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B.H. Kpasen

HOPMAJIbHBIE PEAKITAU HA KOJIECA ABYXOCHOI'O ABTOMOBHJISA
11O CHEIIVIEHHUIO C OIIOPHOU MOBEPXHOCTbBIO

Huxeropoackuii rocynapcTBeHHbIN TexHuYeckuid yausepcuteT uM. P.E. AnekceeBa

PaccMoTpeHa MmeTonuka pacuéra HOPMAJIBHBIX pPEaKUUi, NEUCTBYIOIIUX Ha IEPEIHUE U 3aJHHE KOoJEca
JIBYXOCHOTO aBTOMOOWIIS-TATaya, KOIZa TSroBas CHIa Ha €ro BEAYLIMX Kouécax OrpaHWYMBACTCS CLEIUICHHEM C
OIIOPHOM IIOBEPXHOCTHIO.

Kniouegvie cnosa: nByXOCHBIM aBTOMOOHMIIb-TSTad, BEAYIIME KOIECA, BEIOMBIE KOiIEca, HOPMAJbHbBIE PEAKIIUH
Ha Kojéca, CUEIUIEHNE KOJIEC ¢ ONIOPHON OBEPXHOCTHIO, CONPOTUBIEHUE KAUEHHUIO KOJIEC.

Metonuka pacuéra HOpPMaNbHBIX JUHAMUYECKHUX pEaKIMi, JEeHCTBYIOIMX Ha Kouéca
JIBYXOCHOTO M TPEXOCHOTO aBTOMOOWIEH, a Takke Ha Koléca aBTOMOOWISA-TArada W MpHIlerna,
BXOJSIIIIMX B COCTaB aBTOIOE3/la, KOTJAa TArOBas CWJa Ha BEAYHIMX KojécaX Ha3BaHHBIX
ABTOTPAHCIIOPTHBIX CPEJCTB OTPaHWYEHA WX CICTUICHHEM C OIOPHOM IMOBEPXHOCTHIO, BIIEPBHIC
npemioxkeHa E.A. UynakoBsiM [1]. Heckonbko HHYIO METOIUKY OIpENEICHUs] HOPMAaJIbHBIX
peakiuii Ha Kojéca ABYXOCHOTO aBTOMOOWJISA MO YCJIOBHIO CIEIUICHHUS BEIYIIUX KOJEC C JOPOTOM
m3noxun B.A. WmapuonoB B paborte [2]. Pacuérubpie (opmynbl, mpeanokXeHHbIE Ha3BaHHBIMHU
aBTOpaMH, MOJyYEHBl MPH HEKOTOPHIX YIPOIIAIIUX AONYyHICHUSX TOYHOE pellleHrue MAaHHON
3aJlauy BBIMOJIHEHO aBTOPOM HACTOAIICH myOiauKauu B padorax [3, 4].

Pacuyér HopManbHBIX JUHAMUYECKUX PEaKIUi, JeUCTBYIOLIMX Ha KOJEca EepeIHeN U 3aHel
oceil JIByXOCHOTO aBTOMOOWJIS, MPOU3BEAEH Uil TPEX KOMIOHOBOYHBIX cxeM: 1) 3amHue konéca
BeIyIlKE, TIEPEIHNE — BEAOMBIC; 2) MepeaHre Koji€éca BeAyllre, 3aJHue — BEIOMbIe; 3) Bce Koiéca
BEIYyILHE.

