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JI.B. My3bika
ABTOMATUYECKOE VIIPABJIEHUE PEJXUMOM 3ATPV3KHU
CTPYHUHOI MEJIbHUIIBI

AHHomayus. Cmames nocssweHa papabomke cucmembl ABMOMAMUYECKO20 yNPasieHus 3a2pys-
Koli cmpyliHOU MesnbHUUbl HA OCHOBE GHA/IU3A AKYCMUYECKUX CU2HAJIOB Pa3/IuYHbIX PEXUMOB ee pa-
6omel. Lenb pabomsl — pazpabomams aBmMoMamu3upoBaHHYKO cucmemy ynpassieHus 6yHKepoMm 3a-
2py3Ku cmpyliHol Me/bHULb!I HO OCHOBE AHAIU3A AKYCMUYECKUX CU2HA/I08 30HbI U3Me/IbYeHUS.
Wccnedosatue nposoOUSIOCh O/ PA3HbIX PEXUMOB 3aNUCU CUSHAI0B GKYCMUYECKO20 MOHUMOPUH2A
U npouyecca usMesibYeHUs PasudHbIX CbINyyux Mamepuanos. YucieHHsIM 3KCnepumeHmom ycosep-
WeHCMB0BAHA MemoOUKa AHAIU3A AKYCMUYeCKUX CU2HA/I0B 30HbI U3ME/IbYeHUS, YMeHblUeHd no-
epewHocms. C030aHa annapamuas 6a3a cucmems! ynpasieHus U peanu3o8aHa Mooesb ynpassise-
M020 BYHKepa 3a2py3Ku.

Paspaboma+a cucmema ynpasneHus 3a2py3Koli MesbHUYbI NOCPEOCMBOM ynpasisiemo2o bYHKepa Ha
0CHOBe pe3yIbmamos HenpepbIBHO20 GKYCMUYECKO20 MOHUMOPUH2a NPOYecca UsMesibYeHus.
Knioyesble cnosa: 2azocmpyliHas MebHUYA, GKYCMUYECKUl CueHan, KoHmponnep, OyHKep 3a2py3Ku.

l'a3ocTpyitHOe M3MeJibUeHMe SIBISIETCSI OOHUM M3 HauboJiee IepCreKTUBHBIX
CII0COOO0B TOMYyYeHMsT TOHKOAMCIIEPCHbIX MaTepuanoB. OQHAKO BbICOKAsl SHeproeM-
KOCTb TE€XHOJIOTMYECKOIo IIpoliecca CAepXXMBAeT ero IMpPOKOoe BHeIpeHMe B Mpo-
MBIIIJIEHHOCTh. IIpy BRIOPAHHBIX TEXHOJIOIMUYECKMX IMapaMeTpax ONTMMAaJbHbIA pe-
SKMM M3MeJIbUeHMsI OIIpefesisieTCsl HAIllOJIHEHHOCThIO CTPyit Matepuanom. Ilpm mns-
ObITKe (Teperpys3ke MeJbHUIIbI) ¥ HemOoCTaTKe (pasrpy3ke MeJbHUIIbI) MaTepuasa
MPOU3BOAUTENBLHOCTh CHMXKAETCS, IPOLeCcC U3MeJIbYeHUsT MOXKeT npekpaTturcs. I1o-
3TOMYy KpaiiHe Ba)KHO KOHTPOJMPOBAThb 3arpys3Ky CTPylii MaTepuajoM M BOBpeMs
OCYIIIECTBJISITh A03arpy3Ky HEOOXOAMMOJ MTOPLUM MaTepuaia.

