CHAPTER 21


FLUID POWER





Learning Objectives





Upon completion of this chapter you will be able to accomplish the following:





1.   Understand the differences between pneumatic and hydraulic fluid power applications and systems.


2.  Understand Pascal’s Law and its significance to fluid power systems.


3.  Understand how basic pneumatic and hydraulic circuits operate and how they are represented with ANSI and ISO symbols.


4.  Understand the most important functions and characteristics of hydraulic and pneumatic fluids.


5.  Understand the basic operation of function of hydraulic and pneumatic components.


6.  Understand and construct simple graphical diagrams describing fluid power circuits.








21.1 Introduction to Fluid Power





Fluid power systems use pressurized fluids such as air, water, and hydraulic fluid (oil) to control, transmit, or generate power.  You are already familiar with many fluid power systems: power steering and power braking systems in automobiles, control systems and landing gears in airplanes, control systems in heavy machinery (forklifts, paving machines, earth movers, etc.), pneumatic tools, fuel pumps and carburation in automobiles, control of spacecraft, automation equipment, such as robots and automated part loaders, hydroelectric power generation systems, and heating, ventilation, and air conditioning (HVAC) systems.  Just about everywhere you look today, you will find applications involving fluid power systems.


	The fluid in a fluid power system can either be a liquid or a gas.  Pneumatic systems use air because it is convenient to use, inexpensive, and can be vented to the atmosphere.  Air, however, is compressible, making pneumatic systems less stiff than hydraulic systems.  This compressibility becomes a problem where precise motion and, therefore, rigidity is needed.  Water was first used in hydraulic systems because it is so abundant, but it rusts steel and iron components, is not a good lubricant, and freezes easily.  Therefore, most modern hydraulic systems use hydraulic oils or synthetic oils.


	Fluid power systems have been used to produce useful work long before the industrial revolution.  Early transportation systems relied on flowing water and capturing the useful power of the wind with sails.  Water mills used flowing water to power water wheels that were connected to belts and pulleys to grind grains.  Pressurized water and air mains in London and Paris powered the industrial revolution before electricity powered the industrial revolution.  Hydraulic systems were developed to control ship and aircraft systems in the twentieth century.  Understanding the principles of lift, drag and viscosity played key roles in developing the modern airplane.  Modern CNC lathes, turning centers, and injection molding machines are all based on hydraulic systems.  Theme park rides and fighter aircraft simulators make extensive use of fluid power systems.  Although few people realize the importance of fluid power applications in modern life, about 90% of North American industries use fluid power in some way.    


	Several organizations produce standards that affect the fluid power industry in the United States: the National Fluid Power Association (NFPA), the Society of Automotive Engineers (SAE), the American Society for Testing and Materials (ASTM), and the American Petroleum Institute (API).  The American National Standards Institute (ANSI) resolves the differences in the standards.  Committee B93 is the ANSI group that governs fluid power standards.  Internationally accepted standards are the responsibility of the International Organization for Standardization (ISO).


	There are three types of symbols used to describe fluid power systems: pictorial, cutaway and graphic.  Pictorial symbols are like pictorial drawings in that they show the physical appearance of the components.  Although pictorial drawings illustrate the physical layout of the components especially well, they are difficult to standardize.  Cutaway drawings are virtually impossible to standardize, are difficult to draw, and do not show how particular components function.  They are useful in showing the fluid path in the system and the internal construction of the components.  Graphic symbols (Fig. 21.1) show the function of each component and the operation of the circuit.  Graphic symbols have been standardized by ANSI and ISO and are commonly used to describe pneumatic and hydraulic systems.  Therefore, this chapter concentrates on how graphic symbols are used to describe various fluid power circuits.  








21.2  Units and Terms 





Pressure in a typical fluid power circuit develops as a result of force being applied to a confined fluid and is the result of resistance to fluid flow.  The French scientist, Blaise Pascal, showed that the pressure exerted on a confined liquid at rest is transmitted equally in all directions and acts perpendicular to the surfaces of the container.  This is known as Pascal’s Law.  As shown in Fig. 21.2, a force of 1 pound applied to an area of 1 in2, results in a pressure of 1 psi (pound per square inch).  According to Pascal’s law, a pressure of 1 psi is transmitted equally in all directions in the confined fluid.  Pressure can be defined mathematically by the formula:





		PRESSURE   =	FORCE


					AREA





			P	=	F     , where


					A





F is in units of force (pounds force) or newtons, A is in units of in2 or m2, and pressure is in units of psi (pounds per square inch) or N/m2 (1 Pascal = 1 N/m2).


