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CuHTE3 CXeM HaBaHTAKCHHS CHUJIOBUX €JIEMEHTIB KYJIbKO-
IBUHTOBOIO TLAPOITIICHIIOBAYA 3 aKC1aIbHOK CTPYKTYPOIO

PUBOY

MeTtor0 poOOTH € BH3HAYEHHS KOMIIOHOBKH KYJIBKO-TBUHTOBOT'O TiJPOIMIJACHIIOBAYa 13 PYJIHOBOIO
COIIKOIO, 3a SIKOi MOXIIMBO 3a0€3MeYUTH MaKCHUMAJIIbHUHA KOPUCHWI e(eKT BiJi BHKOPUCTAHHS CHUCTEMH
AKTUBHOT'O PO3BAHTAKCHHS OMOpP KOYCHHS Baja-CEKTOpa, TUM CAaMHM IMiIBHIIUTH HECYdy CIIPOMOXHICTH Ta
3a0e3MeYnTH Kpally TepPMETUYHICTh, YCYHYBIIU BILUIUB ITyJIhCYIOYOTO 3a30py HA VINUIBHEHHS Iard BHXiIHOTO
Baiy. J{J1s1 TOCSTHEHHS MOCTABJICHOI METH MPOBEIICHO aHAJli3 CHCTEMH B3a€MOJIii CHIIOBUX CJIIEMEHTIB arperary y
BU3HAYCHUX BapiaHTax KOMIIOHYBaHHS KYJIbKO-TBHHTOBOTO TiIPOIIiICHIIOBAaYa Ta PYJIbOBOI COlIKK. BuzHaueHo
Ta OMFCAHO 3a JOTIOMOTOI0 PIBHSHB YMOBH PIBHOBATM CHCTEMH Ta peakilii omop. Po3poOiieHo psan mpuIrymieHs,
3a JOMOMOTOI0 SKUX 3IIHCHEHO 4YHCETbHE OIIHIOBAHHS BIJHOIIECHHS pPEakIiii Omop B 3aJIeKHOCTI BiA
HABaHTAXKCHHS Ta 13 BpaxXyBaHHIM peajbHUX PO3MIpIB AeTajiell. Biu3HaueHo, 1110 BUKOPUCTAHHS KOMIOHOBKH, 32
SKOi TIOB3/IOBKHS BICh COIIKH PO3TALIOBYETHCS CIIBBICHO BiZHOCHO BIAJUHHM 3y0UacTOTO BIiHIIL, CTBOPIOE
MepeyMOBH UIsi PO3POOKH Ta BIIPOBA/PKEHHSI aKTUBHOT CUCTEMH PO3BAHTAXKEHHSI OMOP KOYCHHS BaJla-CEKTOPa,
sika 3a0€3MEeYMTh IMiIBUIICHHS HECY4Oi CIPOMOXHOCTI Ta 3MCHIIUTH BIUIUB HABAHTAXKCHHS HAa TEPMETHYHICTH
arperary.

KepMo, riIponiIcuiioBay, HABAHTAKEHHsI, ABTOTPAHCIIOPT

IlocranoBka  mpobaemu.  Kynpko-rBunToBi  rigpomiacumoBaui  (KITTI)
3aCTOCOBYIOTBCSL 'y CHCTEMax pYJIBOBOTO YINPAaBIiHHA aBTOTPAHCHOPTHHUX  3acO0iB.
BceraHoBamo0ThCS, 371€01bI0T0, HA Tposielycax, MacaKUpChbKUX aBToOycax, OyIiBeIbHO-
JOPOKHBOMY, KOMEPIIHHOMY Ta BaHTQ)XHOMY TPAHCIIOPTi 13 HaBaHTAKEHHSIM Ha KEPOBaHY
Bick Bix 2000 H no 8000 H. Bigoma Ta ycranena konctpykuis KI'TTI [1, 2] e mo36aBnena
HEJIOJIIKIB — MiAIIUITHAKOBI OMOPH BHUXIJHOTO Bajia SIBISIOTHCS HAWOUIBII HABAaHTAKECHUMHU
eJIeMEHTaMH KOHCTPYKIIi arperatry, Tak SIK BOHH CIPHUAMAIOTh CWIIH, SKi BUHHKAIOTH Y
peiikoBomy 3auerieHHi. Llangu BHXigHOTO Bady, O TOTO K, B3aEMOMIIOTH i3 CHCTEMOIO
VIIUTbHEHB, JUTsl 3a0€3MeYeHHs] TEPMETHYHOCTI By3Ja, OT)KEe MPY’KHA aedopMaliisi orop mpu
eKCIUTyaTallii MOXe CTaTH IPUYMHOIO PO3TepMETH3allli eIEMEHTIB yIIIIbHEHHS.