UccnepoBauus [1] mokasanu 3¢b@deKTUBHOCTb KOHTPOJIS Tpoliecca CTPYITHOTO
M3MeJbUeHMs Ha OCHOBE aKyCTMYECKOrO MOHUTOPUHIA. YCTAHOBJIEHA B3aMMOCBSI3b
TEeXHOJIOTMYECKUX, PeXXMMHBIX ¥ aKyCTMYeCKUX ITapamMeTpoB Ipoliecca [2], paspaba-
ThIBAE€TCSI aBTOMATU3UPOBAHHAS CUCTEMAa YIpaBJeHUS MeJbHuUIlei. s Kaxkmon
TpebyeMoii KPYITHOCTM TOTOBOTO IPOJYKTA YCTAaHABIMBAETCS CBOJ TEeXHOJOrMYe-
CKUIT pesKUM M3MeJIbueHUs U KiaaccupuKauum U, COOTBETCTBEHHO, CBOJ IMaIia3oH
XapaKTePUCTUK aKyCTUUYECKUX CUTHAJIOB [JIS1 JOCTVKEHUSI MaKCUMaJIbHOM ITPOU3BO-
IUTETbHOCTM M3MejbueHMs. Ha 3TOM oOcHOBaHa cucTema YIpaBjieHus paboToit
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Llesnb paboThl — pazpaboTaTh aBTOMaTU3MPOBAHHYIO CUCTEMY YIIpaBieHUs OYH-
KepoM 3arpy3Ku CTPYHHOI MeJIbHUIIbI HA OCHOBE aHa/M3a aKyCTUUeCKUX CUTHAJIOB
30HBI U3MeJIbUeHMSI.

Co3paHHasi paHee Mojiesb 6yHKepa [3] mo3Boimmwia pa3paboTaTh CUCTEMY aBTO-
MaTU4YeCKOro yrIpaB/eHUsl 3arpy3Koii MeabHuIlpl. 1Sl TTOMyyeHusl CUrHaja yrpas-
JIEHUSI CUJIOBBIM TIPUBOAOM HeOOXOOMMO aHAJM3UPOBATh aKyCTUUYECKNME CUTHAJIbI
30HbI M3MeJibueHMs1. [0 BbIMOJHEHMS aHa/n3a CyIieCTByeT MHOXeCTBO METOOMK,
HO IJis peajmu3alyuy CpeAcTBaMM MPOrpaMMMUPYEMOrO JIOTMUECKOTO KOHTpoJuiepa
(TVIK) Hanbosiee MPUTOAHBIN aMIUIUTYIHbBIV aHAINA3.

Jlyist ocy1ecTBIeHUsI aKyCTUUYECKOr0 MOHUTOPMHIA B U3MeIbUYUTEe/IbHOM KaMe-
pe yCTaHaBJIMBAETCSI BOJIHOBO/I, KOTOPbIN COeAMHEH C Mbe30KepaMU4YecKum AaTum-
KoM. B Hamiem ciydae 6bu1 uctonb3oBad IIJIK TM251MESE (puc 1.) ¢ MomyissmMu
pacmupenus (TM3DI8, TM3DQ8U u TM3AI2H) nas 06paboTKM aHAJOTOBBIX U IMC-
KPEeTHBIX CUTHAMIOB. [JaTuMK (UKCUPYET CTOJKHOBEHMUS M3MeJbuaeMbIX YacTUIL C
BOJIHOBOJIOM, U IpeoOpa3yeT SHepruio CTOJKHOBEHMS B dJIeKTpuueckuit curdant. Vc-
cJieloBaHMsI TTOKa3ajau, YTO 3aMMCbIBaeMblii CUTHAI MMeeT HeOOIbIIYI0 aMIUIUTYIY,
KOTOpasl Ipy 0OBIYHOM peskyuMe paboTsl cocTapisieT rmopsaka 100 mB, a 6e3 3arpys-
K1 Matepuana (XoaocTtoii xon) - 10-15 mB. PaspsaHocts AIIIT cocTaBiseTr 16 paspsi-
OB mpu nuamnasoHe usmepenust ot 0 mo 10 B. B cBsi3u ¢ 3TUM HEOOXOAMMO CUTHAJT
JIOTIOJIHUTEIbHO YCUJIUTD C TTIOMOIIbIO OMepalMOHHOTO YCWINTEIS, BKIIFOUEHHOTO 110

cxeme He MHBEePTUPYIOIEro ycuauTens ¢ Koagdbuimentom ycunenust 10 (puc 1.).
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PucyHok 1 — IIpyHUMNIManbHas 3j1eKTpuyeckas cxemMa yrpasaeHUs

