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Parameters of automobile movement in case of braking and bumping
by wheels to the vertical protrusion of road covering
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1. Introduction

It’s a usual case when the values of braking pa-
rameters, fixed for the automobiles of previously manufac-
tured models, are specified in the literary sources [1], how-
ever, these values do not usually suit for modern automo-
biles. The values of braking parameters of automobiles,
specified in some sources, do not suit for modelling of the
automobile movement. For example, the values of auto-
mobiles deceleration, specified by the manufacturers of
automobiles and tires, are usually fixed for the phase of the
most efficient braking, not evaluating certain components
of the braking process, as a result of which the larger val-
ues are obtained. These values are suitable for product ad-
vertising and comparison. However, for modelling the
automobile movement (for example, for the examination of
traffic accidents), the values of average, settled decelera-
tion are necessary [1, 2]. Moreover, in the course of inves-
tigation of the braking process, the deceleration of trans-
port vehicles and the braking track are usually fixed, how-
ever, the other parameters, such as the time of deceleration
increase and the time of disbraking is also important in the
course of examination of traffic accidents. Recently the
items of usage of antilock brake systems (ABS), installed
in automobiles, are often considered both in the scientific
and popular literature [3-9]. However, till nowadays not all
the items have been solved.

The automobile movement, when its wheels col-
lide with an obstacle, is usually considered in the literary
sources, whereas the automobile movement, when the side
of its wheel collides with the vertical obstacle, is less in-
vestigated [4, 5, 10, 11]. Seeking for a more practical ap-
plication of the results of these investigations (for example,
while carrying out the examination of traffic accidents and
while fixing the speed of the automobile movement prior
to the traffic accident more precisely), it is necessary to fix
the speed of the automobile movement, which is equivalent
to the automobile’s kinetic energy at the moment of colli-
sion of the automobile’s side with the vertical obstacle.

2. Experimental investigation of the braking process of
the automobiles

The experimental investigation of the braking
process has been carried out in the following conditions:

- the automobiles, equipped with the antilock brake sys-
tem (ABS) and without it, which were produced in the
years 1986-2000, have been used for the investigation;

- the automobiles were in a good technical condition
and equipped with the factory (non-substituted) brake
system;

- two people served as the load of the tested automo-
biles, i.e. the driver and the "passenger", was taking

care of the measuring device (the decelerometer);

- the same person was driving the automobile in the
course of all the tests;

- the automobiles were equipped with the tires of the
size, which is recommended for this particular type of
the model; the depth of the protector notch was not
less than 3 mm;

- the automobiles, equipped with the summer tires, were
tested on the dry surface of asphalt road, whereas the
automobiles, equipped with the winter non-prickly
tires, were tested in winter conditions (on the snow
and ice);

- air pressure of the tires was nominal for the definite
model of the automobile and its load;

- the tests were carried out on horizontal stripe of non-
rough asphalt road, where there was no traffic, by cal-
culating the mean number afterwards;

- the tests have been carried out in both directions - not
less than three tests in each case, by calculating the
mean number afterwards;

- in course of the investigation of deceleration depend-
ence upon the automobile's primary speed, the tests on
dry surface of the asphalt road were carried out with
the automobiles, equipped with ABS, and driven at the
primary speed of 60, 80 and 100 km/h, and with the
automobiles without ABS, and driven at the speed of
30, 50 and 80 km/h (for the sake of safety, the tests
with the automobiles without ABS were carried out at
lower primary speed);

- for the sake of safety, in course of the investigation of
ABS functioning influence upon the automobile's de-
celeration in winter conditions, the automobiles,
driven at the primary speed of 30 km/h, were tested in
winter conditions (on the snow and ice).

Measurements were taken with the help of an
electronic device, which measures deceleration, i.e. the
decelerometer VZM 100.

At first, the dependence of deceleration of the ve-
hicles without ABS upon primary speed was investigated.
The investigation results are presented in Fig. 1. As we see,
the deceleration of the vehicle without ABS decreases with
the primary speed increase.

The analogous investigation was carried out with
the vehicles, equipped with ABS. The results of these in-
vestigations are presented in Fig. 2.

