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Abstract 

In conditions of the Amur region, when carrying out transport 

operations, trucks often have to move along roads with a 

significant transverse slope and turns with a high angle of the 

turn, which is due to natural factors of the terrain. 

Such traffic conditions cause certain difficulties in control, 

reduce traffic safety and speed characteristics.  This is 

especially important for special vehicles carrying liquid cargo 

when making a turn, because, due to fluidity, they move 

inside the tank, causing an uncontrolled redistribution of 

weight between wheeled propellers on the same axis, but 

under different conditions of adhesion to the road, affecting  

on the turn-over condition and controllability factors. 

To ensure traffic safety in these cases, in practice, it is 

necessary to reduce the speed and weight of the cargo being 

transported, which in turn leads to a decrease in the efficiency 

of mobile power equipment. 

The proposed article describes a device for redistributing the 

weight of a vehicle between wheeled propellers of one axis.  

Its main objective is to ensure the safety and efficiency of 

using wheeled mobile power equipment in the transport and 

technological support of the agro-industrial complex due to 

the loading of the propeller, which is in a less stressed state 

under the conditions of adhesion to the road.  And also data of 

experimental researches are presented. 

Keywords: car, weight, redistribution, vehicle, safety, 

efficiency. 

 

1. INTRODUCTION 

Analysis of the conducted studies showed that the share of 

costs for transportation of goods is 20 ... 40% of the total cost 

of production, and in some cases this figure reaches 65 ... 

70%.  At the same time, energy costs make up about 50%, and 

the volume of cargo transportation is from 20 to 60 t · km per 

1 hectare of arable land [17, 23]. 

The efficiency of the use of cars in the transport and 

technological support of the agro-industrial complex (AIC) is 

largely explained by the possibility of their transportation of 

high volumes of cargo when traveling at significant speeds, 

both on unpaved field and agricultural roads and on roads 

with improved coverage [15]. 

At what for normal operation the following main factors 

influence: natural and climatic conditions, speed of 

movement, power and energy indicators [8,18], traction-

coupling properties of the car and characteristics of its 

propellers [24], distance of cargo transportation, load-carrying 

capacity, condition of roads and  road surface, the presence of 

transverse slopes and turns with a high angle of turn, etc.  [16, 

20, 22] 

Evaluation of existing ways of improving transport efficiency   

[20,21] allowed us to outline promising ways to reduce the 

influence of road conditions in the form of transverse slopes 

and turns with a high angle of the curve due to the 

redistribution of the coupling weight and the vertical load on 

the propellers of the lorry. 

The study of the processes that occur during the redistribution 

of the weight of wheeled vehicles is reflected in the studies [6, 

7, 10, 13], in which the authors propose various constructive 

and technical solutions and devices.  So, in work [6] it is 

proposed to redistribute the weight between the trailer and car 

wheels when performing works on roads with a reduced 

coefficient of adhesion using a wire loader. When carrying out 

field transport operations on soils with a low bearing capacity, 

it is proposed in work [12] to use a hydraulic loader of the 

driving wheels of the tractor.  As shown by the conducted 

studies, the use of various types and designs of loading and 

redistribution devices, allows to increase by increasing the 

traction-coupling properties of transportable mobile power 

facilities to 25% [6,7,13].  

At the same time, when using the previously proposed 

structures on roads with large transverse slopes and turns with 

a high bend angle, no significant effect is observed, especially 

when using special vehicles for the transportation of liquid 

cargo. 

The analysis of the above mentioned methods of weight 

redistribution showed that the most promising way to increase 

the efficiency of using mobile vehicles on high-angle or 

transverse slope roads is the redistribution of weight between 

wheeled propellers located on the same axis [11]. This is 

explained by the fact that such a scheme of operation allows 

to automatically adjust the weight between the wheels of the 

mobile power vehicle (vehicle) in motion, increasing lateral 

stability and enabling the increase in speed modes, evenly 

distributing the weight to the car frame and the oppositely 

located propeller of one axis. 

In this case, the use of a device correcting the vertical load 

will yield the following results (Figure 1). 

