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Marks

Q.1

Attempt any THREE. (All questions carry equal marks)

15

A.

Find the force P required to just move the 20 kg block to the right. _
1ol e (1.5 (20 x 9.81)N

R
FBD of block

Consider the body having impending slipping towards the right. Hence the
frictional force on the block will act towards the left and will have a magnitude
given by ‘Ys R’

2Ex=0. -0.3R +Pcos30° =0
Er =0, R + Psin30° - 20(9.81) =0

on solving these two equations simultaneously, we get
R=167.23N,P=57.93 N

05

A 30 kg pipe is supported at A by a system of five chords. Determine the force in each chord
for equilibrium.

For forces acting at junction A, using Lami’s theorem, Tse

30 x9.81 Tae Tag
. 0 = . 0 = . 0 1200
sin120 sin150 sin90

Tae = 169.9N 150°
Tas = 339.8 N

TAE
90°

(30 x 9.81)
For forces acting at junction B, using Lami’s theorem,
3398 . Tz _ Ty

sin143.13°  sin96.87° sin120° Tee
Tce =562.3 N
Teo =490.5N

Tep

96.87°

Tas

05

Two concurrent forces P and Q acts at O such that their resultant acts along x-axis. Determine
the magnitude of Q and hence the resultant.

05
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x=RandRy=0
Ry = ZFy (T +Ve)

(A) As resultant is given along x axis. N P =480 N
|
1
0 =480sin30-Qcosa  __o____ \

Q=300N
and Rx = X Fx (— +ve)
R =480 cos 30 + Q sin o = 595.69 N o = tan-! (2}
R = 595.69 N (—)
= 36.87°
D. | A particle starts from rest and moves along a straight line. The velocity of the particle varies 05
as per the equation v = —t? + 20t where v and t are in m/s and seconds respectively. Find the
position and acceleration of the particle at t =5 sec, 10 sec.
v = -t?+20t (1)
= Yo axs20 . (2)
dt
To obtain x from v we need to integrate
From (1),
v = Z_ 2 o0t
dt
oo fdx = (o2 4 20t)dt
_t3
x = ——+10t%+c
3
Taking the starting point of the particle as the origin, we have, att=0,x=0
~ 0 = 0+0+c
c = 0
_ _F 2
X = -—-—+10t ... (3)
3
At__t = b5sec,
Xs; = 208.33m, as=10 m/s?
At__t = 10 sec,
X490 = 666.67m, a;p=0
Q.2 | Attempt any THREE. (All questions carry equal marks) 30
A. | I) Find the resultant of coplanar force system given below and locate the same on AB with | 06

due consideration to the applied moment.
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Let us first find out all the angles,
From the figure,

o = tan™'(120/160) = 36.87°
and B = tan7'(160/120) =53.13°
Y. Fx = 400cosP — 320 - 200cosa. + 50cosa
= -200N
= 200N (<)

negative sign indicates leftward direction
> Fy = 300 + 400sinp — 200sina — 50 sina

= 470N (1)
positive sign indicates upward direction. 300N 120 mm 400 N
TF E
The resultant magnitude is given by
- / 2 2 _
R = ZFX +ZFY = 510.78 N
The direction of the resultant is given by 160 mm
06 = tan ' Fy/XFx)
= tan-'(470/200) cl AB 320 N
= 66.95° (N) kY D c
To find the position of resultant,
Consider point A as the origin. 120 mm
> Ma = -4800 — 50 sin o (0.16) 4200
+320 (0.12) — 400 cos p (0.12) R vé .
= 0 RZ
< 160 mm
200 N ! 1 50 N

The x intercept is given by,
_ 2Ma
2R

This means that the resultant cuts the x axis
(line AB at x = 0, i.e. through the origin, point A)

X =0

II) A car starts from rest and travels along a straight track. It accelerates at a constant rate for | 04
10 seconds, then immediately begins to decelerate at a constant rate and it comes to rest at
t’=60 sec. Draw the velocity-time (v-t) for this motion.

a
{m/s?
10

0 10 d

t(s)

