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CUCTEMA PIBHOMIPHOTI'O PO3IIOALNTY CUHTETHUYHOI'O ITYXOBOI'O
HAITIOBHIOBAYA B KAMEPI TEKCTHUJIBHOI'O BUPOBY CIIOCOBOM
PIBHOHAITPABJIEHUX CTPYMEHIB ITIOBITPS

Y cmammi poszensidacmucs npoyec HanoGHeH s Kamep Oemaieli 3UMO6020 6ePXHbLO20 0052y CUHMEMUYHUM NYXOM
3a O0ONOMO20I0 CMPYMEHs CHMUCHYMO20 Nogimps. AHAN3yIOmbcsi OCHOGHI NpoONeMu  HEPIGHOMIPHO20 PO3NOOLLY
HANOBHI06AYA, 30KpeMa 1020 azpe2ayis, eneKmpocmamuyHi epekmu ma enaue mypoyieHmuocmi nomoxy. 3anponoHo8aHo
MOOelb NpUCmpoio, AKUU A8MOMAMU3ZVE PIGHOMIDHUL PO3NOOIN CUHMEMUYHO20 NYXY 8 Kamepi oemani 3a 00ONOMO2010
Kepo8aHux KOPOMKOUACHUX imMnyavcie nosimpa. Hasedemo ocnosmi isuuni napamempu npoyecy ma pieHAHHA DYXY
YACMUHOK NYXy 6 NOGIMpAHOMY nomoyi. Bnpoeadcenna maxozo npucmpoio 003801umMsb ONMUMI3yeamu GUpoOHUYMEo,
SMEHWUMU UMPAMU 4aACy Ma NOKPAWUMU AKICMb YMENII06ANIbHUX MAMEPIAnie.

Kniouosi cnosa: cunmemuunuil nyx, cmuchyme nogimps, aepoOuHamiuHuil onip, agmomamusayis, mypoyneHmuui
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A SYSTEM FOR THE UNIFORM DISTRIBUTION OF SYNTHETIC DOWN FILLER IN THE
CHAMBER OF A TEXTILE PRODUCT USING MULTIDIRECTIONAL AIR JETS

The article investigates the problem of uneven distribution of synthetic down filler in the chamber of a garment part prior to the
quilting operation. The filling process occurs using specialized equipment with compressed air. After passing through the nozzle, the
microfibers of synthetic down clump together under the influence of compressed air within the chamber, significantly complicating further
processing and necessitating additional manual preparation before quilting. An innovative solution is proposed in the form of a device to
automate the distribution of the filler using multidirectional jets of compressed air with programmable pulses. Mounted on the nozzle of a
down-filling machine, the device ensures uniform distribution of the filler by precisely adjusting the direction and pressure of the air based
on the required particle displacement distance. The physical properties of synthetic down, such as its lightness, tendency to aggregate, and
electrostatic effects, are analyzed, along with its aerodynamic characteristics: the mass-to-surface-area ratio, chaotic behavior in laminar
flow, and the formation of vortex flows. Particular attention is given to the impact of turbulence, which aids in loosening the down but can
lead to particle sedimentation if excessively intense. The process is modeled using principles of fluid and gas mechanics, specifically
equations of aerodynamic drag and force equilibrium, taking into account air velocity and pressure, as well as the mass and density of the
down. The device’s development aims to enhance production efficiency by reducing the time and costs associated with part prep aration.
Future research involves creating a prototype and conducting experimental validation to confirm theoretical calculations and assess the
practical applicability of the development in real production conditions.

Keywords: synthetic down, compressed air, aerodynamic resistance, automation, turbulent flow, uniform distribution.

IHocTaHoBKa MPo0JIeMH y 3arajJibHOMY BUIJIAI Ta
il 3B’5130K i3 BasKJIMBMMH HAYKOBUMH Y¥ NPAKTUYHUMM 3aBJIaAHHAMH

[Ipy BUTOTOBIICHHI BEPXHBOTO OAATY 3 CHHTETHYHHM IYXOM, BXKHM Ta TPYJOMICTKHM IPOLECOM
SIBISIEThCS TIPOLIEC HAIOBHEHHS KaMepw paerani ofsary. HamoBHeHHsS BinOyBaeTbcs Ha CIELiasli30BaHOMY
o0JaiHaHHI 32 PaXyHOK 3aJyBaHHS CTHCHYTHM IIOBITPSM HAIllOBHIOBa4a B IOIIEPEIHBO IiTOTOBICHY KaMepy
neraini. [Tpu mpoxo/pkeHHI IMyXy 4epe3 COIUIO MAaIlIWHHM, BiH 30MBA€ThCS B IPYJIKY HE PO3XOSYUCH 110 Kamepi
JieTati, 10 Ha/laJli YHEMOJKIIMBITIOE pOOOTY 3 TaKOIO IETAJUTI0 0e3 I0JaTKOBOT PYYHOI HMiIrOTOBKH.

