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PO3POBKA YJIOCKOHAJIEHOI POBOTU30BAHOI CUCTEMU 3ABAHTAKEHHS
EKCTPYJIEPA

B po6omi 3anponoHo8aHO po60mMu308aHO cucmeMy 3A8AHMANCEHHSI O00HO20 a0 KiAbKoX ekcmpydepis 0.s
nepepo6Ku mepMonaacmuvHux noAiMepHuUx mamepiasie y 0o82omipHi eupobu (mpyéu, npogdiaw, naieku i mowo). Cucmema
Micmumb geaukull OyHKep 3a8aHMAMCEHUUl CUPOBUHOK HA Yiay pobouy 3miHy. 3 yYbo2o OGyHKepad aA8mMoMamu4Ho
3dilicHIOEMbCsl HANOBHEHHs1 po6oyo20 GYHKepa ekcmpydepa 3a 0ONOMO2010 WHEKOB8020 HCUBUJAbHUKA. A@momamuyvHuil
KOHMPO/b CMAHY HANOBHEHHS 6YHKepie 30ilCHIEMbCS MIKDOKOHMPO/1EpOM 3d 00NOMO20 0AM1UKI8 PIBHS CUPOBUHU.

Karuosi cioea: ekcmpydep, noaimepHi epamyau, 6yHKep, 3a8aHMAXCEHHs, MIKDOKOHMpO.iep, ONMuYHi damyuku,
WHeKoBUU HUBUNLHUK.
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Kyiv National University of Technologies and Design
DEVELOPMENT OF IMPROVED ROBOTICS EXTRUDER LOADING SYSTEM

The relevance of the study is due to the fact that the loading of granulated polymer material into the working hopper of extruders
is mainly carried out manually from bags by production operators. The capacity of working hoppers of extruders is limited due to the fact
that with a significant height of the bulk material, an increase in static pressure occurs in the lower layers, which leads to the formation of
vaults, uneven supply of polymer into the material cylinder and deterioration of the quality of products. Since the work process of extrusion is
continuous and lasts an entire work shift, there is a need to constantly control the filling level of the work hoppers of the extruders.

The paper proposes a robotic extruder loading system for the processing of thermoplastic polymer materials into long products
(pipes, profiles, films, etc.). The paper proposes a system for loading one or more extruders, which contains a large hopper loaded with raw
materials for an entire work shift. From this hopper, the working hopper of the extruder is automatically filled with the help of a screw feeder.
Automatic monitoring of the filling status of the hoppers is carried out by a microcontroller with the help of raw material level sensors. The
object of research is the process of automatic control of periodic loading of loose materials into technological machines. The subject of the
research is a robotic system for loading granulated polymers into the working hoppers of extruders. The purpose of the research is to develop a
control system for devices for periodic dosing of granular polymer materials and loading them into working hoppers of limited capacity, which
can be used in extruders. The task of the work is an analytical study of the effectiveness of the application of extruder loading systems based on a
screw feeder and the development of its design and automatic control scheme. The methodological and theoretical basis of the research are the
basic provisions of the theory of automatic control of technological processes, the design of transport equipment for loose media, and the basis of
the calculation of machine parts. A scientific novelty is that the work proposed for the first time a device for automatic control of the extruder
loading system based on a microcontroller with the possibility of programming the work algorithm. The results of the work can be used to create
new systems for controlling the operation of equipment for processing polymer materials and creating new designs. The methodological and
theoretical basis of the research are the basic provisions of the theory of automatic control of technological processes, the design of transport
equipment for loose media, and the basis of the calculation of machine parts. A scientific novelty is that the work proposed for the first time a
device for automatic control of the extruder loading system based on a microcontroller with the possibility of programming the work algorithm.
The results of the work can be used to create new systems for controlling the operation of equipment for processing polymer materials and
creating new designs.

Key words: extruder, polymer granules, hopper, loading, microcontroller, optical sensors, screw feeder.

