2.7. Hydraulic Devices



	A hydraulic device uses an incompressible liquid (such as oil) and it is widely used with high pressures to obtain large forces, allowing large loads to be moved or high accelerations to be obtained. The most commonly hydraulic systems are: (1) damper (which limit the velocity of mechanical elements); (2) hydraulic servomotors (produce motion from pressure source); (3) accumulators (reduce fluctuations in pressure or flow rates)



2.7.1. A Fluid Damper

	A damper is a mechanical device that exerts a force as a result of velocity difference across it shown in Figure 2.7.1.
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A piston of diameter of D and thickness of L has a cylindrical hole of diameter d .The hosing is assumed to be stationary (in the case it is in motion the relative velocity is to be used) and is filled with incompressible fluid (such as oil). A force f is acting on the piston rod and that produces a pressure difference : � EINBETTEN Equation.2  ��� across the piston such that if the acceleration is small we have :

� EINBETTEN Equation.2  ����(2.7.1.1.)��where A is the net cross-sectional area: � EINBETTEN Equation.2  ���. For a very viscous fluid at relatively small velocities, laminar flow can be assumed. When the length L is much grater then the entrance length and fully developed flow exists over most of the length and the Hagen-Poiseuille law can be applied we have: 

� EINBETTEN Equation.2  ����2.7.1.2.()��The volume flow rate is given by : 

� EINBETTEN Equation.2  ����(2.7.1.3.)��because the fluid is incompressible. Combining this relations and denoting 

� EINBETTEN Equation.2  ���we obtain:

� EINBETTEN Equation.2  ����(2.7.1.4.)��This is the mathematical model for this damper.

If the relative velocity is large enough to produce turbulent flow in the passage, the non-linear relations should be used. In this case the mathematical model is 

� EINBETTEN Equation.2  ����(2.7.1.5.)��where � EINBETTEN Equation.2  ���.

Note that the fluid inertia or kinetic energy storage compartment has been neglected, and that potential energy resulting from pressure difference acts against the fluid resistance to the systems dynamics. create the . The most common damper is the storm-door damper.



2.7.2. The hydraulic servomotor.

	The hydraulic servomotor shown in Figure 2.7.2.1 works as follows: let x denote the displacement of the pilot valve from its position, and y denote the displacement of the load and piston from their last position before the start of the motion. The flow through the cylinder port uncovered by the pilot valve can be treated as flow through an orifice , and the orifice flow relations can be applied :(2.6.8.) and (2.6.11.).If we denote by p the pressure drop across the orifice we have :

� EINBETTEN Equation.2  ����(2.7.2.1.)��where Cd is the discharge coefficient (usually between 0.6 and 0.8 for this applications) and ( is the mass density, and A is uncovered area of the port. If w is the port width then A=wx . If Cd , (, p ,w are taken to be constant than 2.7.2.1. can be written as :

q=Cx�(2.7.2.2.)��According to the mass conservation law the flow rate in to the cylinder must equal the flow rate out:

� EINBETTEN Equation.2  ����(2.7.2.3.)��Combining the last two relations we obtain the mathematical model:

� EINBETTEN Equation.2  ����(2.7.2.4.)���





























2.7.3. Accumulators.

	In hydraulic control systems operating with high force levels or at high speeds the accuracy of controller can be affected by the tendency of the nominally incompressible fluid  medium to compress slightly . This compliance effect is greatly increased by the presence of bubbles in the hydraulic fluid , which makes the control action less positive and causes oscillations. On the other hand compliance can be useful in damping fluctuations or surges in pressure or flow rate, such as those resulting from reciprocating pumps and the addition or removal of loads on a common pressure source. In such cases a compliance element called an accumulator is added to the system. Generally such a system includes different elements as a tank for liquid-level system, a fluid column acting against an elastic element for hydraulic system , and a bellows for gas system. They all have the property of compliance , which allows them to store fluid during pressure peaks and to release fluid during low pressure. The aim is to achieve more efficient and safe operation by damping out pressure pulses as a flywheel smoothes the acceleration in a mechanical drive or a capacitor smoothes.

Two typical constructions are shown in Figure 2.7.3.1.
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In Figure 2.7.3.1.a. a plate and a spring oppose to the pressure of liquid, whereas in Figure 2.7.3.1.b. the compliance is provided by gas-filled bag, which compresses as the liquid pressure increases. The simplest arrangement is a closed tube with air at the top. The air’s compressibility acts against the liquid.

We denote by x the displacement of the interface , then this displacement is proportional to the force f acting due to the liquid pressure. hat means that we can write :

� EINBETTEN Equation.2  ����(2.7.3.1.)��Let k be the elastic constant of the divide, A the area of the interface, p the liquid pressure, and � EINBETTEN Equation.2  ��� the volume flow rates into and out of the section. Neglecting the pressure drop between the flow junction and the plate then according to the mass (volume) conservation law we obtain:

� EINBETTEN Equation.2  ����(2.7.3.2.)��Neglecting the inertia of the interface gives the force balance :

� EINBETTEN Equation.2  ����(2.7.3.3.)��Combining this expressions we obtain the model for the dynamic behaviour of the pressure as a function of the flow rates :

� EINBETTEN Equation.2  ����(2.7.3.4.)��This accumulator compliance is � EINBETTEN Equation.2  ���. When resistances upstream and downstream are defined then the flow rates can be expressed as functions of the upstream and downstream pressures.
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Figure 2.7.1.
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Figure 2.7.2.1
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Figure 2.7.3.1.a.



Figure 2.7.3.1.b.








