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

presented.
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1. Introduction

It is a usual case when the values of braking pa-
rameters fixed for the automobiles of previously
manufactured models are specified in the literary
sources [1]. However, these values do not usually suit
modern automobiles. The values of braking param-
eters of automobiles specified in some sources do not
suit the modelling of automobile movement. For ex-
ample, the values of deceleration of automobiles
specified by the manufacturers of automobiles and
tires are usually fixed for the phase of the most effi-
cient braking, not having evaluated certain constitu-
ents of the braking process as a result of which the
larger values are obtained. These values suit the ad-
vertising and comparison of products. However, for
modelling of automobile movement (for example, for
the examination of traffic accidents), the values of
average, settled deceleration are necessary [1, 2].
Moreover, in the course of investigation of the brak-
ing process the deceleration of transport vehicles and
the braking track are usually fixed. However, the other
parameters such as the time of deceleration increase
and the time of disbraking are also important in the
course of examination of traffic accidents.

Recently the items of the usage of antilock brake
systems (ABS) installed in automobiles are often con-
sidered both in scientific and popular literature [3-
9]. However, till nowadays not all the problems have

been solved. The results of the investigation of the
braking parameters and peculiarities of automobiles
provided with ABS and of automobiles without it are
specified below [10].

2. Methods and conditions of the experimental inves-
tigation

The experimental investigation has been carried
out under following conditions:

- the cars equipped with an antilock brake system
(ABS) and without it which were produced in the
years 1986-2000 have been used for investigation;

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

- two people served as the load of the tested cars,
i.e. the driver and the “passenger” who was ta-
king care of the measuring device (the dece-
lerometer);

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

- the cars 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 cars equipped with the
summer tires have been tested on a dry surface
of the asphalt road, whereas the cars equipped
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with the winter non-prickly tires have been tested
under winter conditions (on snow and ice);

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

- the tests have been carried out on the horizontal
stripe of a non-rough asphalt road where there
was no traffic, by calculating the mean number
afterwards;

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

- in the course of the investigation of dependence
of the deceleration upon the car primary speed
the tests on a dry surface of the asphalt road have
been carried out with the cars equipped with ABS
which have been driven at the primary speed of
60 km/h, 80 km/h and 100 km/h, and with the cars
without ABS which have been driven at the speed
of 30 km/h, 50 km/h and 80 km/h (for the sake of
safety the tests with the cars without ABS have
been carried out at the smaller primary speed);

- for the sake of safety in the course of the investi-
gation of the influence of ABS functioning upon
the car deceleration under winter conditions the
cars driven at the primary speed of 30 km/h. have
been tested under winter conditions (on snow and
ice).

Measurements have been taken with the help of
an electronic device which measures the deceleration,

i.e. decelerometer VZM 100 (Fig 1).

Fig 1. Decelerometer VZM 100

3. Results of the experimental investigation

At first the dependence of deceleration of the
vehicles without ABS upon the primary speed has
been investigated. The results of the investigation are
presented in Fig 2.
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Fig 2. Dependence of the deceleration upon the primary
speed holding up the vehicles without ABS

As we see the deceleration of the vehicle with-
out ABS decreases with the increase of the primary
speed.

The analogous investigation has been carried out
with holding up the vehicles equipped with ABS. The
results of these investigations are presented in Fig 3.
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Fig 3. Dependence of the deceleration upon the primary
speed holding up the vehicles equipped with ABS

It should be stated that in the course of testing
the average settled deceleration of all the vehicles
equipped with ABS on a dry surface of the asphalt
road was not less than 8 m/s? — it was within the limits
from 8 m/s? up to 8,8 m/s%. The vehicle deceleration
at the stage of the most efficient braking in most cases
used to exceed 9 m/s%, sometimes it used to reach the
deceleration value of a free fall (9,81 m/s?).

In the course of investigation it was observed that
while holding up the vehicles equipped with ABS,
sometimes it is difficult to notice visually the traces
of braking of the wheels (especially under certain
lighting conditions). However, in most cases the length
of the remaining traces is shorter than the length of
the brake-path.

It was ascertained that, while holding up the ve-
hicles equipped with ABS, the deceleration does not
decrease. It even increases with the increase of the
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primary speed of the vehicle. So to explain the above-
stated situation we shall compare the diagrams of
braking in both cases (Fig 4).
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Fig 4. The diagrams of braking: a — the vehicle equipped with
ABS, b — the vehicle without ABS

As it is seen from the diagram of braking the
deceleration of the vehicle without ABS, which isin a
good technical condition reaches its peak in very be-
ginning of braking till the vehicle wheels remain un-
blocked. When the wheels become blocked the de-
celeration decreases to a certain extent as, actually,
holding up of the blocked wheel is less efficient (Fig
4, b). Thus, in the course of holding up the vehicle
without ABS, when the vehicle 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 pro-
cess of braking when the vehicle is driven at a higher
speed and the process of braking takes longer time.
Besides, the other factors such as heating of the tire
gum of the blocked wheel of the automobile in the
contact zone, etc., are also significant. The decelera-
tion decrease typical of the vehicles which are driven
at the increasing primary speed can be explained by
this fact. It should be stated that not always the “clas-
sic” diagrams of braking reflecting the peak of maxi-
mal deceleration down while starting to brake were
obtained in the case of braking the automobiles with-
out ABS.

