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Xapxiscokuii HAYiOHATLHUL ABMOMOOLILHO-00POICHIU YHIBEpCUmMem

3ACTOCYBAHHA METOAY ITAPIIAJIBHUX ITPUCKOPEHD
JJIA OIHIOBAHHSA KEPOBAHOCTI ABTOMOBILJIIB

Pestome. 3anpononoganuti memood 00360J€ GUKOHYBAMU OYIHIOBAHHS KEePOBAHOCMI A8MOMODLNIE 3
ypaxysanusam abo 0e3 ypaxyeanus 6i08e0eHHst, 3 PI3HUMU MUNAMU NPUBOOA U PIZHUX HANPAGIAIOUUX KOAECAX 34
00NOMO20I0 NAPYIATbHUX RPUCKOpeHb. Busnauenuss Oiunux i domuunux peaxyiii Ha Kolecax agmomooins npu
nosopomi 3 YpaxyeawHsm OIUHO20 6i06e0eHHsT WUH 00380J5€ Oilb MOYHO OYIHIGAMU NOBOPOMKICMb,
CMIUKICMb [ KEPOBAHICMb A8MOMODLA.

Knrouosi cnosa: aemomodine, cmitikicms, Kepo8aHicmb, NAPYIAIbHI NPUCKOPEHHS.

D. Klets

APPLICATION OF THE PARTIAL ACCELERATIONSMETHOD
TO AUTOMOBILE HANDLING EVALUATING

Summary. Means of road transport plays an important rotethe life of society. Efficiency of its
operation determines the efficiency of the nati@@inomy as a whole. At steady driving on a stitadglturved
path with constant average linear or angular vetpand perturbation action it is necessary to iefige the
vehicle management controls in order to maintagiven course angle or constant radius turn. In ttase, the
ability of machines to respond adequately to theoac(from handling) depends on its course andettéjry
stability. Manageability is an important vehicleesptional feature and it is closely related to rosadfety. On
vehicle handling significantly affect lateral fosa@rising in contact of wheels with the road whaming.
Vehicle turn can be carried out in three main wayshanging the angles between the longitudinal axid
steering wheels rotation plane of the machine augheir rotation, the change in position of one mae part
on another (articulated vehicles), as well as vagytifferent sides wheels speed. The proposed cheflaws
evaluating an automobile handling with or withowtcaunting withdrawal, with various types of drivbeels
and various steering wheels using partial accelierat Determination of lateral and tangential reasis on
automobile tire while turning in view tire slip alvs more accurate evaluating of automobile maneabitkity,
stability and handling. Determination of vehicldaoand partial angular accelerations during itsiding into
rotation with and without accounting withdrawal @iys developing a vehicles handling improving alton
with different tire types. Using of different wapsvehicle managing is complicating associated wathchine
design and control process by machine handling ati@ristics changing during applying the lockingrides.
The equations of front-wheel drive vehicles andwdilkel drive vehicles rotational motion when driyion
curves without removal are the same. Appearancewfways to perform maneuvers such as turning mavem
with all the drive wheels (4WS), requires researghnf movement trajectory, stability and handliigrmachines
during specified maneuvering.

Key words. automobile, stability, handling, partial acceldi@ans.

VYmoeni noznauennsa.
o, 81, 0, — KyT MOBOPOTY HAIPABIISIFOUMX KOJIIC Ta KYTH BiIBEICHHS ITEPEIHIX 1 3aIHIX KOJIC;
R«1, Rx— cymapHi notraHi peakiii Ha iepeHixX i 3aIHiX KoJiecax;
Rs1, Rs2 —cymapsi 6iuHi peakinii Ha epeaHiX i 3aIHIX KoJiecax;
a, b—sixcrani Big nmpoekiii IieHTpa Mac aBTOMOOLIS Ha FOPU3OHTAIBHIN IUIOMIKHI 10 TIEPEAHIX i 3aJHIX KOJIIC;
L, my —xoicHa 6a3a Ta 3arajgbHa Maca aBTOMOOLIS;
V1, Vs, V¢ — niHifHA MBHAKICTH BiAMOBIAHMX TOYOK aBTOMOO1IIS;
C, O,— ueHTp Mac aBTOMOOLIA Ta MUTTEBUH LIEHTpP IIOBOPOTY;
Y —KyT MDXK HanpsIMKOM BEKTOpPa IIBUIKOCTI IIEHTPa Mac i M0310BKHBOIO BiCCIO aBTOMOO1J1S;

