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HYDRAULICS AND PNEUMATICS

HYDRAULICS
Pressure Generation


In a hydraulic circuit the pressure is generated when the delivery flow meets a resistance.  The pressure can be generated by a reduction in cross-section, bends, long flow lines or by meeting obstructions in  actuators (cylinders and motors).   The pressure is used in a hydraulic system to produce a force upon a face (force = pressure x area).  The following pressures occur in hydraulic circuits.

i. System Pressure

ii. Motion Pressure
iii. Working Pressure
iv. Dynamic pressure

The delivery generated by the hydraulic pump, flows to a shut-off valve.  If the valve is not obstructed (open fully) only a low pressure is built up, i.e the dynamic pressure.  If the valve is now used to reduce the cross-section of the flow, a pressure builds up in the flow.

Example


A cylinder is required to move a force of 10 kN and has a bore of 100 mm and a stroke of 100 mm.  Determine:

a. The pressure required at the pump if other losses account for 25% of that at the cylinder.

b. The work done by the cylinder.

a. Force = Pressure x Area : therefore  pressure = Force/Area  :  Force = 10 kN (10000 N)

Area  =  (d2/4   =    ( x 0.12/4   =    0.007854 m2
Pressure to operate cylinder  =   10000/0.007854  =1273236.567 N/m2
Pressure at pump  =  1.25 x 1273236.567  =  1591545.709 N/m2  =  15.915 Bar

b.   Work Done by cylinder  =   Force x Distance Moved





 =   10000 x 0.1





 =   1000 Nm (1000 J) or (1kJ)   (1Nm = 1J)
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Example


The name plate on a pump gave the following values:
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V  =  25 cm3/rev


N  =  1500 rev/min.


P   =  60 Bar
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  m =  80%  (Efficiency)


Determine the suitable power for an electric motor.


Hyd. Power  =  Pressure (N/m2)  x  Quantity (m3/s)


Quantity  =   25 x 1500  =  37500 cm3/min   :  1000000 cm3  = 1m3   :   60 sec = 1 min


Therefore    Quantity =            37500         =   0.000625 m3/s





60 x 1000000   
  


Hyd. Power  =  6000000 x 0.000625   =   3750 Watts   or   3.75 kW     


Motor Power  =   3.75/0.8  =  4.69 kW   or  5 kW
Mineral Hydraulic Oil

A hydraulic oil must serve both as a lubricant to protect the rubbing surfaces of pumps and fluid motors and as a medium for the efficient transmission of hydraulic pressure.  The requirements  of lubrication have grown more stringent with the higher temperatures and pressures commonly encountered today in hydraulic applications, therefore, the use of additives to provide greater protection against wear have become a significant feature of modern hydraulic oil formulations.   Other desirable characteristics are good rust prevention qualities, resistance to oxidation and freedom from the tendency to foam.


The correct viscosity will also be influenced by the temperature and pressure at which the system operates.  Fluids which are too light in body at the prevailing conditions of operation will permit increased slippage (escape of fluid from the high to low pressure side of pump or motor) and higher metallic friction with greater rate of wear.  If the fluid used is too heavy in body, response to controls is apt to be slower, the operating temperatures of the system may increase due to higher fluid friction and other unfavourable symptoms may develop such as cavitation at pump intake, greater tendency to foam, etc.


Viscosity Index is another significant physical characteristic which measures the rate of change of viscosity of a fluid with change in temperature.  A high viscosity index is desirable to limit the effect of temperature change.   For a normal range of operating temperatures below 0o centigrade to prevail, a still higher viscosity index of 140 minimum is suggested.
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Hydraulic oils are normally classified by viscosity grade and by service designations.  The use of the International Standards Organisation (ISO) classification system for industrial lubricants is now the preferred system (identified as International Standard ISO 3448).   The ISO viscosity classifications are as follows:

Kinematic Viscosity

Cst @ 40o Centigrade
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ISO Viscosity        Maximum        Minimum         Midpoint


   2

     2.42
      1.98
        2.2



   3

     3.52
      2.88
        3.2


   5

     5.06
      4.14
        4.6


   7

     7.48
      6.12
        6.8


 10

   11.00
      9.00
      10.0


 15

   16.50
    13.50
      15.0    


 22

   24.20
    19.80
      22.0


 32

   35.20
    28.80
      32.0


 46

   50.60
    41.40
      46.0


 68

   74.80
    61.20
      68.0

          100

 110.00
    90.00
    100.0

          150

 165.00
  135.00
    150.0

          220

 242.00
  198.00
    220.0

          320

 352.00
  288.00
    320.0

          460

 506.00
  414.00
    460.0

          680

 748.00
  612.00
    680.0

        1000
          1100.00
  900.00
  1000.0
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        1500
          1650.00
1350.00
  1500.0

Basic Functions of Hydraulic Oils


The desirable properties provided by an hydraulic oil are:-

· Rust Inhibition.

