Lecture No. 18

Subject:  Equilibrium of a Rigid Body
 
Objectives of Lecture:

· To develop the equations of equilibrium for a rigid body
· To introduce the concept of the free-body diagram for a rigid body
18-1 Conditions for Rigid-Body Equilibrium

Fig. 18.1(a)

Fig. 18.1(b)

Considering the equilibrium of the ith particle:

Fi + fi = 0

Considering the equilibrium of all the i particles:

ΣFi + Σfi = 0

But Σfi = 0, therefore, ΣFi = 0

Letting ΣFi = ΣF, we have 

[ΣF = 0]--------------------------------Eq. 1

Considering the moments of the forces acting on the body,  about the arbitrary point, O, we have

ΣMO = Σri × Fi
For equilibrium of body

[ΣMO = 0]------------------------------Eq. 2

This way we have two equations of equilibrium for a rigid body:

[ΣF = 0] and [ΣMO = 0]

18-2 Free-Body Diagrams 

I. Relevant Information Required for F.B.D.

(a) Support reactions

(i) Roller support

Only one reaction

(ii) Pin or Hinge support

Two reactions

(iii) Fixed support



      Three reactions

(iv) Other common types of supports

(b) External and Internal Forces

Only show the external forces, F, on the FBD because the net effect of the internal forces, f, is found to be zero.

(c) Weight and the Center of Gravity

· Apply the weight, W, of a body at its center of gravity, G.

· For a uniform body, the G is located on its geometric center or centroid.
(d) Idealizations

Apply suitably the models or idealizations, e.g., particle, rigid body, and concentrated force.

II. Procedure for Drawing a F.B.D.

· Draw outlined shape

· Show all forces

· Identify each loading and give dimensions

Numerical Examples

· Try the solved examples from Book
(Examples 5-1 to  5 –5, page 202 to 206)

· Unsolved Examples

5-1

Draw the free-body diagram of the 50 Kg paper roll, which has a center of mass at G and rests on the smooth hauler. Explain the significance of each force, acting on the diagram (Fig. 5-1).
Fig. 5-1

5-2

Draw the free-body diagram of member AB, which is supprted by a roller at A and a pin at B. Explain the significance of each force, acting on the diagram (Fig. 5-2). 

   Fig. 5-2

5-6

Draw the free-body diagram of the crane boom AB which has a weight of 650 lb and center of gravity at G. The boom is supported by a pin at A and cable BC. The load of 1250 lb is suspended from cable attached at B. Explain the significance of each force, acting on the diagram (Fig. 5-6). 

Fig. 5-6
5-7

Draw the free-body diagram of the “spanner wrench” subjected to the 20 lb force. The support at A can be considered a pin, and surface of contact at B is smooth. Explain the significance of each force, acting on the diagram (Fig. 5-7).

Fig. 5-7
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