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	This course has been designed to be used together with the website www.pneumatica.be. When you encounter a sign as picture on the right it indicates that an animated GIF or other detailed information is available. When using the course on-line you’ve got  the opportunity to click through to this subject.


	[image: image1.png]




	1) Preface


The use of compressed air is being widely used in various kinds of industries. Every day new applications are invented.

Also in normal day to day life we use compressed air regularly. Think of inflating the tyres of cars and bikes. And what about the past summer holidays when we were stretched on an inflatable matras or relaxing in a bubblebath. Or deepsea diving with air cylinders.

	Some industrial applications of compressed air:
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Using grippers or suckers it is possible to easily pick up and move all sorts of products.
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Cylinders can be used in automating systems, apply force, etc…
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Using pneumatic tools we can (un)screw bolts, drill holes, break open the roads…

[image: image5.png]



Using compressed air it is even possible to spray paint.
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	Pro and contra in the use of compressed air


	Advantages
	Disadvantages
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 Easy to get and to transport: air is all around and there is no need for return piping
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 Easy to store (buffer)
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 No fire- and explosion hazards
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 No need to change the medium
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 Pure and dry (no stains or waste when leaking)
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 Simple construction; we can directly create a linear movement without having to transform from rotation
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 Flexible tubing
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 Safe (No greater forces than adjusted – reduced chance of damage)
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 Little costs of installation
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 High dependability
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 Air can be (further) compressed
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 Noisy (can be improved by applying dampers)

[image: image19.png]


 Humidity (filters / water separators to be used)
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 High cost of energy (ratio: electricity:1 – hydraulics:8 – pneumatics:10 – manual labour:400)
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 Lubrication of medium (air) is sometimes needed



	2) Air


In pneumatics we use air. Therefore it is necessary to understand some important formulas and properties.

	2.1) SI-units


	physical unit
	Symbol
	SI-unit
	Symbol of unit

	Length
	L, s, l
	meter
	m

	Area
	A, S
	square meter
	m²

	Volume
	V
	Meter cubed
	m³

	Mass
	m
	kilogram
	kg

	Volume-mass
	( (rho )
	kilogram per meter cubed
	kg/m³

	Time
	t
	Second
	s

	Force
	F
	Newton
	N

	Weight
	G
	Newton
	N

	Speed
	v
	meter per second
	m/s

	Acceleration
	a
	meter per second ²
	m/s²

	Gravity acceleration 
	g
	meter per second ²
	m/s²

	Pressure
	p
	Pascal

Bar
	Pa

Bar

	Temperature
	T
	Kelvin
	K
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To indicate pressure 2 units are allowed in the SI-table of units: bar and Pascal (SI=Système International d'Unités)
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In industrial application we generally use the unit bar. Pascal is used in more common applications like in weather (hPa). In pneumatics the pressure is always given in overpressure. So when spoken about a pressure of 6 bar it is meant to be a pressure of 6 bar more then the surrounding atmosphere. Thus in absolute pressure this would be about 7 bar!
[image: image24.png]



Many people still use the term “kilo” (for kilogram) when they speak about the unit for pressure. What they then speak about is bar. (e.g. The tyre is on a pressure of 3 kilo’s = The tyre is on a (over)pressure of 3 bar).
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1 bar = 1 daN/cm² (Would have been written as 1 kg/cm² in the past)
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1 Pa = 1 N/m²

[image: image27.png]



1 bar = 100.000 Pa = 14,504 psi (= pounds per square inch)
	2.2) Common laws of gasses


In order to get a better understanding of how a certain pressure can exist it is important to know the common laws of gasses.

The formula for this is as follows;
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Where:

p = absolute pressure

V = volume

T = temperature in Kelvin ( -273°C  =  0 K    /   0°C = 273 K   /   20°C = 293 K )
If we assume that temperature remains constant. Than we deal with the law of Boyle-Marotte. The formula then gets; ( p1.V1 = p2.V2 )

When we compress air on atmospheric pressure (about 1 bar) with a volume of 7 dm³ to a volume of 3,5 dm³ we will double the pressure and therefore end up with an absolute pressure of 2 bar. 

