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Ooecvkuil HayioHALHUL NOIMeXHIYHUL yHigepcumem, YKpaina

PO3POBKA METOAY MOHITOPHUHI'Y ITPOCJIN3AHHA
CIHHOJIYYEHUX CTPIYOK CKJIAJJHOI'O KOHBE€EPY

Anomauin. B Oaniti cmammi HagedeHo OesiKi pe3yibmamu po3pooKu
Memooy MOHIMOPUHRY NPOCIUIAHHA (3MIWEHHs, 3CY8Y)  CHOJYYEHUX
cmpiuok CKIAOH020 KOHeeepy. Hasaguicmb NpOCIU3AHHA — BUKIUKAE
8i0Nn0GiOHI  8iomosu ma npocmoi. Tomy HeobOXiOHICMb MOHIMOPUH2Y
giOcymHOCmMi  4u  noAsu Ybo2o egekmy ouesuoHa. Y cyuacromy
0yOisHUYMEL, NPOMUCTIOBOCMI MA THUWUX 0OAACIAX WUPOKe SUKOPUCTNAHHS
3HAX00AMb KOHBEEPU DIZHOMAHIMHO20 Muny. XapakmepHum NPUKiIaoom €
KOHBeepU y CKAAOi NiHIU HANUG-ABMOMAMUYHOL YU A8MOMAMUYHOL 300pKU.
Oonum 3 munie KOHBeepie € mi, WO CKIAOAIOMbC 3 OeKLIbKOX
83a€EMO0II0UUX CMPIYOK - “‘ck1aoni” koHgeepu.  OOHIEO 3 BANCIUBUX
03HaK npomuciosocmi pisHs “Inoycmpis — 4" € cmeopenHs HO8UX Memooig
ma cucmem MOHIMOPUHSY MEXHONO2IUHUX CUCeM ma Npoyecis, y Mmomy
yucni — 3 BUKOPUCMAHHAM CUCMeM MexXHiuHo2o 30py  Yasenaemuvca
00YinbHOIO pO3pobKa makux cucmem i ONsl CY4AcHUX KoHueeepis. [na
npoeedenHs MOHIMOPUH2Y CKIAOHO20 KOHBEEPY HA MOPYesi NOBEPXHI 1020
CMPIYOK NPONOHYEMbCA 3A30A1€2i0b HAHOCUMU MAapKepu (HaAnpukiao — y
8U2IA0I YOPHUX YU KOIbOPOBUX NPAMOKYMHUKIB), GIOCMAHb MIdNC AKUMU
BUZHAYAEMBCAL 8 3ANEHCHOCTI 8I0 UBUOKOCTI PYXY KOHBEEPY MA PAOY THUIUX
Gaxmopis. 110630062c KOHBEEPY MOHMYIOMbCA 081 Ul OEKiIbKA YUPDPOsUx
Kamep, noie 30py KOJMCHOI 3 AKUX NEPeKpusac 3a2aibHy MOGWUHY 000X
cmpiuok KoHueeepy. IIpononyemwcs nepioouuno peecmpysamu yugposi
300padiceHHsi 30H MapKepie CMPIYOK KONCHOIO 3 Kamep, 6U3HAYamu
giocmanb  Midc Mapkepamu ma nopisHiosamu ix. Ha ocnosi yvoco
NOPIBHAHHA NPUUMAEMbCS  PIUEHHS NPO  HAAGHICMb YU  8IOCYMHICMb
npocauzanua. Ilo oanum monimopuney 6yde UKOHY8AMUCH ABMOMAMUYHA
KOpeKYisl 83AEMHO20 NOJIOHCEHHSI CMPIYOK 3 BUKOPUCMAHHA iX Npusodis.
Axkwo npocauzanns 6 cucmemi 080X CHONYHEHUX CMPIYOK KOHBeEpa
8i00ysaemuvcsi nocmynoso - uepes N pobouux yuxinie pyxy (Yuki: pobouuti
Xi0 — xonocmuil Xi0) - U020 MONCAUBO GIOCMENCUMU ULIAXOM 0OPOOKU
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300pasicenHs sxce 8i0 nepuloi yugposoi kamepu ma nioMeepoOUmu ULIAXOM
00pobKu 300padcentst 8i0 Opy20i yugposoi kamepu.

