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THE HYDRAULIC SCHEME ELABORATION FOR THE HYDROSTATIC TRACTION OF THE VEHICLES

R. ŢÂRULESCU*, V. BENCHE*, S. ŢÂRULESCU* 
Abstract: In this paper is presented a study about the hydraulic scheme elaboration for the hydrostatic traction of the vehicles which includes: the synthesis of the main conditions assess to the torque hydrostatic converter; the synthesis of the most current solutions (the adjustment of the movement speed, the consumed power control, the thermal engine (heat engine) acceleration control) in a hydraulic scheme of the converter; the tune of the thermal engine with the proposed hydrostatic transmition etc.

The study helps the hydraulic actuating/transmisions designer in two essential options about the principle constructive solution and the level of the working pressure, wherefrom derives the main characteristics/functional performances/ exploitation.

Keywords: hydraulic, power, pressure.

1. Introduction
The hydraulic scheme elaboration represents in an obligatory manner the firs stage from the design process required through the theme.

The substitute of the steam machines and the continuous current electric engines (large, heavy and hardly economical, but very flexible under the torque transmission ratio) with thermal engines with compression ignition (more lightly, with a better efficiency, much simple exploitation, but having a functional characteristic which not allows the adjustment only in a relative small rotative speeds and torques domain) assess the introduction of a torque converter which shall adjust the momentum (relative rigid) of the engine at the high variations of the torque.
The conditions assess to the torque hydrostatic converter, constituted from a volumetric pump and one, two or three hydro-engines, all of them intercalated between the thermal engine and the axle or the driving wheels are:
· To allow a continue adjustment in the whole rotating speeds and torque domain;

· To allow the permanent maintain of the forced contact between the thermal engine and the driving wheels, respectively to not disconnect the energetic flux at the driving speeds changing;

· To realize that change without shock;

· To avoid the low movement at the null position, because of the forenamed contact;

· To develop a high starting torque and to make it possible the quickest starting;

· To assure a simple manipulation without effort for a better concentration of the driver on the vehicle directing;

· To assure a better run at the upgrade/downgrade running;

· To realize the differential effect in the case of the mechanical differential discharge on the hydraulic way;

· To allow the accomplishment of a adjustable speeds domain for the reverse running;

· To realize a complete safety in the traffic;

· To have good values for the efficiency, durability and reliability;

· To allow an easy maintenance, accessible to the servicing workshops;

To have reasonable manufacturing costs;
2. The installation description
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Fig. 1. The schematic circuit for the hydrostatic converters 

The manufacture practice has a large diversity of hydrostatic converters. Their principle schemes are differentiate through the solutions for: adjustment of the motion speed, consumed power control, thermal engine acceleration control [1]. The authors present a design of the most usual solutions in figure 1.

The center of the hydrostatic converter scheme consists in the closed circuit showed in figure 2.
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Fig. 2. The center of the hydrostatic converter
The closed circuit schemes are used only to the rotating hydro-engines actuating [2]. There characteristic is that the eliminated oil from the hydro-engine 2 is directed to the suction pipe from pomp 1. Because of that, the tank can have small capacity, to permit the correct working of the overcharging pomp 3, who covers the liquid losses from the closed circuit and permits his refresh through the introduction in the low-pressure branch (automatic selected by the one way valve 4), of a 10÷20% flow rate from the pomp 1 flow rate.

The rotation direction changing of the hydro-engine 2 is made through the direction changing of repression for the pomp.

The protection against overcharging and overpressure on the high-pressure branch is accomplished by the safety valve 5, automatic selected of the direction valves 6.

The flow rate excess evacuation, inputted by the low-pressure branch is made through the selection distributor 7, and through the pressure valve 8, adjusted at 3÷5 bar, is constraining the liquid refreshing and improve the pomp sucking conditions; the flow rate excess is running through the refrigerator 9.

The distributor with hand-control 10 is serving to short-circuit of the hydro-engine 2 at the moment when we want that the actuated part to be discharged of his connections with the hydraulic stand. 

The closed circuit schemes are used especially for the mobile stands where is used the low capacity tanks.

To the center from the figure 2 is added, in the figure 1, in the changeable way, the components that particularize the three solutions manners [3].

First solution. The movement speed adjustment is accomplish through a servo-control device 11, posted on the adjustable pomp 1 of the converter and actuated from a distance by a distributor 14 – valve 15 aggregate controlled manual or electric. In the average position of the distributor slide 14, the control pressure provided by the pomp 12 is null, the servo-control piston 11 is in an average position, and the pomp 1 flow rate is null; the engine 2 is standing. The distributor slide 14 movement, from the average position in whichever ways, increase the control pressure on the servo-control circuits and proportional increase the pomp 1 flow rate in the vehicle booth ways. For the vehicle that runs on small distances with the complete stop at the high rotating speeds of the drive shaft, is provided the „inching” device composed from the pedal 21 and the pressure valve 22. When the pedal is not pushed the valve 22 spring correspond to a superior maximum pressure of the valve 15 and leave unaffected the control pressure selected by the distributor 14. In the pedal pushing moment, the valve 22 spring is totally releasing the tension and is opening, canceling the control pressure and stopping the vehicle, so the electric engine rotating speed can stay as much as high.

