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Abstract. This article analyzes the design, body materials, load-bearing capacity, and operational indicators of MAN TGS series three-axle and four-axle dump trucks widely used worldwide. The design features of bodies with a volume of 17.5-21 m3, manufactured by the companies FX MEILLER and Betsema, in particular, the advantages of the two-story "Format" generation body, are highlighted. The technical and economic significance of reducing wear and increasing the load-bearing capacity utilization coefficients by installing a coating made of high-strength carbon steel on the lower part of the body is substantiated. Dynamic forces acting on the body, pulses, and their influence on wear were mathematically modeled, and stress and strain states were determined using the SolidWorks program. The advantages of the optimized MAN dump trucks are high lifting capacity, reliable chassis, economical fuel consumption, and ease of service.
INTRODUCTION
The two most common models worldwide are the three-axle MAN TGS 40.390 6x4 BB-WW and four-axle MAN TGS 41.390 8x4 BB-WW dump trucks. The dump truck of the famous German company FX MEILLER GmbH&Co with a body volume of 17.5 m3 is mounted on a three-axle chassis, and the dump truck of the Krasnogorsk Betsema plant with a body volume of 20 m3 is mounted on a four-axle chassis. The assortment of dump trucks was supplemented with the full-drive TGS 41.480 8×8 with a KH-Kipper body with a volume of 21 m3, a load capacity of 32 tons, and a load capacity of 16 m3 25 tons. [1-5]. The main features of MAN dump trucks, adapted for heavy loads, are their faced sides and a two-story new generation "Format" body. This is a new product in the assortment of models belonging to the new "Format" family, previously 6x4 and 6x6 wheeled dump trucks with a body volume of 15-18 m3, as well as 8x4 coal-carrying dump trucks (Vk=25 m3) and 8x8 all-wheel-drive dump trucks (Vk=20 m3). The new four-axle version with 8x4 wheels and a body volume of 20 m3 has become an addition to the assortment and will further strengthen the market position of dump trucks [3-4].
MATERIALS AND METHODS
The base of the housing consists of two bayonets made of a square tube and a frame of transverse elements. The foundation is two-layered: the upper layer is made of 8 mm thick steel, with a hardness of at least 450 HB and a deflection power σ=0.2, equal to or greater than 1000-1200 N/mm2. In this case, the body bends upwards. The lower or upper layer is made of 3 mm thick sheet [10-16]. The side elements, the space between the upper and lower floors, and the rear reinforcement form a system for heating the body with exhaust gases. Gases are released into the atmosphere through the holes in the upper part of the side reinforcement, and condensate is released through the holes made in the lower part when the housing is lowered [1-2].
The coefficient of utilization of the introduced volume, taking into account the body capacity of quarry dump trucks (), is determined by the formula:
 ,						(1)
where: Vfak - is the actual volume of rock mass in the dump truck body, m3;
Vk-geometric capacity of the dump truck body, m3.
By updating the body of a standard dump truck with a lower thickness of 8-12 mm with a specially developed coating made of high-strength carbon steel up to 4 mm thick, the interaction of "rock + rock" and, at the same time, the reduction of wear in the lower part of the body are achieved [14-16].
At the same time, to determine the effectiveness of the technical solution, we adopt the coefficient of utilization of the actual load capacity of the dump truck, determined by the following formula:
 ,						(2)
where Qk - is the actual weight of the dump truck body, tons;
Qc - actual carrying capacity of a mine dump truck, tons;
Qb - total mass of body lining elements, tons;
The actual weight of the payload in the body of a dump truck (Qy.o) is determined by the formula:
 ,						(3)
where Kf - coefficient of body filling;
γ - bulk density of crushed (loaded) rock, tons/m3.
The technical solution provides for the reinforcement of the rear side locks, while the front, side, and rear sides are molded and made of steel sheet 5-6 mm thick and with a hardness of 400-450 HV according to the Brinell scale. To bring the hydraulic cylinder as close as possible to the cab, the front side is bent [12-16]. The upper layer of the lower part of the body is made of 8 mm thick steel (Fig. 1). The body is mounted on the MAN TGS 40.400 chassis, which is required in industrial sectors as a base for dump trucks, concrete mixers, concrete pumps, garbage trucks, and other special equipment.