A newton is approximately 1/4 of a pound (force).  Newtons (N), Pascals (Pa) and m are, of course, SI units.  





Appropriate conversions are:





		1 lb (force)	=	4.448 N


		1 m		=	39.37 in


		1 m2		=	1550 in2


		1 psi		=	6895 N/m2 or 6895 Pa





It is important to remember that Pascal’s Law states that pressure is transmitted equally in all directions.  It says nothing of the shape or size of the vessel that contains the fluid.  Actually, the shape and size of the container is of no consequence.  The vessel that contains the fluid can be of any size or shape.  In fact, the vessel can be a whole series of connected vessels.  Therefore, a pipeline containing a pressurized fluid can transmit force much like an aluminum or steel rod.  This is why hydraulic systems are used in situations where a high amount of force or torque must be transmitted or used.  Such a high force and torque situation is common in forklifts or earth moving equipment.    


	However, pressurized fluid systems are not perfect.  Hydraulic systems commonly leak because of defects in seals.  Any high pressure system is inherently dangerous.  Most hydraulic fluids are flammable, although there are hydraulic fluids that can be purchased that are not quite as flammable as fluids commonly used in hydraulic systems.  Components in high force and torque situations do wear - especially if the fluid is not keep free of particulates and filtered properly.


	Perhaps the most interesting application of these principles lies in the use of these concepts to multiply forces.  Simply stated, multiplication of force occurs when you use a small force to lift or move a larger force.  You have often seen this application in hydraulic lifts used in automotive applications.  Since pressure is transmitted equally throughout the system and since P = F/A, doubling the size of the area (A) will double the force that can be applied.  We simply need to connect two vessels with different areas.  You have seen a lift used to raise an automobile in a repair shop that used these principles.  If the area is tripled, the force is tripled.  This multiplication of forces is known as a mechanical advantage.  


	Consider the application of mechanical advantage shown in Fig. 21.3.  In that example, since 100 lb lifts 1000 lb, the mechanical advantage or multiplication of forces must be 10.  Recall that the area of a circle is (( x  Diameter2)/4.  Using the formula P = F/A,  the pressure in the example system is approximately 5 psi.  Then, db is approximately 16 in.  The diameter is not 10 times the other diameter because area is (( x  Diameter2)/4.  


	The last concepts to be covered in this section are those of work and power.  Work is defined as:





		W	=	F x d,         where





Work (W) has units ft x lbs or N x m.  Recall that 1 N x 1 m = 1 joule (J).  Force is in lbs of force or N and d is the distance traveled in ft or m.  Since the work we put into a system must equal the work taken out of the system, the distance traveled by the larger piston must be smaller than the distance traveled by the smaller cylinder in the hydraulic lift in Fig. 21.3.   If the smaller cylinder travels 5 in, the larger cylinder travels only 0.5 in.  Simply divide the distance the smaller cylinder travels by the mechanical advantage of the system.


	Power is the rate at which work is done.  Power (P) is simply Work/Time.  Power then has units of ft x lb/sec or N x m/sec or J/sec.  A J/sec is a watt.  You might be familiar with the fact that 1 horsepower (hp) = 550 ft x lb/sec.  


	Input power is the power transmitted from the prime mover to the hydraulic pump in a hydraulic fluid power system.  The prime mover is either an internal combustion engine or an electric motor.  These prime movers provide the rotational input power to the hydraulic pump.  The pump converts the rotational energy into kinetic energy (flow) and pressure energy (resistance).  These values will be considered later when Bernoulli’s Equation is described.








21.3  Fluid Power Systems





Fluid power systems are designed to do useful work, sometimes applying thousands of pounds of force. For example, construction equipment such as excavators, graders, scrapers, and loaders all have fluid power-based systems that apply a great deal of force. Hydraulic systems operate at pressures exceeding 1000 psi, where typical pneumatic systems operate at around 100 psi.  Regardless of the complexity of the fluid power and control system, all pneumatic or hydraulic circuits build on the same basic components.





21.3.1  Basic Components





A basic hydraulic circuit contains the following components:





1.  A reservoir (tank) to hold and cool the hydraulic fluid (Fig. 21.4)


2.  A power source (prime mover), such as an electric motor or an internal combustion engine, to drive the pump


3.  A pump to move the fluid through the circuit (Fig. 21.5)


4.  Valves to control the direction, pressure, and flow rate of the fluid (Fig. 21.6)


5.  An actuator that converts the moving fluid into some sort of useful work (Fig. 21.7)  (Hydraulic fluid can turn motors or extend hydraulic cylinders to convert the fluid energy into useful work.) 