· Demulsibility.

· Filterability and Compatibility.

· Hydrolytic Stability.

· Corrosion Control.

· Oxidation Stability.

· Thermal Stability.


· Antiwear.

There are many factors that can affect a hydraulic oil’s ability to maintain and extend the useful life of the hydraulic pump.  The main factors are:-

· Metallurgy

· Surface Hardness
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· Surface Finish

· Maintenance Procedures

· Oil Viscosity

· Oil Temperature/Operating Temperature

· Fluid Quality

· Contamination Level

· Filtration


Many of these parameters are inter-related, care must be exercised in each area if the useful life of the pump is to be maintained and extended.

Hydraulic Oil Additives

These can be divided into the following major categories:-


Extreme Pressure Agents (E.P.)  -  are used to prevent metal-to-metal contact between mating parts under ‘boundary lubrication’ conditions.  The E.P. agents function by reacting with the metal sufaces to form a protective film or coating..


Anti-wear Agents  -  are generally defined as additives that prevent metal-to-metal wear under lower operating pressures and temperatures.


Corrosion Inhibitors/Metal De-activators  -  protect the non-ferrous metal components from attack by the acidic contaminants in the oil.   Most corrosion inhibitors react chemically with non-ferrous metals to form a tightly adhering protective film.   Besides keeping corrosive acids from contacting the metal surface, this protective coating also decreases the catalytic effect of the metal surface on oil oxidation.


Rust Inhibitors  -  protect the iron and steel parts from attack by the acidic contaminants and water.   These additives generally function by neutralising harmful acids or by forming a protective film on the metal surface.


Anti-oxidants  -  reduce the tendency of the oil to oxidise.   Many factors influence oil oxidation, including oil temperature, degree of contact with air and the catalytic effect of the metals present.   Anti-oxidants generally reduce oil oxidation by interfering with the complex chain reaction that causes oil to break down.


Anti-foam Agents  -  reduce the level of foaming of the fluid by altering the surface tension characteristics of the oil.


Demulsifiers  -  are used to improve the surface tension characteristics so that the water will separate or ‘settle-out’ from the oil.


Viscosity Index (VI) Improvers  -  used to reduce the rate at which the viscosity of the oil varies with changes in temperature.
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Pour Point Depressants  -  are used to reduce the effective low temperature flow characteristics of the oil, or its ‘pour point’.   These chemicals achieve their purpose by reducing the size of the wax crystals as they are formed at low temperatures.   These smaller crystals are less likely to form networks or lattice formations, thereby allowing the fluid to flow freely at lower temperatures.

Trends in Mineral Hydraulic Oil Technology

In the past, it has been relatively simple to formulate hydraulic oils that provided basic capabilities to lubricate pumps and motors without impairing the function of other components.   However, several changes have occurred which place new demands on hydraulic oils.   Among the most important are demands for increased power and efficiency, and changes in hardware design.


These major developments, along with others, have placed high performance demands on hydraulic oils, and some areas identified for improvements to meet these new stresses include:-

· Enhanced Antiwear Protection.

· Thermal Stability.

· Reduced Sludging Tendencies.

· Enhanced Filterability

· Compatibility with steel-bronze contact surfaces

· Universal Performance (ISO 100 is a multi-purpose oil)

HYDRAULIC PUMPS

The pump is probably the most important component in the hydraulic system.   Its function is to convert mechanical energy to hydraulic energy by pushing the hydraulic fluid into the system.    Pumps are made in many sizes and shapes with many different pumping mechanisms and for many different purposes.   All pumps, however, fall into one of two basic categories,  hydrodynamic or hydrostatic.

Hydrodynamic

Hydrodynamic, or non-positive displacement pumps such as centrifugal or turbine designs are used primarily in the transfer of fluids where the only resistance encountered is that created by the mass of the fluid itself and friction.


Most non-positive displacement pumps operate by centrifugal force whereby the fluids entering the centre of the pump housing are thrown to the outside by means of a rapidly driven impeller.   There is no positive seal between the inlet and outlet ports and pressure capabilities are a function of drive speed.