Henoanonpueoouwtit asmomoouns 4 x 2 ¢ 3a0Humu 6eoyuwiumu Koaiécamu

Cxema cun u mMomenmog, JNEUCTBYIOIIUX HA aBTOMOOWIIL-TATA4 C 3aJHUMHU BEAYIIUMHU U
MepeTHUMHU BEIOMBIMU KoN€écamu, Moka3aHa Ha puc. 1. B mentpe macc aBromoOmnst — touke C
npuiiokeHsl cuna Tsokectn G, u e€ cocrapmsromue Gy u Fj, a Takke Cuila COMPOTUBICHUS
HOCTYIAaTeNbHOMY pasroHy F,.. [TonoxeHnue eHTpa Macc 3a1aHo KoopauHaTamu a, b u hy. B Touxe
Cw — IeHTpe MapyCHOCTH, WM METalleHTPE MACWCTBYIOT CHJIa COMPOTUBIEHHUS Bo3ayxa Fy,
noabEMHas adporuHamudeckas cuna Fy,. Cunel F, u Fy; co3naioT oTHOCUTEIHHO MOMEPEYHON OcH
Cy ONpOKHMIBIBAOIMKA a’poAMHaMH4YeCKHi MOMEHT T,. Ilonoxenme Touku C, 3a1aHO
KOOpJMHATaAMH dy, Dy U hy u paccrosauem |y, 10 nienrpa macec C. B touke C. MpHIIOKeHA CHIa B
cuenHom ycrporictBe F. m e€ cocrasmsaromme F., u F. Ilonoxenne touku C, 3amaHO

paccrosHusaME b, u he 1o 3axHeit ocu u omopHoO# MOBepXHOCTH cooTBeTcTBeHHO. 271 11, 21, —
CyMMapHbIE MOMEHTBI COIIPOTHBIICHUS KAaYEHUIO MEPEAHUX U 33JHUX KOJIEC COOTBETCTBEHHO. Ilon
JeWCTBUEM BHEIIHUX CHJI U MOMEHTOB Ha MEpeAHHME U 3aJHUe Kojiéca aBTOMOOMIIS JEHCTBYIOT
cyMMapHble mpoponbHble peakunn R, XR,, u cymmapHbie HopManbHble peaxkimn 2R, u

>R,, ONOpPHOI NOBEPXHOCTH.

CyMMapHBbI€ TPOAOJIBbHBIE PEAKIIVN:
® Ha [IEpeIHUE KoJIEca

R. - f YR, +23x8 _ ¢ vR +&; Q)
x1 z1 z1
rﬂ rﬂrK
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® Ha 3aJHHE Koléca
2R =0, 2R, 2)
rne f — koauIenT conpoTHBIeHNs KaYSHHIO TIEPEIHUX BEIOMBIX Konéc, » J, 4 — CyMMapHBIii
MOMEHT MHEPIUU MEPETHUX KOJIEC; € — YINIOBOE YCKOPEHHUE MEPEIHUX KOJIEC; I} — NMHAMUYECKUN

panuyc IepelHUX KONIEC; @, — YCKOPEHUE aBTOMOOWIIS; I¢ — paAMyC KaueHUs INEPEJHHX KOJIEC; Oy
— K03(p(pHULIMEHT MPOIOTBHOTO CUEIUICHUS 33HUX BEAYIINX KOJEC C OMOPHON TOBEPXHOCTHIO.

Puc. 1. Cuiibl 1 MOMEHTBI, AeHCTBYIOIIME HA ABTOMOOWJIL-TATa4 B 001IEM CJIy4dae ABUKCHUS

CocCTaBISIOT 1Ba YpPaBHEHUS C IByMs HEM3BECTHBIMU » R, 1 > Ry, :

e CyMMY IIPOEKIIM Bcex cuil Ha och Cz

2.2=0; YRy +2 Ry +Fy -G, -k, =0, 3)
OTKyJa
ZRZZ :GH_FWZ+FCZ_ZRZ].; 4)
e CyMMYy MOMEHTOB BCEX CHJI OTHOCHUTEIIbHO IieHTpa Macc (Touku C)
2Tc=0;

szla_szlhg +2Tf1_ZR22b+sz2hg +2Tf2 +
+F, (0, —hg )+ Fugly + Ty — Fex (g = )+ Fey (b+b; ) =0.

[Tocrne moACTaHOBKH B ypaBHEHHE (5) MpHUBENEHHBIX paHee BbhIpakeHUi it ) R,y , D Ry

(5)

u Y R,, o popmyne (4) monyqaror:
Jaa,h
> Rua— Y Ryh, _m

'k
+ZRZlb+(PX(GH —Fy; + I:cz)hg _(szRzlhg +2.Tip+ (6)
+F,y(h, —hg )+ Fuly + Ty — Fex (g = )+ Fey (b+b; )= 0.