ITocTaHoBKa Mpo0/1eMH y 3araJIbHOMY BHIJISIAL
Ta ii 3B’#130K i3 BaXKJIMBUMH HAYKOBMMU Y MPAKTUYHHMH 3aBIaHHAMHI

Exctpysiitai minii mpu3HadeHi Uil BUIYCKY JOBFOMipHHX BHpOOiB. [IpuHITMI poboTH 06Ja1HaHHS TOYHO
TakWH, K y 3BUYalHUX eKCTPYAEPIiB A MITyYHUX BHPOOIB, MPOTE KOHCTPYKIiS Ma€e Aesiki BiqMiHHOCTI. Komriekc
oOnajiHaHHsl BKJIIOYAE B ceOe eKCTpyJep 3 MPUCTPOEM JUIsl 3aBaHTKEHHs MOJIMEPHOI CHPOBUHH, (hopMyrody
TOJIOBKY 1 IPUCTPOT JUIsl OXOJIOJPKEHHS BUPOOIB.

OcoOnuBicTiOo iX ekcIulyaramii € Te, 10 TEXHOJOTIYHHMH IMpoIec BiJOyBA€THCS MPAKTHYHO Oe3repepBHO
IpoTAroM po0OYOi 3MiHM, IO BHMAara€ IMOCTIHHOTO IOIOBHEHHS POOOYMX OYHKEpiB €KCTpPYAEpIiB MOJIMEPHOIO
CHPOBHHOI0, 200 IIParHyTH SKOMOTa 30LIbIIyBaTH 00’ €M 3aBaHTAXKEHHS UX OyHKEPIB.

AHaJi3 nocainkensb Ta myoaikamii
Ekctpysis — meron gopmyBaHHS B eKcTpynepi BupoOiB abo HamiBpaOpukaTiB HEOOMEKEHOi JTOBKUHU
TIPOJIABITIOBAHHS PO3IUIABY MOJIiMEpy depe3 (GopMmyrody TOJOBKY 3 KaHajdamH HeoOximHoro mpodimro. ns mporo
BHKOPHCTOBYIOTh IITHEKOB1 a00 uepB'sikoBi excTpyaepu [1-3].
Curiki mMarepiam MaroTh OCOOJMBOCTI CTaTHYHOTO, SIKMH Ma€ MEBHUH BIUIMB Ha TMPOIEC 3aBAHTAXCHHS
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ekcTpyzepa [2, 3]. B HaBeaeHHX poboTax po3TISHYTI 3aKOHOMIPHOCTI TPaBiTaIliiHOTO PO3BaHTAXKEHHS OYHKEPIB.

MexaHi4HI KUBHIBHUKH Ta J03aTOPH, TOOTO TaKi, B SIKMX JJIsl IEPEMIIICHHS MaTepiary BUKOPHUCTOBYEThCS
3ycUIsl poOOYOTo OpraHy, HaOYJIM B MPOMHUCIIOBOCTI HAMOIBIIOTO MOMIMPEHHS SIK JJIs1 PETYJIFOBAaHHS BUTPAT, TaK 1
SIK IPUCTPOT 103yBaHH: [4-11].

@opMy.TI0BaHHSA Wineil cTaTTi
Metoro po6oTH € po3poOKa CHUCTEMH KEpyBaHHS IPUCTPOSIMH JJIsi HEPIOAMYHOrO J03yBaHHS
TpaHyJIhOBAaHUX ITOJIMEPHHUX MaTepialliB i 3aBaHTAXECHHS iX B poOodi OyHKeprm OOMEXKEHOI €MHOCTI, SIKi MOXYTb
OyTH BUKOPHCTaHi B EKCTPyIepax.

Bukiaag ocHOBHOro MaTtepiany

Ha mowatky nmocmimkeHHs, Oyna TOCTaBlieHa 3amada — pPO3POOWTH KOMOIHOBaHY CXEMy CHCTEMH
3aBaHTa)XEHHS EKCTPYAepa Ha OCHOBI ITHEKOBOTO JKMBUJIbHUKA.

