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Synthesis of load schemes of power elements of a ball-screw hydraulic power steering

with an axial drive structure

The well-known design of ball-screw hydraulic power steering is not without flaws - the bearing
supports of the output shaft are the most loaded elements of the unit structure, and the elastic deformation of
these supports, during operation, is the reason for the depressurization of the sealing system in this area. The
purpose of the work is to determine the layout of ball-screw hydraulic power steering with a steering arm, using
which it is possible to ensure the maximum beneficial effect from the use of a system of active unloading of the
rolling bearings of the shaft sector, increasing the load-bearing capacity and ensuring better tightness.

The study is based on the provisions of the theory of resistance of materials. The paper examines and
compares the two most common configurations for the location of the steering arm's longitudinal axis relative to
the cavity of the gear shaft: coaxial and perpendicular location. To achieve the goal, an analysis of the interaction
system of the output shaft of the ball-screw hydraulic power steering with rolling bearings, steering arm, and
rack and pinion transmission was carried out for the given two configurations. The operating conditions of the
output shaft, under its load, and the reactions of the supports are described by systems of equations. For the
purpose of comparative evaluation of the ratio of the reactions of the supports depending on the load and taking
into account the real linear dimensions of the parts, a methodology and a number of assumptions have been
developed in the work. With the help of the developed methodology, a relative comparison of the layout
configurations studied in the work was carried out, taking into account the direction of rotation of the output
shaft of the ball-screw hydraulic power steering with the steering arm installed.

As a result of the study, the composition of the ball-screw hydraulic power steering with steering arm
was determined, which allows to ensure the maximum beneficial effect of the use of the system of active
unloading of the rolling bearings of the shaft sector. The use of the steering arm installation scheme, in which the
longitudinal axis of the arm is located coaxially relative to the cavity of the gear shaft, creates prerequisites for
the development, in the future, of an active system for unloading the rolling bearings at the points of the bearing
reactions. Such a system can be implemented, for example, due to the use of hydraulics elements, thereby
ensuring an increase in bearing capacity, reducing the load on the output shaft rolling support elements and
reducing the impact of this load on the tightness of the unit.
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AHaJi3 OJHOIIAPOBOr0 PYXy 3€pPHOBOI'0O MaTeplaly y
BEPTUKAJILHOMY MTHEBMOCENApaIIiHOMY KaHal

OpHi€l0 3 BaXIMBUX IMEPEIyMOB SKICHOTO TIPOIECYy ITHEBMOCEMapamnii 3epHOBOTO MaTepiany €
CTBOPCHHS DPIBHO3HAYHHX YMOB pPO3IUICHHS U BCIX YacTOK 3epHOBOi cywmimi. [liBHIIEHHS HHTOMOTO
HaBaHTAXCHHS TNPU3BOAUTH IO TOTIPIIEHHS PO3MOILTY 3€pHOBOTO MaTepiamy Ta 30iIbIIEHHS KiTBKOCTI
3IIITOBXYBaHb YAaCTOK B 30HI Cemaparlii, 10 CyTTEBO MOTIPIIYe SKICTh PO3TIICHHS.

BpaxoByroun aHaji3 aHaTITUYHHUX JOCHIDKEHb CIIOCOOIB Ta YMOB BBEJCHHS 3¢pHA B po0OOUYy 30HY
MmHeBMocenapaiii Ha e()eKTUBHICTh (PPAaKIiHHOTO PO3AUICHHS € HEOOXIJHICTh BHU3HAYCHHS 3aKOHOMIPHOCTI
B3a€MOJIi YaCTHHOK (hpaxiiii 3epHOBOrO MaTepiay 3 HOBITPSHUM ITIOTOKOM IIPH YMOBI HOTO TOHKOLIApOBOI MOAadi.