6.  Piping to move the fluid from one location to another.





A basic pneumatic circuit contains the following components:





1.  An air compressor to compress air  


2.  An air tank to hold a supply of compressed air


3.  An electric motor or other device to power the air compressor 


4.  Valves to control the direction, pressure, and flow rate of the air (Fig. 21.8 and Fig. 21.9)


5.  Actuators that convert the moving fluid into some sort of useful work (Moving pressurized air could be used to turn motors or extend pneumatic cylinders to convert the fluid energy into useful work.)  (Fig. 21.10)


6.  Piping or tubing to carry the pressurized air around the circuit.





The basic components of a pneumatic or hydraulic system can be assembled to apply either rotary motion (by using a motor) or linear motion (by using a cylinder) to the workpiece.  Control of the fluid power valves can range from simple manual methods to complex microprocessor feedback control systems. In the hydraulic braking system for your car, you manually apply the brakes at the appropriate time.  Whether or not the system is power assisted, you choose the braking time.  However, on new antilock braking systems (ABS brakes), a microprocessor program determines the optimum way to apply the brakes so that they do not "lock up" while the car is coming to a stop.








21.3.2  Fluid Power Symbols





Conveying the information about the design of the fluid power system through an engineering drawing is a matter of using the appropriate symbol for each fluid power component and line.  ANSI and ISO have established standard fluid power symbols for the basic fluid power components.  Figure 21.11 shows the standard ANSI symbols for several of the basic components of fluid power systems. 


	Notice that there are symbols for the listed basic components: motors and cylinders, pumps, valves, reservoirs, and instrumentation.  Valves can be activated in several ways: springs, solenoids, levers, push buttons, pedal, ball, cam, etc.  A solenoid is a way to activate a valve that is electrical and not mechanical in nature. For example, depending of the exact design of the valve, a solenoid uses an electrical signal to move the spool in the valve to change the direction of flow in the valve.  Since it is electrically operated, solenoid actuation is used extensively in computer- or microprocessor-controlled fluid power circuits.  Figure 21.12 is a drawing of a basic pneumatic fluid power circuit that controls a spring return air cylinder. At first glance the circuit might seem complicated, but there are only four parts to the diagram:





1.   "From air supply" means that this circuit is hooked to a large air compressor and tank that can supply an unlimited amount of flow to the circuit.


2.   "Filter, regulator and lubricator (FRL) unit" filters and regulates the air in the circuit to a certain pressure value. A lubricant is added to the air to lubricate the metal components. A safety relief valve is in the unit in case the regulator fails to keep the air pressure to a safe value.


3.  "A solenoid (electrically operated) two-position threeport two-way valve" controls the direction of air flow to the pneumatic cylinder. Pressurized air will be used to extend the cylinder.


4.  "A spring return air cylinder" is the actuator in the circuit. The pressurized air in the system is used to extend the air cylinder. The air cylinder applies linear motion to accomplish some function, such as moving parts from one position to another. A spring is used to return the air cylinder.





If you wanted to apply a simple rotary motion with the same circuit, you would simply replace the linear pneumatic cylinder with an air motor.  There are three common types of air motors: vane, axial piston, and rotary piston.  Vane air motors are most commonly used in pneumatic circuits.  Of course, starting torque and stall torque are the most common design considerations when selecting air motors.  Complex fluid power systems are actually just basic systems that are linked together to accomplish some predefined function.








21.4 Fluid Power Components





Several basic components are common to many fluid power systems.  The design of the device is different if the device is an air (pneumatic) or hydraulic device, but the primary function is unchanged regardless of the fluid involved. Remember that the fluid may be a gas or a liquid.  Liquid systems are more rigid than gas systems because liquids are more difficult to compress.  Most pneumatic systems are "spongy" because of the compressibility of air. Therefore, pneumatic systems are not used when you need to apply a large amount of force or where precise control of position is involved.








21.4.1  Fluids and Fluid Properties





There are many different fluids that are used in hydraulic systems.  Originally, all fluid power systems used water as the fluid in the system.  Obviously, water was not an ideal fluid because it rusted steel components, froze in cold weather, provided no lubrication, and was difficult to seal because it has a low viscosity.  Despite these shortcomings, London and Paris had pressurized water lines to provide power.  Water was the most abundant and inexpensive fluid available for these systems.  In fact, in 1975 there were still 600 systems in London that used water to transmit power.  However, the advantages of petroleum based fluids (developed in the late nineteenth century) were so clear that the fluid power industry switched to them for most applications.  Typical industrial hydraulic systems today operate at 1000 to 5000 psi or more.  These high pressures were not possible with water because the low viscosity of water would make these systems very difficult to seal under these high pressures.  


