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Teachers’ Introduction

Pneumatics is used extensively in industry as well as in many everyday applications. As a method of completing tasks it has many distinct advantages in terms of energy consumption, cost and safety. It is important therefore that students gain an understanding of the benefits of pneumatics as well as the obvious limitations.

When the students have completed this unit of work they should be able to:

· interpret pneumatic systems and circuit diagrams

· describe the operation of pneumatic systems

· pipe-up/construct pneumatic systems

· have an appreciation of safety requirements when operating pneumatic systems

· perform calculations to determine cylinder pressure, piston force and area

· evaluate pneumatic systems.

Structure

This unit is split into three distinct sections:

· Section 1 ( Pneumatic systems

· Section 2 ( Electronic control

· Section 3 ( Programmable control.

It is recommended that these sections be delivered in this order. This provides the student with a natural progression through the course. The content of the unit is set out comprehensively so that teachers do not require the use of additional notes or textbooks. It allows pupils to move at their own pace in many areas but it must be stressed that these unit notes should not be used as an open-learning pack. It will be necessary to deliver many important lessons at crucial times.

The materials are intended to be non-consumable; however, this is at the discretion of each centre. A consumable project report template has been included for each section of work to provide a structure for reporting work on assignments.

Section 1 ( Pneumatic systems

This section is concerned primarily with the basic components and operation of pneumatic circuits. It covers topics such as cylinders, valves, AND/OR control, time delays, air bleeds, and automatic and sequential circuits. A section of the unit is also dedicated to relevant calculations involving force, pressure and area.

Wherever possible, use should be made of computer simulation. Throughout these teaching materials, reference will be made to the FluidSIM package produced by Festo Didactic, but other packages could be used. Such software not only provides the facility to construct pneumatic circuits and test them but also to run video clips showing practical uses of pneumatic systems. This is invaluable to the teaching of this unit as it provides the students with a reference point in the real world. The simulations also enhance the practical aspect of this unit.

Problem solving

Students will be required to design, construct and evaluate pneumatic systems to given specifications. A report template has been included to allow a common approach to solving problems. This will help students lay out their work in an appropriate way as well as preparing them for the format of the internal assessment. It also provides students with a detailed record of their work.

Problem solving is presented in the form of assignments. It is anticipated that much of the designing will be completed using simulation software; however, it is also important that students develop a knowledge of real components and the necessary expertise in connecting components together.

A series of homework tasks has been included. These contain a range of questions taken from the whole course. The teacher should ensure that homework tasks are issued at an appropriate time to coincide with work in class. It may also facilitate the issue and marking of homework if these tasks are completed on consumable photocopied sheets. Again, this is at the discretion of the centre. Alternatively, these questions could be used for revision purposes.

Section 2 ( Electronic control
It is recommended that this section be completed after Applied Electronics. This will allow students to extend the work done in this area and demonstrate their understanding further by controlling pneumatic circuits. It also provides excellent opportunities for integration and a facility to extend the problem-solving aspect of the course.

Where appropriate, students should make use of a report sheet to record their solutions to the problems set out in the assignments.

Section 3 ( Programmable control
It is recommended that this section be completed after Programmable Control. This will provide the opportunity for students to develop their knowledge and understanding of control as well as their problem-solving skills. In addition, it provides and excellent opportunity for integration and allows the students to revisit pneumatics, helping to keep this area of study fresh in their minds.

It is recommended that students make use of a report template to provide a structure for reporting work on assignments.

Resources

The majority of resources required to complete this unit are the same as those being used in Technological Studies at present.

· Single-acting spring return cylinders

· Double-acting cylinders

· 3/2 push-button spring return valves

· A variety of 3/2 valves with different actuators

· 5/2 pilot air-operated valves

· Solenoid valves

· Reservoir

· Flow restrictor valves

· Circuit simulation software

In addition, the following are required for completion of sections 2 and 3.

· Microswitches

· Stamp controller

· Inputs module

· Output driver

· Modular electronic boards

Teachers are also encouraged to use any other available resources such as videos and interactive CD-ROMs.

