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PALIOHAJIBHE YIIPABJIIHHSA PO3I'OHOM HOBHOIIPUBITHOI'O
EJEKTPOMOBLIA

HMoapuraso M. A.!, Kaiinanos P. 0.2, Kynimos C. A2, €¢imuyk B. M.}
1Xap1ci13c1>1c1/1171 Hanionaabuuii aBTOMO0iJILHO-10PO:KHIN YHiBepcHTET
’Haujonannna axanemist Hanionannnoi reapii Y kpainn
’KpemenuynbKa agromkona Nel

Anomauia. Buxounano oocnidoicennss payioHanibHuX 3aKOHI8 YAPAGNIHHA MAL08UMU MOMEHMAaMU Hd
KoJnlecax NOBHONPUBIOH020 enekmpomooins. Ompumani anarimuyni eupazu YNpAaeiiHHs MA208UMU
MOMeHmamy enekmpoOosu2yHis, wo 3abe3neuyroms CMIUKICIb MAWUHY NPU PO320HI 3 HAUMEHUUMU
SUMPAMAMU NOMYICHOCNT MA 3 MAKCUMATLHO MONCTUBOIO THIMEHCUBHICTNIO.

Knrouosi cnoea: enexmpomo0ine, cmiuKicms pyxy, APUCKOPEHHS, SUMPAMU HOMYICHOCMI, MA206]

MOMEHMU.

Beryn

3acrocyBaHHSI aBTOMOOWUIIB 3 €JIEKTPOIPUBO-
JIOM BEIy4YHMX KOJIIiC JO3BOJISIE HE TUIBKHM 3HU3H-
TH BHTpPATH eHeprii Ha pyx [1], ane ¥ mixBuinye
CTIMKICTh MAaIlIMHH IPH PO3TOHI 32 PaxyHOK pe-
T'YJIIOBaHHS PO3MOJIUTY TATOBUX 3yCHIIb (MOMEH-
TiB) MK KoJecaMH MepenHboi 1 3aJHbOI ocei
aBTOMOOLIS [2].

VY mif craTTi HaBeIEHI Pe3yNIbTaTH JOCITi-
JOKEHHS pallioHaJIbHUX 3aKOHIB YIPAaBIIHHS Ts-
TOBUMHM MOMEHTaMH Ha KoJIecax IOBHOIPHUBII-
HOT'O EJIeKTPOMOOLIS, 10 3a0e3MeuyIoTh CTili-
KiCTh MAIllMHK SIK MPH PO3TOHI 3 HAWMEHIINMHU
BUTPAaTaMU TOTYXKHOCTi, TaK 1 MPH PO3roHi 3
MaKCHUMAaJIbHO MOKJIMBOIO iHTEHCHUBHICTIO.

OtpuMaHi pe3yabTaTH MOXKYTh OYTH BHKO-
pHUCTaHI TaKOX NpPU CTBOPEHHI aBTOMOOITIB 3
KOMOIHOBAaHOIO ~ EHEPreTHYHOI  YCTaHOBKOIO
(riOprIHIX aBTOMOOLTIB).

AHaniz myoaikanii
JlocImiypKeHHIO  palliOHABHUX XapaKTepuc-
THK aBTOMOOLISI IPY PO3TOHI MPHUCBSUEH] POOO-
1 [3, 4]. B pobori [3] BU3HAauUCHO pallioHaIb-
HUHM 3aKOH 3MiHH JIHIHHOTO NPHCKOPCHHS aB-
TOMOOIISL ¥/, HpHU PO3roHi, 1o 3abe3neuye Mak-

cuMajbHe 301IbLIEHHS JiHIHHOI mBUAKOCTI V,

MpH HalMEHIINX BUTPATaxX IMOTYKHOCTI JIBUTY-
Ha. 3a3Ha4eHU 3aKOH Ma€ TaKUil BUTIISI

2m,g +V?
(V ) _ 8gf 3 C.pF p2 )
pay O,y gm”gf_Vz 2
3CpF ¢

ne £— MPUCKOPEHHS BUIBHOTO MaiHHS;
f — KoediieHT OMopy KOYEHHIO KOJIIC;

0,; — KoedilieHT 00Ky 00epTOBHX Mac

0
TpaHCcMicii 1 IBUTYHA;
m, —Maca aBTOMOOLII;

C. — xoedilieHT JI000BOTO aepoIuHAMIYHO-

X
'O OIopY;
P — UIBHICTH TOBITPS;
F — mora 1060BOro neperuHy (Miznenb) aB-
TOMOOLIIS;
V', — niHiiiHa MIBUAKICTH aBTOMOOLIS.

