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Model Answer: Winter-2018
Subject: Engineering Mechanics. Sub. Code: 17204

Important Instructions to examiners:

1) The answers should be examined by key words and not as word-to-word as given in the model answer
scheme.

2) The model answer and the answer written by candidate may vary but the examiner may try to assess the
understanding level of the candidate.

3) The language errors such as grammatical, spelling errors should not be given more importance. (Not
applicable for subject English and Communication Skills.)

4) While assessing figures, examiner may give credit for principal components indicated in the figure. The
figures drawn by the candidate and those in the model answer may vary. The examiner may give credit
for any equivalent figure drawn.

5) Credits may be given step wise for numerical problems. In some cases, the assumed constant values may
vary and there may be some difference in the candidate’s answers and the model answer.

6) In case of some questions credit may be given by judgment on part of examiner of relevant answer based
on candidate’s understanding.

7) For programming language papers, credit may be given to any other program based on

equivalent concept.

Que. | Sub. Total
No. | Que. Model Answer Marks Marks
Q.1 Attempt any TEN: (20)

(a) | Define efficiency of machine.

Ans. | The ratio of output to input of a machine is known as efficiency. It is
expressed in %. 2 2
OR
The ratio of Mechanical Advantage (M.A.) to Velocity Ratio (V.R.) of

a machine is known as efficiency. It is expressed in %.

(b) | Define Reversible & Non-reversible machine with it’s condition.
Ans. | Reversible Machine: A machine which is capable of doing work in 1
the reverse direction after the effort is removed is called the
‘reversible’ machine. 2
Condition for Reversible machine : %n > 50%

Non-reversible Machine: A machine which is not capable of doing 1
work in the reverse direction after the effort is removed is called the
‘non-reversible’ or ‘self-locking” machine.

Condition for Non-reversible machine : %n < 50%

() | What s law of machine?
Ans. | Law of Machine: The relation between the load lifted (W) and the
effort applied (P) is known as the law of machine. This relationship, 2 2
when plotted on a graph results in a straight line as shown in figure
below. The equation of this straight line is P = (mW+C) N
Y

Load (W) —

C = Intercept on y axis. i.e. effort required to start the machine.
m = Slope of line.
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Q.1 (d) | State principle of transmissibility of force.
Ans. | Principle of Transmissibility of Force: It states that if a force acts at
a point on a rigid body, it is assumed to act at any other point on the 2 2
line of action of force within the same body.
(e) | State statics & dynamics.
Ans. | Statics: It is the branch of applied mechanics which deals with forces 1
and their action on bodies at rest. 2
Dynamics: It is the branch of applied mechanics which deals with 1
forces and their action on bodies in motion.
(f) | Define a force & state it’s SI unit.
ANS. | Force: It is an external agency either push or pulls which changes or 1
tends to change the state of rest or of uniform motion of a body, upon 5
which it acts.
S. I. Unit of force — N, kN 1
@) Explain space diagram & vector diagram.
ANS. | space diagram: It is the diagram in which number of forces acting on
body is drawn in space to a suitable scale and naming the spaces in 1
order by Bow’s notation. 5
Vector diagram: It is the diagram in which the forces are taken to a
suitable scale and drawn parallel to their respective lines of action of 1
the forces drawn in space diagram by maintaining the same order as it
was maintained in space diagram.
(h) Define Lami’s theorem.
ANS. | Lami’s Theorem: It states that, if three forces acting at a point on a
body keep it at rest, then each force is proportional to the sin of the 2 2
angle between the other two forces.
As per Lami’s theorem,
P Q _ R
Sino sinf siny
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Q.1 (i) | State different types of beams with sketch.
Ans. | Following are the different types of beams:
(i) Simply supported beam

i
L

(i) Cantilever beam

1
L i each 2
(any
(iii) Over hanging beam two)
T L 2 L
(iv) Fixed Beam
L
(v) Continuous beam
"
L L
(j) | Define cone of friction.
Ans. | Cone of friction: The resultant reaction S makes an angle ¢ with
normal reaction R as shown for given set of axes XY.
#Y axis
$ AR s
2 2
o|¢

