Lecture No. 41

Subject:  Center of Gravity and Centroid
Objectives of Lecture:

· To discuss the concept of center of gravity, center of mass, and the centroid
· To show how to determine the location of the center of gravity and centroid for a system of discrete particles and a body of arbitrary shape
41.1 Definitions

(i)
Center of Gravity

The center of gravity (G) is a point, which locates the resultant weight of a system of particles or a body.

The center of gravity is dependent of gravity.

(ii)
Center of Mass

The center of mass is same as the center of gravity provided that the acceleration due to gravity, g, is constant.

It means the center of mass is independent of gravity .

(iii)
Centroid 

The centroid (C) is a point which defines the geometric center of an object.

41.2 Center of Gravity and Center of        

        Mass for a System of Particles

(a) Center of Gravity

Considering the n particles having weights as W1, W2, ---------Wn in a 3D system, as shown in Fig. 1a.

Fig.1 a

Fig.1 b

(b) Center of Mass

Substituting W = mg, where m = mass of a particle, in the above expressions for the coordinates of G, we can obtain the coordinates of the center of mass as:

41.2 Center of Gravity, Center of Mass, 

        and Centroid for a Body
(a) Center of Gravity (G)
   

The formulae for the coordinates of G, as obtained above for a system of particles, may be modified for G of a rigid body, shown in Fig. 2, as: 


Where, 

dW = diff. wt. of the diff.



  vol., dV, located at (x,y,z) 

        
= γ dV


    γ = specific wt. of the body

Fig. 2

(b) Center of Mass
The coordinates of the center of mass of a body may be obtained by substituting γ = ρg ( where ρ is the density or mass per unit volume of the body) in the above equations for the coordinates of the G.

(c) Centroid (C)
i) Volume centroid (Fig. 3)

Fig. 3

ii) Area centroid

Fig. 4

iii) Line centroid

Fig. 4

iv) Symmetry

1. Symmetry about y axis

x = 0

2. Symmetry about x and y axes

x = 0, y= 0

3. Symmetry about x, y, and z axes

x = 0, y = 0, z= 0
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