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Instructions: 
Answer any 4 questions. All questions carry equal marks. 

Any assumptions made in solving the questions should be justified with reasons. 
Y u may answer questions 3 and 4 on the sheets attached to the question paper directly using the 

1ven figures and attach them to your answer script. Write your name and roll number on those 
sheets in the spaces provided. 

1. 
a. Determine the homogeneous transformation matrix 0T3 from the frame x3 y~3 to Xo y oZo. as 
·sh wn in Fig. 1 a. The steps involved are: (i) Rotation about Z0 by angle e, (ii) Translation along 
X1 by distanced, (iii) Rotation about Y2 by angle (J. (12) · 
b. A coin of radius r is rolling with a constant angular speed {J) while moving on a circular path 
of radius R at a constant inclination¢, as shown in Fig. 1b. At the configuration shown, 
de ermine the homogeneous transformation matrix 9Tc from the coin frame XcYcZc. (axis Xc is 
_no alto the coin, and Yc is always horizontal) to the ground fixed frame Xg}'gZg. (13) 

2. 
a. Shaft 1 of the compound epicyclic gear train shown in Fig. 2a is driven at 40 rpm. Tooth 
nu bers are as indicated in figure; Find the speed and direction of the gears G and M. (13) 

. b. For the gear train shown in Fig. 2b the motor is driven CCW at 1750 rpm. Tooth numbers 
ar; as indicated in the figure. Find the speed of the shafts 1 and 2. (12) 

3. The mechanism in Fig. 3 is used to push boxes on to a conveyor. The desired working 
ra ge of .the slider E is 300 mm, as shown. Graphically determine the offset e, length of the 
co pier AB and the length of the crank BC to achieve the desired working range with no quick 
ret m effect in the movement of E. (25) 

A box is to be received from a conveyor and placed on a trolley, as shown in Fig. 4. Given 
three positions of the coupler and . the ground hinges, graphically synthesize the 4R 
hanism for the purpose and draw the mechanism in the final configuration. (25) 

5. A cam profile is desired to have the following characteristics -
a. 0 :< e <= 1t12 rise from 0 mm to 10 mm 
b. 7tl2 < e <= 1t dwell at constant height 10 mm 
c. 1t · < e <= 31t/2 fall from 10 mm to 0 mm 
d. 37tl2 < e <= 27t dwell at 0 mm 

De · e the expressions for the profile as a function of. cam rotation e, using two parabolic 
fun ions of the form f(9)= ae2+be+c for the each of the rise and fall parts, ensuring continuity of 
dis lacement and slope at all junctions. For the rise part, take f(7t14) = 5 mm, and for the fall part 
tak f(57t14) = 5 mm. Interpolate between the two parabolic segments required for synthesizing 
the rise and fall at these points i.e. at e = 7tl4 and e = 57tl4. Write the expressions for f(9), f(9), 
. rca I for the different segments of the profile. Find the minimum admissible radius of the base 
cir; e and minimum follower face width for a translating flat faced follower. Then write down the 
e ressions for the cam profile ooordlnates as piecewise continuous function of e. (25) 
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