+ZTfl_(GH_sz +Fcz)b+

Wy
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B ypaBuenuu (6):
szl"'szZ :am(szl"'szZ): f(GH_FWZ+FCZ)rZ[' (7

C yuérom (7) ypaBHeHHe (6) mproOpeTaeT BU:

Z R21a + Z Rzlb — f Z Rzlhg - (sz Rzlhg - (GH - sz + I:cz )b +
Z ‘]Klaahg
==+

rn I
+F,y(h, —hg )+ Fugly + Ty — Fe (g = )+ Fey (b+b ) =0.

Vmes B BUILY, uTo 3. R,;(a+b)=Y R,;L, nonyuaror:

+ f(GH - sz + I:cz )I’H + (pX(GH - sz + I:cz )hg - (8)

ZRzl[L_((Px + f)hg] = (GH —Fy, +Fe )(b_(thg - fr,:[)+
Z‘]Klaahg
+—_
I’ﬂrK
+ Foy(hg —hg )~ Fey (0 +1, ),

Fy(hy =g )= Fugly —Tuy + )

wy

OTKyZa
Z J 1% hg _
er I
—hg )~ Fuzly = Tuy + Fex (g —he )~ Fea (b +b; )
L- ((p T )hg
[Tocse moacTaHOBKH BhipakeHuss Y R, 1o dopmyse (10) B ypaBHeHue (4) MoaydaroT:

(Gy — Fup + Fer Jo—hg — fr )+

F,(h

B

SRy =— . (10)

)] Z‘]Klaahg
e S
I"HI'K
+Fy(hy =g )+ Fugly + Ty — Fex (g —he )+ Fep (b +b¢)
2R = : (11)
L_((Px + f)hg

Gy — Fuz + Fer Ja— f(ng -,

Yacmuvble ciyuau
1. OnuHOYHBI aBTOMOOWIIb ABIKETCS HAa TIOABEME.
[Tpu atom F¢ = Fex = Fe; = 0:

(Gy — Fuz b —0yhy — fr, )+
—F,(h, —hg ) Fualy =T
R. — 5B g wz'm — Twy ) 12
Z z1 I—_((Px"‘f)hg ) ( )
> Jaa,h
(G — Fuz Ja— f(hy —rﬂ)]—rlr”u
o'k
- =+FB(hB—hg)—FWZIM+TWy )
22 L— (o, + F)h, '

2. ONMHOYHBIN aBTOMOOWIIb ABIKETCS HA MOABEME C MaJlo cKOpocThio. B aToM ciiydae F

Z J k1% hg _
M I

Z J k1% hg

G, (b-oyhy — fr, )+ o

L_((Px+ f)hg

2Ra= ; (14)
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)]_ Z J Klaahg
ZR _ Ml
2 L—(p, + f)h
—\Px + g
3. OnuHOYHBIN aBTOMOOWIJIb JIBMDKETCS Ha MOABEME C MOCTOSHHOW Mayloil ckopocThio. B

nanHoi ciydae Fe = Fox = F; = 0; Fy = Fy; = Twy = 0 1 @, = 0, Tak kak V = const:
GH(b—(pxhg —fr,)

GH[a— f(hg -1,

(15)

2Ra= Lo+ Ty (16)
GH[a— f(hg —I, ]
ZRZZ = L_((Px N f)hg (17)

4, OnuHOYHBIA aBTOMOOWJIb JBHKETCS Ha MOABEME C IMOCTOSHHOM Majloi CKOPOCTBIO IO
Jopore ¢ TBEPIO OMOPHOI MOBEPXHOCTHIO B XOpoIieM cocTosiHud. B atom ciydae Fe = Fex = F¢; = 0;
Fe=Fu:=Tuwy=0; a,=0uf~0, Tak xak f << @,

G,\b-o,h
S s
L —oxhy
G,a
YRp=r"-—. (19)
L —oxhg

5. OOMHOYHBIA aBTOMOOWJIb JIBM)KETCSI Ha TOPU3OHTAIBLHOM JOpOre C IOCTOSHHOW MaJlon
CKOPOCTBIO, TPHUYEM OMOPHAsI TIOBEPXHOCTh TBEP/AAs M B XopoiieM coctosuu. [Ipu stom Fe = Fey =
:Fcz:O; o= 0 I/IGH:GaCOS(X:Ga; FB:FWZ:TwyzO, aa:() I/Ifzo

