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This work concerns problems connected with race car's behavior permitted to traffic
motion on dry asphalt surface during braking and rapid acceleration . The characteristics of
the vehicle is presented with particular reference to type of tires. Environmental
characteristics and road surface were made. The result of the research and analysis are
kinematic characteristics of the particular features of the vehicle enabling assessment the
probablerisk both for diver and other road users.
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s po6oTa cToCcy€eThCs MpPodJieM, MOB' A3aHUX i3 MOBEAiHKOI0 MEPErOHOBOI0 ABTOMOOLIA,
JI03BOJIEHOI0 Wi 4Yac pyxy mo cyxomy ac(ajibTOBOMY MNOKPHUTTI Mig 4Yac rajibLMyBaHHS i
pPanToBOro MNPHCKOPeHHs. XapaKTepHUCTHKH TPAHCIOPTHOro 3acol0y OyJo mnogaHo 3
BiiMoBigHMM mnocujJaHHsAM Ha Tun mMH. Takoxk OyJi0o mMpoaHasi30BaHO XapaKTepHCTHKHU
HABKOJIMIIHBOTO CepeAOBHIINA i TOPOKHBOI0 MOKPUTTA. Pe3ybTaToM AocaixKeHHs i aHaTi3y €
KiHEeMaTH4YHI XapakTepuCTHKH 0CO0JUBOCTEl TPAHCHOPTHOrO 3acoly, sIKi JalTh 3MOry
OUIHUTH HMOBIpHUH PU3MK SIK JJIS1 BOAisl, TAK i ISl iHIIUX YYACHUKIB JOPOKHBOIO PYXY.

Kuto4oBi cjioBa: mMHHU, 10pOra, NPUCKOPEeHHs!, YNOBiIbHEHHs, NPoOLeC NMPHCKOPEHHs,
Npouec raJlbMyBaHHs, Koe(ilieHT TepTH.

Introduction

A small part of all the cars manufactured are race cars allowed to traffic. Unlike to standard vehicles
they are equipped with components used, in general on racecourse which purpose is the fastest overcoming
the racecourse. Sport tires, sport shock-absorbers and special elements in construction of car's suspension
are helpful. Due to the fact that exchanged elements of the care are not commonly used in classic road
vehicles there was necessary to make acceleration and rapid braking tests of the racing car. On the basis of
previous experimental researches one can conclude that the efficiency of the components will be much
higher than among other vehicles. Authors are aware of the fact that modifications made in the cars
components will not influence the costs of its utilization.

Racing cars permitted to traffic motion thanks to used particular components give the driver more
confident driving and perceptibly more tires adhesion. It results in obtaining a higher speed of the vehicle
and enhancing the ability of transferring forces and moments on the road surface at the same time[1, 2].
The driver of such vehicle using the electronic system for Traction Control entrusts it in fact, not having
sufficient driving skills after turning it off. Very important characteristic of such vehicles are both light
weight and the relation of the power of the drive unit.

The article shows the behavior of the vehicle on the dry, asphalt surface during the rapid acceleration
and breaking process.

Char acteristics Of The Vehicle

Test vehicle was a sport car Renault Clio Sport, year of production 2012. Mileage car in the day of
research did not exceed 24000 kilometers.
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Fig. 1. A view of the tested vehicle

The car has manual six-speed transmission and sport suspension ,which increases the precision of
driving on the trgjectory set by the driver. On the other hand it decreases the angular reaction movement of
the body panel causing longitudinal roll during the breaking and accelerating process that are on similar
level and limits within 1 to 1.5 degree (Fig.2).
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Fig. 2. Characteristic of the longitudinal tilt
of the body panel obtained during the study

Fig. 3. View of the vehicle suspension system [www.topspeed.com]

The suspension was applied to a vehicle's specially designed test switches and moved to the desired
trajectory with the maximum rotations that enabled the entire width of the tire to remain in contact with the
road. Most of the suspension elements eg. arms, switches and hubs in order to make the vehicle lighter are
made from aluminum alloy. The vehicle was originally equipped with a sports Brembo 4 piston calipers on
the front axle and the brake disc had a diameter of 320mm. On the rear axle, there were single-piston
calipers with brake discs with a diameter of 280 mm.
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Fig. 4. View of the front axle brake calipers and rear axle

Characteristics Of Tyres

During tests, the vehicle was equipped with sport tires sized 215/45 R17 with light alloy rims. Tires
for track racing have great softness (Tab.1), what ensure an increase of coefficient of cohesion. The usage
of the allocated tires connected with sport suspension improves stability of the vehicle and enables gaining
greater power of acceleration as well as delays in breaking process in relation with the vehicles that are not
adapted to races and rallies [6-11]. The front axle was fit with Barum tires BRAVURIS 2 from 2013, with
an asymmetric tread (Fig.4). The tire was marked with speed index “W”, which means that it can be driven
to a speed of 270 km/h. Tires that are made from very soft rubber compound dedicated to races result in
faster tread attrition. The manufacturer additionally applied silica in the center of the tread in order to
hardness stabilization irrespective of temperature changes of the tire. The rear axle had mounted tires from
Continental Conti Sport Contact 3 produced in 2011(Fig.4) The tires rear axle was also marked with speed
symbol 'W' and as well as being on the previous axle which was characterized by the asymmetry of tread.

