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ABSTRACT

'Robotics are becoming a more prominent force in the
industrial environment, and research is being concentrated
on control rather than on the ‘robot. The feasibility of a-
_ 'substltute, off—llne, plc based control system was
'jinvestlgated Many advantages dre associated with an _
off-line system; as well as the large financial saving (at

T the. imo;st 50-.%.-_th-at. of the ex'isting'coﬁtmll-er) .

| _QA PLC with dlscrete I/O modules and a fast counting module

:‘gguweze used._ Gpen looP hontrol was lOQkEd at, with optical
__'_'enpaders used for pa31tion control. OVershoot of the pc
. motors’ consxstently occurred, and other. external factqrs

"ffensured the unpredictablllty and’ lnstablllty of open ioop

fIt‘Was cuncluded that closed looP control was necessary o

Hngensure aLcurate p051tlon1ng and speed control. PLC modules“'

_rwere 1nvestigated, and an axis control system {not yet
jf"commerczdlly avallable) was found to ‘ideally suit the
. purpose of serva/encoder control. - This system makes usa of

'"'* Aspeed and pos;tlan feedback 31gnals, essential fgr accurate:

”ﬁﬂftermlnal Qontrol of the rmbotq._'



ABSTRACT
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on control rather than on the robot. The feasibility of a

: substitute, off-liné, plc based control system was

1nvestlgated Many advantages are associated with an
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the most 50% that of the ox;stlng controller)
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'.ensured the unpred1ctabilzty and znstabilmty of open loop
- control.;~.-- L - -

- It was concluded that closed. loop control was necessary to

_ ffensure aocurate posmtmoning and speed’ control. étcﬁmodulés_

,igwere investmgated, and an axis control system (not yet

commercially available). was found to ideally suit the |
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| 'speed*andiﬁositlon feedback s;gnals, essentmal for accura 3
) termmnal oontﬁol ‘of the robot._fof R

-Q;'.

[



DECLARATION

I declare that this is my own, unaided work Aﬁy_-
_ -ass;stance rBCElVEd durlng the project has been -
a¢knowledged cr referenced ' '

3 f§_it iS'Eeiné submitted'as'a reqﬁirémént”for the reseﬁrch .

. project {MECN 560) -as partial fulfilment for the aegree of

;;ffqymaster of Sciance in Engineering {Industrial),  at the
'T.  Un1vers1ty of the Wltwatezsrand, Johannesburg.-

gisk{GralghWea Bryson

i1



- ACKNOWLEDGEMENTS

- First and foremost, -my thanks go to my supervisor,
. Mr E. R. rieldlng, for his assistance and support, and
w1ll1ngness to try somethlng new., ' '

Thank you to Mr M. Nethersole and Dr J. van Coller for
thelr expert ass;stance and advice regarding all the _
_‘electronlcs that had to he contended with. '

':fThanks also to the staff of Telemecanlque (Victor and Paul)
who! were always willing to ‘help and glve adv;ce regarding
f.the ELC equlpment that was used

_."f,’Flnally, my thanks to my colleague, Chrls Barker, whose
| contrlbutmon to thlb pro;ect was invaluable, and to Anton”
-:iWeav1nd;ifar his enthuszasm, advice and support throughout
']the duratlan uf thp project ' - -

iii



L "
A
L

ABSTRACT .

' DECLARATION

CONTENTS

ACKNWLEDGEMENTS

- CONTENTS
| LIST QE_EIGURES

Y INTRQDUCTION

1.1 ORIGINS OF RGﬂOTICS B
_DEFINITION OF A ROBOT
WHY USE A ROBOT 2

c1,2
1.3

-f1 3¢l

S 13,20
©1.3.3 ¢
T 1.3.4

1.3.5

1.376
.ﬂﬂﬁﬁﬂorics RESEBRCH-JUSTIEICETION'-'f

M 1.
;ffﬁ;fz 1.2
CT 2013

~ ROBOT.
2,201

"3; 2q2;3gf
2.2‘4
C2.2.5

. 2.2.6

2:3

'ROBOT
2.3.1

2, 3.2
"~ ROBOT

'2 4 1

| TRE EVDLUTION OF ROBDTfCS

INCREASE PRQDUCTIVITY j; --f-'
FLEXIBILITY

HEDUCED LABOUR; MAEEREALS AND ENERGY COST-'

IMPRQVED QBALITY AND CONSISE&NCY
'HUMANIZAEION QF - THE WORKPLACE
ECONUMIC JUSTIFICETION '

\

"° f:? LITﬁRAmUBE survEY

- DEVELOPMENT OF NDUSTRIAL Roaomrcs

- ROBOTICS WDRLDWIDE R

CURRENT STATUSES )

CONF IGURATIONS .

CYLINDRICAL CGNFIGURATIQN :
;SPHERICAL OR POLAR CONFIGURAEION .
CARTESTAN OR RECTANGULAR CONFIGURATION
REVOLUTE OR ARTICULATING conw:euaam:on
SCARA. CONFIGURATION - -
pARALLEL CONFIGURATION

MOTIONS |
EOIN15To+POENT;(PTP)~'

'CONTINUOUS-PATH

CLASSIFICATIONS .
FIXED/VARIABLE SEQUENCE ROBOT$

iv

page

Cii

o 1id

Civ
v:_i.’ii

A B DWW W N PR

® .

15
16
17
17
18
18

19

21
21
22
25

- 25



N NN
5 o

_ 2 4,2 SERVO/NOH-SERYG ROBOTS

2.4.3 POINT-TO~POINT/CONTINUOUS PATH ROBOTS
2.4.4 FIRST/SECOND/TE.KD GENERATION ROBOTS
COMPUTERISED MOTION CONTROL
ROBOT CONTROLLERS -

- PLC CONTROL

2.7.1 TNTRODUCTION TO PLCs

 2.7.2 CURRENT AP, LICATIONS

.'_:2?3

'2;9

2.7.3 RECENT DEVELOPMENTS

- CONTROLLING, SOFTWARE :
”commom ROBOT PROGRAMMING TECHNIQUES ! ON-LINP
To2.9.1 MANUAL LEAD-THRDUGH PROGRAMMING

. 2.9.2 TEACH PENDANT PROGRAMMING

20

.'}‘

,fjf§fmxpmn:MEmTAL‘ﬁgur?MEmm
-V;fﬁg 1 e

T e

2.9.3 ADVENTAGES OF ON-LINE PROGRAMMING

- 2.9.4 DISADVANTAGES OF ON-LINE PROGRAMMING
:COMMMQN ROBOT PROGRAMMING TECHNIQUES: QFF~LINE
w-z 10,1 TEXTUAL PROGRAMMING LAN@UAGES '

g \10.2 ROBOT SIMULATION Coe

. 2.10.3 ADVANTAGES OF OEFﬂLINE PRGGRAMMING

. ~-"2 10“4 DISEDVhNTAGEs OF OFFHLINE PROGRAMMING
;jjm 11

n _ W

"ny}?RﬂJECT OBJECTIVES '”“f, 7” if'¢}jf7f

FUNDEMENTBLS IN MOTION CONTROL '
2.&1 1 OPEN LOOP CONTROL B
2 11 2 CLQSED LGQP CONTROL

1.,

‘THE ROBOT o |
4,1.1  GENERAL cons:nmaam:oms

4.1,2  STRUCTURAL GEOMETRY

© 4.1.3 “ROBOT ARM. GE&RINF

DT SERvo MOTORS

~ 4,2.1 BXTERNAL INTERFACING |

. 4.2.2 OPERATIONAL CHARACTERISTICS
4"3 .

OPTICAL SHAFT ENCODERS

'4.3.1 GENERAL OPERATING CHARACTERISTICS

. 4.3.2 EXTERNAL INTERFACING

THE PROGRAMMABLE LOGIC CONTRDLLER (PLG)
4.4.1 THE T8X 47 PC RACK

25

26
27
28
36

38

38
40
41
a3

46
46
46

48

48

52

61

63
63
. 64

-;_ﬁ?ff

1O
8
Ces

S

12
72
73

75
75

78
78



4.4.2  THE POWER SUPPLY MODULE
4.4.3 THE PROCESSOR MODULE
4.4.4 DISCRETE I/0 MORULES
4.4,5 THE FAST COUNTING MODULE
- 4.4.6 - THE PROGRAMMING TERMINAL
. 4.4.7 PHE SWITCH BANK '
- 4.5 PLC/PC INTERFACE SYSTEM
.~ 4.5,1 SYSTEM ADVANTAGES
- 4.6 . FREQUENCY GENERATOR
4 EULSE_WIDTH MODULATOR

| _}s_ nEAsIBILITY STUDY
-][ﬁs 1 OPTTCAL SHAFT ENCODERS
. 5.1.1 ENCODER REPATR
" 5.1.2 OPERATING CHARACTERISTICS
. -5.1.3  ENCODER INTERFACING .
ST 0t UBI1.4 - ENCODER RESOLUTIUN ;,*'
S8 5,2 B¢ SERVO MOTORS | RS
SRR i;f fg5 2.1 MDTOR CALLZBRATIGN
_355.__2;2 ‘GEARING DETERMINRTION
.3 " CONTROL DECESIONS
-ﬁswaigoem : LOOP CONTROL P
PABILITIES - COUNTER FUNGTION  BLOCK
'zzmn OF AN INCREMENTAL,WORD B

1/0 PACILITIES - FOM (UP AND DOWNCOUNTING)
EECH - SPEED cowNTING .

Z*GPEN LOOP. 'CONTROL -
5. 12 EXISTING 'ROEOT CDNTRDL
;5:13*szs CONTROL SYSTEM.

e .5, 13,2 AXIS ‘CONTROL SPECIErcaTIONs
.7 7 5.13,3 AXTS CONTROL OPERATION

'}‘_f6 ;c0NcLﬁsi0Ns“

oyl

WBECILITIES - FCM (UPCOUNTING) - "*'g:fmzn-3*

CM READING CAPABILITIES - EL&QUENLY GENERAEOR 1
PF%M'REAQING CAPABlLITIES = FREQUENCY GENERATOR 2

78
79

19

79
80
80
82

.82

84
85

87

88
83

88

93

97
97

101 -
o101
o3

106
i1z
115
118
‘122
123
128

L ."__.-:'3".129
"5013.1 AXIS CONTROL PRESENTATION AND. APPLICATLON'

129
133

133
134 -

136.



L. o

8 REFEREN'cES--

APPENDIK A
BT 300V ROBOT ’
ROBOT CONTROLLER
‘yHARMONIC DRIVES -
ENCQDERS
PLC CDMEGNENTB
APPENDIX B
:mOUNTER FUNCTIQN BLOCK“
'FAST COUNTING MODULE

U;uszﬁqvpncx GENERATQR 1
3 ﬁ=;FREQdEHCY &“NERAIOR 2
- .. AXM SERVO LOOP 0
' "PﬁLSE wImTH MODHLATOR |

140

142



2.1

2,97

2.3
2.4
2.8

2.6

2.

-5

2.10.

1 3:fo*;11

T

o 22
-ﬂi2;i4;

Bl

5.2

75;4

58
5.6
5..7 .'

]ﬁC_osed 1oop cqntroi _; \kf5o-;'

mPull up of encoder’ output slgnals_]:'

LIST OF FIGURES

. Estimated 1984 world robot population
The $ix robot degrees of freedom
- Cylindrical coordinate robot

Spherical coordinate robot

Cartesian coordinate robot

Revolute zoordinate. robot -

- SCARA type'robot

-3 parallel robot .

The ooordlnate system of a robot end effector
construotion of a homogeneous transformation

page

15
1l
17
17

18

Two arm configuratlons wzth 1dent1cal end effector_:___

posmtions _ . _
A typ;cal robot_and robot controller
lef&rent forms of. robotlcs software )

19
19
23

30

g
4

The varlous levels of abstract1On of user software mn

Jav robotic system ﬂﬁ}f SRR
c1a531f1cat1on of robot 1anguages

- Open 1dop; control -}-."; f',t:f“a

LN

Line representation of the robot
. External interfaoxng of the ne motors ;a

Emltter follower elrcult

' PLC, ourrent loop oonVertor and ?C llnk

Encoder circuzt e power input tc ohip _1

Square wave trlggerlng ”f . o
Conneotlon and pin dlagram for enooder ch;p
Enoo&er circuit ~ into and out of chip

Wiriog dmagram to test enooder operatlon i"
Tlmlng diagram — BI hlgh every alternate pulse
Program - encoder resolutmon determination

__viiif'

45

Example of graphlcs produoed by the GRASP smmulation o

", An 1ntograted robot weldlng system

6By

."_Fﬁaio

77

89

-

91
92

;1:'933

95
g8



S

@ o

5.11

- 5.13

Bi15

%3i 5 16

. BaT

_ f 1 5;13;

jﬁﬁs*lg Tlming diagram of pulse train
--Lu'“s 29 Eroqram - motor accuracy
Bzl

1u3:ﬁeﬁ?mbve diagrams

»Eut away of A typlcal encoder .
. Optical encoder components  _; _,_f"'"
3. Encoder pulse train .
“"fmincremental and absolute encoders

."?The power supply modulé

;The PLC programming termlnal

-3Ca11bratlon curves for DC servo motors
. Gearing’ determination - horlzontal axes

Gearing determination - vertical axis
Compignent. -connection and control

jProgram ke 31mn1ated counter
. Circuit - wiring of FCM -
- 5.14

Pragram --EGM 1ncorporatlon, upccunting

“Qireuit - FcM 1ncorporation, up and downcountlng
- Ug and downcountlng wave tralns '

rogram ~ FCM counting simulation
_rcuit - frequenvy generator connectlan

Mbtor overshnot of nc servo motcrs
f%&is contrgl presentatlon

‘Axls coﬂtral mnduie o
,inkannél 1uyout qf mcﬁule-

i_ﬁﬂla ﬁriv@ camponents N
-,armﬂnlﬂ drive Operatinn _-:,Z;vw

_The prOCesaor mndule _
User memary cartrldge

'_Discrete /0 module

Wiring dlagvam for: dxsarete I/O modulpa . N
TSX AXT 200 ‘counting and positioning modulef ?j--

ix

157
:!1‘3:358- 

100
- 100

104
106

109
110

112
114

116

119

120

ilGO-’
L 160
'$1 ¥;161_v
'161-:
162
163
';*164;'

124
126
. 12§ ﬁ“
:13@;{?
a3l
g

_:ﬁi%gjli

RN



B*-i_li’ ' The function block element

821
B2.2
B2:3
B2.4
B2.5
sz 6

Bs 1

B3.27

33 3

Chanhéi 0 &1 inputs and outputs

Timing diagram\of pilse. traln

 CGntro1ler operarion

Maxlmum countlng rate curve
Countlng accuraay curve

:MOdule w;r;pg.¢anfigu:at;on_-7' _'

Aah13v1ng qnadrature ) _ -
Problem encguntered wmth 555 tlmar ch;p
Circuit diagram ;’ o . _ _
Bread boaxd 1ayaut —ffrequenéy generator 1

;"\.'."

