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Consider the suspended body shown in Fig. 2.10a. The self weight of various parts of this body are acting vertically downward. The only upward force is the force T in the string. To satisfy the equilibrium condition the resultant weight of the body W must act along the line of string 1–1. Now, if the position is changed and the body is suspended again (Fig. 2.10b), it will reach equilibrium condition in a particular position. Let the line of action of the resultant weight be 2–
2 intersecting 1–1 at G. It is obvious that if the body is suspended in any other position, the line of action of resultant weight W passes through G. This point is called the centre of gravity of the body. Thus centre of gravity can be defined as the point through which the resultant of force of gravity of the body acts.
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Fig. 2.10
The above method of locating centre of gravity is the prac- tical method. If one desires to locating centre of gravity of a body analytically, it is to be noted that the resultant of weight
of various portions of the body is to be determined. For this


G W Varignon’s  theorem,  which  states  the  moment  of  resultant

Wi force  is equal to the sum of moments of component forces,
y

  y
can be used.
O
Referring to Fig. 2.11, let Wi  be the weight of an element in
the given body. W be the total weight of the body. Let the
xi
coordinates of the element be xi, yi, zi  and that of centroid G
xc
z
be xc, yc, zc. Since W is the resultant of Wi  forces,
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              Fig. 2.11
W = W1  + W2  + W3  . . .
= Wi
and
Wxc  = W1x1  + W2x2  + W3x3  + . . .

 


Wxc  = Wixi  =   xdw Similarly,
Wyc  = Wiyi  =   ydw  and
Wzc  = Wizc  =    zdw
Eqn. (2.1)
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Fig. 2.12
Fig.  2.13
If the body is a wire of uniform cross section in plane x, y (Ref. Fig. 2.13) the equation 2.1 reduces to
Lxc  =  Lixi  =  x dL Lyc  =  Liyi  =  y dL


Eqn. (2.5)
The term centre of gravity is used only when the gravitational forces (weights) are considered.
This term is applicable to solids. Equations 2.2 in which only masses are used the point obtained is termed as centre of mass. The central points obtained for volumes, surfaces and line segments (obtained by eqns. 2.3, 2.4 and 2.5) are termed as centroids.
  CENTRIOD OF A LINE
                     
Centroid of a line can be determined using equation 2.5. Method of finding the centroid of a line for some standard cases is illustrated below:

dx   G
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x
x
(i)  Centroid of a straight line:
Selecting the x-coordinate along the line (Fig. 2.14)

L
Fig. 2.14
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L

xc  =  2



Thus the centroid lies at midpoint of a straight line, whatever be the orientation of line (Ref. Fig. 2.15).
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Fig. 2.15
(ii)  Centroid of an Arc of a Circle
Referring to Fig. 2.16,
L = Length of arc = R 2
dL = Rd
Hence from eqn. 2.5
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 
x
xdL
 
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i.e.,
xc  R 2 =



R  cos



 . Rd
= R2      sin  
R2   2 sin 


R sin 


(i)

xc  =



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




Fig. 2.16
and
yc  L   
 

y dL

=  R


sin    Rd
= R2       cos   
(ii)
= 0

yc  = 0
From   equation (i)   and   (ii) we can get the centroid of semicircle shown in Fig. 2.17 by putting  = /2 and for quarter of a circle shown in Fig. 2.18 by putting  varying from zero to /2.
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For semicircle
xc  =   
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For quarter of a circle,
2R
xc  =   
2R
yc  =   
(iii)  Centroid of composite line segments:
The results obtained for standard cases may be used for various segments and then the equations 2.5 in the form
xcL = Lixi
ycL = Liyi
may be used to get centroid xc    and yc. If the line segments is in space the expression
zcL = Lizi  may also be used. The method is illustrated with few examples below:
Example 2.1  Determine the centroid of the wire shown in Fig. 2.19.
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CENTROID  AND  MOMENT  OF  INERTIA
79
Solution. The wire is divided into three segments AB, BC and CD. Taking A as origin the coordi- nates of the centroids of AB, BC and CD are
G1(300, 0); G2(600, 100) and G3(600 – 150 cos 45°; 200 + 150 sin 45°)
i.e.
G3(493.93, 306.07)
L1  = 600 mm, L2  = 200 mm, L3  = 300 mm
   Total length
L = 600 + 200 + 300 = 1100 mm
 From the eqn.  Lxc  = Lixi, we get
1100 xc  = L1x1  + L2x2  + L3x3
= 600 × 300 + 200 × 600 + 300 × 493.93

xc  = 407.44 mm
Ans.
Now,
Lyc  = Liyi
1100 yc  = 600 × 0 + 200 × 100 + 300 × 306.07
yc  = 101.66 mm
Ans.
Example 2.2  Locate the centroid of the uniform wire bent as shown in Fig. 2.20.
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Fig. 2.20
Solution. The composite figure is divided into 3 simple figures and taking A as origin coordinates of their centroids noted as shown below:
AB—a straight line
L1  = 400 mm,
G1  (200, 0)
BC—a semicircle
 2  150  
L2  = 150  = 471.24,
G2

475,

CD—a straight line

i.e.,   G2   (475, 92.49)
250
L3  = 250; x3  = 400 + 300 +
y3  = 125 sin 30 = 62.5 mm

2
cos 30° = 808.25 mm
 Total length
L = L1  + L2  + L3  = 1121.24 mm

Lxc  = Lixi
gives
1121.24 xc  = 400 × 200 + 471.24 × 475 + 250 × 808.25
xc  = 451.20 mm
Ans.
Lyc  = Liyi
gives
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1121.24 yc  = 400 × 0 + 471.24 × 95.49 + 250 × 62.5
yc  = 54.07 mm
Ans.
Example 2.3  Locate the centroid of uniform wire shown in Fig. 2.21. Note: portion AB is in x-z plane, BC in y-z plane and CD in x-y plane. AB and BC are semi circular in shape.
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Fig. 2.21
Solution. The length and the centroid of portions AB, BC and CD are as shown in table below:
Table 2.1
	Portion
	Li
	xi
	yi
	zi

	AB
BC CD
	100
140
300
	100
0
300 sin 45°
	0
140
280 + 300 cos 45°
= 492.13
	2  100

2  140

0



L = 100 + 140 + 300 = 1053.98 mm
From eqn. Lxc  = Lixi, we get
1053.98 xc  = 100 × 100 + 140 × 0 + 300 × 300 sin 45°
xc  = 90.19 mm
Ans.
Similarly, 1053.98 yc  = 100 × 0 + 140 × 140 + 300 × 492.13
yc  = 198.50 mm
Ans.
and
1053.98 zc  =  100 

200




 140 

2  140




 300  0

zc  = 56.17 mm

Ans.
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