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ABSTRACT 

Nowadays, a number of machines and equipment with a hydraulic system are 

widely used in mining, construction and agriculture. In order to increase the stable 

and reliable operation of the hydraulic systems of these machines, it is important to 

develop their correct principle schemes, and this article presents analyzes on the 

justification of the development of the principle scheme of the hydraulic operation of 

volume pumping devices. 
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 INTRODUCTION 

Hydraulic drive is a set of hydraulic machines, hydraulic equipment, hydraulic 

lines (pipes) and auxiliary devices, and it is called a hydraulic system designed to 

transfer energy and convert motion through a fluid. At the same time, it is possible to 

regulate and reverse the speed of the output device, as well as transfer one type of 

movement to another at the same time [1,2]. 

  The hydraulic machines that are part of the hydraulic system are pumps and 

hydraulic motors, and there can be several of them. 

Hydraulic devices are devices for controlling hydraulic operation, with the help of 

which it is regulated, as well as means of protecting it from high and low pressures of 

the liquid. Hydraulic equipment includes throttles, valves for various purposes, and 

distribution devices for changing the direction of hydraulic fluid flow [3]. 

  Auxiliary devices are called conditioners of the working fluid, which serve to ensure 

its quality and condition. These are various particle separators (filters), heat 

exchangers (heaters and coolers), hydraulic tanks and accumulators [4]. 

  The hydraulic control elements are interconnected by hose 

hydraulic lines through which the working fluid moves. 
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LITERATURE REVIEW AND METHODOLOGY 

 Let's look at the structural scheme of the simplest piston hydraulic system in 

Fig. 1. 

 

 
 Figure-1. Structural scheme of the simplest piston hydraulic drive 

 

Two cylinders (1 and 2) are filled with liquid and connected to each other through a 

straight pipe. The piston of the 1st cylinder moves down a distance h1 with the force 

P1 supplied from above and discharges the liquid into the 2nd cylinder. In this case, 

cylinder 2 moves the piston up a distance h2 and carries the load P2 up[5,6]. 

  If we ignore pressure losses (hydraulic losses and friction losses), according to 

Pascal's law, the pressure created by the force P1 in cylinder 1 is equal to the entire 

volume of the liquid: 

 
where F1 and F2 are the surfaces of pistons of cylinders 1 and 2. 

  Then the relationship between the pressure forces acting on the pistons is as follows 

[7]: 

 
 The liquid can be considered almost incompressible and the cylinders 

completely sealed. 

h1F1 = h2F2 

 The dependence of the power spent on the movement of the piston in the 1st 

cylinder is determined by the following expression[8]: 
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 In the formula given above, the multiplication of speed and consumption gives 

the consumption 

. 

 Then the law of conservation and transfer of energy (in the absence of 

hydraulic losses and frictional forces) takes the following form[9]: 

     (1) 

 here, P2v2 – 2 is the power developed by the piston, that is, the indicator 

representing the dependence of the system on the output device given per unit of 

time. 

  From the formula (1) above, it follows that increasing the power of the hydraulic 

drive is more beneficial not by increasing the area of \u200b\u200bthe pistons (which 

leads to an increase in dimensions), but by increasing the pressure, since in this case a 

small increase in the volume and weight of the hydraulic drive "growth occurs due to 

the need to increase its strength [10,11]. 

 

RESULTS 

Depending on the purpose of the hydraulic system and in accordance with the 

selected option of the initial data, it is necessary to make a sketch of the principle 

scheme of the hydraulic system, which is then tested and determined by calculations. 

The scheme uses all the elements of equipment necessary for its operation. Symbols 

of elements are adopted in accordance with normative documents [12,13,14]. 

  Next, you need to choose the method of regulating the speed of the hydraulic drive 

at the output link: throttle (picture 1) or volumetric (picture 2) [15]. 

 
 

Figure 2. Throttle regulation hydraulic system: 
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 1 – pump; 2 - hydraulic motor (a - power hydraulic cylinder; b - moment hydraulic 

cylinder; 

v - hydromotor); 3 – distribution device (a – two-stage; b – three-stage); 

4 – throttle regulator; 5 – overflow valve; 6 – safety valve; 

7 – pouring tube. 

 A In this case, it is necessary to analyze the aspect of technical and economic 

efficiency. Throttle controlled hydraulic systems are relatively easy and inexpensive 

to operate. However, due to large energy losses, the throttle regulation method is 

currently used in low-power hydraulic systems (N < 15 kW) in production conditions 

[16,17]. 

By installing a throttle in the main pressure pipeline, a series throttle regulation is 

implemented (Fig. 1,a) and is used in cases where there is a load of one sign at the 

output link. 

   When there is a variable load or large accelerations of the output link, a 

regulating throttle should be installed in the main pipeline (Fig. 1, b). 

   The parallel throttling regulation method (Fig. 1.v) has a higher efficiency than 

the series throttling method, so it can be used with relatively high power requirements 

(from 10 to 15 kW). However, the disadvantages of such a hydraulic system are a 

decrease in external network characteristics, regulation accuracy and stability. 

   Regulation with a hydraulic driving power of more than 15 kW, despite the 

relatively high price of the hydraulic machine, it is necessary to adopt the volumetric 

regulation method (Fig. 2). 

 
 Figure 3. Volume regulation hydraulic system: 

1 – regulating pump; 2 – power hydraulic cylinder; 3 – safety valve; 

4 – reverse valve; 5 – auxiliary pump device for supplying the system; 

6 - overflow valve. 
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DISCUSSION 

 The choice of the regulation method can be made by the output power of the 

hydraulic system in the following cases: 

  in hydraulic motors and torque hydraulic cylinders: 

 

  in power hydraulic cylinders: 

 
 The value of the magnitude of the angular velocity: 

  for the hydraulic motor shaft: 

 

 for hydraulic cylinder torque 

 
  Movement speed of the hydraulic cylinder shaft: 

 
  

  CONCLUSION   

Based on the above analysis and results, the general load applied to the 

hydraulic system during the development of the principle scheme consists of static 

and inertia and is determined as follows: 

• for hydraulic motors and torque hydraulic cylinders: 

M = Mst + Min ; 

   : • for power hydraulic cylinders: 

R = Rst + Rin . 

Min = J ε , 

 where, J is the moment of inertia of the moving parts on the output shaft; 

e is the angular acceleration of the shaft. 

  The angular acceleration of the shaft is determined as follows: 

 
where, t' is the mode entry time, which is assumed to be equal to one-tenth of the 

duty cycle (0.1 t), but not exceeding 1 s. 
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  The magnitude of the inertial force is determined by the following formula:  

Rin = m a , 

  

 We can see that the volume pumping devices of the hydraulic system depend 

on a number of indicators, which are necessary to justify the development of the 

principle scheme of the hydraulic system. On the basis of the above results, the 

principle scheme of volumetric hydraulic treatment will be built, and through this 

principle scheme, it will be possible to ensure the operation of hydraulic treatment at 

optimal efficiency. 
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