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abstract
Experimental studies on kinematic characteristics of the vehicle are usually performed using passenger cars, 
which is related to their availability and the ability to conduct tests on public roads. Road tests using trucks, due 
to the increased need for security, are performed less frequently and usually on special routes or public roads 
temporarily excluded from the traffic. The lack of tests performed together on various types of vehicles in similar 
environmental and weather conditions limits the possibility of direct comparison of the obtained results.
Road tests conducted in December 2012 enabled the acquisition and recording of longitudinal acceleration values 
of passenger car and truck under identified environmental and surface conditions. Experimental studies were 
conducted on kinematic characteristics of the vehicle and a comparative analysis of the intensity of acceleration and 
breaking of a new passenger car and of a truck tractor without a trailer in sub-zero temperatures was carried out. 
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1. Introduction
The process of intensive vehicle acceleration in given 

environments and surface conditions determines the traffic safety 
[1, 5, 11, 12]. The obtained acceleration values allow the driver to 
make decisions that affect the dynamics of the vehicle, the range of 
its steerability and the response time of the whole vehicle [2 - 4, 6]. 
A variable range of adhesion coefficient directly affects longitudinal 
acceleration values obtained, which are largely affected by the road, 
environmental conditions and characteristics of the vehicle itself. A 
change of these factors limits the comparability of motion parameters 
obtained for different types of vehicles. The intensity of braking and 
acceleration is one of the most important parameters related to the 
traffic safety of cars and trucks. The obtained kinematic parameters 
enable an assessment of traffic safety features aimed at the ability 
of force transfer in the tire-surface interaction. The variability of 
external and internal factors determining the load transfer in the 

comparative analysis makes it necessary to minimize the impact of 
dependent variables by performing experimental studies in selected 
surface and ambient conditions.

This paper presents a comparative experimental study on intense 
acceleration and braking of a truck tractor without a trailer and 
a new car under conditions of temperatures below zero.

2. Characteristics of research 
vehicles

One of test vehicles was a MAN TGA 18.440 Tractor, with a 
cab bedroom area, year of manufacture 2006, with remanufactured 
tyres size 315/60 R22, with a manual 16-speed gearbox and allowing 
two people to stay in the cabin during the vehicle motion. It meets 
requirements of Euro 4 standard. The lorry is used to transport 
goods within Poland and Europe. During the test the vehicle was 
not loaded with a trailer.
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Fig. 1 View of research vehicles during tests in December 2012

Th e second test vehicle was a Skoda Octavia Tour Combi II 
manufactured in 2012, equipped with winter tyres 195/65 R15, 
produced in 2012. Th e vehicle mileage during tests did not exceed 
8000 km. Two people and the measuring equipment were in the 
vehicle during tests.

For the test the vehicles were equipped with a measuring 
device ADIS 16385 from Analog Devices. In the tractor unit the 
measurement system was mounted inside the cabin of the vehicle 
on the side of the glass on the left  door. Instead, in a passenger car 
– on the vehicle roof. A portable computer with dedicated soft ware 
was used for the data acquisition and archiving. Th e apparatus used 
is characterized by a measurement uncertainty of 2% [9, 10].

3. Environmental Characteristics 
and Conditions

Studies on kinematic characteristics of vehicles were carried out 
in two stages. Tests for the MAN truck were performed on the 21st 
December 2012 before noon [7, 8], and the studies for the Skoda 
Octavia passenger car were carried out on the 22nd December 2012, 
also before noon. Th e test surface was a dry asphalt surface (Fig. 2). 
Th e longitudinal slope of the surface was about 1%.

 

Fig. 2. View of the pavement during tests in December 2012

Environmental conditions were tested twice: before vehicle 
kinematic tests and aft er their completion. Environmental tests 
results are shown in Tables 1 and 2.

Table 1. Results of environmental conditions measurements prior 
to testing of kinematic characteristics of vehicles

Man tga 18.440
2012.12.21

skoda octavia combi ii 
tour 2012.12.22

ambient temperature -4.6oc -5.1oc

humidity 60.1% 84.1%

atmospheric pressure 1010.5 hPa 1015.1 hPa

Pavement temperature -7.2oc (in shade) -5.2oc 
(enclosed area)

Table 2. Results of environmental conditions measurements prior 
to testing of kinematic characteristics of vehicles

Man tga 18.440
2012.12.21

skoda octavia combi ii 
tour 2012.12.22

ambient temperature -3.7oc -5.4oc

humidity 63.7% 88.6%

atmospheric pressure 1010.0 hPa 1014.9 hPa

Pavement temperature -6 oc  (full sun)     
-9 oc  (in shade)

-14.2oc  
(uncovered area. wind)

Th e results of environmental conditions measurements show that 
the atmospheric pressure is comparable and the ambient temperature 
and road surface are close. Th e humidity diff erence on the two 
days of research is signifi cant, however, there is no indication of the 
humidity infl uence on the condition of the surface (surface dry and 
free of impurities). Also the moisture in the air does not put off  in the 
manner shown on the infrastructure of a road test.

4. Research Methodology
Measurements of kinematic characteristics of vehicles carried 

out without passing. Th ere are no utility buildings along the route 
chosen for tests and the traffi  c on the road is negligible. During 
the experimental studies over the test distance there were no 
bystanders and other vehicles.

Studies consisted of an intensive vehicle accelerating from 
a standing start, and intense braking to a stop. Ten trials were 
performed within one hour for each of the vehicles. In all 
performed tests the road covered by the vehicle was measured also 
by a measuring tape, enabling verifi cation of the results. Th e day 
was sunny and without precipitation, and the surface dry and clean.

