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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: 

i. Automation 

ii. Robotics 

b. Describe factors to be considered before automating a plant. 

c. Discuss the role of machine vision in the manufacturing systems. 

Question 2 

a. State the three classes of robots and gives 3 modern uses of robots. 

b. Explain the difference between robot sensors and actuators. 

(2 Marks] 

[2 Marks] 

[6 Marks] 

[10 Marks] 

[6 Marks] 

[4 Marks] 

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

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

manufacturing industry giving examples. [8 Marks] 

• 

Question 3 

a. State the conditions of wedging. 

b. Using a diagram explain how wedging can be avoided. 

[2 Marks] 

[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) 

ii. 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. Illustrate 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 0 f 

Given A= Translate ( e, f, g) = 0 0 1 g 
0 0 0 1 

If V = 25f + IOJ +20k determine 
i. Translation by 8 units in x, 5 units in y and 0 units in z. 

ii. Rotation about Y through 30°. 

c. Sketch and label an articulated robot showing the degrees of freedom. 

Question 7 

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

[4 Marks] 
[4 Marks] 

[8 Marks] 

i. Point to point control [2 Marks] 
ii. Servo control [2 Marks] 

iii. Non servo control [2 Marks] 
iv. Continuous Path Controlled (2 Marks] 
b. Calculate the cost of orientation and feeding for the following parts: [12 Marks] 

z 

! 

c ~ IS 

Fig Q7(b) i 

')' 

Hole in 
one end .... . -

Fig Q7(b) ii 
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ATTACHMENT 

LID< 0.8 
0 

nisc~ 

Rotational Short cylinders 
0.8 S LIDS 1.5 

1 

U D > 1.5 
2 

Long cylindrrs 
AlB ~ 3 6 

Fl~t 
A!C >1 . 
AlB> 3 . 

7 
. 

Nonrota tio nal I.M!l 
• 

l 
AlB S 3 

Cuhir 

8 
A/CS 4 

NCitrs: 1. A P"' u·ho.<e h"'' ''"'" " a qllnd<' 01 <egula< pd•m who" « "'-' ,.dlon ;, • 
,...g u '" p<>l)''' "' ••f fn•o " ' "'""' sldO> ;, "lied ' '"""""' ' P"'· In •ddUion, tri•n:~uiM o1 "'!"·"' I'"" !hot <epOO I thel1 odentotlon when roto"d •bout th•h 
prindpal ,.;, throur,h an~ I« of 120" 01 90", <<Spedlvely, '" <ototlonol P""· 

2. L « t'.o l<nglh ·"'" D ;, the dl,,met« of tho ' "" llosl cyHnd" lhal can complelely 

cndr~r the J''Ht. 3. A ;, 1 h•· ''"''I h ul ll>e lon1;"l ,;do, C ;, the lenglh of the ,ho<I<SI ,;de •nd B ;, the 
Jcngt 'l ol the llltrrm(.'dintc side of the smallest rectangular prism that can 

cornrJctcly enclose tilL' p:~rt 

FIGURE 5.3 Fl ' " d <gl I of ~eo mel n•C' I d·"'""'' I Inn uf P"" fw ·"'"'"''' I" h' nd ling. ( F<om Boolh<oyd, G and Dewho•" · P. 
Ptod"'' Ocs<gn f" A w ·nbfy """""'''· Doni h "') d l",odn• ' " In<., w,, kdleld, 1<1, 1986. W II h po<m ;,ion.) 
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AUTOMATIC HANDUNG·DATA FOR ROTATIONU PARTS 

(flnc tllalt o, 1 or 2) 
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Notes: 
t. A rotational part is .alpha symmetric if it docs not require orienting end-to-end. lf a part can only be 

inserted into the assembly in one direction then it is referred to as "not alpha symmetric." 
2. A beta-symmetric pa'r t has rotational symmetry and therefore does not require orienting about its principal 

. 
aXIS. 

3. A beta-symmetric step. chamfer or groove is a concentric reduction or increase in diameter; its cross section 
can be circular or any regular polygon. Less significant features should be ignored. 

4. Parts in this category have an alpha-symmetric external shape, but the internal surface (composed perhaps 
of cavities, counterbores, grooves, etc.) requires that the part be oriented end to end. 

l 
FIGURE 5.4 . 
Second and th ird digits of geomet rical classification fnr rotational parts. (From Boothroyd, G. and Dewhurst, P. 
Product Dtsigr~ for Asstmbly Handbook, Boothroyd Dewhu rst Inc., Wakefield, Rl, 1986. With permission .) 

