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Annotation. Problem. For an hour, in the scientific-methodical recommendations of the ship-experts,
it is installed in the scientific-technical literature of the day-to-day parameters of galvanizing of
vantage, bug-capable transport equipment, so that it is inaccurate to introduce autotransport
equipment for the eastern part to inaccurate zasob v unique road transport suit. Goal. The value of
the function of galvanizing large transport bridges on the basis of the coordinates of the position to
the center of the heavy transport, realizable values, which are realized between the tires and the
supporting surface, as well as the support for the rear axle of the transport bridges. Methodology. The
approaches adopted in the work to solve this goal are based on the theoretical foundations of braking
multi-axle vehicles, the scientific provisions of elastic deformations of pneumatic tires of automobile
wheels, geometric and weight parameters of a wheeled vehicle. Results. The equations that allow to
calculate the value of the braking coefficient of multi-axle vehicles based on the coordinates of the
position of the center of gravity, the realized couplings between the tires and the bearing surface, as
well as the load distribution between the respective front and rear axles of the vehicle. Rivnyannya is
assigned, which allow the positioning of the coordinates to the center of the car of a multi-axle
wheeled transport vehicle for both front and rear axles. The calculation schemes of the position of the
coordinates of the center of mass for two-axle, three-axle and four-axle with different axle layout are
presented in graphical form, which give a general idea of the mass distribution between the front and
rear axles of the vehicle. Originality. Presented in a graphical view of the layout of the positioning of
the coordinates to the center of the car for a two-axle, three-axle and one axle with a small layout of
the bridges, which give a far-reaching display of the space between the front and rear axles of the
transport vehicle. Practical value. The results can be recommended by the experts-auto technicians in
the development of technical capabilities for the drivers of vantage transport means, uniqueness of the
road-transport usability.

Key words: multi-axle vehicle, wheeled vehicle, braking rate, pneumatic tire, interaction with the road
surface, braking parameters.

Introduction interaction with the road surface.

Obviously, in this case, the braking process
of the vehicle is characterized by the magnitude
of its deceleration, which in turn depends on the
braking rate of vehicle (z) and is determined by
mathematical relationship of which depending
on the mode of movement of the vehicle:

— braking due to rolling resistance

— braking due to tire sliding less than 100%

— braking due to 100% tire sliding

The fundamental basis of active safety of the
vehicle is its braking properties, and the nature
of braking depends on the interaction of the tires
of its wheels with the road surface and the
coordinates of the center of gravity of the
vehicle.

The interaction of a vehicle tire with the road
surface in the theory of wheeled vehicles is
characterized by adhesion utilization, which is
realized in the longitudinal and transverse
directions relative to the plane of rotation of the
vehicle wheel during tire deformation during its The process of braking multi-axle wheeled
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vehicles affects road safety, as they are used on
public roads, so the study of the effectiveness of
their braking is an urgent task.

From the scientific and technical litera-
ture [1, 2] it is known that the braking efficiency
of the vehicle depends on the amount of decel-
eration formed during its braking. Vehicle de-
celeration is not a constant value, as it depends
on many factors, and the analysis of theoretical
studies [8, 15, 16, 19] to determine the
magnitude of deceleration of wheeled vehicles,
showed that the deceleration of the vehicle
depends not only on the value of adhesion
utilization [3 - 7, 9 - 14, 18], which is realized
between the tire (double tires [17]) and the road
surface, the coordinates of the center of gravity
of the vehicle relative to its axles [20], as well as
the position of the axles relative to each other.

Analysis of the work [20] showed that the
concept of determining the deceleration of a
multi-axle wheeled vehicle can be implemented
on the basis of the calculation method of deter-
mining the coordinates of the center of gravity
of the vehicle, adhesion utilization between the
tires of its wheels and the road surface, and on
load distribution the front and rear axles of the
multi-axle vehicle in its static state.

Purpose and Tasks

The goal is to show the possibility of using in
the practice of auto technical examinations,
method of determining the deceleration of a
multi-axle vehicle on the basis of the adhesion
utilization of the tires of its wheels and the coor-
dinates of the position of its center of gravity.

Tasks that need to be solved to achieve the
goal:

- determination of the adhesion utilization on
the basis of elastic deformations of pneumatic
tires of vehicle wheels;

- determination of geometrical parameters of
the location of the center of gravity and weight
parameters of the wheeled vehicle.

Method of determining the braking
parameters of a multi-axle vehicle

It is known that in the mode of braking due to
the rolling resistance of the tires, the braking
rate of vehicle (z) is almost equal to the
coefficient of rolling resistance (z = f;).