© 0O.B. Hecrepenko, O.M. Bacunbkoscrkuii, P.B. Kicineo, B.M. Cano 2024
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B crarri mpoanamizoBaHo pyx pi3HMX (pakiii 3epHOBOI CyMimli B  BEPTUKAILHOMY
MTHEBMOCENapaliifHOMy KaHali NpH 1X OJHOIIAPOBOMY BBEJIEHHI 3 ypaxyBaHHSM 3aCMIYEHOCTI HOBITPSHOTO
MOTOKYy. B pe3ynbraTi aHaily OTpUMaHi TEOPETUYHI 3aJISKHOCTI, IO TO3BOJISIOTh BCTAHOBUTH PaIliOHABHI
KOHCTPYKTHBHI IapaMeTpy J>KHBHJIBHHUKIB ITHEBMOCENAapaliiHOro KaHaJly Ta BHU3HAUUTH Yac MepeOyBaHHS
3epPHOBOI YaCTKH B 30Hi Aii HOBITPSHOTO MOTOKY.

MHeBMoOcCeNapanisi, 3epHOBHH MaTepiaj, NHeBMoceNnapauiiiHuii KaHaJl, YMOBH BBeJE€HHS 3€PHOBOIO
Marepiany, po6oua 30Ha cenapauii

ITocTanoBka mpo6aeMu. Po3niieHHs 3epHA Ta JIETKUX JOMIIIOK B BEPTHKAILHOMY
HEBMOCEMAapaliifHoMy KaHali IMpH 30UIbIIEHHI HOro MPOAYKTUBHOCTI BiJOYyBaeThbCs 3a
JOCUTh CKJIQAHMX YMOBaX, OCKIJIbKM 30UIBIIYETHCS TOBIIMHA 3€PHOBOTO CTPYMEHS, IO
NPU3BOJIUTE A0 TEPEepO3MOJUTy YacTOK 3E€PHOBOTO MaTepiady Ta 3MEHIIye WMOBIpHICTh
BUJIIJICHHS JIETKUX JIOMINIOK B ocaaoBy kamepy [1-3]. Lle mpu3BoauTh 10 mepepo3noairy
MIBUJIKOCTEH TMOBITPSHOTO TOTOKY, 30UIbIIy€ KIJIBKICTh 3ITKHEHb 3€PHOBHX 4YacTOK Ta
TJIBUIILY€ OTip MTHEBMOCEIAPAIIHHOTO KaHAITy i €HEPrOEMHICTB TIPOIIECY PO3ALUICHHS [4-6].

OpHi€I0 3 TPUYMH TAKOTO MEPEPO3MOJALTY € KOHCTPYKTHBHE BUKOHAHHSAM OUIBIIOCTI
BEPTUKAIBHUX IMHEBMOCENapaliifHUX KaHaJiB, sIKI K MPaBUJIO KOMIIOHYIOTHCS 3 IUIOCKUMU
KOJIMBAJIbHUMH pEIIeTaMH Ta MAalOTh JOCHUTh OOMEXEHY NMPOIYKTHUBHICTh NMPH JOTPUMAaHHI
BHMOT I10 SIKOCTI ouuIieHHs [1, 2, 5 ].

JlJis migBUIICHHS] MPOMYKTUBHOCTI BEPTUKAIBHUX IMHEBMOCEHApaIliiHUX KaHAIlB €
HEOOXITHUM CTBOPEHHsSI YMOB OJIHOIIIAPOBOTO PO3MIIIECHHS 3€PHOBOTO MaTepially B 30HI
cemapailii Ha BiJICTaHi, SKa BUKIIOYAE B3a€MOJIIO IHINUX IIapiB BBeACHHs 3epHa. Lle macth
MO>KJIUBICTh OUIBIIIOCTI 3€pPHOBUX YaCTOK Mepe0yBaTH B OJHAKOBHUX YMOBAaX Ta 30LIBITUTH
BIZICOTOK BipOTiIHOCTI BUIUICHHS B 0CaJJOBY KaMepy /10 MaKCUMaJIbHOTO 3HAUCHHSI.

ToMy HOCUTH BaXKJIMBOIO 337a4€i0 € TEOPETHYHUN aHalli3 PyXy CHpSIMOBaHUN Ha
JOCIIJKEHHSI B3a€MO/Iii YaCTUHOK 3€pHOBOI CyMiIlll 3 MOBITPSHUM IOTOKOM 3 ypaxyBaHHIM
OJIHOIIIAPOBOTO PO3MIIMICHHS JEKUIPKOX 3EpPHOBHX IMapiB 3 ypaxyBaHHAM 3aCMIYE€HOCTI
MOBITPSHOTO TOTOKY JIETKUMH JIOMIIIIKaMH B 30H1 Cemaparii.