In the course of holding up the vehicles equipped
with ABS, (according to the principle of ABS func-
tioning, the wheels remain unblocked within the whole
period of braking), there is no deceleration peak in
the beginning of braking. On the contrary, in the
course of holding up the vehicles equipped with ABS
when the wheels interact with the surface of the road
(ABS controls the situation and prevents the wheel
sliding to exceed a certain value - usually appr. 20 %),
the deceleration continues to increase insignificantly
in the course of further braking after the phase of in-
crease of the deceleration. Thus, a bit smaller decel-
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eration values are reached in the beginning of brak-
ing, 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 4, a).

Besides, the values of the time of deceleration
increase 7; and of the time of disbraking 75 have been
ascertained in the course of investigation. The ob-
tained results are presented in Table 1.

Table 1. The time of deceleration increase 7; and the time
of disbraking

Vehicle ABS Time of Time of
deceleration disbraking
increasets, s ts5, 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

As we see, the values of the time of deceleration
increase £; of all the vehicles which have been investi-
gated have not exceeded 0,3 s. The maximal 0,3 s value
was typical of the car VAZ 2106. The values of the
time of deceleration increase ¢, of most of the Japa-
nese and western vehicles have not exceeded 0,2 s and
remained within the limits of 0,1+0,2 s. Only very old-
fashioned vehicles make an exception. In this case it
was a 15-year old car HONDA CIVIC the value of
the time of deceleration increase of which made 0,25 s.

The values of the time of disbraking ¢; specified
in certain literary sources which have been published
earlier did not prove (for the hydraulic brake system
ts =1,5 t;). The values of the time of disbraking ob-
tained 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 disbraking equal to 0,2 s.

Besides, the tests of holding up of the vehicles
equipped with ABS and without it have been carried
out under winter 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 presented in Table 2.

In the course of investigation it was ascertained
that slightly larger deceleration was typical of the ve-
hicle equipped with ABS (FORD ESCORT), in the
course of its holding up on ice.
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Table 2. Deceleration of the vehicles equipped with ABS
and without it under winter conditions

Surface of the | Average deceleration Average
road fit for of the vehicle deceleration of the
traffic equipped with ABS vehicle without
(FORD ESCORT), ABS (FORD
m/s? SIERRA), m/s’
Ice 2,0 18
Snow 2,6 3,0

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

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

4. Conclusions

1. In the course of braking the vehicles
equipped with ABS on a dry surface of the asphalt
road the average settled deceleration used to be within
the limits from 8 m/s? up to 8,8 m/s%. In most cases the
deceleration used to exceed 9 m/s?in the phase of the
most efficient braking. The values of time of the de-
celeration increase 7, typical of the vehicles equipped
with ABS used to be within the limits 0,1+0,15 s. The
values of time of disbraking ¢, did not exceed the time
values of the deceleration increase and used to be
within the limits 0,1+0,15 s.

2. The average settled deceleration of the ve-
hicles without ABS while holding them up on a dry
surface of the asphalt road used to be within the lim-
its from 6,9 m/s up to 7,8 m/s% The values of time of
the deceleration increase ¢; used to be within the lim-

its 0,2+0,3 s. The values of time of disbraking z, did
not exceed the time values of the deceleration increase
and used to be within the limits 0,1+0,2 s.

3. It was ascertained that while holding up the
vehicles equipped with ABS the average settled de-
celeration increases with the increase of the primary
speed of the vehicle, whereas in the case of holding
up the vehicles without ABS it decreases (Figs 2 and
3). This significant difference typical of the vehicles
equipped with ABS and the vehicles without it is re-
flected in the diagrams of braking (Fig 4).

4. Having carried out the experimental investi-
gation under winter conditions it was ascertained that
the automobile equipped with ABS was held up on
ice more efficiently (approximately 10%). The vehicle
without ABS was held up on a snow-covered surface
of the road more efficiently (approximately 13%) be-
cause in this case the blocked wheels of the vehicle
without ABS contact the wet surface of the asphalt
road, push and thicken the snow in front of them.
However, in any case, ABS plays a significant posi-
tive role in the operation (control) of the vehicle as
the possibility to drive the vehicle remains.

5. There is a possibility to model the vehicles
movement and to restore the course of the traffic ac-
cidents more precisely while carrying the examination
of the traffic accidents. However, it is necessary to
use the fixed values of braking parameters of auto-
mobiles while evaluating the technical condition of
the definite automobile as in certain cases (for ex-
ample, dealing with old automobiles) these values can
be unsuitable.
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