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EXPERIMENTAL INVESTIGATION OF RESPONCE TIME FOR LARGE
TRACTOR TRAILER BRAKE SYSTEM
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Abstract. The article discusses determining reasonable places for installation of accelerating valve
(AV) in pipelines of different lengths of a large tractor trailer (LTT), determining the starting time of the
pipeline of the trailer brake system using modern pressure sensors, the theoretical and experimental comparison
of the rational location of installation of AV in LTT brake system, and also using AV in LTT brake system
increases the traffic safety, and the effective use of the possibilities of multi-articulated tractor trailers (MATT).

Key words: Large tractor trailer, large-capacity, pipelines, brake system, accelerating valve, pressure
sensors, multi-articulated tractor trailers, drive, pneumatic brakes, line.

Introduction

The increase in labor productivity in the production and transportation of agricultural
products is significantly dependent on the level of mechanization of transport products, which
is a link related to the entire technological process of the product. Improving the efficiency of
harvesting agricultural products, transporting goods from the fields to the preparation points
and from the preparation points to processing plants depends on the transported load and its
mass, size and speed. Therefore, the increase in labor productivity aimed at saving fuel and
lubricants, labor and other consumables is directly related to the production of large tractor-
trailers [1].

Wheeled tractor trailers designed for the transportation of scattered and mass
agricultural products (cotton, grain crops, roots, potatoes, mineral and organic fertilizers, hay,
silage and other products) can carry loads from 2 to 14.5 tons [2, 3, 4]. Statistics show that
the share of costs associated with the transportation of goods amounts to 25-30% of the total
cost of agricultural production.

Along with developed countries, large capacity tractor trailers for the transportation of
cotton and large light-weight agricultural products are being implemented in Uzbekistan.

In this regard, after a detailed analysis of the constructions and characteristics of
modern tractor-trailers produced in the world's developed countries, in the framework of the
innovation project number 1L-462106970 - in cooperation with the engineers of "Design and
Technology Center of Agricultural Machinery" LLC and scientists of Tashkent State
Transport University A tractor trailer with a large capacity (40 m?®) designed for
transportation of light agricultural cargo adapted to work with modern cotton picking was
created.

However, the load capacity and speed of such tractor trailers often significantly
reduce the effectiveness of the braking features.

The growing use of MATT requires an expansion of measures aimed at increasing
active traffic safety, which largely depends on the speed of operation of braking systems.

The brake drive of MATT is characterized by long control lines, a large number of
tracking devices, brake chambers and, in connection with this, ensuring the speed of brakes
within the specified limits for each link of the trailer is a rather complex task.

One of the main parameters for assessing the braking properties of MATT's drives is
the speed of brake response.
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Methodology

One of the effective ways to speed up the response time of the brake drive is to install
an (AV) in the control lines of the two-wire brake drive LTT.

Using the mathematical model previously developed in [5, 6], research was conducted
on the effect of the distance from the AV installation site to the brake valve on the driving
speed.

Laboratory - field tests were conducted to verify theoretical studies. Laboratory - field
tests provided an opportunity to fully simulate the performance of pneumatic brakes of large
tractor trailers.

Laboratory-field tests were carried out with the help of pressure sensors - SS302
model diaphragm sensor of "Sendor Sensor” company (Fig. 1), accuracy level is 0.5%,
measurement range is 0-40 MPa [7].

Figure 1. SS302 model pressure sensor of **Sendor Sensor' company

In the calibration of pressure sensors, calibration was carried out using the manometer
IP40 with the calibration certificate "UZ-14/200-2023" dated March 27, 2023, accepted as a
standard model at KTB "AVTOSOZLASh" LLC (Fig. 2). The error of manometer IP40 is
0.5% [8].

. “aN\ : N
Figure 2. Process of calibration of pressure recording sensors using a piston-loaded
manometer 1P40
Separation of calibration errors, addition of sensor and galvanometer errors, as well as
power supply voltage instability also cause errors. The error caused by voltage instability
does not exceed 0.1%. Therefore, the margin of error of the record Ae depends on

=9
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measurement and measurement errors, according to the first rule that recommends the largest
error [9, 10], the largest error is assumed to be 4 %.

