Calculation of the Motion Velocity of Particles Ejected from the Spreading Disc of a Special Road Maintenance Machine
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Abstract. This article analyzes the motion velocity and trajectory of technological material particles (sand–salt mixture) ejected from the spreading disc of a special road maintenance machine, aimed at reducing the risk of road surface icing during the winter season. The study presents theoretical and experimental calculations for determining the particle’s ejection velocity from the disc, rebound velocity after collision with an obstacle, and lifting (bouncing) height after impact on the road surface. It has been established that the disc’s rotational speed, radius, restitution coefficient of materials, and the physical condition of the pavement have a significant effect on the motion parameters of the particles. The results show that an increase in the restitution coefficient of metal and rubber barriers, as well as the asphalt surface, linearly increases the particle’s rebound height. The developed mathematical model has practical importance for optimizing the spreading process and improving road safety under winter operating conditions.
INTRODUCTION
Ensuring the operational safety of motor roads, especially during the winter season, is one of the crucial tasks of transport infrastructure management. Snowfall, ice formation, and road surface icing significantly increase the risk of accidents, reduce traffic speed, and lower overall traffic efficiency. In winter, the risk of road icing and the need to maintain the road surface's adhesion coefficient are addressed by spreading a sand-salt mixture on the roads. This mixture is used to melt the ice and treat the road surface's ice layer, thereby improving safety conditions for vehicle movement and pedestrians [1-10].
The efficiency of the spreading process is directly related to minimizing the economic consumption of the mixture and its environmental impact, as well as ensuring road traffic safety. To ensure effective spreading, the particles must be evenly distributed over the road surface. When particles are ejected correctly from the spreading disc and travel a distance of 10–15 meters, this poses a hazard to road users and causes the wasteful and excessive consumption of technological materials (the salt-sand mixture).
The main element of spreading is the spreading disc installed on a specialized road vehicle, which possesses a high-speed rotational motion. The sand-salt mixture, fed to the disc from the center, is ejected through radial fins as a result of the disc's rotation and is distributed over the road surface with a specific velocity and trajectory [11-18].
The initial velocity of the particles at the moment they leave the edge of the disc has a decisive impact on the quality of the particle distribution. This velocity depends on the rotational speed of the disc, its radius, the geometry of the vanes (fins), and the physicomechanical properties of the material.
Differences in the physical properties (e.g., density, moisture content, granulometric composition) of the constituent components (sand and salt) in the sand-salt mixture affect the particles' movement on the disc and, consequently, their ejection velocity. Furthermore, the presence of low temperatures and moisture in winter conditions can lead to the stickiness and agglomeration of the materials, which has an additional negative effect on the spreading efficiency.
Relevance of the Topic lies in ensuring traffic safety during the process of spreading salt-sand mixtures with specialized road vehicles in practice. Excessive uneven spreading of salt-sand mixtures can lead to low quality and environmental problems (e.g., salt runoff to the sides of the fields). Therefore, it is necessary to develop an accurate mathematical model that accounts for the physicomechanical laws governing the movement of sand-salt mixture particles on the disc and to propose a method for calculating the ejection velocity based on this model [19-28].
EXPERIMENTAL RESEARCH

Calculation of the ejection velocity VA of a technological material particle (sand–salt mixture) from the disc. 
[bookmark: _Hlk210976861]VA =  = = r , m/sek.                       (1)
[image: ]VА1 – The rebound velocity of a technological material particle (sand–salt mixture) after colliding with an obstacle., m/sek .
[bookmark: _Hlk210979953]FIGURE 1. Spreading disc and the diagram of forces acting during its rotation.

αА - The impact angle of a technological material particle (sand–salt mixture)., grad
αА – The collision angle of a technological material particle (sand–salt mixture)., grad.
βА – The rebound angle of a technological material particle (sand–salt mixture) after colliding with an obstacle, grad.
 –  The installation angle of the metal and rubber barrier, grad.
βВ – The rebound (departure) angle of a technological material particle (sand–salt mixture) after impacting the road surface., grad.
αВ – The impact angle of a technological material particle (sand–salt mixture) upon collision with the road surface, grad.
k –  Coefficient of restitution
Hд =h  = 0.5 - The rebound (lifting) height of a particle after impacting the road surface, m. 
 = 0,5; –  Coefficient of friction
 = 1,2; –  Conversion coefficient 
N= – Disc rotational speed, rpm revolutions/minute,  
r =0,3 – Disc radius, m.
g  = 9.81 - Acceleration due to gravity [m/s2]
[image: D:\2025-2026\Maqolalar\rasm\1.png]
FIGURE 2. Technological material spreader of a special road machine with quick-release equipment