—of--mn--

The car starts from rest. Hence vo=0and so =0
Change in velocity in a time interval = area under a-t graph.
vio — Vo = (10 x 10)_= 100 m/s Vv
vio =vo+100 =100m/s (M/s)

Velocity attime t' =0 10
0-vio =-[(t'-10) (2)]
-100 =-[2t' —20]
t =60 seconds

t(s)
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I) The mass of A is 23 Kg and mass of B is 36 Kg. The coefficient of friction are 0.4 between | 06
A and B, and 0.2 between ground and block B. Assume smooth drum. Determine the
maximum mass of M at impending motion.
ll'llul, IT‘ LU i I'\O‘
_The motion can impend in 2 ways :
(i) Only A starts motion or Fixed drm
(i) Both start together A
Case 1:Only A starts motion
SFy=0 - N1=23gN(T) B M
SFx=0 s Mg-04N1=0
M=09.2kg
Case 2:Both A and B start motion together 239
SFy=0 - N2=59g N(T) I 1—Mg
SFEx=0 s Mg-02N2=0 —
N1
23l g
As “M" is lesser in case (1) so case (1) will start i Mg
M=9.2 kg
| =
36 ¢
f <=0.2 N2
N2
II) The car moves in a straight line such that for a short time its velocity is defined by v = (9t> | 04
+ 2t)m/s. Where t is in seconds. Determine its position and acceleration when t = 3 sec.
Given: [V = 912 + 2tlm/s
. S=[ydt=3t+11+Cy
Assuming att =0, S = 0 (i.e. position = displacement)
We getC1=0
[S=3B+tm
dv
and[a= o =18t + 2] m/s2
at t =3sec
S3 =90 m
az =56 m/s?
I) In figure collar C slides on a horizontal rod. In the position shown rod AB is horizontal and | 06

has angular velocity of 0.6 rad/sec clockwise. Determine angular velocity of BC and velocity
of collar C.

Given: 01=0.61/s ()

Rod AB: Ve = I(iB) x o1 180
= 140x0.6 mm
= 84 mm/is (V)

Rod B - Vs _ 8

= ®2 | s
— I(I,B) 240

al.
100mm ' 140mm
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= 03515(N)

Ve = [I2C) x o2
180 x 0.35
= 63 mm/s (=)

IT) Describe various parts of Robot with neat sketch.

Manipulator

Joint
(contains actuator @ =
and sensor)

End Effector

!

2
Joint sensor data
(position, velocity,
acceleration) Teach
— Controller >
Pendant

Joint drive signal
(velocity and direction)

A Robot essentially consists ol b main parts
1. Manipulator - It makes up the main structure of the robot. It consists of
links and joints and gives the shape and form to a robot.

Joints in a robot are mainly of two kinds viz. Revolute and Prismatic. A
revolute joint allows only rotation and does not allow any linear motion at
the joint. Whereas a Prismatic joint allows linear motion at the joint and
does not facilitate any rotation. '

2. End effector - It is the last extreme part of a robot. It is designed to interact
with the environment. It is finally the end effector which performs the task
for which the robot is designed. The type of end effector depends on the task
to be performed. For example, for a robot designed for picking an object from
one point and placing at some other point, the end effector would be 2
gripper, which should hold and also release the object as desired.

3. A.ctuators - Actuators are devices which provide motion to the joints and
links. Actuators convert either electrical, air or hydraulic energy int
mechanical energy. Actuators may be servo motors or pneumatic actuators
or hydraulic actuators. ’

robot’s movement.

Controller - It is the brain : i b
computer and signals f; of & robot. It receives command inputs from pod
g rom the sensors. Op these bases it direct

04
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I) Find the centroid shaded area.

Y10.25m
/ 0.75m

For square:
Al = 1x1 = 1m?
x1 = 05m
For triangle:
A2 = -12x075x%x0.75 = -0.281m?
X2 = 1-0.75/3 = 0.75m
For quartercircle:
Az = -x(0.752/4 = -0.441m?
x3s = 4(0.75)/(3n) = 0.318m
A summary of these calculations are given in the table below.
Part A Xi Aixi
Square 1 0.5 0.5
Triangle —0.281 0.75 —0.211
Quartercircle -0.441 0.318 —0.140
YA =0.278 2 Aixi =0.149
_ DA
X = =—= 053m

iXi
XA
We can see that the angle bisector of the two coordinate axes is the axis of
symmetry for the given area. Since the centroid has to lie on the axis of
symmetry, hence the x—coordinate and y-coordinate of the centroid must be
identical.