Results and discussion

Before the start of the research, the following were carefully checked: the tightness of
the brake drive, the pressure in the receivers, the stroke of the brake chamber rod, and several
test braking cycles were carried out. The temperature regime of the measuring and recording
equipment was also checked. For the planned research, the recording was repeated 4 times for
each experiment, the research results were averaged. An example of a pressure change
recording is shown in Fig. 3.
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Figure 3. Sample oscillogram recording the process of pressure change in the control
line of the trailer brake drive

The pressure sensor was installed on the pipeline at the entrance to the air distribution
valve. The response time of the control line was measured when the trailer air distribution
valve reached 0.45 MPa. (i.e. when the air distribution valve is fully triggered).

Fig 4 shows the change in the time zcp of the actuation of the control line of the brake
drive of the ADV, depending on the AV location. Similarly, rational places for installing the
AV in control lines of different lengths were determined. The theoretical determination of the
rational location of the AV installation in the pneumatic line of the TT brake drive, in this
case with one trailer, showed good convergence with experimental studies, within 5%.
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experimental characteristics of the drive
Figure 4 Determining the rational location for installing the control unit in the control
line of the pneumatic drive of the trailer brake

Conclusion

Thus, the approximation of the results of theoretical studies with experimental data
showed that it is usually quite high, from 5 to 8%. The convergence of theoretical and
experimental results in determining the reasonable location of the AV installation on the
control line for the minimum response time does not exceed 5%.

This proves the correctness of the choice of the mathematical model of a typical
section of the pneumatic brake line and the transformations and clarifications carried out in it.

The use of high-speed brake drives LTT will improve traffic safety, effectively use
the capabilities of MATT.
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SPECIFICATIONS FOR APPLYING HIGH OCTANE ADDITIVES TO THE
MOTOR GASOLINE IN HOT CLIMATE
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Abstract. Currently, to improve anti—-knock properties and increase resources, high-octane
components - oxygen-containing compounds - are added to the composition of gasoline. The article
analyzes the application of high-octane additives to automotive gasoline used in hot climatic conditions.
We have studied anti-knock additives as an additive to improve the octane number of gasoline. An
alcohol-based additive octane Booster was used as such additives. Laboratory studies were carried out on
the physico-chemical parameters of gasoline AI-80 and Al-92 with the addition of an anti-knock
additive.

The results of the conducted studies show that when gasoline is used in hot climates, the
addition of high-octane alcohol-based components increases the octane number, but at the same time the
boiling point of the light gasoline fraction decreases. Taking into account all the experimental data
obtained, we propose adding a percentage of this additive of no more than 3%, which shows the optimal
value of the octane number and the distillation temperature of 10% gasoline for a hot climate.

Keywords: gasoline volatility, starting qualities, combustion completeness, high-octane
components, octane number, engine, anti-knock additive, distillation temperature.

Introduction

One of the main indicators of the quality of automobile gasoline is their detonation
resistance, on which reliability, increased power, efficiency and duration of operation of the
car engine depend to the greatest extent. The internal combustion engine is not designed to
work with gasoline with an octane number below a certain value set by the compression ratio
of the combustible mixture in the combustion chamber. Low-octane fuel is capable of self-
ignition in the combustion chamber before the desired moment, determined by sparking in the
spark plug, which causes dangerous detonation.

The discrepancy between the octane number of gasoline and the engine parameters
can cause detonation combustion of the fuel mixture, accompanied by a characteristic
metallic knock, an increase in exhaust smoke and temperature in the engine cylinders.
Detonation entails emergency breakdowns of engine parts: burnout of valves, destruction of
pistons, breakdown of the cylinder head gasket.

Currently, to improve anti—knock properties and increase resources, high-octane
components - oxygen-containing compounds - are added to the composition of gasoline.
Ethyl and methyl alcohols (ethanol and methanol) can be used as oxygen-containing high-
octane additives. The use of alcohol components in the form of additives to gasoline is
promising not only in terms of preserving oil resources, but also improving the environmental
properties of motor fuels. The amount of alcohols introduced reduces the concentration of
undesirable aromatic hydrocarbons. Alcohols have a high octane number (90+94) than
gasoline, a latent heat of evaporation, which reduces the thermal stress of engine parts (Table
1).