ag , alé — HOpMaJbHe # TaHTeHIiaJbHE IPUCKOPEHHS [IEHTPa Mac aBTOMOO1IIS,
dw,/dt —xyTOBE MPHCKOPEHHS aBTOMOGLIS B IUIOIMHI TOPOTH;

2 2 2 2 el . VN .o i
d°x, / dt®,d%y, / dt® —ninifine npuckopeHHs aBTOMOGLIA B HO3I0BKHIM i HOMEPEYHiil IIOIMHAX;
l,o I, — LIEHTpaIbHUI MOMEHT iHEpLii Ta pajiyc iHepLii aBTOMOOLIA 1040 BEpTHKaIbHOI oci OZ;
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. napy - napy

a,

) o — napuianbHi KyTOBI IPUCKOPEHHS IOBEPTAHHS Ta ONOPY MOBOPOTY;

! Zon

Vy1, Rp — JTiHIliHA IBUIKICTh aBTOMOOIIS Ta pajaiyc HOro moBOpoTY;
f, h—xoedimieHT ONOPY KOYEHHIO Ta BUCOTA IIEHTPA MAC aBTOMOOLIS;
R,; — cymMapHa BepTHKaJIbHA peakIlisl Ha Kojecax MepeaHboi oci;

H —BincTanp BiJ moJitoca MOBOPOTY JI0 IIEHTPa Mac aBTOMOOIIS.

IloctanoBka mnpobaemu. KepoBaHICTh € HAWBaXIMBINIOW EKCIUTyaTaIllHHOIO
BJIACTUBICTIO KOJIICHMX MAIIMH 1 TICHO TMOB'S3aHa 3 OE3MEKOI0 TOpOXHBOro pyxy. Ha
KEpOBaHICTh KOJICHOI MAalllMHA 3HAYHO BIUIMBAIOTh O14HI CHJIHM, II0 BUHHUKAIOTh y KOHTAaKTIi
KOJIIC 13 JIOPOTOI0 MpH TOBOPOTi. Y J1aHiil CTarTi 3 BUKOPUCTAHHSAM HOBOTO METOJY
napiiiagTbHUX TPUCKOPEHB 3aIPOTIOHOBAHO METO/I OIIHIOBAHHS KEPOBAHOCTI KOJICHUX MaIluH
3 ypaxyBaHHsIM 1 06e3 ypaxyBaHHs O14HOTO BiJBEJACHHS IIMH. 3a3HAUCHUH METOA MOke OyTu
BUKOPUCTAHUM JJIsi BU3HAYEHHS KYTOBOTO MPHCKOPEHHS aBTOMOOLTIB y IUIOIMIMHI OPOTH 3
NepeHIMH, 33/IHIMU i yciMa HanpaBJIIIOUUMH KOJIECAMH.