Knrouosi cnosa: monimopune mexmiunux cucmem, npOoCIU3AHHA CMPIYOK,
Mmapkepu, yugposi xamepu, 00poOKa 300padiceHb, SUOLNEHH KOHMYpPI6
Mapkepig, GU3HAYEHHA O3HAK KOHMYPI8 MapKepisa.

Beryn. ¥V npomucinoBocTi, OyJIBHUITBI Ta IHIIMX Taly3sx IIHPOKE
BUKOPUCTaHHS 3HAXOJATh KOHBEEPH pi3HOro tumy. Ha marictpanpHuX
KOHBEEPHUX JIHIAX MepeadavyaeThCsi YCTAHOBIICHHS TOCTIOBHO JEKiTbKa
CTpiUKOBUX KOHBeepiB. Lle B 3Ha4HIN Mipi Beie 10 CYTTEBOTO 30UIBIICHHS
KalliTaIbHUX 1 eKCIUTyaTallifHuX BHUTpar. s 3MEHIIEHHS LHMX BUTpPAT
JOIIBHO BHKOPHCTOBYBAaTH OaraToONpHBOJHI  CTPIYKOBI KOHBEEPH, IO
JI03BOJISIE 3MEHIIUTH HAaBAaHTAKEHHSI Ha KOHBEEPHY CTPIUKY 1 MIABUIIUTH ii
JIOBTOBIYHICTb.

IloctanoBka mnpodaemu. [lpy  KOHCTPYIOBaHHI  CTPIYKOBHUX
KOHBEEPIB BEIMKOi JIOBKMHM HEOOXIHO BHUPIIIMTH JBi HpoOIeMHU:
3a0e3MeueHHs] JOBIOBIYHOCTI CTPIUKM 1 3MEHIIEHHS KiJIbKOCTI MPUBOTHHUX
OapabaHiB. YOCKOHAJICHHS KOHCTPYKIII CTPIYKOBUX KOHBEEPIB MOXKIIUBE
32 paxyHOK pO3pOOKM MPOMDKHOTO HPUBOMAY. 3aCTOCYBaHHS HPOMIKHOTO
NPUBOAY J03BOJISIE 3MEHIIUTH HATAT CTPIUYKH 1 TAKUM YMHOM 3a0€3MEYUTH
HEOOXiJJHY JIOBTOBIYHICTH CTPIUYKM 1 BIANOBIAHO 3HU3UTH BUTPATH HA
eKCIUTyaTalito Kouseepa. [IpoMi>kHMI IPUBOA JJa€ MOXJIMBICTh 30UIBIIMTH
JIOBXXUHY KOHBE€EpA JI0 EKIIBKOX KIJIOMETPiB, BAKOPHUCTOBYIOUH TPH IIbOMY
JCIIEBY CTPIUKY.

Orusig  ocranmix myOJikaniii. Haifuactime  3acTocoBYyIOTH
NPOMDKHUN TNPHUBOJAM y BUTJISAAI KOPOTKOTO CTPIYKOBOro KoHBeepa [1].
JIOCITIDKEHHIO 1 OOrpYHTYBAaHHIO pAIliOHAJTBHUX IapaMeTpiB MPOMIKHHUX
JTHIMHUX TPUBOJIB CTPIYKOBUX KOHBEEPIB MPHUCBAYCHO OaraTo HayKOBUX
po0iT, y ToMy umcii [2, 3, 4]. Ane B IUX JOCTIDKEHHSX HE BPaXOBaHO TaKe
SBHIIE, SIK MPOCINU3aHHS CTPIYKH MPOMDKHOTO MPHUBOIY BIIHOCHO CTPIYKH
KoHBeepa. lle mpocnm3aHHS CYTTEBO 3MEHIIY€E JOBIOBIYHICTH CTPIUKH
KoHBeepa. TomMy HEOOXiHO BHABHTH TMPOCIM3aHHSA 1 3a paxyHOK
BIJIMIOBITHOT'O BIUIMBY Ha IIBHJIKICTh MEPEMILICHHS CTPIUYKU MPOMIKHOTO
MPUBOAY YCYHYTH MPOCIHU3aHHS.

