Mechanical Advantage
Putting “Mechanical Advantage” in Recognizable terms: Mechanical Advantage is a measure of how much a machine or mechanism will change the applied force. For example, if a 10 Newton force is applied to one side of a lever to lift a 20 Newton object on the other side of the lever, the mechanical advantage is 2 since the lifting force is doubled.
Putting “Mechanical Advantage” in Conceptual terms: Actual Mechanical Advantage (AMA) is the ratio of the output force (Fo) to the input force (Fi) for a machine or mechanism which may include friction. Sometimes the output force is called resistance force (Fr) and the input force is called the applied force (Fa). Ideal Mechanical Advantage (IMA) is the mechanical advantage without friction. Friction increases the amount of work needed when using the machine or mechanism. Friction will cause the AMA to be less than the IMA. Efficiency of a machine or mechanism is a measure of how close the AMA is to the IMA, which is how close the actual is to the ideal.
Putting “Mechanical Advantage” in Mathematical terms:  To calculate AMA, use the formula: AMA = Force Output / Force Input. Assuming there is no friction, the work relationship for the ideal case is: Work Input = Work Output. Work is defined in terms of force applied over a displacement. For the case where the force is applied in the same direction as the displacement, the formula for work is: Work = Force x Distance. Work will be found in Joules (J) when the force is measured in Newtons (N) and the distance is measured in meters (m). Using the ideal work relationship, the IMA can be found in terms of distance as shown below:

Wi = Wo
Work input (i) equals work output (o) in the ideal case

Fi x di = Fo x do
Replace work with force times distance on both sides

di / do = Fo / Fi
Rearrange to get mechanical advantage which is Fo / Fi
Thus the ideal case for mechanical advantage yields: IMA = Distance Input / Distance Output. The efficiency (E) is defined as: E = Work Output / Work Input. It can be shown that efficiency can also be calculated using: E = AMA / IMA, as shown below:

E = Wo / Wi
Efficiency is the ratio of work output (o) to work input (i)

E = ( Fo x do ) / ( Fi x di )
Replace work with force times distance

E = ( Fo / Fi ) / ( di / do )
Divide numerator and denominator by ( Fi x do )

E = AMA / IMA
Replace using the formulas for AMA and IMA
Putting “Mechanical Advantage” in Process terms:  The force input and force output can be measured and used to calculate AMA. The distance moved as the input force is applied and the distance of movement caused by the output force can be measured and used to calculate the IMA. The efficiency can be calculated by using the measured forces and distances to find work input and output, or the AMA and IMA values can be used.
Putting “Mechanical Advantage” in Applicable terms:  All machines and mechanisms can be analyzed in terms of mechanical advantage and efficiency. Mechanical advantage may be included in the design goals for a machine or mechanism along with a desire to have as high an efficiency as possible.
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