Table 1. Chemical composition and performance characteristics
of alcohols and gasoline
Chemical composition and Methanol  Ethanol
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performance characteristics Gasoline

Chemical formula CHsOH C2HsOH  Cs-Ci2
Carbon (wt.%) 38 52 86

12 13 14

50 35 0
Hydrogen (wt.%) 798 794 690-740
Oxygen (wt.%) 65 78 35+200
Liquid Density (kg/m?3) 0,74 1.2
Boiling temperature 109 109 86-100

From an energetic point of view, the advantages of alcohols lie mainly in their high detonation
resistance. By adding 10 percent ethyl alcohol, gasoline type Al-92 can easily be upgraded to Al-
95. Alcohol, by increasing the charge density, simultaneously reduces the detonation rate and the
effect of high temperatures on the engine. During trial operation of vehicles using a gasoline-
methanol mixture containing 3-5% methyl alcohol, gasoline savings amount to 1.5-3%.

Along with the positive environmental efficiency of using alcohol additives, negative
phenomena should also be noted, such as increased emissions of aldehydes and evaporation of
hydrocarbon compounds. When using alcohols, the content of aldehydes in the exhaust gases
increases by 2-3 times. The content of aldehydes increases with increasing concentration of
alcohols in the fuel mixture.

Methanol produces formaldehyde emissions, and combustion of ethanol produces
acetaldehyde. On average, aldehyde emissions when running on alcohol are approximately 2—4
times higher than when the engine is running on gasoline. Disadvantages of alcohol additives are
also low hydrolytic stability, low anti-wear and anti-corrosion properties. Alcohols penetrate into
the material of the hoses and seals of the car’s fuel system, which disables them, breaking the
tightness.

It is possible to increase the octane number of gasoline and reduce the risk of detonation by
adding an additive to the fuel called an octane corrector, which is a mixture of ethanol. Octane
corrector (octane booster) increases the octane number of fuel by 3-6 units. Thus, gasoline with an
octane number of 92, after adding an additive, will be equivalent in its anti-knock properties to
gasoline with an octane number of 98. Its operating principle is based on changing the chemical
structure of the fuel, which allows increasing combustion efficiency and improving the quality of
the fuel.

Materials

The purpose of this work is to study the performance characteristics of motor gasoline used in
hot climates with the addition of the anti-knock additive Octane Booster. To achieve this goal, we
selected samples of motor gasoline Al-80, Al-95 and anti-knock additive and were analyzed
according to main quality indicators. The physicochemical properties of motor gasolines Al-80
and Al-95 without additives were previously determined for comparison. Laboratory physical and
chemical analyzes were carried out according to established methods and are shown in Table 2.3.

Table 2. Basic physical and chemical indicators of Al-80 gasoline

Al-80
Quality indicators According to
GOST In fact
1. Knock resistance: octane number 80 80
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2. Fractional composition:

temperature at the beginning of distillation of summer 35 37
gasoline, °C,

boiling point of 10% gasoline, °C 70 69
boiling point temperature of 50% gasoline, °C 115 112
boiling point temperature of 90% gasoline, °C 185 184
end of boiling point of summer gasoline, °C, 205 195
residue in flask,%, 1,5 1,9
balance and losses,%, 4,0 4,2
3. Saturated vapor pressure of summer gasoline, kPa 66,7 66
4, Acidity, mg NMH per 100 cm? of gasoline 1,0 1,1
5. Water-soluble acids and alkalis Absence

6. Density at 20 °C, kg/m® 690-760 760

Table 3. Basic physical and chemical indicators of Al-92 gasoline

Al-92

Quality indicators Accggislr_:_g to In fact
1. Knock resistance: octane number 92 92
2. Fractional composition:
temperature at the beginning of distillation of summer 35 37
gasoline, °C
boiling point of 10% gasoline, °C 70 70
boiling point temperature of 50% gasoline, °C 115 115
boiling point temperature of 90% gasoline, °C 185 184
end of boiling point of summer gasoline, °C, 205 198
residue in flask,%, 15 1,7
balance and losses,%, 4,0 4,1
3. Saturated vapor pressure of summer gasoline, kPa 66,7 65
4. Acidity, mg NMH per 100 cm? of gasoline 1,0 1,05
5. Water-soluble acids and alkalis Absence
6. Density at 20 °C, kg/m® 690-760 755

Subsequently, laboratory tests were carried out with an anti-knock additive separately for Al-
80 and AIl-92 gasoline. The recommended concentration of this additive in gasoline is 3-7%.
Based on this, we prepared samples with 3—7 percent concentrations of Al-80 and Al-92 gasoline
and then determined the main physical and chemical indicators of the fuel (Table 4.5).