= .
X axis

If X axis is rotated about Y axis, the resultant reaction S will also
rotate. The line of action of action of S will always lie on surface of
right circular cone whose vertex angle is equal to 2¢. This is known as
cone of friction.
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Q.1 (k) | State the factors on which frictional resistance depends.
Ans. | Following are the different factors on which frictional resistance 1
depends: each 2
1. Nature of surface in contact. (any
2. Magnitude of applied force. two)
3. Normal reaction between the surfaces of contact.
(I) | State Varignon’s theorem of moment.
ANS. Varignon’s Theorem: It states that the algebraic sum of moments of
all forces about any point is equal to moment of resultant about the 9 5
same point.
Let, Y MF = Algebraic sum of moments of all forces about point A
MRa = Moment of Resultant about point A
Then, ZMFA = MRA
(16)
Q.2 Attempt any FOUR :
(@ | Inacertain machine a load of 100 N is lifted by an effort of 8 N at
an efficiency of 60%. Find effort lost in friction & load lost in
friction.
Ans.
W=100N, P=8N, %n=60%
P =?, W, =?
M.A.:ﬂ:@—uS !
P 8
%on= M.A %100
V.R.
60 = 12.5 %100
V.R. 1
V.R.=20.83
|3f :P-Pi :P-(ﬂj =8- (ﬂ}
V.R. 20.83 1
P,=3.2N
W, =W,-W=(PxV.R.)-W=(8%20.83)-100 1 4
W, =66.64 N
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Q.2 (b) | In a certain lifting machine, the effort has to move through 1 m in
order to lift the load through 10 mm. If the efficiency of the
machine is 60%, find the load that can be lifted by an effort of
25 N.

Ans. | y = Distance moved by effort = 1 m = 1000 mm

x = Distance moved by load = 10 mm
%n=60%, P=25N

W =2
VR, = ¥=1000_,44 1
x 10
%1 =12 100 1
VR
60 =M-A 100
100 .
M.A.=60
But, M.A.:ﬂ
P
60 =W
25
1 4
W =1500N

(©) | A machine lifts a load of 400 N & 600 N by efforts of 60 N & 80 N

respectively. Find law of machine & efficiency at a load of 800 N if
VR is 22.

Ans. | W, =400N, P,=60N,W,=600N, P,=80N,
W, =800 N, V.R.=22
Lawof m/c=?, P,=?

Using Law of m/c, P =mW+C N

Putting given values of W & P in above equation
60 = (m x 400)+C----(i) 1
80 = (m x 600)+ C---~(ii)
Subtracting egn. (ii) from (i),
m=0.1

Putting value of mineqn. (i),
C=20

Law of m/c=P=[(0.1)W+20 |N 1

Page 5 of 31



MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION
(Autonomous)

(ISO/IEC - 27001 - 2005 Certified)
Model Answer: Winter-2018

Subject: Engineering Mechanics. Sub. Code: 17204
Que. | Sub. Total
No. | Que. Model Answer Marks Marks
Q.2

P=[(0.1)W+20 ]

P,=[(0.1)W, +20 ]=[(0.1x800) +20 | 1

P,=100 N

MA=Ns 800

P, 100
%on=A100=-3 x100
V.R. 22

%M=36.36% 1 4

(d) A screw jack of pitch 8 mm has a lever of 250 cm length. If the
efficiency of the machine is 30%, find the effort required to lift a
load of 1500 N.