AHai3 ocTaHHiX gociaimxkeHb i myOJaikaniii. OmiHIOBaHHS KEPOBAHOCTI KOJICHUX
MaIlliH TPUCBIYCHA 3HAYHA KUTBKICTh HAYKOBHX J0CHiKeHb [2—9]. Y poboTi [5] BkasyeThcs,
0 TOBOPOT KOJIICHMX MAIlMH MOXE 31HCHIOBATHCS TPbOMa OCHOBHMMH CIIOCOOAMH —
3MIHOIO KYTIB MDX MO3/J0BXHBOIO BICCIO M IUIOIIMHAMM OOEpTaHHS HAIMPABISIOYMX KOJIC
MAIllMHH 332 PaXyHOK IXHBOTO MOBOPOTY; 3MIHOIO TTOJIOKEHHS OJIHI€] YaCTWHU MAIlIMHU II0J10
1HIIOT (3WICHOBAHI MAIlIMHK), a TAKOX 3MIHOK BEJIUYMHU MIBUAKOCTEH KOJIC PI3HUX OOPTIB.
Kinematnunuit croci®6 KepyBaHHS IMOBOPOTOM JBOXOCHOBOI MAIIMHH 3a JIOMOMOTOIO KOJIiC,
ocelt, onop Moke OyTu 3ailicHeHH# a0o OJHIEI0 KepoBaHOIO Biccio, abo nBoma. Ilpm Bcix
HaIpaBJIIOUNX KOJecaX MOXJIMBUN MOBOPOT TEPEIHIX 1 3aJHIX KOJIC y pi3HI O0ku abo B
onuH Oik. Y psaai po6it [6, 9] Oiuni cuiK, 110 BUHUKAIOTH Y KOHTAKTI KOJIC i3 JIOPOTOK MpH
MOBOPOTi, BH3HaueHi Oe3 ypaxyBaHHsA OiuHoro BiaBeacHHs muH. JlocmimkeHus [4]
NPUCBSYCHE MHUTAHHIO TOJIIIICHHS KEPOBAHOCTI KONICHUX MAIMH 32 PaxXyHOK TIJ100aabHOI
ONTHUMI3aIlil MmapaMeTpiB, 30KpeMa 3a PaxyHOK PETYIIOBaHHS IMOTYXKHOCTI B pymrii. OmHak
BUKOPUCTAHHS B KOJICHIA MalIWHI Pi3HUX CHOCO0iB KepyBaHHS MMOB's3aHE 3 YCKJIAJHEHHSAM
SK KOHCTPYKIIi MaIlMHU, TakK 1 TpoIecy KepyBaHHS dYepe3 3MiHYy XapaKTEePUCTHKU
KEpPOBAaHOCTI MAIIMHHU MPH BUKOPHCTaHHI OJOKYBaJbHUX MPUCTPOiB. TakuM 4YMHOM, MOsIBa
HOBHX CIIOCOOIB BUKOHAHHS MaHEBpY, HANPHUKIIAA, PyX 3 MOBOPOTOM YCiX HAIPaBISIOYUX
xoiic (4WS) Bumarae DOCHIIKEHHST TPAEKTOPIT PyXy, CTIMKOCTI W KEPOBAHOCTI MAlIMH MpPU
3a3HaYC€HOMY MaHEBpPYBaHHI.

MeTo10 POGOTH € MOMINIICHHS KEPOBAHOCTI aBTOMOO1IIB 3 PI3HUMH TUIIAMH IIPUBO/JA.
Jnist MOCATHEHHS 3a3HaYSHOT METH HEOOXIHO BUPIIIUTH 3aBJIaHHS BUSHAYCHHS 3araJIbHOTO i
napuialbHUX KYTOBUX IPUCKOPEHb aBTOMOOLIS ITPH PYCi HOTO Ha TOBOPOTI.

BusHavyeHHs 3arajibHOrO i MapuiajlbHUX KYyTOBMX NPUCKOPEHb aBTOMOOIJIsI IPpH
pyci iioro Ha moBopoTi 0e3 ypaxyBaHHsl BigBedeHHs. Y po0Ooti [5] 3a3HaveHo, IO
ypaxyBaHHsI TIEPEPO3IOILTY BEPTHKAILHUX Peakiliii Mi>k 6opTamMu aBTOMOOIIS He3HaYHO (110
4%) BrIMBa€ Ha TOYHICTh BH3HAYCHHS PEakliii Ha Kojecax, TOMY JJIsl BU3HAYCHHS KYTOBHX
IPHUCKOPEHb aBTOMOOIISI BUKOPHUCTAEMO JBOKOJICHY («BEIIOCHIICAHY») MOEIb aBTOMOOLIS
(muB. puc.l). PiBHAHHS pyXy aBTOMOOLIS 13 3aIHIMH BEIYYUMH KOJIECAaMH Ha IIOBOPOTi MArOTh
BUTJISIT

C|2X1 _ — .
m, Ddt_z =Ry, — Ry, [tosa - R, ina; (1)

d — -
m, 01 =R, [sina - R, [€osa - R, ; (2)
dt 1 1 2

dw, .= — (3)
I, B—*=-R [alsina + R; [altosa - R, [b.