Gy b—oyhy )
2Ry =———— (20)
L —oxhy
G,a
YRy = (1)
L —oxhg
Henoanonpueoouwtii asmomoouns 4 x 2 ¢ nepeonumu eeoymumu Koaécamu
CymMmapHbi€ TPOJI0JIbHBIC PEAKIIUN:
® Ha [IEpEeIHUE KoJIEca
2 Ra=¢x XRa; (22)
® Ha 3aJHUE KoJIEca
Joa
ZszzszZZ_F@’ (23)
rIl I
e ¢y — Kod(hQUIMEHT MPOJOIBHOTO CIEIUICHUs NEepeTHUX BeAYIIMX KOJIEC C OMOpPHOU

HOBEPXHOCTHIO; f — KO3hHUIMEHT cOMpOTHBICHUs KAaYCHHIO 3aJHUX BEIOMBIX Konéc; ».J.o —

CYMMApHBII MOMEHT WHEPIUHU 3aqHUX KOJIEC; I, — NMHAMMYECKUN PAJAMYC 3aJHUX KOJIEC; Iy —
paanyc KauyeHHs 3aJHUX KOJEc.

Cymmy mpoekiuii Bcex cuil Ha och Cz 3aluChIBalOT B BUjIe ypaBHeHul (3) u (4).

CyMMa MOMEHTOB BCEX CHJI OTHOCHTENIBHO 1eHTpa Macc (touku C):

2Tc=0;
ZRzla"'szlhg +ZTf1_ZR22b_ZRx2hg +ZTfZ+

+F,y(hy —hg )+ Fugly + Ty — Fe (g —he )+ Fy (0+b) =0. 24)
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[ToncraBuB B ypaBHeHue (24) npuBen€HHBIC paHee BbIpakeHus it ) Ry u Y Ry,, a
takxke Y R,, mo ¢popmyrne (4) nomydaror:
Y Rpa+¢ Y Ryhg + X T4 —(G, — Fyy + Fp o+ X Ryb—
2 ‘]Kzaahg
JIRIS
+Fy(hy —hg )+ Fugly + Ty — o (g —he )+ Fy (0+b) =0.

[Tocne 3amensl B ypaBHeHuu (25) > T1+> T, 1no dopmyse (7) u ¢ yu€rom TOrO, 4TO A

— (G, -Fy, + Fcz)hg + Y Ryhg - +3 T+ (25)

+ b =L, monyuyaror:
Z Rzll- + (sz Rzlhg +f Z Rzlhg + f (GH - sz + I:cz )rn -
Z ‘]KZaahg
=+
rﬂ I

+Fy(h, —hg )+ Fugly + Ty — o (g —he )+ Fy (0+b) =0.
[Tociie HEKOTOPBIX TIPeoOpa3zoBaHMil ypaBHeHHE (26) MproOpeTaeT BU/I:

ZRzl[L+(<pX + f)hg] =(G, —Fy, + FCZ)[b+ f(hg —rﬂ) +

Z‘]KZQahg
+—_
PN

_(GH - sz + I:cz - f(GH - sz + Fcz )hg - (26)

(27)
Fy(hy =g )= Fuzly = Tuy + Fox (hg =g )= Fez (b+b; ),

OTKyJ1a
Z J k2% hg _

(GH_FWZ+FCZ)[b+f(hg_rH)] + rr

Fy(h, —hg )-
pis

SR, = ~Fuzly _TWy+FCX(hg _hc)_ Fe,(b+be)
& L+(px + f)ng

[ToncraBuB Beipaxenue (28) B popmyiy (2), momydaror:

> Jeash
(G, — Fy; + Foy )(a+(pxhg + frﬂ)—rzrag
'k

—Foy(hy = )+ Fey (b+bg )
L+(py + f)ng

(28)

+F, (hB - hg )+

+Fyly, +T
2R = - ~

Yacmuvle cnyuau
1. OuHOYHEI aBTOMOOWITL IBXKeTCs Ha moabéme. [Ipu atom Fe = Foy = F¢; = 0:

Gy~ Fu b+ Flhg =1, )] , 2 Ix2dally
rﬂrK

—F, (h, =g )= Fuzly = Tuy
L+(px + f)ng

(29)

; (30)

szl =

(Gy — Fuz Na+oxhg + fr, )-

+F, (hB —hyg )+ Fuzlu + Ty

L+(px + f)ng 1)

ZRZZ =

2. OMUHOYHBIA aBTOMOOWIIb JIBIDKETCS HA TOABEME C Majioll CKOPOCThIO. B aTom citydae F
=Fx=Fz=0uF,=Fy,=Tyy=0:



Hazemuble mpancnopmmuuvie cucmemyl 83

J h
GH[b+f(hg—rﬂ)] +Z:2raag
R, = iAx . 32
2Rz L+((px+f)hg (32)
J h
G, (a+ochy + frﬂ)—z;‘zraag
2R = A= (33)

L+(px + f)ng
3. OnMHOYHBIA aBTOMOOWJIb JIBIDKETCS HAa TOABEME C MOCTOSHHOM Mayiol CKOpOCThiO. B
naHHoM ciaydae Fc=Fy=Fg= 0;F;=Fu, = Twy =01 a, =0 npu V = const:

ZR _ GH[b+ f(hg _rﬂ)]
71 —
L+(px + f)hg
SR G, (a+oxhg + fr,)
22— L+((px + f)hg
4. OnVHOYHBIN aBTOMOOWIIb JIBUKETCS Ha TOABEME C MOCTOSHHOH MaJIOH CKOPOCTBIO TIO

Jopore ¢ TBEPIOH OMOPHOH MOBEPXHOCTHIO B XOpoIIeM cocTosiHuu. B atom ciydae Fe = Fex = Fe; = 0;
Fs=Fuw:=Tuy=0; aa=0nuf=0, rak xak f << ¢,:

; (34)

(35)

G,b
XRp =1 (36)
+(|)Xhg
G,la+oyh
+0xhy

5. OnMHOUHBIN aBTOMOOWJIb ABMXKETCS HA TOPU3OHTAIBHOM JOpOre ¢ MOCTOSHHOW MaJloi
CKOPOCTBIO, IPUUEM OIOpHAs MOBEPXHOCTh TBEPAAs U B XopoueM cocTosHuM. [Ipu atom F¢ = Fex =
:Fcz:O, aZOHGH:GaCOS(X.:Ga, FB:FWZ:Twyzo, aaZOI/Isz

G,b
YRy=—""—] (38)
L +@xhyg
G, (a+oyhy)
YR, = %) )
PxNg
JleyxocHulii nonnonpueoonslii agmomoouns 4 x4
CymMmapHbI€ TTPOJI0JIbHBIC PEAKIIUN:
® Ha [IEpEeIHUE KoJIEca
2 Ra =0y 2Ra; (40)
® Ha 3aJHUE KoJIEca
2R =0x 2Ry (41)
Cymma npoekIuii Bcex cmt Ha ock CZ BbIpakeHa ypaBHeHUs MU (3) 1 (4).
CymMMa MOMEHTOB BCEX CUJI OTHOCUTENIBHO TOUKHU C:
>Tc=0;
szla"'ZRxlhg+2Tf1_zR22b+ZRx2hg+2Tf2+ (42)

+FB(hB—hg)+F I, +T

WZ'mM

wy — Fox (g = )+ Fey (b+ b )= 0.
[Tocine moncraHoBKM B ypaBHeHue (42) Belpakenuit mia Y Ry YRy, u D R, mo
dopmyre (4) momydaroT cleayrollee ypaBHEHHUE:
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ZRzla'HszRzlhg +2Tf1 _(GH - sz + I:cz )b"'ZRzlb"'
+(Px(GH —Fy; + Fe )hg _(szRzlhg +2 Ty + FB(hB - hg )+ (43)
+ Fugly +Tuy = Fex (hg —hg )+ Fey (b+b ) = 0.
C yuérom toro, uto a + b =L u DT+ Tsp = f(GH —F + ch)rﬂ no opmyie (7),

ypaBaenue (43) npuoOperaer BUI:
ZRzlL"' f(GH - sz + Fcz)rn _(GH - sz + I:cz)b"'

+ 0, (Gy = Fyp + Fe g + Fy (=g )+ Py, + Ty — (44)
—Feylhg —he )+ Fey (0 +1 ) =0.