Merta poGoTH pO3pOOMTH METOJ MOHITOPHHTY TPOCITM3AHHS
CTOJIY4YE€HUX CTPIYOK KOHBEEpA 1 MPOMIKHOTO MPUBOJY 3 BUKOPUCTAHHAM
CHeIialli30BaHOi CUCTeMH TeXHIYHOTO 30py (CT3).

Bukiaag  ocHoBHOro  marepiamy.  Po3risgHeMo — CyTHICTh

MPONOHYEMOTO METOAY 3 BUKOPHUCTaHHSIM MoOeed muppoBUX 300paKeHb
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BiJ aBox nugppoBux kamep CT3, Ta ix 0OpoOKH BiAMOBIAHUM MPOrPAMHUM
koMmIuiekcoM. Cxema peasizallii MeToy TMpHBeaeHa Ha puc. 1.

Puc. 1. CxemaTnuHe nmpeacTaBiIeHHS MOJIENIEH IBOX KOHTAKTYIOUUX CTPIYOK
KOHBeepY (Y ABOX MOJIOKEHHSX ), HA TOPLEB] MOBEPXHI SIKMX HAHECECHO
MapKepH.

1 — mepmia cTpiuka KOHBEepY; 2 — OMH 3 MapKepiB Ha i TOPLEBiil MOBEPXHi;
3 — npyra cTpiuka KOHBEEpY; 4 — OJJMH 3 MapKepiB Ha ii TOPIEBii MOBEPXHI;
5 — mone 3o0py nepioi nudpoBoi kKamepu; 6 — oJIHA 3 AeTalei Ha KOHBEEDI;
7 — mone 30py Ipyroi udpoBoi KaMepH.

Bukopucrano cremianbHUN NPOrpaMHHUIA  KOMILJIEKC —OOpOOKH
300pakeHb. BiH CTBOpeHHI /s BUPILICHHS 3aBJaHb MOHITOPHUHTY
€JIEMEHTIB CyYaCHUX METAJIOPi3albHUX BEPCTATIB 3 UUCIOBUM IPOTPAMHUM
KepyBaHHSIM Ta iHmMX 3aBaaHb [5]. [Ipu #ioro moOymoBi Ta mpu agamraiii
710 TEMATUKHU JOCITIKEHb CTaTTi BAKOPUCTAHO 0a30Bi MOJIOKEHHS POOIT [6 -
10].

Ha puc. 2 nokazaHo 3arajJbHuil BUJ OAHOI 3 NTaHENENH KOMIUIEKCY.
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Puc. 2. Ogna 3 nmaHeneil mporpaMHOroO KOMILUIEKCY, IO BUKOPUCTaHUM JUIs
00poOKkH 1TUpPOBOro 300pakeHH MOJIETIeH MapKepiB Ha CTpidKax
KOHBEEPY.

Tyt: 1 — poboua 30Ha maHeni; 2 — BIKHO 3aBaHTAXXEHHS [TOYAaTKOBOTO
300pakeHHs; 3, 4 — Mozeni 300pakeHb MapKepiB CTPIYOK; 5 - BIKHO
MEPETBOPEHHS 300paxeHHs; 6 — OMMHUYHI «ITyMW» 300paxkeHHs;7, 8, 9 —
KHOTIKM JJIi BUKOHAHHA omepariiii o0poOku 300paxenp;10 - BikHO st
noOyIoBH TicTorpaMu 300paxkeHHs; 11 — BIKHO BioOpa)K€HHS KOHTYpIB
(contours), mo BuaieHi mnpu o0poOi 300paxenHs; 12 — 30Ha
BiIOOpaKeHHSI MEPBUHHUX IMApaMeTpiB aHANI3yeEMOTIO KOHTYpPY (B pamkax
naHoi poOOTH BUKOPUCTOBYETHCS JIMIIE OJMH 3 HUX — KOOPJAMHATA IICHTPY
KOHTYpYy Mapkepa 1o oci X — Center X).

[Tpuknaan erarmiB MOHITOPHHTY, 30KpeMa - KOHTPOJIIO B3a€MHOIO

MOJIOKEHHSI CTPIYOK KOHBEEPY 3 BHUKOPUCTAHHAM MOAENeH IU(PPOBUX
300pakeHb - MpUBeZeHi Ha puc. 3, 4, 6 — 8.
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Puc. 3. BusHaueHHs KOOpAMHAT LIEHTPY MapKepa BEpPXHbOT CTPIUKH
KOHBeepy y cucteMi XY nepiuoi nuppoBoi KaMepu.
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Puc.4. BuznaueHHs KOOpAMHAT LEHTPY MapKepa HIKHBOT CTPIUKH
KOHBeepy y cucteMi XY nepiuoi nuppoBoi KaMepu.