OYHKepOM 3arpysku
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I/IBMepHeMBIﬁ CUTHAJI HeceT B cebe BO3MYIIE€HMS, KOTOpPbI€ UMEIOT C)'Iy‘-IaI‘/JIHbII‘/JI

xapakTep (TlepeHarnpsokeHNs ), I03TOMY yIIpaBjieHe COJIeHOUIOM OYHKepa 3aTpy3Ku

M0 OJHOMY aMINVIMTYAHOMY 3HaY€HMIO HEBO3MOKHO. s YCTpaHEHUS MMOTPEMIHOCTHU

usMepeHus 6epercst Bbiobopka u3 100 3HaueHwmit. [Ipu Takoit KOHGUTYypaILUM BpeMs

peakiuu CAY cocraBut 100 mc, rpu yactore ornpoca 1 Mc. Bei6paHHoe 06opyaoBa-

HMe MMeeT orpaHuueHue 1o BpeMmeHnu orpoca AT 3a Kaskgblif MK ITPOrPaMMbI

(puc 2.), KoTopoe cocTaBiseT 1 Mc.

st ouleHKn MOTpemHOCTA OBITIO IMpoBegeHO 3KCIIepMMeHTa/IbHOe MCC/Iea0oBa-

HJe CUTHAJIOB. 32 MCTMHHBIN CUTHAI BbIOMPAETCSI CUTHAJI, 3aIllMCAHHbBII HA 4acTOTe

400 xT'y, (puc. 3), a 3a u3MepsieMblii (puc. 4) — CUTHaJ, 3alMCaHHbIi Ha yactoTe 1 KI',

(mpm vyactoTe orpoca 1 mc.).
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PucyHOK 2 — AnroputM paboThl MporpaMMHOro obecrieuenus ITJIK
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0)

PucyHok 3 - 3amucu curdanoB npu yactoTe 400 kI (a) u ipu yactore 1 KI'11 (6).

O6paboTaB MaccMB JAaHHBIX B makeTe Matlab, u BeunciauB cpegHee apudme-
TUYecKoe 3HaueHue, MOMYyUMIN, YTO OTHOCUTEIbHAs OIIMOKa cocTaBuiaa MeHee 1%.
[Mocie BbIUMCIIEHU U UCKITIOUEHMST U3 BBIOOPKM CTYYaliHbIX BEJIMUNH, cpemgHeapud-
MeTuyeckoe 3HaueHue CpaBHUBAETCS (PUC. 2) C 3aJaHHBIM 3HA4Y€HUEeM BeJUYMHbI
aMIUIUTYAbI, KOTOPOE ObILJIO TIOJyYeHO IpU IpeaBapUTEbHOM MCC/IeIOBAaHUU U3-
MebuyaeMoro MaTepuaia.

[T MCKJTFOUEHMST 4aCcTOTo cpabaTbiBaHMS («aApebe3kaHMsI») COeHOM A, 3aJaH-
Hasl BeJIMUYMHA, BLIOMPAETCS B BUJIe NBYX 3HAUEHMIA, a UMEHHO, JJIs1 OTKPbITUS U 3a-
KpbITHSI OyHKepa 3arpy3ku. OMbITHBIM IyTeM sl yctaHoBku YCU-20 6bU10 ycTa-
HOBJIEHO, UTO TUCTepe3unc ¥4-5% oT 3aJaHHOM BeJIMUYMHBI SIBJISIETCS OMTUMAaIbHBIM C
TOYKM 3peHUsT ObICTPONEICTBUSI CUCTEMbI M M3HOCA MOJBMKHBIX yacTeil MpuBopa
OyHKepa 3arpys3Ku.

B kauecTBe CMIOBOTO MPUBOAA, ObI BHIOPAH COJIEHON, C MUTAIONIMM HATIpsi-
skenneM 12 B u pabouuM TOKOM B YCTaHOBMBIIEMCS peskuMe 5 A, ¢ IPY>KMHOI BO3-

