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BILIUB NPUYIITHUX JIAHOK HA CTIMKICTH PYXY KOJIICHOI'O TPAKTOPA
3 IIAPHIPHO-34JIEHOBAHOIO PAMOIO

IMoppurano M.A., KpacHokyrcbkuii B.M.

THE INFLUENCE OF TRAILER COUPLINGS ON THE STABILITY
OF WHEELED TRACTORS WITH ARTICULATED FRAMES

Podrigalo M.A., Krasnokutskyi V.M.

Y cmammi nagedeno pesynomamu 0ociodcents naugy
NpUYinHUX JAHOK HA CMIUKICMb  pYXYy KOJICHO20
mMpakmopa 3 WAPHIPHO-34IEHOBAHOIO pAMOIO  Npu
pobomi y cKk1adi mMpakmopHoeo nomsey 3 0808iCHUM
npuuenom. Tlokaszano, wo azpecamy8anus mpaxmopa 3
NPUYINHOK JAHKOIO NPU3600UMb 00 Nepepo3nooiny
HOPpMAIbHUX peaxyii 0opoeu Midc nepeoHimu ma
3a0HIMU  KOJlecamu, WO CYMmeeo 6NIUBAE  HA
KepogaHicmv i cmilKicmes nomszy Hpomu CKIAOAHHAL.
Bcmanosneno, wo nowwupeni mpaouyiuni memoou
PO3PAxXyHKy, 'y AKUX MA2084 CUNA  BBAJICAENBCA
NPUKIA0EHOI0 Y NIAMI KOHMAKMY Koleca 3 ONOPHOIO
nogepxmero, He 3Aa8xcoU KOPEKMHO BI000paicaioms
peanvHi  cunosi 83aemoldii 8 cucmemi «mMpaKmop—
npuyiny, 0cobnugo O MAWUH i3 WAPHIPHO-
3YEHOBAHOIO PAMOIO MA 3MIWEHUM Ynepeo YeHmpom
mac.

Ilposedeno ananiz eniugy ceomMempuyHux napamempis
NPUYInNHO20 — MPUCMPOIO,  30KpemMa

HOpMANLHOI  peakyii Oopoeu Ha 3A0HIX KoJlecax
mpaxmopa. 3anponoHO6AHO YMOUHEHY PO3DAXYHKOGY
cxemy mpakmopHOo20 Nomsazy 3 080GICHUM NPUYENOM, 8
AKiU  mA206a  cuna  ma  CUMU  ONOpy  KOYEHHIO
NPUKIA0aromucsi 6e3nocepeoHbo Ha OCAX 8e0VHUX KOJIC.
Taxuii  nioxi0  003601U68 OMPUMAMU  AHATIMUYHI
3anedcHOCMI, Wo Oib MOYHO ORUCYIOMb NEPEPO3NOOIT
HABAHMADICEHb MIJC OCAMU NpU PIZHUX 6apiaHmax
PO3MAWYBAHHA OCI 34enjieHHA NPUYINHOI JIaHKU ma
pedcumax pyxy azpezamy.

Ha ocnogi pisnans pignosazu MoMenmis 008e0eHo, ujo
npu azpe2amy6anti 3 060GICHUM NPUYENOM BEPMUKATIbHE
HABAHMAIICEHHA HA 3A0Hi KOJleca MpaKmopa Modice 5K
soinbutysamucs, maxk i 3menutysamucs. Busnaueno

YMO8U, 3a AKUX 300e3neyyEMbCs 3DOCMAHHA CYMAPHOL

HOpManbHOI peakyii dopoeu Ha 3a0HIX Kollecax, a came
PO3MiWeHHs OCI 3YeniieHHs TAHOK suuye 0Ci 3a0HIX KOiC
mpaxmopa. \%4 NpOMUNIEHCHOMY BUNAOKY

8EPMUKAIbHOT
KOOpOuHamu oci 34ennieHHs JAHOK, HA 3MIHY CYMApHOI

cnocmepicacmovcs  3MEHWEHH  HABAHMAICEHHS, WO
npu3800umb 00 NOZIPUIEHHS CIIIKOCMI MPAKMOPHO20
nomszy Rpomu CKIAOAHHA MA 3HUdICEHHA Oe3neKu
excnayamayii.