It should be stated that in the course of testing the
average settled deceleration of all the vehicles, equipped
with ABS, on dry surface of asphalt road was not less than
8 m/s” — it was within the limits from 8 up to 8.8 m/s*. The
vehicle's deceleration at the stage of the most efficient
braking in most cases exceeded 9 m/s’, sometimes it
reached the value of the acceleration of gravity (9.81 m/s?).

In course of the investigation it was observed that,



for the vehicles, equipped with ABS, sometimes it is diffi-
cult to notice visually braking traces of the wheels (espe-
cially in certain lighting conditions). However, in most
cases the length of the remaining traces is shorter than the
brake-path length.
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for the vehicles, equipped with ABS

It was proved that, for the vehicles, equipped with
ABS, the deceleration does not decrease, it even increases
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with the increase of primary speed of the vehicle. So to
explain the above-stated situation, we shall compare the
diagrams of braking in both the cases (Fig. 3).

As it is seen from the diagram of braking, the de-
celeration of the vehicle without ABS, which is in a good
technical condition, reaches its peak at the very beginning
of braking, till the vehicle's wheels remain unblocked.
When the wheels become blocked, the deceleration de-
creases to a certain extent as holding of the blocked wheel
up is less efficient (Fig. 3, b). Thus, for the vehicle without
ABS, when it is driven at a lower speed, the above-
mentioned peak of deceleration makes the larger part of the
whole process of braking and v.v. the peak makes the
smaller part of the braking process when the vehicle is
driven at a higher speed and the process of braking takes a
longer time. Besides, the other factors, such as heating of
the tire of blocked wheel, are also significant. The decel-
eration decrease, typical for the vehicles, which are driven
at the increasing primary speed, can be explained by this
fact. It should be stated that not always the “classic” dia-
grams of braking, reflecting the peak of maximal decelera-
tion were obtained in case of braking of the automobiles
without ABS.

For the vehicles, equipped with ABS (according
ABS functioning principle, the wheels remain unblocked
within the whole period of braking), there is no decelera-
tion peak at the beginning of braking. On contrary, for the
vehicles, equipped with ABS, when the wheels interact
with the road surface (ABS controls the situation and pre-
vents the wheel from sliding), the deceleration continues to
increase insignificantly in the course of further braking
after the phase of increase of the deceleration. Thus, a bit
smaller deceleration values are reached at the beginning of
braking, whereas the largest values are usually reached
when the process of braking becomes stable at the end of
braking. The deceleration increase with the increase of the
primary speed of the vehicle, equipped with ABS, can be
explained by this fact (Fig. 3, a).
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Fig. 3 Diagrams of braking: a — the vehicle, equipped with ABS, b — the vehicle without ABS

Besides, the values of the time of deceleration in-
crease #; and of the time of disbraking #5 were obtained in
the course of investigation. The obtained results are pre-
sented in Table 1.

As we see, the values of the time of deceleration
increase f; of all the vehicles, which have been investi-
gated, have not exceeded 0.3 s. The maximal 0.3 s value

was typical for the car VAZ 2106. The values of the time
of deceleration increase #; of most of the Japanese and
western vehicles have not exceeded 0.2 s and remained
within the limits of 0.1-0.2 s. Only very old-fashioned ve-
hicles make an exception. In this case it was a 15-year old
car HONDA CIVIC, the time of deceleration increase of
which is 0.25 s.



Table 1
The time of deceleration increase 3 and
the time of disbraking #s

Vehicle ABS | Time of decelera- | Time of dis-

tion increase #3, S braking 7s, s
AUDI A4 + 0.1 0.1
AUDI 80 + 0.15 0.1
BMW 318 + 0.15 0.1
FIAT UNO - 0.2 0.15
FORD ESCORT + 0.15 0.15
FORD SIERRA - 0.2 0.1
HONDA CIVIC - 0.25 0.15
MAZDA 323 F - 0.2 0.1
OPEL VECTRA + 0.15 0.15
VAZ 2106 - 0.3 0.2
VW GOLF II - 0.2 0.1
VW PASSAT + 0.1 0.1

The values of the time of disbraking #s, specified
in certain literary sources, which have been published ear-
lier, were not proved (for the hydraulic brake system
ts =1.5 t;). The values of the time of disbraking, obtained in
the course of investigation, did not exceed the values of the
time of deceleration increase and were within the limits of
0.1-0.15 s, except the car VAZ 2106 with the time of dis-
braking, equal to 0.2 s.