BpaTa, KOTopasi OmyCcKaeT OXWUBaiao (3aC/IOHKY) M 3aKpbIBaeT OYHKep 3arpy3Ku B
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cJlyyae TpekpalleHus IojauM MuUTarollero HampsbkeHus. [locie o6paboTKM Bcex
IAHHBIX, YIIPABJSIOUIMI CUTHA TTOCTyNaeT ¢ moayns pacmmpenus IVIK TM3DQ8U
Ha GJI0K yIpaBJ/ieHMs COJIeHOUIOM, KOTOPbIi cCOOpaH Ha 6a3e M0JIeBOro TpaH3MCTopa
STP100N6F7 (puc. 46) c pabounm HampsskeHueM 60 B 1 MakcuMaabHBIM TOKOM [0
100 A.. 3aTeM ympaB/sIOIIMIA CUTHAJI IIepelaeTcs Ha OTKPBbITHE WM 3aKpbITHe 3a-

CJIOHKM OyHKepa 3arpy3ku (puc. 406).

PucyHOK 4 — AnmmapaTtHas peaansauus CUCTeMbl aBTOMaTUUECKOIO yIIpaBiie-

HUSI TIPUBOJOM OyHKepa 3arpy3Ku

BoiBoabl. Pa3paboraHa cucTema yIIpaBJeHMSI 3aTPy3KOi MeTbHUIIbI I10-
CpenCTBOM yIIpaBisieMOro OyHKepa Ha OCHOBe pe3y/JbTaTOB HEPepPbIBHOTO aKyCTU-
YeCKOro MOHMUTOPMHTA TPOLiecca M3MeIbueHMsI.
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AsmomamuyHe KepyBaHHA PeXUMOM 3a8AHMAXKEHHA CMPYMUHHO20 MIUHA

Cmamms npucsaveHa po3pobyi cucmemu asmomMamuyHo20 YNPAaBAIHHA 3ABAHMAXEHHAM
CMpyMeHeBo20 MJIUHA HA OCHOBT GHAMI3Y AKYCMUYHUX CU2HAIB PI3HUX pexuMmis (io2o pobomu.
HocnioxenHa npoBoounoca 0714 Pi3HUX PeXUMi8 3anucy CU2HAMIB GKYCMUYHO20 MOHIMOPUH2Y
ma npouyecy nodpibHeHHs Pi3HUX cuny4Yux mamepianis. YucenbHUM ekcnepumMeHmMoMm YOOCKOHA-
JIeHo MemoOUKy QHANI3y AKYCMUYHUX CU2HANIB 30HU NOOPIOHEHHs, 3MeHWeHa noxubka. Cmso-
peHo anapamHy 6a3y cucmemu ynpasaiHHs 1 peanizosaHo Mooesb KeposaHo20 OyHKepy 3aBaH-
MAXKeHHS.

An automatic mode control of the jet mill loading

A thin jet grinding is quite an energy-consuming process. Its production depends on the
fullness of the mill chamber with material. Therefore, it is extremely important to control the
loading of the jets with material and to reload the necessary portion of material in time.

Previous studies have shown the effectiveness of control the jet grinding process based on
acoustic monitoring. The interrelation of technological, regime and acoustic parameters of the
process has been established, an automated mill control system is being developed. For each re-
quired size of the ready product, its own grinding mode and classification and, accordingly, its
range of acoustic signal characteristics are set to achieve maximum grinding productivity. This is
the basis for controlling the jet mill operation according to the results of acoustic monitoring.

The aim of the paper is to develop an automated control system for the loading bunker of
the jet mill based on the analysis of the acoustic signals of the grinding zone.

The study was conducted for different recording modes of acoustic monitoring signals and
the grinding process of various bulk materials. To amplify the signal, an operational amplifier
with a gain of 10 was used. To eliminate the measurement error, a sample of 100 values is taken.
The used equipment has a limit time for the ADC polling for each program cycle. To estimate the
error, an experimental study of signals was carried out. After processing all the data, the control
signal is fed to the control unit of the solenoid, which is assembled on the basis of a field-effect
transistor with an operating voltage of 60 V and a maximum current is up to 100 A. Then the
control signal is transmitted to the opening or closing of the loading bunker gate.

The numerical experiment improved the analyzing method of the acoustic signal of the
grinding zone, reduced the error. A hardware base of the control system was created and a model
of a controlled loading bunker was implemented. A mill loading control system has been devel-
oped through a controlled bunker based on the results of continuous acoustic monitoring of the
grinding process.
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