Lecture No. 9 & 10

Subject:  Three Dimensional  Force Systems

 
Objectives of Lecture:

· To explain the equations of equilibrium of three dimensional force systems
· To explain the procedure for solving problems on equilibrium of three dimensional force systems

Equations of Equilibrium of Three Dimensional Force Systems

For the three dimensional force system, as shown in Fig.9.1, the equations of equilibrium may be written as:

∑Fx = 0 

and

∑Fy = 0

∑Fz = 0
Where

∑Fx = Algebric sum of all forces along x axis

∑Fy = Algebric sum of all forces along y axis
∑Fz = Algebric sum of all forces along z axis
Procedure for Solving Problems on Equilibrium of Three Dimensional Force Systems
Free-Body Diagram

· Establish the x, y, z axes in any suitable orientation

· Label all the known and unknown force magnitudes and directions on the diagram

· The sense of a force having an unknown magnitude can be assumed 

Equations of Equilibrium

· Use  the scalar equations of equilibrium

∑Fx = 0, ∑Fy = 0, ∑Fz = 0, in case where it is easy to resolve each force into its x, y, z components

· If the three-dimensional geometry appears difficult, then first express each force as a Cartesian vector, substitute these vectors into ∑F = 0, and then set i,j,k components=0

· For a spring in the system, apply F = k s

· If the solution yields a negative result, this indicates the force, assumed in the beginning, is the reverse 

Numerical Examples

· Try the solved examples from Book
(Examples 3 –5 to 3 –8, page 100 to 103)

· Unsolved Examples

3-41

Determine the magnitude of F1 required to keep the concurrent force system, as shown in Fig.9.2, in equilibrium.

Fig.9-2

3-42

Determine the magnitudes of F1, F2, and F3 for the equilibrium of the particle, as shown in Fig.9-3.
Fig.9-3

3-46

If cable AB, as shown in Fig.9.4, is subjected to a tension of 700 N, determine the tension in cables AC and AD and the magnitude of the vertical force F.

Fig.9-4

3-47

Determine the stretch in each of the two springs required to hold the 20-kg crate in the equilibrium position, as shown in Fig.9-5. Each spring has an unstretched length of 2m and a stiffness of k = 300N/m.

Fig.9-5

3-49

Determine the force in each cable, as shown in Fig.9-6, needed to support the 500 lb cylinder. 
Fig.9-6

3-55

Determine the force acting along the axis of each of the three struts, as shown in Fig.9-7, needed to support the 500 kg block. 
Fig.9-7

3-62

A small peg P rests on a spring that is contained inside the smooth pipe, as shown in Fig.9-8. When the spring is compressed so that s= 0.15m, the spring exerts an upward force of 60 N on the peg. Determine the point of attachment A(x,y,0) of cord PA so that the tension in cords PB and PC equals 30N and 50N, respectively

Fig.9-8
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