Besides, tests of holding up of the vehicles,
equipped with ABS and without it, were carried out in win-
ter conditions, i.e. on ice and snow. In our case these were
the cars FORD ESCORT (equipped with ABS) and FORD
SIERRA (without ABS). The obtained results are pre-
sented in Table 2.

Table 2
Deceleration of the vehicles, equipped with ABS
and without it, in winter conditions

Surface of the | Average deceleration | Average decelera-
road, fit for of the vehicle, tion of the vehicle
traffic equipped with ABS without ABS
(FORD ESCORT), (FORD SIERRA),
m/s’ m/s’
Ice 2.0 1.8
Snow 2.6 3.0

In the course of investigation it was shown that a
slightly higher deceleration was typical for the vehicle,
equipped with ABS (FORD ESCORT), in the course of its
holding up on ice.

A bit different results were obtained while hold-
ing the vehicles, equipped with ABS and without it, up on
snowy surface of the road, fit for traffic. In this case a
slightly higher deceleration was typical for the vehicle
without ABS (FORD SIERRA). Such unexpected results
can be explained by the fact that blocked wheels of the
vehicle without ABS contact wet surface of asphalt road,
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covered with a thin layer of snow, thus stipulating the de-
celeration increase. Besides, the blocked wheels push and
thicken the snow in front of them. Thus, the area of wheel
bearing increases and the effect, similar to holding of the
vehicle up on the soft surface (for example, the soft soil)
shows itself.

The wheels of the vehicle, equipped with ABS,
remain unblocked. Thus, they do not contact wet surface of
asphalt road and the deceleration is lower. However, it
should be stressed that, in any case, including the case with
holding up of the vehicle on the snow (though in this case
the deceleration of the vehicle, equipped with ABS, was a
bit smaller), the ABS distinguishes by a significant positive
influence upon the vehicle operation as the possibility to
steer it remains. This is very important for traffic safety as
most of the traffic accidents occur because of the absence
of the possibility to operate the vehicle.

3. Investigation of interaction of the automobile wheel
with vertical obstacle

The investigation of damages of automobile
wheels, which have occurred in traffic accidents, proves
that one of the most often occurred damage of the wheels,
i.e. the mounting sides of the tire, displaced from the edges
of the rim, usually occurs in the course of the traffic acci-
dent, after the wheel has collided with hard objects, for
example, the board [12, 13]. The automobile losses a part
of its kinetic energy and speed at the moment of collision.
Up to now, while rating automobiles speed before traffic
accidents, usually the loss of the automobile's kinetic en-
ergy and its speed have not been taken into consideration
[1, 2]. Thus, sometimes the reduced values of the automo-
bile speed have been obtained. Seeking to rate the automo-
bile's speed before traffic accident more precisely, it is
necessary to evaluate the amount of kinetic energy of the
automobile or the automobile's speed, which is equivalent
to the loss of its kinetic energy, which have been present
and caused the above mentioned damage of the wheel at
the moment of its collision with the obstacle (for example,
the border).

When the automobile slides sideways and the side
components of its wheels collide with the vertical obstacle
(for example, the border), contact area of the wheel with
this obstacle makes the segment (Fig. 4).

So as to dismantle the tire, the outside force Fj,
which produces an impact on it, should be larger than the
force F,, which is composed out of two components, i.e.
the force, which is necessary to cope with the inside pres-
sure of the tire, and the force, which is necessary to cope
with friction of the mounting side and the rim.