Hamm pmocnimkyeTscst mpomec po3mojuly CHHTETHYHOTO IyXy IO KaMmepi AeTali 3a JOHOMOTOI0
KOHTPOJILOBAHOTO, PI3HOHAIPABJIEHOT 0, CTPYMEHIO CTUCHYTOTO OBITPsl. TakHii Ipolec 103BOINUTh BUKIIOUUTH,
a00 MiHIMI3yBaTH JOJATKOBY IMiATOTOBKY JeTaji Iepen omeparicro cTiOanHs. ['0JIOBHOIO MpoOIeMO0 €
BHM3HAYEHHS NEpPEMIIEHHS] YaCTHHOK CHHTETHYHOTO IyXy 3a JOTOMOTOI0 CTPYMEHIB CTHCHYTOTO TOBITPS IO
Kamepi Jeradi.

Buknan ocHoBHOro Martepiany

Jns yTemneHHsT BEPXHbHOTO 3UMOBOTO OJTY BHUKOPHCTOBYIOTbCS pi3HI HallOBHIOBaYi, OAWH 3
HAMPO3MOBCIOKEHINX € cuHTeTHYHUH myX|[ 1]. [Iporec HAMOBHEHHST KaMepH JIeTalli BiI0yBa€eThCS 3a paXyHOK
CHelialli30oBaHOr0 00JIagHAHHS, SKE MPALIOE 32 PAXYHOK CTUCHYTOTO MOBITpsS. MiKpo BOJIOKHa CHHTETHYHOTO
yXy HiJ] €10 CTUCHYTOTO MOBITPsI IPH IPOXO/PKEHHI Yepe3 TOHKE COIIJIO MalllMHK 30MBalOThCs B TPYIKY pHcC. 1.

3ajy1s aBTOMAaTH3aLlil MPOLECY PO3MOIULY, MH ITPOIIOHYEMO PO3POOHTH TPUCTPIH, SKUH JO3BOJHTH 32
PaxyHOK pi3HOHANPaBJICHUX CTPYMEHIB CTUCHYTOT'O HOBITPSI, TPOrPaMOBaHUMHU KOPOTKOYACHUMH IMITYJIbCaMH
CTHCHYTOTO MOBITPs, PO3MOAiTy CHHTETHYHOTO HAIOBHIOBada 10 00’€My KaMepH Bimpasy micis omeparii
HamoBHEHHA. [IpHCTpiii BCTAaHOBIIOETHCSA HAa COIUIO MyXO-HAOWBHOI MAIIMHM 1 BHUIVIAJA€E SIK HAKOHEYHUK 3
pi3HOHANPaBICHUMH COTUIaMH. J{J1s1 pIBHOMIPHOTO PO3MOAITICHHAM OyIyTh BMHKATHCh COIUIA B TOMY HAIllPSIMKY
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B IKOMY HOTPiOHO TIEPEMICTUTH YaCTHHKH ITyXY, Ta 3 BEIMIMHOIO THCKY BiATIOBITHO MT0 BiACTaHI MepeMilIeHHS
YaCTHHOK IyXY.

Puc.1. Kamepa nerajii HAIOBHEHA MyXOM Puc.2. Kamepa neraui 3 piBHOMIpHO po3noaiieHnM
MyXoM

1. [Tyxo-HaOuBHA MallIMHA
2. Comro MammHY Yepes3 sIKe TOA€ThCS MyX i JII€F0 CTHCHYTOTO TIOBITPSI
3. Kamepa fetani 3 3aQyTUM ITyXOM
4. Comuto mpHUCTPOIO Yepe3 sKe Mae KOPOTKOYACHO MO[aBaTHCh HAIPABIICHE MOBITPsI IS PO3MOIICHHS MyXy MO KaMepi AeTasi
5. BIIoK KepyBaHHs NPHCTPOEM
6. [lenans yBIMKHEHHSI TIOadi TIOBITPSI
7. Perynsatop THCKY 3 MaHOMETPOM
Pucynok 3 — Cxema nyxo-Ha0MBHOI MALIMHHU 3 MPUCTPOEM /ISl po3nojijieHHs [6]

Jnst mepeMillieHHs TI0 KaMepi JeTalli YaCTHHOK IyXY, 3a JONOMOIOI0 Pi3HOHANpPAaBJICHUX CTPYMEHIB
TOBITPsI, MOTPIOHO BPaxOBYBaTH HOTO (hi3WUHI XapaKTEPUCTUKU.