In braking due to 100% tire sliding the
braking rate of the vehicle (z) is equal the
coefficient of adhesion utilization of the locked
wheel (the coefficient of sliding friction) z= Jip-

In the braking due to tire sliding less than
100% the inequality z=#f #fy 1is almost

always fulfilled, the braking rate of vehicle (z) is
determined by the adhesion utilization ( f; ) of
the respective axles of the vehicle and the
geometric location of its center of gravity in the
vertical plane relative to the road surface
Analysis of the scientific and technical
literature [2, 16] showed that the braking rate for
each type of vehicle is determined by individual
dependencies. Thus, for example, for a two-axle
vehicle (Fig. 1) can be used equation (1), which

was proposed by V.A.Illarionov in the
work [19].
a
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Fig. 1. Distribution of conditional front and rear
masses (m; and m,) two-axle vehicle relative
to its center of gravity: a — the appearance of
the wvehicle [21]; b — the scheme of
distribution of conditional masses; P; = m-z:g;
G =mg, m=my+m,

A similar equation is obtained by other
authors in works [2, 16].

2 _axles 2_axl
jfl 'bgfmes_’_fvz 'agfaxes

BT V) I

where a, b, and h, — respectively the
coordinates of the location of the center of
gravity of the wheeled vehicle relative to the
front axle, rear axle and the height of the

location of the center of gravity above the road
2 _axles __ _2_axles 2 _axles
L(1,2) B4 + bg

wheelbase of vehicle, m.

surface, m;
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Coordinates  a,~*™ and b  are
determined from known dependencies:

L2 _axles | RZ _axles

2 axles

2 axles B
- and R 5

where RZ;

— respectively ver-

tical loads on the front and rear axles of vehi-
cle, H; m — mass of vehicle, kg; g — acceleration
due to gravity m/s’.

If a wheeled vehicle has not two but three ax-
les, such as one at the front and two at the rear
(Fig. 2), then for such a vehicle, the equation (1)
will become a equation (4):

S

/1 3_axles | <L3_axles +y3_axles)
2.n 4

n

2 axle (1,2) z2 .
g z—m . ; )
L27ax16s . p2_axles
2 axles __ " (1,2) 1
bg_axes - m-g ’ (3)
3 axles 3_axles 3_axles
b fira T Ly
z=
3_axl 3 axl 2
_axies _axles
L7 =h, ) fi=Liy Z
3 _axles

where a, — the coordinate of the location of
the center of gravity of the wheeled vehicle rela-
tive to its front axle, m; b;ﬂxzes — the coordinate
of the location of the center of gravity of the
wheeled vehicle relative to its conditional rear
axl e, m; Lg37axles — ag37axles + bg37axles — wheelbase
of a three- axle vehicle, m.

Fig. 2. Distribution of conditional front and rear
masses (m; and m,) three-axle vehicle
relative to its center of gravity: a — the
appearance of the wvehicle [21]; b — the
scheme of distribution of conditional masses

Coordinates a,-“"
from the dependencies:

3 axles -
and b, - determine

; 4
1. (4)

ﬂ 3_axles (L37axlay +y37¢0cles)
2. n 4

n

3_axles 3_axles 3_axles
3_axles_L(1>2) '(Rzz +R; )+

ag =
e 5)
3_axles 3_axles
+L(2,3) 'Rz3 .
b
3_axles  p3_axles
1,2 1
b;_axlas — (1,2) +
3 axles 3_axles (6)
Rzl 'L(2,3) 'Rz3

T .
3_axles 3 _axles
m-g'(sz +Ry )

The weight distribution coefficient between
the rear axles is determined from the equations,
respectively:

RSfaxleS + RSfaxleS )
3 axle: ( z2 z3 .
A = SNC)

_ 3_axles
RZZ

3_axles 3_axles
( Rz 2 + Rz 3 )

3_axles __
/1272 - R37M16.9
z3

(®)

3 _axles

Longitudinal coordinates y,”-“" the location
of axles of three-axle vehicle relative to the
coordinates of the center of gravity can be
determined using the equations:

axles axles axles
S 9)
3_axles 3_axles 3 _axles 3_axles
s =Lns Ay b (10)
The value - in equations (9) and (10) we

determine from the equation:
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a}_axlef ‘g_axles _ 73 _aes ‘g_axles
3 axes __ 73_axes g 1 23) 3

- ~hup Ii,z_wdes N R:}_wdes

» (11)

axle of the vehicle, N; R;“ and R;“* -

vertical loads on the corresponding rear axles of
the vehicle, N.

where R*-"" _ vertical load on the front Slr.mlarly,. for- a four—axle. vehicle (Fig. 3),
equation (1) is written as equation (12):
- S 2 /;
b47axles A 1_i + 4_axles 2. n
g ; ﬂ, ;t:iaxles' (inax/es + xi‘liaxles ) g nZ::d ﬂ, ;:lees. (inaxles + y:iaxles )
= (12)
2 f 2 f
1 2 n
1- hg ) Z 4 _axles - Z 4 _axles )

