is proposed.

Despite the large distance between stands Ne 2 — Ne 3 (19 m) and Ne 3 — Ne 4 (25
m), in these pairs of stands, the interaction of equipment for vibration during continuous
rolling was also established, when the strip is captured in the next stand. For the first
time, according to the measurement data, the velocity of energy propagation (torsional

shock load) along the drive line and between the stands through the hot rolled strip was
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determined.

It has been established that the speed of propagation of the shock load from the

working stand to the i-th measurement point, as well as the time <, depends on the
clearance d,, in the spindle joint. At the same time, between the points «inside» the
line, it does not depend on the gap J,,, but is determined by the design feature and

technical condition of the section. For example, this is the transmission of a load
through the gearing of a wheel and pinion of a reducer or a shaft with gear couplings.

It has been established that the range of vibration velocity at the moment when the
strip is captured by the rolls through the rigidity of the deformation zone depends on the
steel grade and the compression mode. The stiffer the focus, the greater the range of
vibration velocity, the greater the impact force in the cage (all other things being equal).
When rolling thick strips (4—6 mm), the vibration velocity swing was 1,3...1,6 times
less than when rolling thin strips (2-2,5 mm). The rigidity of the hearth increases
towards the last stands of the finishing group, along with this, the vibration range
increases.

For the first time, the correlation dependence of the vibration amplitude A, during

the capture of the strip on the static moment M., was established. With an increase in

the static moment M, the amplitude of vibration Ay« increases. The more the wear

CT?
of the bronze spindle liners and the angular clearances &, the more Apax. The
substantiation of the noted dependencies is given. The graphical images of the

correlation fields {Apax, Mc;} under normal and deteriorated technical condition of

the equipment are presented. Quantitative characteristics were determined by which the
fields can be estimated, compared with each other and with TS (correlation coefficient

r, approximating the dependence Aqay (Mcr))-

In the fourth section, studies of the diagnostics system introduced at the 1680 mill
are carried out. The analysis of methods for determining the technical condition of the
equipment of rolling stands based on the results of vibration measurements. The
informative and diagnostic signs and their relationship with the parameters of the

gearbox vehicle are generalized and considered. For the first time for a rolling mill,
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calculations were performed and the interrelationships of processes at a number of

points of equipment were investigated using cross-correlation functions. The features of
the signal delay and their propagation are established. Data on the speed of signal
propagation were obtained.

The issues of using the parameters of vibration processes in adjacent stands in
transient processes of strip capture and ejection by rolls are considered.

A number of new diagnostic methods have been developed and the known
methods and methods for determining and recognizing TS nodes have been improved.

The fifth section presents the structure and technical characteristics of the system,
methods of processing and visualization of measurement results, describes the
principles of processing, formation and storage of the measurement database.

A description of the methodology for monitoring vibration processes
simultaneously in all stands of a multi-stand mill is given.

Practical examples of diagnosing the degradation of units and preventing
breakdowns are given. An assessment of the efficiency of the system in the shop of hot
rolling of thin sheet by the technical management of PJSC «Zaporizhstal» (review of the
operation of the stationary system on the rolling mill 1680 in shop of hot rolling of a
thin sheet from 16.06.2021).

Key words: continuous broadband mill, hot rolling, stand, main drive line,

dynamics, vibration processes, monitoring, technical condition, diagnostics.