• I • o • o ' J ' ' o ' ~ ' •• • • , . 0 , • •• • • • •• •• ~ · · . •• 
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AUTOMATIC HANDLING-DATA FOR NON-ROTATIONAL PARTS 
(first dl&lt 6, 7 or 8) 

A~ 1.1 8 or 8 ~ l.IC 

(Code the nuin ftalurr or fraturrs which distlngubh tht adjacrn : surfacrs having similar 
d imensions) 

Steps or chamfers (2) parallel to- Through grooves (2) pmllel to-

-·-bli ·-"0 

KEY £ 
'1 

6 (> 11.:" 

7 (> ll·l'i 

"V 
A> 1.18 

and X axis 

and> 0.1C 

Yuis 
and> 0.1C 

Zaxis 
and> 0.18 

X axis 
and> O.IC 

Yaxls 

and> O.lC 

Zuis 
and>O.I B 

'iolrs for 

rtC !SUI > 0.1 B 
(a nnotw utn 
in Jllhoutllt) 

Othrr Including 

slight uymmrtry 
(3), ftaturrs too 

B > l.IC -c small rtc 

1 8 (> 11 I 
l.i: 

0 1 2 3 5 7 4 6 8 

,----------,.-·----+-·---+---~-----1--- ~f---- -~----+--
\1 II ' I • II X j 0! 0 !> I : u-~ I , 0 1~ ; II.!> l.t> 

1
• U 7' 1 ; 

I ! 
Mauual 

hanJimjl 
r .. qulr~d 

Pan h as 180' 

symmrtq• about all 

thrrr axrs (I) 

I I • I I • 
0 u ~ II 'I I II ' I ' II 5 I .) . II s I II 5 I f, : II ,., I I lb 

II fo • 0 ~. I ; II I ~ } U. It, 1.:> II . .S I fl I~ 1 11. 1 ~ I -~ ! II I '· 
. 

l . 

z 
I 

v, .~ / . ~ 

x / ..,... 

c/ '. A 

Code the main feature or I( orienution is defined by more than one feature, rhrn code thr 

B feature I hat givrs thr largrJt third digit 

./~-----=~~~~--~------~----~----~ 
h r (2) 11 I t Through grooves (2) parallel to• Steps or c a meers pan r o· !-iol ts for 

1-----,..----.,.------f----T---T---~ rrc :sstJ > 0.18 

X u is 
and> O.J C 

Yaxis 
ond>O.JC 

Zaxis 
anrl> 0.18 

X axis 
and> O.IC 

Y axis 
and>O.! C 

Zaxis 
and> 0.18 

(cannot br seen 
in silhouellt) 

Orhrr including 
slight asymmetry 
(3), (eaturrs too 

small etc 

7 
2 3 4 5 6 

---+---~--~------1.-----'---- .J_..---+-·----- --- . ---i 
,...----.,-------~-j~ll 1--l ll h 1 tl1 1.:; ; 11•1 I otl .. l I 111.- I ' 114 l 

I 0 

~ 

i""---- ... "-c E o 
E " 
~ ·= 
~ : 
: g .. -.t: j 

0 t:.D .. .. 
c. 

' I ' I ,- t 0.2.'• I ' ' ~ U < I , ll 2', I ll i;. 1 u:, 1 j UI'• I Ill. /~· • > 1 • About X axis I 1 j02 1 'u . l I Jil l ) I 1111 l 
II 4 I I tl ,. • I ~ ~I 4 . . I .. • -

1-------+-J . I ! 0.3 I I 114 . I 5 IL, ~ I I 0 .. 1 I I ll 4 I I 11.4 l 
0 4 I ' ) " 1 1 til~ I . til!• J 2 01 I 0 ) I • U ~~ 1 • U 4 I . 1 4 ,, About Y axis 

I · • ' •II I ul~ I f ul~ l · U. l'> l J 
11 ~ I . (I I; !11 ' .. • , 

t ' I '(I l I 1 II I I s ' I) I l I 
Abou t Z uis 

Orienution defined 
by one main feature 

II 4 

3 II J 

"" 
u "! ~ 

4 ,, -zr, 
Ill~ 

Orienuuon de lined 
by two main featurrJ 
and one is a step. 

1)/ 

6 Ul 

chamfer or groove 

Other including slight 9 
asymmetry (3) tiC. 

