	4) Valves


In electricity we use a switch to switch on a light. Also in pneumatics we use “something” to switch the cylinders. In pneumatics we call them valves. Like in electricity many kinds of switches can be used, pneumatics uses different kinds of valves varying in the way of construction, principles and way of operating.

This chapter will describe these variations of valves. 

	4.1) Common rules


Some common agreements are made for the symbols of valves;
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Every switched position is represented by one square.
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Therefore the number of squares drawn indicates the number of possible positions it can be switched in.
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The pressure and return lines are drawn attached to the square that represents its normal (non-operated) position.
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By shifting the corresponding square we get the different possible positions.
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Lines in the squares indicate the ways of flow within the valve. Arrows represent the direction of the flow.
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The way of operation is drawn using symbols as well.

Example
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	The picture on the left is the base symbol of a valve. Only the lines and the arrows indicating flow-paths and directions have to be applied. What information can be derived from this symbol now?

We are dealing with a valve having 2 positions.

This valve has 5 connection points.

5 connections and 2 positions ==> a 5/2-valve

The square on the right is its normal position.
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4.2) The 3/2-valve
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Picture in 1st position
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Picture in 2nd position
	A 3/2 valve has 3 connections and 2 positions. One connection is used for applying pressurized air, one connects to the consumer (e.g. cylinder) and one connects to release.

For every position a square is drawn. In every square the airflow path is drawn.




	[image: image10.png]



	Explanation of diagram to the left:

In this position the valve is not operated. According to the position of the valve air can flow from 2 (out of the cylinder) to 3 (to release).

When we operate the valve air will flow from the feeding line at 1 to the consumer through port 2. Air can come to the piston in the cylinder. The piston will move outwards if force is sufficient. As long as the valve is being operated the piston will stay out. When we stop operating it air will start to flow through port 2 to release at port 3. Moving inwards of the piston is initiated by the spring pushing it.
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4.3) The 5/2-valve
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First position
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Second position
	A 5/2-valve has 5 connections and 2 positions it can be switched in. Port 1 is connected to the pressurized air in feed. 3 and 5 are used for air-release. In most cases ports 2 and 4 connect to a double-active cylinder.

When the valve is in first position air flows the path from 1 to 2 and air is released trough path 4-5. Port 3 is not used in this position.

In second position air is fed to the cylinder trough path 1-4 and returned to release via path 2-3. Port 5 is not used.




	In the space below draw a double-active cylinder and a 5/2-valve operated by pushbutton.


	Explain below how this diagram works.




	[image: image86.png]


4.4) Ways to operate valves


Besides the distinction between the number of positions a valve can be switched to and the number of connections, valves can also be distinguished by way of operating (switching)

	
	mono-stable valves
	bi-stable valves

	
	normally closed
	normally open
	 

	Hand operated

2/2 valve
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pushbutton operated
spring-return
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pushbutton operated
spring-return
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lever operated

	Hand operated

3/2 valve
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pushbutton operated
spring-return
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pushbutton operated
spring-return
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lever operated

	Hand operated

5/2 valve
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pushbutton operated spring-return
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lever operated

	Roll operated
valve
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	Pin operated
valve
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	Tilted-roll

operated
valve
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	Pneumatic operated
valve
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differential valve

	Electromagnetic operated
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	Electro-pneumatic
operated
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Operating a valve from the left will activate the routing in the left compartment, operating from the right activates the right compartment.
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pushbutton
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lever
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roll
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tilted-roll
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electro-pneumatic


Mono-stable
This is a valve having a default position. When the valve is not operated is returns back to its default position. So this kind of valve has 1 stable position.

Bi-stable 

This valve has no preferred position it will default to. When there is no operation on either side it remains its last position it was set to until operated again. This kind of valve has 2 stable positions.

Normally closed 

A normally closed valve will not pass the air when not operated. Only when operated it will enable air to flow through.

Normally open 

A normally open valve will pass air in its non-operated state. As soon as the valve is operated it will block air to flow through.

Remark: 

Also in electricity and software we use the terms normally open and normally closed. These however are the other way around; a normally open contact in electricity means a contact that is open when not operated (the wire is opened) and thus not passing current. You must not get confused here!
Exercise: give the symbol for…

	a mono-stable, normally open, air-operated 2/2 valve


	solution:
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	an bi-stable, electro-pneumatic operated 5/2 valve
	solution:
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	a bi-stable, lever-operated, 2/2 valve
	
	A normally closed, roll-operated, 3/2 valve
	

	a normally open, tilted-roll operated 3/2 valve
	
	a bi-stable, pneumatic operated, differential 5/2 valve
	


	4.5) Special valves



4.5.1) The AND-valve 
In some occasions a cylinder may only be operated after making sure that two or more valve are operated at the same time. In the AND-valve if only on either side the pressure is applied the valve will not pass air. Only when pressure is on both sides simultaneously it will let the pressure through.
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4.5.2) The OR-valve (shuttle-valve)
Sometimes a cylinder should be operated from different places alternately. In these cases we can make use of OR-valves. In such a valve a bal or piston is enclosed in a housing in where it can move to either side. Air can enter from two sides and leaves the valve through one port. When at least one side is pressurized the path will be cleared allowing air to pass the valve. The other input side will be blocked in order to prevent flow backwards into that connection.
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For the diagrams below explain their functions. What makes the difference between these two? Could these two diagrams also be solved without both special valves?
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