dt

IleHTpanbHU MOMEHT 1HEPIIIT aBTOMOOLIIS 11010 BEPTUKAIBHOI OC1
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= m, 0. (4)
| oy
L
b a
Ra

R, —— V2 c=0, -

T 7 sz k R5l X

R5, ac” * Ve Ra

o
=1

Pucynok 1. Cxema cui, 110 Aif0Th HA aBTOMOOUIB IIPH pyci Ha MOBOPOTI Oe3 BigBEICHHS

Figure 1. Diagram of the forces acting on the automobilelevbornering without withdrawal

3 piBHsHHA (3)oTprMaeMO pIBHSHHS MapUidIbHUX MPUCKOPEHBb LUISXOM PO3JITCHHS
JiBOI ¥ mpaBoi 4acTUH Ha | ¢

Ry [altosa R [asina +Rs,
W, = -

— ¢y NapY _ oy napy
| | _wZnog wZ (5)
ZC ZC

[TapuianbHe KyTOBE NMOBEpTalO4e MPUCKOPEHHS

.. R, [Altosa
a)Znagu :dll— ' (6)

zc
[TapuianbHe KyTOBE MPUCKOPEHHS OMOPY MOBOPOTY
R [&Sina +Rs, [

(1P = | : (7)
zc

Cymapsi OiuHi peakiiii Ha Kojecax MmepeaHbol ¥ 3aaHbOT ocell (s 3aaHIX

BEIIyUYHMX
KOJIiC) BU3HAYAIOThCS 3 BUPa3iB [5]
_ d
Ry, = mSe tgad) +i +2f thib d:l +V2 dga E—I—[€1+ f E—Ej
L

(8)

d) +|Z + f hib Bd— N -

R, dga;

L eofa  dt !
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—j% - d

L2

o, ab-iZ -1 l]h[ﬂ)EId_]

L2 [co

3rimHo 3 puc.l mis 3aAHBOTO MPUBOAA KOE(IIIEHT KEPOBAHOCTI BH3HAYAETHCS 3
BUpa3y

R,, [a[Cosa
"Ry, b+ R, AGING

(10)

Jlnst mepeiHiX HeBeAy4YHX KOJIIC CyMapHa JOTUYHA PEaKilisi B KOHTAKT1 MEpeIHIX KOJic
13 JIOPOTOI0 BU3HAYAETHCS 3 BUpasy [1]

Rkl =f ERZl ' (11)

CymapHa BepTHKaJIbHa peakilisi Ha KoJiecax NepeaHbo1 oci
2 - -
3 =G%—mGCL—X21E|%—kEFW§E,¥. (12)
T

[MincraBnstoun Bupa3 (12)B (11)i npuitmatoun hy, =h, oTpumaemo

GDfBE L+ KIF V2 o =) (13)
R “at L

BusHauuMo —mapuianeHi mpucKOpeHHS G, PY i G, PY 3 ypaxyBamHaM

caisBiguomens (4), (8), (9)i (13). dag 1mporo mifCTaBMMO 3a3HAYCHI CIIBBIJHOIICHHS B
piBusiaus (6)1 (7)

wznapu —l:Gl]) [ma 3—+k[]F WZJ[ﬂh—r() }E—ILBEIMH

noe 2
L O, 0
- (14)
dVy, | 20V a,
# (o2 +i2+ t ) S+ 20 bW2[€1+fEﬂj ea
dt S|n2 d L2[ﬂ§
-y napy _ dV 2 atf
Q1P = Gb- maG—+kEFm/ fh-r,) Gizﬁklnow
dt L (n, 002 (15)
dvy, 20V fga -
+| fam-i2 - t mi) S A oy [ﬁl fle Pliga
dt S|n2cx dt a)| 1?02