I ; 11 .1 I Jtl4 I.; , Cl•l , . ., 

1 1 •U 1 , 11 1~ 1 u.J 1 cus 1 1 u l'• 1 · 11.1:. ; I 
1 0) 1 • tl 4 1 J Ill I ' U I~ I j 0 I j l : 0 h 

I I 1 1:;111 
Ill ~ 

I IJ I 

1 ln14 
• 

l (1, 1~ 

I II I 

J O.tl'. 

I ! fiJ', 1 -. 1(11 1 (1 ] ; , I j l l 

• ·.• , II ~ I II I I :, 
1
• II I'> r.; ' 1111 

1 111 I ' • I i U I I , 0 U~ I ; tJ I 

, ~ cl 1 I .; 11 I I ; 0 I ·, ) /u I 
I :; ; ll I 4 I til .I ' til .15 l" I 
J i ().Oft J S ! 11 tJ[, / • U (I~ I ! 0 (I~ 

• 
J ; U, h 

I.; : 0,(111 
• 

' • u I 

i ; t1 I 

4 
i !; 011·, 

I 

' 
I 

l 
I 

! j 

~ I 

... 
a: -

v z --~ 
'/ 
< ---

Notes: . . f th '11 b d 
1. A rotational symmetry of 180° about an axis means that the same onentat1on o ~ part WI e repea te 

only once by rotatinp, 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° rota tional symmetry about that axis. 

4. A part having no rota tional 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 2 . 
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 necessary and sufficient for the purpose. 
Often, features arise in pairs or groups and the pair or group of features is symmetrir. about 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 orientatio11 of a part. 

FIGURE 5.5 

Secondd an
0
d th_irdfidigAits of gbe/.oHmetrdicalkclassification for nonrotational parts. (From Boothroyd, G. and Dewhurst, 

P. Pro uct es1gn or sstm y an boo , Boothroyd Dewhurst Inc., Wakefield, Rl, 1986. With permission.) 
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AUTOMATIC INSERTION· RELATIVE WORKHEAD COST W . ( 

Key: 

.. 
c: ·- c 
- 0 ..c ~­..,_ - ~ .. " !: ~ ., -

Part added 
but 

not secured 

From 
ver tically 
above 

Not from 
vertlc~ly 
above (3) 

Insertion not 
straight line 
motion (4) 

~ .. " " ..c: u c: ·-- c: 

Part secured 
immediately 

From 
vertically 
above ).!! 

_a. - 0 .c. ·-_.., 

0 

1 

2 

... --c - ~ ~ -·- .. .. 
Not '- .;,< ~ y 

~~ - c "' ·- from 
>- .~ 
c:.., verti~ly .. c: 

above (3) - /"""' o·c 
c: :s 
0 u ·- " -.. :a. Insertion not ..., c: 
<-= ttnight line 

motlon (4) 

Separate 
operation 

Au.,mbly procns where 
all ooll4 paru in 
place or non-aollds 
added or part I are 
manipulated 

FIGURE 5.9 

After a.ssembly no holding down rtquirtd to 
maintain orientation and location (5) 

Holding down required during subsequent 
process(ts) to INi inuin orientatlon and 
location (S) 

Easy to align 
and position (6) 

Not easy to align or 
position (no featu res 
provided for the 
purpose) 

Euy to align 
and position (6) 

Not easy to align or 
position (no features 
provided for the 
purpost) 

No 
resistance 
to 
insertion 

Resistance 
to 
Insertion (7) 

No 
resistance 
to 
insertion 

Resistance 
to 
lnsert.ion (7) 

No 
resistance 
to 
insertion 

Rrslstan'e 
to 
Insertion (7) 

No 
rt s i.J t.1 nc e 
to 
Insertion 

Rtsist.lnce 
to 
lnsertlon (7) 

3 

4 

5 

9 

0 1 2 3 6 7 

I 1.5 t5 2.3 1.3 2 

1.2 1.6 .. 6 2.5 1.6 2.1 

• 
2.7 4 3 4.6 2 3 

No screwing opera· Plastic deformation immediately after insertion 
lion or plastic ~-_..:.=:.:..:_:.:..:_ ____ 1_-;IU;;;.:ve:;tt:;;i:ng:;:;of,fs;iim;iiu:;ar~-1 
deCorm)tion Plastt'c bending d ~ tion immediately after plastic e orma 
insertion (sn3p of Not easy to align Not easy to align 
press Ots, etc.) or position (no _ or positicn (no 

0 

I 1 

I t 

... ~ c: 
0 .. 0 
c: '"' ·,::, co loo ... 