5. Test Results
During the experimental studies the MAN truck was 

accelerated both with a change of gear and without. Example 
characteristics of the obtained acceleration are shown in Figure 
3 Skoda was accelerated in the fi rst or second gear without any 
further changes. Five attempts from a standing start were taken 
for both styles. Th is enabled the comparison of the intensity of the 
acceleration of a passenger car in two diff erent driving situations, 
as shown graphically in Figure 4 All attempts were fi nished with 
an intense braking of the vehicle, and the drivers’ task was to 
constantly press the brake pedal to stop the vehicle.
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Fig. 3. Sample waveforms of acceleration, velocity and acceleration 
of the vehicle for MAN TGA 18.440 with and without the gear 
change

The first gear   The second gear
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Fig. 4. Sample waveforms of acceleration, velocity and acceleration 
of the road for Skoda Octavia Combi II Tour with the first and 
second gear
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Acceleration values obtained by the MAN vehicle oscillate 
between , and acceleration values for the Skoda, starting 
in the first gear reached more than  and when starting in 

the second gear ranged between . During the vehicle 
acceleration in the first gear the on-board computer cut-off the 

ignition each time after reaching a speed of about , as it 
can be seen in the graph shown in Figure 4.

Measurement results of the distance travelled and of total 
duration of the acceleration from a standing start and heavy 
braking are summarized in Table 3, and Table 4 presents vehicles 
braking distances determined on the basis of acceleration test runs 
“measured” after the change of acceleration in the direction of the 
intersection of the characteristic curve with the value zero. For 
the designated time point start the velocity and duration of the 
braking process was calculated.

Table 3. Measurement results of the total distance travelled by the 
research vehicle

trial 
number

Man tga 18.440 skoda octavia combi ii tour

trial 
duration

[s]

total stopping 
distance measured 
by measuring tape 

[m]

trial 
duration

[s]

total stopping 
distance measured 
by measuring tape 

[m]

1 17.94 100.05 12.78 91.98      ii gear
2 16.96 100.82 12.09 91.98      i gear
3 17.73 97.55 12.90 96.98      ii gear
4 16.60 94.50 11.77 91.21      i gear
5 15.98 97.10 13.18 96.53      ii gear
6 17.48 100.30 12.09 91.43      i gear
7 17.28 96.70 13.68 101.68      ii gear
8 16.46 97.70 11.78 91.58      i gear
9 16.12 102.30 13.65 101.78      ii gear

10 16.52 113.00 11.89 92.95      i gear

Table 4. Measurement results of the braking distance travelled by 
the research vehicle

trial 
number

Man tga 18.440 skoda octavia combi ii tour

trial 
duration

[s]

stopping 
distance

[m]

initial 
breaking 
process 
velocity 
[km/h]

Braking 
process 

time
[s]

stopping 
distance

[m]

initial 
breaking 
process 
velocity 
[km/h]

1 6.00 27.00 52.78 3.33 17.62 59.00

2 3.40 19.51 50.94 3.37 7.36 38.92

3 4.74 17.33 52.52 3.47 15.34 58.54

4 4.00 17.53 52.00 3.54 13.51 46.48

5 5.16 24.61 60.41 3.57 14.53 58.82

6 4.71 15.08 56.34 3.06 9.38 42.16

7 4.27 15.05 52.92 3.98 19.71 59.83

8 5.57 20.83 60.69 3.24 13.44 50.94

9 4.70 23.05 64.01 3.46 14.66 58.39

10 4.89 28.52 70.20 3.15 11.63 45.72

6. Comparative study
In all trials the measurement of the trials total time differed 

from each other by maximum 2.03 seconds, while the braking 
process times for MAN differed by 2.6 sec and for Skoda by 0.92 
s. This is related directly to the reactions of the driver and the 

research vehicle. During experimental studies vehicles braked 
intensively to a complete stop. Mean Fully Developed Deceleration 
(MFDD) values were above , and in the best case . 

MFDD values for the passenger car were oscillating between 
 and .

All the characteristics of the braking process, both of the tractor 
unit and of the car were characterized by the occurrence of a peak 
in early stages of the process. This may be caused by the time needed 
by the ABS to adapt to the surface conditions, rolling resistance, 
aerodynamic drag and vehicle body heeling. Peak performance 
delays reached a value above 1g. After its disappearance the ABS 
was characterized by a steady work while maintaining the constant 
deceleration.

7. Conclusion
Experimental tests carried out have enabled analysing the traffic 

parameters of MAN and Skoda vehicles. Experimental studies were 
performed in very similar conditions on the same section of road. 
This significantly reduced the impact of external factors on the 
process of acceleration and deceleration.

All carried out tests of intensive acceleration and braking in 
December 2012 were taken in compliance with the security measures. 
During the road test measurements there were no persons or other 
vehicles. The need to maintain safety and to minimize potential 
emergency situations is necessary during all road tests, in particular 
in the areas of permitted traffic.

Tests measuring a heavy braking by a MAN 18.440 tractor 
unit without a trailer indicate the possibility of significant use 
of the coefficient of adhesion of the vehicle as compared to the 
car. MFDD values obtained during a hard braking with constant 
pressure on the brake pedal varied from about 20 to 40% of those 
achieved by the car.

For all measurements a statistical analysis was performed, 
which showed that none of the results was a gross error, and all the 
results did not exceed the uncertainty of 1.9%.This work has been 
supported by the National Science Centre grant 5-53-5445
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