3 NpUBENECHUX MPHUYMH, PO3POOKA pAIIOHATBLHUX KOHCTPYKI[IH OMOp KOYEHHS Ta
yIIUIbHEHHS mand, 3 METOI TMOKpameHHS iX (QYHKUIHHMX TOKa3HHUKIB, € Ba)KJIHBOIO
NPaKTUIHOIO 33/1a4CHO.

AHaji3 ocTaHHiX gocaimkeHb i myOaikamiii. AHami3 MOJENBHOTO PSAY TMPOBIIHHUX
BupoOuuKkiB KI'TTI mokasas, 1m0 KOHCTPYKIIi TiApaBIiYHUX arperaTiB y pi3HUX (GipM CXO0Xi,
BIJIIPAIbOBaHI Ta 3HAXOMATHCS HAa MEXI CBOIX TeXHIYHMX MoximBocted. [lo miil mpuuuHi,
PO3BHUTOK Ta BIOCKOHAJICHHS PYJIBOBHUX CHCTEM IPOJOBKYETHCS y MOETHAHHI TiIpaBIidHOT
(cunmoBoi) Ta eNeKTpoMexaHigHOi (Kepyrodoi) yacTuH. J[o Takux cucteM BimHOCSATHCS Bosch
Servotwin [3], Volvo Dynamic Steering [4] Knorr-Bremse Advanced Hybrid Power Steering
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[5]. Take moemHaHHS JO3BOJISIE BTIMIOBATH PI3HOMAHITHI MiJICHCTEMHU JAOMOMOTH BOJI€BI ITiJT
4yac pyJIbOBOTO YMPABIIiHHS, Ha KIITAJIT KOMIIEHCAII1 O19HOTO BITPY, MIATPUMKH aBTOMOOLIS y
CMy31 TpOi3HOI YaCTWHU AOPOTH, KPYi3-KOHTPOJb, Ta HABITh — IHMCTaHIlIIfHE KepyBaHHS
(mepeBaXkHO, JUISl TAPKyBaHHS Ta MaHEBPYBaHHS). 3aKOHOMIPHO, IO HAMPSMKY JTOCIIIKECHb
CHUCTEM KEpyBaHHS eJIEKTPOTiIpaBIiYHOrO MPHUBOJY IMiJCUIIOBAYa KepMa IPHUCBIUEHO
MepEeBaXHY YaCTUHY CYYaCHUX JOCIIHKEHB, sIKI CTOCYIOTHCS PYJILOBOTO yIpaBmiHH: [6-10].

OpxHuM 13 BapiaHTIB BUPIMIEHHS MiIHATOI y POOOTI mpobiaeMH € BIOCKOHAJIECHHS
KoHCTpyKIlii rigpaBiaiuHoi yactuau KITII Tta cTBOpeHHS TiapOCTaTUYHUX TMiAIMIMITHUKOBUX
omop mamnd Balia-CEKTOpa, sKi 3abe3medaTs po3BaHTaXeHHS omop koueHHs [11]. Edext
JOCSITAETHCS 3aBASIKM BUKOHAHHIO Balla-CEKTOpa 3 JOJATKOBHMH Tandamu, sKi po3MilieHi
NPOTUJICKHO 3YyOISIM peiKoBOI mepenadyi, Ta SKi B3a€MOJIIOTH OO0yMOBJICHUMH IandamMu 3
AKTUBHUMU T1POCTATUYHUMHU OMOPAMH, 1110 PO3MIIIEH]I B OTIOPHIH IS Bajla-CEKTOPa YaCTHHI
kaptepa. CaMmi K aKTHUBHI T'IpOCTATUYHI OMOPH 3’ €IHAHI KaHAJIaMHU MK c000I0 1 3 HaMipHOIO
JIHIEIO T1IPOPO3IMOAITHHHKA.