4 _axles 4 _axles
i=1 ﬂ’lii '(Lg’ +Xx

i

In equation (12) the following notation is

accepted: a,-“'* and b;-“'* — respectively the

coordinates of the location of the center of
gravity of the wheeled vehicle relative to the

4 _axles 4 _axles
n=l /1 Z:n ' (Lg7 + y

n

conditional front and conditional rear axle of the
vehicle, m; L-““ =a

base of a

4 _axles 4 _axles
- + bg,

< — wheel-

four-axle vehicle, m.

a - G 4_alex
I S AL sl
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Fig. 3. Distribution of conditional front and rear masses (m; and m,) four-axle vehicle relative to its center of
gravity: a — the appearance of the vehicle [21]; b — the scheme of distribution of conditional masses

4 axles

Longitudinal coordinates x;

4 _axles
n

and y
the location of the axles of the four-axle vehicle
(in equation (12)), relative to the coordinates of
the center of gravity (Fig. 3), can be determined
using equations:

4 _axles 4 _axles .

147axles _ L?E;)xles n L?igzes _ ‘ ; (13)
x;liaxles _ L?igl.;cles _y47axles _agiaxles : (14)
147axles _ 4 axles _b;liux]es; (15)

;Lax/es _ Lz(;d;cles 4 ptoades _ b;faxles (16)

The value of the longitudinal coordinate
p*-“* which is included in equations (13) -
(16) is determined from equation (17):

a47axles . (R417axles + R4£axles) _
4 _axles g Z z
- == R47axles +R47axles -
z3 z4
4 _axles 4 _axles
L(354) RZ4 4 _axles
4 _axles 4 _axles (2,3)
Rz3 + Rz4

(17

4_axles

Coordinates a, and b, by analogy
with how it was done in equations (2), (3)
and (5), (6), we determine from equations (18)
and (19):

4 _axles 4 _axles 4 _axles
4 _axles L(2,3) ) (RZ3 + RZ4 ) +
s = -
4 _axles 4 _axles
gy Ry

4 _axles 4 _axles 4 _axles 4 _axles
+(Rz3 +Rz4 )(L 'Rzl )

(1,2)

m-g- (R:liaxles + R:Ea.xle.c )

+ (18)

b
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L47axles‘ _(leiaxles +R:£axlav) + (R47axlex + R:{axle.v)

4 axles __ (2,3) 4_axles __ zl .
bg B - /11,1 - 4_ axles ’ (20)
m-g R
4_axles 4_axles
+L(1j2) 'sz N
A (19) R47axlex +R47axle.r
m-g //L47axles _ z1 z2 . (21)
4 axdes | phd_ades\ 74 _ades pb_axes 12 - 4_axles >
_ + _ .Liaxes R _axles RzZ
) 1 2 (3.4) z4
I 4 _axles 4 _axles
m.g‘(st +RZ4 ) (R47axlex + R47axle.v)
4 _axles z3 z4
. . . . . //]’2:1 = R4J,x1es 5 (22)
Weight distribution coefficient between the 23

two front (A" and A7), as well as

A% W - - X 4 _axles __
between the two rear (A5-" and A3-9*) axes 2 (23)
: N . 2.2 - 4 _axles .
are determined from the corresponding equa- R
tions (20) — (23):
it P r e
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Fig. 4. Distribution of conditional front and rear masses (m; and m,) four-axle vehicle relative to its center of
gravity: a — the appearance of the vehicle [21]; b — the scheme of distribution of conditional masses

b4'7axles fi
g

J(27n

. ' +a4'7axles A z
4' axles g
L~

4' axles 4' axles 4' axles
A, -(L +y )

z=

Similarly, for a four-axis vehicle with a an-

— 24)
o[ (s
g L:ﬁaxles - /1 3'::11,\5193 (LZ'iaxleS + y:'ﬁaxles)
14‘70xles — y4'7axles _b;'iaxle.s‘ ; (25)

other arrangement of axes (Fig. 4), equation (1)
can be rewritten as equation (24).
In equation (24) the notation is accepted:

4' axles 4" axles :
M and b, respectively  the

coordinates of the location of the center of
gravity of the four-axle vehicle relative to the
conditional front and conditional rear axle of the

Vehicle, m; szlxles — a;faxles + b;*wdes

wheelbase of a four-axle vehicle, m.

4' axles

Longitudinal coordinate y, the location

of the axes of the four-axis vehicle, relative to
the coordinates of its center of gravity (Fig. 4),
can be determined using the equation:

4' axles 4' axles 4' axles 4' axles .
R e D i M (26)

4' axles _L4'7axles +L4'7axles +

3 (2,3) (3,4)
+ 4'_axles __ b4'7axles (27)
Y o .
The value y*-“*, which is included in

equations (25) - (27) is determined from
equation (28).