JJis1 IOBHOMPHBITHOT'O aBTOMOOLIS IIPH pea-
Ji3alii TPaHUYHUX CHJI 110 3YCIJICHHIO BEIYUHX
KOJIIC 3 IOPOT'Ol0 OTpuMaHuii Bupas [1]:

Cpr 2
-y
(7.) :—g(P 2m, " )
a epam R ’

6p

e @ — KoedillieHT 34CIVICHHS BEIYyYHX KOJIC 3

JIOpOTOIO.

B poGori [4] BU3HAUYEHO, 110, 32 YMOBH 3a-
Oe3rmeueHHsT KypCOBOI CTIMKOCTI aBTOMOOLIS
MPU PO3rOHI, HOro MPHCKOPEHHS HE MOBHUHHO

4 ) SKe MOXe OyTH BH-
max

nepesuiysata \V, ..

3HaYeHe 3 Bupasy (3).

B po6ori [4] Bu3HAYEHO KOE(DII[iEHT PO3IO-
Ty CyMapHOI JOTHYHOI peakilii Ha MepeaHto
BiCh, iZICAIBHUH 3 TOYKH 30py 3a0e3MedYeHHs
CTIMKOCTI aBTOMOOLJISI P pO3roHi (4).
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bh-r,
q C_pF
Vien), oo = 08— L Py (3)
b :_(ph=ra) |8 ) 2m,
0,5 a——l K; - Sl I K, —-0,5
a
PO PO U B PR ‘L h_rd(1—“j
b*>) b by [GPF . L b
, a 2ma a
K = : L@
1
b
ae r, — IUHAMIYHUH pajiyc BEAy4HX KOJic; a Ry h-r, g, ( . )
a,b — BiACTaHb BiJ MEpEIHBOI 1 3aHBOT Ocei + /g z + mg L + mardz 4 pay |’ (®)

ABTOMOOLIS 0 MPOEKIIii IEHTpa Mac Ha FrOPU30-
HTaJbHY IUIOIIUHY, 110 MIPOXOIUTh Yepe3 I1i Bici
(ropu30HTAILHI KOOPAMHATH LIEHTPY Mac aBTO-
Mo0iIs);

h — BucoTa HEHTPYy Mac aBTOMOOLIIS;

K, — xoediuieHT po3monaily cyMapHoOi 1OTH-

YHOI peakiii Ha Koieca MeperHboi 0ci aBTOMO-
o [5]:

R

K1

=—" 5
R +R ®)
Ky K2

R

AeR, ,R, — cymapHi IOTHYHI peakuii noporu

Ha KoJIecax IMepeAHbOol 1 3aHbOI ocell aBTOMO-
Oi1s1 BiOBiAHO[6];
L — moB370BXKHS KoJlicHa 0a3a aBTOMOOLISA

[7]:
L=a+b. (6)

B poborti [4] Takoxk BU3HAYEHO CyMapHi Kpy-
THI MOMEHTH Ha KoJiecaX MepeaHboi 1 3aJIHBOI
OCeid, 11eabHi 3 TOUKH 30py 3a0e3MeUeHHs Kyp-
COBOI CTIMKOCTI aBTOMOOUISA TPH PO3TOHI, SIKi
NP OPUAHATTI 7, =7, BU3HAYAIOTHCA:

M= | 0+ S fi
‘e b Re h-r, . Iy (V) e
L mg L m,r; ’
M =myf | )+ 5202 1= K2)+

a

peJy ,Jg, — MOMEHTH iHepuii 00epToBHX Mac
TpaHcMicii Ta ABHTYHA, MPUBEIEH] 10 KOJIC Te-
PEAHBOI 1 3aIHBOI BiC1 aBTOMOOLJIS BiJIIOBIIHO;

R, — cymapHa NOTHYHA pEakKilis IOpOru Ha
BCIX KOJIecax aBTOMOOLIS:

Ry =Ry, +Ry,. )

OpHak y BiOMHUX JIOCHipkeHHsX [3,4] He
BH3HAYEHI 3aKOHH YIPAaBIIiHHSA TATOBUMH MOMe-
HTaMHU EJIEKTPOJABUTYHIB TMEpPEAHIX 1 3aJHIX KO-
JIic, ieabHl 332 YMOBOIO SIK PO3TOHY 3 MiHiMa-
JHHAMH BUTpPaTaMH TMOTYKHOCTI, TaK i 32 yMOBH
3a0e3MeueHHsT KypcoBOl CTIMKOCTI aBTOMOOLI.
Takox He PO3TISIHYTO 3aKOHW YIPABIIHHS TH-
TOBUMH MOMEHTaMH TIPU PO3TOHI Ha MEXi BTpa-
TH 34ETUICHHS BEAYYUX KOIIIC 3 JIOPOTOIO.