IlocTanoBka 3aBaaHHsA. Meroo poboTn € Bu3HaueHHs KommoHoBku KITTI i3
PYJTBOBOIO COIIKOIO, 3@ SIKOi MOJKJIMBO 3a0€3MEeUYNTH MaKCHUMaJIbHHI KOPUCHUU €(hEeKT Bia
BUKOPUCTAHHSI CHCTEMH aKTUBHOTO PO3BAHTA)KEHHS OMOP KOYEHHS BaJl-CEKTOPA, TUM CAMHUM
MIIBUIIMTH HECYUYy CIIPOMO’KHICTh Ta 3a0€3MEeUNTH Kpally TepMETUYHICTh, YCYHYBIIIH BIUIUB
MyJIbCYIOYOT0 3a30py Ha YUIUIbHEHHS Hang BUXiTHOTO Bajy.

JlocmipkeHHsT TPYHTYEThCS Ha TOJOXKEHHAX Teopii omopy MarepiamiB. s
JOCATHEHHSI TIOCTaBJIEHOI METHM BH3HAUY€HA NporpaMa JOCITIJUKCHHS, IO CKIAJa€eThCs 3
HACTYIHUX 3aBJaHb:

- 3nilcHHUTH aHaIi3 cucTeMu B3aemoii BuxigHoro Baixy KI'TTI i3 omopamu koueHHs,

PYJIBOBOIO COIIKOI0, PEHKOBOIO Mepeaayeto;

- Bu3HauuTH BapianTu komnonyBaHHa KI'TTI ta pynboBoi comiky;

- omucaTH PIBHSHHS PIBHOBAru, BUSHAYUTH PIBHSIHHS PEAKIlli OTIOp;

- 3IIHCHHUTH YMCENIbHE OIIHIOBAHHS BiJHOIIEHHS PEaKliid Omop, B 3aJIEKHOCTI Bif

HaBaHTKEHHS, 13 BpaXyBaHHIM PEaIbHUX PO3MIPIB.

Bukiaaa ocHoBHOro Marepiany. AHami3 BHYTPIIIHIX CHJI, SIKI JiIOTh y PEHKOBOMY

3auerienHi KI'TTI mokazas, 1o 3yOuacTuii BiHEIb Baja-CEKTOPa HABAHTAXKYETHCS:
— TaHTEHIIaTFHOIO CKJIAIOBOIO F; sIKa YyTBOPIOE KPYTHUI MOMEHT M/;
— HOPMAaJbHOIO CKJIAJIOBOIO Fy sIKa yTBOPIOE 3rHHANBHUN MOMEHT M.

OpHouacHO 3 IMM, Ha BUXIJHUH Ball Ji€ 30BHILIHA cuia F¢, BiJ peakiii pyJboBOi
comku. [Ipu bOMy BUHHMKAIOTH peakiiii ornop R; Ta R,, AKi pO3TalIoBaHi Ha OMOPHUX Tamndax.

YMoOBH (yHKIIOHYBaHHS BHXIJHOTO Baly, IpU HOr0 HABaHTAXXEHHI, OMHUCYIOTHCS
CHCTEMOIO PiBHSIHB, sIKI HaBEICHI Jalll.

Y pobGoTi po3risAaloThCS Ta TMOPIBHIOIOTHCS [BAa BapiaHTH  pPO3TallyBaHHS
MOB3JIOBXKHBOI BiC1 COIITKH BITHOCHO BITAJIMHU 3y04acTOTO BIHIIS:

— CIIIBBICHE PO3TalllyBaHHS;
— TepHeHIUKYJIIPHE PO3TallyBaHHS.

Bapiant po3ranryBaHHS TOB3JOBXKHBOI Bici COIIKM cmiBBicHO [12] BimHOCHO Bici
BIIAJMHH 3y04acTOro BiHIIS Baja-CEKTOPA PO3TISAA€ThCA Ha puC. 1.

PiBHsIHHS piBHOBaru cuctemMu B momuHi ZOX:

>Z=0 R +R,—Fy —F,,=0

- (D
XM, =0|Fy,xa+F,,xa,—R,xa; =0

PiBHsiHHS piBHOBaru cucrteMu B uiomuHi ZOY:
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XM, =0 F.xr,—F xa,=0. (2)

JIns BU3HAYeHHsS JBOX HEBIIOMHUX peakuiii omop R; Ta R,, PO3MIISHEMO CUCTEMY
PiBHSHB:

>Z=0( R+R—F,—F,=0

XM, =04F,, xa +F,,xa,—R,xa,=0. (3)
>M,=0 F.xr,—F.xa,=0

1 — BuxigHuii Bai; 2 — pynibOBa COIIKa; 3 — peiika;
X, Y, Z— Bici cucremu koopauHar; Fy;, Fly, — HopMalibHa CKJIaIoBa CHJIH, L0 JIi€ y PeHKOBIl mepesadi;
F, — TanreHIiaibHA CKJIAI0BA CUJIH, IO i€ y PEHKOBIN Tiepeaadi; F ¢ — 30BHIIIHS CHJIA, IO Ji€ Ha PYIbOBY

COIIIKY;
aj, ay as a,— IJedYe MPUKIAJCHHS CII; 7, — PaJliyc MOYaTKOBOTO KOJIa 3y04aToro BiHIlM BUXITHOIO BaJy;
R;, R, — peakuii orop, siKi po3TalioBaHi Ha OIIOPHUX Handax.

Pucynok — 1 Cxema HaBaHTaxxeHHs cuiioBux eneMmeHTiB KI'TTI npu ciBBicHOMY po3TalryBaHHI TOB3I0OBXKHIX
BiceH COIIKH Ta BIIAIWHU 3y09YacTOro BIHIIA.

Hoicepeno: pospobneno agmopom

3 piBasHHSA (3) 2Z = () oTpuMaeMo:

R =F,+F,—-R. 4)
[TincraBnsiemo 3HaueHHs R, (4) B piBHsHHSI 2M; = 0 (3), OTpUMaEMo:
Fy xa,+Fy, xa, —(Fy, +Fy, —R)xa; =0,
Fy xa+Fyy xa, —Fy xa, —Fy, xa, + R xa, =0,
a TaK sk Fy; = Fiz, TO OTpUMAEMO:

Fyxa+Fyxa,—Fxa,—F xa; + R xa, =0,
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Fy(a+a,—2a,)+ R xa, =0,

3BiJIKM BU3HA4aeMo R;:
_FN(al +a,—-2a,) )

R =
4

[Ticns migcTaHOBKYU PiBHSAHHS R (4) y piBHSHHS (5) Ta IEPETBOPEHD, OTPUMAEMO:

Fy(a,+a,—2a,) ©6)

R, =2F, +
Cl3

BapianT po3ranryBaHHS TOB3IOBXHBO1 BICI COIIKK MEPICHANKYJISIPHO BICI BIAJIWHH

3y0uacToro BiHIIA Baja-CEKTOpa PO3IIIIAETHCS HA pHC. 2.

il 2
= | :—!——’_"‘x
/.;',m/@_z/IJI " 71 A Az, £
A AL AR ",
— | Y T f 4
/C.-"-"?/ﬁ'?] e — "'II | ‘]
% akh X N T H || X
s v N\ T/
i |Z ."III £ l
"' @ | Ve o po e
@ ’
2
s

1 — BuXizHuMi Bai; 2 — pyIbOBa COIIKA; 3 — pelka;
X, Y, Z - Bici cuctemu koopauHart; Fy;, Fy, — HOpMaibHa CKJIa10Ba CHIIH, IO Ji€ Y PeHKOBIH mepenaui;
F, — TaHreHIia)IbHA CKIIQJI0BA CHJIH, IO i€ y peiiKoBiii iepenayi; F¢', F¢’’ — 30BHIIIHI CHIIH, 11O JiFOTh HA
COIIKY;
aj, a as a, as— Iede IPUKIaCHHS CUIT;, 1, — PaJIiyC MMOYATKOBOTO KOJIa 3y0UaToro BiHIIS BUXITHOTO BaY;

R;, R, — peakuii orop, siKi po3TaiioBaHi Ha OIIOPHUX Hamndax.

Pucynoxk — 2 Cxema HaBaHTakeHHs ciioBux eneMeHTiB KI'TTI mpu nmepreHauKyIsIpHOMY PO3TalIyBaHHI
MTOB3J0BXHIX BiCEW COIIKY Ta BIaJUHH 3y0UacTOTO BIiHIIS.

toicepeno: pospobneno agmopom
PiBHsIHHS piBHOBaru cuctemMu B tomuHi ZOX:
R+R,—-F, —F,,+F.'=0