I'os10BHI NpUYMHM, IO CIIOHYKAIOTh 10 HEOOXIJHOCTI yIOCKOHAJICHHSI CUCTEMH 3aBaHTaXXEHHsI eKCTpyiepa
MOJIATAIOTh B HACTYITHOMY:

— TPOILIEC EKCTPY3ii € MPaKTHYHO Oe3mepepBHUM (MPOTATOM POOOYOro Yacy 00Ia HAHH);

— EMKICTh OyHKEpa eKCTpyaepa OOMeXeHa MO MPUYKMHI BUHUKHCHHS BHCOKOI'O THCKY B HACHITHOMY IHapi
MOJIMEPHOTO CHIIKOTO Marepiainy, HI0 HPU3BOAMTH A0 YTBOPEHHS CKIEMiHb, 3aTPUMOK BHMTOKY TpaHyJd 1 70
MyJbcaliif B poOOTi eKCTpyaepa;

— SK TIPaBHJIO, BUHUKAE HEOOXITHICTH MEPiOANIHO OOCITyTOBYBaTH KiTbKAa €KCTPY/EPiB, SKi MPALIOIOTH B
OJJHOMY IIeXy, IO MoTpeOye Bij onepaTopa IiABULICHO] YBarH.

3 METOK YIOCKOHAJICHHS CHUCTEMH 3aBaHTXCHHS EKCTPyJAepa 3alpONOHOBAHO BHUKOPHCTOBYBATH OJIUH
OyHKep BEJHMKOi €MHOCTI, SKUH OCHAIICHWIl IIHEKOBHM J>KHBWJIBHUKOM JUIS NEPIOAMYHOTO IOHNOBHEHHS DiBHS
MaTepiary B ogHOMY abo KimbKoxX Manux (pobOoumx) OyHKepiB ekcTpyzaepa (rpynu MamuH). s MOXIHBOCTI
aBTOMATHYHOI pOOOTH CHUCTEMH 3aBaHTAXKEHHs MPOIOHYETHCS OCHAICHHS poOOYMX OyHKEpIB JaT4MKaMH PiBHA
HACHITHOTO MOJIMEPHOT0 MaTepiaiy.

Ha puc. 1 npeacraBneHo KOMOIHOBaHy CXeMY YAOCKOHAJICHOT CHCTEMH 3aBaHTaXXEHHsI EKCTPYAepa.

CucteMa 3aBaHTa)XKCHHS CKIIQNa€Thesa 3 eKcTpyaepa 1, poGouoro OyHkepa excTpyiepa 2, IIHEKOBOI'O
JKUBIJIBHHKA 3 3 €JIEKTPONPHBOOM 4, BEIUKOTO OyHKepa 5.

B OyHkepi 2 BcTaHOBIIEHI JaTYNKU — HW)KHBOTO piBHS Marepiany D3 i Bepxuboro piBHs — D2. B Benmukomy
OyHKepi BCTaHOBJICHO TUTHKH NATYUK HIDKHBOTO PiBHI cHIKOro Marepiamy D1 Tomy, mo BepXHill piBeHb OIepaTop
MOJKe KOHTPOITIOBATH Bi3yalbHO IPH HAIIOBHEHHI HOTO MaTepiajioM 3 MIIIIKiB.