4' axles
dos -~

. 4' axles .
Coordinates « g , determine

from equation (29) and (30), respectively:
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4'_axles  p4'_axles _ y4'_axles 4' axles 4'_axles \ _ y4'_axles = p4'_axles

4'_axles _L4Laxles __ & RZI L(2~3) (RZ3 +RZ4 ) L(3v4) RZ4 . (28)

()] 4" axles 4" axles 4" axles ’

z2 z3 z4
R +R +R

4'_axles 4'_axles 4'_axles 4'_axles 4'_axles 4'_axles 4'_axles 4'_axles 4'_axles

4 ades L(fz) (&5 +Rz§ +Rzzf )+L(i3) '(Rz{ +Rzzf )+L(3f4) Ry . (29)
g m-g ?
4" axles 4" axles 4'_axles 4'_axles 4'_axles 4'_axles 4'_axles 4'_axles
b4' axles L(ljzu)xeS 'RZIJUFS + RZI .(L(Z’S) .(RZS +RZ4 )+L(3’4) 'RZ4 ) (30)
g - 4'_axles 4'_axles 4" axles
m-g meg (R + R + R )

Weight distribution coefficient ,1‘2‘!1"’"8-‘ , In Table 4 shows the values of the adhesion

3-8 and 3-8, between the three rear axles

of the wvehicle is determined from the
corresponding equations:
4' axles 4' axles 4' axles
/14',axlex _ (Rzz_ + RZ3_ +RZ4_ ) . (31)
2.1 - R4'7 axles >
z2
4' axles 4'_axles 4' axles
14La.xle.v _ (Rzz_ + RZ3_ + RZ4_ ) . (32)
2.2 - R4'7 axles 2
z3
(R4'_axles + R4'_axles + R4'_wrles )
! z2 z3 z4
ﬂvg*;ﬂm — (33)

4' axles
Rz4

The initial data for calculating the braking
efficiency of the considered wheeled vehicles
are given in Table 1 and Table 2, and the results
of calculating their braking efficiency, including
in the event of failure of the brake control
elements of the respective brake circuits of the
vehicle, are summarized in Table 3.

€., (4.625-4.29-exp(0.0005-7, ))-exp(B,-(i, ~1))

utilization between the tires of the respective
wheeled vehicles, the braking rate of which is
given in Table 3.

As the study showed in [22], the adhesion
utilized (f, ) between the tires of the vehicle

wheels and the road surface can be determined
using the equation (34).

In equation (34) the notation is
accepted: C, — torsional stiffness of a
pneumatic  tire, N -m/rad [2, 207;

o, — coefficient of friction-sliding (adhesion)
of a tire of a locked wheel on a road surface;

Vi — wheel speed, km / h [20];
B, — coefficient that takes into account the
peculiarities  of wheel tire twin [17];

i, — the number of wheels that are installed next
to each other [17]; R.; — vertical load on the
wheel, N.

It should be noted that in the study [12] it is
noted that when using wheel tire twin, the value
of the adhesion utilized is reduced due to the
reduction of the angles of twist of the tire
relative to the road surface.

; 34
J; R (34)
Table. 1. Weight parameters of vehicles for different distances between his axles
The difference
between the
Total axes of the
o The vehicle Position of axles on | weight of vehicle P, P,y
Ne (model) the vehicle vehicle, | depending on kg Pakg | Poskg kg
(kg) its
modification,
mm
1 2 3 4 5 6 7 8 9 10
4x2 (the scheme of 3700 | 7100 | 11500 | -
1 Volvo LNG its axles is shown in 18600 L
Fig. 1) 3800 | 7100 | 11500 --- -