Having carried out the theoretical investigation
[12, 14], the condition of dismantling of the tire from the
rim was obtained
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where R is the external radius of the wheel, m; « is sector
angle, obtained by connecting the edge dots of the contact
area segment with the centre of the wheel, deg. (Fig. 4); p
is pressure of the undamaged tire, Pa; r is internal radius of
the tire (external radius of the wheel rim), m; b is the tire
width, m; /, is the distance, which is necessary to remove
the tire from the edge of the wheel rim to be dismantled, m
(Fig. 5); m is automobile weight, kg; g is acceleration of
gravity, m/s*; u is conventional friction coefficient of the
mounting side of the tire and the wheel rim; / is a part of
the rim, located in between the edge dots of contact area
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segment by measuring external perimeter of the wheel, m
(Fig. 4); a is length of the straight line, which connects the
edge dots of the contact area segment, m (Fig. 4); 4 is
height of the vertical obstacle, m.

However, practically (for example, while carrying
out the examination of traffic accidents), not the force,
which is necessary for dismantling of the tire, but the speed
of the automobile movement v5, which is equivalent to the
loss of its kinetic energy, while dismantling the tire from
the wheel rim should be known [12, 14] (m/s)
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where A4, is the work of dismantling the tire from the wheel
rim, J.
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Fig. 4 The contact of the side component of the automobile
wheel with the vertical obstacle
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Fig. 5 Automobile's wheel: a — before collision with the
vertical obstacle; b — at the moment of collision, just
before dismantling of the tire

(7rR2 —ﬁrz)b—%(lR—a(R—h))ld

+mgu

It is a usual case when the values of the angle «,
the rim length / and distance a are not known. Thus, they
can be expressed by other known values (Fig. 4)
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Fig. 6 Minimal force, necessary for the tire dismantling
from the rim

Knowing the minimal speed vz, which is equiva-
lent to automobile's kinetic energy loss, at dismantling the
tire from the rim, in cases, when the automobile, sliding to
the side, collides with vertical obstacle (for example, the
border) and the automobile's wheel becomes depressurized
through the displaced mounting side of the tire, it is possi-
ble to calculate more precisely the automobile speed before
the occurrence of traffic accident (km/h) by evaluating
kinetic energy, necessary for dismantling of the tires

v, = \/26(Sljl tot S, )+ v iz (3)

where S ; is the distance, covered by the automobile, slid-
ing along certain road-cover, m; j, ; is the deceleration of



the automobile, sliding along certain road-cover, m/s%; v, is
the automobile's speed, equivalent to its kinetic energy at
the moment of its collision with the other object, for exam-
ple, an automobile, km/h; v is the automobile's speed,
equivalent to its kinetic energy loss, at dismantling of the
tire from the rim, km/h; z is the number of dismantled
wheels.
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Fig. 7 Automobile's minimal speed, equivalent to its ki-
netic energy, necessary for the tire dismantling at its
collision with the vertical obstacle

The minimal force, necessary for the tire disman-
tling from the rim, and the minimal speed of the automo-
bile, equivalent to its kinetic energy loss, when the auto-
mobile straightforwardly collides with the vertical obsta-
cle, and the tire is dismantled, have been calculated for
automobiles of different types, i.e. HONDA CIVIC,
MAZDA 626 and VW TRANSPORTER. The results are
presented in Figs. 6 and 7.
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As we see, the above-mentioned force and speed
increase with the increase of the obstacle height; typically
have higher values for the automobiles with the larger
mass.
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The dependence of the force, necessary for dis-
mantling of the tire from the rim, and automobile's speed,
equivalent to its kinetic energy loss at its collision with the
vertical obstacle, when the tire is dismantled, upon the an-
gle of collision was obtained (for the obstacle height, equal
to 6, 8 and 10 cm). The results are presented in Figs. 8-13.
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It should be stated that the dismantling force and
the speed, equivalent to the automobile's kinetic energy
loss at dismantling, are minimal as, while calculating, the
amount of kinetic energy, which is consumed in the course
of distortion of the tire's carcass as well as in cases, when
the rim contacts the obstacle and causes the damage, has
not been evaluated.

4. Conclusions

1.In the course of braking of the vehicles,
equipped with ABS, on dry surface of asphalt road, the
average settled deceleration used to be within the limits
from 8 m/s* up to 8.8 m/s’. The time of the deceleration
increase t3, typical for the vehicles, equipped with ABS,
used to be within the limits 0.1-0.15 s. The time of disbrak-
ing #5 did not exceed the time of the deceleration increase
and used to be within the limits 0.1-0.15 s.