The scraper (paddle) conveyor located at the bottom of the bunker transports the material together with the paddles and transfers it to the spreading disc. From the spreading disc of the improved spreading unit of the special road maintenance machine, positioned at a height h above the road surface, a technological material particle is ejected with an initial velocity VA. The particle then collides with a direction-changing obstacle (rubber or metal), altering its trajectory and continuing its motion with a velocity VA1 = VB. It subsequently impacts the road surface at point B, changes its direction again, and rebounds with a velocity UB, reaching a height H as it bounces upward [28-41].
[image: ]We will calculate the particle velocity after impact at point A (VA1 = VB), the velocity after impact with the road surface at point B (UB), and the rebound (bounce) height H. See Fig. 3.
FIGURE 3. Diagram of the particle’s motion direction after colliding with the obstacle at point A.

[bookmark: _Hlk211584087]VA cos αA  = VA1 cos βA , 
=   , =   ,  Coefficients of restitution. 
[bookmark: _Hlk210977833]βА = It is almost achieved when the particle strikes the asphalt surface nearly vertically, resulting in the maximum rebound height.
[bookmark: _Hlk210977139]VA1 = k VA  ;                                                                                                           (2)
[bookmark: _Hlk210977156] k sin αA ;                                                                                                                                                         (3)
 cos2 αA  =  cos2 βA =   ;                               (4)
+ ;                                                             (5)
 ;                                                                                        (6)
αA = Almost equal.
[bookmark: _Hlk210977196]If the particle strikes a suspended rubber surface, the coefficient of restitution is small (k<0,1), and VA1 = VA cos αA. However, if the point of impact contains a metal strip, the coefficient of restitution becomes higher.
Calculation of the particle’s velocity as it falls onto the road surface, i.e., at point B, after colliding at point A (see Fig. 4.).
[image: ]
FIGURE 4. Diagram of the particle’s rebound (bounce) height after changing its motion direction upon impact at point B.
                                                                    (7)
                                                               (8)
                                                            (9)
                                                                             (10)
Calculation of the rebound (bounce) height HHH of the particle after impacting the road surface (asphalt).
                                                                 (11)
 ;  Coefficients of restitution,
  ; ;H =    .                                          (12)
RESEARCH RESULTS
To evaluate the reliability of the mathematical model developed on the basis of theoretical and experimental test results, the following variable parameters were selected.
The coefficients of restitution and variable values for rubber, metal, and asphalt were determined based on the results obtained from experimental tests.
 = h/H = 6/1000= 0,006-0.008, - Coefficients of restitution of rubber
 = h/H = 25/1000 = 0,025-0.03-0.5, - Coefficients of restitution of metal
=45/1000 = 0.45, - Coefficient of restitution of asphalt 
By varying the coefficients of restitution for rubber, metal, and stone, as well as the height of the spreading disc above the ground (road surface), we determine and evaluate the rebound (bounce) height of the technological material particles ejected from the spreading disc upon impact with the road surface.
When the coefficients of restitution for rubber =0.006, =0.025, and asphalt concrete =0.45, as well as the height of the spreading disc above the road surface h=0.5 m, and the disc rotational speed N=450 rpm, the dependence of the particle rebound (bounce) height H on the parameters N and γ is analyzed. (See Fig. 5.)
When the coefficients of restitution for rubber =0.006, =0.03, and asphalt concrete =0.45, as well as the height of the spreading disc above the road surface h=0.5 m, and the disc rotational speed N=450 rpm, the dependence of the particle rebound (bounce) height H on the parameters N and γ is analyzed. (See Fig. 6.)
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	FIGURE 5. Graph of the particle’s rebound (bounce) height.
	FIGURE 6. Graph of the particle’s rebound (bouncing) height.



When the disc rotational speed is 450 revolutions/minute , with =0.006, =0.45, and h=0.5 m, while only the coefficient of restitution for metal  is variable — taking values =0.025 - 0.03 - 0,05 — it was determined that the particle’s rebound (bounce) height increases incrementally by approximately 10 mm (0.01 m) with each increase in .
When the coefficients of restitution for rubber =0.008, =0.05, and asphalt concrete k=0.45, as well as the spreading disc height above the road surface h=0.5, and the disc rotational speed 450 revolutions/minute, the dependence of the particle rebound (bounce) height H on the parameters N and γ is determined. (See Fig. 7.)
When the coefficients of restitution for rubber =0.01, =0.05, and asphalt concrete k=0.45, as well as the spreading disc height above the road surface h=0.5, and the disc rotational speed 450 revolutions/minute, the dependence of the particle rebound (bounce) height H on the parameters N and γ is determined. (See Fig. 8.)

