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[na CUMHXPOHHOrO NOBOpPOTa KOMEC OCen ABYXOCHOW MalUMHbI NpedycMoTpeHa pyneBas Tpaneums, kotopas
obecneyrBaeT NOBOPOT HAPYXHbIX M BHYTPEHHUX KOMEC Ha pasHble YrIbl, YTO NO3BOMSIET UM KaTUTbCSt MPU Kpu-
BONMMHENHOM [BWKEHUM MO pasHbiM pagunycam 6e3 npockanb3biBaHus. Ons peanusaumm 3TOro Heob6xoaumbl
OYeHb TOYHbIE PACYETbl B3aMMOCBSA3aHHbIX KMHEMaTUYECKUX NapaMeTpoB — PasfuyHbIX YrroB NOBOPOTa KONEC
nepegHero 1 3agHero MocToB. M3BeCTHble pacyéTHble dopMynbl ANA CPEeAHUX U HAaPYXHbIX, MO OTHOLUEHWIO K
LEHTPY NOoBOpOTa, YrroB NoBOpOTa KONEC nepeaHero U 3agHero MOCTOB YCTaHaBMMBAKOT B3aMMOCBS3b MeXay
MCXOAHbIMW NapameTpamu, onpeaensieMbiMU KOHCTPYKLUMEA MaLLUHbBI: NPOA0SbHON 6a301, pacCTOSHUAMNU MexXay
OCAMM LUKBOPHEN, YrIoM MOBOpPOTa BHYTPEHHEro, MO OTHOLLEHMIO K LIEHTPY NOBOPOTa, nepefHero koneca. W3-
BECTHO, YTO HayasnbHbIM NapaMeTpoM AN UCCNefoBaHUs KMHEMaTKU NOBOPOTA W NpaBuUiibHOroO nogbopa xapak-
TEPUCTUK PYNeBOn Tpaneuun ABnSeTCa Takke yron noBopoTa BHYTPEHHEro, N0 OTHOLUEHWIO K LEHTPY NOBOPOTAa,
3agHero koneca. B cBsiaun ¢ aTum B HacTosiwel paboTe npeacTaBneHbl pacHETHbIE 3aBUCUMOCTY 4115 onpeaerneHns
CpedHUX N HapyXHbIX YrIoB NOBOPOTa KONEC, TEOPETUHECKOro paamyca NoBopoTa LieHTpa TSHKECTU B 3aBUCUMOCTU
OT NPOAOoSIbHON 6a3bl MaLUMHBI, PACCTOSHUIA MEXAY OCSMU LLUKBOPHEN 1 yrna noBopoTa BHYTPEHHEro 3afHero Kone-
ca, NPOBeAeHbl Pacy€Tbl C MX UCMONb30BAHWEM N CPaBHEHME Pe3yrnbTaToB C paHee M3BeCTHbIMW. MHoroBapuaHT-
HOCTb pac4€ToB NO3BONSAET AOOUTHCHA BLICOKOM CTENEHW aBToMaTu3auuy Npy UX peanusauumn, Tak Kak nonyveHue
OAMHAKOBOro pesynbTaTta No pasHbiM hopMynaMm CBUAETENbCTBYET O BbICOKOW TOYHOCTU BbIMONTHEHHbIX OnepaLmii.
PesynbTathl nccnegoBaHnin MOXHO MPUMEHATb ANA PaCYETOB KMHEMATUHECKUX XapaKTEPUCTUK KPUBOITMHEWHOro
OBWKEHNS! KOMNECHBIX TPAKTOPOB M aBTOMOOWIEN C LieNbio Bbioopa onTuMarbHbIX NapaMeTpoB PyreBol Tpaneuuu,
PEXVMOB NMOBOPOTA KOJMEC, paLMOHanbHbIX BENMYUH NPOAONBHON 6a3bl U LUMPUHBI KOMEW, BbISIBIIEHWSI 3aKOHOMEp-
HOCTeN ux nameHeHns ans obecnevyeHns TpebyeMbIXx MaHEBPEHHOCTH, YNPaBAEeMOCTU 1 YCTOAHMBOCTH.
KINIOYEBBIE CIIOBA: konécHas maluvHa, KnHemaTtuka noBopoTa, paavyc NoBOpoTa, ynpaBnsemMble Konéca, KOH-
CTPYKTMBHbIE NapameTpbl.
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For synchronous rotation of the wheels of the axles of the two-axle machine, it is supplied with steering geometry,
which provides rotation of the outer and inner wheels at different angles, which allows them to roll in a curved
motion along different radius without slipping. To achieve this, very precise calculations of the interrelated
kinematic parameters are required, i.e. of different angles of rotation of the wheels of the front and rear axles.
Known calculation formulas for determining the average and external, relative to the center of rotation, angles of
rotation of the wheels of the front and rear axles establish relationships between the initial parameters determined
by the design of the machine such as the longitudinal base, the distances between the axes of the pivots, the
angle of rotation of the inner, relative to the center of rotation, front wheel. It is known that the initial parameter for
studying the kinematics of rotation and the correct selection of the characteristics of the steering geometry is also
the angle of rotation of the inner, relative to the center of rotation, rear wheel. In this regard, this paper presents
the calculated dependencies for determining the average and outer angles of rotation of the wheels, the
theoretical radius of rotation of the center of gravity, depending on the longitudinal base of the machine, the
distances between the axes of the pivots and the angle of rotation of the inner rear wheel. Calculations are
performed using the defined dependence and comparing the results obtained with previously known ones. The
multivariance of calculations allows achieving high degree of automation at practical implementation, since
obtaining the same result for different formulas indicates the high accuracy of the performed operations. The
results of research can be used to calculate the kinematic characteristics of the curvilinear motion of wheeled
tractors and cars in order to select the optimal parameters of the steering geometry, wheel rotation modes,
rational values of the longitudinal base and track width, as well as to identify patterns of their changes to ensure
the required maneuverability, controllability and stability.