Fig.5 View of treads of tires used in road tests
Barum BRAVURIS 2( on left) and Continental Conti Sport Contact 3( on right)

Table 1
Hardness and tire temperaturerecorded during testsin 2013
Hardness of the side of tire FL 54/54/54 FR 56/57/57
RL 62/61/60 RR 61/62/60
Hardness of tread FL 57/56/57 FR 57/56/59
RL 60/63/61 RR 61/60/56
Temperature of the side of tire FL +35,6°C FR +29,2°C
RL +22,6°C RR +16,6°C
Temperature of tread FL +38,4°C FR +36,8°C
RL +22,8°C RR +17,2°C
Pressure inside the tire FL 0,17 MPa FR 0,19 MPa
RL 0,16 MPa RR 0,16 MPa

FL — Front left; RL — Rear left
FR —Frontrear; RR — Rear right
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In order to define the tread depth three measurements were made in three cross-sections of each tyre.
The measurement results are shown in table 2.

Table 2
Averaged measurements of the tread depth of a particular tyres
LF FR LR RR
External 6,17 mm 5,81 mm 5,94 mm 5,92 mm
Middle 7,37 mm 6,65 mm 5,86 mm 5,91 mm
Internal 6,22 mm 5,38 mm 5.29 mm 5,55 mm

Environmental characteristics and surface conditions

Road tests were introduced in the year 2013 on a road with minimal traffic along the railway
embankment between the times of 9:00 and 13:00. This location was chosen due to the safety of the study ,
the lack of pedestrians and other vehicles. A sdlected section of the road had a flat asphalt surface and a
lack of latitudina tilt( Fig.6,7). The latera inclination on the road was below 1%. In the middle of the
selected section of the road, there was little “hump” occurring all along the measured road section, which
was about 150 meters in length. The occurrence of irregularities in the "hump" was caused by road use by
moving vehicles. The road was about 2,5 meters wide what was the reason of significant limitations in its
middle part. During the research the road surface was dry and clean. There were no defects and chunking
in the selected section of the road however there were afew transverse cracks which did not have influence
on the research results because they were not palpable by the steering wheel and was not detected by
measuring system. The asphalt was clearly worn out however it maintained its roughness and there were
not both worn out and smooth places (Fig.6).

Fig. 6. View of a road on which the tests were performed

Fig. 7. Measurements of surface tilt

During the researches environmental conditions were tested three times: before , after five road tests

and after the kinematic vehicle test. Results of these test are presented in table 3,4 and 5.

90



Theresults of measurements of environmental conditions before initiating tests

of the kinematic characteristics of vehicle movement

Table 3

Air temperature +11,3°C
Humidity 68,3%
Atmospheric pressure 1006,2 hPa
Dew point temperature +5,8°C
Road surface temperature +3,8°C
Brake discs temperature FL +27°C FR +25°C
RL +20°C RR +17°C
Table 4
Theresults of measurements of environmental conditions after fivetests
Air temperature +16,7 °C
Humidity 54%
Atmospheric pressure 1005,9 hPa
Dew point temperature +7,3°C
Road surface temperature 6,6°C
Brake discs temperature FL +38,4°C FR +34,8°C
RL +23,6°C RR +25,6°C
Table 5

Theresults of measurements of environmental conditions after termination

of the kinematic characteristics vehicle's motion

Air temperature 17,8°C

Humidity 53,6%

Atmospheric pressure 1005,7 hPa

Dew point temperature +7,2°C

Road surface temperature +8,6°C

Brake discs temperature FL +73,2°C FR +71,6°C
RL +33,8°C RR +37,0°C

The methodology and the cour se of experimental resear ch

The aim of the researches was to measure the longitudina accelerations of the sports car Renault
CLI10O Sport. The vehicle was equipped with Analog Devices type ADIS 16385 and test equipment type
ADIS 16385 which consisted of three acceleration sensors and three piezo-gyroscopes integrated into one
measuring system. The acquisition and data storage was made by a portable computer with dedicated
software sensors (Fig.8) The measurement apparatus used in tests has about 2 % measurement

uncertainty.[ 3,4,5]

Fig. 8. View of vehicle with the test apparatus and a window
to the acquisition and archiving of measurement data
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Results of measurement