OCHOBHHM XapaKTEePUCTHKaMH CHHTETUYHOTO ITyXOBOT'O HAIlOBHIOBaua [5] €:

— JlerkicTp. IlITydyHWi TyX BUTOTOBIAETHCS 3 TMOJNieipHAX BOJOKOH, SIKi MalOTh Maly Macy Ta
BEJIMKHI 00’ €M, 3aBJISIKH YOMY BiH T0Ope yTPUMY€ MOBITPSI, 3a0€3MeUY0YH TEIUIOI30JIAIIIIO.

— 3pmaTHicTh 10 arperanii (3numanHs). [Ipy miaBHIIEeHIH BOIOTOCTI, 200 BiJl HAKOITMYCHHS CTATHIHOTO
3apsay, MiKpOBOJIOKHA CHHTETUYHOTO ITyXy MOXYTh 3JIMIIATHCh MK CO00I0.

— Enexrtpocratnunuii epexr. CHHTETHYHI BOJOKHA INTYYHOTO ITyXy MAlOTh IiABHIIEHY 3/1aTHICTH
HAKONIMYyBaTH CTAaTHYHHUHA 3apsl], [0 B CBOIO Yepry MOKe MNPU3BOAWTH A0 3JHIAHHSI MK co0oro, abo
MPWINIIAHHS 0 TPyOONPOBO/IB IIPH TPAHCTIOPTYBAHHI TOBITPSIHAM IIOTOKOM.

MiKpOBOJIOKHA CHHTETHYHOT'O HAIIOBHIOBaYa MAalOTh CKJIaJ[HY F€OMETPUUHY (hOpMY, 32 paXyHOK HOTO
MaloTh CHEUM(iYHy IMOBEAIHKY B IMOTOIIl CTHCHYTOTO MOBITpA. ST HOCSATHEHHS PIBHOMIPHOTO PO3MOMITY
YaCTHHOK IO Kamepi JieTalli, oTpiOHO BpaxOBYBaTH 3aKOHHU a€POJIMHAMIKH Ta BIUIUB TypOyJIeHTHOCTI.

OCHOBHI aepOAMHAMI4HI BIIACTUBOCTI CHHTETUYHOI'O ITyXOBOT'O HAIIOBHIOBAYa:

— BigHomeHHs MacH 10 IUTOIII TOBEPXHI

— Ilorano nporHo3oBaHi pyxu B JlaMiHAPHOMY ITOTOLI Yepe3 XaOTHYHI B3a€EMO3B’I3KH MK BOJIOKHAMH.

— UYepes npiOHiI BOJIOKHA MOXKYTh YTBOPIOBATHCS] BUXPOBI IIOTOKH

Takox NOTpiOHO BpaxoBYBaTHW BIUIMB TypOyJeHTHOCTI Ha posmoxin yactuHok [2]. Ilpm pyci
CTHCHYTOTO MOBITPsl depe3 (OPCYHKH BHUHHUKAE TypOyJIEHTHHH TOTIK, AKMH CIpHs€ Ol piBHOMIPHOMY
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MEPEMILIEHHIO MMyXYy, TaKOXX TypOyJICHTHI BHXOpH OyAyThb pO3IyNIyBaTH YacTHHKH IyXy Ta 3MEHIIYyBaTH
3JIMIIAHHS YaCTHMHOK MiX coboto. [Ipobiemoro Moxke OyTH HaaMipHa TYpOYJIEHTHICTD SIKa MOXE CIPOBOKYBATH
OCiJIaHHs YaCTHHOK Ha CTIHKax KaMepH.

[ToOynoBa Ta po3paxyHOK TaKOi CHCTEMH 3BOAUTHCS 10 OMUCY JUHAMIKH IIOTOKY HOBITPS , B3a€EMOJIII 3
IyXOM 1 Horo nepemimeHHs B cepeoBulli. [ boro BUKOPUCTOBYIOTh IIPUHIMITA MEXaHIKU PifHH 1 rasis, a
TaKOX EJIEMEHTH T'iJIPOIUHAMIKH Ta aepoJuHaMik [3].

OcHOBHI (haKTOpH sIKi IOTPIOHO BpaxyBaTu:

— lIBuakicTe MOTOKY HOBITPS vV - OAMH 3 OCHOBHUX IapaMeTpiB, L0 BU3HA4Yae e(EKTUBHICTh
TIepeMIiIIeHHS IMyXy.

— THCcK MOBITPSL p - THCK, IO CTBOPIOETHCS IS TIOAOIAHHS ONOPY MOBITPS 1 HEpEMIIEHHS MTyXY.

— Maca nyxy m i TyCTHHA TIYXY Onyx

— AepoarHaMigHHH OTIip — OTIip MOBITPS, AKUH HATAETHCA YACTHHKAM ITyXY IIi [l 9ac iX mepeMilIeHHs.