KEYWORDS: wheeled vehicle, turning kinematics, turning radius, driven wheels, design parameters.

CHOBHBIM HM3MEpHUTENIEM KAueCTBEHHBIX CTAaTUYECKUX II0Ka3aTesiell KpUBOJIMHEHHOTO

JBUKEHHSI KOJIECHOW MalllMHbI (TPaKTOpa, aBTOMOOUJIS) SBJISIETCS, HECOMHEHHO, MUHU-

MaJlbHBIN TeopeTrueckuil paauyc nosopora [7, 8, 11, 14, 15]. Crioco6 »e noBopoTa Ko-
NECHOIN MalIMHbl B OCHOBHOM OIIPEJIENII€T OTJIMUYUTENbHbIE CBOMCTBA KHHEMATUYECKUX Xapak-
TEPUCTUK U €€ BaKHEHIINE SKCILTyaTal[MOHHbIE CBOMCTBA — YIPABIsSEMOCTh, MAHEBPEHHOCTD U
YCTOMYUBOCTH ABWKEHHS [3, 4]. st CHHXpOHHOTO TOBOPOTA KOJIEC OCEH JBYXOCHOW MAITUHBI
IpelyCMOTpeHa pyjieBas Tpaneuus, KoTopas 00ecreyuBaeT MoBOPOT HAPYKHBIX U BHYTPEHHUX
KOJIEC HA Pa3HbIC YIIIBI, YTO MO3BOJISIET UM KATUTHCS MPH KPHUBOJIMHEHHOM JBWKECHUH TIO pas-
HBIM paauycam 0e3 mpockaib3biBanus [5, 7, 8, 11]. Ilpu npaBuisHOM moadope mapaMeTpoB
PYJI€BOM Tparenuy COOTHOILIEHHE MEXIY yrIaMU MOBOPOTa BHYTPEHHUX M HAPYKHBIX KOJEC
JIOCTaTOYHO OJIM3KH K TEOpETUYECKuM [7].

B pab6orax [1, 2] npemiokeHbl aHATUTHYECKUE 3aBUCUMOCTHU IS OTIPE/ICIICHUST MUHU-
MaJbHOTO TEOPETHYECKOrO pajuyca MoBopoTa Ry, CpeIHUX YIJIOB MOBOPOTA KOJIEC MEPEAHErO
U 33JJHETO MOCTOB Oi¢p U O2¢p, YIVIOB TIOBOPOTA HAPYKHBIX IO OTHOILLIEHUIO K LIEHTPY IOBOPOTA
KOJIEC MEepeIHero U 3aHero MocToB a1 U a'’, TEOPETUUECKOTO pajyca MOBOpOTa LIEHTpa Tsi-
&KecTu R¢ B 3aBUCUMOCTH OT YIJIOB IOBOPOTa BHYTPEHHUX, 110 OTHOILIEHHUIO K IIEHTPY ITOBOPO-
Ta, TIEPETHUX M 3a/IHUX YIPABISIEMBIX KOJIEC ABYXOCHOW MAIIMHBI CO BCEMH YIPaBISIEMBIMU
konécamu a' U a'y. IlepeuncieHHble aHAIUTUYECKHUE 3aBUCUMOCTH SIBJISIFOTCS YHUBEPCAIbHBI-
MU, IPUMEHSIOTCS JJISl pa3jIMyuHbIX, HAN0O0JIee YacTO MCIOJIb3YEMbIX CIIOCOOOB MOBOPOTA, MPH
KOTOPBIX U3MEHEHUE HAlPaBJICHUS ABHXKEHHS OCYILECTBIISIETCS] IOBOPOTOM HIIU TOJIBKO MEpea-
HUX, WM TOJBKO 33/IHUX, WA OJTHOBPEMEHHO MEPETHUX U 3aTHIX YIIPABISIEMBIX KOJIEC B TOPH-
30HTAJIbHON MJIOCKOCTH OTHOCUTEIBHO COOCTBEHHON OCH TIOBOPOTA U OCTOBA MAIIUHBI.