Linb Ta mocTanoBKa 3aBIaHHS

MeToro IOCIIPKEHHS € MiIBUIICHHS KypCo-
BOI CTIHIKOCTI 1 eHepreTHYHOi e)eKTUBHOCTI MPH
PO3rOHI TOBHONPHUBIHHUX €IEKTPOMOOLITIB.

JIJiss OCSITHEHHS TOCTaBJICHOI METH Heo0-
X1JIHO BHUIIINTH TaKi 3aBJaHHS:

- BU3HAYMTH 3aKOH YIPABIIHHS TATOBUMH
MOMEHTaMH Ha KoJjecaX, Io 3abe3nedye CTiii-
KiCTh E€NIEKTPOMOOINS TpH pO3roHI 3 Hail-
MEHIIIUMH BUTPATAMU MTOTYXKHOCTI;

- BHM3HAYUTH 3aKOHU YIPABIIHHS TATOBHUMH
MOMEHTAaMH Ha Kojecax, sKi 3a0e3lnedyoTh
CTIHKICTh €NIEKTPOMOOLIS MPH PO3TOHI Ha MEXKi
3YCTICHHS KOJIIC 3 0POTrol0.
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Bu3zHauyeHHs KPyTHMX MOMEHTIB Ha KoJiecax
aBTOMOOIIA 1JIS1 PO3rOHY
BusHaunMo ineanbHHN CyMapHU KPYTHUH MO-
MEHT Ha BCiX Koyecax aBTOMOOLISI PU PO3TOHI
3 HaWMEHIIMMH BUTpaTaMH MOTYXHOCTi. Jis
LIBOTO IMiJICYMY€EMO JIiB1 1 IPaBi YaCTHHU PIBHSIHb

(7)i (8):

S ME =M + M = m,r,((7,)

X
pay

(HiJ g1 SPF pr ] (10)

m,r, m,

[MincraBmsroun Bupas (1) B piBasiaas (10) i Bpa-
XOBYIOUH, I10:

JKl +JK2
1+ 2 —5 (11)

2
m,ry

3 PEIITOI OTPUMAEMO :

S M2 =mrd fi+| 8gf ——P

2
2mgl o
| 3C.pF

+—C"pF}V2}. (12)

a
2m,

Bupaz (12) nosBomnsie BU3HAYUTH CyMapHUIl
KPYTHHI MOMEHT Ha BCIX Kojecax aBTOMOOLIS,
ileaTbHU# 32 YMOBOIO PO3TOHY 3 MIiHIMAJIbHUMH
BUTpPATaAMH TTOTY>KHOCTI.

[eperBopuBmm Bupaszu (7) i (8), i, HEXTYyrO-
Y BEJIMYMHOKO BHUIIIOTO MOPSAIKY MaiocTi [8]:

Ry h-r,

% m,g L

=0, (13)

OTPHMAEMO:

M2 =mz [, )W[R;s +n‘1’_J +

ard
a
LGP

K2y +fgﬂ, (14)

a

M;?Z zmard[(Va)pau{l_K? + JK22]+

mard

N } (15)

2m,

[MincraBnsroun piBasiHAs (1) y Bupasu (14) i
(15) oTpuMaemo micist IepEeTBOPEHD:

. J
8gf{K}f + k'zJ
mard
X
606

; b
M}?l =m,r, fgz+

K2 W2, (16)

M2 =m,rd fg—+ 5L %
606
iZag;JrV"z C.pF
x> ZaP e A 3| ek
g magf _V2 2ma
3CpF

Bepyun B pisnsuui (5) V, = (V )pau BH3HA-

a

unmo K2 s posroHy aBTOMOOGIIA 3 Haii-
MEHIMMH JOJATKOBUMH BUTPATAMH IMOTYXKHOC-
Ti nBUTYHa (18).

