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Q1 (a) Define the following terms used in industrial robotics.

Q2

(b)

(©

(b)

(d)

(1) Revolute
(ii) Prismatic
(ili)  Degrees of Freedom
(6 marks)

Compare the advantages and disadvantages of robot application.
(8 marks)

Robots can be classified according to the types of tasks, control, configuration, and
mobility.
Define classification by task and mobility

(6 marks)

A frame has been moved 4 units along the x-axis and 5 units along the y-axis of the
reference frame. Determine the new location of the frame.

0.7 —04 08 5
0.9 0.9 0g2 3
Q7 0 0.6 8

0 0 0 1
(3 marks)

A point P=[7, 3, 2] T, which attached to a frame (n, 0, a) relative to frame B, is subjected
to the following transformation. Calculate the total transformation matrix:

(i) A rotation of 30" about the y-axis,
(ii)  Followed by a rotation of 90" about the o-axis,
(iii)  Followed by a translation of 4 units along the n-axis,
(6 marks)

Suppose that a robot is made of a Cartesian and RPY combination of joints. Calculate
the necessary RPY angles to achieve the following coordinates.

0.354 0.674 0.649 4.33
_ 0505 0722 0475 25
0.788 0.160 0.595 8

0 0 0 1
(8 marks)
Calculate the inverse of the following transformation matrix:

0.5 0 0.866 3

B s 0866 0 5 2

0 1 0 5

0 0 0 1
(3 marks)
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Q3 For the three-link planar arm with prismatic joint of Figure Q3:

(a) Assign the coordinate frames based on D-H representation.

(8 marks)
(b) Fill out the parameters table shown in Table Q3(b).

(8 marks)
(¢)  Write the Y Ty matrix in terms of the 4 matrices.

(4 marks)

Q4 (a) The Jacobian of a robot at a particular time is given below. Compute the linear and
angular differential motions of the robot’s hand frame for the given joint differential

motions.
2 00 0 1 0 0
-1 0 1 0 0 0 0.1
1o 1.0 0 0 o0 —01
J=1q oozooDB_o
0 0 1 0 0 0 0
0 0 0 0 0 1 0.2

(2 marks)
(b)  The last column of the forward kinematic equation of the simple revolute arm is:

Py C1(Cr34a4 + Cy3a3 + Cray)
Pyl _ |51(Cos4as + Cy3az + Cyay)
F S23404 + Sp3a3 + Sa;

1 1

Calculate the Jacobian of P, and P, of above robot.

=
.

(9 marks)

CONFIDENTIAL




C ONFIDENTIAL BND 43003

(c) The last column of the forward kinematic equation of a simple revolute arm is:

CI 0 Sl 0 Cz "‘52 0 C2a2

= Sl O _Cl O = 52 CZ O Szaz
A= 10 o A2=10" 0 1 0
0 0 0 1 0 0 0 1

C3 —53 0 C3a3 C,q_ 0 —54 C4a4

_ 53 C3 0 S3a3 — 54, 0 C4 540‘_4
A=l 0 10 A4=10 —1 0 0
0 0 0 1 0 0 0 1
G O S 0 €y =8 0 0@
S5 0 —Cs 0 Sg € (i J i

A5 = |°5 5 6=|"6 6

. 0 1 0 0 s 0 0 1 0
0 0 0 1 0 0 0 1

Calculate the "J24 element of the Jacobian for the above revolute arm robot.
(9 marks)

Q5 Derive the equations of motion for the two-degree-of-freedom system in Figure Q5.
(20 marks)

- END OF QUESTION —
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Table Q3 (b)

Figure Q5
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