Pyyne
3abanmaxennHs

|

Puc. 1. Cxema KiHeMaTH4HAa CHCTEMH 3aBAHTAKEHHs eKcTpyaepa: 1 — excTpyaep; 2 — OyHKep eKCTpyAepa; 3 — IIHEKOBHIi JKMBUJIBHUK; 4
— eJIEKTPONPHUBO/I IHEKOBOT0 ;KMBUJIBLHUKA; 5 — OyHKep BeJuKMii; D1 — onTHYHMI AaTYNK HUKHBOTO PiBHS BeJUKOro 6yHkepa; D2 —
ONTHYHHI IaTYHK BEPXHLOI0 PiBHsI OyHKepa excTpydepa; D3 — onTuunuii JaTYMK HHKHBLOTO PiBHSA OyHKepa eKCTpy/Aepa; N — 4acToTa
00epTaHHSA LIHEKY ’KUBUJIbHUKA; Q — 00’€MHA NPOJYKTHBHICTh JKHBHJIBHHKA

[[THek >xuBUIBLHUKA 3 TPUBOAUTHCS 10 OOEPTaHHS 33 IOTIOMOTOIO MPUBOTY 4, IO SK MPABUJIO CKIIAJAEThCS
3 ACHHXPOHHOTO CJICKTPOABUTYHA i YepB’SIIHOTO PeayKTOpa. Moro yactora oGepTaHHsS N MOXKe OyTH 3MiHHOIO IPH
YMOBI BUKOPUCTAHHS JUIsl )KUBJICHHSI €JIEKTPOJBUTYHA YAaCTOTHOTO HEPETBOPIOBAaYa 3 BEKTOPHHM KEPyBAaHHSM Bif
MIKpPOKOHTpOJIEpa.
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Hactymaum eramoM Oynma po3poOka CTPYKTypHOI CXEMH CHCTEMH 3aBAHTAXCHHS EKCTPyZepa Ha OCHOBI
LIIHEKOBOTO )KUBWIIbHHUKA. Po3po0iieHa CTpyKTypHa cxema Ha puc. 2.
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Puc. 2. CxeMa CTPYKTYpHA CHCTEeMH 3aBaHTaKeHHs eKCTpyaepa

OCHOBOIO CTPYKTYpPHOI CXeMHU Ha pHUC. 2 € MIKPOKOHTPOJIEP, SIKMIH MOXe OyTH 1HIUBIyanbHUM (TITbKH IS
1i€1 CUCTEMHU) a00 YaCTKOBO 3aisIHUMN TOH, 110 KEPY€E FOJOBHUMH IPOIIECaMHU POOOTH eKCTPY31HHOT JTiHii:

— KEpyBaHHS TEeMIIEpaTYpHUMH PEXKMMaMH HarpiBaHHsS 30H MaTepiajJbHOrO LWIIHApPA Ta EeKCTpy3iiHOT
TOJIOBKH;

— TEMIIEPaTYpPHUMH PEKUMAMH OXOJIOKECHHS ITOJTIMEPHOT0 MPO(}iTIo Ha BUXOII 3 TOJOBKH €KCTPYAEPa;

— IIBUJKICTIO 00EpPTaHHS YepB’sIKa EKCTPYAepa;

— MIBHAKICTIO BiIBEACHHS EKCTPYIOBAHOTO MPOQilIto 3 poO0U0i 30HU EKCTPY3ii;

— IHOIMMH TIpoLleCaMH aBapiiHWX, a00 HEMITATHHX CHUTYyallii, 0 MOXYTh BHHHUKATH HOpU poOOOTI
o0JIaTHAaHHA.

3rigHo cXeMi Ha pHc. 2, MIKPOKOHTpOJIep omuTye ctaH gardukie D1, D2, D3, mo KOHTpOJIOITH PiBHI
HaloBHEHHsS OyHKepiB. | B 3aJeKHOCTI BiJ IX CTaHy I0/Ia€ KOMaHIM Ha YBIMKHEHHS a00 BHMMKHEHHS
€JIEKTPOJIBUIYHA IITHEKOBOTO KMBHJIbHHUKA.

3 maHeni KepyBaHHS 3AIHCHIOETbCS YBIMKHEHHS/BUMKHEHHS CHCTEMH 3aBaHTAXEHHS, a TaKOX MOXeE
3aJaBaTHCh LIBHIKICTh OOEpTaHHs [IHEKY JKMBWIIBHMKA 3aJIe)KHO BiJJ BHKOPHCTOBYBAaHOI'O MaTepiany i
MPOJYKTUBHOCTI TPOLECY EKCTPY3ii.