ANS. | 5= g mm, L = 250 cm = 2500 mm, 1% = 30 %, W = 1500 N,

P=2

2L 2x7x2500 1

p 8
V.R.=1963.495

V.R.=

Az W _1500

P P

N% = %xm%

(1500)
0=~P J x100 1

1963.495

P=2546N
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Q.2 (e) | Asingle purchase crab has following details —
No. of teeth on spur = 125, No. of teeth on pinion = 25, Dia. Of
effort wheel = 40 cm & Dia. of load drum =16 cm. A load of 250 N
is lifted by an effort of 32 N. Find efficiency.
Ans.
N,=125,N,=25,D=40cm, d=16cm, W=250N,P=32N,
Y%m="?
V.R.:Bx&:ioxlz_szlz_S
d N, 16 25 1
MA—ﬂ:@:Y.Slz 1
32
M.A. 7.812 1
%n = x100= x100
V.R. 12.5
1 4
%M =62.5%
() | 1n a differential axle & wheel, the dia. of wheel is 40 cm & that of
axles are 10 cm & 8 cm. If the efficiency of m/c is 90%, determine
A the load lifted by an effort of 200 N.
NS- | d,=10 cm, d,=8 cm,D =40cm, P=200N, %n=90 %
W=?
vRo2XD _2x40_, .
d,-d, 10-8
wW_W 1
P 200
%n= -x100
on . 1
20)
90 =200/ 100
40
W=7200N 1 4
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(@) | Resolve each of the following forces into orthogonal components :
(i) 20 N acting 30° North of East.
(if) 25 N acting due North.
(1i1)30 N acting North-West.
(iv)35 N acting 40° South of West.
Ans. (1) N F, = Fxcosf
¢ty _F=20N =+20%c0s30
F, =+17.320N
W g-30" E
(%) (¢ x)
F,=Fxsin0
=+20xsin 30
o
s
(i) N F, = Fxcos6
T
(ﬁfll*=25N =+25%c0s90 1 4
: cach
W 8 =90 E
(-%) - & x)
F,= Fxsing
=+25%sin90
-
S
(iii) N F, = Fxcoso
F=30N ¢ =-30xcos 45
W @ =45 E
-X) &+ x)
F,=Fxsind
=+30x%sin45
-v) F,=+21213 N
S
(iv) N F, = Fxcos6
(S
=-35xc0s40
F, =-26.811N
W E
e ¢ x) |
F,=Fxsin®
F=35N =—35xsin 40

(-Y) F,=-22.497N

W

Page 8 of 31



MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC - 27001 - 2005 Certified)

Model Answer: Winter-2018

Subject: Engineering Mechanics. Sub. Code: 17204
Que. | Sub. Total
No. | Que. Model Answer Marks Marks

Q.3 (b) | Resolve a force of 100 N into two directions 40° & 50 ° on either
side of it acting on +" x-axis.

Ans.
¥
o =40
— >F=100N
B=50
F
Using Sine rule:
- Fxsino _ 100xsin50 1
Y sin(atf)  sin(40+50) .
F=76.6N
£ = FxsinB _ 100xsin40 1
2 sin(a+f)  sin(40+50) 1 4
F,=64.28N

(©) | A force of 2500 N acts on a bracket. Find moment of this force at
‘A’. (Fig. 1).

‘2500 sin 30°
: 2500 N
0
"f'o""' 2500 cos 30°
150 mm
, b l
A | - W~ 200 mm —— 1

200 mm —

AnS.

Fig. 1 FBD
M, =-(2500%sin30x%200) +(2500% cos 30x150) 2
M, =74759.53N.mm (Clockwise) 1 4

Page 9 of 31



MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION
(Autonomous)
e (ISO/IEC - 27001 - 2005 Certified)

Model Answer: Winter-2018

Subject: Engineering Mechanics. Sub. Code: 17204
Que. | Sub. Total
No. | Que. Model Answer Marks Marks

Q.3 (d) | Find the angle between the two forces of magnitude 120 N each,
such that their resultant is 60 N.
Ans. | P=Q=120N,R=60N

0="2

Using Law of Parallelogram of forces 1
R?  =P?+Q%+(2x P x Q x cosf)
R?  =P?+P+(2x Px Px cosf)

(60)> =(120)°+(120)+(2x120x120xCc0s0) 1
3600 =14400+14400+(28800x Cos0)
0s60 2-@:0.875

28800 1
0 =cos™ (-0.875

cos™ ( ) 1 4
0 =151.04°

OR

Using Conditions of Equilibrium:

12 sin 6/2
T 120 N
120 cos B/2
82760
R=
o 60 N
120 cos 8/2

120sin02 120N

1) Y F.=0(— +ve,«-ve)

=+120cos (9) +120co0s (Qj
2 2

=+240co0s (%) 1

2)> F,=0(T +ve,{ -ve)

=+120sin (QJ -120sin (9]
2 2

=0
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IR=(LR LR
:\/(240005[%]2 +0
3)
3)
60 = (240005 (%D

(O ﬂj:75.522

- :cos'l(
2) 240

0=2x75.522

R%= (240005

R = (240cos

(€)

& direction on sketch.