AHani3 pe3yibTaTiB MpOIECy MOHITOPUHTY HPUBEIECHUHN Ha puc. 5,
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Puc. 6. 3aranbHuil BUJ maHenu Ha eTtari 0OpoOKH 300pakeHHs 30HU

MapKepiB BiJ Ipyroi nudpoBoi kamepHu.
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Puc. 7. BusHaueHHs KOOpAMHAT LIEHTPY MapKepa BEpPXHbOT CTPIUKH
KOHBeepy y cucteMi XY Jipyroi nudpoBoi kamepHu.
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Puc. 8. BusHaueHHs KOOpAWHAT LEHTPY MapKepa HUKHBOI CTPIUKH
KOHBeepy y cucteMi XY Jipyroi nudpoBoi kamepu.
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Puc. 9. BusHaueHHs BIACTaH1 MK MOJEISIMU MapKepiB (l ?) 1o ymoBHOMY
300paX€HHIO BiJl APYroi HHPpPOBOI KaMepHu.

T, - yMOBHMI MOMEHT Yacy PEECTpallii 300paKeHHs APYror0 HU(GPOBOIO

KaMepolo.

CriBcTaBlIeHHsI pE3yJIbTATIB aHANi3y 300pakeHb BiJ Mepuioi (puc. 5)
ta gapyroi (puc. 9) mudpoBBIX Kamep H03BOJIS€ OTPUMATH HACTYIHI
pe3yabTaTu:

I. Bincrane Mixk MapkepaMu CTPIdYOK KOHBEEpPY, IO PEECTPYE IMepIia

T
uudposa kamepa, cTaHoBuTh: [ =22 .
2. Bincranp MiX MapkepaMu CTPIYOK KOHBEEpY, IO PEECTPYE Apyra

T
uudposa kamepa, cranouts: [ > =31 .

3. BennuuHa 3MilleHHS OAHOI CTPIUYKM KOHBEEPY BIAHOCHO JPYroi
BHACIII/IOK MPOCIIU3aHHS CTaHOBUTH:

== 31-22
o

=Ty _
AP =

=048>[A], ()
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ne: [A] =0,05 - yMOBHO NpUIHATE NPUITYCTHME 3HAUYEHHs mapameTpy A,

IO BIAMOBiNA€ BEIMYMHI IMOXMOKH BU3HAYEHHS JIHIMHUX PO3MIpIB MpH
00po0O1Ii 300pakeHb CTPIYOK.

Pesynbrat (1) cBiguuTh npo (pakT BUHUKHEHHS HEHPUITYCTUMOIO
MPOCIIN3aHHS B CUCTEMI CTPIUOK CKJIQJHOTO KOHBEEPY.

T T T,-T,
3ayBaxkumo, mo 3Hadenns [, [, A} Tta 306pakenHs

pobounx nanenei npuseneHi y mikcensx. KamibpyBanus mudpoBux kamep 3
BUKOPUCTAHHSIM CIICHIialbHUX 00’€KT — MikpoMmeTpiB [5] 3abesmeuye
MOJKJIMBICTh IIEPEBOJly IMX JAHUX JO CTAaHAAPTHUX JIHIMHUX OJUHUIb.

T,-T,
Otpumane 3HaueHHs A} ' IepeqaeThcs y CUCTEMY KepyBaHHS

MPUBOAAMHU CTPIYOK KOHBEEPY /ISl YCYBAaHHS HACHIJIKIB MTPOCIU3aHHS.
3pobuMo  3ayBa)K€HHS  BIIHOCHO  MEPCIEKTHB  IMOJAIBIINUX
JOCIIDKEHb. Y PO3IJISIHYTHX MaTepiaiax oOpoOJsioThCS 300payKeHHs Bix
nepuioi Ta JApyroi HUQPOBUX Kamep - BUXOIAYM 3 TIOJOKEHHS, IO
MPOCIIM3aHHS B CUCTEMI JIBOX CIIOJIyUYEHHX CTPIYOK KOHBeepa BiaOyJoCh 3a

nepi AT 0 Oounii I
piox yacy , TOOTO 3a OAMH POOOYMI LMKI pyXy CTPIUOK (IO

Mepiojry XOJIOCTOTO PyXY).

