Simple Machines – Compound Machines

Sometimes simple machines are linked together so that two or more are used to accomplish a single task.  When this happens we call the combination a “compound machine”.  The dr of the first machine becomes the de of the second machine.  The efficiency of the compound machine is the product of the efficiencies of the individual machines.  Check out the following examples:
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Note how Fr1 = Fe2 and dr1 = de2 

Now, if lever #1 is pushed down 0.4 m (de1)






with a force of 150 N (Fe1) and the other end

goes up 1.2 m (dr1) and the efficiency is 90% 

then, the other end of lever #1 is pushed up

with a force of 45 N (Fr1).  Because dr1 = de2 and Fr1 = Fe2  then de2 = 1.2m and Fe2 = 45N.

If lever #2 is also 90% efficient and goes down 0.3 m (dr2), then the can is crushed with a force of 162 N (Fr2).

Let’s double check this!  


The total efficiency of the compound machine should be the product of the two efficiencies.  ET = E1 x E2   

ET  = .90 x .90 = .81 = 81%
So,  ET = wo/wI   or

ET = Frdr/Fede

or, does .81 = 162N(.3m)/150N(.4m)   yes it does!

The AMA of the compound machine is Fr/Fe or 162N/150N = 1.08

The IMA of the compound machine is de/dr or .4m/.3m = 1.33

Or, the Efficiency of the compound machine is AMA/IMA = 1.08/1.33 = .81


Try this one on your own!
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Next example:

The same concept holds true for the alternate formula of P = Fv

Let’s say a 75% efficient electric motor runs an 85% efficient crane set-up. How fast will the crane lift a 375 kg load if 9.6 kW of power are applied to the motor?

EffT = .75 x .85 = .64 or 64%

That means that only 64% of the inputted power is usable to lift the load, or, PT = .64 x 9600W = 6140W

Now, P = Fv and   v = P/F,   therefore,   v = 6140W/375kg(9.8m/s2) = 1.67 m/s

Try it yourself……

A 45% efficient electric motor runs an 87% efficient single pulley set-up.  How fast is a 650kg load lifted up is 15.6 kW of power are applied to the motor?
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