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QUESTION 1

a) Describe the definition of industrial robot according to the Robot Institute of

b)

c)

d)

9)

America (RIA).

(4 marks)
State the three (3) laws of robotic. (3 marks)
Describe the following terms of robotic arm specifications:
I Degree of freedom (1 mark)
ii. Working envelope (1 mark)
iil. Accuracy (2 marks)

The on-line programming method for a robotic arm can be done either using
powered leadthrough or manual leadthrough. Describe the differences

between powered leadthrough and manual leadthrough.
(4 marks)

Robot wrist refers to the joints in the kinematic chain between the robot arm
and the end effector. Identify the wrist motions that able it to move.

(3 marks)
Describe the meaning of flexible manufacturing system (FMS).

(4 marks)
State the four (4) components of an FMS.

(4 marks)
Describe the following benefits of FMS:
i. Lower manufacturing lead times (3 marks)
ii. Opportunity for unattended production (3 marks)

In computer integrated manufacturing (CIM), there are 15 key processes for
product definition, manufacturing and customer support as shown in Table 1.

i. Identify any two (2) processes involve in product definition. (2 marks)
ii. Identify any two (2) processes involve for manufacturing. (2 marks)
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Table 1
15 key processes

Business definition Global organization

Resource planning System design
Sales and promotion Operations planning

Assembly and test Customer services

Component design Component fabrication
Life cycle transitions Documentation and release
Material management Distribution

Continuous improvement
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QUESTION 2

a) Point A with coordinate of (1, -1, 0) is located in the xyz axis. Point A is applied
with the following transformations:

Rotate 90° about the z axis,

Then rotate it 90° about the x axis,

Then translate 3 unit along x axis and 6 unit along y axis,
Finally rotate it 90° about the y axis

Write the transformation equation by applying post-multiply order.
(2 marks)

Compute the transformation matrix based on the equation obtained in

Q).

(6 marks)
iii. Express the new coordinate for point A. (3 marks)
b) Given a transformation matrix F:
00 1 4}
1 0 0 7}
F= E
0 1 0 1}
10000 1j
Calculate the inverse of this transformation matrix F.
(7 marks)
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QUESTION 3

Figure 1 illustrates the link coordinate systems for a two-link planar robot arm with
z axes are pointing out of the page. From the link coordinate systems, the DH
parameters for the robot arm were obtained as in Table 2. The transformation

matrix of 7, and 7;* are given as follow:

[cosf; —sinf; 0 Llcos6,]

T sinf; cosf; 0 Llsinf,
0 0 0 1 0
0 0 0 1

cosf, —sinf, 0 L2cosO,]

T2 = sinf, cosf, 0 L2sinf,
! 0 0 1 0
0 0 0 1

a) Describe the rotation and translation movement involved in obtaining the
transformation matrix 7, (4 marks)

b) Describe the rotation and translation movement involved in obtaining the
transformation matrix 7;* (4 marks)

c) Calculate the complete transformation matrix 7; (14 marks)

d) Based on the answer obtained in c), determine the coordinate of the robot end
effector if:
6, =45°
6, =60°

L=2
L=2

(6 marks)

wn



INDUSTRIAL ROBOTIC AND APPLICATION (BMT 4023)

CONFIDENTIAL

Figure 1

Table 2
Link a; a; di Bi
2 L, 0 0 0,




CONFIDENTIAL

INDUSTRIAL ROBOTIC AND APPLICATION (BMT 4023)

QUESTION 4

A single link robot with a rotary joint is motionless at § =15°. It is desired to move
the joint in a smooth manner to £ =75° in 3 seconds.

a) Calculate the coefficients of a cubic polynomial trajectory that accomplishes
this motion and brings the robot link to rest at the destination.

(10 marks)

b) Sketch the graph of position as a function of time.
(4 marks)

c) Sketch the graph of velocity as a function of time.
(4 marks)
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FORMULAS

Rotation matrices:

1 0 0
R .=|0 cos@ —-siné

X8
_O sin@ cosé@ |
Ccos@ 0 sind ]
R .= 0 1 0

.8

—sin@ 0 cosé

cos@ —sinfd O]
=lsind cos@d O
0 0 1

R

z.68

Homogeneous rotation matrices:

10 0 0

0 cos@ —siné O
“ 10 sin@ cos@ O
0 0 0 1

cosd 0 sind 0O
0 1 0 0
0
1

T .= )

—smé 0O cos6
0 0 0 1
[cosf —sind 1

T =

= 0 0
0 0

0 Q
sind cos@ 0 O
1 0
0 1
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Homogeneous translation matrices:

(1 0 0 dx]
01 0 v
Tr}‘m: “
0 0 1 dz
000 1

Homogeneous transformation matrix:

‘n. s, a, dx]
T = [iRSﬁ P:m} _ n, s, q dy :{n s ap]
S 1x1 n, s, a, dz 0001
0 0 1]

Inverse of homogeneous transformation matrix:

- o
n, n, n, —nFP
oS S S —s'P
= v Z‘P
a, a, a -—a
0 0 0 1
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The Denavit-Hartenberg frame representation:

Jewnt i+ |

jointi—1

Summary of the DH parameters:

61’ Jointangle =mmmmp  Angle from x-1 and x measured about zi1
d ; Link offset Emmmp Distance from x1 and x measured along zi1
ai Link length Emmmd) Distance from ziz and z measured along xr
&, Link twist Emmp Angle from ziz and zi measured about X

Trigonometry formulas:

sin{A+B)=sinAcosB+cosAsinB
sin{A-Bj=sinAcosB-cosAsinB
cos (A+Bi=cosAcosB-sinAsinB
cos (A-B)=cosAcosB+sinAsinE

Cubic polynomial:
2 3
O0t)=a, +at+a,t” +ast

10