Jlnst CTBOpEeHHsI TporpaMu, 10 Kepye poOOTOI MIKPOKOHTpOJiepa CHCTEMH 3aBaHTa)KEHHS EKCTpyjaepa
OyJ10 po3po0IIEHO ANTOPHUTM ii pOOOTH, SIKMH IPECTABIEHO Ha puC. 3.

3rizHO PO3pO0IICHOMY AJITOPUTMY CHCTEMa 3aBaHTa)KEHHS €KCTpy/iepa MPaIlo€ HACTYITHUM YHHOM.

BMukaeThest JKUBIIEHHS BCiX OJIOKIB i arperariB eKcTpyAepHol JiHii. MikpoKOHTpoep, 3TiqHO MporpaMu
OTIUTY€ CTaH BCIiX JAaTYHKIB, III0 BCTAHOBIICHI B OYHKEpax eKcTpyIepa.

Skmo craH naTymka Benukoro OyHkepa D1=0, To 1ie cBiguMTh PO HASBHICTH B HHOMY Marepiaiy, sIKIIO Hi
(D1=1), To MiKpOKOHTpOJIEp Ja€ KOMaHIy Ha yBIMKHEHHS 3BYKOBOTO a00 CBITJIOBOTO CHUTHAJly NMPO HEOOXiIHICTH
JOT0 HAIIOBHEHHS.

B mpomeci pobOTH MiIKpOKOHTPOJIEPOM IIOCTIHHO OIIHIOEThCA CTaH AAaTYMKa HANOBHEHHS pPOOOYOro
oynkepa D3. Skmo D3=I1, To piBeHp MaTepiasy B OyHKepi HEJTOCTaTHIM TO MOJA€ThCS KOMAaHIAa HAa yBIMKHEHHS
JIBUTYHA [ITHEKOBOT'O XUBUJIBHUKA 1 BiIOYBA€THCS HATOBHEHHS po0O0YOro OyHKepa eKCTpyepa MaTepiaoM.

[Ipornec HatoBHEHHS pobovOT0 OyHKEpa TPHUBAE 10 THUX Mip JOKH CTaH APYTOro AaTYHKA (BEPXHBOTO PiBHS)
He cranoBuTMe D2=0. Toxi nosaeThcst KOMaHAa Ha BAMKHEHHS €JIEKTPOIBUTYHA IITHEKOBOTO JKUBHIIbHUKA.

[Ticns 3ynuHEHHS Mojjadi Marepiary *XMBUIBHUKOM B poOoUMidi OyHKEp IPOJOBKYETHCS MPOLIEC KOHTPOIIIO
crany matuukis D1, D3.

IIponec HOpManbHOT POOOTH EKCTpyAepa MPOTOBKYETHCS A0 THX Iip JOKU HE BiIOYICTHCS 3MiHA CTaHy
OJIHOI'O 3 JATYHKIB.

Bymn po3pobieHi oONTHYHI JaTYMKKW CHUCTEMH 3aBAaHTKEHHs EKCTPyAepa Ha OCHOBI IITHEKOBOTO
XKUBWIbHUKA. L{i aTYMKK MalOTh TIepeBaru:

- BHCOKAa pO3IUTbHA 3JaTHICTH 1 TOYHICTE MPH poOOTI 3 OyAb-IKMMH MaTepianaMu (MaTOBHMH,
OJINCKYYHMH, CBITJIMMH i TEMHUMH TIOBEPXHSIMH);

- BHUCOKa HaJlIHHICTh BUMIPIOBaHb HABITh MPU CHJIbHIH KOHTPACTHOCTI;

- TIOPTaTHBHICTh ra0ApUTHHUX PO3MIPIB JATUHKIB.
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Puc. 3. Alroputm poGoTH CHCTEMH 3aBaAHTAKEHHS eKCTPYy/Aepa

