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INSTRUCTIONS

1. The paper consists of seven (7) questions, nine (9) pages and an attachment of

Automatic handling tables.

2. Answer any five questions in any order.
3. Each question carries 20 marks.
4. The use of calculators is permissible.
5. Show all workings.
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Question 1

a. Define the following terms:

1. Automation [2 Marks]

i1, Robotics 2 Marks]

b. Describe factors to be considered before automating a plant. [6 Marks]

c. Discuss the role of machine vision in the manufacturing systems. [10 Marks]

Question 2

a. State the three classes of robots and gives 3 modern uses of robots. [6 Marks]

b. Explain the difference between robot sensors and actuators. [4 Marks]

c. Describe the use of sensors. [2 Marks]

d. Briefly explain how the use of robots in the 21* century has improved production in the

manufacturing industry giving examples. [8 Marks]|
Question 3

a. State the conditions of wedging. [2 Marks

b. Using a diagram explain how wedging can be avoided. [8 Marks

c. With the aid of a diagram explain the functions of a pneumatic actuator. [10 Marks]

Question 4

a. Explain the following terms:

i.  Repeatability |2 Marks]

1.  Forward Kinematics [2 Marks]

b. Name any two sources of robotic accidents in a manufacturing plant and explain how
these can be avoided. [4 Marks]

c. [llustrate and label the work envelope of a Cartesian Robot [6 Marks]|

d. Briefly explain the application of cylindrical robots giving advantages and
disadvantages. [6 Marks]|
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Questions 5

a. Identify factors that affect orientation efficiency (E) and relative feeder cost (Cr).
[2 Marks]
b. State and explain giving relevant examples the USA principle. [9 Marks]

c. Identify and explain the strategies for automation and production systems. [9 Marks]

Question 6

a. What is machine vision? Give two applications of machine vision. [4 Mark]

b. An end effector of a robot is translated by e units in x, f units in y and g units in z

1 0 0 e
0 1 O0f
Given A = Translate (e, f,g)=| 0 0 1 g
0 0 01
L 1
If V =251+ 10j +20k determine
i.  Translation by 8 units in x, 5 units in y and 0 units in z. [4 Marks]
ii.  Rotation about Y through 30°. [4 Marks]

c. Sketch and label an articulated robot showing the degrees of freedom. [8 Marks]
Question 7

a. Explain the following control methods of robotic actuators or arms.

L. Point to point control [2 Marks]
1. Servo control [2 Marks]|
1il. Non servo control [2 Marks]
v, Continuous Path Controlled [2 Marks]

b. Calculate the cost of orientation and feeding for the following parts: [12 Marks]

l Hole in
one end

Fig Q7(b) i Fig Q7(b) ii
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AUTOMATIC HANDLING-DATA FOR ROTATIONAL PARTS
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Notes:
1. A rotational part is.alpha symmetric if it does not require orienting end-to-end. If a part can only be

, i:frted into the assembly in one direction then it is referred to as “not alpha symmetric.”
. A beta-symmetric part has rotational symme ' b - :
s P y try and therefore does not require orienting about its principal
3. A beta-symmetric step, chamfer or groove is a concent i i i
_ ' ric reduction or increase in diameter; its cross secti
i ‘;’" be :’l";"'“" or any regular polygon. Less significant features should be ignored i
Parts in this category have an alpha-symmetric external sh ‘ .
e ape, but the internal surface (compose
of cavities, counterbores, grooves, etc.) requires that the part be oriented end to end ISREpORc periape

FIGURE 5.4 \

Second and third digits of geometrical classification for rotati
, tational parts. (F
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AUTOMATIC HANDLING-DATA FOR NON-ROTATI ONAL PARTS
(first digit 6, 7 or 8)

A<LiBorB<LIC
(Code the main feature or features which distinguish the adjacen: surfaces having similar

dimensions)
KEY £ C
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Code the main feature or if oricntation is defined by more than one feature, then code the
feature that gives the largest third digit
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E E P’ chamler or groove f ! i | ;
r £ g |Otherincludingslight [, MANUAL HANDLING REQUIRED
e asymmetry (3) etc.

only once by rotating the part through 180° about that axis.

2. Steps, chamfers, or through grooves are features that can be seen in silhouette.
3. Exposed features are prominent but the asymmetry caused by these features is less than 0.1 of the appropriate

envelope dimension. For a part that has 180° rotational symmetry about a certain axis, slight asymmetry

implies that the part has almost 90° rotational symmetry about that axis.
4. A part having no rotational symmetry means that the same orientation of the part will not be repeated by

rotating the part through any angle less than 360° about any one of the three axes X, Y, or Z.
A main feature is a feature that is chosen to define the orientation of the part. All the features that are chosen

to completely define the orientation of the part should be necessar iICi

e the ori¢ y and sufficient for the purpose.
Of;{eni’feat;res arise in pairs or groups and the pair or group of features is symmetric abzut one of the three
axes X, Y, or Z. In this case, the pair or group of features should be regarded as one main feature Using this

convention, two main features at most are needed to completely define the orientation of a part

FIGURE 5.5

Second and third digits of geometrical classification for no i
: nrotat
P. Product Design for Assembly Handbook, Boothroyd Dewhurst Inc. W

\
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Notes:
1. A rotational symmetry of 180° about an axis means that the same orientation of the part will be repeated

parts. (From Boothroyd, G. and Dewhurst,
akefield, RI, 1986. With permission.)




AUTOMATIC INSERTION - RELATIVE WORKHEAD COST, W,

S p—
After assembly no holding down required to Holding down required during subsequent
maintain orientation and location (5) process(es) to mainiain orientation and
location (5)
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FIGURE 5.9

Relative workhead costs W, for a selection of automatic insertion situations. (From Boothroyd, G. and

Dewhurst, P. Product Design for Assembly Handbook, Boothroyd Dewhurst Inc., Wakefield, RI, 1986. With
permission.)
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ROBOT ASSEMBLY DATA FOR A MULTI-STATION SYSTEM

AR TP
“Part can be gripped and Inserted using w
; &
AG slandard gripper or gripper used for Pat reguices change
— previous part to special gripper
™. Eclau:’e aflt’lg-clwc basic Bart requires = ‘ Part requires
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AR - Relative robot cost | orclampin i { _occhm ing |
TG - Relative additional gripper Selr- Not easy | Self- Not easy | Self- Not casy [ Sell- Not easy
or tool cost aligning | toalign | aligning [toalign |aligning [toalign to align
0 1 2 3 4 5
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—
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FICURE 5.23

Classification system and

databas
and Dewhurst, P Product D -
permission,)

for a single-station one-arm rob
o - ot assembly system. (From Boot
esign for Assembfy Handbook, Bnuthm}'d Dewhurst Ingf, Wakéfield. RI ﬂl'?;g yﬂ:’i&
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