Assessment
External

This unit of work and the exercises within will prepare the pupils for any pneumatic questions that appear in the 90-minute exam at the end of the course. It will enable all pupils to gain the knowledge and understanding required and give them suitable practice in reasoning and numerical analysis.

Note: The FluidSIM package demonstrated at the launch conference is available from:

Festo Ltd

Automation House

Harvest Crescent

Ancells Business Park

Fleet

Hampshire

GU51 2XP

Web: www.festo.com

Student project reports

These are three student project report proformas for each of the three main areas of the unit.

1. Pneumatic systems (main section)

This proforma should be used for problem solving situations in the main text.

2. Electronic control

This proforma should be used for problems in electronic pneumatic control.

3. Programmable control

This proforma should be used when attempting projects/problems with pneumatics and programmable control.













Section 1: Pneumatic Systems

Introduction

Pneumatics is something that you probably know very little about yet come across every day without even realising it. Some examples of everyday pneumatic systems are shown below. How many do you recognise?
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Figure 1

Pneumatics is also used a lot in industry and you would expect to see pneumatic systems in factories, production lines and processing plants. It can be used to do lots of different jobs such as moving, holding or shaping objects.
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Figure 2

Every one of these pneumatic systems makes use of compressed air. Compressed air is quite simply the air that we breathe forced or squashed into a smaller space. We can use the energy stored in this compressed air to do things.

To understand how compressed air is able to do things, let’s think of a ball. If we blow up the ball so that it is full, it will contain a lot of compressed air. If we bounce the ball, it will bounce very high. However, if the ball is burst then the compressed air will escape and the ball will not bounce as high. Quite simply, the ball bounces because it is using the energy stored in the compressed air.
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Figure 3

Basically, all pneumatic systems make use of compressed air to do work. We can show this in a systems diagram.
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Figure 4

Advantages of pneumatics

There are usually lots of different ways to carry out a task, so it is important to understand some of the reasons for choosing pneumatic systems.

Clean

Pneumatic systems are clean because they use compressed air. We know already that this is just the air we breathe forced into small spaces. If a pneumatic system develops a leak, it will be air that escapes and not oil. This air will not drip or cause a mess and this makes pneumatics suitable for food production lines.

Safe

Pneumatic systems are very safe compared to other systems. We cannot, for example, use electronics for paint spraying because many electronic components produce sparks and this could cause the paint to catch fire.

It is important, however, that we look after and maintain the different components. It is also important that we follow the correct safety rules.

Reliable

Pneumatic systems are very reliable and can keep working for a long time. Many companies invest in pneumatics because they know they will not have a lot of breakdowns and that the equipment will last for a long time.

Economical

If we compare pneumatic systems to other systems, we find that they are cheaper to run. This is because the components last for a long time and because we are using compressed air. Many factories already have compressed air for other reasons.

Flexible

Once you have bought the basic components, you can set them up to carry out different tasks. Pneumatic systems are easy to install and they do not need to be insulated or protected like electronic systems.

Assignment 1

1. Give three examples of the everyday use of pneumatics.

2. Choose one of your examples from question 1. Draw a system diagram and describe how it makes use of compressed air.

3. What is compressed air?

4. Think about blowing up a balloon. What happens to the balloon if you let it go? Why does this happen?

5. Give two reasons why pneumatic systems are used in industry.

Supplying compressed air

We know already that pneumatic systems need compressed air to make them work. A bicycle pump can produce compressed air. This is all right for inflating the tyres on your bicycle, but can you imagine trying to blow up all the tyres on a lorry using this? You would soon become tired, exhausted even.

In order to supply pneumatic systems with compressed air we use a machine called a compressor. Compressors come in lots of different shapes and sizes but they all work in the same way.
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Figure 5

A pump that is driven by a motor, sucks in air from the room and stores it in a tank called the receiver. You will be able to hear the compressor when it is running. Sometimes though, it will stop because the receiver is full.

