Equilibrium – 3 Dimensions

Equations

      In this section the idea of equilibrium for objects in three dimensions is discussed.  

A body is said to be in equilibrium when:

The resultant of all forces acting on it is zero and the

       moment vector of all loading about any point is also zero

An object with several forces and moments is shown below


      The definition of equilibrium above requires that the following equations be satisfied.

R = ∑ ( F 1 + F 2 + ••• + F m  )

            M A= ∑ ( M 1 + M 2 + ••• + M n  ) + ∑ ( r 1 × F 1 + r 2 × F 2 + ••• + r m × F m)

where A is any convenient point for you to choose.  In three dimensions the forces have x, y and z components.  The resultant moment vector about point A also has all three components.  Hence we write the three scalar force equations as

∑ F x = 0               ∑ F y = 0          ∑ F z = 0

We also have three scalar moment equations as

                                   ∑ M Ax = 0           ∑ M Ay = 0           ∑ M Az = 0

An important point is that we have six scalar equations above and can only solve for six unknown forces and/or moments.  If there are more than six unknowns, you may still be able to use these equations to solve for some of the unknowns but not all of them.  

      In some cases you may be able to use a single equation to find one unknown.  For example suppose there are no unknown moments.  Also suppose there is a line AB that passes through all unknown forces except for one.  You can then take a moment about line AB and set it equal to zero (using the moment about an axis formula) to find that one unknown force with a single equation.  

                                                         ∑ M AB = 0          

Free Body Diagram

      As in two dimensional problems, a free body diagram is required for any problem where an equilibrium equation is used.  As with two dimensional problems there are also three dimensional support reactions. Once your free body diagram is correctly drawn, you may then proceed to the sum of force and moment equations to solve for the required unknowns. 

      A few examples of free body diagrams are shown here.  
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