>7Z=0
R+R,—Fy, —Fy,—F."=0

2Z=0
XM, =0|F, xa+F,,xa,—R,xa,—F.'xa, =0

XM, =0|F, xa+F,,xa,—R,xa,+F."xa; =0

PiBHsiHHS piBHOBaru cucteMu B uiomuHi ZOY:
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>M,=0 F xr—F xa,=0. (8)

BusnauaeMo 11Bi HeBiIOMi1 peakiiii, R; Ta R,, A1 4OTO PO3TIISIHEMO CUCTEMY PiBHSHbD Y
JBOX HANPSIMKAX MEPEMIIICHHS COTIKH:
— PYX IPOTH FOJMHHUKOBOI CTPUIKH Fc’, mepIiia cucTeMa piBHSHb:

>Z=0 R+R,—F, —F, +F.'=0
XM, =0F, xa+F,,xa,—R,xa,—F.'%a;=0; 9)
2M,=0 F.xr,—F xa,=0

l

— PyX IO TOAMHHUKOBIH cTpinui Fc”, npyra cucreMa piBHSHB:

>Z=0 R+R,—F, —F,,—F."=0
XM, =04F, xa,+F,,xa,—R,xa,+F."xa, =0 (10)
>M,=0 F xr —F xa,=0

3naxonuMo R, y miepmriii cucremi piBHsHb (9), 2M; = 0:
—R, xay ==k, xa —F\, xa, + I %ag,

1
R = F, xa, +F,,xa,—F,'xa
9

a;

a TaK sk Fy; = Fi2, TO OTpUMAEMO:

R F(a,+a))—F_.'xa,

2

(11)

a3
3HaxoauMo R; y mepiiii cucteMi piBHAHB (9), 2Z = 0):
R=Fy+h, =R (12)
[Ticnsa migcraHoBku piBHSHHEA R, (11) y piBHsSHHS (12) Ta mepeTBOpeHb, OTPUMAEMO:

R1 :2FN_FCI_FN(a1+a2)_FC XaS )

(13)

@
3HaxoauMo R y apyriit cuctemi piBHsHb (10), ZM; = 0:
—R, xay =—Fy, xa,—Fy, xa, —F;."¥as

"
R _Fleal+FN2><a2+FC X a
2 T D
a,

a TaK sk Fy; = Fi2, TO OTpUMAEMO:

27



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

_ Fy(a +a,)+F."%ag

R, (14)

a4
3Haxoaumo R; y apyriit cucremi piBasHb (10), 2Z = 0:
R =Fy+F,+F."-R,. (15)
[Ticns migcraHoBKY piBHSHHS R, (14) y piBHsHHA (15) Ta nepeTBOPEHb, OTPUMAEMO:

R1:2FN+FCH_FN(al+a2)+FC XaS )

(16)

a4

3 METOI0 YHCEJIPHOTO OIIIHIOBAaHHS BITHOIICHHSI PEAKIid OMOp, B 3aJIEKHOCTI BiJ
HABaHTAXCHHS, NPUHAMEMO psJI TPUIYLIEHb, $KI BpPaxylOTh pealbHI pO3MIpH Ta
HaBaHTaXCHHS:

— ymoBHI cwioBi oaunuii (YCO), 13 po3paxyHKy Aii MakCUMaiabHOI cuiu F, =
1,0 YCO: F;=0,37 YCE; 2Fxy= 0,17 YCE.

— ymoBHi JiHiiHI ommHHmi (YJIO), i3 po3paxyHKYy MaKCHMAalIbHOI TOBKUHH
COIIKH

as=1,0 YJIO: r=0,17 YJIO; a; = 0,07 YJIO; a; = 0,34 YJIO; a3 = 0,4 YJIO; as =
1,5 VJIO.

Busnayaemo BigHOCHI 3Ha4YeHHA peakuii omop R; Ta Ry, ans cxemu puc. 1, i3
BpaxyBaHHSIM MPUHHATUX TPUITYIIEHB, TTiCTAaBUBIIN 3HA4YCHHS Y hopmyinu (5) Ta (6):

R _ By +a,~2a)) :_0,085(0,0720:134—2><0,4) —0,083 VJIO: (17)
613 s

R —2p, + Fu@ra=2a) 1 0.0850,07+0,34-2x0.4

a, 0,4

=0,087 VJIO. (18)