'”'Qf;aﬁéuﬁ'ﬁffxeﬁﬁenﬁ?fgeheraﬁo;jzjff _

167

170
171

172
173

174

175

178

178

e
. 180

R N1
Cvien



:ij{ ” }jif;fti%ﬁj{)tj(jj?ij)}q””H

'Wiﬂhin a very short perlod of time, robot;cs has: grown in
'the nnbllc aye frcm bemng science fiction to belng the
panacea for industry.- Increaslng numbers of people from a
variety of backgraunds are. be;ng 1nvo1ved, either thraugh
fchozca ar through necessitv. - :

j_f’;“

led to the successful
robot Ln the early sixties

ama@d$§ h1stﬁxy,mhﬂ ﬁas ha&?a pregccupatzan
ioss made, at! 1eaat paruially, dn hlS Dwn
9%2"£E~me\ﬁf ’ﬁstounding &cxence T
ey ot a story, Ribabout, /iy wh;ch
m""famoﬁélthree Yaws ‘of ‘rebotics., [1]
fure a human. being ‘o, through
3'uma& helng o come ta” ﬁﬁfm,\u_,
ﬁbey ‘he Qrdﬁr gzven to it by a human
ﬁﬁéfe thaseﬁorﬁﬂrs would'v*olate the fﬂrst

h_ﬁ,sprg&act its own exmstence, except where

_1}; thecfounder Oﬁ:Uanathn, an& cﬁnsidered

_eut that tha three 1aws remamn wa*thy des;gn
-rds far rabé\ ﬁistsTFOVﬁhiS.d§¥g':5_]'"-;_,a=:;

L

@;be the father of modern indugtrial rebotics, hasﬂ;f 



Tha def:l.nition used by the Rohot Inst:...ute of America (RIA)
and the. British Raobot Association (BRA) are ‘largely. '
s::.m:l.lar, and gtate that a ‘robot is a reprqgrammable, '
multlxunctional manlpulator de31gned to movﬂ-materlals,_
parts, taols oxr Spé&l&llSéd davices through varlable e _
pragrammed motlons far the p#rfarmance af a variety of o
tasks. [1] {21 A

The Japanesa Industrgal Rnbat Associat;an (JIRA): [1],
divmdea the term rabct 1nto sichlasses' manual handllnq
dagiaes, pickhand~place devxﬁes, programmabie ' o
variabla*aequenae manipulatars, robots taught manually,
rmbatsiﬁaﬁﬁxallﬁd By ‘& pragramming 1anguage, and robots B
mmmma Lfg:thexr env;.funment. o S

, ‘W 'ELSEA; th.e following wauld not: be
St prastheses and egoskeletons, o
) ”f.aomputer nunerical-control (CNG)
isles, and the. list goes on.” [1],12}




_Before one can even think of 1mplement1ng a robot into a _

work envzronment, various preliminary considerations must

~ be taken into’ account, il.e. if a robot is the rlght choice,
'"prarts arientatlon and locatlon, the requirements of the
1system in terms of the robots cycle time,load and reach,
the. avallability of support staff, consulting with labour
in connection wzth automation implementation, good
Jenqineering versus expensmve robot capability, and th&
[impact on the wnrkfarce in terms of relocatlon [2] '

UPerhaps ane of the major lncentives for lntroduc1ng robots

- argse because the cost of employlng a worker increased
',;fparticularly steaply thnnughout the . 1960'5, eSPEblallY in
- the USA and Westexn Eurape. &s a result, the cost of

. . ‘buying and running a wobot gradually became a more

U abtractive prnpasitlnn to managers whose firfis were o
"A:ﬁﬁﬁgling~ta ramain competltivﬁﬁ_ Another reason, 1ﬁ some lf

86 guell as Japan, has been a steadily increasing |
'Qﬁ availabie manpower [1]._ Var;ousvreascns are  -

i

,.,:_;aqe nf using a. manufacturlng robot 13 that 1t 1s
__fﬁﬁﬁtaln a hlgh rate . of production with goodf
@y over & 1ong perlad of time, i.e thaxe is
mmuaus operataon {no tea breaks)k.[ZJ,[al

Bﬁﬁ_implementation of a rnbat dn a working envzronment
_¢*ﬁ@u1d mean’ multiple shxft aperatmon, pQSSlbly unmanned,
”;unigh up time, : d 1mproved equipmant utillsataon. SRR

| fInvasting in a robot will allow one to accommodate
_different products simplv by changing the’ cantrolling
”_software The robot &an he used for dlfferent tasks as



"desired, thus providing time and space elasticity. (2]

The capital cost of a robot is not affected by lnflatlon,

thus a robot gets less expens;ve while labour costs

.continue to rise. ' There is a redyction in work in progress

- inventory. and reduced rejection rates, thus less scrap._ In
. using robats, there is no education or retraznlng ef

manpower costs, smmply reprogrammlng costs. . An off-line

system will further lessen these costs. In this way robot53
will wcrk towards provldlng a structured envlronmsnt t21,_
{3] o _ R .

: If a rabat as impldmented in & wcrk;ng env;ronmentf and lts__
= eparatmcn is continucus; there will exist & stability of

‘the’ pxacass lﬁVQlVEﬂ.r Brecise and censmstenﬁ repeatibmlity i if;_

may b@ desmred {and usually 1&); ‘and in this fleld a ‘robot -

is ex«allent._ Hopefﬁlly this will Lead to imprcvad qﬁallty:_ff&:j

f”@fJafffif}nﬁqg"'

ffi;éﬁﬁfff;ﬂ

It ﬁas bﬁen suggested thaﬁ a- reason for increasmng robat

- introduction may be the growth of legislatidn Aand- awdrenessx
abauh health and safaty 0 factormesy-[ij Rnhota can takg
oéer fram workers wha would otherwise be exposéd tu toxic

- Eumes, excessive haat, noise and vibratmon, or physical |

¥

dangarﬁ”
: e a robaﬁu- Slmllarly, there ALE demands, in some
__ég  cauntrles at least, for greater job satlsfactlona Robots _
o can. qulte happmly be uded to carfy out the most tEleUS au_"_'
tasks without bec&ming alaenated ox bored. -~ '

| There is no point in a firm installing rabots if, in the

éPhysisally demandzng jobs aan also be passed along  _”y

f‘i.“'.



long term at’;east;'the move dnesinotffesult in an improved

 écondémic position. This is not to say, of course, that
removal of humans from dangerous activities should not be

‘considered as the most important Justiflcation, but to be
_reallstlc, most companlea will be interested in how robots

 may inprove profits. It therefoxre becomes vital to
-_understand some of the economic considerations involved in

evaluating potentlal robotics appllcations. This is true.

":_especially for managers.

"Vﬁhefé'aré'ftraditionaif'difect factors that are of prime
"f_impcrtanue. Varlous costs include system purchase price,
. -cost of special tooling, installation cost, on time costs, N
 ;;Tﬁmaintenance cosﬁs,_operatlng and programmlng costs,
'f jﬁe§reciaticn and ccst of . capital.f Savings in¢lude sale of
_};{mld equlpment, labaur savinga and 1ncreased throughput..
f’-*addltiﬁn to the coaté and savangs already mentioned, there
“ are’ indmre&t’f@ctcrs “which may be conaxdered in the

j&aisi&ﬂ af aﬁﬂt xmplamentatlan. These educated




1.4

1he question.of-Why robots are used has been*addressed, and
" now it is necessary to ldak'at why research is carried cut
in the field of robotics in South Africa. '

- The Ffactors already mentioned regarding the justification

' of"rebotslin the workplace are especially relevant in
. developing countries, particularly those making the

© " transition from third to first world status and _

_*manufacturing strategies. South Africa is a prime example
Y of such a country, and ‘the scope for productivity :

'1i~_improvement s extremely vast. The economic situation of

- this countzy at the. momentawarrants further research to

... avoid added exvenses arms;ng from llcenSLng and 1mpmrting |
' “*7bffﬁtechnmlog¥a S B |

-f?f;ﬂaﬁ&a& d&ve&apments in the field have been concentrated |
. madnly in the field of advanczng computing power and its
- ABROGY ced c&ntra] implicatlons - A& the mechanlcs behind
Gts ‘have been available to us for so long, there is
&@am fbr—;mproVEment, thOugh this does not mean that
 :t$ﬂhnOlOgleS cannot be 1ntegrated into the hardwarei-~
_EH woﬁld enhance dextFrlty, efflcienuy, or -.""
"lities of the robot. “With computers having recently
faﬁ_tﬂ Tow cost, user. friendly, yet ‘ever powerful |

,_ 5; 1t makes sense to capitallse on this new
%&ﬂhlﬂpment and to incorporate it into the field of
robotics, " In this light, it is the personal computer (PC)
f 1ntegration into the rohot loop that is of prime

_ f;Lccnsmdaratlon,_ Further reasons for the adaption of the

. control side of the robot loop include numerous advantages

" agsoclated with off-1line programming methods, the

- _ _“;1mprovement of the rocbot through enharced motion
' m"'  E Hcapabllltles, and others such as enhanced problem solving
B __ahllltles made posszble through simulation systems,

Progr&mmable'lngic controller (PLC) integration into the



:urobot 1oop iz 3ust1f1ed by the neccessxty of a pOWErfUl I/O-
handling device. This is necessary if the current robot: '
controller is to be substituted with a PLC/PC systEm

_ Numerous advantages asscrlated with such a system are
-'__prevelant, and these are listed belaw.
- = A large saving in cost, ag a PLC and PC comblnation w1ll .
_result in E cost saVLng of anywhere between 30 to 60 %
.  ‘over the ¢ost of an existing controller. :
| = The PLC is migch smaller than the robot controllers,
. < making them very cwnvenient, ‘and 1ncreasing the robot |
O mebility. o SRR S
f=f$ Thi advanta@es of prﬂgrammlng a robot through an cff-line
) mfacmllty are ﬁﬁmerous, and are listed in sectlmn 2, 10
.~ Advantages of gomputer integrated manufacture are.
;T?fappa&ant, and tﬁeéé 1nclude 1mproved machine utmlisation,.V
~patch manufactux#§e11mination, shorter manufacturing lead
U itimes, and gréj !:\schedul:l.ng flexz.b:.lltyi_ ' o '

e -@&pplacatxonsl, anﬁ thase include sase’ of use, they are”

jﬁﬁyaptages of usingba PLC axe also prominent (in certaln .

f&ﬁt, powerful, flexlbge; modular, and easy to maxntamn;ffgff-



2.1 THE

2.1.1 DEVELORMENT OF INDUSYRIAL ROBOTICS

2 LITERATURE SURVEY

It was never irevitable that the industrial applications of

'_robotios'should have been its first major market. It is
all £00 easy Lo think of robotics as belng a currently very
'ofashionable subset of 1ndustrial automation which, after
-fthe inltial excitement has died down, will become just yet
__another tool at the produotlon engzneer‘s dleposal Yet
.o thig, is only true of that part of robotics which is
':Je’lndustrlal’ robotlcs, there are potentially very many
- h’non—lnduetria appilcations for robotics which may even
b one day overtake 1ndustr1al robotics in . 1mportance. If, 30
‘oyears ago, by some quirk of hlstory, mankind had been very
o adept at bulldlng oomputers yet comparatively poor at
t ,constructing meohanloal devices, we might now have large
'o_numhers of 'intelllgent' domestlo robots and be wondering
__'how long lt would take before thls robotlcs technology
3_'.ﬁ-could.ba adapted for practical’ industrial use, in much the
"s;;;same*Way a8 the ﬁnC1ent Greeks used the prmnoiples of the
o;”]steam;engine to operate glmmlcks in their temples, yet it
ffftook the best part of two mlllennla before the same
'fﬁ;prenoiples were put. to practlcal use,

f_'Modern 1Edustry hae grown out of the mechanlsatzon of ‘the
_f’ezndustrlal revolutlon which was flred by the development by
'ﬁ;_James Watt of his steam engine in the latter hall of the
|  eighteenth cenrury._ ‘With mechanised production came the
'_'ablllty to make parts which were almost identical - so much
80 that in the early nineteenth century Eli Whitney was
" able to produce 12,000 muskets for the US GovernmEnt'in'
whigh all the same parts were interchangeable between
guns.. Mass production had truly arrlved,_and by the 1ate

nineteenth century the constant demand for improved

- production rates had led to several refinements to



- metal-cutting machines which culminated in automatically
. controlled machines, such as automatic lathes,

:'The séemingly insatiable desire for the newly invented
 motor car created a demand for better machine tools to
manufacture them'with, and the development by Henry Ford of
' the production (or transfer) line meant that by 1914 his
company was producing over 1 000 000 model T cars a year.
Hawavar, altHOugh such automation (whlch 1ater in some
cases becane extremely sophisticated and was called Detroit
automation) Ls suitable for very large volume production,
TWith'*educéﬁ'Iabour costs and low unit cost, even so it
v_:r@qulras long lead. tlmes {a maJOr changes in design me-
“require several years e lmplement) and s0 is lnherently
N  ;nflex;ble_to.anlving technologles and requirements

'3 i?ar'é°15ﬁé'fime“ﬁedium and low-volume batch production had
  -t0 he undertaken u31ng cenventionally manually operated
;]x-machane tools, but in’ the late 1940s John T Parsons
f}auggested a mﬁthod for automatically guiding a milling
_' {¢ mach1ne by mEaﬁs nf coded punch cards in order to machine
 ; ,,,tha aomplex shapes of the helicopter blades he was working
"fiyon; ‘In 1949, the US air force commissioned the MIT
f?3}Servam§chanlsms Laboratory to develop such a numerical
'“_centxﬁl (NC) machine - A deqade later, NG machlnes were
elng" 5uccessfully used in- prcductlon, and- work had begun
: h}davelaplng a univarsal pragrammlng language * called APT, -
ﬂ@va:thﬁless, as mentloned earlier, NC or even CNC
mauhiges, are: not thought of as robotic, because they do
_Vﬁ&nat axhlblt the flexlblllty of the type of operation that
'”*,Jtrue rabots do. :

"“gjﬁlthough the appllcation of numerxcal control to spec1f1c
' 'mamhines grew in range from automatic fabric knitting to
_ ~;bluepr1nt draftlng, the newly available industrial robot of
"”' thg 1960s, which was in effect a general purpose handling
maéhine,.had an'uphill'struggle to find cost effective
applications. Whereas NC madhines_tendéd to replace
eraftsmen operating manual versions of the same machine,



metal-cutting machines which culminated in automatically
controlled machines, such as automatic lathes.