800 N

500 N

Ans. .
Resolvingall forces

D" F,=-(150)-(800xc0s50°) + (500 cos 40°)
=-(281.21)N

D" F, = +(800xsin50°) +(500xsin 40°) - (600)
=+(334.23)N

Find the resultant of all forces shown in Fig. 2. Mark it’s position

150N

(R ) +(3F,) =4(281.21) +(334.23)

1]
=___

X
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(f)

Since, Y F,=-ve and ) F,=+ve,R liesin|2" quadrant |

Let,0 be theangle made by R with horizontal.

2RI 334.23‘
>'F, 281.21

0=49.92° with negative x axis.

f=tan 1

R=436.79 N
=

Fig. Location of Resultant

Five parallel forces of 10, 20, 30, 50 & 80 kN are acting on a beam.
Distances of forces from 10 kN force are 1 m, 2 m, 3 m & 5 m.
Forces 20 & 50 kN are acting downward & other acting upward.
Find resultant in magnitude, direction & position w.r. to 10 kN
force graphically.
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Q3 | (M
AnS.
10KN som : 80oxN
1%
J '& el 6"5 (18] : ]
SPACE D7A. & FUNICUAR mvsw ,
7 .‘. SCALEs [emad.5M
R d
b 1%
.
7 Q Po lE)
c |
e ,.
Vector diagram and Polar diagram
Scale 1cm = 10kN
= I(af) x Scale = 5x10 = 50kN 1 4
X=11.6x0.5=5.8m
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(@) | A sphere weighing 500 N is supposed by two planes. One plane is
vertical & other is inclined at 60° to the horizontal. Calculate the
reactions at the planes.

60 + 60 + 30 = 150"

Ans. RB
] . \
: 60

60
A S0

& RA 1
\ 5 30
600 xﬁﬂ “
o
”""* 90 + 30 =120 gp°

~
w
500 N W= 500N
Problem Figure FBD

Using Lami's theorem,
500 _ R, _ Rg 1
sin150 sin120 sin90

© @ @6

Using term (1) &(2)

500 _ R,

sin150  sin120
500

sin150
R, =866.025N

R,=sin120x

Using term (1) & (3)
500 _ Ry
sin150  sin90
500
sin150

Rz=sin90x

R, =1000N

(Note: If the problem solved by using conditions of equilibrium, should be considered.)
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Q.4 | (b)

Find tension in each ro

|

\ l
o}

45

AnS.
T

o]

30

W=400N
Problem Fig.

Using Lami's theorem,
400 _ T, T,

Two men carry a weight 400 N by means of ropes fixed to the
weight. One rope is inclined at 45° & other at 30° with vertical.

pe.

o b
454+ 90 =135 _

W=400 N
FED

© @ @
Usingterm (1) &(2)
400 _ T,

sin75  sin150

400
sin75

T,=207.055N

T,=sin150x

Using term (1) & (3)
400 _ T,

sin75 sin135
400

sin75

T,=sin135x

T,=292.820N

sin75 sin150 sin135

(Note: If the problem solved by using conditions of equilibrium, should be considered.)
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Q.4

(©)

AnS.

An electric bulb of 30 N weight is hanging from ceiling. It’s wire is
pulled by a force acting at 40 to the horizontal such that the wire
makes an angle of 60° with the ceiling. Find magnitude of force &
tension in the wire.

o _o 0o
30+350=80

s
60"+ 90 = 150° 40+ 90 =130

W=30N
Problem Fig. FED

W=30XN

Using Lami's theorem,
30 T _ P
sin80 sin130 sin150

» @ 6

Usingterm (1) &(2)
30 T
sin80  sin130
30
sin80

T=23.336N

T=sin130x

Using term (1) &(3)
3 _ P
sin80 sin150

P=sin150x

sin80
P=15.231N

(Note: If the problem solved by using conditions of equilibrium, should be considered.)
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Q4 (d) | A simply supported beam is of 10 m span. It has a udl of 25 kN/m
throughout it’s length & point loads of 80 kN & 120 kN at3 m & 8
m from left support. Calculate support reactions by analytical
method.