AHani3 ocTaHHiX fochaimkeHb i myOuaikamii. I[IpoGiemarnka TOCHIIKEHHS
3aKOHOMIPHOCTEH B3a€MOZIl 36pHOBOIO MaTepiany 3 MOBITPSIHUM TMOTOKOM 3aJHMIIAETHCS HE
MOBHICTIO BUBYEHOIO, OCKUIBKH IMIBUAKOIUTMHHICTh 3MiHU TPOLECIB PyXy YaCTHHOK 3€PHOBOI
CyMillli € B3a€MO3AJEKHUM BiJ BEIUKOI KUIBKOCTI (DaKTOpPIB, 110 BHHUKAIOTh B MPOIEC]
nHeBMocemnaparii [3, 4, 7 .

AHaTITHYHUMU JTOCHIKCHHSIMH TIPOIECY B3a€MOJII 3epHa 3 TMOBITPSHUM IMOTOKOM
3aiimanuce Oararo BueHux [5-11], ane mpu 1bOMYy CyTTE€BHMI BIUIMB Ma€ caMme MOYATKOBI
YMOBH TOTpAIUISHHS 3€pHOBOI CyMilli B poOo4y 30HY cemaparlii, siki 3HaYHO 3MIHIOIOTh
po3TanTyBaHHs Ta B3a€MOJIIIO BCIX YACTHHOK 3€PHOBUX ()PAKIIii B IOBITPSIHOMY MOTOLII.

3a pe3yibTaTaMu JIOCHITKeHb BU3Ha4YeHO [3, 4, 6 |, mo B 3Ha4Hii yacTuHi poOoUoi
30HM ITHEBMOCEMApaliiHOTO KaHaly pO3MAUICHHS 3epHa BigOyBaeThCsi Hee()EKTUBHO.
[TprunHOIO IHOTO € HEPIBHOMIPHE 3aBaHTAXECHHS 3€PHOBOTO MaTepiaiy, B pe3yJbTaTi SIKOTO
CIIOCTEPITAETHCS MEPEPO3IOAUT MIBUIAKOCTEH TOBITPSHOTO TOTOKY, 30UIBIICHHS 3HAYHOT
KUTBKOCTI 3aCTIHHUX 30H, 1110 TPU3BOJIUTE IO CYTTEBOTO 3MEHIICHHS €)EeKTUBHOCTI cemapariii
[4,7,13].

B po6Gorti [10] aBTOpOM BH3HauY€HO €(PEKTHUBHICTh MHEBMOKAHAIy B 3aJIEKHOCTI BiJl
3MIHHM HIMPUHHU THEBMOCENapaTopa Ta aepoJUHAMIYHUX BJIACTHUBOCTEN 36pHOBOTO MaTepiaiy,
HAa OCHOBI 4YOro OTpPHUMaHI MaTeMaTW4yHi MoJeil JAMHAMIKH KOMIIOHEHTIB CyMilled s
OBOYEBHX KYJIBTYD.

[MuTaHHs PO3MOALTY KOMIIOHEHTIB 3€pHOBOI CyMillll y HW)KHIM 30HI BEPTHKaIHHOTO
KUIBIIEBOTO IMHEBMOCEMApaIliifHOr0 KaHaly po3mIsiHyTo B pobotri [11] Ta moBemeHo
MO>KJTUBICTh (DPAKI[IOHYBAHHS 3 HUKHIM CXOJIOM 3€PHOBUX YaCTOK.
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AHaNITHYHI 3aJI€KHOCTI 3MIHM IMIBUJIKOCTI YaCTWHOK CyMIIlli PYLIaHKH PHUIMHU B
MOBITPSHOMY TIOTOIII B poOOYild 30HI cemapaTopa 13 MHJIOBJIOBIIOIOUYAM TPUCTPOEM
BU3HA4YE€HO B poOoTi [12]. ABTOpOM OTpuMaHi 3aKOHOMIPHOCTI pyXy KOMIIOHEHTIB CyMillli
pYIIaHKKA PUIMHUA B 3aJEXKHOCTI BiJ IX MepeMilleHHs B poOodiil 30HI cemapailii Ta
€(EKTUBHOCTI OUUIICHHS TOBITPSIHOTO MOTOKY.