Bxazane Hmwkue CIIBBIIHOIICHHS JIO3BOJIIE Ha €Talll IPOCKTYBAaHHS OIIHUTH
KEpPOBaHICTh aBTOMOOLIIIB 13 Oy/1b-IKUM THIIOM IIPUBOA
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CoZ:|:(i§+f[h[b)[EdVX1 2 Bd—j +V Df[h} tga (16)

dt  sin20 dt gl L[ﬂ2

BuzHaveHHs1 3araJibHOrO ¥ NapuiaJJbHUX KyTOBHX NPHCKOPEHb aBTOMOOLISI PH
pyci iioro Ha moBoOpoTi 3 ypaxyBaHHsIM BiaiBeaeHHsi. Cxema CHJI, IO IIFOTh HA aBTOMOO1Th
IpU pyci 3 BiIBEJCHHAM Ha IMOBOPOTi, HaBEJIeHA Ha pHC.2

v |
L
b a
H
Ry
v . 1
s _
275 — sz‘ C:0O, V, X
RS, ad 0 Ré_l. Rkl\>< a
Y
a 6—51
+,
0 \ =
0, X

Pucynoxk 2. Cxema cui, 0 JIFOTh Ha aBTOMOOLIB TIPH PYCi 3 BiABEAEHHSIM Ha OBOPOTI

Figure 2. Diagram the forces acting on the car when driviitp the challenge of turns

Cymapsni O6iyHi peakuii Ha Kojecax HepeAHbOl i 3aqHBOI Ocel 3aIHBOIPHBOIHOIO
aBTOMOOLIIS 3 ypaXyBaHHSAM OIYHOTO BiJBEJICHHS BU3HAYAIOTHCS 3 BUPa3iB [5]

oomy AV — da  dd, d5;
R ™ com { ai o+ md) Vg EES“"‘? “%+F'EHX

(17)
tga 6_[ a[ﬂ)—lz b b .2
>V O +0p—0) + a;
alb-iZ a 3, %y
= —F—=-—0 a+0
Rs, =My 2 Liga+s,-3 [E ({tgar +3, — &) +
(18)

+Vy, EEse@a GOL + 502 délﬂ 2 Xl tga +35 -3y

dt dt

v

BusHauuMo mapuianeHi mpuCKOpeHHS G, PY i G, PY 3 ypaxyBaHHaM

caiBBiguomrens (4), (13), (17)i (18). i 1poro mifCcTaBMMO 3a3HAYCHI CIIBBIIHOIICHHS B
pisusiaus (6)1 (7)
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dv
(AP :{ dfl tga + 5, — 51)+Vx1 EEse(,2 a Dd— 4+ 902 délﬂ

nos dt dt

b_ tgd-8  ab-i2] b .. _ a
x| = O - +— V2 ftgd + 8, — 81 ) O + 19
(L tga +05 - 9 L2 L2 xl[qg 2 ~81) ig (19)

dVy 5 alf
+|Gb- maE-l—+kD:m/ fh-r,) |32~ Eina,
dt L [in, 02

-j2 dVy
Wyp = {a[ﬂ) z_ap % Jfﬁ X1 (g +5, - 8, )+

|_2 L tga + 52 —51 dt

do, dd _ b
se@aB‘La+ 2 G911, 8 2 a+0, -0 ) = + 20
EE at  dt dt)| 2 g +52-3y) i2 0

av, _
+| G- my =L +kFv2 |h-r,) 22T mina.
dt X L [, 02

HaBenene Huk4e CIIBBIIHOIICHHS JIO3BOJISIE HA €Talli IPOCKTYBaHHS OILIHHUTH
KEpOBaHICTh 3aJHOIPUBOAHUX aBTOMOO1JIIB IO NapIliaJIbHUX KYTOBUX MPUCKOPEHHSX

dV, Ve
W, = al dga *0p- 61 seca B(L +—= do, d61 (21)
dt L L dt dt

Cymapna OiuHa peakilis Ha KoJjiecax 3aJHbOI oci (I BCix Beaydux abo MepeHix
BEAyYHX KOJIic) BU3HA4YaeThes 3 Bupasy (18), a Ha koiecax mepeaHboi OCi — 3 HACTYITHOTO
Bupasy [5]

dV — da

. m X1 __ a d62 d61

= tgd + 05 — 0 ) +V se@aBOL+——— X
R‘Sl coso Eﬂ dt qu 2 1) Xl[E dt dt dt

(22)
b_ tg@-8  ab-i2] b o _ —
x| —[ - +— IV tgd +05, — 9 )¢ — [fga.

