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Solution sheet
Preliminary experiments 

Example solution for topic task
Topic task 2: Pumping becomes more difficult, because more and more air is being pumped into the hose. As this occurs, the air is being compressed, resulting in “compressed air”. The volume of the hose acts like a small compressed air storage tank (the flowing air under pressure increases the pressure in the hose in the same way as flowing electrical charge increases the voltage in a capacitor). The more pressure builds up, the greater the force pushing the pump cylinder back upward. The air pressure and pressure force acting on the piston from the inside move the piston until the inner force corresponds to the air pressure acting from the outside (or until the piston reaches a mechanical stop).
Evaluating the experimental task
Experimental task 3: If you prevent the air in the side of the cylinder where the compressed air is not applied (pumped) from escaping out of the cylinder, you will no longer be able to move the cylinder to its end position. The air in the closed section will become more and more compressed, building up counter-pressure. The piston seal of the cylinder will be fixed in the position where the resulting forces act against one another between the pressure from the pump and the pressure from the closed half of the cylinder. Key finding: To move the cylinder, the “exhaust” on the side where the compressed air is not applied must be able to escape from the cylinder. It is not enough to simply pump air into one cylinder – it must also be able to get back out on the other side!


Solution sheet
Controlling a cylinder with a valve
Example solution for topic task
Topic task 4: A piece of hose used as a 2/2 way valve has two switching positions. That means we need two boxes for the circuit symbol. Each box must represent two connections. One switching position must block off both connections, and one must connect them.

Closed
Open

We do not put an arrow in the box for the connected switching position, since without the context of the whole circuit diagram there is no definition of which direction the air would flow through the valve, and because the hose does not have any design restrictions on the flow (the air can simply move through in both directions).
Evaluating the experimental task
Experimental task 1: a) and b) will cause the system to stop, because the compressed air supply will be blocked. If the compressed air to the cylinder is blocked in c), it will not move. If the exhaust from the cylinder is blocked in c), it can only move until the counter-pressure that is built up is just as strong as the pressure of the intake air.
Experimental task 2: The “throttle” causes the system to work more slowly – the cylinders move slower than they would without a throttle. However, we can differentiate between two cases – they will be dealt with in more detail in subsequent tasks.
a) If the intake air is throttled greatly, the cylinder will move backwards. This is because the air pressure must first overcome the static friction of the cylinder piston. Once this occurs, the cylinder piston will move. At the same time, however, it increases the available volume. If the quantity of air remains the same, the pressure will be reduced – until the cylinder applies less force than the force of the sliding friction. This will cause it to stop again. This cycle will repeat until the cylinder reaches one of its stops (ends).
b) However, if we throttle the exhaust, the cylinder will be “tensioned” by pressure on both sides, and will move much more easily.
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