If we now further minimize this volume to 1 dm³ pressure will rise to 7 bar (= 6 bar over pressure). Usually this is about the pressure used in pneumatic systems.
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Excercises

1) We have a closed cylinder with a volume of 100 cm³. Overpressure is 5 bar. Now we reduce the volume to 25 cm³. What will the pressure be if temperature remains constant?

2) A closed cylinder having a volume of 150 cm³ is being compressed to a volume of 25 cm³. What will be the absolute pressure if we started on atmospheric pressure and assume the temperature to be constant.

3) A closed chamber of 50 cm³ is on atmospheric pressure. What will the absolute pressure be if we increase it’s volume to 300 cm³ and temperature remains constant.
	2.3) Force applied by a cylinder.


	2.3.1) Theoretical force
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The pressure in the cylinder will apply a force on to the piston. If this force is greater than the force from the outside, the piston will move in- or outwards.

Common formula:

	F= Force in N

p= Pressure in Pa (=N/m²)

A= Area of the piston in m²
	or
	F= Force in daN

p= Pressure in bar (=daN/cm²)

A= Area of the piston in cm²


Since usually round shaped cylinders are used (also oval shaped cylinders do exist) we can transform this formula into;


	F= Force in N

p= overpressure in Pa

D= diameter piston in m
	or
	F= Force in daN

p= overpressure in bar

D= diameter piston in cm


It is also useful to know by which force a cylinder can  retract;


	F’= Force (reverse) in N

p= overpressure in Pa

D= diameter piston in m

d= diameter piston-rod in m
	or
	F’= Force (reverse) in daN

p= overpressure in bar

D= diameter piston in cm

d= diameter piston-rod in cm


	2.3.2) Exercises


Example 1

We have available a cylinder with piston diameter of 40mm. Overpressure in the cylinder is 6 bar. Calculate the force by which the piston is pushed out.

Solution:

	Given:
	D = 40 mm = 4 cm

	
	P = 6 bar

	Asked:
	F = ?

	
	

	Solution:
	F = p.A = p..D²/4

	
	F = 6..4²/4

	
	F = 75,4 daN = 754 N


This means that this cylinder used at (over)pressure of 6 bar can apply a force of 754N. If placed vertically (the rod pointing upwards) it can carry a mass of 75,4kg (when for g=10m/s²).

	Exercises
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1) We want to apply a force of 600N with a cylinder of a diameter of 40mm. How much (over)pressure will be needed to achieve this?

2) We want to apply a force of 750N. We have available 8 bar of (over)pressure. Calculate the diameter of the cylinder needed.

3) We want to apply a force of 750N. We have available 8 bar of (over)pressure. Calculate the diameter of the cylinder needed. With this diameter calculate the maximum diameter of the piston-rod if we need a reverse force of 650N.

4) A mass of 500kg needs to be pushed upwards. What diameter of cylinder do we need if overpressure available is 6,5 bar.

5) For a cylinder with a diameter of 25mm used with overpressure of 5 bar, calculate the force that can be created.

6) We have a cylinder with a diameter of 100mm and a rod diameter of 20mm. It will be used with overpressure of 10bar. Calculate the force of retraction it will generate.

7) A cylinder with a diameter of 10mm needs to generate a force of 60N. At what pressure should it be used?

8) We want to have a force of pressure of 500N. Available is overpressure of 6 bar. Calculate the diameter needed for the cylinder. Follow the links to a supplier and look for a suitable cylinder.

9) We want to apply a force of 10kN. We have available 8 bar of (over)pressure. Calculate the diameter of the cylinder needed. With this diameter calculate the maximum diameter of the piston-rod if we need a reverse force of 8000N.
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