Ompumani pesyrtomamu Maioms 6adCIUEE NPAKMUYHE
3HAYEeHHs 071 KOHCMPYIOBAHH, 8UOOPY ma MOOepHi3ayii
NPUYINHUX ~ NPUCMPOI8  KOMICHUX  mpakmopie i3
WAPHIPHO-3YTIEHOBAHOIO  PAMOIO, 4  MAKodc O
niosuwjenns besnexu ma epekmuernocmi ix excniyamayii
6 peanvbHux ymoeax pobomu.

Kniouosi cnoea: xonicuuii mpaxmop, WApPHIPHO-
34eH08AHA pama, NPUYINHA JAHKA, CMIUKICMb pYX),
yenmp mac, ma2o6a Cuia

Beryn. BuxopucTaHHS TpPUYIMHHUX —JIAHOK
BUKIIMKAE TIEPEPO3NONiT HOPMAIBHUX peakiii
JIOPOTH MK TIepeHIMH Ta 3aIHIMH KOJIECaMHU
KOJTicCHUX TpakTopiB. [Ipu HasBHOCTI 3ycHIUIA, siKe
pO3TATye  JaHKH  TPaKTOPHOTO  TOTATY, Y
BIIMOBIIHOCTI 710  ICHYIOYHMX IIXOMiB  JIO
PO3paxyHKy, I1¢ TIOBUHHO 30LIbIIYBaTH HOPMAaJbHI
peaxiiii Toporu Ha 3aHIX KoJiecax 1 3MEHIIIyBaTy Ha
nepeaHix Kojecax. Jlms KOJICHUX TpakTopis,
MPHUKJIAJOM SKHX € TPaKTOpH 3 MIAPHIPHO-
34JICHOBAHOIO PaMOI0, 31 3MIIEHUM JI0 MEPEIHBOT
BiCi IIEHTPOM Mac, 11€ TPU3BOAUTH JIO IiBUIICHHS
CTIMKOCTI MOTATY NpOTH cKiagaHHs [1]. Azne me
BUKOHYEThCS HE 3aBXK/M. Pe3ynbraru JociipKeH s,
SIKe TPOBENEHO, BUSIBHIIO, IO, B 3aJISKHOCTI BiJ
BEPTHKAIILHOI KOOPAWHATH OCi 3YCIUICHHS JIAHOK
BEPTHKAJIbHE HABaHTAKECHHS 3aJHIX KOJIC MOXKE
30ULIBIIYBaTUCS, a MOXe 3MeHImyBaTucs. Jlis
3a0e3MeyYeHHs] MiJBUILEHHS HOPMAaJIbHUX DPEaKLii
JIOPOTH Ha 3a/IHIX KOoJecaX OCh 34eIUICHHS JIaHOK
[MIOBUHHA 3HAXOIUTHUCS BUILE OCI 3aHIX KOJIIC.
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AHaJIi3 OCTaHHIX JOCSATHeHb y MyOJaiKkamisix.
B nmocmimkenni [2] mpoBemeHO aHami3 METOMIB
pPO3paxyHKy pO3MOAUTY HOPMAaNbHHAX peakii
JOPOTHM MK OCSAMH TPaKTOPHOTO  arperary.
[ToxazaHo, 110 BiZIOMi PO3paxyHKH, SIKi 0a3yrOThCS
Ha TOMY ITOJIO’KeHHI, 10 TATJIOBA CHJIa TPUKJIaieHa
y IUIAMI KOHTaKTy Koieca 3 JOpOrorm, He
BiJIMTOBITat0Th CIIPaBKHLOMY SIBUIILY. JlOCTiKSHHS,
SIKI TIpEACTaBIeHO B poOOTI [2], TOKazamw, II0
OLTBII KOPEKTHE CKIIAJaHHsS PO3PaxyHKOBOI CXEeMH
TPaKTOPHOTO arperary 3 MNpPUKIaJaHHAM TATOBOT
CWJIA Ta CHJIM OTIOPY KOYEHHS Ha 0cAx Kodic [3, 4]
MoKa3ye 301TbIIeHHS] CyMapHOi HOPMaJIbHOT peaKiii
Ha TepemHiX Kojecax Tpd  pO3TallyBaHHI
BEPTHKAJIFHOI KOOPAWHATH OCi 3UEIUICHHS JIAHOK
BHIE HDK OCh 3aJHBOTO BEAYYOrO Koieca.
30i7bIIeHHsT HOPMAallbHOI peakiii JJopord Ha
MepefHix  Kojecax  JO3BOJNSE€  IiJBUIINATH
KEepOBaHICTh KONICHOTO TpakTtopa [5, 6]. Hus
KOJICHUX TPaKkTOpiB 3 MIapHIPHO-34JICHOBAHOIO
pamolo TpH arperaTyBaHHi 3 MPUYIMTHAUME JJAHKAMHU
BaXIMBE 3a0€3IMeYeHHs] CTIMKOCTI TPaKTOPHOTO
MOTATY TPOTH CKIANAaHHA, M0 3a0e3MedyeThCs
HOPMaJBHUMHU PEAaKIisIMH JIOPOTM Ha  3aJHiX
Kojecax TpakTopa [7-16]. Posrstnemo
PO3paxyHKOBY CXeMY TPAKTOPHOTO MOTATY Y CKIai
KOJIICHOTO TpakTopa 3 LIapHIpHO-34JICHOBAHOO
pPamoIo Ta ABOBICHOTO MPHUYEITY [IPH TPAAULIHHOMY
migxomi (puc. 1).
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Puc. 1. Cxema cui, o JIif0Th Ha TPAKTOPHUH MOTST TPH
TPaIUIIIHHOMY ITiIXO/Ii 0 MPHUKJIAAAHHI TATOBOT CHIIA