	

	


	a)
	b)


FIGURE 1. The shape and installation scheme of the covering installed on the lower part of the body; 
a) Structural diagram of the body, front and interior views; b) Structural diagram of the body, side and rear views.

A mathematical model of the change in the load-bearing capacity and wear rate of the dump truck body after the introduction of changes has been developed. Structural changes in the dump truck body lead to various dynamic changes [1].
RESULTS AND DISCUSSION
If we take into account that the introduced volume is a rectangle (Fig. 2), then .
In this case, the lengths of the sides of the quadrilateral a1, b1, c1 are equal to ,
where V - is the initial volume, m3 a, b, c are the sides of the initial volume, m.
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FIGURE 2. Equivalent view of input volume

G1 and G2 - the force of gravity acting on the wheels of the initial and subsequent dump truck, kN;
Gload1 and Gload2 - loads on the body of the first and subsequent dump truck, kN;
n - the number of protruding rectangles of the lower surfaces, pieces.

 ,						(4)

  .					(5)
Based on the resulting formula, taking into account the dynamic parameters, we analyze the following mathematical solution.
 ;     ,				(6)

 ;    .					(7)
Since the position of the load is mainly vertical, it is chosen as the coordinate axis and the directions of the force are projected.
In the case of cargo transportation, the dynamic parameters of the cargo change with altitude. Here, the load is found based on the 1st problem of dynamics:

	 ;			(8)

					(9)
 if t=0,  in this initial state the loader gives the ore mass a certain velocity.
Condition: , ,
 if  ;				(10)

 ,				(11)

if t=0, , the height is considered variable after the load is applied:
 ,					(12)

 ,						(13)

 .						(14)
If the momentum of the force , then to decay .
Based on the proportionality , the impulses of the load on the truck body (Fig. 3) and its influence on the wear of the lower surface of the body (Fig. 4) were determined.
	

	


	FIGURE 3. Impulses of cargo entering the dump truck onto the body
	FIGURE 4. Deterioration of the lower surface of the body due to load on the dump truck


дx1 - possible deterioration of the lower part of the body by impulse when applying a coating.
дx2 - possible deterioration of the lower part of the body by impulse in the absence of a coating.

As a result of mathematical analysis, it was established that changes made to the lower part of the dump truck body slow down the annual wear of the body surface, and as a result of calculations using the standard "SolidWorks" program of the analytical expression, the quantitative values of stresses, deformations, and wear in the body were determined (Fig. 5).
[image: Сборка3_Статический_1_Изображение_1]
FIGURE 5. Influence of the load on the lower part of the body based on the SolidWorks program

At the same time, the advantages of the optimized MAN dump trucks are: high load capacity; powerful engine, the availability of the necessary base for installing the Betsema body; relatively low fuel consumption; MAN service availability; high-quality materials.
CONCLUSION
In this study, the influence of the design of quarry dump trucks of the MAN TGS series, especially structural changes in the lower part of the body, on operational indicators was comprehensively studied. Based on mathematical modeling, the dynamic characteristics of the wear process, the distribution of impulse forces, and the maximum stresses on the material were assessed by applying a high-strength steel coating to the body.
The analysis showed that the two-story "Format" generation body and the technology of bottom layer coating increase the reliability of the body, reduce local wear points, and can significantly extend the service life of the body. Comparative reports showed an increase in the utilization coefficient of the dump truck's real load capacity, and the changes made to the design made it possible to operate effectively while minimizing the additional load.
The simulation results obtained in the SolidWorks environment confirmed the mechanical advantage of structural changes: the stress distribution improved, the maximum deformation points decreased, and the effect of dynamic loads stabilized. This is an important factor in increasing the reliability and operational stability of dump trucks in difficult operating modes arising in quarry conditions.
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