While they provide smooth continuous flow their output is reduced as resistance is increased.   It is, in fact, possible to completely block off the outlet while the pump is running.   For this and other reasons, non-positive displacement pumps are seldom used in modern hydraulic systems.
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Hydrostatic

Hydrostatic or positive displacement pumps as their name implies provide a given amount of fluid for every stroke, revolution, or cycle.  Their output, except for leakage losses, is independent of outlet pressure making them well suited for use in the transmission of power.

Pump ratings


Pumps are generally rated by maximum operating pressure capabilty and their output in litres/min. at a given drive speed.

Pressure Ratings

The pressure rating of a pump is determined by the manufacturer based upon reasonable service life expectancy under specified operating conditions.   It is important to note that there is no standard industry wide safety factor in this rating.   Operating at higher pressure may result in reduced pump life or more serious damage.

Displacement

The flow capacity of a pump can be expressed as its displacement per revolution or by its output in litres/min.


Displacement is the volume of liquid transferred in one revolution.   It is equal to the volume of pumping chamber multiplied by the number of chambers that pass the outlet per revolution.   Displacement is expressed in ccm/rev (cm3/rev).


Most pumps have a fixed displacement which cannot be changed except by replacing certain components.   It is possible in some, however, to vary the size of the pumping chamber and thereby the displacement by means of external controls.


Certain unbalanced vane pumps and many piston units can be varied from maximum to zero delivery, with some being capable of reversing their flow as the control crosses a centre or neutral position.

Delivery in Litres/min.

A pump may be nominally rated as a 10  l/min. unit.   Actually it may pump more than that under no-load conditions and less than that at its rated operating pressure.   Its delivery too will be proportional to drive shaft speed.   Most manufacturers provide a table or graph showing pump deliveries and power requirements under specific test conditions as to drive speeds and pressures.

Volumetric Efficiency

In theory, a pump delivers an amount of fluid equal to its displacement each cycle or revolution.   In reality, the actual output is reduced because of internal leakage or slippage. 

As pressure increases, the leakage from the outlet back to the inlet or to the drain increases and volumetric efficiency decreases.
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Volumetric efficiency is equal to the actual output divided by the theoretical output.  It is expressed as a percentage.


For example, if a pump theoretically should deliver 10 l/min. but delivers only 9 l/min. at 60 bar its volumetric efficiency at that pressure is 90%.



Efficiency  =   9/10      =   0.9   or  90%

Non-positive Displacement Pumps.


These may be of the centrifugal, propeller or mixed flow types.  The difference is in the method by which the oil is moved from the inlet to the outlet side of the pump.


Centrifugal Pumps

Two of the common centrifugal type pumps are the volute and diffuser types.


Volute  -  This type consists of a circular chamber with a central inlet port and a peripheral outlet port.   A rotating impeller, composed of a number of curved blades radiating from a centre hub is located in the circular pumping chamber.   The blades usually curve away from the direction of rotation.  The chamber formed between the circular casing and the centre hub is called the ‘volute’.   In operation, liquid enters the pumping chamber through the central inlet port and is trapped between the rotating impeller blades.  Centrifugal force throws the liquid outward at high speed, and the shape of the casing directs the liquid through the outlet port.
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    Volute Pump

Page 7 of 12
Env.Eng./AT/2001


Diffuser – Similar to the volute type but in addition incorporates a series of stationary blades termed the ‘diffuser’.  The purpose of the diffuser is to reduce the speed of the liquid, reduce the amount of slippage and increase the pump’s ability to develop flow against resistance.
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     Diffuser Pump


Centrifugal type pumps are generally used where a large volume of flow is required at relatively low pressures.   If several of these pumps are connected in series, the output of one feeding the inlet of the next, flow can be developed against higher pressures.


Propeller Pumps
[image: image7.png]



The action is similar to a centrifugal pump except that the blades force the liquid axially through the pump rather than radially.   It may be compared to a ventilating fan enclosed in a tube.






Propeller Pump
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Mixed Flow Pumps


The principles of centrifugal and propeller pumps are sometimes combined by variation in the angle of the impeller blades to give a flow that is both axial and radial.

Positive Displacement Pumps – Basic Principles


These are generally of the rotary type; a rotating assembly forces the fluid from the inlet to the outlet.   The most common types are gear, lobe, vane and piston.


Gear Pumps 


 Two gears, a drive gear and a driven gear are enclosed in a closely fitting housing.   The gears rotate in opposite directions and mesh at a point in the housing between the inlet and outlet ports.  As the teeth of the two gears separate a partial vacuum is formed which draws liquid through the inlet port into the pump body.   The liquid is then trapped between the teeth of the gears and the pump body and is carried around to the outlet port.