	The advantages of petroleum based hydraulic fluids include: good lubricating properties, good heat transfer properties, properties that resist corrosion and erosion of hydraulic system components, good viscosity properties allowing easy seals, good electrical insulation, not highly compressible and have a low specific gravity.  Unfortunately, all petroleum based fluids are flammable to some extent.  There are fire resistant fluids available today.    


	Viscosity is the fluid’s resistance to flow.  It is the ability of the fluid to resist internal shear at a particular temperature.  Dynamic or absolute viscosity is measured in lb x sec/ft2 or slug/ft x sec.  In the SI system the units are N x sec/m2 or Pa x sec.  Fig. 21.13 describes internal shear resistance by showing the fluid velocity profile between stationary and moving plates.  As a fluid moves, it develops a shear stress that depends on the viscosity of the fluid.  Shear stress (() is the force requires to slide one unit area layer of a fluid over another.  Shear stress then is a force divided by an area and has units of N/m2 or psi.   In many fluids, such as water, oil, hydraulic fluid and alcohol, the magnitude of the shearing stress that is developed is proportional to the change in velocity between different positions in the fluid.  Mathematically, this is:





		( 	=	( ((v/(y)





The dynamic or absolute viscosity is the proportionality constant (.





The kinematic viscosity is the dynamic viscosity divided by the density of the fluid.  Both properties must be measured at the same temperature.  The units for kinematic viscosity are ft2/sec or m2/sec.  Another older common unit for kinematic viscosity is Saybolt Seconds Universal (SSU or sometimes SUS).  When viscosity is measured in the Saybolt Viscometer (ASTM D 88), the viscosity values are often expressed in SSU or SUS.  Although ASTM has rescinded this standard, the SSU or SUS continues today.        


	The study of how a substance deforms and flows is called rheology.  A newtonian fluid is a fluid that exhibits the flow behavior described above, where the shear stress in the fluid is proportional to the velocity gradient in the fluid.  Not all fluids behave like this and are termed nonnewtonian fluids.  For example, Bingham or plug flow fluids develop a significant amount of shear stress before flow begins.  Catsup is an excellent example of this type of fluid.  


	You are probably aware that the viscosity of a fluid changes with temperature.  Engine oil is an excellent example of a day-to-day or season-to-season encounter with how viscosity changes with temperature in your life.  A measure of how the viscosity changes with temperature is called the viscosity index (VI).  A fluid with a high viscosity index has a small change in viscosity with temperature.  Viscosity index is a dimensionless number that indicates the relative viscosity of a fluid between two limits.  These limits were originally set at zero based on oil from fields along the Gulf of Mexico and 100 based on oils form Pennsylvania that changed very little with temperature.  Because of the nature of this rating, there are fluids with a viscosity index more than 100 and less than zero.  Fig. 21.14 shows the ASTM standard viscosity temperature charts for various fluids.


	Ideally, you would select a hydraulic fluid that would keep operating at its optimum viscosity regardless of the operating conditions.  If the viscosity of an oil is too low, leakage is a prime concern.  If the viscosity is too high, the system may overheat because of excessive friction, actuators may be sluggish and the pumps will not operate efficiently or effectively.     


    





21.4.2  Reservoirs





A reservoir is used in fluid power circuits to hold and supply an appropriate volume of fluid for the circuit.  An air tank manufactured to exact specifications is the reservoir for pneumatic circuits.  The reservoir for hydraulic circuits is more complicated.  It may contain a strainer, a filter, an oil level gage, an air breather, and baffles.  As hydraulic fluid moves through the circuit, friction losses in the pipes, valves, and joints heat the hydraulic fluid.  The baffles in the reservoir are designed to remove as much heat as necessary from the circuit fluid.  








