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Center of Gravity of an Area (CGQG)
(Centriod)

:EA:J’:E:dA ?A:J.j}df-l

** Here x and y are the centroid of the
selected differential are ‘dA’.



Problems (Center of Gravity)

Example-1: Find the location of centroid for the triangular area shown.
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Problems (Center of Gravity)

Example-1: Find the location of centroid for the triangular area shown.
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Problems (Center of Gravity)

Assignment-1: Find the location of centroid for the areas shown. (Use
both axis as reference axis)

A y=10 sin (x)

(a) (b) (c)



Problems (Center of Gravity)

Example-2: Find the location of centroid for the area shown.
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Problems (Center of Gravity)

Example-3: Find the location of centroid for the triangular area shown.
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Problems (Center of Gravity)

Example-3: Find the location of centroid for the triangular area shown.
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Problems (Center of Gravity)

Example-4, 5: Find the location of centroid for the area shown.

Example — 4 Example - 5(a) Example — 5(b)



Center of Gravity of a Compound Area

XL XA; _ LVA;
X — y =
E:"—lli EA!.

* The required area 1s created by adding/subtracting
some simple areas A, A, ..... A,

* Then the centroids of individual simple areas are
calculated.

* Finally above two equations are used to calculate the

centroid of desired compound area.



Center of Gravity
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Center of Gravity
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Memorize the location of CG for all the area/line mentioned above.




Problems (Center of Gravity)

Example-6: Find the location of centroid for the triangular area shown.
Both 1n x and y direction small segment represents 10 mm.

A
i I i
h R
T X X
Component Area, A (unit)? x F xA yA
’ (unit) (unit) (unit)? (unit)?
Triangle (*2)*60%30 =900 0 + 10 0 + 9000
Quarter Circle | -(n/4)*400 = -314.1 - 11.51 +849 | +3615.3 | -2666.7
Ysum | +585.9 +36153 | +6333.3
xA 36153 yA  6333.3
X = 2 = = 6.17 (unit) 2y = = 10.8 (unit)

YA 58509 YT Y4~ 5859



Problems (Center of Gravity)

Example-7: Find the location of centroid for the area shown.

Ay
I

Ay

Ay

Triangle

+ (1/2)*40%20 = +400

-6.67

-2668

Sum

+842.9

-167

+1594.2

Along both
axis Small
Segment

represents

10 unit




Always Remember

[ The sign of the areas are not based on their location. It is based
on whether they are being added or subtracted.

[ The sign of the coordinate of the elemental area are based on
their location. It 1s not based on whether they are being added
or subtracted.



Pappus-Guldinus Theorem

1 The are of a surface of revolution is equal to the length of the
generating curve times the distance traveled by the centroid of
the curve while the area 1s being generated.

A=L%*o



Pappus-Guldinus Theorem

A=L*0

&

Cylinder Cone Sphere Torus Barrel Free-Form Helix

Generatrix

Axis of Rotation



Problems (Center of Gravity)

Example-8: Determine the surface area 1f the line passing through
(0, 0) and (4, 4) is revolved 360" with respect to x- axis.

Ay 4,4

Area, A=L%0
= [sqrt(4>+42)]*[2*n*2]
=71.09 (unit)?




Problems (Center of Gravity)

Example-9: Determine the surface area of the surface of revolution.
(180° revolution about x-axis)

i’ radius = a
® radius = a
yI[° ~ X f 2
] = —
(0, 0) S (0, 0) \&

(a) (b)



Problems (Center of Gravity)

Assignment-2: Determine the surface area of the surface of
revolution.

Ny (4, 10) Ny (20, 20)
(4, 6) (P (10, 10)

~ N
\; >

180° revolution about x-axis 120° revolution about y-axis

(a) (b)




Centroid of a Volume

f_Zf;Wi 37_2371”/1' Z___ZZMG
2L W LW LW
If the object 1s of homogenous material (p=constant) than W a V.
_oxxVy o xvVi X7V
X = V= 7 =

2V 2V 2.V
Above equations are very convenient to use but in doing so need

to know the centroids of simple volumes which can be found by
using following equations:

JEV:fmv w:fj;rdv ﬂf:fz’dv



Problems (Center of Gravity)

Example-10: Determine the centroids for the volumes shown.




Problems (Center of Gravity)
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Problems (Center of Gravity)
(b)

r

>
X — X

From figure,
o= aZ-(x-a)z

Due to symmetry :

V=de=fﬂrzdx=f rla® — (x — a)*dx
0 0 j,_JV:J’j'JdV: 0

fV:fide J;x?r[az—(x—ﬂ)zdx 7V = fde:o




Problems (Center of Gravity)

dV = zy dx; [z—y =f(x)/




Problems (Center of Gravity)

Example -11: Determine the centroid for the solid shown in the figure.

dv = (1/2)* r%dx

a 1 a
= J’dV = J’ (mrdx = J’ T kZx" dx
0 2 0

fde = J’ —X(—)?’Ekz Midx =0

=

_ “ 1
xV = f:idV = J’ x(z)ﬂ,' k2x"dx
0

z—'V:J’z‘dV:O



Problems (Center of Gravity)

Example -12: Determine the centroid for the solid shown in the figure. (small Segment = 10 unit)

v\

= V/
= \/



Pappus-Guldinus Theorem

1 The volume of a solid of revolution is equal to the areca of the
generating surface times the distance traveled by the centroid
of the area while the volume is being generated.

V =A%5

| | ‘
h ey x2r
v S SRR K ];v
|*—r - )
X =7/3 x=r/2 X = (4r)/(3m)
0=2rx 0=21wx 0=2mwx

A = (12)rh A=rh A= (1/2) or?



Problems (Center of Gravity)

Example -13: Determine the volume of revolution if the area shown is revolved
180° with respect to y-axis.

V= A%

\y A = (%)[30%40 -10*40]

C:]é’OORevolurion — 400 (Sq l/ﬂ/lll)
_ [(%)x?,omo]xzo-[(%)><30><40]><‘%3—0
[(%) % 30 X 40] - [(%) X 30 X 40]
40 = 23.33 (unit)
X S=nx2333=733 (unit
1010 20

So, V=A% = 400*73.3
=29321.6 (cubic unit)



Problems (Center of Gravity)

Example -14: Determine the volume of revolution if the area shown is revolved
360° with respect to y-axis.

YA\

[~
C 360° revolution
|=>

radius
20 unit

V=A% So, V=A%
A= (1/4) *20° (sq. unit) = 16755.2  (cubic unit)
0 =2m % (4*20)/(3* ) (unit)
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