Ask your teacher to see the compressor that will be supplying your compressed air.

Not everyone in your class could connect directly to the compressor, as this is not practical. Instead, a pipe takes the compressed air from the receiver to various points around the room. We would normally connect a device called a manifold to these points. The manifold lets us connect lots of components to the compressed air. It also lets us switch our circuits on and off.
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Figure 6

Safety rules

Safety rules help to keep us safe. They highlight dangers and this helps to prevent accidents. When we are using pneumatics we must follow these rules.

1. Never blow compressed air at anyone, not even yourself.

2. Never let compressed air come into contact with your skin, as this can be very dangerous.

3. Always wear safety goggles when you are connecting and operating circuits.

4. Check that all airlines are connected before turning on the main air supply.

5. Always turn off the main air supply before changing a circuit.

6. Keep your hands away from moving parts.

7. Avoid having airlines trailing across the floor or where someone could trip or become entangled.

Assignment 2

1. What machine is used to compress the air?

2. How does this machine work?

3. Why does it stop occasionally?

4. What is the purpose of a manifold?

5. Why is it important to follow the safety rules when using pneumatics?

Cylinders

Pneumatic equipment can be split up into two basic categories of cylinders and valves.

Cylinders are the ‘muscles’ of pneumatic systems as they are used to move, hold and lift objects. They can even be used to operate other pneumatic components. Cylinders are operated by compressed air and they covert the stored energy in the compressed air into linear motion.

Linear motion is motion in a straight line: an apple falling from a tree or a sliding door closing are examples of linear motion. We can represent linear motion by arrows like the ones below.
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Figure 7

There are two types of cylinder that we will be using: single-acting cylinders and double-acting cylinders.

Single-acting cylinder

A single-acting cylinder requires only one air supply. If we supply compressed air to a single-acting cylinder, the air pushes against the piston inside the cylinder and causes it to outstroke. When the piston has fully outstroked it is said to be positive.
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Figure 8

If we stop the supply of air then the spring inside the cylinder causes the piston to instroke to its starting position and the piston is said to be negative. As this happens, the air inside the cylinder is pushed back out.
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Figure 9

The symbol for a single-acting cylinder is shown below.


[image: image10.wmf]
Figure 10

Single-acting cylinders are easy to use and control but they do not produce very big forces. This means that we need to be careful of what we use them for.

Double-acting cylinder

A double-acting cylinder has no spring inside to return it to its original position. It needs two air supplies, one to outstroke the piston and the other to instroke the piston.

To outstroke a double-acting cylinder we need compressed air to push against the piston inside the cylinder. As this happens, any air on the other side of the piston is forced out. This causes the double-acting cylinder to outstroke. When the piston has fully outstroked it is said to be positive.
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Figure 11

To instroke a double-acting cylinder we need to reverse this action. We supply the compressed air to the other side of the piston. As the air pushes the piston back to its original position, any air on the other side is again forced out. This causes the piston to instroke and it is said to be negative.
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Figure 12

The symbol for a double-acting cylinder is shown below.
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Figure 13

Double-acting cylinders are used more often in pneumatic systems than single-acting cylinders. They are able to produce bigger forces and we can make use of the outstroke and instroke for pushing and pulling.
Valves

Valves control the flow of compressed air to a cylinder. They can be used to turn the air on or off, change the direction in which the air is flowing or even slow down the airflow. The most common type of valve is the 3/2 valve.

3/2 valve

A 3/2 valve gets its name because it has three ports and two states. A port is where we can connect a pipe and a state is simply a position that the valve can be in. The ports are numbered to help us make the right connections. The numbers will be stamped onto the casing of the valve.

Port 1 – main air

This port is connected to main air. Remember that our main air is supplied through a manifold. Main air is identified by this symbol:
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Figure 14

Port 2 – output connection

This port lets us make connections to other components. Remember, the purpose of valves is to control the flow of air to other components, usually cylinders.