Second solution. The consumed power control can be used through:

a) The overcharging notification over the thermal engine and decreasing of the pomp 12 rotating speed and of the flow rate, at an unchanged adjust of the throttle 16, of the control pressure decreasing and “closing” of the controlled pomp 1. The engine 2 rotating speed decrease and the consumed power re-enters into the normal mode. 

b) The overpressure notification on one of the closed circuit branches of the power valve 19 through the selection valve 18. The admissible pressure exceeding decrease the valve 19 springs stress and the pressure to the servo-control circuit.

Third solution. The thermal engine acceleration control. In most cases the acceleration is let independent over the speed adjustment effectuated with the distributor 14 actuator. There are some situations when for the optimization of the thermal engine exploitation is increasing the engine acceleration. The proportionality can be realized through a mechanical connection 20, or through a hydraulic connection.

3. Delimits of the essential options

In the design process appears many branches of the possible diversions, creating dilemmas which are not having solutions in the calculus relations, but in option acts where are conjugated some multiple reasons, theoretical considerations etc. In the case of the hydraulic actuate installations, the designer have to made two essential options, about the principle constructive solution and the working pressure level.

The working constructive solution. The locating different conditions of the hydraulic installations on the standing or mobile equipment determine constructive solutions principle different.

The working pressure. The mechanical power Nm adequate at the actuated mechanism level, force x linear speed or torque x angular speed is add through a hydraulic power.
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The flow rate value Q decides the all scheme components proportion.

The general trend of the vehicle construction is to grow the working pressure level. In the actual technological the minimum heaviness of a hydraulic installation is obtained at using a working pressure over 300bar and the minimum cost at 200bar pressure. Also it was observed that the installation reliability decreases with working pressure square.

For choosing the working pressure value appears another factor: to allow noise level, the wished dynamic regime, the commercial accessibility to the high-pressure components, the exploitation and maintenance conditions etc. The correct share of all the influence factors represents one of the most important options and competence acts who are made by the installation designer.

Failing this opinion issued from a personal experience that can be orientated over the table 1 indication.

Table1

	Hydraulic drive parameters 
	Vehicles
	Tractors
	Farm machines
	Charriage machines
	Construct equipment

	Working pressure
	Maxim
	Bar
	320
	320
	400
	450
	450

	
	(100 bar
	%
	14
	10
	5
	-
	-

	
	160 bar
	%
	30
	25
	60
	20
	5

	
	200 bar
	%
	45
	45
	20
	20
	30

	
	250 bar
	%
	10
	10
	5
	35
	25

	
	(320 bar
	%
	1
	10
	10
	25
	40

	The stress relative time at the working pressure 
	%
	20
	15
	20
	20
	15

	Flow rate
	l/min
	15÷150
	15÷250
	15÷300
	15÷500
	25÷700

	The liquid maxim speed
	Pressure circuits
	m/s
	8
	7
	10
	10
	18

	
	Return circuits
	m/s
	5
	7
	6
	6
	5

	The environment temperature
	oC
	-40÷50
	-40÷50
	-40÷50
	-40÷50
	-40÷50

	The maxim temperature allowable to the liquid medium 
	oC
	-30÷80
	-30÷80
	-30÷80
	-30÷75
	-30÷85

	Working liquid
	Mineral oil
	%
	95
	98,5
	100
	90
	95

	
	Slow inflammable liquids
	%
	5
	1,5
	-
	10
	5

	
	Viscosity
	cst
	10÷800
	10÷1000
	10÷400
	10÷1000
	10÷1000

	The maxim allowable efficiency 
	%
	60
	80
	80
	65
	80


The thermal engine characteristic of exploitation, adjusted from the injection pomp is showed in figure 3. That is drawing out experimental, on the testing stand.
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Fig.3. The thermal engine characteristic
M – torque, N – power, n – rotating speed, c – fuel consumption

The advancement resistance curves F(v)tgα , the iso-power curves F(v)n,M,N, and the equi-adjustment curves, for six engine inputs are showed in figure 4.
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Fig.4. The advancement resistance curves, the equi-power curves, and the equi-adjustment curves, for six engine inputs
v – vehicle’s speed, tgα – road gradient 

4. Conclusions

The study helps the hydraulic actuating/transmisions designer in two essential options about the principle constructive solution and the level of the working pressure, wherefrom derives the main characteristics/functional performances/ exploitation.

The thermal engine adjustment with the hydrostatic transmission is showed through a numerical application in the paper [7]. Another application will be showed into a next paper.
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ELABORAREA SCHEMEI HIDRAULICE PENTRU

 TRACŢIUNEA HIDROSTATICĂ A VEHICULELOR RUTIERE

Rezumat: În lucrare se prezintă un studiu cu privirev la elaborarea schemei hidraulice pentru tracţiunea hidrostatică a vehiculelor rutiere care cuprinde: sinteza condiţiilor principale impuse transformatorului hidrostatic de cuplu; sinteza celor mai uzuale soluţii (reglarea vitezei de deplasare, controlul puterii consumate, controlul acceleraţiei motorului termic) într-o schemă hidraulică de principiu a transformatorului; acordarea motorului termic cu transmisia hidrostatică propusă, etc.Studiul ajută proiectantul de acţionări / transmisii hidraulice în două opţiuni esenţiale privind soluţia construcţivă de principiu şi nivelul presiunii de lucru, de unde decurg caracteristicile / performanţele funcţionale / de exploatare principale .
Cuvinte cheie: hidraulic, putere, presiune.
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