[Ipu 3TOM 111 OmpeneneHus] MUHUMAJIBHOTO TEOPETHYECKOIro pajauyca MOBOpPOTa B
paborax [1, 2, 13] Obuta npeactasieHa dpopmyna (1)

B
[2 (tga| +tgo) + L} cosa, cosa,

R, = , (D

sin(a| +a5)
r/ie B — paccTOSHUS MKy OCSIMU IKBOPHEH MAIIUHBI, M;
L — npononbHast 0a3a MalIlHbI, M.
B ¢dopmyne (1) ycraHoBiieHa B3aUMOCBSA3b MEXKYy HaYalbHBIMU KOHCTPYKTHBHBIMH,
IKCIUTYyaTAIMOHHBIMU ¥ KHHEMATHYECKUMU TTapaMeTpaMu, KaKOBBIMU SBJISIFOTCS ITPOJIOJIBHAS
0a3a MalIMHbBI L, pacCTOSHUS MEXITy OCSIMH IKBOPHEH B (MPUHATHI PaBHBIMHE JIJIS TIEPETHETO
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M 3a2JIHETO MOCTOB, YTO COOTBETCTBYET PEaTbHBIM KOHCTPYKTUBHBIM XapaKTEPHCTUKAM TPaK-
TOPOB M aBTOMOOWJICH) U yIrilaMH TIOBOPOTOB BHYTPEHHHX, TI0 OTHOIIIEHHIO K LIEHTPY ITOBOPOTA,
MEepeTHUX U 3aJHUX YIPABIIIEMbIX KOJEC — COOTBETCTBEHHO a1 U 0.

Jlist pacu€Ta BEIMYMH OCTAIBHBIX BBIICYKa3aHHBIX TTAPAMETPOB TOJBKO Yepe3 a1 ObUn
PEKOMEHI0BaHbI cleayrolue Beipaxkenus [ 1, 2]:

tga/(2R, — B)
ga, =84 CR =B )
¢ 2R,
2L-tga;(2R, —B)
tea, = , (3)
2 2R,
'(2R. — B
ngC,” — tgal ( T ) (4)
2R, +B
" 2L—tgal,(RT_B)
tgo, = 5
8% 2R, +B ©)
' B 2 2
R. =, |(tge (R, _E) —d) +R, (6)

r/ie d — pacCTOSIHAE OT CEePEIUHBI TIEPETHET0 MOCTa (Ha pUCYHKE Touka D) JI0 eHTpa
TSDKECTH MaIuHEI (Ha pucyHke Touka ().

Kak yxe OBIJI0O OTMEUEHO BBINIE, HAYATBHO-UCXOHBIM ITAPAaMETPOM ISl UCCIICAOBAHHS
KHHEMATHKH KPUBOJIMHEHHOTO JBWKCHUS, OMPEICIIIEMbIM KOHCTPYKIIMCH MAIIUHBI, SBISCTCS
TaKKe BHYTPEHHHUIA, TI0 OTHOIIICHUIO K IISHTPY TIOBOPOTA, YTOJI TIOBOPOTA 3aTHETO YIIPABIISICMOTO
kojeca 5. C yd€ToM 3TOro mapaMerpa mpoBeaEM MPOBEPKY KOppeKTHOCTH Gopmyd (2) — (6) u
paccuuTaeM aHaJIUTUYECKUE BBIPAKEHUS TSI Ol ¢p, Ocp, 01, 0" U R uepes a's.

Jns pelieHus nocTaBiIC€HHON 3a1a4l UCTOJIb3YEM PACUETHYIO CXEMY MOBOPOTA JIBYX-
OCHOM KOJIECHOW MAaIIIMHBI CO BCEMH YIPABJIIEMBIMU KOJIECAMU, TIPEJICTABICHHYIO Ha PUCYH-
Ke, Kak HanOoJiee YHUBEPCAIbHYIO, IPEJIOKEHHYIO B padoTe [1].