3a pe3ynbTaTaMH TEOPETHUYHOTO aHaizy aBTopamu [13] oOrpyHTOBaHO HANOIIBII
palioHaJIbHY IIJIBHICT 3€PHOBHX YacCTOK NPH 3aBaHTa)KEHHI 36pHOBOTO MaTepialy B 30HY
cemapanii Ta OTPUMAaHO YMOBHU 32 SIKUX 3aCTOCOBYETHCS MAaKCHMalIbHO MOKJIHMBE MHTOME
HaBaHTAXXCHHs 0€3 3MEHIICHHS €(PEeKTUBHOCTI MHEBMOCENapallii.

Heo0OxinHicTh 3MEHIIEHHS MIIJIFHOCTI 36pHOBOTO MaTepially B MOBITPSHOMY HOTOIII Ta
JOBEJICHHSI I[LOTO 3HAYEHHS JO BIANOBIIHUX MEX 3 METOI MOKpAIICHHS B3a€MOAIl Ta
30UTBIIIEHH] TUTONTI KOHTAKTY 3 TOBITPSM JOBOJIUTHLCS aBTOpamMu B pobotax [14, 15], mo mae
BaroMme 3HaYCHHS MPH M ABHUIIECHHI 36PHOBOTO HABAaHTAXKEHHSI HA ITHEBMOCETIApalliiHUI KaHaJ.

HesBaxkatoun Ha 3HayHy KUIBKICTh HAayKOBHX Ipallb B HaIpsMKY 3a0e3leueHHs
CHPUSATIMBUX YMOB (QHAJOTIYHMX JUIsI KOKHOT YaCTKH) TPU PO3AUICHHS 3€PHOBOI CyMillli Ha
dpakiii, MOXJIHBOCTI TOJAJBIIOT0 BJOCKOHAJICHHS ITHEBMOCEMAPAIMHUX  CHCTEM
3epHOOUYMCHHUX MAIllMH TMOBHICTIO HE BHUepmaHi. ToMy TeOpeTH4Hi JOCITIIKEHHS, CIPSIMOBaHi
Ha TIBUIIEHHS €EKTUBHOCTI pOOOTH BEPTUKAIBHUX ITHEBMOCETAPAIIMHIX KaHATIB 3 METOIO
OOIpYHTYBaHHS palliOHAIBHUX KOHCTPYKTHBHO-PEKUMHHUX TapaMETpiB € BaKJIMBOIO 1
aKTyaJIbHOIO 33]1a4€l0.

ITocTanoBka 3aBaaHHs. BpaxoByoun HEOOXiJHICT OOIPYHTYBaHHS KOHCTPYKTHUBHO-
PeKUMHHMX MapaMeTpiB BEPTHUKAJIbHUX IMHEBMOCENapaliiHUX KaHaIB Ta IX >KUBUIbHUX
OpUCTPOIB sKI 34aTHI (opMyBaTh OaraTopiBHEBE OJHOIIAPOBE BBEIEHHS 3E€PHOBOTO
Marepialy HEOOXiJHO TPOBECTH TEOPETUYHUIM aHaji3 B3aeMOJIi 3€pHOBOI CyMmimmi 3
HOBITPSITHUM NIOTOKOM B 30HI Cemapariii 3 ypaxyBaHHIM 3aCMIY€HOCTI.

Buxiaang ocHoBHOro wmarepiaay. PosriasiHeMo OJHOIIApOBUH pPyX 3€pHOBOTO
Martepially B BEpTUKaJIbHOMY ITHEBMOCEIapaliifHoMy KaHaJIi.

[Tpu ananizi 00’ekTa AOCTIHKEHh BUBHAYAEMO HACTYTHI YMOBH:

— OKpEeMO B3$Ti IIapX 3€pHOBOI CyMillli B poOoyiil 30HI KaHAy HE MEePEeMilIyIOThCS;

—3€pHOBA YaCcTKa Ta JIeTKa JIOMIIIKa MatoTh (hOpMY KyJIi 1 € OJIM3BKUMH 32 PO3MIpaMu;

— Maca OKpeMOi 3epHHHU Oibla B 0araTo pasiB Macu JIETKOi JOMIIIIKH;

— 3€pHO Ta JIETK1 JOMIIIKHA PIBHOMIPHO PO3TalllOBaH1 B KOKHOMY IIIapi.