In this connection, the purpose of this study is to increase the 

efficiency of the use of transport energy resources by 

stabilizing the weight of the vehicle on the wheels. 
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Fig. 1:  Theoretical efficiency from the use of  a vertical load correcting device 

 

 

Fig. 2:  Schematic diagram of the framework load regulator and method of its installation 

 

2. MATERIAL AND METHODS 

As an effective example of the redistribution of the coupling 

weight between the propellers of the bridge, a device is 

proposed, an inter-wheel load regulator of the car, for which 

the patent of the Russian Federation for useful model No. 

166665  [9] is made in in view of the structure 1, consisting of 

two identical rocket rods 2 and 3 with  male ends 4, that are 

installed vertically in the brackets 5 at the top of the stocking 

of the axle 6 of the vehicle 7 and the united articulated with 

the node of the rocker arm 8 which is fixed to the power hinge 

9 in the supporting lever 10 is mounted by bolting in the 

technological holes of the transverse traverse of the frame 11 

of the vehicle wheel 7  Figures 2 and 3 show a schematic 

diagram of the proposed device and the method of its 

installation in the design of the vehicle suspension. 
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                  Fig. 3:  Schematic diagram of the support lever frame framework load                   Fig. 4: Device for inter-wheel weight redistribution 

 

This device is proposed to be installed on vehicles engaged in 

the transportation of loose and bulk cargo on roads that have a 

significant transverse slope and turns with a high angle of the 

turn. 

Consider the device and the principle of operation of the 

proposed device. 

The device works as follows: 

When hitting an obstacle or dropping the car in uneven 

ground, the bridge 6 of the vehicle 7 produces a vertical 

downward movement; the depth of the falling of part of the 

bridge 6 is limited by the length of the groove of the support 

lever 10 and the deflection of the rocker arm8, with what the 

opposite vertically movable part of the bridge 6 at this 

moment produces a vertical upward movement. Thus there is 

a redistribution of the weight load from the vertically moving 

down part of the bridge 6 through the rocker arm assembly to 

the support lever 10 and the transverse traverse of the frame 

11 of a wheeled vehicle 7, causing a force-removing reaction 

that leads to the alignment of the bridge 6 of the vehicle 7 

[11]. 

Figure 4 shows the general view of the device installed on the 

car. And the experimental car KamAZ-4350 with the installed 

device (Figure 5) 

 

Fig. 5: An experimental car of the KamAZ-4350 brand with 

installed device inter-wheel weight redistribution 

The studies were conducted using recommended general and 

specific methods using specialized mathematical calculation 

programs, experimental modeling, and regression analysis 

methods [6, 10].  To measure the above parameters, 

specialized instruments and apparatus were used.  The 

processing of data obtained during the experiment was carried 

out by known methods of mathematical statistics using 

information technology. 

 

3. RESULTS 

Conducted on the basis of the Far Eastern GAU, the Amur 

Region, the city of Blagoveshchensk, the Russian Federation 

and a large basic farm of an agricultural profile – 

OOO » Soyuz», theoretical and experimental studies on the 

use of the device for inter-wheel weight redistribution have 

shown the validity and correctness of the chosen method of 

correcting the vertical load on vehicle propellers, as well as 

the need for its application in the transport and technological 

support of the agro-industrial complex. 

As a result of the studies (figure 6), the joint influence of the 

interacting dependencies: the attachment distance of the 

device (d) from the center of application of the weight Q3 and 

the height of the bridge displacement (y), it is established that 

the change in the reaction of the smooth surface R1 is most 

affected by both variable values.  The reaction of the smooth 

surface R1 in this case is maximum at reaching y = 0.27 m, d 

= 0.6 m (when used on a KamAZ-4350 vehicle). 

The obtained dependences confirm the previously obtained 

theoretical justification of the process of load redistribution 

from the vertically displaced part of the bridge to the opposite 

propeller and vehicle frame, confirming that when introducing 

the proposed self-load regulator into the vehicle running 

system, this device is capable of increasing traction, heading 

and transverse  stability of the car.  
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Fig. 6: Graphical model of the values of the weight 

redistribution from the displaced part of the bridge (R1) from 

the interacting parameters (theoretical) 

 

In order to confirm the theoretical results on the redistribution 

of weight between the propellers of the vehicle bridge, 

experimental studies were carried out under real operating 

conditions.  Experimental measurements were carried out by 

the method of alternating loading and unloading of the rear 

drive axle on which a redistributive device was installed, 

using hydraulic jacks and devices for the redistribution of the 

coupling weight in laboratory conditions and the method of 

continuous timekeeping in carrying out of transport 

operations.  As the object of research was taken KamAZ-4350 

car with an installed device for the redistribution of weight.  