21.4.3  Pumps





Pumps are used in fluid power circuits to convert mechanical energy into fluid power energy.  Pumps are powered by prime movers, such as electrical motors, and convert that energy into fluid moving throughout the circuit.  A positive displacement pump delivers a fixed quantity of fluid with each revolution of the pump.  The family tree of positive displacement pumps is shown in Fig. 21.15.  The internal configuration of a pump determines the amount of fluid that is moved in one revolution of the pump.  If you can not change the internal configuration of the pump, then it is a fixed displacement pump.  If you can change the internal configuration of the pump, it is a variable displacement pump.  Most industrial hydraulic power systems use positive displacement pumps to pump the fluid in the system. A nonpositive displacement pump or a kinetic pump adds energy to the fluid by accelerating it through a rotating impeller. These pumps are used for low pressure, high-volume applications that move fluids from one location to another.  The pump is a dishwasher is an example of such a pump.  


	A positive displacement pump produces a pulsating flow, while a kinetic pump produces a continuous flow.  Positive displacement pumps are not affected by variations in system pressure.  Types of positive displacement pumps are gear (Fig. 21.16), vane, screw, cam or lobe, piston, plunger, and diaphragm.  Types of kinetic pumps are radial flow (centrifugal), axial flow (propeller), and mixed flow. 


	Positive displacement pumps operate on the concept that they contain a pumping chamber that increases then decreases in volume.  Fluid enters the chamber as the chamber increases in volume and is pushed out of the chamber as the chamber decreases in volume.  Internal leakage in the pump is called slippage.  


	Perhaps the simplest of all positive displacement pumps is the basic sliding vane pump  (Fig. 21.17).  Each pair of vanes form a pumping chamber that varies in volume as the pump rotates.  The chamber enlarges from the eccentricity of the cam ring and the rotor.  The partial vacuum that is created pushes the fluid in the chamber.  As the pump rotates, the volume of the chamber is reduced and the fluid is pushed out of the pump.  Fluid leakage around the vanes is minimized by pressure or spring loading of the side plates.  This pump is unbalanced because there is high pressure on the outlet side and low pressure on the inlet side.  Therefore, bearing wear is inherent to unbalanced vane pump designs.  The bearing wear is tolerated because the pump is simple, easy to produce and inexpensive.  The pump can also be changed into a variable displacement pump by changing the position of the cam ring.    


	Many factors must be considered when selecting a pump for a particular application: type of fluid to be pumped, the volume of fluid to be pumped, the total energy that must be delivered to the system by the pump, the power source for the pump (electric, steam turbine, diesel, etc.), configuration limitations (size), cost of the pump (installation and operating), and type of connections at the inlet and outlet.


	Performance is often the most important consideration in pump selection.  The operating pressure, the operating efficiency and the delivered flow rate (often in gallons per minute) are all important considerations.  Other important factors include: physical size, mounting configuration and requirements, noise levels and environmental factors.  Unfortunately, there are no pump performance specifications throughout the fluid power industry.  


	Air compressors provide the energy to pneumatic circuits.  Air compressors compress air (or another gas) from atmospheric pressure to a higher pressure for the fluid power circuit by reducing the volume of the gas.  Air compressors are usually positive displacement machines.  They may be reciprocating piston, rotary screw, or rotary vane types.  As air compresses, heat is generated.  Portable and small industrial compressors are air cooled, but large industrial compressors must be water cooled.  A single piston air compressor can provide about 150 psi of pressure.  Large, multistage compressors can provide 5000 psi.








21.4.4  Valves





Valves are important components in fluid power circuits because they control pressure, flow rate, and direction of fluid flow in circuits.  Some flow control valve symbols are shown in Figure 21.18.  Flow control valves control the volume flow rate of fluid through the circuit.  The speed of hydraulic or pneumatic cylinders and motors is determined by its own displacement and the amount of fluid available to it.  The slower the volume flow rate of fluid, the slower the volume displacement fills and the slower the motor turns or the cylinder extends or retracts. 


	Pressure control valves (Fig. 21.19) control the pressure for some purpose in fluid power circuits.  The most common type of pressure control valve is the pressure relief valve.  Pressure relief valves are found in most fluid power circuits because they provide overload (overpressure) protection for the circuit. Since both hydraulic and pneumatic components are designed to operate under specific pressures, overloading the circuit with too much pressure is extremely dangerous.  Safety pressure relief valves divert the flow back to the reservoir at a set pressure and, thus, prevent overpressure from developing within the circuit.  Pressure relief valves may also vent the excess pressure and fluid into the atmosphere or another external container.


	Pressure regulating or reducing valves maintain specific (reduced) pressures at different locations in the circuit.  You have probably seen or worked with air pressure regulating valves on small air compressors.  Hydraulic pressure reducing valves maintain reduced pressures at different locations in the circuit.


	Sequence valves are designed to operate in machines that must operate in proper sequence.  Sequence valves operate when pressure has reached a certain level.  Although they operate much like a relief valve, a sequence valve diverts fluid flow to another part of the system to do useful work and not just back to the reservoir.