Automobile transport, Vol. 49, 2021
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Continuation of the table. 1
1 2 3 4 5 6 7 8 9 10
4x2 (the scheme of
2 ZiL 4331 its axles is shown 12000 | Lagz | 3300 | 4000 | 8000 - -—-
in Fig. 1)
3000 | 8000 | 9500 | 9500 | ---
Volvo FM 13 | 6%2 (the scheme of 3200 | 8000 | 9500 | 9500 | -
3 T3CB its axles is shown 26000 | Lo
in Fig. 2) 3400 | 8000 | 9500 | 9500 | ---
3900 | 8000 | 9500 | 9500 | ---
3000 | 7100 | 7500 | 11500 | ---
, | VoloFMI1 iff;ﬁfssfsh:}fgjvﬁf 26100 | 1 3200 | 7100 | 7500 | 11500 | -
TTIHA in Fig. 2) 2173400 | 7100 | 7500 | 11500 | -
' 3900 | 7100 | 7500 | 11500 | ---
Volvo FM 13 | %2 (the scheme of 2580 | 7100 | 7500 | 11500 | -
5 PT3HA its axles is shown 26100 | Ly
in Fig. 2) 2780 | 7100 | 7500 | 11500 | ---
6x6 (the scheme of
6 | SAVAS | itsaxlesisshown | 15420 | Lay | 3690 | 5490 | 4965 | 4965 |
in Fig. 2)
6x4 (the scheme of
7| KON | isaxtesisshown | 19355 | Lo | 3690 | 4235 | 7560 | 7560 |
in Fig. 2)
6x2 (the scheme of
its axles is shown
in Fig. 2)* 2780 | 7100 | 4500 | 11500 | ---
Volvo FM 11 *the radius of the
8 PTILA wheels of the sec- 231001 Loy
ond axle is less
ttlﬁzn;ﬁz;;dé‘;ig 2980 | 7100 | 4500 | 11500 | -
third axle
3700 | 8000 | 8660 | 8660 | 6680
3900 | 8140 | 8610 | 8610 | 6640
Volvo FM 13 | 8x4 (the scheme of 4100 | 8280 8560 8560 6600
9 Rigid - Tag its axles is shown 32000 | Lup | 4300 | 8430 | 8510 8510 | 6550
Tridem in Fig. 4) 4600 | 8570 | 8460 | 8460 | 6510
4900 | 8710 | 8410 | 8410 | 6470
5200 | 8850 | 8360 | 8360 | 6430
2980 | 4350 | 6670 | 8665 | 8665
3280 | 4390 | 6660 | 8650 | 8650
Volvo FM 11 | 8x4 (the scheme of 3580 | 4420 | 6650 | 8640 | 8640
10 | Rigid - Pusher | its axles is shown 28350 | Ly
Axle Tridem in Fig. 4) 3780 | 4470 | 6640 | 8620 | 8620
3980 | 4500 | 6630 | 8610 | 8610
4280 | 4550 | 6610 | 8595 | 8595
3105 | 6497 | 6503 | 9500 | 9500
Volvo FM 11
Platform .| 5X4 (the scheme of 3605 | 6372 | 6378 | 9625 | 9625
11 S its axles is shown 32000 | Lpg)
Rear Air Sus- in Fig. 3) 4005 | 6247 | 6253 | 9750 | 9750
pension
4405 | 6122 | 6128 | 9875 | 9875
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Table. 2. Geometric parameters of the position of axles on vehicles

Ne The vehicle (model) POSIthnVOefh?():(lleeS on the L(])z), mm L(zﬂ:;), mm L(3,4), mm
1 Volvo LNG 4x2 (the scheme of its axles | 3750 390
is shown in Fig. 1)
) 7il 4331 4x2 (the scherpe of its axles 3300 . .
is shown in Fig. 1)
3| Volvorm13T3cp | Ox2(the scheme ofiits axles | 5,5, 399 1370
is shown in Fig. 2)
4 | Volvo FM 11 TT1HA | 2 (the scheme of its axles | 350, 590 1370
is shown in Fig. 2)
5| Volvo FM 13 PT3HA | Ox2 (the scheme ofits axles | 5500 57g, 1320
is shown in Fig. 2)
6 | KAMAZ43114-02 | Ox6(the scheme of s axles 3690 1320
is shown in Fig. 2)
7 KAMAZ 53215 | 6x4(the scheme of its axles 3690 1320
is shown in Fig. 2)
6x2 (the scheme of its axles
is shown in Fig. 2)*
8 Volvo FM 11 PTILA | *the radius of the wheels of | 2780 -2980 1020 -
the second axle is less than
the radius of the wheels of
the third axle
Volvo FM 13 8x4 (the scheme of its axles
9 Rigid - Tag Tridem is shown in Fig. 4) 3700 - 5200 1370 1380
Volvo FM 11 .
10 Rigid - Pusher 8x4 (.tsh:h?hz‘ﬁf ;’lf “Z)"‘Xles 2980 - 4280 1320 1370
Axle Tridem ! W &
Volvo FM 11 Plat- .
11 form - Bxd Egh:hiﬁ‘if;’f ltz)a’des 1995 3105-4405 1370
Rear Air Suspension &
Table. 3. Results of calculations of braking rate of vehicles
The difference | § b, e ey, eh%y,
between the R o Z g o= E w2 E | g2 E
axes of the = =59 o 52 =59 =)
The vehicle vehicle £ | 225 | €25 | 225 | 2%
Neo o = S0 % o3 o 8o g
B (model) depending on g9 822 8245 824 825
s x| 352 BZ: | B2z | 332
modification, o R a > s A > 5 a > 5
S © 25 27E £ £
mm 2 = O ~ O - O = O
1 2 3 4 5 6 7 8
3700 5.0112 3.4061 1.6642 --- ---
! VOVOING 1 Laa) 73800 | 5.0177 | 3.4167 1.6604
2 ZiL 4331 Ly | 3300 6.6120 4.3747 2.1917 --- ---
3000 5.5565 1.1243 2.8218 2.0259 ---
3 Volvo FM 13 I 3200 5.5657 1.1198 2.8050 2.0465 --—-
T3CB (213400 | 5.5746 1.1156 2.7901 2.0657
3900 5.5952 1.1071 2.7589 2.1073 ---
3000 4.9826 1.1014 1.9563 2.2462 ---
4 Volvo FM 11 I 3200 4.98438 1.0970 1.9377 2.2653 ---
TTIHA (213400 | 4.9872 1.0930 1.9211 2.2830
3900 4.9940 1.0846 1.8868 2.3215 -—-
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Continuation of the table. 3