s BU3HAa4YeHHS CyMapHOI HOPMaJbHOI
peakii 1oporu R,, Ha 3aJHIX Kojecax TpakTopa

3aIUIIeMO PiBHSIHHS
2My =-Gra+R,L-R.(x,+L)-Ryz,, (1)
ne G, — Bara TpaxkTopa,
Gr =mpg, ()

my — Maca TPaKTopa,

g — TPUCKOPEHHS BIIbHOTO TNagiHHA, g =
9,81m/c%;

a — BIICTaHb MK TIEPETHBOIO BICCIO Ta
NPOEKIi€l0  HEeHTpy  Mac  TpakTopa  Ha

TOPU30HTAJIbHY IUIOIIHHY;

L — 6a3a TpakTopa;

R,,; R, — BepTHKallbHa TIOPU30HTAIbHA
CKJIaJIOBI PEaKIIii B IapHipi A;

X, z4, — TOPHW30HTaJlbHAa Ta BEPTHUKAJIbHA
KOOpIMHATH PO3TAIllyBaHHS OCi 34EIUICHHS JIAHOK
TPaKTOPHOIO MOTATY.

3 piBasaEs (1)  3HaxomMMO  cyMapHy
HOPMaJIbHY PEaKIlifo JOPOTH Ha 33HIX KoJlecax
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CymapHy HOpMalbHY peEaKIilo JOpord Ha
3aJIHIX KOJIecaxX TPaKTOpa MOYKHA YSIBUTH Y BHTJISI

R., =R.50+AR,,, “4)

e R,,, — CyMapHa HOpMaJlbHa peakiiisi JOpOoru Ha

3aJHIX KOJlecax TpakTopa TMpPH BIJICYTHOCTI
MPUYINHOT JTaHKH;
AR,,— 30UTBIIEHHS CyMapHOI HOPMAaJIbHOI

peakiii Ha 3ajJHiX KoJiecaX TpaKTopa 3a paxyHOK
MPUYIHOT TaHKH

a
R.50=Gr Z > (5)

3 piBHsHHSA (4), 13 ypaxyBaHHAM Bupazis (3) i
(5), orpumaemo

a
AR,y =R., —R.50=Gr ZX

X 1+&(£+X_AJ+R_VAZ_A _GTﬁz (6)
Gr\la a Gy a L

X z
=R ,|1+-4 |+R 4.
ZA( Lj xA L

[lpu nBOBiCHIM TPWYINHIA JaHIi MOXHA
npuitHATH AR, ~ 0. B upoMy Bunaaky
Z4
Rz2 = RxA T > O’ (7)
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TakuM YMHOM, TIPU TPAAUIIHHOMY TiAXO/,
HasBHICTh TPUYIMHOI JIaHKKA 30UIBIIyE CyMapHY
HOpMaJIbHY pEaKIlii0 JOpOTH Ha 3aJHIX KoJecax
TpakTopa, IO TOBHHHO IOKPAIIUTH CTIAKICTh
TPaKTOPHOTO TMOTATY MPOTH ckianaHHsa. OmHaK, sK
paHime  mokazanmw  JochimkeHHs  [2, 3],
TPaJULIHUN MiIXil HE BIAMOBIAAE ICTHHHOMY
SIBUIILY.