The seemingly insatiable desire for the newly jinvented
motor car created a demand for better machine tools to
manufacture them with, and the development by Henry Ford of
the production (or transfer} line meant that by 1914 his
company was producing over 1 000 000 model T cars a year.
However, although such automation (which later in some
cases became extremely sophisticated and was called Detroit
automation; ii suitable for very liarge volume production,
with reduced labour costs and low unit cost, even so it
requires long lead times {(a major changes in design may
require several years to implement) and so is inherently
inflexible to evolving technologies and requirements.

For a long time medium and low-wvolume batch production had
to be undertaken using conventionally manually operated
machine tools, but in the late 1940s John T Parsons
gsuggested a method for automatically guiding a milling
machine by means of coded punch cards in order to machine

- the complex shapes of the helicopter blades he was working
on. In 1949, the US air force commissioned the MIT
Servomechanisms Laboratory to develop such a numerical
control (NC) machine. A decade later, NG machines were
being successfully used in production, and work had begun
on developing a universal prqgramming language called 2PT.
Nevertheless, as mentioned earlier, NC or even CNC
machines, are not thought of as robotic, because they do
not exhiblt the flexibility of the type of cperation that
true robots do.

Although the application of numerical control “o zpesifiz
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robots wers capable only of unskilled labour which was

'still relatively ¢heap, especially for low production

rates. In addition, it was not at all clear for which jobs

‘a robot was best suited, as there was no single type of
machine for which it was an automatic replacement.

As the sophiéticatiﬂn nf robot controllers improved

‘however, and techniques were developed for structuring
robot surreundlngs in waye ‘whiich, to an extent, compensated

for robot iﬂau quacles, 'so new applications such as spray

'.palntmng_beceme cost efféctive In the 1970s, industrial
robotics came to be considered as one of tie aspects of an
. overall phileeophy_of-eomguter'aided manufacture-(CAM), and .
:ﬁitﬁ'ever increasing labouy costs and pressure to remove .
" workers from hazerdoue or- unpleasant jebs, ‘together with an
_;n31stenee from the censumer market fer wider dlver51ty of
'preduct styles, 1nterest ln\;ohetlcs grew in lndustry. As_ _
the wexld recession . e the letev49703 struek, 80 academ;c  _'

' interest rapidly turned into a desperate fight. te increase,_

' * *predu¢tiv1tg while trzmmlng mannlng levels.

")]Mechanical engzneerlng requxrements fer lndustrlal robots

| f had never really been particularly demanding, and could
___mexe than be. eatered for by existing technelegy., The
'5f%ee3txa;n1ng teehnical factor however was prlmarily in’
'J:centrel, yet. even 80, the. aVaxlable computing'power ﬁof
fffecet*effectlve Lndustrlal robots was just about suffecient-*
~ .to .allow them to staxt to 1ntegrate ‘with the fectery |
'::environment, and take over many materfals-handling tasks -

and a few eemlskmlled jobs sueh as palnting end spot

lfwelding. ‘A8’ Wlth robots on the factory £loor, such

autonomy. requlres sophisticated intelligence gatherlng and

'_lcommun;catlon systems, Wthh 51mp1y were nct available
. befare._ ’ R . . L. L ..

"Towerds the end’ of the 19705, the promise of lncreased
' computing power in only a few years, prompted many
‘countrids to inveet heavily in. second-generation robotics
- research in the hope that the implementatlen of such

10




.technology would help to pull them out of recesslon. In :
'additlon, plans by the world computing community to develop
'flfth—goneratlon computers_wlthln a decade, stimulated
research into artificial intelligence and related topicaz.
So,.due.to a combination of historical factors, in the
early'lgaﬁs'there was a tremendous boost'given_to'robotics
work in general, and to industrial robotics in partioular."

o NeverthélESS} this must of course also be seen .in the more
' general context of the overall technological revolution
 started in the 1970s, largely based on the integrated
eircuit. This was producing coﬁSumer products such as

- miniature oalcnlators, personal computers, video games and

digital watches. Thus every 'men.in the street’ was

_"jfgdlrectly affected by the new hlgh technology, and there ‘Was
'.;“f:consequently a. hlgh level of awareness even among the more

- oonsorvative profoss;ons that somethlng 1mportant was ”
ﬂl.happening._ Tnformation technology (IT) became a
”;Ecatohphraso as. computlng techniques 1nf11trated even
”~off1 zes:of traditionally * Low-tech! firms in the form of

-N{word processors and eleotronlc mall._ So, to an.extont,

robotins was able to take advantage of this new aWareneSS

'.o_of hmgh technology, and enter markets whlch mlght otherwlse*f

. nave required substantlally more persuaslan about POtentlal -
-benefits.J_Qj ' o . SRR .

oﬁ;Despitn ‘the or;ginatlon of’robotlcs in the West, the j?
' country which undoubtedly ‘took most advantage of -
f_flrst—generation robots was Japan. One of the factors

. involved in this may ‘have been that, - in, contrast ta Western

o'practzoe, many members of Japanese Firms tend to have a
“ ! jeb: for 11fo’, so ‘that management may ‘have: felt able to
make 1onger torm, 1onger payback higher risk plans

© ' invoelving the use of robots than their Wﬂstern counterparts

- would have felt were 'safe' slmilarly, the 1ntroduotion
of rebotic technology held no fear for the Japanese
_ workforce because they wers still guaranteed a 3ob
somewhere in the factory

' 11




"-1& 3? 000. At the preaent tlmﬁ Japan is undoubtedly i bhe”

Some Japanese claim that there i& a historically based team
spirit ﬁrev@lent in Japan. Whatever the validity of thisr'

- belief howewer, there is the undenlable success of

| far-sighted consistent. Government support for robotlcs, and
of the Japanese ablllty to take maximum advantaige of other.
countries’ inﬁentioas; The first Japanese company te
become heavily involved in robotics was Kaﬁasaki - yet that
was as late as 1968, 2 decade behind the US lead.

Althoughy owing to the different definitions employed by
. various countries, it is very difflcult to compile accurate'
worldw;de surveys of * robot: populatxons’ in- dlfferent
_lzareas, many'attempts have been made,-from which an overa11_1'
- picture emerges. Even by 1970 there were only a few
hundred robots throughout the whole world, Wlth 260 in the
_  USA and 1R0 in Japan. By the mld 19703, however, the world "
'population was closer to 4000, ‘and by 1984 wag about -

- lead with more roboks lnstalled ‘than. any other country;i" :
f*ﬁfeven when the differences in deflnitions are’ taken into;yﬁ-iwi

wsarqﬂmu:. B P E
3 4ﬂm{vwsraﬁwmwr R

| Plg 2. sseimated .':,_..'9_'8-4!_-%?-1& xobot. pdwia‘ci@n'-._._tl?l.-‘.i- o

. ,'H. .\L

' ,;'falthcugh Japan undEnlably leads tha‘w@rld 1n actuaL numbers

. of 1nstalled robots, in robotics research: they seem to have ,
 _little or no¢ superiority. Among the world leaders'in .- =~
research should be 1ncluded the USA, UK -and West Germany,..
Slmllarly, ‘there' are many large robot manufacturers outside
Japan, some of Whlch have - specialised in the field for



-seveial years, Recently there has been a Prﬂllferatlﬂn °f

" new robot manufacturers and it is debatable how long. the
'-market will sustain such a w1de dlver51ty of supplleas. In .
. many cauntrles, Jjust a few firmg may supply over 80% of the
“robotics market, leaving. enly a 20% share for all the cther
- suppliers to fight over. Many predict a subst antial
'-_’shake—out’ in the industry, leaving a comparatively small
'lfnumber of 1arge manufacturers (with the required :
'comninatlon of prcduct technology, systems and appllcations
* expertise and marketing skills) to serve the whole world

market. In addzt_on, there is a growing tendency . for large'

_cambaﬁies to attempt to build up.a. ’robotic prﬁsence’ by

_taking over some exlstlng robat praducera and forming

| gllcence agreements with others Such, llcensing agreements

 are only likely to be. a short term measure.. Indeed it is

| 7salready bemﬁg preddcted that i only a few years Many - 1arge'
' _manufacturers who'once. joined with technxcally skilled
‘. producerzs, will ongs.
”Vfipartners.f““““”

agaln break away from such ovézseas

.ﬁ,;gﬁiﬁ_x_:E

T:fOf a1l the curxent worldwlde lndustrlal robot applﬁcatlons,f;f o
'funtil now - almost all have employed firstrgenEration o ”:.”

_ _a;teﬁhnqlogy, and the. most -common uses have been for surface R
j;i caat1ng, spot weldmng, parts hagdllg_,and machine "
‘7'servic1ng.i RecentlYp'hOWEVEr; it ig nntxceable that .
'“fworldw;da ‘there. has been a dramatlc increase in the 'if(jﬁ*
gpplication of robots for afu weiding and- assembly, tasks
3-”whlch largely requmre second genera ion rmhots.J_.a'? !_? -;f

'D.-

. ﬁ:spaﬁ we1ding;'on he ather hand, lcaks likely to saturaﬁ

- the automotive market in the near future, so that’ the
' number of new suah 1nstaliationg is likely to drop
 j'substantia1ly towards ‘the early 19903.; EVen relgtxvely
’°7cheap and slmpla teaching robets are fznding increased - 7'  _

7gfappllcation cutside the educational environment, as. same of

~ the more sophlstlcated verslons become suffzclently

" advanced, some belleve, for 1Lmited appllcat;on An
:ccmmaralal use. '



'”f  its full ad¥antage in flex:f

T A o e

.2;1.3:'

The prevalent trends that have decteted rebetlc development;

" over the past few. decades, are still with us today.
Computers are still the dictatmng factor in robot
_sophlsticatlon, and manufacturing trends and requlrements
are meving still further towards a desirable small bateh,
hlgh varlety, envmronment, a 31tuation that neceSSLtates'_
_ computer contrsl in 1ts purest form, Computer Integrated
. Manufacture £CIM)a_ '

- The power ef eomputers hae now reached a level that allows
~‘them t¢ be easily programmed to perfonm even the mosﬁ o

Fsoph;stlcated control tasks. It ;emalne, merely, te |
f;;nterface thls power te the mechanics of the robot, in the

'._cheepest,'31mpleet, end most effective manner, in arder to_fﬂ""

xgaln thms control. It sheuld be noted that, in all

,_" previous developments, this link—up ‘has been perfarmed via.ej L
'iég dedleated robot. eontreller {an enhanced inputfoutput ;;f'"~'

o

_deVLce w;th computing pewer).f__g“_% .

[

Thxs seens to be an undesmrable szdetraek inta whieh 7”?;;’1"”'”

”,rehet;c reseaxeh has heen UﬁWittlngly led. In the 19703,:,;ﬁ"'°

e_what 1itt;e c0mputing power

egere was, was bemng ueed to
f@ 1nterfac;ng“with the robct
'ihardware,'somewhere aleng BhS 1ige; . he%§VEr, rebat

--_aentrollers started to beceﬁe mcre ﬁedieated and thus the;r3;:

;repablleﬁies were restricted te their exect requirements..