PacuyéTtHasa cxema noBopoTa ABYXOCHOW KOJIECHON MaLUUHbI
CO BCeMU ynpaBnsieMbIMU Konécamu
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Jlyig onpeseneHust CpeHUX YIiIOB OBOPOTA KOJIEC MEPEIHEr0 U 3aTHEr0 MOCTOB HC-
MOJIb3YEM CIIEYIOIINE BhIpaXXEHUS, YUUTHIBAIOLUE 0100ue (110 TpEM yriam) TpeyroyibHU-
koB DEO, N;EO u N;AN (cwm. puc.) [6, 10]:

, B
L_tgaz(RT _5)

DE
tgalcp = OE = R > (7)
T
AE  tgai(2R, — B)
tgach = OE = 2 2RT 5 (8)
T

rac
, B
DE=L —tga2(RT —E),

L 1808 (R —B)

Jlnig pacuéra yriioB NOBOPOTa HAPYXKHBIX, [0 OTHOLIEHUIO K LIEHTPY IMOBOPOTA, KOJIEC
MEePEAHETO M 3aJIHETO MOCTOB HCIOJIb3yeM Bbipakenus (9) u (10), yuuTeiBaromue moaoome
TpeyroJpHUKOB (110 TpéM yriam) OES u MDS, WEO u WAK [6, 10]

, B
L_tgaz(RT _5)

o~ SE__DE ©)
1 — - - 9
OF o8 R +2
2 2
tga! = WE _ tga, (2R, — B) (10)
OE 2R, + B
rac
s OESE
OFE+—
2

_ R, tga}(2R, - B)
2R.+B

WE

Ucnonw3ys nogodue (mo tTpém yriaam) tpeyronbHukoB ECO, EOA n AWK, nonydaem
PacyE€THYIO 3aBUCUMOCTH JIJIsi TEOPETHUECKOTO paryca MOBOPOTa EHTpa TshkecTH [6, 10]

(2d - (2RT4— B)tga'} LR

R} =CE*+OE® =
(11

J@2d = (2R, - Byiga') + 4R,
R.= .
2

Jlnia noarBepxkaeHust KoppekTHocTu Gopmyi (2)—(11) npoBeném no HUM pacuéThl Npu
CIIEYIOIIHUX UCXOJHO-HAaYaJIbHbIX ITapaMeTpax, COOTBETCTBYIOIUX TEXHUYECKUM XapaKTepH-
ctukam Tpakropa PTM-160 [12]:

L=27765wm;

B=18wm;

a'lmax = a'Zmax = 33030';

Rr, onpenenénnsiii mo hopmysne (1), pasen 2,989 wm.
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[Ipu omHUX 1 TE€X e UCXOAHBIX TaHHBIX pacuéThl Kak 1o ¢Gopmynam (2) u (3), Tak u 1Mo
bopmynam (7) u (8) naroT aOCONIOTHO UAECHTUYHBIE 3HAUYEHUS YIIIOB Olicp max = 02cp max = 24°50",
a o popmynam (4) u (5), (9) u (10) — o' 1ax = 0" 2max = 19°35".

Teopernyeckuil paanyc nMoBopoTa LeHTpa TshkecTu Re coctasisier 3,022 M mpu pac-
yéte u o popmyne (6), u mo popmyne (11).

[Ipu nmoBopoTe TOJIBKO MEPEAHUMH KOJECAMH MCXOJIHO-HAaYaJIbHbIE MapaMeTpbl ObLIN
CIIETYIOIUMU:

L=27765wm;

B=18wm;

0" \max = 33°30";

a'Zmax =0°.

Rr, onpenenénnsiii mo dopmysne (1), pasen 5,077 m.

[Ipu 3TuX mapameTpax mo TeM Xe (opMyiaM IOJIyYeHBl CIeAYIolue UACHTUYHbIE
3HAYCHUA: Qicp max = 28°34", 02cp max = 0° 1 "'t ax = 24°50", @' ax = 0°, Rc = 5,343 m.

Takum oOpa3om, npezcTaBiieHHbIe (OPMYIIbI Ui ONPEACIICHNS 3HAYCHUIH HEKOTOPBIX
KMHEMAaTUYECKUX IapaMeTpOB KPHUBOJIMHEWHOTO ABMXKEHUS JIBYXOCHOW KOJECHOW MaIIUHbI
MO3BOJISIT HA CTaJUM MPOECKTHUPOBAHUS U B MPOLECCE IKCIUTyaTallMM BbIOPATh X palMoHallb-
Hbl€ KOHCTPYKTUBHBIE U 3KCILTyaTallHOHHbIE XapaKTEPUCTUKH.

MHOroBapHaHTHOCTh PACYETOB MO3BOJISIET TAKXKE TOOUTHCA BBICOKOM CTENEHW aBTO-
MaTHU3alUY [IPU UX peanu3anui [9], Tak Kak NoJydyeHUE OJIMHAKOBOTO pPe3ysbTara M0 pa3HbIM
(dbopMyniaM CBUJETENBCTBYET O TOUHOCTHU BBIMOJIHEHHBIX ONEpalluil.
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