3actocyemo JlekapToBy cuctemy koopauHaT OXY (puc. 1), y skiii Bice OY Oyne
HaIpaBlieHa B HAMPSIMKY PyXY MOBITPSHOTO MOTOKY, a Bich OX TakuM YHHOM, IO CHCTEMa
koopauHaT OXY Oyne po3TamoBaHa MpaBopyy.

[[IBuakicTe MOBITPsI V), BUOMpPAaEMO TaKUM YHWHOM, 00 MpPU TPOXODKEHHI Uepes
BEpTUKAJIBHUN THEBMOCeapamniinuii kanan (puc. 1, a):

— OCHOBHHI 3€pHOBHUH MaTepian MPaKTHYHO HE BIIXWIISBCS BiJl OCHOBHOI TPA€EKTOPIi,
110 Ma€ Miclie IPU BiJICYTHOCTI MOBITPSIHOI'O MOTOKY, TOOTO MIBHKICTh MOBITPs V), MeHIIa 3a
HIBUJIKICTh BUTaHHS 3epHa Vi ;

— JIeTKI JOMIIIKH CYTTEBO BIAXWISIOTBCS BIJI TPAEeKTOpii, sIKa Mae MICLE IpH
BIJICYTHOCTI MOBITPSIHOTO TIOTOKY, BIJMOBIHO, IIBUIKICTH MOBITPS € OUTBIIONI0 32 MIBUIKICTH
BUTAHHS TOMIIIOK Vi .

[Tpu ibOMy, IIBUIKICTB TIOBITPSIHOTO MTOTOKY ITOBHHHA 330BOJILHSTH YMOBY:

I/e.o. < I/n < V@.3. (1)

3a yMOBU NPUHHATUX MPHUIYLICHHAX OyJIe CIIOCTEPIraTUCh YiTKE PO3ALICHHS 36pHOBOT
CyMiIIIi, 3epHO Ta JIETKi JOMIIMIKH OyAyTh PyXaTUCh B MPOTUJICKHOMY HAIpPSMKY, TIPH IIbOMY
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ix B3aeMoJis Maibke BUKIoueHa. [Ipu 3aBaHTaXeHHI B MHEBMOCEMApalliiHUA KaHaJl 3€pHO
MIPAaKTUYHO HE Oy/1e BIIXWISETHCS Bl CBOET TPAEKTOPII, a JIETK1 JOMIIIKH MM THIMATUMYThCS BTOPY.

l-y C -

a) 0)
a) — pY O/IHOPIBHEBII oJa4i 3epHOBOrO Marepiany; 0) — npu OararopiBHEBil moxayi
3€pHOBOT0 MaTepiany

Pucynok 1 — CxeMa pyXy OCHOBHOI'O 3€pHa Ta JISTKUX JOMIIIIOK
Iicepeno: pospobreno asmopamu

OnumemMo pyx OCHOBHOIO 3€pHa Ta JIETKMX JOMILIIOK HpU iX pO3AUICHHI B
THEBMOCETIapaIiifHOMy KaHaJli 3 OJJHOIIAPOBUM BBEICHHSM 3€pPHOBOTO MaTepiaiy.

[Ipu 3aBaHTakeHHI 3€pPHOBOI YAaCTKU B MOBITPSIHHUM MOTIK Ha HEl OyQyTh MisITH: CUIIa
Baru P =m,g (m;— Maca ycepenHEeHOI 4acTKH, g — MPHUCKOPEHHS 3€MHOTr0 TSDKIHHS), CHIIa
iHepii m;a (a — MPUCKOPEHHS yCepeIHEHOT 3¢PHOBOT YACTKU) Ta CUJIa OMOPY MOBITPS Fyp 5

m3a+P+F =09 (2)

on.3

IBUKICTE TOBITPSHOTO TOTOKY V), Mae NOCUTH Benwki 3HadeHHs (V, =8>2 w/c),
TOMY CHJIa OTIOPY MOBITPSIHOTO TMOTOKY F,,; MPOMOpIIiiiHa KBaJapaTy BIAHOCHOI IIBUIKOCTI
yacTk [3] Ta HampaBiieHa MPOTHIICKHO 11 IIBUAKOCTI PyXy:

Em.3 = _|V|Vm3k3’ (3)

ne V =(x,y —V,)-BEKTOp WBUIKOCTIPYXY 3€PHA BIJIHOCHO MOBITPSHOTO MOTOKY;

k; — koedilieHT MapyCHOCTI 3epHa 3 YpaxXyBaHHSIM 3aCMI4EHOCTI TOTOKY.

k,=k -k, (4)
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e k, — xoediuientnapycHocTi 3epHa;
kso— XoedimieHT, SKANW BpPaxXOBYE BIUIMB JOMIIIOK Ha OMIp TEPEeMIleHHS B

3acMidYe€HOMY TOTOII, k4 =1,03...1,05.
B npoexkmisix Ha oci cuctemu OXY piBHsiHHS (3) HaOyBa€ BUTIISALY:

=i+ (G =V, ) sk, ; )

gt B+ (-1, (G -V)k,.

l'opu3oHTambHA Ta BEPTUKATBHA CKIIAA0BI MIBUIKOCTI 36PHOBOT YaCTKU 3MIHIOIOTHCS B
Mexax, BigmosizHo, 0,5...0,7 m/c 1 0,1...0,2 m/c. Bouu € Habarato MeHI 3a HIBHAKICTH

MOBITPSTHOTO TTOTOKY, TOMY:
=&+, =

13 ypaxyBaHHSAM LbOTO PIBHSIHHS (5) NPUIUMYTh BUTJIAL!

V,-3|=V, (6)

i=—Vik,; -
j} = ka'(l/n2 - V823)

ey — | — WBHAKICTHBUTAHHS3EPHOBOT YACTKH.

8.3.
3

PiBusinns cuctemu (7) € He3anexxkHUMH. [[OHIKYEMO TOPSAAOK PIBHSHB Ta 3aMIHIOEMO
X=u, y=v

u=-Vuk;
"} = k3 (I/nz - I/szf)

PO3ALITIOEMO 3MiHHI:

du _ —V k.dt;

n'vs
u

dV = k3 (I/nz - Kai)dt’
MIPOIHTErPyEMO

Infu|= ¥,k +InC;;
V= k3(I/;'12 _I/@.23.)t + CZ’

ne C;,C>— mocCTiliHi IHTEerpyBaHHS.

Bukonyemo 3BOpOTHI 3aMiHU

. -V k
x=Ce "™,

y=k,(V] -V )t+C, ®
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[IpoinTerpyBaBiu cucTeMy piBHIHD (8), OTpUMaEMO

LS B Cs;
—V,k, 9)

y=k

3

(2-r2)5+Cac,

ne Cs,Cy- MOCTINHI IHTErpyBaHHS.

[Mocriitni interpyBanus C;,Cs, C3,Cy 3HaAXOIUMO 3 TPAHHYHUX YMOB
x(0)=0, £(0) =iy, y(0) =0, 7(0) = - (10)
3 piBusHB(8)—(10) oTpuMaemo:
C =%, C, =Yy, C3:W]0€3:C4:O- (11)

[Mincrasusmm piBHsHHA (11) B (9), oTpumaemo:

Xo

x= (1—e """,
V.k, (12)

y=k (V2 =V )5+ it

[lepmie piBHSHHS M03BOJSIE BU3HAYUTH 4Yac f, 3a SKH 3epHOBAa YacTKa MPOXOAUTH
BIJICTaHb BiJ MEPEIHBOI CTIHKA IMTHEBMOCETAPYIOUOTO KaHaly /10 3aJHbO1 CTIHKH, TOOTO dYac,
KU 4acTKa 3HaXOAWThbcs B KaHami. [Ipu mpomy, sikio rmmbOuHa kanamy L, To 4dac ¢ Oyne
PO3B’A3KOM IIbOTO PIBHSIHHS

C=—20 (1—¢ "t (13)
V.k,

3 piBusHHA (13) BU3HaYaeMo yac nepeOyBaHHS YaCTKU B THEBMOCENApYIOUOMy KaHaJIi:

R N PR (14)
V; k3 xO

I'padiuna inTepmperanis (puc. 2) orpumanux 3anexnocrerd (12) — (14) mosBosse
BHU3HAYUTHU MOXJIUBICTH 1 YMOBH PO3/LICHHS 3€pPHOBOI CyMillli Ha pakiii.

