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1A. Define pictorially the four parameters in a D-H Table. Calculate the D-H 
Table for the PUMA 560 as shown in Figure Q.1A and derive the forward 
kinematics for the same.(Assume various parameters). 
 
 

 
 
 
 

07 

Instructions to Candidates: 

 Answer ALL questions. 

 Data not provided may be suitably assumed 
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Figure Q.1A 

 

1B. If there are two reference frame {A} and {B} and 𝑋𝐴
𝐵 , 𝑌𝐴

𝐵 , 𝑍𝐴
𝐵  represents the 

X,Y and Z axis respectively for frame {A} represented in reference frame 
{B},Find out the rotation matrix between {A} and {B}. 

 

03 

2A. Write down the general form of EoF (equation of motion) for multi body 
system. What does each of the components represents? Deduce the 
same using Lagrangian Formulation. 

05 

2B. Deduce the equation of motion for two link planar manipulator Figure Q.2B 

 
Figure Q.2B 

 

05 

3A. Figure Q.3A shows a two-link planar arm with rotary joints. For this arm, 
the 

second link is half as long as the first—that is, 𝑙1= 2𝑙2. The joint range limits 
in degrees are 

0 < 𝜃1 < 180 
−90 < 𝜃2 < 180 

Sketch the approximate reachable workspace (an area) of the tip of link 2. 
 

04 
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Figure Q.3A 

3B. If the parameters of the system in Figure Q3B are in m = 1, b = 1, and k = 
1, find the gains 𝑘𝑝, 𝑘𝑣 for a position-regulation control law that results in 

the system's being critically damped with a closed-loop stiffness of 16.0. 
 

 
Figure Q3B 

04 

3C. Draw a block diagram for a position regulator system 02 

4A. Write down the forward kinematic equation for two link planar manipulator 
and derive the inverse kinematic expression algebraically. For the same 
manipulator length of the first link is 2 units and length of second link is 1 
unit. It’s Jacobian matrixes at 3 different configuration (named as J1,J2 
and J3) have been given as follows: 
 

J1=
−0.6893   −0.3420  

2.9093 0.9397
 J2= 

−1.6644   −0.8192
2.3862 0.5736

  and  J3=
−2.3801   −0.9659  

1.1554 −0.2588
 

 

Calculate joint variables and Cartesian space coordinates for each of this 
configuration. 
 

07 

4B. With neat sketch, explain different types of joints and different 
configurations of robot (with work volume, joint notation scheme). 

03 

5A. Draw the block diagram for Hybrid position/force controller for a general 
manipulator. 

05 

5B. Illustrate the methodology for deriving inverse kinematics solution for two 
link planar manipulator (RR). 

03 

5C. Obtain the coefficients of a cubic polynomial 𝜃(𝑡) = 𝑎0 + 𝑎1𝑡 + 𝑎2𝑡2 +
𝑎3𝑡3if 𝜃(0), 𝜃̇(0), 𝜃̈(0),and 𝜃(𝑡𝑓) are specified. 

02 

 