Hence, y= X = 0.536m
Hence the coordinates of centroid are ( 0.536, 0.536 ) in m.

08

II) Define Angle of Repose and Angle of Friction
¢ Angle of Repose (6)

If a block is placed on a rough inclined plane and if the inclination of the plane is
gradually increased, then the angle 6 at which the block would have impending motion

down the slope is called the angle of repose.

e Angle of Friction

The angle made by the resultant R with the normal to the surface of contact when the body has

impending motion is called the angle of friction.

02
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E. | Find the support reactions for the beam loaded and supported as shown in fig. 10
80 KN
' 100 KN B8 kN
‘ im
(é°
' —_— ' ' 1 '
' Hse B ' ' 1 : '
: : : 1 ' '
: VB‘:r : 50 ts.””" M 130
] 3m i1m i 1m o 1mo 3m ] Re
>Me = 0 ((5 positive)
80 x 1 - 50— 100 sin 45 x 2
—60x4+RrFcos30x6=0
RF=67.63 KN (N )
>Fx = 0 (— positive)
Hg — 100 cos 45 — RFsin 30 =0
Hg = 104.53 = 104.53 KN (—)
>Fy = 0 (T positive)
—80+Veg—100sin45-60 + RFcos 30 =0
Ve = 152.14 = 152.14 KN (T)
Q.3 | Attempt any THREE. (All questions carry equal marks) 15
A. | Write a Homogeneous matrix that represents Pure Rotation about all the 3 axes 05
i,n,],;ctinn ofzyonz=1
Cos 0 —sinn 0 o
., this vector data in Ror (2) = Sinf  cosp 0 0
*"m.;:.‘ts form, we have, Rotation @ 0 0 1 gf~®
Matr®
. 1 0 .
_arly, Rotation Matrix about x 0 8 0 ’
N{tlcan be obtained as Ror (%) Rot (x) = C089 -einb 0 )
axis 0O sin® cos®p O
L0 0 0 1
B cos® O sin® 01
& ] Matrix about y 0 0
ilarly, Rotat{on 0 1
ig;:can be obtained as Ror (¥) Rot¥) = | _gin o 0 cosd 0| (8)
. 0 0o o 1
B. | Arod AB, 26m long leans against a vertical wall. The end A on the floor is drawn away from | 05

the wall at a rate of 24 m/s, when the end A of the rod is 10m from the wall, determine the
velocity of end B sliding down vertically and the angular velocity of rod AB.
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Given Va = 24m/s («)
Tofind : VB, ®ap

Velocity directions of points A and B are as
shown in the figure. Hence we can locate the
ICR by drawing perpendiculars to Va and Vs.

By Pythagoras theorem
BO = 1/262-102 = 24m
Va = IAxoas 24 m/s =Va
24 = 24 x ops ?
oas= 11/s (clockwise) [ |

10m
Ve

IB x was

10 x 1 1m
10 m/s (¥) /

A cylinder with 1500 N weight is resting in an unsymmetrical smooth groove as shown in 05
figure. Determine the reactions at the points of contacts.
_By Lami’s theorem
1500 : R, 1500N
sin(45+60) sin(180 - 60)
= R N h
sin(180 — 45) ‘
R1=1344.86 N () and R = 1098.08 N (X R1 5 500 T2
Find the centroid for given lamina 05
I
_To find the centroid of the lamina. l S l
Part Ai Xi | Yi AiXi Aiyi
Triangle AEB 450 10 | 22 4500 9900
Rectangle ECDO 600 25| 6 15000 3600
TAi = 1050 TAXi = 19500 | TAyi= 13500
x = ZAX - 4857cm
TA,
—aA
y = ZAY - 42860m \
TA AN
20 14 ~rm b

kXL Akt q N All the Best*‘k*******
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