	Directional control valves control the direction of fluid flow in a fluid power circuit.  A simple directional control valve is a check valve.  A check valve  assures fluid flows in one direction in the circuit.  Other types of directional control valves are two-way, three-way and four-way directional control valves. Most directional control valves change the path of the fluid by moving a sliding spool inside the valve. The spool is often actuated manually, but circuits that are controlled by computers use an electric solenoid (coil) to move the spool. There are many types of each directional control valve because of the many ways to actuate them and because of the many internal configurations of the spool inside the valve itself.


	Several of the internal configurations (flow paths) of directional spool valves are shown in Figure 21.20.  The first section, marked FLOW PATHS, shows that the fluid may take several paths through the circuit.  The fluid flows differently throughout the circuit depending on whether-the port is open or closed (blocked).  Whatever configuration is required for your circuit, a directional control valve for it is available as standard items from fluid power suppliers.


 	A two-way valve may be used to operate a pneumatic cylinder because air can be vented to the atmosphere.  In other words, you  can use air to extend or retract the cylinder, but you can vent the  exhaust gas from the other side of the cylinder to the air.  However,  you must use four-way valve to control a hydraulic cylinder  because you must provide a return path for the hydraulic fluid  when you retract an extended cylinder.  Hydraulic fluid must have a  return path and cannot be vented to the environment.  There are also  different neutral positions for the valve too (Fig. 21.20).  Sometimes  a cylinder will be locked in place in neutral.  Other designs will call for a hydraulic motor to continue operating in neutral.








21.4.5  Actuators





An actuator in a fluid power system is a device that converts the fluid power energy to mechanical energy for the purpose of  doing useful work. Linear actuators are called pneumatic or  hydraulic cylinders or rams.  Rotary actuators are called pneumatic or hydraulic motors. Thus, the motion that is produced in fluid  power systems is either linear or rotary. 


	A hydraulic motor is much like an electric motor except that moving fluid causes the shaft to rotate.  Cylinders extend and retract to perform one cycle of linear motion.  Both cylinders and motors are types of actuators. There are several different types of rotary actuators (motors).  Hydraulic  pumps can usually be used as hydraulic motors with little or no modification. The function of a motor and pump are opposite.  Types of motors include vane motors (21.21), gear motors (21.22) and piston motors.  Torque, mathematically, is Force x distance.  Usual units for torque are lb x ft or in x lb.  SI units are N x m. 


	The simplest type of cylinder is the single-acting cylinder (Fig. 21.23).  A piston inside the housing (the barrel) is attached to a rod that extends outside the cylinder housing.  Fluid force is applied on only one side of the piston.  The cylinder retracts by gravity or by some external force only.  A double-acting differential cylinder is shown in Fig. 21.24.  Fluid may flow on either side of the piston.  Because of the volume taken up by the rod, the rod's extend and retract speeds will not be the same.  The extract and retract force will also be different for the same reason.  There are also double-acting nondifferential cylinders with rods on both sides of the piston that do extend and retract at the same rate.








21.5  Fluid Power Diagrams





The four types of fluid power circuit diagrams are pictorial, cutaway, graphical, and combination.  Pictorial and cutaway diagrams are like other pictorial diagrams in engineering graphics in that they are used for visualization.  Fluid power pictorials show the actual layout of the pipe and the symbols used on those drawings are outline symbols that actually show the shape of the components.  Cutaway drawings show the internal features and are commonly used for understanding circuit operation and for construction.  These two types of diagrams contain symbols that are not really standardized and are not covered here.


	Graphical diagrams use standard symbols to represent components; the piping is represented by single lines.  A diagram showing the operation of a simple reciprocating circuit is shown in Figure 21.25.  A diagram showing the operation of a pneumatic power door opener is shown in Figure 21.26.


	Interpreting a fluid power diagram is a simple matter of understanding the symbols, how they are connected, and how the valves operate in the circuit.  In Figure 21.25, a pump is used to power the circuit and a safety relief valve monitors the pressure in the system for any overloading (overpressure).  A gas-charged accumulator keeps the flow and pressure in the system constant.  A variable control valve controls the speed of the reversible motor.  The directional control valve is used to control the direction of the motor.