Ha ocHoBi rpadiunux 3anexHoctelt (puc. 2) MOKHA 3pOOUTH HACTYTIHI BUCHOBKH.

JIns 3epHOBOTO Marepiaiy, IO XapaKTepU3yeThCs TOKAa3HUKaMU KoedilieHTa
napycHocti k, = 0,075...0,12 — nns moBHomiHHOTO 3epHa, k, = 0,11...0,14 — mus
HEKOHAMLIHHOTO 3epHa Tak, = 0,125...0,55 nmnsg Jerkux JOMIIIOK, CHOCTEPIraeThes
MOYKJIMBICTh YITKOTO PO3/IIIEHHS 3€pPHOBOI CyMilli Ha (ppakxiii, mpu BIAMOBIIHUX MapaMeTpax
Ta peKUMax poOOTH ITHEBMOCETIAPYIOUOro KaHaly 32 YMOBH OJHOLIAPOBOTO BBE/ICHHS.
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Y1), m | v, m
k=0125..055 | — o
0.1 — '- |k =0125.055 1 1 1= =
k,=011..0.14 - 0,05 |———————= =
0,05 , 0 ]
- _ -0,05
() | - -0.1 5
e il =
0,0 \ Bi15 1 \
0,05 | | Pl ! N
k=0075..012 | | | s gl
01— | \ 0S5 -
\ k=0,075..012] _+~ \
o3|l———
-0,15
0 002 004 0,06 0,08  x()m 0 002 004 0.06 008  x(0), m
a) 0)
i)™
0,2 ! | I { =
k,=0,125..0,55 F
0,15 ‘ I S i e S =
0.1 k=0,11..0,14 | +
: i )
0,05 e
0

K=0075..012 | 1

-0'150 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08

B)

a) — KyT 1ojayi 3epHa B kaHaji 40° B HaNpsIMKY J1ii BEKTOpa UIBUKOCTI MOBITPSHOTO ITOTOKY;
0) — KyT nojaui B kaHas 40° B IPOTHIIC)KHY CTOPOHY HANPSIMKY il BEKTOpA LIBUAKOCTI HOBITPSHOTO MOTOKY;
B) — KyT nojia4i B kanaj 0° B CTOpOHY Jiii BEKTOpa ILBUIKOCTI MOBITPSIHOTO TIOTOKY

x(1), M

Pucynok 2 — TpaekTopii moap0Ty Ta pO3IOALT Mo PpakIlissx 3epHOBOTO MaTepially 3a yMOB: IIBUIKICTh BBESACHHS
B KaHaI X,=0,5 M/C, BHUIKICTh MOBITPSHOTO MOTOKY V, =7,5 m/c
IDicepeno: pospobneno agmopamu

BcranoBneno, mo mpu mogadi 3epHOBOTO Marepiany g Kytom 40° B CTOpoHY
HanpsMy Aii BeKTopa IIBUIKOCTI MOBITPSHOTO MOTOKY (puc. 1, a), Ha riaubuHi kanamy L =40
MM CTIOCTEPITAETHCS TTOBHE PO3AUICHHS Ha (PpaKIlii JErKUX JOMIIIOK Ta TTOBHOIIIHHOTO 3€pHA.
[Ipu oMy, BCTAaHOBUBIIM B THEBMOCENAPAIifHOMY KaHaJli IIBUKICTh MOBITPSHOTO MOTOKY
V,=17,5 m/c, Ha TmubuHi L =100 MM MaeMO MOKJIUBICTh BUAUICHHS 10 96% JE€rkux ITOMIIIOK
B 0CaJI0BY KaMmepy. AJie pH LiboMy OyayTh BTpaTH MOBHOLIIHHOTO 3€pHA Y BIAXOIH.