· - 0 "' -;;~C! 
0 c ·­
- .. 0 c:-c-
~ .2 ~ 

-~ c: - "' ., 
~ &..~ 

1 

~ I 

I ~ 

2 

I h 

.' I 

features provided c: ~ features provided 
Cor the purpose) !if .g Cor the purpose) 

-.. c 
v c: 
c: 0 
~ ·e 
·;;; !1 
... 0 c: c.:-·-

3 4 

.l .h 

·: l 

" ·~ 
0 0 
- Q. 
~..., 
.. c: ...... 

5 

It ... 

I s 

0 z 

-c: 
" c 

.. 0 
U';l u c c: 0 c .. ll .. .. ·e -.. .. 
"' c '5 0 2 ·~ ·c; .. - ~ - ·-
6 7 

I ~ . • I -· 

I:. l I 

!K 

8 

2 

2.1 

4 

9 

3 

3.3 

6.1 

Screwins 
Immediately 
after 
insertion 

8 9 

ll.H I.H 

1 .. 1 'l 

'I to l.h 

. 
M~ch.>nical futoning proc•ues Non·m•chanic31 fastening Non· fastening 
(parts already in p ... la •• c .. e ), 

1 
p,roces __ ses_(.:_~_r_ts_a_l_re_a_dy_i n_p_: ,_ac_e_> --'--p_roc_e_»a ·.....-----1 

None or localized 
plastic dtformation 

.. .. 
11( .. .. 

y 

l>g .. ~ .. § 
0 ~ 0 ~ 

010 0 ..,c. """' c: ~ 
c: .. .s .. ·~ c. ·- .. t: .. 

"0::: ~::: .. I; 
~ E ~ ·~ "-6 co ·; .X o 

0 1 2 

I t. ,,., II.~ 

.9-
'il 
Q. 

" u c: -.. .. . . --..,;<: 
c.::z 
~ ~ 
VlQ. 

3 

II• 

Metallurgical processes 

.. --.. . e·- v ~ -
~ u 

'- ... taD 
0 0 c: -.-c:.; c:o.., 
o ·e-·;;, .. ·- ·- ) ...,~ 

-o- "' .. -; ~ 
0 ·- !! 2 u lo4 

4 

1.~ 

Additional 
material required 

~n "" c.o .5 
·;: ~ ~2 u ~ 
::2o - .&J 
0 ~ ~ 0 ., a. 

5 6 

1.1 1.1 

7 

. .., 
c ·- ~ - . 

~ c ~ 

= ·~" a. o -._-5 
0 >- s: 
c 25 :J 
0 c .. 
:g~~e~ 
:s :: .. 
.~;.. .. 
c "'3 c .. .. ·a 
~o..: 

8 

till 1:. 

9 

Relative workhead costs W, for a selection of automatic insertion situations. (Frum Boothroyd, G. and 
Dewhurst, P. Product Design for Assembly Handbook, Boothroyd Dewhurst Inc., Wakefield, Rl, 1986. With 
permission.) 
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ROBOT ASSEMBLY DATA FOR A MULTI-STATION S~STEM 

AR TP 

ACl 

Tl' · Relative ~ffeclive ha~ic 
operat ton time 

AR · Relative robot cMt 

TG • Relative additional gripper 
o r tool cost 

Using motion along 
or about the ,·crural 

axis 

Using mot ion along 
or about a non· 

''ert1ral u is 

ln\'oh~nt: mounn 
al11ng 01 about more 

than nne ax1~ 

0 

1 

., 
• 
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FIGURE s.n 4.5 . 

Classification system and database . . 
and Dl..'whurst p l'rodtlcl 0 . · . for a smglc-statson onl!-at·m rnbot assembly system. (From Boothroyd G 

, ' . I'SI'r/1 jnr 1\s bl II .JL k , . 
permission.} ' sem Y · tllltwll<l , Doothroy<.l Dewhurst Inc., Wakefield, RI, 1986. With 

END OF EXAMINATION PAPER 

·····'· ... -\', .......... ... l ·~·· ....... '•·' . •. ····· .... •,. • ._ '\'., , ., , ..... .. .. - · ···· · ·' 

PTE 6148 NOV 2024 8 