80 kN 120 kN

AnS.

2.F=0

+R,-(25%10)~80-120+R, =0
R,+R, =450 kN-—(1) 1
> M, =0

(R,x10) =(25x10x5) + (80 x 3) + (120x8)=0

Rg= 245kN (1) 1
Putting value of R, in equation (1)
R,+Rg =450
R, +245 =450
1 4

R, =205kN (T)

(e) | Find support reactions for a beam shown in Fig. 3 by analytical
method.

Ans. :l() kN/m 1] SkN
le
"ﬁ

7m e 3m o
€ 3|

115 kN
C

3im

Y
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Q.4

(f)

2.F=0
+R , - (10x7) +R 4-15=0
R,+R, =85 N---(1)

D> Mg=0

(R,x7)-(10x7x3.5)+(15%x3)=0
R,=28.571IN (T)

Putting value of R , inequation (1)
R,+R;=85
28.571+R; =85

R,=56.429N (T)

Find support reactions for a beam shown in Fig. 4 by graphical
method.

10N 1SN
‘/—15 N/m |
A ‘ B
ﬁ 2] 3 2 o
€ 2m e m ke m N
Fig. 4
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Q4 | ()
Ans.
1%
SPRCE OTA L n:nxcmng poLYGoN
SCALE: [€Me | Mm
1Y%
Vector diagram and Polar diagram
Scale 1cm = 10N
Ra=I(pt) x Scale = 3.4x10 = 34N
Rs = I(st) x Scale = 3.6x10 = 36N 1 4
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Q.5 Attempt any FOUR : (16)
(@) | A body weighing 12 kN is lying on a horizontal plane for which p
= 0.70. Determine normal reaction, limiting force of friction,
horizontal force required to move it & angle of friction.
R
Ans. A
Motion
F t > P
77/ //t/f
pn=0.70
Y
W =12 kN
> F,=0 (T +ve, i-ve)
R-W=0 1
R-12=0
R=12kN
D F=0 (— +ve, «-ve)
P-F=0
P=F
P=pxR =0.7x12 1
P=8.4kN
P=F
1
F=8.4kN
KL=tan ¢
Angleof friction=¢g=tan™ u =tan™ (0.7)
Angle of friction =¢=34.99° 1 4
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Q.5 (b) | A block of 80 N is placed on a horizontal plane where the
coefficient of friction is 0.25. Find the force at 30° upto the
horizontal to just move the block.
P . (e}
Ans. R sin 30 P
ﬁ 30°
P cos 30°
F=uR L _’_:_3_0_____ Motion
VOO Oy Yore
Rough horizontal plane
v
W=80N
D F=0 (—> +ve, < -ve)
(Pxcos30)-F= 1
(Pxcos30)- (HXR):
(Px0.866)-(0.25xR)=0
(Px0.866)=(0.25%R)
:(0.866}<P
0.25 1
R=(3.464)P -——(1)
>'F,=0 (T +ve, i«-ve) 1
R+ (Pxsin30)-W=0
(3.464%P)+(Px0.5)-80=0
(3.964)P=80 1 4
P=20.18N
©) A body of weight 400 N is placed on an inclined plane at an angle
of 15° with the horizontal. If coefficient of friction is 0.14, find the
value of force to be applied parallel to plane just to prevent the
body from sliding down.
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Q5 | (o) v
Ans. _
N\o\.\on
-] /
400 sin 15 =W
~ 15
400 cos 15
W=400N
Consider inclined plane as x-x axis & perpendicular to it as y-y axis.
Y F,=0
R - (400%c0s15) =0 !
R =(400xco0s15)
R=386.37 N 1
D F=0
P +F-(400xsin15)=0 1
P+ (uxR)-(400%sin15)=0
P +(0.14x386.37)-(400xsin15)=0 1 4
P=49.43N
q Find the horizontal force required to drag a body of weight 100 N
(d) along a horizontal plane. If the plane is raised gradually upto 15°,
the body will begin to slide.
R
A
Ans.
Motion
F« > P =2
IS //t/f
p= 0.27
v
W=100N
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Q.5 We know, y = tana =tan15°= 0.27

> F,=0 (T +ve, J-ve) 1

R-W=0

R-100=0 1

R=100N

D F=0 (— +ve, «-ve)

P-F=0 1

P-(uxR)=0

P=(uxR)=(0.27x100)

P=27N 1 4

(e) Forces of 1, 2, 3 & 4 kN respectively act at one of the angular

points of a regular pentagon towards the other four angular

points taken in order. Find the resultant in magnitude &

direction.