Table 4. Basic physico-chemical parameters of Al-80 gasoline
with octane-Booster additive

Al-80 AI-80  AI-80

Quality indicators +3% +50% +7%

1. Knock resistance: octane number 83 86 86
2. Fractional composition:

temperature at the beginning of distillation of summer 37 37 36
gasoline, °C

boiling point of 10% gasoline, °C 68 65 58

10
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boiling point temperature of 50% gasoline, °C 108 105 105
boiling point temperature of 90% gasoline, °C 178 175 175
end of boiling point of summer gasoline, °C, 195 193 193
residue in flask,%, 1,9 1,9 1,9
balance and losses,%, 4,2 4,2 4,2
3. Saturated vapor pressure of summer gasoline, kPa 66 70 75
4. Acidity, mg NMH per 100 cm?®of gasoline 1,1 1,1 1,1
5. Water-soluble acids and alkalis Absence

6. Density at 20 °C, kg/m® 760 758 752

Table 5.Basic physical and chemical parameters of Al-92 gasoline
with octane-Booster additive

Al-92  Al-92  Al-92

Quality indicators +3%  +5% +7%

1. Knock resistance: octane number 95 98 98

2. Fractional composition:

temperature at the beginning of distillation of summer 37 36 35

gasoline, oC,

boiling point of 10% gasoline, °C 68 65 61

boiling point temperature of 50% gasoline, °C 108 110 105
boiling point temperature of 90% gasoline, °C 180 180 178
end of boiling point of summer gasoline, °C, 195 195 195
residue in flask,%, 1,9 1,9 1,9
balance and losses,%, 4,2 4,2 4,2
3. Saturated vapor pressure of summer gasoline, kPa 65 68 70

4. Acidity, mg NMH per 100 cm?® of gasoline 1,05 1,05 1,05
5. Water-soluble acids and alkalis Absence

6. Density at 20°C, kg/m® 755 753 750

Results and discussion

As a result of the research, it is clear that with an increase in the percentage of additives
added to gasoline, the octane number of the fuel increases, but at the same time, the boiling
point of the light fraction of gasoline and the density of the fuel decrease.

100
98 h——
96
94
92
90

88
86 - R AN-92

84 /
82 /
80 T T T 1

0 2 4 6 8

Additive concentration

—o—AUN-80

Octane number
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Fig-1. Change in fuel octane number depending on additive concentration.

The volatility of gasoline must ensure the optimal composition of the air-fuel mixture in all
engine operating modes.

The starting temperature (t..x) of summer and winter gasoline is standardized at 35°C. The
boiling point of 10% (t10%) gasoline to ensure optimal engine operating conditions should be: for
summer gasoline - not lower than 70°C, for winter gasoline - not lower than 55°C. At values
below those indicated, the formation of steam and steam-air plugs in the fuel system is possible.
In the summer, a decrease in this temperature inevitably leads to large losses from the
evaporation of gasoline, as well as the occurrence of an explosion and fire hazard during the
operation of such gasoline.

Boil-off of 10% of summer gasoline should occur at a temperature not lower than 70°C. In
our example, when adding a 3% additive to AI-80 fuel, the boiling point of 10% gasoline
decreased by 68°C, respectively, at 5% - 62°C, and when adding 7% additive, the boiling point
decreased by 58°C. The boiling point of 10% AI-92 gasoline decreased from 70°C to
68,65,61°C (Fig. 1)

® 69 0&
=
S 67
w
[
s 65
X
: N\
o 63
= \
E 61 ——AN-80
(=]
= \
.%n > \ AN-92
3 57
==}
55 T T T 1
0 2 4 6 8
Additive concentration

Fig-2. Change in boiling point of 10% fuel depending on additive concentration.

