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IMPACT OF TIRE TREAD ON THE WHEELED MOVER TRACTION

Traction performance of the wheeled mover when interacting with the soil is
due to forces of soil shear resistance on the tread surface (soil-hooks). Determination
of soil shear deformations in the apriority task of the shape of the longitudinal contact
line for the tire with the soil [1, 2] introduces a significant error in the calculations of
the traction component. First of all, this applies to the wheeled mover with large tires
in sizes from 21.00-33 to 27.00-33 for modern earthmoving machines.

Taking into account the impact of tread parameters on traction performance of
the wheeled mover in the leading operation mode is performed according to the
calculation scheme (Fig. 1).
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Figure 1 — The interaction scheme of the driving wheel with the soil,
taking into account the reactions on the soil-hooks

For simplicity, we assume that the first soil-hook for the front (nO) and back
(Om) contact areas is at its beginning, at points n and O (see Fig. 1). Then the
persistent reaction that falls on the soil-hook, determine the formulas:

o—(i-1)4¢p
Wy = .[ Tlipl(B _b)d(o; (1)
p—ide
po=idp
Wey, = I T2iP> ( B- b) do, (2)
P—~(1-i)d¢

where ¢,, ¢, — contact angles of the front and back areas; Ap=2x/zg,, — central
angle of the soil-hook; z., — soil-hooks number of the tire tread; 7, 7,, — tangential
shear stresses of the soil; p,, p, — radii that determine the shape of the longitudinal
contact line; B, b — tread width and inactive area of the soil-hook (Fig. 2).

AR

Off-road tread drawing

"

direction of soil shift

s

Figure 2 — Tread large tires: shaded area — soil-hooks surface; remote positions
1.1, 2.1 — projections of the first soil-hook surface on the contact areas

Mining tread drawing
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The shift path S, is determined for the following reasons:
=P dS d@ dS

S dgo dt d(p

In accordance with the dependence (10) [3] 4V, =V, -V, for the i-th soil-

hook, taking into account (3) for the front and back of the contact we will have:
12 (—1)A¢

0 = 05, =N do/ o. (3)

Sy =— ( 1e 41§)d(P1 (4)
W p-izp
1 @, —idp
2i a)% S _1)A¢( 126 42§)d
The number of tire soil-hooks in contact with the soil:
Ln . S
ZSleTO’ ZSHZZ%’

where L, L, —the length of contact of the tire with the ground

(] @'
Lo=]pde;  Lo=] pde.
0 0
The obtained values z,,, z,, are rounded to the nearest whole number in the
smaller direction and denoted zg,,,, Zg,;-
The components of the soil-hooks total reactions R, and T, (see Fig. 1) are

determined by the formulas:

’
ZsH1

va = %WSHiSinﬂl Z SHi Smﬂzi : (6)
TW = ;WSHi cos ﬂli + ;WSHI' Ccos ﬁZi 1 (7)

For those taken in Pic. 2 tread schemes determine the relationship between the
saturation coefficient of the tread drawing — k; and the corresponding linear
dimensions of the tread drawing — t, b, , b, B.

Dependence between step and number of soil-hooks t=7zD / z,, .

Area of soil-hooks protrusions for the off-road and mining tread drawings:

For =(B—b)bgyzgy;  Fy=|(B—b)bg, +1b]zg,.

The ratio between the width b, and step t of the soil-hook:

A= bSTH — by, —ti=ZP4
ZSH

Dependence of the tread saturation coefficient k, =F / F,

area) for different types of tread drawing:
(B-b)A (B-b)A+b
Ks or :T’ Ks :T-
It should be noted that the nature of the change in theoretical dependences is

fully consistent with the experimental data obtained [1, 2, 4]. The proposed

o (Fop — total tread

232



mathematical model allows to identify the impact of tire tread parameters on the
wheeled mover traction of earthmoving machines.
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binoson O.B., k.T.H., nouieHT, XapKiBChKUI HAI[lIOHATBLHUM aBTOMOOLIBHO-TOPOKHIMI
YHIBEpPCUTET

BJIACTUBOCTI ®I3UYHOTI'O ITPOCTOPY

VYcnixu HayKu IpUBEU 10 TOro, 1m0 (i1ocodChbki KaTeropii craau Ha0yBaTu
bi3uYHUX puc. 3a3BUYAll MaTepil0 PO3MISIAIOTh SK 00 €KTUBHY peajbHICTh. Tak
JI>xoH JIokk BBaXkaB, IO MaTepisi € MPOTHKHOKO MIUTHHOI CyOCTaHIlIE0. Y SIBICHHS
Jlxona Jlokka mpo MaTepito MO CYTI €KBIBaJE€HTHE YSABJICHHIO TIPO CYIIbHE
CEepelIOBHUINE, TOJIOBHY MOJElb, SKa BHUKOPHCTOBYEThCS B ¢izuii. JliiicHO,
IPOTSOKHICTh CyOCTaHINI BKasye Ha Te, IO BOHA ICHYE B IEBHOMY IIPOCTOpi, a ii
IIUTBHICTD TIepe0avae iICHyBaHHS MEBHUX, MOKE HaBITh HEBUJIUMHX, €JIEMEHTAPHUX
9JacTOK, 3 SKMX BOHA CKJIaJaeThes. CucreMa 3B’ SI3KiB MK €lIEMEHTApHUMHU YaCTKAMH,
a TaKOXX MDK (PI3MYHUMHM TiIaMU € 1HII00 (POopMOI0 MaTepii — MOJIeM.

Vspnenus npo (Hi3UYHUN TPOCTIP TAKOXK €BOJIONIOHYBao0. 3AeOUIBIIOT0 B
ICTOpUYHIN mepcreKTHBl (I3UYHUNA TPOCTIP PO3MIIAAATU SIK TMYCTOTY. Y TaKOMy
PO3yMiHHI BiH HE MOXE€ MaTH HISKUX BIACTHBOCTEH. AJle IMMyCTOTYy MOXHa BBa)KaTH
MicIeM, SKe 3aliMaroTh TiIa abo sKe PO3IUILe iX 1 3allOBHEHE MOJIIMH, a00 IIOChH
ySIBHE 3a BIJICYTHOCTI MaTepii y BUTIIAL TL 1 MOJIB. Y MEPIIOMY BUIAKY, TyCTOTY
MOXHa HAQJUITA CTPYKTYpOIO 1 METPUKOI, TOOTO 3IIHCHUTH TE€OMETPU3AILII0
npocropy. Hampukiazn, BBeCTH MPSIMOKYTHY CHCTEMY KOOPJIHMHAT Ha OCHOBI MOJEIi
MIPOHUKHOTO TBEPJIOTO TiIA 1 IHTEPBAN MK TOYKAMH MPOCTOPY HA OCHOBI ySIBJICHHS
PO TIEPEMIIICHHS MaTePiaIbHOI TOYKHU 3 OJHIET TOUKU MPOCTOPY B 1HIIY SIK BEKTOPI.
Sk BimOMO, CKJIaJaHHSI BEKTOPIB MiAKOPSIETHCS MPABUITY MapajeorpaMa, a BeJIuInHa
MEepeMIllleHHs]  BU3HauaeTbcsi 3a  Teopemor  Ilidaropa.  KoopauHatHuMH
MEPETBOPEHHAMM, SIKI 3aJIMIIAIOTh 1HBAPIaHTHUM 1HTEPBAJI, € MapajesibHI NEePeHOCH,
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