;13 step was probably takee in. erdex ta minlm;se the cost"

E the qewtruklers, previouely the. pxehibitive faetor,-

'”Tgwhidhaﬁae now resulted in a eituatibn in which the_;_f o

‘_1ntEgration of’ new cemputlng technolegy hae been .
,lnnrea31ngly dlfficult to implement due to the redeslgn

- involved in the contrellevs. Tt would thne he deeirable to_,&.:';}

i_”'steer’ control back ohto the rlght path by redesigning

“"-eontrollers from scLa ch and staying in the path laid eut,

= by other research arees, aﬁd dlctated by computer '
-develoPment ol : o '

1



.fThe versatillty of a robot is defined by its: degrees of
___,freedmm._ It may possess any combination of these six which
" _are illustrated in the follow1ng dxagram. |

A% &agrees are obtalned fr&m base, shoulder, and
_  mavemant, whilst the other three are wrist-. -
ﬁhﬁﬂ&aﬁexistics. “The. large wrlst movements that robots are
_ &a@hbla of, often makes them.mora flexlble Than the human
'fa Often grlpper closura ‘and basa llnear movement are

-g”they are not,

: Robots came in varlous configuratlons, characterlsed by
fftheix joint arrangement and availablllty. With.increased

15

'ﬁ}mited as’ further degrees of f@eedom, but é%xictly apeaking -



By

acomputlng power, others are beuomxng nore feas;ble and are

' joining this ‘zecognised group ‘Although the configurations'ﬂ-

suit speciflc coordinate. systems, ‘they may be addressed ln

-f 'any form as the controller is capable of translating inputs
“fjinto the more convenient system. Each has a characterlstlc.
.”;Wbrk envelcpe, as shnwn ln the followxng figures~

A
j_ﬁ*m

Ln
e

. ; ER '. ) '_ & ,-_' &

2 3|nylin5¥iea1 caordlnata robot {l]

{\ & @
= R ﬂ = . i) . n N ;,\_.lj- .
0 ke
B &

_Rié,aan haha%iémtated hd&mapntglly er vertmaally
ﬁanfléteral mavement.pr 1ift1ng gppliaati&n%
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' (ROTATION-ROTATION-TRANSLATION)

- g 2.4 - spherical ceerdinate wobm.f1]"

‘Sppiicarions inclue|extdnyie use i the dntomotive
b ttt‘“ - e .. R . - : R R o K Sy

RPN .
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Fig 2.5 Cartesian coordinate robot (1]



'{:The rectangular configuratlon is most suitable for assembly"

"tasks due to its 1nherent hlgh meohanism precision. It is = |

-also the strongest and most stable configuration lendlng
' itself to hlgh load appllcatlons. -

Eig 2 6 Ramﬁlute ﬁ@ardlnate rﬁbgt [l]
It has phe advantage af a 1&&3@ wcrklng aﬁnelape whilst
utillging mxnlmal floor spaca.__"

| imﬁ&riaﬂmﬁbm& ION’-T:W.SELATEW |
g _rs_ _ ; . __‘1}::___

The SCARA (Selactive chpliance Bssembly Rmbot Arm), is-
similar. to the articurhtlng configurationb:_it isa

fundamaatally new structuxeggnd exhibits praperties bf bcth ,f'

revalute and myiindrlaal caordlnate syqtams,

(See*f%gur9f2¢7_bhcpag@fisygﬁ

18



N E‘_.g- 2..71_ SCARA ~ tYPe'robot (11

Fig 2.8 'A parallel r‘gbot'
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2.3 ROBOT MOTIONS
Robot motion takes on various degrees of sophistication.

These degrees can be broken down into two basic categories
an‘.ﬂ m’)llOWS »

2 ? 1 BQINI;T.O.:EM |

Tbe*e'eie'fundamentally three different ways of controlling
?TP motmon in a robot, but each makes use of indepandent
oosxtlon servos for each joint, and for each, the actual
-oath fbllowed by the robot arm between taught points is not
of concern.. As a result, the robot. controller does not
need Lo employ a 'full kinetic model. The simplest form of
-oontrol is eequentlal joint control {robots with this form
“of contzol are often termed pick-and-place devices) in
_which one jolnt at a time is activated, while all the
?bthere remain statlonary.; The resulting path which the.

_ ﬂ*ﬁffector of the arm: follows is l;kely to zlg-zag across
.tho work envelope, and consequently the time taken to move
;Lzom one taught po_nt to another tends to be far 1onger _
fnhae néoeesory Neverthelees, sequentlal control requires
“the eimplest of contral structures, and may also suit
j“ylmodular systems where individual joints may
“ﬂwgeﬁtly be rep aoed by multijoint manlpulators

 3&§% nnooordlnated Jant oontrol, although all joints move
?gﬁ pnce, the fact that one joint has completed a glven
;ﬂraetion of its travel does not 1mply that the other. joints
;h&va covered a smmllar fraotion of theirs. Xach joint:
igowaséth:ough_ite_reqolred_path in its own time, and then
‘weits for all the others to finish. Owing to the inherent
flaok of hoord;natlon between the. dlfferent axes, 1t is
gd&fficult to predlot the path ‘and velocity of the end
“effector as it travels between the taught points. With
'termznally—COOrdlnated joint control, howéver, the
”indlvadual jolnt motions are timed so that they all start '
_and stop together, maklng it the most convenlent, although
'the most expensive, of the three methods.
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This design shows a radical departure from configurations.
Once again it is a recent development and, to date, hasg not
been eszploited extensively in industry. It consists of
three pairs of rods with free swiveling bases, as the rod
lengths are varied, the end effector moves through all six
_ degrees of freedom. It has a small, spherical, working.
envelope, but is extremely light, fast, and accurate.

Noe
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2.3 ROBOT_MOTIONS

Robot motion takes on various degrees of sophistication.
These degrees can be broken down into two basic categories .
as follows: ' '

'2.3.1 PQINT=TO=POINT (PTP)

There are fundamentally three different ways of controlling
PTP motion in a robot, but each makes use of independent

' pﬁsition'servcs for each joint,'and for each, the actual
_ path'fallowed by the robot arm between taught points is not

of éoncern.[ As a result, the robot contzoller does not

‘need to employ a full kinetic model. The aimplest form of -

control is sequentlal jolnt control {zobots wmth this form

_ - of control- are often termed pick- and—place devices) Ln
”z-whlch DHE~lent at a time. is actlvated, while all the
others remain stationary. The resulting path which the

__,_ _end-effector of the arm follows. is Jikely to z;g-zag-acrosS'
g

tne work envelope; and consequently the time taken to move

. from ane taught point to another tends to be far longer =

: "7 fthan necesgary. Nevertheless, sequentlal control requlres_':_
' ”ﬁthe simplest of control structures; and may also. suit B
highly modular systems where ‘individual joints may.. .

: subseq‘uentlY be replaced by multa.joa.nt manlpglators¢ :

|  _Withfuncoc:dinated joint control;_altHQUQh_all_jcints-mdﬁé.-
'_'ét'ohce,'the fact that one joint has completed a given o
fraction of 1ts travel does not imply that the other joints B

have - cavered a 31milar fractlon nf thelrs. ‘Each joint
moves through its requlred path in its own tlma, ‘and then

waits for all the others to finish. ow1ng to the 1nherent

lack of coordlnat;on between ;he_dlfferegt axes, it is

- difficult to predict the path and velocity of the end
effector as it travels between the taught points. With

termlnally~coord1nated jolnt control, hawever, the
individual joint motions are timed so that they all start
and stop together, making it the most convenient, although
the most expensive, of the three methods.
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2.3.2 CONTINUOUS-PATH

~ When the form of the actual path followed by a robot end-

effector between two points is of primary importance, it is
necessary for the controller to employ & k;nematic model if
the intermediate movements are to be interpolated, not all
taught. - it'mnet'then simultaneoUsly'ﬁové each axis the
minlmum dlstance necessary to reach the next lntermediate

”p“*nt in space. requlred to keep the end effector on a

con;rolled predictable path. Such sophistication usually )
requires a 16 bit microcomputer as the controller, a

-f_oheracteriﬂtlo of the new AT range of computers and

something prevxously restrlcted to mini computers,_'Inz_

_ -addltion to & robot rollowing a path of closely spaced
_--polnts that 1t has actually been taught, it wrll then be .
_ ﬂfpos$1ble to request that lineer 1nterpolation be performed_f
" petween only two widely spaced ﬁoints (or even 'fltted'
=ﬂthrough more than two po;nts), reBultlng in an untaught
_”stralght lmne motion Wrth some controllers,'Cchular-
.interpolation is also po551ble.- For weldrng robots 1t is

--.99331b1n‘to superzmpose a weav1ng yﬂttern over the bas;o

. _‘"‘_\‘.' o

- There are varlous approaches o contlnuOus-path control, ’rrf
‘eaoh using different amounts of information about the

o actuel path to be followed. The s;mplest method i xhe '
'stralght forward serVo control epproach, whioh m} : po use

L of any knowledge about where the path qoes in th ?ﬁtur .

r_Although details of the path may ‘be stored in the robot’

'memory, all the oontroller refers to when driV1ng the arm
motors is the error s1gnal indicaLlng the dlfference

. between where the arm actually 15, amd where the next

1ntermediate p01nt is that it is headlng for. It is this
method of contlnuouSﬂpath control which is most common in
present 1ndustr1al robots. | |

More advanced_sYStems make use of such approaches as
preview control (or feed forward control). This method _
takes into account the way the path changes'immediately in



front of the end—effectqr's current position. A still more
advanced approach employs path planning (or trajectory
calculation), in which knowiedge of the whole path to be
fellewed;is incorporated into a mathematical model of the
robot arm and the load it is carrying, and a detailed

_acceleratzon profile for each joint is computed, together

with predlctlons for the requlred motor control needed to
.- make the arm follow the_de51red.path Such a dynamics '
-ebaeed approach can iﬂcOrporete the effects of'forces ‘such
- as gravity, inertla, damping and. frlctiOH; and it permlts :

highly accurate movements at’ speed whlch Would otherwise be

e;;imposeible.e__h

S

'”'eThe use of transformatlons allows translations and
ijrotatlens to Le easily performed, neot just an pelnts but an
_fwhcle pregrams;l However, the complex;ty of the o
__e?computetmens re@ulred can sometzmes result in intolerable -
IVstpeed reduct;en or 1naccuracy, Conf11uous—path control
;3w;hh such syetems involves applylng an interpelatlng _
7fihiunetion to the. transfcrmed ‘world-coordinate 1ouations, and
“othen, in. real time, rapidly transferming them 1nto jolnt
. f7jgesitiens whlch the robot can understand.- Thxs must be
_effeentlnunusly kept up 80 that the mator dervos have a’ _
| lfjconstant stream of new. intermediate po;nts to head for. o

-”]A partichlarly usefui applieation is to prov;de a full
““'tracking capabillty that allows the robot to be _

- synchronised with the motion of a conveyar belt ({eg. for _
e._eﬁpxaylng or WEldlng a passing car chassis) Conventionaily'
- the rebot would e taught its task with the object moving
© in front of it, and so long as the synchronisation of the

- robot and the object can always be maintained in the
' ’ .fﬁture;'and so long as the conveyor speed never varies,
this method will be perfectly adequate. Hrwever this is
' not always the case, especially with teuhnoloqlcal advances
- allowing for 1mproved and varying llne speeds. Where this
cohstant, uninterrupted conveyor speed cannot be |
R guerahteed, it is possible to teach the robot with the

-
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object stationary, and for the robot then to use coordinate

transform’éx_tion £o perfdrm its task relative to the obiject, |
- and by monitoring the convéyor speed, to be independent of
 the motion of the transfer line. ' '
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object stationary, and for ‘the robot then to use coordinate .
transformation to perform its task relative .t:o the object,

and by monitb::ing the 'c:onvey'or spéed,_ to be independent of
the motion of the transfer line. ' o

’ .'}.. .. d o ’ .. .

e
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2. 4 A

_In addltlon to ldentifying rnbots accordlng to thELr arm
-cOnfiguratlon, varlous other termlnologies are commcn;y
used._ ' '

2.4.1

pick and place devices, although strictly speaking not

- xobots.at all, nevertheless are often referred to as fixed

~sequence (or limited sequence) robots. The stroke of each
'axis of mation isg determlned by adjusting'mechanlcal

end—stapa, and senaars cama typically in the form of limit
switches which can only sense the end points, ‘and none of

tha points 1n between. Such devicﬂs cannot be reprogxammed

ta execute a4 rew task, but must ;nstead be reset and
adjusted as w@nld a traditianal automatic machina.;,ﬁ

__f,«';'

_.__-tal cuntrast to true rabnts (varmable
"”vwhlch can imnmediately execute.a uiffarant
ﬁ%raly by runnlng a new program.;,mqﬁ.' =
e ._howaver, there are a few pick-andrplace
__wmiwh can now sw;tch in variaus dlfferent
gmﬂax pxogxam control, 0 areating a grey araa
,Ltlonu_ In addmtion; af cauraa; there is always
-vm for industry ta rafar to pickrandwplace

N;th varzable-sequence rabots it is necessazy to be able ta
stop a partxcular jOlnt of the arm at any pcinc along xts
travel. Theére a%a'basibally twa appraaahes to this
problem.  With the simplest method the controller merely
sends’ power to the Jnint for as long as it eétimatas the
arm will take to get to the desired positlan.- Although
with certain apecial elemtrlc motors (StePPEr mctors}; hié
approach can sometimes be' satisfactary, on theé whole guch
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'*japen«lcop cantrul with no feedback of information about the
Joint’s actual position is groSsly 1naccurate ~ the arm

' might have got stuck and not have moved at all.

'7Consequently, all but educational robots (or teachlng _

- robots), make use of a second method, which involves
placing a servo-mechanlsm on -each JDlnt which EffecthELY
' checks both the positlon of the joint and the p031t1on in

':;whlch the controller wants the joint, and then moves the
?-arm until the pOSltlQnS coincide. Robots employlng such
 -aloanﬁlaap cantrol are termed servudcontrolled robots or;_

_smmp;y servo-robots. o .;,a'= '

:h commmn d;etiﬁctian 13 drawn betweea two different types
ﬁaﬁ &mntrclleﬁ used. iﬂ lﬁdustr;al robots.. Many of the -

p@ints in spa¢e whiph the arm - had to mcve to, and
féwﬁments between thasé points the path of the _”
”f*aﬁfiﬂed an“ cften diFficult to prad;ct. Such

i ,-ﬂjﬁ are EE ill very . common and are
' ”ﬂta “Eor. sugh ﬁasks ag spot weldlng., ‘As the

ed s hé& incraaSéd, and many manufactnrers use. thexz"

}ﬁapm&nﬁ agnﬁrclﬁlf a very large number of dmscreta

aﬂmﬁ tasks, such ae painr spmayzng and are . weldang, it
: hegassary for fhe- path followed by Lhe robot to be.
ﬁ%ﬁnﬁralled ak all timés. Such aontlnuous path {CP) . rabots ;
58 raality approximata,a amntimnbus line by splitting the
;path up,intq a very Large nuﬁber of separate paints very .
. Losa tagether. Ihe pﬁsztlﬁnavnf nhese poants ares emther';'”
_rﬁcorded du:ing‘brogramminq, or are calculated durlng the :
actual-movement by fllling-in (inte&pclating} between, for
*axample two points to prnduce a straight line. These -
o robotaocan be thought of as a natural extenszon of
”[7polnt~t0vpoint ‘systems, and there is in fact a ‘grey area’
in whlch_multipolnt control systems can.app:oximate a
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5_¢ﬁnﬁinu0usﬂpath system by not stopping at each discrete
- point but merely passing through them.