Lobe Pumps
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 These are similar in principle to gear pumps, but use lobes instead of gears, and both lobes are driven through external gearing.
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Gear Pump                                                     Lobe Pump


Vane Pumps

A cylindrical rotor with moveable vanes in radial slots rotates in a circular housing.  As the rotor turns, centrifugal force drives the vanes outwards so that they are always in contact with the inner surface of the housing.   The vanes divide the area between the rotor and housing into a series of chambers, which vary in size according to their position around the housing (the rotor being offset in relationship to the housing).  The inlet port of the pump is located at a point where the chambers are expanding in size. 
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Fluid is drawn into the pump by the partial vacuum created by this expansion.  The fluid is then carried by the vanes to the outlet side of the pump, where the chambers are contracting to force the liquid through the outlet port.


The type of pump shown is ‘unbalanced’ because all the pumping action takes place in the chambers on one side of the rotor and shaft.  Pumps of ‘balanced’ design have an elliptical housing which forms two separate pumping areas on opposite sides of the rotor so that the unbalanced side loading is eliminated.








Vane Pump


Piston Pumps


There are two basic types of rotary piston pumps, the radial piston pump and the axial piston pump.


Radial Piston Pump – Pumps of this type generally consist of a stationary pintle which has ports for the inlet and outlet flow, a cylinder block which revolves around the pintle and houses the pistons and a rotor which controls the piston stroke.  The rotor centre-line is offset from the cylinder block centre-line.   A drive shaft is connected to the cylinder block.  As the drive shaft rotates the cylinder block about the pintle, centrifugal force drives the pistons radially so that they press against the rotor and cause it to rotate also.  Since the rotor centre-line is offset with respect to the cylinder block centre-line and since the pistons must follow the rotor orbit, these pistons are forced towards the pintle during one half of the cylinder block revolution and away during the other half of the revolution.   The pintle is ported so that cylinder block bores are open to the pintle inlet chamber as the pistons are moving away from the pintle and open to the pintle outlet chamber as the pistons are moving towards the pintle.  Therefore, during rotation, the pistons draw liquid into the cylinder bores as they pass the inlet side of the pintle and force this liquid out of the cylinder bores as they pass the outlet side of the pintle. (See Drawing on Page 11)
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Radial Piston Pump

Axial Piston Pump – A simplified form of axial piston pump consists basically of a drive shaft to rotate the pistons, a cylinder block to house the pistons and a stationary valving surface facing the cylinder block bores with ports for the inlet and outlets flows.  The drive shaft axis is at an angle to the cylinder block axis.


Rotation of the shaft causes rotation of the pistons and  the cylinder block.  Since the pistons plane of rotation is at an angle to the valving surface plate, the distance between any one of the pistons and the valving surface is continually changing during rotation.  Each individual piston moves away from the valving surface during one half of the shaft revolution and towards the valving surface during the other half.   The valving surface is so ported that its inlet passage is open to the cylinder bores in that part of the revolution where the pistons are moving away and its outlet passage is open to the cylinder bores in that part of the revolution where the pistons are moving towards the valving surface.   Therefore, during the pump’s rotation the pistons draw liquid into their respective cylinder bores through the inlet chamber and force it out through the outlet chamber.


There are many forms of axial piston pumps in common use throughout industry, some of them are:


Bent-Axis, Fixed displacement:    In this type the angle of the cylinder block is determined by the shape of the housing.   Pump output is controlled by this angle and can only be changed by varying the running speed of the pump.


Bent-Axis, Fixed Angle, Variable Delivery:  Although the cylinder block and piston stroke cannot be changed in units of this type, a variable flow rate is obtained by a valve plate that can be rotated to various positions.   This alters the position of the inlet and outlet ports with respect to the piston top centre positions, permitting part of the fluid to recirculate within the pump.
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Bent-Axis, Yoke Type, Variable Displacement:  In this type of pump the cylinder block is mounted in a yoke which can be positioned at various angles.   Pump output is controlled by the yoke position relative to the drive shaft axis.   No flow is produced when the cylinder block centre-line is parallel to the drive shaft centre-line.


Inline Piston Pumps :   Although similar in operation to the bent-axis type they differ in construction.   The cylinder block and pistons are parallel to the drive shaft.   Stroke length of the pistons, therefore the pump output, is determined by a ‘swash plate’.   Fixed displacement forms of this type of pump have a ramp machined into the housing to angle the swash plate.   Variable displacement forms have a swash plate that is cradled so that its angle, and therefore the stroke length of the pistons may be changed.



   Bent-Axis Pump




       Swash-Plate
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