YacTHHKY IyXy MOKHA MOJICITIOBATH K MaJli TBEP/Ii YACTUHKHU B TIOTOLI MOBITPS, VIS AKUX i€ CHIIa
aepoauHaMiqHOro onopy. [IpucKopeHHs: YacCTHHOK MyXy MOXKHA ONMHCATH PIBHSHHAM [4]:

m-a = FHOBiTpﬂ - Fonip

Ie:

m — Maca 4YaCTHHKH IIyXy,

@ — TIPUCKOPEHHS YaCTHHKU ITyXY,

Frositps — CHJIa, IO CTBOPIOETHCS IOTOKOM TIOBITPS (3aJIS)KUTh Bij MIBUAKOCTI TIOTOKY 1 HANPSAMKY),

Fonip — cuiia omnopy, sika 3alieXKUTh BiJ aepoJMHaMIUHUX BJIACTUBOCTEH MyXy (BpaxoBye po3Mmip,
¢dbopMmy, Ta HII XapaKTEPUCTUKH).

AepoarHaMIYHHHN OITip MOXHa onucaTy depe3 piBHsAHHA CToKca (JUIs MajMX YaCTHHOK) a00 piBHSIHHS
U TypOyJIeHTHUX MOTOKIB (U OUTBIIAX YaCTOK):

— 2
Fonip - EcdpnosiTpﬂAv

ae:

Cy— KoediLieHT aepoIMHAMIYHOTO ONOPY (3AICKUTH Bl (JOPMHU Ta pO3MIpY YACTHHKH),

P nositps — TYCTHHA TIOBITPS,

A — mioia nonepeyHoro nepepizy YacTHHKY MyXY,

¥ — MIBUIKICTB TIOTOKY TTOBITPS.

PiBHstHHS piBHOBaru: SIKIo nepen0oavyaeThesl, Mo MOTIK MOBITPS MAE CTATY IIBHU/KICTD 1 YACTUHKH ITyXY
JOCATIN CTa0UIFHOTO TIOJIOKEHHSI B TOTOII, MOKHA BCTAaHOBHTH PIBHOBary MiXK CHJIOIO, SIKY HaTa€ MOTIK
MOBITPS, 1 CHIIOIO OTOPY, IO /i€ HAa YaCTHHKY MyXy. Lle 103BOJIsIe BUBHAYUTH XapaKTep PyXy YACTUHKH MyXY,
30KpeMa HOoro MIBUAKICT y MOTOIII.

B3aeMoniss 4acTHHOK myXy Mik co0or0: Y pealbHHX yMOBaX 4acTO BiOYBAaeThCS B3aEMOMIIST MiXK
YaCTHHKAMH MyXY, IO MOXXE CIPUYUHATH 3MiHYy TPaeKTOpid iX pyxy dYepe3 Cwid 3rpymnyBaHHs abo
BiJIITOBXYBaHHsI. 1[f0 B3a€MO/Iif0 MOYKHA OIUCATH Y€pe3 CUCTEMY PiBHSIHB JUI KOXKHOI YaCTUHKH B MOTOII, 3
ypaxyBaHHSM BiZICTaHI MiXK YaCTHHKAMH Ta X MacH.

BucnoBku

[Tpu BUTOTOBIIEHI 3UMOBOTO BEPXHBOTO OJSTY 3 CHHTETUYHHMM ITyXOBHM HAIIOBHIOBa4YeM OJMH 3
HAWCKJIaJHINIMX Ta TPYMOMICTKHX IPOIIECIB BUPOOHUIITBA € HAIIOBHEHHS KaMEpH JAETalll MyXy 3 MOAAJIbIINM
Horo po3cTiOyBaHHSIM. 3a paXyHOK CKJIQJHOILIB POOOTH 3 CHHTETHYHUM IITYYHUM HAIIOBHIOBAYE€M BHHHKAE
mpobisiemMa 3 HOro piBHOMIPHUM pO3MOIUICHHS IO Kamepi aeTaiti. MexaHi3allis [[bOro MpoIeCy JT03BOJUTH
3HAYHO 3MEHIIIUTH Yac Ta BAPTICTh BUTOTOBIICHHS OJIMHHUII TOBApY.

3anpornoHOBaHO MOJIENIb MPUCTPOIO JUISi PIBHOMIPHOTO PO3IMOJINICHHS CHHTETUYHOTO ITyXOBOTO
HAMOBHIOBAYa MO Kamepi JeTali, 32 JOMOMOrO pPi3HOHANPABICHUX KOPOTKOYACHUX IMIYJIBCIB CTPYMEHIB
MOBITPSL.

BpaxoByrouu CKJIa/iHi aepOIUHAMIYHI BIACTHBOCTI CHHTETHYHOTO ITyXY, IS TIOIANIBIIIOTO PO3PaXyHKY
Oy/ie CTBOPEHO MPOTOTHIT IPUCTPOIO Ta MPOBE/ICHI eKCIIEPUMEHTAIbHI TOCTI HKEHHSI.
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