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Abstract: In this paper are presented some factors that affect to safety of “rider-motorcycle” system movement and some statistical indicators as the confirmation that this system is a common cause in traffic accidents. A mathematical model was created to simulate longitudinal dynamics of motorcycle. Simulation researches were conducted for the following regimes of movement: acceleration- steady state -braking up to adhesion limits. Thereby, various solutions in motorcycle designing were observed, especially engine characteristics and braking system, experience of driver, parameters of transitional regimes of movement. It was designed and created an experimental motorcycle system. Experiments were conducted on real roads with and also without other participants in traffic. Simulation and experimental results for observed systems were compared and discussed. 
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1. INTRODUCTION
Constructive and dynamic characteristics of motorcycle, significantly impact on driver’s behaviour and safety in traffic. [1], [2].Many statistical analysis show that the motorcycle is a common cause of traffic accidents with severe consequences. Thus, in the paper [3]  are given  data on the percentage  of  killed in road accidents in accordance to category of participants in road traffic, and it is as follows: 52% -cars, 17% -pedestrians, 24% single-trace vehicles, of which 5% -mopeds, 6% -bicycles, 13% -motorcycles. 
Besides the above mentioned statistical indicators on probability in causing traffic accidents involving motorcycle and probability of injury in relation to other traffic participants, in the paper [3], are discussed and impacting factors: the influence of alcohol, speed, engine power, visibility of motorcycles from the other participants in traffic, adequate training about the safe driving, the use of protective equipment with active and passive safety aspect.

The above analyzed paper works, as well as other key works in the domain of motorcycles safety, point to its share in the total number of traffic accidents and incurred damage, as well as the factors that have caused it. Specification of factors is in relation to the aim of the research and in certain way focuses interactive coupled system rider-motorcycle-road-environment, and therefore, the distribution of their functions and responsibilities related to traffic accidents in all three relevant phases of the research: Pre-Crash, Crash, Post-Crash.

Bearing in mind the previous considerations, in the following chapters of work, we have tried to illuminate some of the technical details of  motorcycle with the safety aspects of the interaction of human factors as motorcyclists, motorcycle as a technical system and the relevant environmental impact.
2. SUBJECT OF WORK
The content of the work is based on the results of the performed analysis of key works in this field and includes: consideration of the specifics characteristics of motorcycle, simulating typical regime of movement, experimental studies, showing the results including analysis  and proposals of future directions of work. In this sense the motorcycle specific characteristics  which are relevant for  safe usage are listed below as:

           1/ constructive specifics: open supporting structure - the body; inconvenient ratio of “motorcycle - rider – passenger”  mass system and unstable vehicle position with two wheels, 2/ dynamic specifics: oversized potential properties - specific power, high speed, intensive running start, imperiled braking efficiency at the limit of adhesion, unstable direction and position of movement,  3/ specifics of interaction rider-motorcycle-environment: 
2.1 SIMULATION RESEARCHING

As the starting point for theoretical and simulation studies, the physical model as shown in Figure 1b, was used, with marked parameters and variables which are relevant for relations of longitudinal dynamics: accelereating-stationary regime  movement-braking regime.. For simulation researching, the motorcycle’s data as it is shown in Figure 1. b,  were used, with the basic parameters, Pe = 43 kW, m=285 kg, l=1.3m; h=0.75m, for two variants of the coordinates of centers of masses  a = b = l/2= 0.65m,  a = 0.95m;  b = 0.35m, marks in Figure 1.b. The simulation results are shown in Figure 2 and 3. Figure 2.a shows the distribution of weight on wheels, depending on the longitudinal deceleration in those two variants of centers of mass position: symmetric a = b = 0.65 m, with marks Z1r, Z2r. and asymmetric a ≠ b , marks Z1, Z2. Corresponding brake forces at simultaneous braking on both wheels, are shown in Figure 2. b, c, d in terms of tires adhesion of grip tires  wheels el





























































































, front / rear wheel , φ1 = φ2 = φ . As from Figures 2. b, c, could be concluded at lower values ​​​​of longitudinal deceleration ÿ or lower values ​​of the coefficient of adhesion, the values of braking force on the front, K1, or the rear wheel, K2 are approximately equal. With the increase of deceleration, the share of the braking force of the front wheel of the total braking force K increases while the force of the rear wheel decreases. In doing so , on these relationships impact significant the centers of mass position, comparing the curves K1 → K2, i K1r → K2r. 
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Fig. 1 a /experimental motorcycle, b /  simulation model
of grip tires  wheels el





























































































 Thus, for example, for variant a = b = l / 2, at ÿ = 8.5 m/s2 , the rear wheel spring up from the ground, the front wheel accepts the total weight of the motorcycle, G and need to realize the required braking force K. In these conditions, the movement of the motorcycle is unstable and the braking is inefficient. Results of motorcycle braking simulation process only by the front and only by the rear wheel are shown in Figure 3a, b, c, d respectively. With these examples it is obvious that for the required braking force K different braking effects are achieved, braking only by the front or only by the rear wheel. In the first case, due to increase of the vertical reaction of the front wheel Z1 by deceleration ÿ increasing, the lower are the requirements in terms of adhesion values ​​φ1, compared to the case of braking only by the rear wheel φ2. So the flow of curves φ1 = φ1 (ÿ) in Figure 3.a, b, c, is flatter, and flow of the curves φ2 = φ2 (ÿ) is more progressive. Therefore, if the braking is only by the rear wheel, the rear wheel will block at the lower values ​​of deceleration ÿ, compared to the case of braking by the front wheel only. These relations are more evident in mutual dependence of the required coefficient of adhesion for these two observed cases of braking and two variants of load distribution on the wheels in Figure 3.d. These examples can serve as the basis for an optimal adjustment of design and exploitation parameters of the braking system, both from the aspect of motorcycle braking efficiency and stability at braking.
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c/                                                                    d/    