	[image: D:\2025-2026\Maqolalar\rasm\5.png]
	[image: D:\2025-2026\Maqolalar\rasm\6.png]

	FIGURE 7. Graph of the particle’s rebound (bouncing) height.
	FIGURE 8. Graph of the particle’s rebound (bounce) height.



When the disc rotational speed is 450  revolutions/minute, with =0.05,  =0.45, and h=0.5m, while only the coefficient of restitution for rubber  is variable — taking values =0.006, =0.008, =0.01 — it was determined that the particle’s rebound (bounce) height increases incrementally by approximately 5 mm (0.005 m) with each increase in 
When the coefficients of restitution for rubber =0.01, =0.05, and asphalt concrete =0.45, as well as the spreading disc height above the road surface h=0.5 m, and the disc rotational speed 466 revolutions/minute, the dependence of the particle’s rebound (bounce) height H on the parameters N and γ is determined. (See Fig. 9.)

[image: D:\2025-2026\Maqolalar\rasm\7.png]
FIGURE 9.  Graph of the particle’s rebound (bouncing) height during the experimental process.



TABLE 1. Comparison Table of Current and Proposed States
	
	Spreading width along the road is 18 m

	m
	9
	8
	7
	6
	5
	4
	3
	2
	1
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	438.48  kg Spreading amount of technological material (sand) per meter, kg.

	Kg
	0,001
	0,002
	0,003
	0,005
	0,1
	0,3
	1,5
	14
	68
	187
	142
	22
	1,2
	1
	0,7
	0,4
	0,25
	0,1

	Targeted spreading in the current and proposed states.

	Spreading Width, m
	3 m
	5 m
	7 m

	Targeted Spreading in Current State, %
	95.09
	98.73
	99.35

	Unintentional Spreading in Current State, % (Excessive Consumption/Waste)
	4.91
	1.27
	0.65

	Targeted Spreading in Proposed State, %
	100
	100
	100

	Excessive Consumption/Waste in Proposed State, %
	0
	0
	0



The practical experimental study was carried out under real weather conditions — cloudy weather following rainfall. The technological material (a salt–sand mixture with particle sizes ranging from 0.5 mm to 5 mm) was in a wet state, and the road surface was moist with a thin layer of water. The results of the theoretical and practical experimental studies showed that the technological material particles ejected from the spreading disc, after colliding with the rubber barrier and the asphalt road surface, reached a rebound (bounce) height H of 0.22 m.
CONCLUSION
The article is focused on increasing the efficiency of the sand-salt mixture spreading process to eliminate the risk of road icing on motor roads during the winter season. Effective spreading of the sand-salt mixture achieves high efficiency in eliminating snow and ice layers on the road surface, which is related to reducing environmental impact and ensuring road traffic safety.
In the research, a theoretical methodology is presented for calculating the velocity (V) of a technological material (or salt-sand mixture) particle ejected from the spreading disc of a specialized road vehicle. Calculations are also provided for determining the particle's velocity after impacting an obstacle (VA1 = VBX) and after impacting the road surface (at point B, UB), as well as the rebound height (H). The calculations are based on parameters such as the disc's rotational speed (N), the obstacle installation angle (), the coefficient of friction (f), the drag coefficient (n), and the restitution coefficients (k) for various materials (rubber, metal, asphalt).
The study assessed the rebound height (H) of the particle onto the road surface by varying the restitution coefficients for the technological particles—rubber, metal, and asphalt concrete—and the spreading disc height values on the special road vehicle. The analysis is confirmed by graphs showing the variation of the height H depending on the disc's rotational speed (N) and the obstacle angle ().
Based on experimental test-trial results, the values for krez (0.006-0.008), kmet (0.025-0.03-0.5), and kasf (0.45) were determined. In the analysis conducted with a disc speed of 450 rpm and other specific values, it was found that a change in kmet leads to an increase (addition) in the height H by 0.01 m, while a change in krez leads to an increase by 0.005 m. During practical experimental research under real weather conditions (cloudy, post-rain, wet TMs, wet road surface), the particle's rebound height (H) was recorded to be 0.22 m.
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