Merta i nocTaHoBKa 3aBIaHb J0CJTiZKEHHS.
MeTow IOCHiKEHHST € 30UIBIICHHS TOYHOCTI
3HAXO/MKEHHS CyMapHOI HOpManbHOI peakiii
JIOPOTH Ha 3aIHIX KoJecaX TpaKTopa i3 MapHipHO-
34JICHOBAHOK pPaMOI0 TIPHW arperaryBaHHi 3
JIBOBICHHM ITPHYETIOM.

J171s1 MOCATHEHHS IMTOCTABIICHOI METH HEOOX1HO
BHUPIIIATHA  3aBJaHHS BHW3HAUEHHS  CyMapHOI
HOpPMaJIbHOI peaklii JOporM Ha 3aJHIX Kojecax
KOJIICHOTO TpPaKTopa i3 MIapHIPHO-3WIEHOBAHOO
pamMor0 1 [BOBICHUM TPHUYEIIOM Y BHUIAJAKY
MPUKJIAJIaHHsI TATOBUX CHJI HAa OCSIX KOJIIC.

Buxnang ocHoBHoro marepiany. Ha puc.2
HaBEJICHO pO3PaxXyHKOBY CXE€MY TPaKTOPHOTO
MOTSTY TPU TPUKIANAaHHI TATOBUX CHJI Ha OCSX
BEIY4HX KOJiC

Rxa

o
\

PRI
L Rz
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Puc. 2. Cxema cuii, 110 [ifOTh HAa TPAKTOPHUH HOTST
NPH [IPUKIIaJIaHHI TATOBUX CHJI HA OCSX BEAYYHUX KOJIC

Jlns  BU3HAYCHHS CyMapHOT  HOPMAaJbHOT
peakiii JOporu Ha 3aJHIX KoJiecaX TpaKTopa
BH3HAYUMO DIiBHSIHHS CyMH MOMEHTIB BiAIIOBiTHO
touku O,

2Mo =R ,L-Gra—R,,(L+x,)- ®)
—R4(z4-15)=0 ’

ne 1y, — TUHAMIYHHAN pajilyc 3aJHBOTO BEAYy4Oro
KoJieca (MOXHA MIPUAHATHU 7y, =7y =7, )
ry — MIMHAMIYHHN pajilyc epeHbOr0 BEAYIOro

KoJseca
¥, — AWHAMIYHHUNA pajilyc BeIy4IHX Kojec

Py, — TATOBA cHJIA HA OCI IEPETHBOTO BEIYIOTO
KoJieca

Py, — TATOBAa CHWJIa HAa OCi 33JHBOTO BEIY4YOTrO

KoJeca
3 piBHsHHS (8) OTpUMAEMO
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301TBIIEHHS CyMapHOI HOPMAaNbHOI peakiii
JOPOTH Ha 3aJHIX Kojecax TpaKTopa Micis
arperaTyBaHHS 3 IPUYIMTHOIO JIAHKOIO

X Z4—r
ARZZ :Rz2 _R220 :RZA(1+TAJ+R);A AT()Z (10)

[Ipu arperatyBaHHI TpakTOpa 3 IIBOBICHUM

IIPUYEIIOM MOXHA HPUNHATH R, = B usomy
BumnaaKy piBHsHHS (10) mpuitme BUTIIST
=7
ARZZ =RxAZAToz' (11)

CymapHa HOpMalbHa peakiis JOpord Ha
3aJIHIX KoJiecax TpakTopa Oy/e 301bIryBaTH S IPH
arperatyBaHHi 3 MPHUYIMHOI JIAHKOIO Yy BUMAIKY
AR, >0. OcCTaHHE MOXIIMBO NpPU z, >7),, IO

pealli3yeThCs 32 paXyHOK HaWOLIbII BUCOKOT TOUKH
BCTAHOBJICHOI OCI 34erieHHs JIaHOK. [Ipu z, <ry,