Port 3 – exhaust

This port allows air trapped in the circuit to escape or exhaust. Remember, for our cylinders to instroke and outstroke, they need the air on the other side of the piston to escape.
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Figure 15

The 3/2 valve has two states of operation. One state prevents air from being supplied to other components and the other allows the air to flow freely.

State 1 – off/unactuated state

In this state, the main air supply through the valve is blocked and so air is unable to reach other components, such as cylinders. However, any air within the cylinder is able to exhaust through the valve and this will allow the cylinder to return to its original position.

Study the symbol below and ensure that you understand how the air flows through the valve.
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Figure 16

State 2 – on/actuated state

In this state, the main air supply is able to flow freely through the valve and supply components, such as cylinders, with air.

Study the symbol below and ensure that you understand how the air flows through the valve.
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Figure 17

The complete symbol for a 3/2 valve combines both states and is usually drawn in the off or unactuated state. The complete symbol is shown below.
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Figure 18

Actuators

There are a number of different ways that we can operate a 3/2 valve. The most common way is by using a push button. By pressing the button, the valve changes to the actuated state and allows main air to flow through to other components. If we release the button, a spring inside returns the valve to its off state. The symbol for a push button, spring return 3/2 valve is shown below.
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Figure 19

Below is a list of the most common types of actuators. They are always drawn onto the standard symbol for the 3/2 valve.
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Figure 20

Simple circuits using single-acting cylinders

A city-centre car park has a barrier system to prevent people parking illegally. The car park attendant checks all the cars entering and leaving the car park. The barrier is raised and lowered by a single-acting cylinder. The attendant pushes a button to operate the system.
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Figure 21

The systems diagram is shown below.
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Figure 22

The pneumatic circuit is shown below.
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Figure 23

When the button is pressed, the valve changes state and supplies air to the single-acting cylinder. This causes the piston to outstroke with enough force to raise the barrier.
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Figure 24

When the button is released, the valve returns to its original state and the piston is able to instroke ready for the process to begin again.

Assignment 3

(a) Build the circuit for raising and lowering the car park barrier.

(b) Press the button on the valve and keep it pressed. Explain what happens.

(c) Release the button and explain what happens.

(d) Using the correct terminology, explain how the circuit operates to raise and lower the barrier.

(e) Sometimes the attendant needs to inform the drivers of where to park, especially when it is very busy. The problem is that when he lets go of the button, the barrier begins to fall. Someone suggests changing the actuator on the 3/2 valve. What actuator could be used instead and how does this affect the way the circuit works?

T-piece
A T-piece or T-connector is a very simple component that lets us split or divide airflow. It can be very useful if you want two cylinders to operate at the same time.
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Figure 25

On circuit diagrams, the T-piece is identified by a dot.
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Figure 26

Assignment 4

1. A delivery lorry uses a pneumatic braking system. The brakes operate when the driver presses the foot brake. Two single-acting cylinders should outstroke at the same time and press against the wheels. The pneumatic circuit is shown below.
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Figure 27
(a) Build and test the circuit shown. (You can use a push button, spring return 3/2 valve instead of a foot pedal.)

(b) Explain the purpose of the T-piece.

2. Four single-acting cylinders are used to clamp large nameplates to a table to allow them to be engraved. All four cylinders must operate at the same time.

[image: image28.wmf]AIR SUPPLY


Figure 28

(a) Design a pneumatic system to solve this problem.

(b) Build and test your solution.

(c) Explain your choice of actuator.

Simple circuits using double-acting cylinders

We know already that double-acting cylinders do not have a spring inside to return them to their original position. This means that we need to use compressed air to outstroke and instroke the piston. One way to do this is to connect a 3/2 valve to either side of the double-acting cylinder.

Remember our car park problem. Someone has suggested changing the single-acting cylinder to a double-acting one.
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Figure 29

The pneumatic circuit would now look like this.
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Figure 30

When the attendant actuates valve A by pressing the button, the double-acting cylinder outstrokes and lifts the barrier. It stays in this position until valve B is actuated. This allows the piston to instroke and the barrier is lowered.