	Figure 21.26 is a graphical fluid power diagram that describes the operation of a pneumatic powered automatic door opener.  A pneumatic cylinder attached to a bracket on the door actually opens and closes the door.  Air is supplied from a large compressor and tank that is capable of providing all the needed volume flow rate of fluid.  A filter, regulator, and lubricator (FRL) unit regulates the air pressure to an appropriate value (around 100 psi).  The air is also filtered and lubricated.  A safety relief valve prevents overpressure.  Two solenoid-operated two-position three-port two-way valves are used to extend and retract the cylinder (open and close the door).  Two variable flow control valves control the speed at which the door opens and closes.  Notice that the extend and retract steps are activated independently.  A quadriplegic often has trouble going through an open door in the measured amount of time if the circuit is simply timed.  Here, there is a way to actuate independently the open and close mechanism.  Therefore, the door opens on command and closes only after a different control command.
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Chapter 21


QUIZ








True or False





1.  Pneumatic systems are more rigid than hydraulic fluid power systems.


2.  Safety relief valves are not really necessary components of fluid power circuits.


3.  There is no difference between work and power in fluid power systems.


4.  A linear actuator (cylinder) always extends and retracts at the same speed


5.  Mechanical advantage mean that you can lift a small force with a large input force in a hydraulic system.


6.  The only purpose of a hydraulic fluid is to transmit a force in a fluid power system.


7.  A graphical diagram of a fluid power circuit shows the internal construction of each component.


8.  All fluid power circuits should contain a safety relief valve.





Fill in the Blanks





9.  The rate at which work is done in a fluid power system is called __________ .


10.  In the SI system, a N/m2 is called a ________ .


11.  The ________ _________ is a measure of how much the viscosity of a fluid changes with temperature.     


12.  The two type types of viscosity values are _________ and _________ . 


13.  A ________ holds and cools the hydraulic fluid in a fluid power system.


14.  The rate at which a pneumatic or hydraulic cylinder extends or retracts can be controlled with a ________ ________ valve.


15.  ________ ________ valves are used to control the flow path in fluid power circuits.


16.   ________ , _________ , ________, and _________  are types of positive displacement hydraulic pumps.





Answer the Following





17.  What are the basic differences between a pneumatic and hydraulic fluid power circuit?


18.  Describe two modern applications of fluid power circuits that have an impact on your life


19.  Name and describe the major components of a basic hydraulic fluid power system.


20. Other than holding fluid, what are the basic functions of a hydraulic reservoir?


21.  Describe the concept of mechanical advantage as it relates to fluid power systems.


22.   What is viscosity ?  Why is the concept of viscosity so important to fluid power applications.


23.  Describe the operation of a basic fluid power pump.


24.  Describe the difference between a hydraulic or pneumatic motor and 


a hydraulic or pneumatic pump.
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EXERCISES





Exercises may be assigned as sketching, instrument, or CAD projects. Transfer the given information to an 'A" size sheet of .25 in. grid paper.  Complete all views and solve for proper visibility, in�cluding centerlines, object lines, and hidden lines.  Exercises that are not assigned by the instructor can be sketched in the text to provide practice and understanding of the preceding material.





Exercise 21.1  On the grid provided, draw a graphical diagram of a pneumatic circuit that extends and retracts a single-acting pneumatic cylinder.  The circuit contains the following components:





	Air Supply	


	FRL Unit


	Air Cylinder


	Safety Relief Valve


	Solenoid Operated Two Position, Two-Way Valve


	Check Valve





Exercise 21.2  On the grid provided, draw a graphical diagram of a hydraulic circuit that extends and retracts a double-acting hydraulic cylinder.  The circuit contains the following components:





	Reservoir


	Pump


	Accumulator


	Safety Relief Valve


	Three Position, Four-Way Valve


	Double Acting Hydraulic Cylinder


	Check Valve


  


Exercise 21.3  On the grid provided, draw a graphical diagram of a hydraulic circuit that runs a hydraulic motor in both directions.  The circuit contains the following components:





	Reservoir


	Pump


	Accumulator


	Safety Relief Valve


	Three Position, Four-Way Valve


	Flow Control Valve


	Hydraulic Motor


	Check Valve


 


Exercise 21.4  On the grid provided, draw a graphical diagram of a pneumatic circuit that runs a pneumatic motor in both directions.  The circuit contains the following components:





	Air Supply


	Air Tank


	FRL Unit


	Safety Relief Valve


	Four-Way Valve


	Pneumatic Motor


	Check Valve


	Flow Control Valve





Exercise 21.5  Calculate the approximate force a pneumatic cylinder can apply if it has a diameter of 2 in. and is connected to shop air of 100 psi.