It is undesirable to have too many light fractions in the fuel, which easily evaporate. The use
of very light gasolines causes other operational difficulties, such as the formation of vapor locks
in the power system, especially in the summer. At a low temperature of the light fraction of
gasoline, especially in hot weather, vapors are formed in the power system, the volume of which
is 150-200 times greater than the volume of gasoline, which causes interruptions or engine
shutdown. In this case, vapors become clogged in the fuel pipes of gasoline engines, as a result
of which the engine does not operate normally (overheats, loses power, sometimes stops, and
cannot be started without cooling).

For the southern regions of the country in the summer, at an ambient temperature of +40°C +
+50°C, if gasoline begins to boil at 35°C, then vapor locks form in the power system, which can
lead to disruption of the fuel pump.

Maximum evaporation can be controlled in one of two ways:

— the maximum temperature at which the vapor-liquid ratio equals 20;

12
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- volatility index or vapor lock index, which is a function of saturated vapor pressure and the
amount of fuel in% evaporated at 70°C:

Ipp =10 ‘Dsvp + 7 Vo,

Where: Dsvp— saturation vapor pressure, kPa,

V' — amount of fuel evaporating at 70°C, %

Conclusion

Thus, to ensure optimal engine operating conditions in hot climatic conditions, we suggest that
the boiling point of gasoline at the beginning of distillation should be no lower than 40°C + 45°C,
and the distillation temperature of 10% of gasoline should be no lower than 70°C. The results of
the studies show that when gasoline is used in hot climates, the addition of high-octane
components based on alcohols increases the octane number, but at the same time the boiling point
of the light fraction of gasoline decreases. With an increase in the percentage of additive, the
boiling point of the light fractions reached 58°C. Taking into account all the experimental data
obtained, we suggest adding a percentage of this additive of no more than 3%, which shows the
optimal octane number and distillation temperature of 10% gasoline for hot climates. With a
further increase in concentration to 5%, the octane number increases, but at the same time the
distillation temperature of 10% gasoline sharply decreases, which can lead to engine
malfunctions. When the concentration increased above 5%, the octane number did not change.

In conclusion, to ensure optimal engine operating conditions in hot climatic conditions, we
suggest ensuring that the boiling point of gasoline at the beginning of distillation is not lower than
40°C + 43°C, and the distillation temperature of 10% gasoline is not lower than 70°C.

The quality of motor gasoline can be improved by dividing gasoline by fractional composition
and saturated vapor pressure into classes, taking into account the operating season of the vehicle
and the ambient temperature characteristic of a specific climatic zone. The presence of classes
allows us to produce gasoline with properties that are optimal for real ambient temperatures,
which ensures engine operation without the formation of vapor locks at air temperatures up to
+55°C.
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Introduction

From the moment of his awareness as a pedestrian, man sought to move across the
surface of the earth faster than on foot. This is inherent in human nature: the speed of
movement greatly influenced the survival of humans as a species. For this reason, man rode
an animal, created a wheel, a cart, and a car. In fairy tales, with the help of magical power,
without the strain of human effort, a stove, sleigh and other objects, such as running boots,
move.

The need for a compact mobile device, with the help of which a pedestrian who has it,
with the expenditure of almost the same physical strength, can move faster than other
pedestrians participating in road traffic, led to the appearance of skis and skates, including
roller skates, scooters and other sports equipment . The speed of movement was determined
by the success of the design and the physical characteristics of the pedestrian who moved on
them. A completely logical continuation of the development of the design of vehicles on
which pedestrians moved was the integration of small engines, both internal combustion and
electric motors, into their wheeled and other propellers. The internal combustion engine used
in certain propulsion designs for moving pedestrians was not widely used and was inferior to
the electric motor, which was powered by a compact energy source. We can say that progress
in the design of the battery as a source of electricity has predetermined the widespread use of
electric scooters and other means of pedestrian transportation.

Methods

The increase in the number of pedestrians on mechanical vehicles (hereinafter referred
to as MPV), who became road users, quite naturally led to their conflict with other road users.
The appearance of a “semi-finished product” (no longer a pedestrian in terms of speed of
movement, and not yet a vehicle in terms of the means of transportation) on the roadway led
to a conflict with vehicle drivers, and on the sidewalk - with pedestrians.

Without dwelling in detail on the designs of MSPP, it should be noted that, for
example, an electric scooter can transport an individual weighing up to 100 kg and reach
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speeds of up to 40 km/h. The natural question is how dangerous it is for an individual who is
traveling on it both in the flow of pedestrians and in the flow of vehicles.