_ nrhe'first~§eneratioﬁnrbbots are.generallylcohsidEred to be
' thbsé ’deaf, dumb, and blind’ robots which are currently

"Jﬁmbst common on the factory floor. Second-generation robots
- have ﬁeen arounﬁ for some . tlme in laboratorzes and are

'already in_a few factories. Such robots, which may oftsn
;_150k'the sane a8 their”firsthenératibn counterparts, can
‘make use of varymng degrees of senSory informatlon about
;themr immediate envmranments ta modify thelr‘behavnaur
during a task (corxesponding to the most ‘sophisticas -ed of

the six classes of the JIRA definition of ‘robot’ mentioned

'earliar},h Typical sensnrs include vxsxon systams and
ctaﬁtﬁal systams (which provzde ER sense of tbuch’i* .

have ealled secnad-generataan ‘robots
;mbota‘ but this term should real;y be ) -
111 wore sophisticated thlrdnqeneratipn*"
§ &urrent research is really anly
%ﬁkfon'sense‘ ‘robots. Nevertheless, 3 S
£ leading ta, so~called intelligent roboks
ipped botl with gengses and the’ ability to'f”'
ﬁave some: understanding of ?.‘,%_te&cts in the
T__a, and so to an extent, to hava the capabzl;ty
af thelr ‘own a&aami

E lﬂthese definitians, there are ’grey areas’ ~ one
#dnsor ddes not mdke a sacond gendration robot, it
e saxy,xhat the senﬁaf(s) s;énmfmﬁhntly affegt the 5
'“-@%mpenation. On top of this, even the accepted -

| itions vary: some authorities insist that the first
kganaraticn was pick-and-place devices. It may well be'that
qaventually only secnnd—genEration robots upwards will be
can51dered 'true robots', with the flrstwgeneratlon beang
thought of as ’programmable devices’.
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_; Whatever the“cenfiguratien of a ﬁartiquiar_robqt, if any
fe;aempﬁtetion.ie te'beiperfermed-involving its given' |

| .structure, then mathematical techniques must be employed
. which permit. the desoription of the varying locations of -
". the different robot-arm joints, Such terhniqués allow the
abselute pasmt;on and orientation of the: robot end~effector

”'e_.to be determlned from the relhbive positiens of the robot

jaints, and {gtill more difficult) the - necessary Hoint
1ematinns needed ta place the end-effector in a required
pcsitien. These sorts ef computatlon are necessary fer
sephisticated coﬁtrnl of the :obot arm,., B

maeh xigid eeetien of_a robot manlpulatar arm can be )
| { i s own private caardlnate system
Xn,this way, it ie cnly necessary to-
_anﬁ oxientation of that coordmnate

of as’ retatlng within ¢he base system; To actﬁﬁily e
deecrire the position of this second system in the figure, o
mach | uan be achieve¢ merely by specifying ‘the directien of
the vector from the prigin Ob, the base system to the
cr;gmn Or of the ather syatem, hewever, thxs will not
provzde any informatlmn about the orlentatlcn of the second
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' system. Mathematically, orlentation can in fact be
specified by using a matrlx consisting of three raws of
values. The three values in a glven column in effect

_ repreaeut the X, ¥ and % orlentatlons of a partlcular axis
".-of the second aystem, as if it were a straight line in the.
base system. By specifylng in this way orientation for
' each of the three axes of the second system (taking three
"-:fanlumns Gf the matrlx) the orlentation of the whole of the'

Zf_:_secmnd system can be unlquely spec;fled

H.:'

f:_ﬁf;'

—— .%ﬂ:.

.é&iﬁapészéﬁém Df'éorﬁﬁbt Enﬁ Effector Li]
tar L . - N
:;infpfmation 1n both the pUSLtion vectar
é&%aﬁion matrixsit’ b@cames“pcssible,.in i”f

té start with tha‘amrdmates of a point in tne o
ﬁukeﬁ raund the segtmqn of the' polnt under'_ _ .
;daratian, -and then ‘transform them into the equlvalent
Gl -ﬁates of the base~sy3tem. In practice this ig -
_j%&?fﬁrmad by~ us;ng a ‘homogeneous transformation Whlch
j;gmnsietb of a r1trix nf four rows of four ‘columns, easily A
" eonstructed (as shown in the following Figure) by writing
7. 'the orientation matrix next to the position vector, and |
-_a'j‘ﬁ'then wxiting 0001 underneath them. )
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' N
~orientation

matrix

:JO"'-!'*"'”: oT
=DM

;‘-fig g,iqf ¢$nstru¢tibh of a homogenebus matrix_;l] _

'&n'this fcrm the transformation san be adcomplishéd nerely

by, mqltiplying the caordinates of a point in the - '
secandrsystam by tha hamageneaus transformatlon matrlx
,uaing matrix mnltmplicatlan.:1ia-” SR

j;nriy; in prgctiﬁe it would nat always be canvenlent to

” izy a get of secondary coordxnate systems all in terms_-
gl basa aystem-_ For a start, rcbots do. not CQnsist af .
of 1ndapendent sections ’floatlng' in the base -
”the sactiona are all Iinked one to ancther in a
washian. Sacandly, descriptians of pGSLthﬂS of _
uismep as;garﬁs on- & ‘pallet) which are not Gcnnected'
"abot iteelf, may remain stationary relatlve to each
,”hut nct relative £o. the base system*u_ SRR
ﬁtakm'ac¢auﬁt af such factars, homngeneous _"
ph_angfﬁrmatians can be employad to describe the posit;ons
;ama wriannatians of twb covrdinate -systems ralativa to each'
'athef, both of which are diffevent from the base system
itself. In this way; the parts on the pallet,- for example,
uaulﬂ @ach be desaribed, énce and’ for all, ‘relative to the
pall&t. As the pallet was Sub3equently_movedf only the
transfcrmatian relatzng the pallet to the base system.would"
need to be changed.. By employing the relative _
transfaxmatlcns ‘which described the relation of the objects
to the pallet, the absolute coordinates of the objects-..
could be determlned comparatively easily wherever the :
pallet was moved.-_ ST .
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By.etringiﬁg”a series of'relative'transformationa | _
calculations together in this way, it is possible to work
along a ’chain’ of different systems in which only the
relative positions and orientations of neighbouring systems
are known.. Of course, the most important chaln is usually
_'that of the robot arm 1tse1f By usxng_relatlve_

 jftransformat1ons, it is possible to w0rk'outWard from the

base of the. robot (fized relative to the base of the

system) through each joint in turn, until the absolute

"positmon {with respect to the base system) of the
end~e£fector itself is determlned. | -

-'Qﬁa mentloned under the robot degreeq of freedom, in

eoaddltion ta the lmnear degrees of freedom, there are an
. additional thxee rotatlonal degrees These are commonly

' referred to as roll, pitch and yaw, terms also used in

L”Tf'_fangies.a

ﬂaviation. “When relative. or;entations are epecified in this o
way; the three rotations are commonly referred to as Euler_;_'”

'tofef coursef in speolfying the three Euler angies, the SR
:1sequonoe of rotations is most important.- Inagining. a G
‘glider, a 90%%%10ckwise roll, followed by pulling the

:;fjonose up by 900 (pmtch) will resnlt 1n a dramatio turn to SR
o $tarmuaed, 1eaving the: glider heading still in a herZGntal fj_3f

nz-piane (although ort its side) it rlght angles o its

W

e;origznal oouree. on’ thé other hand, a 99 pitoh foilowed
'.sby a’ 900 zoll will lagve the glider headlng straight .
) 'upwards. ks a result of this importance of sequencing, by o
'-_convention, the sequenoe of Euler angles is taken as being

_ roll—pitch~yaw. Uszng these agglée, it 1q in fact easy to

. constriict an approprlate 33 rotaﬁiﬁn matzix for N

"=jfinclusion in a Homoéeoeoue uransfommatlon matrig‘. _""

fNevertheless, unfortunately; there is in fact no o i
_Z'universally accepted convention regarding which angles tne _
":term 'Euler angles’ refers to. Although we have ‘been uszng =

'_the engles corresponding £0 the sequenoe rollwpmtoh-yaw, -

- another ‘commonly employed approach is to measure the angles

3
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_.coprequhding_to'the.seqﬁence roll—Yaw~roll. Both offer
the ability to 6rientate the gripper at any desirable

- oxientation, and both can be employed for constructlng

' homogeneous transformatlon matrlces '

Whan'cahsidering the actual design of a robot wrist,
building three artlculatlons mutually at right angles, as

'  would be needed for a roll-pitch—yaw approach is frequently

more difficult that employlng a rotating wrist onto which
is attached a yaw~roll arrangestent. However, desmgn
consideration must also be glven to those occasions on

| “;: which two jclnt axes align with each other; a rotation

A quseries- of individual sect;rmg, Linked together with a

abﬁq* ﬂither axls then resulte in identical motlon of the
end&ezfectox Jin thls smtuat an the robot arm has lost one
qf its dagrees of freedom, atod 15 called degenerate.

f}klﬂd of jcint I *3b1nts in such a. serlal Link. -

’Vr ean be- elthar revolute joints or prismatic

'Téx;sf and it ig the angla between the goint in -
éstion and tha next wﬁich varies. Wzth a prlsmatic'

wg p
.tha next t_ t varies..
kﬁown as aw

The sequence of joints and links is
1nemat1c chain.

Hsing such a modelf it is possibie to construct a separate
&oordlnate frame around rach Joint. Naturally,
consmstent methmd of aSSlgnlng such frames to each j01nt

' 'must be adapted, and a commion approach is the

Denav;t-Hartenberg canvention which prescxibes a sequence
consisting of a rataticn, followed by two translations,
fallowed by a further ropatlon, to bring any one coordmnata
frame 1nto exact colncidunce Wlth the next. From the
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values Gf'thé rotations and translations needed to do this,
one can easily derive the homogeneous transformation which

: 'descr.lbes thie relative pos:LtJ.on and orlentatlon between the
two coordinate frames.

cOmmonly;_the.homageneous transformations which describe
thefrelations between adjacent links on a manipulator are
‘valled '3’ matrices. A given ’'A matrix’, in other words,
.'is simply a description of the change in orientation and
"position between:tnat link and the next. Thus, matrix AL
_'refers to the position and arieﬁtation of the first link of
_' the manlpulator, while A2 refers to the relative
__j transformat1on between tha coordinate frame of the flrst
 1;11nk and the. second link. As explained earlier it is
- i*poss1ble to WDrk along thé kinematic chain, multlplylng all“
wii ;fthe relatlve transfcrmatlons (A.matrlces) togather, to
L { abta1n the absolute coardinates {in the basge system) of any
 j g}particular llnk,. In\ether words, ‘the pusmtznn and '
_ ’}:ar1antat1on af ‘the thzrd,link, in bage COOrdinatES; lS _ _
’3~»1@btalnad by multiply;ng {usmng matrlx multlpllcatlon} Al,-q -
i3 &m& a3 tegether.._; _--= S

aﬁﬁg foxr-a six link (i.e, six degreea of fraedom)

ﬁmwmh 1;*.:11:) would be given by the T matmx._._-‘.-',_’_'".-.9
e TG = Al.A2 AB A4 AS AG I
a&Q, knnwmng the indrv;dual A matrices for each llﬂk at a'ﬁr
__-, given time (in othexr words a glven arm conflguration) it is -
”*'ﬁ:pQ331blg to calculate the resultant position of the end~ .
: f-effthOr fwh;ch in practlce is frequently‘the only part of°
; ";ftha robot, for which position and: orientation information is
- [ylaf direct concern). Indeed, it is alsg possible after .
'-7}{performing such -3 sermes of transformatmons, to extract
.. from the'resultant T matrlx the orientatlon of the
 .-end~erfector in terms of Buler angles, For practical rabot
T Wbrk thig can be of particular beneflt. C '

-
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"'~Fréquently-in robotics the most'important.kinematic'
~ .caleulation is actually to obtain the individual joint
: posmt;uns of a robot arm, given the absolute pcs;tion of
the endreffector {T6) ., In other words, we know the current
po$1t¢on and_prlentation (the pose) of the end-effector as
- well as where we want it to end up. What is required is a
o iist of_allzthe new jaint positions necessary to result in
the desired new pésitioh of the end~effector. The solution
can be of vical importance for controlling the arm, yet
derLVLng the form of such a sqlutlcn for, aay, a s1x—axls
-arm 1s_a far from trlvmal task

E:There is no algorlthm by which the approprlate kinematic

_'equatlnns needed to salve the problem can automatically be

S derived and, generally, geométric intuition is ‘needed to
_Ldatermine thatﬁalution._ Nevertheless, once satisfactory
j!”kin&matlﬂ aquatlans ‘have been constructed for a particular

dem: design, it is. Thén stramght forward to compute any.

_fiiai‘h equatmné“ Naturally, although the:r:e is- only one

E&%ﬁ&?pﬁsitions, there ma%lhe mors than one pQSEiblE arm-
'guratiaﬂ whlch resulhs in-exactly the same
;affactar posea For 1nstance, with a aonventlnnal
'"epomorpgxc jninted-d%m robat, fhe same grzpper pose
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lefelbowup - . '°  {b) elbow down -

Fig 2 11 Two arm conflguratlons far identical end
effector positlons [1]

Dynamic lcad CGn31deratlons have nct been dealt W¢th in o
thla aactlan as they are fundamentally an. aspect off de31gn

with which wa are not Canerned They would; hawever, be .
ahalysed usmng Lagranglan mechan;cg which would y1eld a ;_:f'
system af matrices comprlsmng several thousand tevms.._ _
These can. ‘Be reduced by identlfyzng the EffEGtIVe inertta -
elatlonships (relatlanbhips bet een torque and ' e
ccelexation 1n Jaint} whmah would. then e used in'a manner S
whiag anuld be quirkly manlpulatEd fﬁr advanced control
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T sically a robot consists of three components the power

.supply, the mechanmcal unit, and the controller [4]. The
controller has a threefold function; first, to 1n1tiate and
termlnate mqtions_of the manipulator in a desired sequence
‘and at desired points; second, to store position and
sequence data in memory; ind third, to interface with

| eyﬁe?nal_da#ibésm The controller is essentially the
controlling hardware of the robot. Robot controllers can
be step éedﬂéncers; pneumatic logiﬂ'systéms,'diode matrix

" boards, electronic gequencers, microprocessors, oOr

_ _._-Eminlcemputers. The complexlty of the control determines-

R fthe capabllitles af the robot.'