3 ypaxyBaHHSM NPUMHATUX MPUITYIIEHb, BU3HAYAEMO BIIHOCHI 3HAYCHHSI peakiiii R; Ta
R, nyist cxemu puc. 2:
— MpU PyCl COMKH TPOTH TOJAUHHHKOBOI CTPUIKH, Tif miero cuiaum Fc',
MiCTaBUBIIM 3HaUeHHS y popmymnu (11) ta (13):

F,(a,+a,)—F.'xa; 0,085(0,07+0,034)—1x1,5

R =2F,—-F.'- ; =0,17-1- 0.4 =2,833;(19)
3 9
F,(a +a,)—F.'% 0,085(0,07+0,034)—-1x1,5
g =T a;) c X4 _ B0 04 )7L 5663, (20)
3 s

— TIpH PyCi COIIKH MO TOJAUHHUKOBOT CTPIUIKH, MiJl i€t cuiu Fc’’, MiACTaBUBIIH
3Ha4yeHHs y popmynu (14) ta (16):

(@ +a) 4 F"xay _ oo 0,085(0,07+0,034)+1x1,5

R =2F, +F."-
Lore a, 0,4

=-2,667(21)
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 Fy(a,+a)+F."xa, 0,085(0,07+0,034)+1x1,5

& a, 0,4

=3,837, (22)

BucHoBku. /[0 BaXJIMBUX Pe3yibTaTiB IOCIIKEHHS CIiJ BigHecTH HacTymHe. [Ipu

CXE€MI MOHTaXy pYyJbOBOi COIIKH, 3a $KOI IOB3JOBXHS BICh COLIKH PpO3TALOBYETHCA
CHIBBICHO BIJHOCHO BHaJuHH 3yOuyacTtoro BiHug (puc. 1), peakmii omop BH3HAYarOThCA 3
BHpasiB (5) Ta (6) Ta Maibke piBHI MO BEJIMYMHI Ta 3HAYCHHIO, K BHIHO 3 BUpa3iB (17) Ta
(18). BuxkopucTaHHs pO3IIIIHYTOI CXeMH MOHTaXXy CTBOPIOE INEPEIyMOBH Ui PO3pOOKH, B
NOJAJIBIIOMY, aKTUBHOI CUCTEMHU PO3BAaHTAKEHHsI OIIOP KOYEHHS B TOUKAxX peakuiil onop R;
ta R,. Taka cucrema Moxxke OyTH peani3oBaHa, HANpUKIAd, 3a PaxXyHOK BHUKOPHUCTaHHS
€JICMEHTIB TiJIPaBIiKH, TAKUM YHHOM 3a0€3MEYMBIIHN TIIBUIIEHHS HECY4YOl CIPOMOXKHOCTI,
3MEHIIMBIIY HABAHTA)KCHHS Ha €JIEMEHTU OINOp KOYEHHS BUXIJHOTO Baly Ta 3MEHIIUTH
BIUIMB I[bOTO HABAaHTAXXEHHS HA FTEPMETHUYHICTb arperary.
NEePHEHANKYJSIPHO BIIHOCHO BMAaJWHM 3yOuacTtoro BiHI (puc. 2), peakmii ormop
BU3HavaloThes 3 BupasiB (11, 13, 14, 16) B 3anexHOCTI BiJ] HANPSIMKY MOBOPOTY. 3HAYCHHS
peaxiiiii omop pi3Hi MO BEIMYMHI Ta 3MIHIOIOTHCS B 3AJICKHOCTI Bl 3MIHH BEKTOPY JIii CHIIH
F..

[Ipn naHiii cxemi MOHTaXy, B €KCIUTyaTalliHUX yMOBaX, BUKOPUCTaHHS aKTHBHOI
CHUCTEMH pO3BaHTAXXCHHS ONOp KOYEHHs Balla-CEKTOpa B TOukax R; Ta R, 3a paxyHOK
€JIEMCHTIB T1IPOCTATUKH SIBISETHCS HEJOUIILHUM 3 OTJISAY Ha CIIBBIIHOIICHHS BEJIWYHH 1
HaANPSIMKiB BEKTOPIB peakiliil omnop sk mpu obepTaHHI MPOTU TOAUHHUKOBOI cTpinku (19, 20),
TaK i M0 TOMMHHKUKOBIN cTpinmi (21, 22).

Crnucok mitepatypu

1. PynboBuii MexaHi3M TpaHCIIOPTHOrO 3aco0y 3 BMOHTOBAHMM IIifcwiitoBaueM : mar. 68413 Ykpaina :
MIIK B62D 5/06. Ne 2001085715 ; 3asBn. 13.08.2001 ; omy6u. 16.08.2004, brom. Ne8.