It is convenient to characterize a moving object by an impulse of force, the modulus
of which is equal to the product of the mass of the body and its speed or the product of the
force and the time of its action. If the body is at rest, the momentum is zero. Any moving
body, including a motor vehicle controlled by a pedestrian, has a non-zero impulse. Force
impulse is a measure of how great the force must be, acting over a certain time, to stop or
accelerate a pedestrian from a place to a given speed. We are interested in the impulse of
force now of collision. So, a pedestrian weighing 60 kg when moving at a speed:

- 5 km/h (walking) when colliding with a stationary object, is exposed to a force
impulse of 83.3 kg*m/s;

- 12 km/h (running) when colliding with a stationary object, it is exposed to a force
impulse of 200.0 kg*m/s;

- 25 km/h (driving on a motor vehicle) when colliding with a stationary object, it is
exposed to a force impulse of 416.0 kg*m/s.

The impact of an impulse on the human body at a speed of more than 12 km/h will
lead to a combined injury. With combined trauma, the patient receives numerous injuries to
different parts of the body: head, chest, abdomen, sprains and ruptures of limb ligaments,
hematomas, dislocations of joints, damage to knee joints [1, 2].

Experienced pedestrians on MSPPs most often suffer serious injuries because they
have long felt like fish in water on this vehicle. Experienced riders love speed, brake sharply,
and perform various pirouettes, which can result in a fall. Most hoverboards or motorcycles
can reach speeds of up to 15 km per hour, and some even more. The risk of injury greatly
increases self-confidence. Often a person: drives at maximum speed; does not pay attention to
pedestrians or vehicles, and as a result may collide with them; turns while driving fast; takes
an incorrect, insufficiently stable position on the board; drives while intoxicated (even a small
dose of alcohol, which is not subjectively felt, significantly impairs coordination of
movements and the ability to maintain balance); moves on a slippery surface[3].

The question is natural: - a pedestrian moving on a MCPP controls a source of
increased danger or not, and MCPP a vehicle or not. Since the appearance of MCPPs, they
have been outside the legal field for a relatively long time, causing harm to the health of both
pedestrians moving on them and pedestrians with whom a collision occurred. Isolated cases
of collisions were considered in the plane of hooliganism. However, in the second half of
2022, almost simultaneously in Russia and the Republic of Belarus, the terms “personal
mobility device (hereinafter referred to as PMD)” appeared in the legal field. This is a device
or appliance that is not a vehicle (hereinafter referred to as a TS), driven by an engine and
intended for individual or joint (in the case of the presence of specially equipped seats) use by
pedestrians (electric scooter, gyro scooter, segway, unicycle, etc.) clause 2.601 of the Traffic
Regulations [4] and “individual mobility device (hereinafter referred to as SIM)” is a vehicle
with one or more wheels (rollers), intended for individual human movement using an engine
(engines) (electric scooters, electric skateboards, gyro scooters, segways, unicycles and other
similar means) [5]. It should be noted that "other" in the term SPM includes any device or
appliance driven by an engine, which a pedestrian uses individually or jointly for his/her
movement. At the same time, a pedestrian operating a SPM is not a driver, and the person
moving together with him/her is not a passenger. This follows from the thesis that a SPM is
not a vehicle. At the same time, a vehicle is a device intended for movement on the road and
for the transportation of passengers, cargo or equipment installed on it, paragraph 2.69 of the
Traffic Regulations.
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If, to reveal the meaning of the term, we substitute the definition of a vehicle into the
term SPM, we get: SPM - a device or device that is not (a device intended for driving on the
road and for transporting passengers, cargo or equipment installed on it), driven by an engine
and intended for individual or joint (in the case of specially equipped seating) use by
pedestrians (electric scooter, hoverboard, Segway, unicycle, etc.).

The construction of the definition of the term SPM as a device or device, through the
exclusion of the term vehicle, led to the emergence of a contradiction (in the case of
substituting the concept of vehicle into the term SPM): at the same time it is a device or
device and not a device intended for ... transporting passengers and, at the same time, this is a
device ... intended for individual or joint (in the case of specially equipped seating) use by
pedestrians. At the same time, the use of SPM involves its movement with the help of an
engine, and the presence of specially equipped seating areas so that the pedestrians who sit on
them are passengers. At the same time, the pedestrian who drives the SPM is not vested with
legal responsibility as a driver.