  _The robot Andustry 15 constantly seeklng now 1t can advance
" its. products to increase the level of value—added it can

- done to. the pres&nt'range of ﬂbbots apart from maklng the
| ﬂmaahxnes;“are accurate, faster, lighter and cheaper. =
 ﬁBut an draa'recelving considerable attention is e
J _ﬂmantro11erg*1 C¢ntraller manufacturers Wlll pe 1ook1ng for' "
.,  ?-n£ches ¥n. thawmarket place - trends ‘they can identify and

 fff55_$%P%9it- Nﬁises are being made that to. cont inue to have.

: '";ﬁ%an& gﬂmtralier for each robob«in a- multlﬂrobot cell cauld
R 1_  ,;? [kill; eépec;ally if one ccnsidera thg costs '_:
ii? ;5;1;¢$ﬁv@i?é@ Plrms. could save & great deal by hav1ng a- Slngle“
¢+ contzollex for three or four robots. These controllews ° =
.. could possibly be more expensive than a single controller;
'ﬂf fhut they ﬂould affer poten+ial savings iu multl—rohot

’  ipstal1ationa. o :-%,-_ B S

'f:;The siza and shape of a robet centroller in relat101 to a - .
}y;typlcal rbbot is shown in flgure 2.12. -

ey -
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The PLC is another form of hardware control, although not

in the robotics field, as far as can be ascertained. Many
articles in the technical press these days mention

' programmable logic controllers (PLCs) [6]. If one is

familiarx w1th relay control, then PLCs are. easy to

”understand. R

Relay contrﬂl is a collectlon of contacts, coils, swltches

and input and output: (I/0) signals. This is how plants and
o machines use& ta~be controlled, Tf 11, these relay _
’ ;fe1ements are xeplaced by one standard unit, which is then
'*f_connected only to the input and output signals, and easy to
' amntrol fﬁnctidps are addedP then the resulting system is

|  f{ﬁFirstlY; tha i/G 1gnals must be div1ded into dmgltal and :

-”¢analﬂg signals¢ 
, _-takzng input algnaﬁs, comblning them accord;ng to some sort ”

o€ logicy and theﬁﬁtxansferrlng the result to the output
f:amgnal.“ Input. s;gﬁgls come from pushbuttons, 11m1t o
' switches, presswre syitches and temperature sensors.  ,Jﬂ-f g
'fi?ﬂﬁtpuh signala are semu to contactors, mators; clutches,
'f;lvalves and evem pllot xmghts. : S

ﬁm cantroller is therefora a method of -

f

:The PLC is a standard maae produced unit, and smaller in EER

' 'size than the older relay'%ystems. ‘The method of combining
“the smgnals is wrztten LntO the program memory via a
U;Eeyboard‘ Instead of wiring up a ¢-binet full' of relays,
. all that is needed is to type in .a few statements. It is
~even easier ‘to duplicate this process if more than one

application is requlred, simply by ‘copying the piogram te

"anathEr PLC,

The'heaft af.thé PLC is a microprocessor (MBU), which does - |

‘the calculating and the controlling of all the signals. To
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2.7 PBLC CONTROL
2.7.1 INTRODUCTION T 5

The PLC is another form of nardware control, although not
in the robotics field, as far as can be ascertained. Many
articles in the technical press these days menticn
programmable logic controllers (PLCsy [6]. If one is
familiar with relay contrcl, then PLCs are easy to
understand.

Relay contrcl is a collection of contacts, coils, switches
and input and output (I/0) signals., This is how plants and
machines used toc be controlled, If all these relay
elements are replaced by one standard unit, which is then
connected only to the input and output signalsg, and easy to
control functions are added, then the resulting system is
called a PLC.

Firstly, the I/0Q signals must be divided intec digital and
analog signals. A controller is therefore a method of
taking input signals, conmbining them_a¢cqrﬁing Lo . dome sprd
of logie, and then transferring the presult to the: oufpud
signal., Input signals come from pushhuttions, limig. .
switches, pressure switches and tempersture SELNSOE&s-: i -
Qutput signals are sent to contactors, motors, clutches,
valves and even pilot lightis.

The PLC is a standard mass proouced unit, and smaller in
size than the older relay sysrems, The me wd of
the signals is written dinto the progran REWLY whuoa

keyboard. Instead of wiring up a cabinse ful’ of
all that is reeded is o Lype 1o o fow stalosante .
even easiern ta~duplicate?th=$ﬂ doceas &8 Torosb 80 ingiude
application L& :eqnmred¢;s wpiysby {23vand produning -

. 3301f' “ -S [8], but Only o Ve i Lonmionn meo
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do this it usés a list of statements that have been typed

in, which is known as the user program. It also has other
statements which are loaded when it is made that handle the

_ management of the whole device, and save the user from

doing all the work. These user programs are stored in
memory, and consist of a number of single control
statements. The capacity of the memory, though, is
limited. The statements define exactly how the incoming

~signals must be combined to achieve certain output values.
- After processing the last statement the program starts at
-the beglnnlng, contlnulng in this cycle indefinltely..

There is ariother part of the memory that stores any :
intermediate results. At the start of the program cycle a
snapshot of all the.input signals is taken and stored in
'memofy; TheSe'valuES are used for the all calculations,_f

. and the results-are stored in ‘memory too, until they are
 ;transferrad ta the. ontputs. The values of tamers and
fcgunters;aréfalspfs ored in this memory. - '
o zThe appllcatmon of PLC control covers a very w1de fleld* .
'51?;They are found ?ﬂerever ‘there is anythlng that needs £d be:“ﬁ”'
. coptrolled. The. 3pea;ality of the PLC- 18 the control of
 usé by Boolean logic functions, ‘and smtuatmﬂns where the
_CGntroL logla must ‘be changed nften‘ Typical app11¢ationsiff; :
. finclude' - praaessing machlnes: _ L LT f”_f
I ,5-ventilation plants) T

- - galvanising plants,ﬁ'
< batching plants; .
f:,v-ftextlle machlnes,.
'-{ésmachine tanls,'-___
gé-packing machiness
~ gar wash- plants. [6]
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_:_Tbis list is not” exhaustzve, and goes $-1:1 far as to 1nclude1 _, =
 f1ll1ng products into plastls tubs I apd produc1ng
- venetian blinds [8], but only a few applicatlans are
_“mentaoned above, : _



A few applicatiens where PLCs have recently been
"successfully implemented are detalleﬂ below.

-1-C0ntr01 in Foundaries _
The Sheerness Steel plant on the Isle of Sheppey was
- designed to produce high yield, high quality but low ‘Codt
‘steel.  This plant hae been on the forefront of | .
 computerised manufacture of steel since in was commissioned _
" in the early 70’s [9]. The recent’ installation. of a dual |
,1ntegrator PLC system has enabled the company to achieve
-*better control ef ity contznuous "astlng process, o
' integrating data between the plant floar PLCs and. o
7sunerv:sory 1eVe1 computers¢ . : : L
__ff7_ TUti1;sat1cn nf‘the speclfic PL& cﬂncept to integrate all
| 'process and management functions is part. of an overall.
Costratégy ta»eliminfte_plant flcor manual data entry and
_?uﬁﬁke;the whole sysf Y multivendor compat:ble, ;rresgective
ﬁ-@”fﬁaﬁemeze type.fjj-.. S ';5 \dﬁ

_fﬁwhametion,in Eaunﬁaﬁ;es ;f'n;fa'}i-;b'.:~}r-ﬂ-_:*-’ c“jfs C
]fWﬁﬁhze a0 yaars the Imtalcm Alumznxum Carparatian has N
jﬁejahanged the cemplete Qperatmon o% its plante, with over 70 .
i;jfﬁﬁcs eomtr@lliﬁg existhﬁg machines [lO}t_ A manuiacturer uf  _f?gf;
. ¢ & casting machind supplied the machine with a4 PLC,. and once R
o the PLC had pfdve' Ltself Gﬁeghat piece of - maChinery 1t dld
/ﬁéat take &nng to figd 1te way throughuut the entire plant. -
: ,.1 It is hot just the: manufamﬂur;ng equipment th&t is RSN ;;e?*'
. controlled by PLCs, but Intalco have extended this can;_bl
ff"to the. plant's alr and water pallutian control systems tqg
_fxntalce insist- onurellabilmty, ‘and for this reason all -

:Jtheir hardrwired panels have been neplaced w1th PLc S f”;q“
-fProductivity Improvement ;;e- ;;‘._ T .L'--f:e:f? 4

-Q'The experts at the Kingsford Praduets Company wanted to
improve quality and the productivity of thelr charcoal

Cag
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B
o

" briquet plant in Burnside, USA [11]. Kingsford utilised’

. the expertise of its own emp10yees, calling upon Burnside’ s
3equ1pment operators and engineers to build a foundation for
new automation systems and equlpment. Management wanted to
know from the qperato:s_what they needed to do their job _

best. The answer they received was that of better process

- gentrel; including 1tems such as lnformatlon on feed rates,

fflevels and temperatures. Installing PLC control into the

‘ *@:0¢6$3 gave the- operators greater control OVar the o

o manufacturzng} Whlch lnev;tably led to an- lncrease in ’

PNy |

-

- Enargy Sav;ng : U B
It is not only in the plant enV1ronment that one wﬁuld
_'”fexpect to see ELC contral, but in almost any 51tuatlon
" where control is needed. A conventional PLC was installed S
“H*ﬁﬁ; 1n eng:naering nffices, ‘and was used for contralllng offlae T*'
;f;iightlng. “This.led to an ensrgy saving of between‘WO and
| B9% over, conventiondl office mbhting {12].. Typically,
i g ds experianced fn1. sales roums@ mﬁéeﬁms“%
{'9amking and. generally in most: public or '
bﬁmidings} The h;gh energy ‘savings ave ach;éved"'
__iimizatiﬁntbf llgmt $aurces aombinad with a L
“’ﬂmeﬁuctlam in 1llnminmtman tima

&t davelopments having fo keep pace with thxs demand. _A.
éw_recent developments are mentioned. B
hg5cambin1nq PLGs, Computers and Workstations AREE
 fhere is & move afoot’ to ‘make changes it the' packlng, S
_”_:”afchitecture; and appport of mxd~t0~higﬁ-1&vel PLCs [14]‘-
% . The driving foxce bdhingd it is the desire for a -_/_.”
-+ higher~level industrial control application - a singléi

"@;ﬁ-; “&integrated unxt able £o perfcrm mast, iF not all, of the

B  "'funct1ans that mld-tOHhigh-level acntrol appllcatlons

-demand P

o

éﬂ



' The new units combine the traditional capabilities of a
_HQBLC, an 1/0. interface, an industrial c¢omputer, and (when
" appropriate) an industr1a1 workstatlon fox man-machine
fFiﬁterface‘ The contzbl, . communlcations, informatlon C
:“iprocessing, and operator lnterface functlons are. integrated o
’izntu a single contrcl platform._: - -

_3 gNetwarking Capabllﬁties | L . S
LA m@j?r PLC. manufacturex has develaped.a system wheraby af>

'f:f;TFLC can be prbgrammed with an IBM BC, using dedlcated
'" jﬁacftwara in aon;unction wzth.a handheld programmer [15]

'5jgmha_system includes faatures suah ?“\tlmers, counters and




The'new'unitS"édﬁbine'the tfaditionel'capabiliﬁieé of a
PLC, an I/O interface,'an lndustrlal computer, and (when f
appropriate) an industrial wbrketatien for man~machine
interface. The control; communications, information N
'-processing, and operator 1pterface functlons are integrated"
“_1nto a slngle contrel platform ' '

) ﬁNetwnrklng Capabilltles IR :
”ffA major PLC manufacturer has - developed a system.whereby a-
'PLC can be programmedﬁw;pﬁ an IBM BCy using dedicated '
 f”seftware in conjunction with a handheld programmer {15],"3
_ fTﬁ%’syetem includes features such as timers, ccunters and
';maths fuﬂctlons ' R e '
R S _ o :3,;-sﬂ
' _Anether ?LC manufapturer has also developed a PC _
____,Tpragrammable PLC system [16].- The ‘advantages of BC
3ﬁjjpregramm1ng are. menu—guided programming with 'help

W o

| 7{functiens, the faelllty for: archivinq and’ doeumentatioﬁ,..}e-'

- %%st cemmissioning and testing, and’ the retrqf;ttlng of -

_éwisting eontréls, There is. also the sdvantage of having avj5;;‘f_:

5;f;£f_tea&h~1ﬂ mﬁde and szmple etandstlll dlagnostice;
S _Fanly izﬁevelﬁafmuts are meneiened, but manufacturers ef
o _genca afeﬁeenetantly deeeleping smaller ané mcre TN
*jﬁj:eeﬁhietiﬁated‘?LCsﬁibhat aan cnlf be to the baneflﬂ nf the

"jthere“mefne dlffldulty in Selacting tne PLC that suite hl$

.appleeeﬁien, el
_— ; SRR

T



Slnce the 1ntroduct10n of industrlal robots, the

; methcdology for programmlng them has seen a great deal of
:1mpravement. T genaral, two maxnstreams of software
'organisatlon have been pursued for the: control of robots.