2. Apmiiiceki aBTOMOOIT. OCHOBH pyXy, OymoBa, XapakTepHcTHKH: HaBd. 1moci6. / binoyc B.JI. Ta in.
JIbBiB : BumaBuuirso HY «JIbBiBchbKa momitexHikay, 2007. 536 c.

3. Bosch Servotwin electro-hydraulic steering system : Be6G caiit. URL: https://www.bosch-
mobility.com/en/solutions/steering/servotwin/ (zara 3sepreHss 10.04.2024).

4. Hunamiuae ympasuiaas Bix VOLVO : Beb6 caiit. URL: https://www.volvotrucks.com.ua/uk-
ua/trucks/features/volvo-dynamic-steering.html (nata 3Bepuenns 10.04.2024).

5. Knorr Bremse. Steering systems for commercial vehicles — Precision and safety : Be6 caiir. URL:
https://www.knorr-bremsecvs.com/en/products_1/steering/standard page broad 6.sp (mara 3BepHEHHS
10.04.2024).

6. Xia L, Jiang H. An electronically controlled hydraulic power steering system for heavy vehicles.

Advances in Mechanical Engineering. 2016. Ne 8(11). DOIL: 10.1177/1687814016679566 (nara
3BepHeHHs 10.04.2024).

7. Du H, Zhang Q, Chen S, Fang J. Modeling, simulation, and experimental validation of electro-hydraulic
power steering system in multi-axle vehicles. Proceedings of the Institution of Mechanical Engineers,
Part D: Journal of Automobile Engineering. 2019. Vol. 233(2) P. 317-332. DOLI: 10.1177/0954407017743346
(mara 3BepHeHH: 10.04.2024).

8. Guo Z, Wu H, Zhao W, Wang C. Coordinated control strategy for vehicle electro-hydraulic compound
steering system. Proceedings of the Institution of Mechanical Engineers, Part D: Journal of Automobile
Engineering. 2021. Vol. 235(2-3) P. 732-743. DOI: 10.1177/0954407020949480 (nata 3BepHEHHs
10.04.2024).

9. Liu C, Wang C, Zhao W, Guo Z. Displacement characteristics hierarchical control of electro-hydraulic
compound steering for commercial vehicle. Proceedings of the Institution of Mechanical Engineers,
Part C: Journal of Mechanical Engineering Science. 2022. Vol. 236(12) P. 6395-6409. DOI:
10.1177/09544062211069293 (nara 3Beprenns 10.04.2024).

29



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

10.

11.

12.

Cui T, Wang S, Qu Y, Chen X. Parameters optimization of electro-hydraulic power steering system
based on multi-objective collaborative method. Complex Engineering Systems. 2023. Vol. 3(1). DOI:
http://dx.doi.org/10.20517/ces.2022.57.

Amnapakin A.P. Peanizamis rigpocTaTMYHMX IiJIIUITHAKOBUX OHOpP Hamnd Bajla-CEKTOpa KYyJBKO-
TBUHTOBOTO TipomifcuioBada pyis. KommiekcHe 3a0e3MeYeHHsT IKOCTI TEXHOJIOTIYHHX TPOIECiB Ta
cucreMm: 30. MmarepiamiB XIII MikHap. Hayk.-mpakT. KoH(., 25-26 TpaBH. 2023 p. Yepniris: HY
"Yepmiriscpka momitexnika", 2023. T. 1. C. 290.

Amapakia A.P. Cxema HaBaHTa)KCHHS CHJIOBUX €JIEMEHTIB 3 aKCialIbHOIO CTPYKTYPOIO TIPUBOIY KYJIBKO-
TBHHTOBOTO TiAporiacuioBada. HaykoBuit pocTip: akTyanbHI MATaHHS, JOCATHEHHS Ta iHHOBAIIl: 30.
MarepiaiiB V MiDKHap. HayK.-npakT. kKoH(., 26 TpaBH. 2023 p. Uepkacu: Binnuus - «EBporneiicbka
HaykoBa margopmar, 2023. C. 143-145. DOI: https://doi.org/10.36074/mcnd-26.05.2023.

References

1.

10.

11.

12.