The construction of the definition of SIM in the traffic rules of the Russian Federation
through the term TS is also not without drawbacks, for the following formal reasons. Thus, a
vehicle in the traffic rules of the Russian Federation is a device intended for transporting
people, goods or equipment installed on it along the roads.If we substitute the definition of a
vehicle into the term SIM, we get: SIM is a device designed for transporting people, cargo or
equipment installed on it on roads, having one or more wheels (rollers), intended for
individual movement of a person using an engine (motors) ) (electric scooters, electric
skateboards, hoverboards, Segways, unicycles and other similar means) A person riding on a
SIM is not a road user because “road participant” is a person directly involved in the process
of movement as a driver, pedestrian, passenger of a vehicle, and not a person. If:

- a person driving a SIM driver, then the responsibilities of the driver are fully
extended to him, including legal liability;

- A SIM is a vehicle, then it is subject to a list of malfunctions and conditions under
which operation of the vehicle is prohibited (annex to the basic provisions for the admission
of a vehicle to operation and the responsibilities of officials to ensure road safety) as far as it
concerns.

The presence of additional requirements in Section 24 of the Traffic Regulations of
the Russian Federation does not mean that a person traveling on a SIM should be guided only
by these provisions. It is subject to all the requirements of the Russian Federation Traffic
Regulations, as far as they are concerned, but there is ambiguity in the application of a
number of points. For example, in the section “traffic controller signals” ... Persons using
personal mobility devices for movement must be guided by traffic controller signals for
pedestrians. At the same time, clause 24.2 allows the SIM to move along the right edge of the
roadway. When driving on a SIM along the edge of the roadway, a pedestrian, as a vehicle
driver, must be guided by the traffic controller’s signals for the vehicle, and at the same time,
persons using the SIM for movement “must be guided by the traffic controller’s signals for
pedestrians.” Note that not all traffic controller permitting signals for the pedestrian and the
driver are the same.

The key factor in determining the means of mobility of a pedestrian, as an individual
participating in road traffic, is the concept of a vehicle. In one case (traffic regulations of the
Russian Federation) the mobility device is classified as a vehicle, and in the other (traffic
regulations) it is not, but in both cases there are problematic issues.The way out of the current
situation is seen in preserving the essence of the term TS as a device for movement with the
exclusion of its features for SIM-SPM as MSPP. Electric scooters, electric skateboards, gyro
scooters, segways, unicycles and other similar means of pedestrian mobility do not exclude
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other means and devices that, using any engine operating on any physical principle, will
allow a pedestrian to move (participate in road traffic) at a speed greater than when walking.
For example, back in 1976, "seven-league boots" with an internal combustion engine were
developed and manufactured at the Ufa Aviation Institute [6]. The described design has
neither rollers nor wheels for movement. Thus, it is quite possible to implement a design
when a pedestrian participates in road traffic and does not even touch or minimally touches
the road surface. The author believes that a careful study of existing patents will provide a
wide range of devices that can be classified as SIM-SPM. Tomorrow they may appear on the
road and make their negative contribution to the state of road safety.

Taking into account the above, the term SIM-SPM should include the following:

- it is a controlled self-propelled object, specially designed, adapted or used for
moving a pedestrian;

- a pedestrian on a SIM-SPM participates in road traffic;

- at the maximum speed of the SIM-SPM, in a collision with a pedestrian, the
resulting bodily injuries will not go beyond minor injuries.

The issue of the permitted maximum speed of the SIM-SPM should be considered in
the plane of the speed of the pedestrian. Thus, when walking quickly, the average pedestrian
takes 120-140 steps per minute, which corresponds to a speed range of 5.6 - 6.5 km / h. The
speed advantage of a pedestrian moving on a SIM-SPM, taking into account safety
requirements in a collision, should not exceed 1.5-1.75 times. Thus, it is advisable to set the
speed limit at about 10 - 12 km / h.