BusHauuMo mapuianeHi TpHCKOpeHHS G, PY i G, PY 3 ypaxyBaHHaM
criBBigHoieHs (4), (29), (18) (22)

' M4 froer dd, dd
WOzp0n _{ dtl Ctgor + 3, —331)+VX1 EEse(,2 a B(jj—t 02 TPy

dt dt

T e L
L2 i2

(23)

L tgad+0, -9 L2 i
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ab-i2 a 5 dvy, .
o1y — z 2 2 L [ftga +8, —&; )+
Zon 12 L tga+d,-8; ) dt g +3,-3y)

(24)

— do do a _ b
+Vy Mse@qrf 902 0o |, a2 a+0, -0 ) =

HaBenene Huk4Ye CIHIBBIJHOIICHHS JO3BOJISE HA €Talli MPOCKTYBAHHS OIIHUTU
KEpOBaHICTh aBTOMOOLTIB 13 OyAb-sIKUM TUIIOM MPUBOA

(M oy Vo [ ocda dy dy) o
dt L L dt dt dt

0,

Ha pwuc.3 HaBemeHo 3ajeXHOCTI KYyTOBOTO IPUCKOPEHHS aBTOMOOUISA B TUIOMIMHI
JIOPOTH BiJI KyTa MOBOPOTY HATPABIISIIOYMX KOJIC i3 ypaxyBaHHsIM (25)1 6e3 ypaxysanHs (16)
O1YHOTO BIJBEJICHHS IIHUH. Y SIKOCTI BUXITHUX JAHUX YMOBHOTO aBTOMOOIIS MPHUIHATI TaKi:

i, =1,20m; = 0,013 = 0,5m; b= 1,3m; L = 2,4m; @ = -40°...40%dV, /dt = 1m/c? J, =
4°; 3, = 5%V, = 10wmc.

=
=

=
e

=

b

L
.

=

|
=
3
L
¥

\ﬁ

KyTOBi mprCKOpeHHs aBTOMOGLIIS, €, ¢
|
=
a
L]

-20 0 20 40
KyT moBopoTy HampapIsito9mx KoJIic, o

|
A
=

PucyHok 3. 3a1¢KHICTh KyTOBOTO MPUCKOPEHHS aBTOMOOLIS B IUIOIMHI JOPOTH
BiJl KyTa MIOBOPOTY HAIIPABIISIOUMX KOJIIC: ® ® ® ® *3 ypaxXyBaHHAM OiYHOTO BiIBEIEHHS IIIHH;
———0e3 ypaxyBaHHs O1YHOTO BiJ[BEICHHS LIHH

Figure 3. The dependence of the vehicle angular acceleratitre plane of the road on the steering
wheels rotation angle: ¢ ¢ « ¢ « with tire slip,— excluding tire slip

BucHoBKkH. 3anponoHOBaHUI METOJ] J03BOJIsIE BUKOHYBATH OI[IHIOBAaHHS KEPOBAHOCTI
aBTOMOOLTIB 3 pI3HUMH TUIIAMH MIPUBOIA W PI3HUMH HAINPABIAIOYMMHU KoslecaMu. BusHaueHHs
O1YHMX 1 JJOTUYHUX pPEaKI[iii Ha KojecaX aBTOMOOLIS MPHU MOBOPOTI 3 ypaxyBaHHSIM OI4HOTO
BiJIBEJICHHS IIWH JO3BOJISE TOYHIINIE 3IHCHIOBATH OIIHIOBAaHHS MOBOPOTKOCTI, CTIMKOCTI
KEpOBaHOCTI aBTOMOO1JIA.

Conclusions. The proposed method allows evaluating an autoradizihdling with or
without accounting withdrawal, with various type$ drive wheels and various steering
wheels. Determination of lateral and tangentiattieas on automobile tire while turning in
view tire slip allows more accurate evaluating ataanobile maneuverability, stability and
handling.

Crnncok BUKOPUCTAHOI JIiTepaTypu
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