Torna
> Ryl =(G, — Fu + Fep b —0xhy — fry )= Fy (b, —hy )- )
—Fuzly = Tuy + Fox (g =g )~ Fes(b+b; ),
OTKy/a
(Gy — Fu + Fer o —oyhy — fr )= Fy(h, —hy )-
SR, = — Fuzly _Twy"'ch(Cg _hc)_ Fez (b+1;) (46)
[Toce moacTaHOBKH BhipakeHuss Y R,q 1o dhopmyse (46) B ypaBHeHue (4) MOTy4atOT:
(GH - Fy; + Fy )(a+ (thg + frﬂ)+ F. (hB - hg )+
SR, -+ Py Ty = FCX(:Q —he )+ Fey (0 +b;) -
Yacmuvle ciyuau
1. OnuHOYHBIM aBTOMOOMIIb ABMXETCs Ha mogbéme. [Ipu atom Fe = Feox = F; = 0:
SR, = (Gu — Fuz b —oyhy — fry )= Fylhy —hy )= Fugly —Tuy ; u8)
L
SR, - (G, - Fuz )(a+(pxhg + fra): F, (hB —hg )+ Fuzly + Ty | (9)

2. OnMHOUHBIA aBTOMOOWIJIb JIBUXKETCS Ha MOIbEME ¢ Maol CKOPOCThIO. B aTOM cityuae F¢ =
=Fx=Fz=0uF,=Fy, =Ty =0:
GH(b_(Pth B frﬂ).

2Ry = C ; (50)
Gy (a+ouhy + fr,)
SRy, = R (51)

3. OnMHOYHBIN aBTOMOOWIIb IBUXKETCS Ha MOABEME C MAJIOM CKOPOCTHIO MO J0pOre ¢ TBEPAOH
OIIOPHOM TTOBEPXHOCTHIO B XOpOIIEM COCTOSHUH. B a3tom ciywae Fc = Fox = F; = 0; F; =
=Fw; =Twy=0; f= 0 mpu f << @y

G, (b—py4h
2Ry =(+)i (52)
£k, - S0 3

4. OIVHOYHBIA aBTOMOOWIIb IBUKETCS HAa TOPU3OHTAIBHON JOpPOre C Malloil CKOPOCTHIO,
pUYEM OTIOpPHAsS IOBEPXHOCTHIO TBEPAAS M B XopolieMm coctosHuu. [Ipu atom F¢ = Fox = Fe; = 0;
o=0uG,=G;co80 =G, Fs=Fy,=Twy=0uf=0:
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G, [b—p,h
SRy =(+); (54)
SRy =G(a+q)h) (55)
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NORMAL REACTIONS OF WHEELS OF TWO-AXLE VEHICLE IN ACCORDANCE
WITH SUPPORT SURFACE ADHESION

Nizhny Novgorod state technical university n.a. R.E. Alexeev

Purpose: Development of methodology for calculating normal reactions acting on the front and rear wheel-axles of the
towing vehicle when the towing force of the drive wheels is limited by the strength of their adhesion with the
supporting surface.

Design / methodology / approach: Theoretical studies were carried out on the basis of fundamentals of the classical
theoretical mechanics.

Findings: There are analytical expressions for the calculation of the normal dynamic reaction forces at the front and
rear wheel-axles of towing vehicle with three different layout drawings for the general and special cases of traffic.
Scope of use: the study of indicators of operational properties of general transport vehicles and, above all, off-road and
all-terrain vehicles.

Research limitations / implications: Not examined the spatial model. The two-dimensional model was analyzed.
Originality / value: During the developing the methodology for calculating the normal dynamic reaction forces at the
front and rear wheels of the vehicle, it was taken into account not only the external forces applied to vehicles body, but
also the longitudinal reactions in contact zones between the driving and driven wheels and supporting surface.
Conclusion: The analytical expression of the dynamic responses of normal reactions allows estimate their impact on
the value of design parameters of the vehicle, as well as the characteristics of the support surface of the road.

Key words: to-axle vehicle-truck, drive wheels, running