2. The average settled deceleration of the vehicles
without ABS while holding them up on dry surface of as-
phalt road used to be within the limits from 6.9 m/s* up to
7.8 m/s*. The time of the deceleration increase #; used to be
within the limits 0.2-0.3 s. The time of disbraking ¢5 did
not exceed the time of the deceleration increase and used
to be within the limits 0.1-0.2 s.

3. It was proved that for the vehicles, equipped
with ABS, the average settled deceleration increases with
the increase of primary speed of the vehicle, whereas for
the vehicles without ABS, it decreases.

4. After the experimental investigation in winter
conditions, it was proved that braking of the automobile,
equipped with ABS, on ice is more efficient (by approxi-
mately 10%). Braking of the vehicle without ABS on
snow-covered surface of the road is more efficient (by ap-
proximately 13%) because in this case the blocked wheels
of the vehicle contact wet surface of asphalt road, push and
thicken the snow in front of them.

5. After creating calculation methods of the
minimal force, necessary for dismantling of the tire from
the rim, and the automobile's speed, which is equivalent to
its kinetic energy, necessary for dismantling of the tire
after the wheel has collided with the vertical obstacle, the
dependence of this force and speed upon the height of the
obstacle and the angle of collision for the automobiles of
different classes was obtained.
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6. There is a possibility to model the vehicles'
movement and to restore the course of the traffic accidents
more precisely while carrying the examination of the traf-
fic accidents and to calculate more precisely the speed of
the automobile movement prior to the traffic accident.
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2.

E. Sokolovskij

AUTOMOBILIU JUDEJIMO PARAMETRAI
STABDANT IR ATSITRENKIANT RATAIS |
VERTIKALIA KELIO KLIUTI

Reziumé
Straipsnyje pateikti automobiliy su stabdziy antib-

lokavimo sistema ir be jos stabdymo parametry tyrimy
rezultatai. Pateiktos eksperimentinio tyrimo metu nustaty-



tos automobiliy 1ét&jimo pagreicio, 1étéjimo pagreicio didé-
jimo laiko ir atstabdymo laiko vertés, stabdant ant sausos
asfaltbetonio dangos. Pavaizduotos ir paaiskintos automo-
biliy su ABS ir be ABS létéjimo pagreicio priklausomybés
nuo pradinio vaziavimo greicio. Pateikti automobiliy stab-
dymo ziemos salygomis, t. y. ant sniego ir ant ledo, tyrimy
rezultatai.

Nagrin¢jamas automobilio atsitrenkimas ratais {
vertikalia klititi, dél kurio demontuojama rato padanga.
Nustatyta minimali padangai demontuoti nuo ratlankio
bitina jéga ir minimalus automobilio vaziavimo greitis,
ekvivalentinis jo kinetinés energijos sanaudoms padangai
demontuoti nuo ratlankio, atsitrenkus i klititi. Ivairiy klasiy
automobiliams nustatytos §ios jégos ir greifio vertés, ju
priklausomybé nuo klitities aukscio ir atsitrenkimo { klifit
kampo. Pasitlyta patikslinta metodika automobiliy vazia-
vimo prie§ eismo ivyki grei¢iams apskai¢iuoti, ivertinant ir
kinetinés energijos sanaudas padangoms demontuoti ratui
atsitrenkiant i vertikalig klitit].

E. Sokolovskij

PARAMETERS OF AUTOMOBILE MOVEMENT IN
CASE OF BRAKING AND BUMPING BY WHEELS TO
THE VERTICAL PROTRUSION OF ROAD COVERING

Summary

The present article depicts the results of the inves-
tigation of braking parameters of the automobiles,
equipped with ABS and without ABS. The values of the
automobile deceleration, increase of the deceleration time
and the time of disbraking, while braking on dry asphalt-
concrete surface, which was fixed in the course of the ex-
perimental investigation, are presented. Dependence of
deceleration of the automobiles, equipped with ABS and
without ABS, upon the primary driving speed is reflected
and substantiated. The results of the investigation of auto-
mobiles, equipped with ABS and without ABS, braking in
winter conditions, i.e. on ice and snow, are presented.