The obtained data in the form of a graph are shown in Fig. 7. 

 

 

Fig. 7:  Graph of the dependence of the values of the weight 

redistribution (R_1) from the displaced part of bridge during 

operation of the device (experimental) 

Analyzing the data of the experiment, as a result of studies of 

the joint effect of the dependencies on the distance from the 

attachment of the regulator (d) from the center of application 

of the weight Q 3 and the height of the displacement of the 

bridge (y), it was established that the change in the reaction of 

the smooth surface R1 is most affected by both variable 

values.  The reaction of the smooth surface R1 for the 

KAMAZ-4350 is maximal when y = 0.27 m, d = 0.6 m. At 

that, the weight was transferred in the parameters 3000 kg-30 

kH from the opposite propeller, which allowed to increase the 

thrust bearing surface  of the car - tires of mark 425 / 85R 21 

on 22%. 

Theoretical data and experimental results are within the 

permissible discrepancy, which indicates the reliability of the 

studies. 

 

4. DISCUSSION  

The conducted researches showed that the use of the 

experimental car KAMAZ-4350 with the inter-wheel 

regulator allowed to increase the productivity in an hour of 

movement time by 10.3%, per hour of pure working time - by 

6.6% in comparison with the serial KAMAZ-4350 in similar 

works.  Saving time on the shoulder of delivery of 5500 

meters was -1.1 minutes, diesel fuel -0.04 liters / km, which in 

monetary terms is 180 rubles.  on 100 km.  In recalculation for 

the performance of the transport operation for one working 

shift-20 minutes (0.3 hours), diesel fuel-4 liters, in monetary 

equivalent-180 rubles / shift. 

The introduction of the obtained results of research and 

development into the technology of plant production of ООО 

"Soyuz", the farm" Zhukovin S.A", the farm "Zarechnoye" of 

the Amur Region showed that the annual economic effect of 

the use of a truck with an inter-wheel regulator in transport 

operations  amounted to 238216 rubles, while the total energy 

savings of 98 MJ / t.km. 

The reliability of the obtained data is confirmed by the 

convergence of theoretical justifications and experimental 

indices determined in the real conditions of using the 

experimental vehicle. 

In comparison of performance of indicators with previous 

studies on this issue [1,4,5,6,10,14] the proposed solution is 

the least energy-intensive, labor-intensive and metal-intensive. 

It is not possible to compare the features of the proposed 

constructive and technical solutions with the results of other 

scientists [2,3,12,18,19], since in the open sources there are no 

data on the use of vehicles with built-in similar systems on 

their chassis. 

In this connection, high efficiency, scientific novelty, 

relevance and production perspective undoubtedly distinguish 

the proposed technical solutions, forming a new conceptual 

line in the field of applied science, exploring the features of 

transport engineering.  
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5. CONCLUSION 

The results of the scientific researches lead to the conclusion 

that the use of the device for the redistribution of weight 

between the wheels of the vehicle will increase the efficiency 

and improve the safety of traffic on roads with a transverse 

slope in the transport of bulk and liquid cargo.  Consequently, 

the proposed device is a highly efficient design that 

implements original ideas and possesses design novelty, 

intended for redistribution and stabilization of the weight 

attributable to wheeled vehicle propellers. 

Theoretical and experimental studies on the above topics were 

approved and recommended for implementation by the expert 

commission for the introduction of scientific and technical 

developments and best practices in the agricultural production 

of the Amur Region, the State Road Surveillance Department 

in the Amur Region, the Scientific and Technical Council of 

the Amur State Zonal Machine Testing Station,  and also 

included in the "List of Innovative Developments", formed by 

the Ministry of Economic development at the Amur region 

government.  Methodological and mathematical solutions are 

widely applied in the educational process of the federal state 

budgetary educational institution of higher education "Far 

Eastern State Agrarian University" and "Primorskaya  State 

Agricultural Academy". 
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