Ans.
2 kN
> 1 kN
Fig. Direction of Resultant
Exteriorangle= 360 —= 360 =72°
No.of angular points 5

Interiorangle=180-72=108°

ABAC=ACAD=4DAE=%:36° !

(Note: If forces are taken in different order and attempted, should be considered.)
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Q.5

(f)

AnS.

Resolving all forces

D F, = (1)+(2%c0s36°) +(3xC0s 72°) — (4% C0S 72°)
= +(2.310) kN

D F, = (2xsin36°) +(3xsin 72°) + (4xsin 72°)
= +(7.833) kN

g

(SR +(ZF,) =(2.310)" +(7.833)

R=8.17kN

)

Since,ZFX =+ve & ZFy =+ve,R liesin|1* quadrant |

Let, 0 be theangle made by R with horizontal.

>'F, 7.833‘
>F, 2.310

|9=73 .57°with positive x axis.|

il

f=tan™

Determine analytically the resultant of the coplanar parallel
forces acting vertically upwards —

(i) 40N

(i) 20 N at 30 cm

(ii)30 N at 50 cm &

(iv)60 N at 70 cm.
All distances are measured from the first force towards right.

R=150N

30 cm 2
-

A@® X=42cm
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Q.5 ()] R =+40+20+30+60

Ans. 1
R=+150N(T)
Let, x be the distance of R from 40 N force.
Taking moment of all forces about point 'A'&
using Varignon's theorem of moment
Z MFA =M Ra
(40x0) -(20x30) - (30%x50) -(60x70) = - (RxX) 1
(40x0)-(20%30) - (30x50) -(60%70) =-(150%x)
-(6300) = - (150xx)
X=42cm
R =150 N liesat 42cmfrom 40 N force vertically upward. 1 4
Q.6 Attempt any FOUR : (16)
(@) | Find centroid of an inverted T — section with flange 60 x 10 mm &
web 50 x 10 mm.
Ans.
r
50 mm
1
y
»n
@ | |10 mm
-———X>
. B
r— Line of symmetry
Y
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Q.6

(b)

AnS.

(1) Area calculation
a,=10x50=500 mm*
a,=60x10=600mm?

a =a, +a, =1100mm?

(2) x calculation
As given figure is symmetric @ Yy axis,
- 60
X=—
2
X=30mm (from OA on line of symmetry)

(3) y calculation

2 :10+(%j:35mm

10
y,= (?j:Smm

(a,xy,)+(a,xy,) _(500x35)+(600x5)
a 1100
y=18.64mm(from OB on line of symmetry)

y=

A retaining wall of height 5.2 m has one side vertical. The top
width is 0.8 m & bottom width is 3.2 m, find centroid.

0.8m
A‘
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Q.6 (b) | (1) Area calculation
Ans. a,= Avreaof rectangle=(0.8x5.2)=4.16m’

a, = Areaof triangle = %x2.4x5.2 =6.24m?

a =a, +a, =10.40m? 1

(2) x calculation

X, :(0;28}0.4m

X, :o.8+(1x2.4j:1.6m
3

(a,xx;)+(a,%x, ) _ (4.16x0.4)+(6.24x1.6)
a 10.40

x=1.1m(fromOA)

X=

(3) ycalculation

5.2
= —[=2.6m
Y1 ( 5 J

y,= (%xS.Zle.Bm

(a,xy;)+(a,xy,) _(4.16x2.6)+(6.24x1.73)
a - 10.40 1 4

y=2.08m(fromOB)

y=

(c) | Find the centroid of shaded area of a lamina shown in Fig. 5.

y 4
A

7

200

mim @
l

> X

Page 27 of 31



Subject: Engineering Mechanics.