S The first is the 'expllcmtly programmed' system, which

makea the uset‘primarzly re&pcns:ble for every control

actlon and. requmres explicit 1nstructmons. The second type

is 'world modelllng,f thCh makes ‘the robot system

ragponsibla fer knwwmng specmfxc facts about the ah:ects it1
works with. In.this respect, expllcltly programmed gystems
fforaa tha uSEr to decidé exactly what sequence of library _
:xautinaé the rabat st use to perform a given ‘task. World'
; systems make some of these decisions basad on a
Ate _dascrzptian af ‘the task. o "

;s:ﬁnique abplication advantages over

5. that rabatmcs software can be thnught af'f'
from 7 robot software‘; which is neccessarily =
n_rabats, through 7 robot - related. softwara*, which

_ﬁics related software’, wh;ah.covers those areas

'”ant to both robot ‘systems. and others., As with all _
th classifications, it is not always clear into whmch J*':'_
group a QLVEHM*YPE of | rabetlcs Sthware should be placed‘ L
Gne sunh grouping may leok as shown in, figure 2 13, -
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"s that software systems in 1ndustrial 3fl” "'

ﬂm:expand the saphistlcaticn demonstrable by them, tc R
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ThlS lS a typlcal form of on-l;ne programmlng - In addition
to the basic Qompcnents of a robot system, i.e. | :
'jmanipulator, control unit, and power source, this type of
fpragramming'system raqﬁirés'é léad4through aid..'This
: spraylng applacatlcns. The operator must manually lead
geither the teach arm, or the manipulator (with teach aid)

ghraugh the motaons, SWitChlng the spray gun on and off as -
,réquAred. The saftware organlzatlcn for thls type of robot'
fsyswem baslcally cbn31sts nf an znterpreter.

_'Thiﬁ prugramming system is e most cmmmon on. lndustrlal
”ﬁrqbats,.and ts*anather form- of onmline programming._..
fﬁasjdes tha three asig components of the robot, this o
_'sysﬁem lncludea aligach.pendant Usinq the teach pendant
f5th%* én1pu1atar is moved and the pasltzan is reco:ded by
f}gkgasmng a racord buttan. various parameters such as

:f;"f{iand tvavel. speed aan be set and redorded. Un;ika the -
fg'i{manual leadﬂthrOUQh technique which records the complete
- &jpath, this teach technique reaords only the end states nf

e . £
: the path..- R y:_i._, T S

: .2_4'9 . 3 V£
This form of programming is very easy- to use, and
“-‘programming is made simple {2].. . \
. = The robat programmer need not be an - axpert in computer o
science, but must be skilled in the technical aspegts of
the task to be carried nut, and thus shop floor ' '
expertise is utilised [3]. o :
-~ The final program does not requlre testing, as the robnt
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whil follow the exact path the programmer has led it
through ([3]. | . o

The final robot accuracy lS the same as the accuracy of
the lnput program [2]. _

Good repeatability is achieved with factors such as
speed control {4].

. This form of programming is good where skill is required

in determining the exact trajectory, i.e. the robot will

- follow fhe exact path and speed, e.g. spray palnting and
welding applications [1]. ' '

'HfThe robot cannot perform any- assmgned tasks while balng

©. . programmed: or reprogrammed, and thls 1ead3 +to large

.ﬂ-dewntlmes t3]ug'“

_?:*Certaln applicatians may be. toe complex for thls type of
"f___pragrammlng, and. 4f programming is. attempted, is slow.’
S <o rhe running-time Of small batch sizs. may_be_lags than
”Qf_the actual programmlng time. [2}. c.-,- " : : g
- In applicatxons reqnir;s~ aceurate’ pQSltlanlﬂQ thege 15'5;}.“
' ';large room for eyzor [353.. S E e

- On—ilne programmmng is noﬁ*suitable for a large number

””-1{af machines - 2.

‘Ixiﬂragrams caqﬂat be stared and;moved from cne macnina ta
-anothex, unless the robct cantrollers ara compatibla
'_wmth each other (57. T . S
'-Pragramming must take place on the shop floa 'y and

"5-cannot be carried out. in an enviranment more ccnducive

S to: concentratlan [3].

. The pragram can ot easlly be edmted, and very often the

whole ppoqram hag to be ‘entered from the beginning (11,

- . Oné cannot use subrautines with this sort of.
- programming, and this generally limits tha_Operatdr to

~ simple programs with limited branching capabilities [2].

- The robot'cénﬁot'b wall lntegrated with other |
equipment, or with camputer integrateu mar.: factura {CIF)

(181. R " T

Only Smele 3D dlgitlslng is posséblg {33].
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2.10.1 TEXTUAL PROGRAMMING LANGUAGES

Simple push-button teach-and-repeat schemes are sufficient
for industrial robot programming in a wide variety of
tasks, especially where a robot will perform a single task
for a long run of workpieces [18]. However, ressons for

‘going beyond use of the push-button approach to a textual
robot programmlng language are numerous {see section

_ 2.10.3) ., This teaﬂhing technlque provides instructions to
‘move the manlpulator, read Sensors, gend signals tO'
Cexternal equipment, set counters, perfarm logical

'g_branching, and many other instructions that make the task
of programming the robot siupler. This form of teaching

. then becomnes a program in the classical sense (off=line

programming), and 18 elther complled oL interpreted by the

: urobot software system..~_ﬂ“'

ggSome textual language robat systems in use. are- HELP, VAL -

'ﬂ_and RAIL [18] The software features common to all of R
-*theee aystems Ainclute ‘the hierarchy of control’ levels, with =
‘the highest monitoring and caordlnating the the complete . -

.gig.robatia system, - and the 1owest interacting With the o
'-.spagifia hardwara._” o L o

"_Dnly & fﬁw textual languagea are discussed in the fallaw&ng 7fvu- E

'parrgraphsiy

oan g.fl5 ey
‘AL is & second generation robok programming language

produﬁed at the Stanfcrd Artificial Intalligence Laboratery3':

[18], an sarly leader in robot research. AL ms a high
level man;pulatar language with ALGOL—like aontrol, and
based on PASCAL {20]. AL provides constructs for control
of miltiple azms in cooperative motion. - Commereial arms :
have been intagrated into the AL system. |
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AML

The design concept for AML is'to provide a boWerful base
language with simple subsets for use by programmers having
a wide rango of EXperlence {19]. - An interpreter implements
the base language and defines the primitive operations,
such as the. rules for manipulating vectors and other '

_ aggregate objects that are required to describe robot
 behaviour, A design feature of the language is that these
‘rules should be as consistent as possible, with no special
case excoptioos. It is intended that such a structure
shall provide a growth'path as programmers and applications
_ 'beoome more sophzst;cated. Excluding task-orientated
o _languages, AML is a good tool. for the lmplementation of

‘f;;'complex robotic applicatlons [21],[22]

_;foﬁir_~_.. e o -
E:RAIi_ﬁasodosignEd;as a language for control of both vision '

L aﬂd'manipﬁlationi"zt'is an interpreter, loosely based on

"PASCAL Many constructs have baen . lnoorporated intd RAIL
'to support 1n3pectlon and aro—weldlng systemo E19]

SRL was designed on the basis of experience with high level

| ,ifobot'lahgﬁagés'(eg AL}'and with traditional'programming

_“ languages (eg PASC&L) - Various féatures are’ present with L
"ffSRL, ‘such as Sensor 1nterfaces, 1nput-output to- d;gital or
. analog ports, ‘and several more otatements for different -

“'kinde of interpolation. The goal of the development of SRL R

is the design of a language whioh can easily be learned and

. adapted to further devolopments and applications, and also

to provxde an 1nterface between future plannlng modules and"
the ’tradxtzonal' programming system [23] '

WAVE - | . |

Wave, one of the first systems and languages for
manipulator control, was developed at the Stanfora
_'Artifioial'In elligence Laboratory [24]. It provides for.
the symbolic description of robot manipulator actions with
manipulator'positions defined in terms_gf the cartesian
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coordinates of the énd effector. All motions. are
coordinated functions of time and programs are expanded at
planning time into position dependant, coordinated motions.

The WAVE system is simple to program as the instructions
are high level and the on-line editor and macro system

- eliminate turnabout time. Speed of operation of WAVE,
however, is at beSt one~third to one quarter human speed

 which, glven the cost of the system, is a major drawback to -
o its appllcation.~

Q,RAPT _f 1 :

__A language fnx instrueting assembly robots was developed
“In the 1anguage ART, one is able to describe the movement
. of autters, which are ccnceptually cylindrical, wzth

~:_respe¢t ta~genmetr1c surfaces defined by the programmer

;”In QEPT one needs to describe assemblies of complex bodies |

o amd the actions required to bring them tGQEther A
_  ggsituﬁtinn i& a state of the bodles composing the robot's
"1§ Wﬁﬁldv which the programmer has chosen to descrlbe, usually

"1 *h@ Bpecifymng spatia¢ re*atlonshlps between features of
' &f‘the bodles [25]. : '

&@ﬁﬁﬁ based :mbat control language called EAR was .
bﬁ;@&ﬁ@ﬁsed.: FORTH' s maaor advantage is that ic lS fIEXLBlE;
}l7ﬁ@ﬁ robatiﬁs is ‘a suitable appllcation Ltowards . which to -
ff3mnuld it (31, - FAR is baged on some of the desirable
_”  4£eatures of a robot language that include real-time
__j:;capability, modular structurs, parallel task extensien,
”' interact1veness and expandibility. :

Up till now the devalopmént.and'application.éf'varinus-
textual languages have been discussed, the choice being
based on the language having been in actual use either in
‘industry or in laboratories, the language having a textﬁal- |
fbfm; and'manuals or other detailed documentation being |
available to the author. These 1anguaggs‘fail-mostly inte
the strﬁctured programming level (see figure 2.15).
. . sp



LEVEL OF HUMM
INTELLIGERCE |
i : PRIMITIVE Fod
. SR LEVELY | uorioNLEVEL | ey
: TASK-GRIENTED : .
uaa; Tk e AUTOPASS | I VAL
T |  POINT-TO-POINT | FuKY
. - l_ i LEVEL2 LEVEL |13
LEVELS | pnoGRAMMING | MAPLE : __l
o ORL e - . "

7,f _Figﬁg,i$.ﬁciassjficaticn dfi:obot.languages7[2]_'

{A-mare soohisticated and complex 1anguage is a task
-oriented 1anguage (TDL) A TOL. lS one in which the robot '
iexacutas hmgh.level eperatzons, and in which h;gh level
;wenﬁnry fﬁedback such as v131qn and range sensing is

_Barts A$$€mbly System (AUTOPASS) is a vexry high
RogTamnlog s&stem for - computer controlled: meuhanlcal
o Tna AUTORASS language is. arlented townrds

and assembly oper&t;ans,'rather than ‘motiong of _
cal assembly machines [26], It is intended to

- the usex to conCQntrate on the overall aSSembly

ce and Lo pragram with Engilsh~11ke statemants using
2 - and termmnmiegy that are familiar to him. To relate |
ﬁaasembly aperatlans to manipulator motions, ‘the AUTOPASS
fdempiler uses an lnterna1 representatlun of the assembly
?wcrld.. This representation consists of a geometric data
“base generated priox to compilation and updated during
compilation; it thus represents the state of the world at
ebth assembly step. The level of the language has been .
_chosen to prov'de a high degree of assistance to the user
without the system’s having to perform artificial '
intelligence type problem solving operations [2].
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The tanguageS'that have been discussed are not the only -
ones that have ben developed. For comparative reasons, in
- 1982, Motiwalla (18] discussed four main textual languages
chat were in industrial use. In 1984, a publidation'{27]
| stated that over forty 1anguages were in use or had been
-develoPed in the last decade. Not all the languages fall
within the same level, but this still acts as a fair_-
indicator of the rate of robot language development. 2
‘major problem.With-sﬁch development is that each
' manufacturer has tended to develop its own robot language'-
for its own speciflc purpose, and this has resulted in |
- ‘lttle conformity and standardisatlon, and no universally
"accepted 1anguage ' | - |

'szglﬁ;z*

_ l’~  33 wag previoﬁsly dzsCussed (see sectlon 2.9 and [181),_ -
'ffjﬂanﬁ maﬁhad of programming a robat is by on-line methods,

$ manual lead-through and teach pendant pragrammzng.'

: *fﬁhat, hQWQver, has to be lnterrupted from its asamgned  '?'

Lo,

Tirdehus earlf?EO‘s cffnline programmlng was segn to be the1 L
;_&_hfto prablems Encnuntered with Qn-line methods, but e
rook ‘almost a decade for this vision to transform into’ :
Eﬁﬁlraallty of. state ef the art off-line programming

S T . : 'ﬁKQfo

'_gg;In d351gnlng an EMS Lnstallatinn conszstzng af sevéral
:;;;_5lcells, it very soon becomes apparent that’ any attempt ta
. 51._f:optimise the design manually 1is 1;kely ta: fail There are .
._.: fSO many variablas involved in the’ des;gn that it is_[;"
*"ﬁ_;;mpossible £or ‘a human to balance them all. somehcw the .

'_relatlve benaflts of usxng all the dlfferent combmnatlons

'«i_of various workpleces, ools, conveyors, pallets, vehlcles,

routes, operatlons, part Ltypes and machine groupings nust '

. be evaluated, to try to maximise potential production._ For:

this task, computer simulatlon is an ideal tool, as systems
‘are able to transfer engineering data to external -
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management control and information systems, and thus lead
to increased productivity. Increasingly sophisticated
software packages are now becoming available on the
market. An example of such a system is GRASP (Graphical
Robot Applications Simulation Package), developed at the
ﬁniversity of Nottingham, UK. This software $ystém'can
assist in workplace layout, position and velocity
evaluatlons, clash detection and coordination. An example
of the graphics produced is shown in figure 2.16.

' 'Fig 2 16 Exampla of graphius produced by'the GRASP

o 31mulat10n system £13

”In 1984, Weck and Naehaus [27] addressed the problem Qf a i

lack of standardlsatlon in cvrrerit robnt systems, makding -

'offnllne programmlng difficult to obtain. In Germany a
'system has been dEVeloped to. avercame this problem‘ C

a prablem arlses w1th a usar wha operates var;ous robots

- from different suppliers. Recognising this prqblem, all
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| maj6r Gérman-manﬁfacturers-éamé together, aiming to
‘standardise the interface for off-line programming . of
industrial robots. The system developed greatly enhances
the product1v1ty_of roubot programming, and has benefits

_'Such_as po:table and adaptable software, low priced
hardware requirements and CAD integration. '

With this standardised interface, cbhtrollers are now able'
_to adcept.offaliné cféated robot programs. -

B I

Hartley {28] repozts that decentralLSed control systems for

FMS of all types, off-lina programmlng for robots and
: lmproved‘sensors are all part of a packade under

development at Hltachi's Productmnn Engxneering Ra search -

f? f55  Laboratory.