[pu peanizalii rpaHUYHAX CHII TIO 3YCIICH-
HIO BEIy4YHMX KOJNIC 3 JIOpOrol0 ifiealbHUH Koe-
OIIieHT PO3MOITY CyMapHOi TOTHYHOI peakiil
Ha TIEpeTHIO Bich Oy/ie BU3HAUEHO MICIIs MijicTa-
HOBKH BUpasy (2) B piBHsHHSA (5). B pesynbrari
oTpuMaeMo piBHsIHHS (19)
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CyMapHi KpyTHHI MOMEHT Ha Kojecax Tie-
PEAHBOI 1 3aIHBOT OCel MPH JOTHYHUX PEAKIIiIX
1 pIBHUX TPAaHUYHUM CHJIAM 34ETUICHHS

Ry, =R, , (20)
Ry, =¢R.,, @2y

Oy/IyTh JTOpPIBHIOBATH:

(M;?I )cu - rd(pRzl + Mfl + JKl (bKl ’ (22)

(M2,), = rioRe, + M, + T 0y, (23)

Ae R, ;R, — cymapHi HOpMaibHI peakuii Joporu

Ha KoJIecax IMepeAHbOol 1 3aHbOI ocell aBTOMO-
oins;
M, M,

YCHHIO MEPEHIX 1 3aIHIX iX KOJIIC BiIMOBIIHO;

— CyMapHi MOMEHTH OIOpY KO-

O, ; O, — KyTOBI NPUCKOPEHHS MEPEAHIX i

3a(HIX KOJIIC aBTOMOOLIA.
BpaxoByrouu, 1o

M, = fRr,, 24)
M, =R, 25)

nepeTBopuMo (22) ta (23) 1o BUTIIALY:
(M}?} )W =R21rd(go+f)+JK]a'>K] =

Va
=R, 1,(p+f)+Jy, -, (26)
d

(M}?z )W =R22Vd((P+f)+JK2(bK2 =

5
=R, 1, (<o+f)+JK2r—:. 27)

CyMapHHi KpPYTHHH MOMEHT Ha BCiX KoJje-
cax aBTOMOOLIS B 3a3HAYCHOMY BWIIaJIKy Oyje
BHU3HAYATHCA

>ep), =(2) +2) =

Jo +J. .
(gt f)s Ky
Ty

Je +J. .
=mard{g(¢+f)+L2K2Va}=

a

=mard[g((p+f)+(506 _I)V.z/z]=

= magrd{co +f+(6,6 - 1)%}- (28)
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CKJIaCTH QJITOPUTM YIIPABIIHHS €JICKTPOIBUTY-
HaMH TEPEIHIX 1 3aHIX KOJIC aBTOMOOLIS HpH
PO3roHi 3 MIHIMAJIBHUMHU JOAaTKOBUMH BHUTpPa-
TaMH TIOTYKHOCTI JBHTYHA MPU PO3TOHI 3 Mak-
CHMAJIBHOIO IHTEHCHBHICTIO.
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Rational acceleration control of an all-wheel drive
vehicle.

Abstract. Problem. The improvement of ability rating
of vehicles is a topical task which provides the
promptness of transportation, improves the perfor-
mance efficiency of vehicles by means of increasing
the vehicle average speed. High dynamic character-
istics are provided by mounting the powerful power
units and by using the combined propulsion systems
and powering cars recently. Using cars with driving
wheels’ electric drive helps not only decrease energy
consumption, but also increases car stability by regu-
lating distribution of traction moments between the
front and rear axles. Goal. The goal is to increase
the course-keeping ability and power efficiency dur-
ing the acceleration of all-wheel drive electric cars.
Methodology. The provision of stability of vehicle
movement is reached by the redistribution of total
tangential reaction of a vehicle wheels. The power
consumption of a power unit is determined with the

63

help of rational law of the acceleration ramp chang-
ing during the acceleration that provides the most
possible increase of line speed. Results. The rela-
tions allow to create the algorithm of control of vehi-
cle front and rear wheels’ electric motors during the
acceleration with the minimum of additional engine
power consumption while accelerating with the max-
imum intensity that can be implemented both for
electric cars and for cars with combined propulsion
systems. Originality. The laws of driveline engine
tractive effort torque control during the acceleration
are obtained at the limit of a clutch fade of drive
wheels with the road that determines the perfor-
mance of maximum acceleration by cars. Practical
value. Increasing of vehicle energy efficiency and
providing of safety of traffic.

Key words: electric car, stability of movement, power
consumption, tractive effort torque.
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