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Abstract: as you know, the traction properties of wheeled vehicles largely depend on the wheel formula of their
chassis, which determines the ratio between the number of driving wheels (or bridges) and the total number of
wheels (bridges) of the machine. Obviously, the more of the total number of axles are leading, the more fully the
adhesion weight of the machine is used and the more, all other things being equal, the higher its traction
properties.

The article presents the results of a theoretical analysis on the influence of the wheel arrangement and the
connection diagram of the propellers on the traction-coupling properties of machines.

Keywords: wheel arrangement, engineering vehicle, inter-wheel differential, technological operations, traction
properties.

3ABUCUMOCTDB CXEMbI COEJUHEHHW S JIBUT'ATEJIEA OT TATOBBIX
CBOUCTB MAILIMHbI
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Kageopa mexnuueckozo obecneuenus,
Axaodemus Boopyoscennvix Cun Pecnybnuku Y36exucman,
2. Tawkenm,
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Kagedpa Ha3eMHbIX MPAHCHOPMHBIX CPEOCm8,

Jicusaxckuii noaumexnudeckull uncmumym, 2. Jocusax,

Pecnybnuka Y3bexucman

AnHOmMayun: Kax u36ecmuo, mseo6ble C8OUCMBA KONECHbIX MAUWUH 60 MHO2OM 3ABUCSIT OM KOIECHOU (hopmYiibl
ux x00060U uacmu, onpeoeisitoueti COOMHOULEHUE MeHCOY HUCTIOM GedyWux Kojec (UWiu Mocmos) u oowum
yuciom xonec (Mocmos) mawtunvl. Ouesuono, ymo uem 60abue MOCMO8 U3 00Ue20 YUCTA ABAAIOMCS BEOVIUMU,
mem NoJiHee UCNONb3Yemcsl CYENHOU 6eC MAWUHbL U MeM, NPU NPOYUX PAGHBIX VCIOGUSIX, GblUle ee MA206ble
ceoticmaa.
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coedunenus osudcumenell Ha Mmac080-Cyennvle CEOUCMEa MAULUH.
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MexXHON02UYecKUe Onepayull, ms2oeble CGOUCMEd.
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At present, various engineering machines, combined units with high traction resistance and requiring
significant power to drive the working bodies, are used for earthwork [1].

As a rule, these machines are used in conjunction with wheeled machines or, if they have an independent
drive, equipped with wheeled propellers.

It should be noted the widespread use of a wheeled propeller for special equipment designed for soils with a
weak bearing capacity [2].

Traction properties of wheeled vehicles largely depend on the wheel formula of their chassis, which
determines the ratio between the number of driving wheels (or bridges) and the total number of wheels (bridges)
of the machine.

Obviously, the more of the total number of axles are leading, the more fully the adhesion weight of the
machine is used and the more, all other things being equal, the higher its traction properties. So, for motor
graders with wheel formula 1x2x3 or 1x1x2, coefficient of clutch utilization y, = 0.70 ... 0.75, and for motor



graders with all driving axles (3x3x3 or 2x2x2) y, = 1 [3].

Depending on the design of the transmission, the drive wheels of the machine can have a different
connection with each other. They can be interconnected by means of differential mechanisms that provide, as is
known, the possibility of rotation of each wheel at a different speed, which is important, for example, when
cornering, when the outer wheels of the machine travel more than the inner wheels. and therefore, must have a
high peripheral speed. In other transmissions, differentials are missing or locked; in this case, the wheels of each
axle work together as interconnected by a rigid shaft [4].

The drive of the drive wheels can be performed according to the traditional scheme: from a common engine
through a gearbox and a distribution box, the torque is transmitted to the drive wheels, or according to the
"motor-wheel" scheme, when each drive wheel is driven directly or through a gearbox from an individual
electric motor or hydraulic motor.

Different kinematic connections between the propellers of the machine cause certain differences in its
traction properties.

For a two-axle machine with a 4x4 wheel arrangement, maximum tractive effort for traction

Tcu = (Rkl + RkZ) Pey mins (1)

where Ry, and Ry, are the normal reactions of the rolling surface on the front and rear wheels of the machine;
@c, min 1S the minimum coefficient of adhesion.

If there is no center differential between the driving wheels of the front and rear axles or this differential is
blocked, and the cross-axle differentials of each axle that distribute the torque between the left and right driving
wheels are not blocked, then the maximum tractive effort that can be realized by the condition of adhesion of the
propellers to the surface rolling, will be limited by the adhesion of the wheels, for which the value of the
coefficient of adhesion ¢, will be minimal

Tcu = Rkl Peyimin + Rk2 Pey2min, (2)

where ¢ amin and @.,2min are the minimum coefficients of adhesion for the driving wheels, respectively, of the
front and rear axles of the machine.

In the absence or blocking of interaxle and cross-axle differentials, the ultimate tractive effort of the machine
for adhesion of its propellers to the rolling surface

Tey = Rk 0cys + Ris 0cys + Rig ey + Tt Py = Zrll Rii@ ¢ uis (3)

where Rya, Ris Re, Tigr - normal reactions of the rolling surface on each drive wheel; ¢.,4, @5 @cysr Geyr -
adhesion coefficients for the corresponding wheels; n is the number of driving wheels.

As you can see, with locked differentials, the ultimate tractive effort of the machine will depend only on the
adhesion forces of each drive wheel to the rolling surface.

For a car with a 4x2 wheel arrangement, for which the adhesion weight is G, = G, , where G; is the weight
on its driving axle, the ultimate tractive effort for adhesion with an unlocked differential

Tcu =G, Pey min. (4)
With an interwheel locked differential and Ryg = Ry; = G, / 2, we get

’ G
T cy = RkB PeyB + R,ﬂ Dy min = ?2 ((ocu B + Dey min)- (5)

The degree of increase in the ultimate tractive effort when blocking the interwheel differential is

characterized by the ratio
T cu _05C2(@cuBtP e ymin) _ 05(@ ¢ u B+ ¢ 4 min)
Tcun B G i B i (6)
29 ¢ u min P ¢ umin

For a three-axle machine with all driving wheels (wheel arrangement 6x6), when driving axles and wheels of

each axle are connected through differentials, ultimate tractive effort
Tcz; = (Rkl + sz + RkS) D ¢ g mins (7)

where Ry1, Ry, Rys are the normal reactions of the rolling surface on the wheels of the first, second and third
driving axles.

With blocking or absence of an interaxle differential and the presence of an interwheel differential

Tcu = Rkl @y 1min + RkZ Dy 2min + Rk3 Dcy 3mins (8)

i.e. in this case, the tractive effort developed by the machine depends on the adhesion forces of each pair of
wheels, and is not limited to the minimum adhesion of a wheel located on a slippery road.

The traction properties of machines can also be estimated by the traction efficiency of machines nt, which is
equal to the ratio of the traction power N; at a given time to the corresponding engine power Nq

_ Ne _ Ne
M=, =, M ©)
where 7, is the efficiency of the mover; N, is the power on the hook.
Thus, the theoretical analysis of the influence of the wheel arrangement and the connection diagram of the




propellers on the traction-coupling properties of the machine shows that the traction efficiency of the machine, in
contrast to the efficiency of the propeller, which depends only on the parameters of the wheel and the physical
and mechanical properties of the rolling surface, also depends on the characteristics of the drive of the machine.
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