HeoOxinHicTe po3p00KH KOHCTPYKIII YyTJIMBOTO €JIEMEHTa ONTHYHOTO JATYMKA, IO BCTAHOBIIOETHCS B

OyHKepi ekcTpyaepa 00yMOBIIeHa HACTYITHIMHU OCOOMBOCTSIMH HOTO poOOTH:
CBITJIOBHI MOTIK ONTHYHOI Mapy MOBUHEH MEPEPUBATUCH TANBKU TOZi, KOJIM PiBeHb IPaHYILOBAHOI'O

MOJIIMEPY JOCSATHE MIEBHOTO 3HAYCHHS;
- ONTHYHA MMapa JaT4YMKa MMOBHHHA OyTH 3aXWICHA BiJi BUIAIKOBHUX MEPEPHBAHb CBITIIOBOIO MOTOKY

NaJal0uyUMH IpaHyJIaMH MaTepiaiy, [0 MOJa€ThCsl B OYHKep ITHEKOBUM JKUBHIIbHUKOM.
3anpornoHOBaHO KOHCTPYKIIIO YYTIMBOIO €IEMEHTA ONTHYHOIO JaT4YHKa, 10 MPeACTaBlieHa Ha pUC. 4.
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Puc. 4. CkinaganbHuii KpecjaeHHK YyTIHBOIO eJ1eMeHTA ONTUYHOT0 AATYHKA ISl KOHTPOIIO PiBHS MOJiMepHHX rpaHy. B OyHKepi
excrpyaepa: 1 — kponureiin; 2 — ingpayepBonuii poroenement; 3 — indppayepBoHHUii cBITI0TI0T
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Kponmrreiin 1 (puc. 4) BUTOTOBIICHHH 3 aIOMiHIEBOTO 200 CTAIBHOTO JIMCTA TOBLIIMHOIO 3 MM.

Konerpykuisi natunka nependavae 3akpiluleHHs iHppadepBoHOro doroeneMenty 2 i iH(ppauepBOHOTO
CBITIIOAI0/1Y 3 y BIANMOBITHUX MO3MIISX HAa KPOHIITEHHI 1 32 JONOMOTroI0 KJIet0, HAPUKIIA EIOKCHIHOT CMOJIH.

Yy TnuBi eJIeMEHTH KPIIUIATHCS Ha BHYTPIMIHIKA Oi4HIN MOBepXHI OyHKEpiB 3a JI0IIOMOTr00 TBUHTIB M6.

3aBIsSIKM TaKii KOHCTPYKIIT 4yTIMBOTO eJIeMEHTa I'PaHyJId MaTepialy MOTPaIuIfioTh B Yy TVIMBUH ONTHYHUN
MIPOMIXKOK TiJIbKHM IIPY HaIlOBHEHHI i CITyCTOLIEHHI OyHKepa.

BHCHOBKH 3 JaHOT0 AOCTIIZKEHHS i MepCNeKTHBH MOJANBIINX PO3BIIOK Y JaHOMY HANPAMI
1. 3 METOI YIOCKOHAJIEHHS CUCTEMH 3aBaHTaKCHHS EKCTPYAepa PO3POOICHO CTPYKTYPHY CXEMY CHCTEMH
3aBaHTKEHHS CKCTPyIepa i alTOpUTM POOOTH PO3pOOIEHOI CHCTEMH, SKUH MOKe OYTH OCHOBOIO IUII PO3POOKH
MIPOTPaMHOTO 3a0e3NeueHHsI MiKpOKOHTpOJIepa.
2. Po3po0neHO KOHCTPYKIIIO 1 3alpoNOHOBaHO ENEKTPUYHY CXEMY ONTHYHUX JaT4HKIB CHCTEMHU
3aBaHTa)XEHHS EKCTPYy/Iepa Ha OCHOBI ITHEKOBOTO KHMBUIJILHHKA.
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