SIKIIO MPOCIM3aHHA B CHCTEMi JIBOX CIIOJIyYEHUX CTPIUOK KOHBEEpa
BiIOYBA€ETHCS MOCTYNOBO - 4epe3 N poOoUHX IMUKIIB PyXy (LIMKI: poOOUHii
X1 — XONOCTHH Xi) - MOro MOMXJIHMBO BIJICTSXHUTH MIJISIXOM OOpOOKH
300paskeHHs BXK€ BiA mepiioi nudpoBoi Kamepu Ta MiATBEPAUTH MUIIXOM
00poOKK 300paskeHHs Bia qpyroi nudpoBoi KaMepu.

Kpim TOoro, B ymoBax MOCTYIOBOIO HAapOIIyBaHHsS IPOCIM3AHHS
BUHUKAE  MOXJHMBICTH ~ NPOTHO3YBaHHS  MOMEHTY  BUHHKHEHHS
HEMPUITYCTUMOTO 3HAUEHHS 3MILIEHHS CTPIYOK Ta BUKOHAHHS KOpPETyBaHHS
CTaHy CUCTEMH CIOJYYECHUX CTPIUOK KOHBEEPY 3a3/1aJIeTi/ib.

BucHoBku

1. 3ampornoHOBaHO METOJ MOHITOPHUHTY HPOCIH3aHHS CIIOJyYeHHX
CTPIYOK MPOMDKHOTO NMPHBOJY KOHBEEpA, KWW TOJSrae y BU3HAUEHHI 3a
JONOMOTOI0 CHUCTEM TEXHIYHOI'O 30pY BEJIMYMHHM 3MIIICHHS CTPIuKd
MPOMDKHOTO MPUBOJY BIJHOCHO CTPIYKH KOHBEEPA.

2. OtpumaHe 3Ha4yeHHS 3MIIIEHHS TMEPEJAEThC Y CHUCTEMY
KEepyBaHHS MPUBOJIOM TPOMIDKHOT'O MPHUBOAYAJIS KOPEryBaHHS ILBHUIKOCTI
MEPEMIIICHHS CTPIYKH MPOMIKHOTO PUBOTY.
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DEVELOPMENT OF THE METHOD OF MONITORING THE
SLIPPING OF A COMPLETE CONVEYOR COUPLING TAPES

Semenjuk V., Derevianchenko O., Vudvud O., Lingur V.
Odessa National Polytechnic University, Odessa, Ukraine

Abstract. This article presents some results of developing a method of
monitoring the slip of interconnected tapes of a complex conveyor. The
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presence of slippage causes corresponding failures and downtime. Therefore,
the need to monitor the absence or occurrence of this effect is obvious.
Conveyors of various types are widely used in modern construction, industry
and other areas. A typical example is conveyors as part of a line of automatic
assembly. One type of conveyor is one that consists of several interacting
tapes - "complex" conveyors. One of the important features of industry level 4
is the creation of new methods and systems for monitoring technological
systems and processes, including the use of technical systems. It seems
appropriate to develop such systems for modern conveyors. To monitor a
complex conveyor on the end surface of its tapes it is suggested to apply
markers in advance (for example - in the form of black or colored rectangles),
the distance between which is determined depending on the speed of
movement of the conveyor and several other factors. Two or more digital
cameras are mounted along the conveyor, each of which overlaps the total
thickness of both conveyor tapes. It is suggested to periodically record digital
images of the tape marker zones of each camera, determine the distance
between the markers and compare them. Based on this comparison, a decision
is made about the presence or absence of slippage. According to the
monitoring, the automatic correction of the relative position of the tapes with
the use of their actuators will be performed. If slippage in a system of two
connected conveyor tapes occurs gradually - through N duty cycles (cycle:
stroke - idle) - it can be tracked by image processing from the first digital
camera and confirmed by image processing from the second digital camera.

Keywords: monitoring of technical systems, conveyor tapes slippage,

markers, digital cameras, image processing, marker contour selection, marker
contour sign detection
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