Collision of the automobile wheels with vertical
obstacle, as a result of which the wheel tire gets disman-
tled, is considered in the present article. The required force
and the automobile’s minimal speed of driving, which is
equivalent to its kinetic energy loss at dismantling of the
tire from the wheel rim after collision with the obstacle, are
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shown. The values of this force and speed, typical of the
automobiles, attributed to different classes, their depend-
ence upon the obstacle height and collision with the obsta-
cle angle are fixed. More precise methods for the calcula-
tion of the automobile speed prior to the traffic accident,
by taking into consideration its kinetic energy, necessary
for dismantling of the wheel at its collision with the verti-
cal obstacle, is suggested.

9. COKOJIOBCKHI

ITAPAMETPBI JIBUKEHUS ABTOMOBWJIEN TTPU
TOPMOXEHNU 1 CTOJIKHOBEHNU KOJIECAMU C
BEPTUKAJIBHBIM IOPOXHBIM ITPEITATCTBHUEM

Pe3zmomMme

B crathe mpejcTaBieHBI pe3yabTAaThl HCCIEI0BA-
HUI mapaMeTpoB TopMokeHus: apromoomieir ¢ ABC u 6e3
ABC. TlpencraBineHbl IKCHEPUMEHTAIBHBIMU HCCIIEIOBA-
HUSIMH YCTAHOBIICHHBIC 3HAYCHHS 3aMEIICHUS TOPMOXKE-
HUsA, BPpEMECHH HapaCTaHWd 3aMCIJICHUA TPU 3KCTPEHHOM
TOPMOXKEHUH U BPEMEHU PaCTOPMaKMBaHUA IIPU TOPMO-
JKEHUH Ha CcyxoM ac(anbTobeToHHOM nokpbiTuu. [Tokasa-
HBl U OOBSCHEHBI 3aBUCHMOCTH 3aMEIJICHUSI TOPMOKEHUS
aBTomoOwmielt ¢ ABC u 6e3 ABC 0T HavabHOW CKOPOCTH
IBIKeHUs. [IpeacTaBieHBl pe3yNbTaThl HCCICIOBAHUN
topmoxkerns apromodOmieit ¢ ABC u 6e3 ABC B 3uMHHUX
YCIIOBHSIX — Ha JIbIy 1 Ha CHETY.

B craTthe Takxke McCiemyeTcsl CTOJIKHOBEHHE aB-
TOMOOWIISL KOJEeCaMH C BEPTUKAIBHBIM MPEMSATCTBHEM, B
pe3ynbpTaTe 4ero AeMOHTHPYETCs IIMHA Kolieca. Y CTaHOB-
JICHbl MUHUMaJIbHASI CHJIa, HEOOXOUMasl JUIsl JJEMOHTHPO-
BaHWA IHWHBI, U MUHHUMaJIbHasA CKOPOCTb JABHMXXCHUSA aBTO-
MO6I/IJ'[${, OKBUBAJICHTHasA €ro 3arparamM KHUHETUYECKOU
SHEPrHH Ha JIEMOHTHUPOBAHUE IIMHBI, IPH CTOJIKHOBEHUH C
npensitctBueM. J[is aBromMoOuiel pasHbIX KIaccoB ycTa-
HOBJICHBI 3HAYEHHS STOM CHJBI U CKOPOCTH, MX 3aBUCH-
MOCTB OT BBICOTHI MPETIATCTBHS M OT yTIiia CTOIKHOBEHUS C
npersTcTBueM. [IpenyoxeHa yTOUHEHHAs METOAWKA pac-
YeTa CKOPOCTeH ABIDKEHHS aBTOMOOWIICH Iepel] TOpOXK-
HBIM IIPOUCIIECTBUEM, YUUTHIBAas TAKXKe 3aTpaThl KHHETH-
YECKOW PHEPTUU Ha IEMOHTHUPOBAHUE IIMHBI IPH CTOJIKHO-
BEHHUH KOJIECa C MPETSATCTBHEM.
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