[Ipu BBeaeHH1 3epHOBOTO MaTepiary i KyToM 40°B MPOTHIIC)KHY CTOPOHY HAMPSMKY
Jii BEKTOpa MIBUAKOCTI MOBITPSHOTO MOTOKY a00 TOpu3oHTambHO (pHuc. 2, O, B) BTpar
MOBHOIIIHHOTO 3€pHA MPAaKTUYHO HE crocrtepiraerbes (mis V, =7,5 m/c), ale mpu IbOMY
KUJIBKICTh JIETKMX JIOMIIIOK, 10 BUIEHI B 0caloBy Kamepy He nepesuiye 30% — 60%. Ilpu
IbOMY, JUISI TIOKpAIeHHS SKOCTI cemapaiii HeoOXigHO 301IbIICHHS EHEProBUTPAT Ha
CTBOPEHHS OBITPSIHOTO MOTOKY Ta rabapuTiB MHEBMOCENAPYIOYOTr0 KaHaIy.

BucHoBKH. 3 METOIO MOKpAIICHHS €PEKTUBHOCTI BUKOPUCTAHHS THEBMOCETApaIliitHUX
KaHaJliB 3€pPHOOYMCHUX MAIIMH IPOBEICHUN TEOPETUYHMH aHali3 B3a€EMOJIl 3€pHOBOTO
Marepiaiay 3 MOBITPSHUM MTOTOKOM IPH OJTHOIIAPOBOMY PO3TalllyBaHHI 3€pHOBOTO MaTepiary
B 30HI cenaparlii 3 ypaxyBaHHSIM 3aCMIY€HOCTI MOBITPSHOTO MOTOKY.

3a pesynbpTaTamMu JOCHIPKEHb BCTAHOBJIEHO, IO HA IMPOIEC MEPEMIIIECHHS 3€PHOBUX
YaCTOK B MOBITPSAHOMY KaHaJli 3HAUHUIA BIUIMB 3/11HCHIOIOTh YMOBH BBE/ICHHS B 30HY Cerapalrtii.

37



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2024. Co1.9(40), Part I

BinnoBinHo, mpu  OOrpyHTYBaHHI  palllOHAIBHUX TMapamMeTpiB  KUBHJIbHHUKIB
MTHEBMOCETapallifHX KaHATIB Il OJHOIIAPOBOTO BBEIEHHS MaTepially B 30HY cemapaiii i
BCTAHOBJICHHS BIJNOBIHUX AaepPOAMHAMIYHHUX PEXHMIB TOBITPSIHOTO IOTOKY MOXKIIHBO
BUJUIMTHA 3 3€pHOBOro Marepiany a0 96% mnerkux IOMIMIOK 3 MiHIMaJIbHUMM BTpaTaMu
MOBHOILIIHHOTO 3€pHA.
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Analysis of single-layer movement of grain material in a vertical pneumatic separation

channel

The separation of grain and light impurities in a vertical pneumatic separation channel with an increase
in its capacity occurs under rather difficult conditions, since the thickness of the grain flow increases, which
leads to a redistribution of particles of grain material and reduces the probability of passing light impurities
through the grain layers and their release into the sedimentation chamber.

To increase the productivity of vertical pneumatic separation channels, it is necessary to create
conditions for single-layer placement of grain material in the separation zone at a distance that excludes the
interaction of other layers of grain input. This will allow the majority of grain particles to be in the same
conditions and increase the percentage of probability of separation into the sedimentation chamber to the
maximum value.

Therefore, a theoretical flow analysis aimed at studying the interaction of grain mixture particles with
the air flow, taking into account the single-layer arrangement of several grain layers and the contamination of the
air flow with light impurities in the separation zone, is a rather important task.

Theoretical dependences have been obtained that allow substantiating the main parameters of the
pneumatic separation channel and determine the residence time of a grain particle in the separation zone, taking
into account the clogging of the air flow. For a grain material of mass characterized by the values of the windage
coefficient &, = 0.075...0.12 for full grain, k&, = 0.11...0.14 for substandard grain, and &, = 0.125...0.55 for light
impurities, it is possible to clearly separate the grain mixture into fractions by setting the appropriate parameters
and operating modes of the pneumatic separation channel under the condition of a single-layer multilevel input.

Due to the selection of rational parameters of the feeding devices for delivering the material into the
separation zone and establishment of appropriate aerodynamic modes of air flow, it is possible to separate up to
96% of light impurities from the grain material, while ensuring minimal losses of full grain to waste.
pneumatic separation, grain material, pneumatic separation channel, grain input conditions, working
zone of separation
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