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Tasks
Preliminary experiments
Construction task
First, build only the manual pump from the functional model. It consists of a pneumatic cylinder and a check valve. (The check valve allows the air through in only one direction, and does not allow it to return. We will learn more about this component in other models.)
Warning! Pneumatic cylinders can only be exposed to tension and pressure, not bending or shearing! Please do not bend the blue or red pistons of the cylinder. This could cause the cylinder to leak and make it unusable.
Topic task
Complete the following experiments:
1. Insert a hose onto the pointed outlet of the check valve. Activate the pump and feel with your hand how air flows out of the hose when the cylinder is depressed.
2. Hold the end of the hose closed with your finger. Feel how it becomes more difficult to move the pump. Why exactly is this?
3. Repeat experiment 2 by putting a kink in the hose instead of holding it closed. You have now made a simple valve! It either allows compressed air through (hose clear) or blocks it off (hose kinked).
Experimental task
Insert the free end of the hose into one of the two connections of a “double-acting” pneumatic cylinder (with blue piston rod, without built-in return spring) and then the other. The cylinder is called a “double-acting cylinder because compressed air is applied to it on both sides at its connections, thereby causing the piston rod to both retract and extend.
Hold the cylinder by both ends (base and end of the piston rod) freely in your hand. Complete the following experiments:
1. Pump, and allow the cylinder to extend. Feel the amount of force that can be created by doing so.
2. Switch the hose to the other connection, pump and allow the cylinder to retract.
3. Repeat these experiments, holding the open connection of the cylinder closed with your hand. What do you observe? What is the reason for this?


Tasks
Controlling a cylinder with a valve
Construction task
Now, finish building the functional model. The elements are:
1. The manual pump you have already built.
2. A tank for compressed air. It stores the compressed air (similar to a capacitor or battery for electrical current).
3. A pneumatic manual valve. The compressed air is applied to its upper connection, and is fed into the left or right outlet, depending on the position of the blue rotary valve.
4. A double-acting cylinder (with blue piston rod) that is connected to the left and right connections of the manual valve with a hose on each side.
Connect the hoses to the model as described in the building instructions. As in electronics, in pneumatics there are circuit symbols for the individual pneumatic elements, and circuit diagrams for the entire setup:

Retracted
Extended
Blocked

These three circuit diagrams correspond to the model states, depending on the position of the manual valve. We will be explaining the circuit symbols using the drawing at the left called “Blocked”:
a) The left cylinder is the one for the manual pump. Manual activation is represented by the lever symbol at the top of the cylinder piston. The bottom connection of the cylinder goes to the fischertechnik check valve.
b) The check valve is shown in the dashed box. There are actually two effective check valves in this one fischertechnik component. The bottom one only allows air from the outside to come in (through the small hose in the base) (into the cylinder), but not out. The top one allows the air compressed by the cylinder only to flow out towards the system, not back. The intake air access is represented in the circuit diagram by the small triangle.
Check valves are often actually constructed as shown by the circuit symbols: A sphere is pressed (by spring force) into a seat, sealing it off. Air can only flow through the valve in the direction if the sphere is pushed away from the seat (against the spring force). It will then block passage in the other direction. Do not misunderstand the circuit symbol as an “arrow” indicating the direction in which the air can flow – actually, it can only flow in exactly the opposite direction.
The fact that this valve is activated manually is indicated by the lever symbol. (There are also valves with an automatic return function using a spring, by activating a “lever” by a moving machine component, or by activating compressed air using other valves to construct larger pneumatic circuits.)
c) The compressed air is fed into the pressure tank by the hose, where it can be stored and buffered.
d) From there, it is fed to the pneumatic manual valve. This valve actually has three positions: In the centre position, all connections are blocked. If you turn the blue lever to the left or right, the compressed air is fed (from the hose connection at the top centre) to one of the two (side) outlets. As we have learned, however, the “exhaust” has to be able to get back out again (similar to electrical current, which must be fed back through a second cable). It is important that the other connection is connected to the exhaust outlet (this is the lower, previously unconnected outlet for the fischertechnik manual valve). We will be discussing the circuit symbol for the valve in more detail later on.
e) The two outlets of the valve are connected to the two connections on the working cylinder. As long as we are pumping compressed air, we can turn the valve to extend or retract the cylinder as desired, or hold it in any position.
The circuit diagram for the valve shows its mechanism of action. The manual valve has four connections or “ways” (for the intake air, the two outlets and – crucially! – the exhaust outlet). It can be set to three switching positions (left, right, and the centre position that closes all connections). Therefore, this is a “4/3 way valve” – four connections, three switching positions.
Each switching position is simply shown in a box with lines or arrows showing which connections are connected in the respective switching position or (here in the centre position) closed off. The three boxes – one for each switching position – therefore represent which switching options the valve offers. The respective switching positions and the associated position of the working cylinder are shown as the active positions in the three circuit diagrams “Blocked”, “Retracted” and “Extended”. Therefore, we draw the connected valve connections on the circuit symbol boxes corresponding to the standard setting (such as the machine idle state).
The fact that the exhaust outlet of the valve is connected to the ambient air in this circuit is indicated by the small triangle in the circuit diagram.
Topic task
1. Experiment with the model. Pump, turn the pneumatic valve and observe what the cylinder does.
2. Set the valve so that the cylinder is retracted. Pump without activating the valve. Stop pumping and just activate the valve. How many “strokes” of the cylinder can you complete using the compressed air stored in the tank without pumping again?
3. Follow the path of the compressed air from the pump through the tank, the valve and the cylinder, as well as the path of the “exhaust” from the cylinder through the valve and out to the open air. Trace this for the circuit diagrams in all three valve switching positions.
4. If you have a simple piece of hose, you can leave it open, or block it off by holding it closed or putting a kink in it. A hose, therefore, is a valve: It has two connections (the two ends of the hose) and two switching positions (open and closed). Therefore, it is a 2/2 way valve. Draw the circuit diagram for this kind of valve.
Experimental task
1. What does the model do if you block off one hose by putting a kink in it?
a) The hose between the pump and tank.
b) The hose between the tank and valve.
c) One of the two hoses from the valve to the cylinder, in combination with the switching positions of the valve (three positions of the valve and two hoses equal 3 x 2 = 6 experimental combinations).
Conduct multiple experiments with these combinations, writing down your observations systematically.
2. What does the model do if you put a kink in the hose that closes it off most of the way, but not all the way? (We will be discussing this topic, “throttling” compressed air, in later tasks and models.)
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