As for SIM-SPM that are used by pedestrians together (in the case of specially
equipped places for sitting), it is necessary to consider such a parameter as the power of the
drive electric motor. Currently, the power of the electric motor installed on the SIM-SPM
fluctuates in a wide range: from several hundred to a thousand watts or more. At the same
time, the minimum power in the long-term load mode (more than 0.25 kW) is defined only
for a moped, paragraph 2.27 of the Traffic Regulations. A power of 250 W can be defined as
the upper limit for vehicles equipped with an electric motor. This category will include
bicycles with an electric motor and SIM-SPM.Taking into account the proposed upper speed
limit for SIM-SPM of 12 km/h, a speed range for bicycles equipped with an electric motor
can be justified as 12-25 km/h.

Thus, the term SIM-SPM can be stated in the following wording: - this is a controlled
self-propelled (using any engine) object, specially designed, adapted or used to move a
pedestrian participating in road traffic at a speed of no more than 12 km/h. If equipped with
an electric motor, the rated maximum power in continuous load mode is up to 250 W.

As for vehicles that go beyond the speed limits established in the definition of the
term for SIM-SPM, including electric bicycles, their classification is necessary by analogy
with the classification of vehicles. Depending on the degree of harm caused and the severity
of the consequences when participating in SIM-SPM traffic, a certain part of them can be
classified as vehicles with all the ensuing consequences for their design. So, if the maximum
speed is:

—up to 12 km/h and the rated maximum power in continuous load mode up to 250 W
should be classified as SIM-SPM,;

— up to 25 km/h and rated maximum power in continuous load mode up to 250 W
should be classified as bicycles;

— up to 50 km/h — for mopeds, clause 2.27 of the SDA, regardless of the type of
engine;

— 50 km/h and above — for motorcycles, clause 2.28 of the Traffic Regulations,
regardless of the type of engine.
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SIM-SPM for sports and other special purposes, which should not participate in road
traffic, can be classified into a separate class.

Decisions

As for the classification of SIM-SPM as a source of increased danger, by default the
driver of the vehicle is considered and treated as a person managing a source of increased
danger. However, the current legislation does not define the term “source of increased
danger.” There is only a “source of increased danger to the environment” [7]. Analysis of this
term allows us to identify key points in its definition: these are objects of activity; objects
carrying out activities; objects with a high level of potential danger.

In the legislation of the Russian Federation [8], a source of increased danger is
recognized as any activity, the implementation of which creates an increased likelihood of
causing harm due to the impossibility of full control over it by a person, as well as activities
for the use, ... and other objects of production, economic or other purposes , having the same
properties.From the definition of the owner of a source of increased danger, which is
understood as a legal entity or citizen who uses it (a source of increased danger) by virtue of
their property rights, the right of economic management, operational management or on other
legal grounds (for example, under a lease, rental agreement, by proxy for the right to drive a
vehicle, by virtue of an order from the relevant authority to transfer to him a source of
increased danger)” [9] it follows that: the vehicle is a source of increased danger.

Conclusion

The term “harm” means injury or damage to human health, equipment or the
environment [10,11], and probability is a quantitative measure of the possibility that a certain
random event will occur. Trauma is traumatic damage: wounds, bruises, sprains, broken
bones, dislocated joints.

The analysis shows that the source of increased danger is an object that creates an
increased likelihood of causing harm due to the impossibility of complete human control over
it, and this is not only the vehicle. SIM-SPM, as a MSPP, undoubtedly fully meets the stated
criteria: there is no complete control on the part of the pedestrian; Even at speeds up to 12
km/h, damage is caused. A pedestrian does not undergo a medical examination to participate
in road traffic and does not receive (after training) the right to drive a SIM-SPM. The amount
of harm depends on the object with which the collision occurred (a child pedestrian, an
elderly pedestrian, or other objects) and the mechanism of the collision itself.

In relation to road traffic, a source of increased danger should be understood as: an
object (not only a vehicle) that creates an increased likelihood (the possibility of what will
happen) of causing injury (wounds, bruises, sprains, broken bones, dislocated joints), due to
the impossibility full control over it by the road user [12-14].

To summarize the above, we note that: in the legal field, it is advisable to consider
SIM-SPM as a controlled self-propelled object (if equipped with an electric motor with a
rated maximum power in continuous load mode of no more than 250 W), specially designed,
adapted or used to move a pedestrian participating in road traffic at a speed of no more than
12 km/h, while it creates an increased likelihood of causing injury due to the inability of the
pedestrian to fully control it.
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