Fig. 2 Results of simulation studies of motorcycle braking with both wheels at the same time, a / vertical distribution of dynamic forces on wheels, b / braking force on wheels, K1, K2 and the total braking force K, c / detail, 2b, d / dependence of optimal braking force
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Fig. 3 Results of simulation studies of motorcycle braking by individual wheels, the necessary values ​​of adhesion coefficient at: a / symmetrical static load - b / c / asymmetric static load, d / mutual dependence of adhesion coefficient, in both cases
In conclusion of the above given analysis it should be noted that in most of cases, today's motorcycles have separated braking systems for the front and the rear wheel, with separate controls, hand, foot. Only on some systems integration for both braking is enabled. Thus, the role of driver of motorcycle is even more complex in terms of selecting the optimal strategy of action on to separate braking systems, simultaneously on both, with a time delay, on both, or individually, in addition to use it continuously or intermittently, impulsive.

The above results and developed simulation procedures were the bases for experiment designing in this paper, in order to investigate the behavior of the rider under real braking regimes, as well as the presentation, analysis and verification of obtained results.
2.1. EXPERIMENTAL RESEARCHING

Experimental studies were carried out with a motorcycle, shown in Figure 1 a, on the selected straight line, horizontal section of the road with the length of 1200m.  The acceleration components of motorcycle’s center of masses are recorded in three rectangular planes, x, y, z. for a driving cycle: running start - conditionally stationary motion - braking. For each selected final speed of accelerating process, namely, the initial braking speed, six experiments are in the same direction, on the same section of the road, and 6 records of measuring signals per driving cycle were obtained.  
For measuring the acceleration / deceleration components triaxial acceleration sensor type : HBM ASC 5631-002  is used, while for measurement signals registration and pre-processing, was used Human vibration analyzer Bruel and Kjaer, type 4447th. The measuring signals for all three components of acceleration/deceleration and three characteristic phases of the motorcycle motion are marked as follows: 1 – accelerating; 2 - conditionally stationary motion, 3 - braking, are recorded.  Based on the analysis of the measuring signals in the time domain can be obtained the valuable information about the behavior of the overall cybernetic system and within it, also about the rider, as the human operator. 
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Fig. 4 Results of experimental tests in the time domain, a / deceleration brake profiles for six repeatable experiments at the same initial speed, b/ braking force on the wheels and the total braking force in case of simultaneous braking of both wheels.
More attention is given to  deceleration analysis in the braking phase. These profiles are shown in Figure 4a, for all 6 passages. Three characteristic time intervals are noticed: the first is the time loss as the sum of the brake system responding time and increase of deceleration time, the second is the time of intensive braking, and the third is the time of braking release.  According to displayed overviews, in certain passages of driving cycles achieved threshold ​​deceleration values are close to g=9.81m/s2. Based on the time records from Figure 4a, the braking force are determined and presented in Figure 4b.
Graphic values ​​of the braking force shown in Figure.4b, confirm the rider -motorcycle system braking strategy with both wheels at the same time. Namely, in the domain of averaged deceleration of 2.6 m/s2 to 4.32 m/s2, with the mean value of 3.44 m/s2, and accordingly to the results shown in Figure 2.b, the required braking force during braking with both wheels, is achieved approximately by the same proportion of the braking force of both wheels. In the area of maximum deceleration 6.67m/s2 to 8.61 m/s2, at the mean value of 7.54 m/s2, the share of ​​braking force of the front wheel is 80% and the share of the rear wheel is 20%. However, if the braking is only with the rear wheel, the rear wheel would have been blocked even in the range of lower averaged decelerations. Braking only by the front wheel would be possible  at a lower deceleration; but the front wheel would be blocked in domain of higher decelerations, realised in this experiment, in accordance with the graphics shown  Figures 3.b, c.

              In the conclusion of experimental results analysis, we can say that they are consistent with the results of simulation studies presented in the previous section of this paper, as well as with cited paper [4]. In this way, it is enabled the verification of the structure and parameters of the used simulation models.

3. CONCLUSION
Distribution of working functions in the system rider-motorcycle and their responsibility for the occurrence of traffic accidents, can be better understood if the system is considered as a cybernetic, closed-control system with interactive coupling, both forward and feedback control-loop. In the most cases, today's motorcycles have independent braking systems on front and rear wheel. These systems allow the driver a wider range of choices in braking strategy, combining the two systems. However, they may be in danger of sudden, stressful situations, when even experienced rider could make mistakes. The simulation and experimental results in this paper show that under extreme braking regimes, well-trained and experienced driver uses a significant percentage of motorcycle’s limit performance in the given conditions. These results also suggest the need for more intensive introduction of technology active control for motorcycle’s braking process, therefore, the adequate computer support with efficient concepts and realized solutions of the brake mechanisms of the front and rear wheel.
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