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Solution sheet model 3
Crane

Topic task
1. The crane tilts almost exactly at the outermost maximum position of the trolley (s = 28 cm), which means the counterweight would only have to be increased by a minimum amount. However, as soon as the brake force applied to the trolley moving out is too high, the crane could still topple over.

Experimental tasks
	[bookmark: _Hlk108540978]Distance sn
	Force from load FL
	Weight (FL/g)

	16 cm
	1.25 N
	125 gr

	22 cm
	0.75 N
	75 gr

	28 cm
	0.5 N
	50 gr


1. 







2. In reality, there are factors other than the force resulting from static load that can affect the crane. If a brake force is applied to the trolley during its forward movement, for example, a horizontal load is produced in addition to the vertical load, which generates a moment that acts in the same direction as the tilting movement resulting from the load.

In addition, wind and snow loads can exert additional forces on the crane and contribute to tilting. For this reason, safety values are always assumed for all calculations, so that the crane will have a safe stance at maximum load even in strong winds, snow and when the trolley is braked hard.

3. There are several ways:
· You could increase the counterweight. With a total weight of 558 gr and the knowledge that the crane tilts at s = 28 cm with a 50 gr load, the sum of moments around the tilting point results in a distance of the gravity axis of the crane of around 2.5 cm.
Load target = 300 gr
Starget = 25 cm

Fplus * 9 cm + Mcrane = Mload  -> Fplus = (Mload - Mcrane) * 9 cm

Fplus = 6.78 N

If we simplify standard gravity to 10 m/s², another 678 gr would have to be added to the existing counterweight. However, it is questionable whether the crane itself would withstand such a load.

· Instead, the tipping point of the crane at the bottom could be moved towards the load with the aid of jibs. The gravity axis of the crane is approx. 2.5 cm behind the tipping point and thus provides a lever that corresponds to 1/10 of the 25 cm required. We recalculate the sum of moments around the tilting point:

Mcrane = Ftarget * 25 cm -> Gcrane * (2.5 + x) = Ftarget * (25 cm – x)

X = (25 cm * Ftarget – 2.5 cm * Gcrane) / (Gcrane + Ftarget) ~ 7.12 cm
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