During the experiment the racing car was dispersed on the first gear ( 5 trials) from a standing start
to a speed of 50 km/h and next intensively braked to a stop. Next 5 trials were made with the change of
gear and the achieved speed oscillated around 90km/h. All trials ended with intensive breaking of a vehicle
and the drivers aim was constant pressing the brake pedal to stop the vehicle. Examples of the vehicle's
accelerations characteristics obtained for the two measurement series are shown in Figure 9.
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Fig. 9. Sample characteristics of the kinematic features of the vehicle movement

Table 6
The results of measurements of the total distance traveled by the vehicle research
Renault Clio Sport
. The total length of the o
Trial Duration ;Zfat]cgglni%gﬁlrgg path determined from the | Braking Braking sTgeed”c])lf“tﬂe
number of test b ing t value of the longitudinal time distance pb Ki
[s] y measuring tape accelerations [s] [m] raking
[m] [m] [km/h]
1 6,59 42,5 42,38 2,34 12,74 55,73
2 6,39 42,1 42,65 2,45 12,34 57,66
3 6,38 42,0 42,27 2,55 12,23 56,84
4 6,46 41,2 41,85 2,53 11,69 56,58
5 6,34 36,8 37,07 2,72 10,80 53,25
6 10,33 1174 118,37 3,73 35,12 83,74
7 10,86 126,8 127,10 3,58 29,42 90,69
8 10,81 132,0 133,75 3,59 30,95 92,89
9 11,02 124.4 125,24 3,51 27,44 85,68
10 11,20 135,6 136,25 3,79 32,38 93,31
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Theanalysis of results
During the experimental researches the drivers aim was impetuous acceleration and braking of the sports
car. 5 acceleration trials only on first gear were made with the speed of 55km/h. Next five trials acceleration was
made with the change of gears, and achieved speed was about 90km/h. After achieving planned speed the
vehicle was braking intensively to stop. Obtained by car Renault CLIO Sport accelerations for first gear

oscillate between 4,05+4,45"/,. Whereas for second gear range in 2,89+3177/,. During the
N N
measurement of braking process achieved by the racing car full of average decelerations (MFDD- Mean Fully
Developed Deceleration) obtained from 9,797/, to 10,69”Y/, . The results of experimental research of
N S

traveled distance were subjected to statistical analysis to determine standard declination of the a single
measurement. For the calculation of the standard declination with normal distribution( method of measurement
type A standard uncertainty[124, 139]) a following relation was used:

n

1 — N . .
o. =\/ = > (x —x)2 — the standard declination of the arithmetic mean of the measurements,
X n\n-— i=1

where n — the number of measurements, xi — the value of a single measurement, x — the average value
from measurements or expected value, (x, —x) — measurement error or declination from the expected

value.
Detailed results of the calculations are shown in Table 7 and 8.

Table 7
Aver age value of longitudinal acceleration of the vehiclefor first gear
Trial number Average acceleratlzon on first gear MFDD (Mean Fully De\geloped Deceleration)
[m/s7] [m/s?]
1. 4,05 10,11
2. 4,41 10,69
3. 4,45 10,68
4. 4,42 10,13
5. 4,41 10,19
Average 4,35 10,36
measur ement
Standard 0,15 0,27
deviation
Table 8
Aver age value of longitudinal acceleration of the vehiclefor gear shifting
Trial number Average acceleration on MFDD (Mean Fully Developed Deceleration) [m/s?
talnu | gear [m/s?] Il gear [m/s?] ( ully Develop fon) [m/s’]
6. 4,30 3,17 10,38
7. 4,25 3,12 10,58
8. 4,30 2,96 10,17
9. 4,29 3,05 10,53
10. 4,35 2,89 9,79
Average 4,30 3,04 10,29
measur ement
Standard deviation 0,03 0,10 0,29

Obtained by sports car values of acceleration are slightly higher for obtained by cars type Skoda
Octavia Il Tour combi or Peugeot 407SW combi (the article sent to print). A clear difference can be seen
in the race car's MFDD delay. During the braking process, special sports tires in significantly greater the
coefficient of adhesion using bigger energy than tyres not designed for sport competitions. The result of
such state is the shortening of the braking way in dry asphalt surface condition.
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Summary
All the tests carried out are made of road safety measures. When measured by the test no common
persons or other vehicles were present. Presented in the article values of acceleration during the trials of
intense acceleration and braking can be the complementation of data consequent from previous
experimental researches and literature sources. In order to preparing fuller description of examined
phenomena in the area of vehicle dynamics is appropriate to conduct studies comparing sports cars and
utility ones that are not designed for races.
The statistic analysis was made for all measurements which showed that none of gained results was
not characterized as “fat” error. All obtained results did not exceeded the uncertainty scatter on the level of
1,6% and most of them ranged of uncertainty less than 1%.

This work has been supported by National Science Centre grant 5-53-5445.
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