1 2 3 4 5 6 7 8
s VolvoFM 13 [/ 2580 | 4.9698 1.1133 1.9874 22061
PT3HA 1212780 49718 1.1075 1.9640 2.2291

6 |KAMAZ 43114-02] L5 | 3690 5.8098 1.8307 2.4687 1.8816
7 KAMAZ 53215 [Lqo | 3690 6.9423 1.2002 3.4532 2.628
o VolvoFM 11 |, 2780 5.4229 1.2874 1.9784 2.549
PTILA 12 12980 5.4302 1.2812 1.9603 2.5693

3700 5.3998 0.8364 2377 1.7901 0.9358

3900 5.3870 0.8417 2.3479 1.7897 0.9418

Volvo FM 13 4100 53753 0.8472 2.3209 1.7889 0.9472

9 Rigid - Tag  |Lga) | 4300 5.3642 0.8534 2.2957 1.7878 0.9519
Tridem 4600 53530 0.8581 2.2644 1.7881 0.9596

4900 5.3431 0.8630 2.2363 1.7881 0.9664

5200 5.3345 0.8681 2.2109 1.7877 0.9727

2980 5.7862 0.7054 1.8624 2.0931 1.6331

Volvo FM 11 3280 5.7729 0.7051 1.8150 2.0930 1.6552

10 Rigid - Pusher |y 3580 5.7639 0.7043 1.7751 2.0935 1.6757
Asle Tridem 213780 5.7579 0.7067 1.7513 2.0923 1.6873

3980 5.7543 0.7076 1.7303 2.0919 1.6987

4280 5.7504 0.7094 1.7020 2.0917 1.7149

Volvo FM 11 3105 5.2711 0.7664 1.1206 2.1563 1.6695

’ Platform - Rear | Lo 3605 5.2725 0.7681 1.0807 2.1479 1.7018
Air Suspension | 4005 5.2764 0.7668 1.0516 2.1457 1.7267
4405 5.2807 0.7646 1.0256 2.1451 1.7500

Table. 4. The results of calculations of the maximum possible value of the adhesion utilized between the
corresponding tires of the vehicle axles and the road surface

§ ) 5 0
Q (&)
5 5. | 22 z 2
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The difference = _g § = _g = 3 £ @ 3 2 %
. between the axes of | 2 £ 2 - = 5% = § E
Ne | The vehicle (model) the vehicle 252 239 é" g 23 o
depending on its L5 = 282 g e ge¥
modification, mm EREES ®g 2 g2 82
o 2 9 v Qo 5 g s
=R = s B £ < 8 s 2
3 3 2B 25
1 2 3 4 5 6 7
3700 0.3888 0.6291
! Volvo LNG Lax 3300 0.3888 0.6291
2 3uJ1 4331 Lus | 3300 0.5576 0.7889
3000 0.3306 07112 07112
3200 0.3306 07112 07112
3 | VolvoFMI3T3CB | Laa 3400 0.3306 07112 07112
3900 0.3306 07112 07112
3000 03504 0.5532 0.6127
3200 03504 0.5532 0.6127
4 | Volvo FMIITTIHA| - Lo 3400 03504 0.5532 0.6127
3900 03504 0.5532 0.6127
2580 03504 0.5532 0.6127
5 | Volvo FMIZPT3HA| - Laay  oeh 03504 0.5532 0.6127
6 KamA3 43114-02 Lis | 3690 0.4589 0.6918 0.6918
7 KamA3 53215 Lus | 3690 0.4684 08167 0.8167
2780 03651 0.8365 0.6004
8 | Voo EMIIPTILA | Loz oq4 03651 0.8365 0.6004
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Continuation of the table. 4

1 2 3 4 5 6 7
3700 0.2881 0.6805 0.6805 0.5396
3900 0.2862 0.6829 0.6829 0.5418
. 4100 0.2844 0.6853 0.6853 0.5440
9 V"IV}’Fl\%ﬁﬁg‘d' Los | 4300 | 02825 0.6877 0.6877 0.5469
ag tnde 4600 0.2807 0.6902 0.6902 0.5491
4900 0.2789 0.6927 0.6927 0.5513
5200 0.2772 0.6952 0.6952 0.5536
2980 0.3680 0.5403 0.6802 0.6802
3280 03671 0.5409 0.6809 0.6809
1o | VolvoFM 11 Rigid-| 3580 0.3664 0.5414 0.6814 0.6814
Pusher Axle Tridem (1.2) 3780 0.3652 0.5419 0.6824 0.6824
3980 0.3646 0.5425 0.6828 0.6828
4280 0.3634 0.5437 0.6835 0.6835
3105 0.3912 0.3910 0.6502 0.6502
11 | Volvo FM 11 Platform| 3605 0.3946 0.3944 0.6449 0.6449
- Rear Air Suspension| ~®? 4005 0.3980 0.3978 0.6397 0.6397
4405 0.4014 0.4012 0.6347 0.6347