Exercise 21.6  Calculate the approximate force a hydraulic cylinder can apply if it has a diameter of 2 in. and is connected to a 2500 psi circuit.


Exercise 21.7  Calculate the mechanical advantage required to lift a 1000 pound object with a 10 pound force.  Design one possible hydraulic lift that would produce such a mechanical advantage.


Exercise 21.8  Calculate the approximate force in newtons that is required to lift 1000 newtons if the mechanical advantage of the system is 5.  Design one possible hydraulic lift that would produce such a mechanical advantage.  Use SI units.
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PROBLEMS





Problems may be assigned as sketching, instrument or CAD projects.





Problem 21.1  Redesign the pneumatic circuit in Fig. 21.26 so that it runs two pneumatic motors simultaneously.  Add the appropriate valves to make the circuit run efficiently.


Problem 21.2  Redesign the hydraulic circuit in Fig. 21.25 so that it controls two double acting hydraulic cylinders simultaneously.  Add the appropriate valves to make the circuit run efficiently.


Problem 21.3  Design a hydraulic lift that will lift up to a 3500 vehicle with a mechanical advantage of at least 10.  Make realistic assumptions concerning the areas the cylinders must be to safely complete the operation.


Problem 21.4  Design a hydraulic circuit that runs three different hydraulic cylinders and one hydraulic motor.  Each actuator must be able to run independently and must be controlled by electrically driven solenoid valves.  Choose the appropriate port positions from Fig. 21.20 to assure that the cylinders remain extended and locked.  The motor must also remain locked in position when its valve is not activated.
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Figure 21.1  Double-acting cylinder with a four-way, two-position, 


	          lever-operated, spring-returned directional control valve. 


	          (Figure 7.14, page 234, Norvelle)


Figure 21.2  Pascal’s Law (new)


Figure 21.3  Mechanical advantage or multiplication of force. 


	          (Example 2.8, page 29, Norvelle)


Figure 21.4   Reservoir to hold and cool hydraulic fluid. 


                     (Figure 13.1, page 448, Norvelle)


Figure 21.5  The external gear pump is the most frequently used type 


                     of gear pump 


	          (Figure 4.13, page 100, Norvelle)


Figure 21.6  Cutaway of a four-way, two-position directional control


	          valve showing flow through the valve in each spool position. 


	          (Figure 7.13, page 233, Norvelle)


Figure 21.7  Cross section of a typical double-acting cylinder. 


                     (Figure 6.7, page 177, Norvelle)


Figure 21.8  A flow control valve can provide retraction speed control of a 


	          single-acting cylinder. 


                     (Figure 15.13, page 552, Norvelle)


Figure 21.9  A flow control valve can provide extension speed control of a 


                     single-acting cylinder. 


	          (Figure 15.14, page 552, Norvelle)


Figure 21.10  The single acting, nonrotating cylinder with a hexagonal shaft


	            is commonly used in pneumatic applications.


		 (Figure 15.3, page 542, Norvelle)


Figure 21.11  Basic fluid power symbols


Figure 21.12  Pneumatic fluid power circuit that controls a spring returned 


		 air cylinder.     


Figure 21.13  Fluid velocity profile between stationary and moving plates.


	           (Figure 3.1, page 63, Norvelle)


Figure 21.14  ASTM Standard viscosity temperature charts for liquid 


	            petroleum products. 


		 (Figure 3.3, page 89, Norvelle)


Figure 21.15  The family tree of positive displacement pumps. 


		  (Figure 4.5, page 92, Norvelle)


Figure 21.16  The crescent pump is a type of internal gear pump.


	            (Figure 4.14, page 101, Norvelle)


Figure 21.17  Force imbalance in an unbalanced vane pump causes high 


		 bearing loads).


	           (Figure 4.9, page 95, Norvelle)


Figure 21.18  Flow control valve symbols.


Figure 21.19  Pressure control valve symbols.


Figure 21.20  Valve flow paths and ports open and closed.  


Figure 21.21  Torque development in an unbalanced and a balanced vane motor.


		 (a)  Torque in an unbalanced vane motor


		 (b)  Torque produced on both sides of a balanced vane motor


		 (Figure 5.1, page 138, Norvelle)


Figure 21.22  Torque development in a gear motor.


	           (Figure 5.2, page 139, Norvelle)


Figure 21.23  Single-Acting linear actuator.


Figure 21.24  Double-Acting linear actuator.


Figure 21.25  Simple Reciprocating hydraulic circuit.


Figure 21.26  Circuit for a pneumatic powered door opener.
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