BeIn4YuHa AR, <0, MmO O3Ha4a€ 3MEHIICHHSI

CyMapHOi HOPMaJIbHOI peakilii JOpPOrd Ha 3aHixX
KoJIecax TPaKTopa Micis 3’ €IHAHHS 3 MPUUIIHOO
naHkoro. OCTaHHE BUKIIMKAE MOTIPLIEHHS CTIHKOCTI
TPAKTOPHOTO TIOTATY MPOTH CKJIAJaHHSI.

BucnoBkn.

1. IcHyroui MeTOAM PpO3PaxyHKY CyMapHHX
peakiiii  Iopord Ha OCSIX KOJICHUX TPAKTOPIB,
0cO0JIMBO TIPH BpaxyBaHHI B3a€MO/II1 3 MPUYIMTHUMH
JaHKaMH, JaloTh I[TOMMJIKOBUH pe3ylapTaT Mpo
30UIBIIEHHS CTIKOCTI TPaKTOPHOT'O MOTATY MPOTH
CKJIaJIaHHSI.

2. Binpm KOPEKTHE BUKOPUCTaHHS
PO3pPaxyHKOBOI CXeMH TPAKTOPHOIO IMOTATY, KU
CKJIaJIa€ThCS 13 KOJICHOTO TPaKTOpa 3 HIapHiIpHO-
34WIEHOBAHOI paMoOl0 Ta JABOBICHOTO IpHYEIy,
JIO3BOJIMJIO BU3HAYMTH, L0 HPU BCTAHOBICHHI OCi
KPITUICHHS JIAHOK BHUIIIE OCi 3aJIHIX KOJIC (z 4 > 7y,)

CTIMKICTh TIOTATY MPOTH CKJIaJIaHHS TTiIBUIYETHCS,

OCKITbKM  301JIbIIY€EThCA CyMapHa HOpMallbHa
peaxlist JOpOrH Ha 3a/IHiX KoJecax TPaKTopa.
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Podrigalo M.A., Krasnokutskyi V.M. The
influence of trailer couplings on the stability of
wheeled tractors with articulated frames

The article presents the results of a study of the
influence of trailer links on the stability of a wheeled
tractor with an articulated frame when working in a
tractor train with a two-axle trailer. It is shown that
coupling a tractor with a trailer link leads to a
redistribution of normal road reactions between the front
and rear wheels, which significantly affects the
maneuverability and stability of the train against folding.
It has been established that common traditional
calculation methods, in which the tractive force is
considered to be applied at the point of contact between

the wheel and the supporting surface, do not always
correctly reflect the actual force interactions in the
“tractor-trailer” system, especially for machines with an
articulated frame and a forward-shifted center of mass.

An analysis of the influence of the geometric
parameters of the towing device, in particular the
vertical coordinate of the coupling axis of the links, on
the change in the total normal reaction of the road on the
rear wheels of the tractor was carried out. A refined
calculation scheme for a tractor-trailer with a two-axle
trailer is proposed, in which the tractive force and rolling
resistance forces are applied directly to the drive wheel
axles. This approach made it possible to obtain
analytical dependencies that more accurately describe
the redistribution of loads between the axles for different
variants of the coupling axis location of the trailer link
and the unit's driving modes.

Based on the equations of equilibrium of moments,
it has been proven that when aggregated with a two-axle
trailer, the vertical load on the rear wheels of the tractor
can either increase or decrease. The conditions under
which an increase in the total normal reaction of the road
on the rear wheels is ensured have been determined,
namely, the placement of the coupling axis of the links
above the axis of the rear wheels of the tractor. In the
opposite case, a decrease in load is observed, which
leads to a deterioration in the stability of the tractor pull
against folding and a decrease in operational safety.

The results obtained are of great practical
importance for the design, selection, and modernization
of trailer devices for wheeled tractors with an articulated
frame, as well as for improving the safety and efficiency
of their operation in real working conditions.

Keywords: wheeled tractor, articulated frame,
trailer link, stability of movement, center of mass,
traction force
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