Pidhayetskyy, M.M., Povyetkin, S.M., Bilyakovskyy, R.P. (2004). Rulovyy mekhanizm transportnoho
zasobu z vmontovanym pidsylyuvachem [The steering mechanism of a vehicle with a built-in power
amplifier] (Patent of Ukraine Ne68413). State intellectual property department of Ukraine.

Bilous B. D., Tkachuk P. P., Andrusyk Ya. F., Bilous A. B., Burkovskyy A. S., Bilous N. B., et al.
(2007). Armiyski avtomobili. Osnovy rukhu, budova, kharakterystyky: navch. posib. [Army cars. Basics
of movement, structure, characteristics: study guide]. Lviv: NU «Lvivska politekhnikay» [in Ukrainian].
Bosch  Servotwin electro-hydraulic  steering system. Retrieved from https://www.bosch-
mobility.com/en/solutions/steering/servotwin/.

Dynamichne upravlinnya vid VOLVO [Dynamic steering from VOLVO]. Retrieved from
https://www.volvotrucks.com.ua/uk-ua/trucks/features/volvo-dynamic-steering.html [in Ukrainian].
Knorr Bremse. Steering systems for commercial vehicles — Precision and safety. Retrieved from
https://www.knorr-bremsecvs.com/en/products_1/steering/standard page broad 6.jsp.

Xia L, Jiang H. (2016) An electronically controlled hydraulic power steering system for heavy vehicles.
Advances in Mechanical Engineering, 8(11). DOI: 10.1177/1687814016679566.

Du H, Zhang Q, Chen S, Fang J. (2019) Modeling, simulation, and experimental validation of electro-
hydraulic power steering system in multi-axle vehicles. Proceedings of the Institution of Mechanical
Engineers, Part D: Journal of Automobile Engineering, 233(2), P. 317-332. DOIL
10.1177/0954407017743346.

Guo Z, Wu H, Zhao W, Wang C. (2021) Coordinated control strategy for vehicle electro-hydraulic
compound steering system. Proceedings of the Institution of Mechanical Engineers, Part D: Journal of
Automobile Engineering, 235(2-3), P. 732-743. DOI: 10.1177/0954407020949480.

Liu C, Wang C, Zhao W, Guo Z. (2022) Displacement characteristics hierarchical control of electro-
hydraulic compound steering for commercial vehicle. Proceedings of the Institution of Mechanical
Engineers, Part C: Journal of Mechanical Engineering Science, 236(12), P. 6395-6409. DOI:
10.1177/09544062211069293.

Cui T, Wang S, Qu Y, Chen X. (2023) Parameters optimization of electro-hydraulic power steering
system based on multi-objective collaborative method. Complex Engineering Systems, 3(1). DOL:
http://dx.doi.org/10.20517/ces.2022.57.

Aparakin, A. R. (2023). Realizatsiya hidrostatychnykh pidshypnykovykh opor tsapf vala-sektora kulko-
hvyntovoho hidropidsylyuvacha rulya [Implementation of hydrostatic bearing supports of the shaft-
sector trunnions of the ball-screw power steering]. Kompleksne zabezpechennya yakosti
tekhnolohichnykh protsesiv ta system: zb. materialiv XIII mizhnar. nauk.-prakt. konf. — Proceedings of
the 13th International Conference Comprehensive assurance of the quality of technological processes
and systems, 1, 290 [in Ukrainian].

Aparakin, A. R. (2023). Skhema navantazhennya sylovykh elementiv z aksialnoyu strukturoyu pryvodu
kulko-hvyntovoho hidropidsylyuvacha [Load diagram of power elements with an axial drive structure
of the ball-screw hydraulic power steering]. Naukovyy prostir: aktualni pytannya, dosyahnennya ta
innovatsiyi: zb. materialiv V mizhnar. nauk.-prakt. konf. — Proceedings of the 5th International
Conference Scientific space: current issues, achievements and innovations, 143-145. DOLI:
https://doi.org/10.36074/mcnd-26.05.2023 [in Ukrainian].

Anton Aparakin, PhD tech. sci., Senior Lecturer, Pavlo Yeromin, PhD tech. sci.,
Vitaliy Mazhara, Assoc. Prof., PhD tech. sci.
Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine

30



[SSN 2664-262X IlenTpanbHOYKpaiHChKHi HayKoBHH BicHUK. Texuiuni Hayku. 2024. Bur. 9(40), 4.1l

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.
steering wheel, power steering, load, motor vehicle
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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.
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