As initial conditions for calculation it was
accepted: initial braking speed - 13.9 m / s
(50 km / h); coefficient of friction-sliding (adhe-
sion) of the tire on the road surface - 0.8;
coefficient of rolling resistance of the vehicle
wheels - 0.012; height of the center of gravity of
the vehicle - 0.8 m; wheel radius of the
vehicle - 0.5 m (for Volvo FM 11 PTILA the
radius of the reduced wheel was assumed to be
0.35 m); pressure in the tires of the wheels of a
vehicle with a single tire - 0.53 MPa; pressure in
the tires of the wheels of a vehicle with tires
twins - 0.5 MPa; simplex-type brake
mechanisms are installed on all axles; the
service brake system of a wheeled vehicle,
including a multi-axle vehicle, was equipped
with a double circuit line.

From the results of the study it can be seen
that the maximum braking rate of the wheeled
vehicle increases with increasing distance L >
between the axles of the vehicle (respectively
for the car Volvo FM 11 Platform - Rear Air
Suspension - the distance L3 between the
axles). If we compare the braking rate of two-
axle, three-axle and four-axle wheeled vehicles,
we can see that the braking rate of a four-axle
vehicle decreases, this is primarily due to the
reduction of the adhesion utilized between the
respective tires and the road surface (Table 4).

It should be noted that increasing the distance
between the respective axles L ) (respectively
for the car Volvo FM 11 Platform - Rear Air
Suspension - the distance L, 3y between the axles)
leads to a decrease in the braking rate of the
vehicle if it brakes on account only the first axis.

If we consider the braking speedrate of the
vehicle only due to the second or third axle, then

for three-axle vehicles the braking rate due only
to the second or third axle will increase. The
braking rate of vehicles with more axles, in the
case of braking due to only the second or third
axle, will decrease. The braking rate of a four-
axle vehicle, in the event of a failure of its
braking system, when braking only due to the
fourth axle will increase in the direction of
increasing  the  distance  between  the
corresponding axles L ,) (respectively for Volvo
FM 11 Platform - Rear Air Suspension - distance
L3 between the axes). Comparing the braking
rate due to the second, third and fourth axles, for
a four-axle wheeled vehicle (Fig. 4) it can be
argued that their spare braking system is better
to implement on the basis of the second and
third axles. The study also showed that for a
four-axle vehicle (Fig. 3), which has a different
arrangement of axles, the implementation of its
spare brake system is better to perform on the
basis of the third and fourth axles.

From table 4 it can be seen that when
determining the braking rate of a multi-axle
wheeled vehicle, the maximum value of the
adhesion utilized between the respective tires of
the vehicle axles and the road surface plays an
important role.

The analysis of the results of the calculation
of the maximum value of the adhesion utilized
of the corresponding axle tires of multi-axle
vehicles showed that the wheels twin on the
axles reduce the realized clutch by 14%. Wheels
twin of the vehicle reduce its braking rate by 8-
10%, but at the same time, allows to increase the
load capacity of a multi-axle vehicle by 12% at a
speed moving of multi-axle vehicle no more
13.9m/s (50 km/h).
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Conclusion

Thus, the analysis of theoretical studies to
determine the magnitude of the deceleration of
the vehicle showed that the deceleration of the
vehicle depends not only on the amount of
tractionadhesion utilized between the tire (tires
twin) and the road surface, but also on the
coordinates of the center of gravity of the
vehicle and position of its axes.

Theoretical analysis of the braking dynamics
of multi-axle vehicles equipped with twin tires
showed that the amount of deceleration of such
a vehicle in addition to the amount of adhesion
utilized between the tire and the road surface,
also affects the nature of weight distribution be-
tween vehicle axles. Therefore, neglect of the
weight and geometric parameters of the vehicle,
for example during the study of the circum-
stances of a traffic accident, can lead to errone-
ous results and conclusions.

The braking rate of a wheeled vehicle,
regardless of the number of axles installed on
the vehicle, can be determined by calculation
based on the weight distribution of the vehicle
between its front and rear axles in the static state
of the vehicle, by weighing the respective axes
of the vehicle on the weighing system.

The implementation of a secondary (spare)
brake system on a multi-axle wheeled vehicle
must be performed taking into account the
geometric position of the axles of such a car and
the nature of the weight distribution between the
respective axles of the vehicle.