Assignment 5

(a) Build the circuit shown above for raising and lowering the barrier.

(b) Press the button on valve A to outstroke the cylinder. Does the piston instroke when you release the button?

(c) Press the button on valve B. What happens to the cylinder?

(d) What happens when you press both buttons at the same time?

(e) Actuate valve A again and then try pushing against the piston. Why is it so easy to move?

(f) What type of problems could this cause in this particular circuit?

5/2 valves

There are many problems when controlling a double-acting cylinder with two 3/2 valves. You should have discovered from the last circuit that it is easy to push or pull the piston. This is because you do not have a constant supply of air to keep the piston in place. When you actuate the 3/2 valve, it outstrokes the piston. When the 3/2 valve is not actuated, air is free to escape or exhaust back through the valve. This means that any force or effort placed on the piston will make it move easily.
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Figure 31

A further disadvantage is that the 3/2 valve needs to be actuated until the double-acting cylinder has fully outstroked or instroked. Releasing the valve before the stroke is complete will mean the piston will stop short of its final position.

We have greater control over a double-acting cylinder if we control its outstroke and instroke using a 5/2 valve. This valve has five ports and two states of operation. The ports are always numbered in the same way.

Port 1 – main air

This port is connected to main air just like a 3/2 valve.

Port 2 – output connection

This port is usually connected to instroke a double-acting cylinder.

Port 3 – exhaust

This port allows air trapped in the double-acting cylinder to escape. Remember, for the cylinder to instroke and outstroke, air on the other side of the piston must be allowed to escape. If this did not happen, the piston would not move.

Port 4 – output connection

This port is usually connected to outstroke a double-acting cylinder.

Port 5 – exhaust

Again, this port lets the air on the other side of the piston escape.

A 5/2 valve has two states of operation. One state supplies air to outstroke a double-acting cylinder and the other state will cause it to instroke.

State 1 ( instroke
In this state, the main air flows through the valve from port 1 to port 2. Any air within the cylinder is able to exhaust through the valve from port 4 to port 5. In this state, a 5/2 valve will cause a double-acting cylinder to instroke or hold the piston in the negative position. This means that air is always being supplied to the cylinder.

Study the symbol below and ensure that you understand how the air flows through the valve.
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Figure 32

State 2 – outstroke

In this state, the main air flows through the valve from port 1 to port 4. Any air on the other side of the piston is able to exhaust through the valve from port 2 to port 3. In this state, a 5/2 valve will cause a double-acting cylinder to outstroke and will hold it in the positive position.

Study the symbol below and ensure that you understand how the air flows through the valve.
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Figure 33

The complete symbol for a 5/2 valve is shown. The cylinder, main air and exhaust lines are only ever drawn on one half of the symbol, depending on which part is active in the circuit. It is usual, however, to draw the symbol so that it would hold a double-acting cylinder in the negative position.
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Figure 34

Pilot air

5/2 valves can be operated or actuated in the same way as 3/2 valves. However, the most common way of actuating a 5/2 valve is by pilot air. A pilot air 5/2 valve will change state when a brief air signal acts at either end of the valve. This signal is most often supplied from a 3/2 valve. In the example shown below, the button on valve A only needs to be pressed for a moment in order to change the state of the 5/2 valve. The 5/2 valve supplies the double-acting cylinder with air to make it outstroke.
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Figure 35

Notice that the pilot airlines to the 5/2 valve are drawn as broken or dashed lines to distinguish them from the other air lines in the circuit.

Assignment 6

1. Our car park barrier is gradually improving. The circuit has been changed to look like the one shown in figure 35.

(a) Build and test the circuit.

(b) Produce a list of all the components used.

(c) Describe how the circuit works.

(d)  A door entry system is controlled by pneumatics. The system makes use of a double-acting cylinder. Part of the circuit diagram is shown below.
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Figure 36

2.

(a) Name each of the components A, B and C.

(b) Complete the diagram so that the door will open and close.

(c) Describe how the circuit operates.
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