(Autonomous)

sz (ISO/IEC - 27001 - 2005 Certified)

Model Answer: Winter-2018

MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION

Sub. Code: 17204

Que.

No.

Sub.
Que.

Model Answer

Total
Marks

Q.6

(©)

AnS.

(d)

Let, Quarter circle = Fig. (1) &
Triangle = Fig.(2)
(1) Area calculation

2 2
aﬁ”ir =(”on0 J: 31415.926 mm’

a,= %XZOOXZOO =20000 mm?

a =a, —a, =11415.926mm’

(2) x calculation
X, = (‘Mj (4X200] 84.883mm

3xrm

, :(—x bj:(—x 200 j 66.667 mm

(a,%%,)—(a,%x,) _ (31415.926x84.883) - (20000x66.667 )

a 11415.926
x=116.796 mm (from OA)

(3) ycalculation

(‘Mj (4“00] 84.883mm
3xrm

(—x bj (—x 200 [=66.667 mm

xy,)-(a,xy,) _(31415.926x84.883)—(20000%66.667)

y_ a - 11415.926

y=116.796 mm(from OB)

A right circular cone of base diameter 100 mm & height 200 mm
is placed on the base of hemisphere of same diameter. Find C.G.

1%

1% 4
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Q.6 (d) Y-axis Line of symmetry
A :
Ans. : ; r=100=50 mm

:
g

B
B

=h

e 100 »

Let, Cone =Fig. (1) &
Hemi-sphere = Fig.(2)
(1) Volume calculation

VlzéxnerXh: %an502><200 = 523598.776 mm®

V,= %xnxr3 =§><n x50° =261799.388 mm®

V =V, +V, =785398.164mm’

(2) x calculation
As fig. is symmetric @ y-y axis,
—_100
X=—

2
x=50mm(fromOA)

(3) ycalculation
Y. = r+(ﬂj :50+(@j =100mm
4 4

y,= r(%) ﬂO-(%) =31.25mm

w X-axis

—_(Vixy,)+(V,xy,) _(523598.776x100)+(261799.388x31.25)

y= Vv - 785398.164

y= 77.083mm(fromOB)
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Q.6 (e) | A frustum of a solid circular cone is of top dia. 30 cm & bottom
dia. 60 cm of height 50 cm. Find C.G. of the frustum.

Ans. AY
E
Lh:r?rg;t — ABE = Full cone
syl ry h, CED = Cutcone
ABCD = Frustrum
5 of a cone
o s (e v S 1
- |
BQCm
i
@ I hy=50cm
; - Frustrum of a cone
i
1G [
A ° B > X

1)
n—-——SOcm—t
Base

Let, Full cone as Fig. 1 and cut cone as Fig. 2

1) Figure is symmetric @ y-y axis and hence,

X = Maximum horizontal dimension /2
=60/2

x=30cm(fromyaxis)

Y2

h; =50 cm, h, = Height of cut cone
In triangle, ABE and CDE
h _h,

60 30

h=50h,
30

h=2h,

h,+h,=h
h,+h,=2h,
h,=2h,-h,
h,=1h,

50=1h,
h,=50cm
h=50+50=100cm
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(f)
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2) Volume Calculation

V,=(1/3)mr, " h=(1/3)n(30)*X100=30000mcm’
V,=(1/3)nt,’h,=(1/3)n(15)*X50=3750ncm’
V=V,-V,=26250rcm’

3) y calculation

Y, :hl+%:50+ (57?) =62.5cm

5= VaYi-Vy, _ 300007 x 2537507 x62.5

V 262507
y=19.64 cm (from x —axis)

Define — Centroid & Centroid of Gravity. Locate C.G. of a solid
cone of height 900 mm & show it on sketch.

Centroid: It is defined as the point through which the entire area of a
plane figure is assumed to act, for all positions of the lamina.

e. g. Triangle, Square.

Centre of Gravity: It is defined as the point through which the whole
weight of the body is assumed to act, irrespective of the position of a
body.

e.g. Cone, Cylinder.
C.G. of a solid cone of height 900 mm :

y= (%} 900 _ 95mm

4

. \NV4Y=225mm

Yo
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