Tires twin on the corresponding axles of the
multi-axle vehicle reduce the braking rate of the
vehicle by 8-10% while increasing the load
capacity of the vehicle by 12% at a speed
moving of multi-axle vehicle no more 13.9 m /s
(50 km / h).
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Oco0uBOCTI raIbMyBaHHs faraToBicHUX
TPAHCMOPTHHUX 32C00iB B 3aJI€2KHOCTI Bijg
KOMIIAHOBKH iX MOCTIB

Anomauia. Ilpoénema. Ha Oanuii uac 6 Haykoso-
MEMOOUUHUX ~ PEKOMEHOAYisX  Cy0060-eKCRePMHUX
yCmaHos ma 8 HAYKOBO-MEeXHIUMil Jaimepamypi
8I0CYMHI YHIGEPCAIbHI MEMOOUKU WOO00 BUSHAYECHHS.
napavempie 2a1bMY6AHHS 6AHMAIICHUX
6acamosicHUX MpaHcnoOpmHux 3acobie, wo He 0ae
MONCTUBOCIE  BUKOPUCIIOBYSAMU  MUNOGI NIOX00U
npu CKIAO0AaHHI BUCHOGBKIB
excnepmusu. Mema. Mema nonseae ¢ momy, wob
noxazamu MONCIUGICIMb BUKOPUCIAHHES. 8 NPAKMUYT
NnpoGeOeHHs ABMOMEXHIYHUX eKCHepmu3, MemoouKu
BU3HAYUEHHS YNOGINbEHHS bazamogicnoco
MPAHCNOPMHO20 3ACO0Y HA OCHOBI peani3o8aHux
3ueniieHb  WUH 1020  KOJNiC ma  KOOpOuHam
Nnon0dICen s 1020 yenmpy msicinng. Memoodonozia.
Tputinami ¢ pobomi nioxoou 00 GupiLLeHHs NOCMA8-
JIeHol Memu 6a3yIomucsi HA Meopemudnux OCHOBAX
2anbMy8anHs 6A2amosiCHUX MpancnopmHux 3acoois,
HAYKOBUX NOJIOJCEHb NPYICHUX Oedopmayiti nhes-
MAMUYHUX WUH ABMOMOOIILHUX KOTC, 2eoMemput-
HUX ~ ma  6a206ux  napamempax — KOJICHO20
mpancnopmuoco 3acoby. Pesynsmamu. Busnaueno
PIiBHANHS, AKI 00380JAI0Mb PO3PAXY8AMU 3HAYEHHS
Koegiyicuma 2AIbMYBAHHS bacamosicHux
MPAHCNOPMHUX 3aC00i8 HA OCHO8I KOOpOUHAm no-
JIOJHCEeHHS U020 YEeHMPY MANCIHHA, Pedni3oeanux 3ye-
NJleHb MidC WUHAMU a8MOMOOIIbHUX KOJiC ma nose-
DXHEIO  00pPOMNCHbO20 — NOKPUMMA, a  MAKONAC
PO3NOOUIEHHS. HABAHMANCEHHST MIJNC 6ION0GIOHUMU
nepeonimu i 3a0HiMU Gicimu 6a2amosicHO20 MpPaHc-
nopmno2o 3acoby. Busnaueno pisusauus, sxi 00360-
JSIOMb  PO3PAXYSAMYU  NOLOHCEHHS  KOOPOUHAMU
YyeHmpy — MAJCIHHA — 0a2amMOGICHO20  KONCHO20
MPAHCNOPMHO20 3AC00y w000 1020 NEPeoHix |
3a0uix ocei. Opuzinansnicme. Pesyismamu npose-
O0eHoi pobomu 0aromv 3a2aibHe VA6LeHHs NPO 6NIUG
2e0MEMPUYHUX MA 8A208UX naApamempie baeamosic-
HO20 MPAHCHOPMHO20 3acoby Ha
eexmusHicmb 11020 2aNbMYSaAHHS, 6 MOMY YUCTE U
npu 6uxodi 3 1ady elemMeHmi U020 2aNbMOBO20

asmo-mexmiuHoi

eKcnepmam-asmomexHikam npu 6USHA4eHi MmexHiuHoi
MOCTIUBOCIT YHUKHEHHS OO0POIHCHbO-MPAHCHOPMHOTL
nooii 6 yMo06ax GUHUKHEHHS HeCnpagHocmeu 6
2aNbMOBOMY KepYBaAHHI MPAHCHOPMHO20 3acO0).

Knrouosi cnoea: bazamosichuii mpancnopmuuil 3a-
cib, KonicHull mpaHcnopmuull 3acib, Koegiyicnm
2aNbMYBAHH, NHEEMAMUYHA WUHA, 83AEMOOIS 3 NO-
BEPXHEI0 OOPOICHLO2O NOKPUMMS, NApamMempu 2a-
JIbMYBAHHS.
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