H;tacﬁi’s offulmne prngramming system is part of a plan tn_":

;jikztuf‘ move £0. aﬂmputex control .oF manufacture. Two basic: systems'}-

"'vf; aae inWlead in the project, the EMS aontrnller and the o

'ﬂ ammang unit.

set up so that & progzam qould be written or
el anly when the line wag 1nupprat;ve, which zn a
‘tﬁhtion would negate some of tha adwantages of
Qﬁﬁa pmoqrammzng.' On prbblem H;tachi CaNe  AGross. was.

'f»E faeld,*this huxdia 15 ncw aasily avercama,;?=;q

lrobat programming system $bauld bring sevaral impcrtant |
?h;s allaws ;mportant price - perfarmance tradaoffs to be
maﬁe to. suit particuiar applicatimns; A‘bomprehansiva

_ diffi¢u1t for- sama users" to apply. Systems prngrammed by
~teach pendant or menu—style interfaces on the otheﬁ hand
are . ﬁimpler to use.: SILMA developed RDBOCAM [29]; which
TR attemptk,;c ofifer the best of both appraacﬂes by alloW1ng
- ;_"_ ‘the user to pragram.in a high-lEvel language, oY by using a.
B - mouse to interact with a menu and a graphic display of the
Workcell. ROBQCAM also s¢pports RISE, a hmgh-leveL _
arm-independant Ainteractive language._ This language is

TR

 ' %ﬁ§§manstrated the syatem w;th a line ﬁf four robots,’;7w )

gust of. tnﬁ hardware, but wiﬁh the rapmd devalapmenﬁ in;   -‘.“

3 ,ﬁaaturas together in one unmfzed programming: anvnronment.f  “t§ )

;anguaga aagabmlity afﬁers substantial flexibllity, but is A



| specially deszgned for robot programmlng and - supports many

"‘ﬂfgeometric shapes and operations, RISE is similar to PASCAL . |

 f,_1n wyntax, however it is an interpreted language leading to
' f;good interactlvity. :

. _ROBOCBM haa“a small"CADISub~system which can be used to

'  create and edit three~d1mens;onal wireframe models of.

_ .warkcell components.' This modelling is done in one of two
'fways._textually using RISE, or’ thraugh use of speclal model

i ¢mnstructinn fas 111t;eg,ﬁhich_make use of the mouse —.menu .

"intarﬁace‘ ;,.ﬂu

'**va¢euxat& maﬁmpulator kinematac and dynamic models are

_jin'making aff*line programming of y ghots
}usupports a. family of path generatlnn
8¢s the one that matches that used by

b? the datual dev;ce,: This nat nnly
3 _path ganeration, but also makes it
'g@ﬁd tlming ﬁatlmates of workcell

| be simulated with ROBOCAM, with 2 -
:mmi-ten far eaah ef tha rokot: centrol1ersa

f

) t@ RGBGCAM,ta farm SILCAM

¢313 dlscusses uszng a camputer aided robnt
4 in the development of & rnbotised produrtion'L
‘e most effeét;ve way. ta. design and analyse ‘the

mﬁtaans of the cell’ aamponents, thereby provmdmng a. _
visualisation of. the operation of the actual - cell‘h Reeent
advangas in cnn enables one to bu;ld and display '__
mathEmatlaal models of‘physical ob;ecta, to gzvg these
models the same constralnts a4 robots; and to visuilise and
manipula e 3-D madels far more effectively with a fhr
greéater degree of accuracy than is posaible using
convent;anal_drawing.and modelling techniques.,
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_ Computer A;ded Robot Slmulation {CARS) systems [31] alloh -
Vn_system 1ntegrators to pOSltion components in robot =
workcells and’ to dynam;cally simulate the speratlnn of the
robot. Any problem identified at this stage can be '
Cerected on the. graphlcs terminal, rather than on the shop
- floor. Design modiflcatiens can’ be made before csmmltments
- to purchase equzpment are’ undertaken._- ”

Th$s type of design, szmulatien and nffhllne prsgrammmng _
teel isa powerful ai& to cempanzés committed to robotised
prsduction.prccessss The types of production galns, and L
paybacks, “that can be achieved using simulatlon systems san_ef=
 ﬁV-§5 signzflcantly ;nerease the benefits to be. reallsed by - N
L melementing & robetised productmon system.. There ave manygfi'”” '
sases wnere‘%he use bf a CARS system cauld have mere ehan |

'ﬁme-eae[ vﬁlnane ditﬁéeent ne&l 1eyssﬁs sns dssﬁgns vs&y
qninkly anﬁ with ne nzsk, elther financially of physmcally.

. --*—1\ : . .__.} R 3 . o SE e

. : L ._;- N .
f;ffﬁi' o Csrtertﬁzl states that the futnrs af ﬂff*llns pxngrammlng
. gyStems 1ies w;thgﬁis srapﬁieal sysﬁam». Alternative. Jff“f"j.h
- approaches; such’ a8 the sarl?”ﬁffhiinﬁ Prﬁgrammiﬂg el
;ﬁ%}ng languagas {ser section’2, 2.2}, "offer ng visble metﬁﬁd:df;:f.'n”5 -
S e producing valid rsbot pregrems, beceuse of the, ﬁiffncultiss
in visualisation ennounterea when: trymnq to program a ﬁlﬂ o
dsgreesﬂof-fr&edom fobet in thres drmsnsi&ns‘f S T:‘ffﬁie':ﬁ'*:

I

The emphasms mn robotlc celi design and programming, should
alen change from belng subdlvmded into eompartments,'lpe,__A
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QCKD, simulatlon, cell deslgn and off*llne prcgrammlng, to a
o ?unlfied appreach, using systems such as MRS, from McDonnell
B Dcugias (see [31]), which offers all the required. elements
{[for this task in one package.' ' '

_ ijﬁil1iamscﬁ'and AShton'[33]'inSiSt'that the only way to -
":;justlfy robotic implementatlon, especxallv in low volume

'i*prmductlon, is by havirg the rabot cell as flexible as a
_7ffhuman, if nét more, Their research ghowed that SOlld '
- -medelling with a CAB system was. the solution te flexlble |
”*: manufacture.:l? e - ' -
_ﬁfIt ig rapoﬁted by Danlels L34] that BULA and: FILS, a
}ﬁwmpany praducimg aorange of. machlnes for. polmshlng, used
*“7ﬂ££v$&ma'a&mm&atiaﬁ £ des;gn, teSt ‘and program robot -
i xﬁmﬁgyﬁaéhmng and. buffing'operatlons._ ‘Customex
%ﬁﬁ'qualxty ‘of the.product, the surface and
| faators eentriﬁhting to a ‘need to produce R
e’ prografis, without a loss of downt;me;_*l' -

plnulation softwece system was used}j_

, ”an_aama.zas 1000 rohnt An thls

s gnd FILS. aoncluded From the quallty af .

ts that' off-line proqramming can, and? o

&amandinq ﬁasks.. It deogeases the R

kb 3] bare m;nlmnm and slgn Lﬂaﬁtly _
odushio ‘fates, thus reduczng the expense .

b abets anwline, e T P

ﬁattms and Gill [35] laoked at the prnblem\cf

e best robut for a task; and how simulation
hejp'ﬁhe dGCLSiGn proaass.- If simulation is- used

b :y:it can e]iminate many cf the ﬁltfalls a S
mulation package ensures that & thorough analysis of the .
: nect 1s~ﬁarried ouk bEGEUSé it forces the engineex to
7questian the assumptions about cell design that are usually
'made at the start : - s :

-mm 'Rcizelr (_A_RG) developed the software package for
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g
I
-

_ L;off~1ine programmlng, RDBOGRABHEX [351: in collaboratlon -
O with CQmputerv131on.. The package has helped ARG in the -

1 1assessment of software salutlons and aided the design and .
. evaluation. OF: a workcell - It has also been used for robot’
”Qmodelling and for off«llne programmlng.. ROBOGRAPHIX

”~”ginﬁnrporates software modales which allow workcell desmgn;'

“robot simulation, off-line robot programming and the -
;'generatlon of %utput and defi nltion of des:red robat
'klnematmr [J;'j' ;:Mdttls and Glll conclude rhat & -
graph;cal s;mulation package is 2 most useful tool. within a-
'manufazturing facillty when dﬂsigning robot workcells, and

;programmmg. | MJ.dee md Goh {36] af
_t@ld_the conf&rance of WRAPS ~'¢V¥
off= ina Erogramming and expert

Nemulstiong] ]
{ {Programming | .

ii;txﬁgr}}A554 {1}Prod§§£*-__: R
5?***"‘ Evaluahvn N

' *_ _:Flg 2 17 An lntegrated robot weldlng system.[36]




'Widfelt [36] af IVF, Stockholm repo:ted on three dlfferent
' methods of off-line. pragrammlng, alphanumeric, alphanumerlc
. with graphics support, and simulation and off-line _
'gpxogrammihg'with a CADCAM sysiem, citing actual projects -

‘that have been carrled out using. currently avallable

'-.fsystems

':Tﬁe FIAE Bntcmpbile Company af Italy recently ordered a

"“*QRGBCAD systém [37}, 'ROBCAD is a world leader in design,

_ simulatlan and aff—line programming systems for robotlc
_ '-appl;cat;ans. FIAT now Jjein other leading companies - (BMW“f
' Tand vulkswagen} who have implemented ROBCAD as a- standard--
-syatam fcr simﬁlatlon and offwlxne programmlng.. ' -

:Soranﬁk'andlsgnmatan [38] dlscuss the henefzts derlved from---' o

é@ﬁammang ;n ¢umplex weldlng tasks, using a

'_slmniation sgstem They mentlon that
'mm@artant characteristics which must be _
“ta_allow it to be used for ‘the offmllne'__
ifustrlal robcts, These characteristics o

a:zto create 3~D models of the robot ceﬁl

i ";-&in; constra;nts, veloclty and
@arameﬁaxs._ A methcd for the accurate '

el prcgrammmng 1anguage whlch can be used
ii“ely o produce the robot programs and to

‘the other. components of the robot aell, sueh as -
ae“manlpulators and nonveyors._ B

S f _aa between the off llne programmlng system anG
_¢CAD systems provides the added capacity of
iﬁfansférring the geometry of parts directly to the
prqgramming system.. The 3-D s;mulat;on_allows_the robot
programs to be replayed using computer animation to check
;fbrhcd&rect operation, to detect cdliisioﬂs'which-may occur -
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_betweén objects and to_estimatE'process-cyc}e time.

- For off—lino programmlng, estimates of the relative-
positiong of obsects in the robot’s workspace are no longer
" sufficient to ensure that the task will be performed
'“sucoessfully. - BYG Systems has recognlsed the omportanoe of
relatlng the real worlds’ spatlal environment to that of

_ GRASP’S 1nterna1 3-p smmnlatlon model and has developed a
_ﬁmathod of Workspaoe oallbratlon which uses the robot as a
' fmeasur1ng devioe.: ‘Thig allows the relative position of
ob:eots thhln the GRASP model to be updated to give a
bottor oorrelatlon between where the robot is requ;r,d to_
go and whero it aotually qoes.;_' ' ' S

Thio offulioe'pmogrammlng exeroxée orcduced very prOmlSing
A & aﬁmpamiSon, BEG ostmmated that the robots
dred to bé out of pioduot;on for between smx

i okioting mamuol programm;ng S
] Ahg _;ywao oomploted with
a@ﬁ &ost proouctloojtlme.; This includod K

Ay B T
»&oal simulation as a,technique for;-n-
48 now a vioble praCtlcal ' L

_.ﬁoogrammlng systems.: The technique is
akal to Spéﬁlflc prooesses guch as WElding,
ARG ESja primary factor for. eoonomlc
jin'today s oompetltlve market place, -
s wlio-implement this new technology w1ll be -
a@@ ﬁ@wﬁphieve%the flexooa}lty and lower produrtiona oosts
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2.10.3 ADVANTAGES OF OFF-LINE PROGR™MMING

~ A textnal language permits robots to be programmed,
 allowing the robot to aontinue o perform useful work
“during the programmlng process, and thus reducing the
_"downtlme of the robot to a minimum [3].
- Teaching points by use of n teach pendant can be
- cumbersome for operations such as palletizing, where
o gach new pcsition can be ccmputed rather than taught
1321, L |
'*4_ 9ragxamm;ng is instantaneous, and is ideal for small
"-jhatchas where programs have previously been stored [32].
The enmplExlties ‘of the robot task can be aided by the
sapabilitias of ‘the computer {13. _ : )
Exagrams'can be stored, recalled, or transferred between
' provided that suffic;ent acauracy is available

:i

i.develop 1arge and complex progyams [181
_programming involves developlng robot pragrams '\
1y_ar campletely without requlrlng the uSe af the
feself {11v L = - | o
:“"ual'programmmng of tha robot can take place in an: 
ament more ccnduuive to’ concentratmon, i, e,_Ln a
%ﬁ-  qu1et office remote -from the factory floor 3.
£ Lineg progtamming of rabots permits the
're$ponsablllty of pragrammxng to be moved to a. higher
level {271~ : :
- the cperator need only be skmllea in computing [?3]
3ﬁffA rébot program can be dumped onto. dny number of .
"~ machines, whereas with on-line programming it is only
'ﬁpossiblﬁ to control one robot with one program [4].
= .Praduction ‘rates can be significantly zncreased,
reducing the expense of programming the robats and
_ maintalning goftware for this purpose [341
~ Off-line programming is perfectly suitable for CIM, and
CAD/CAM can be integrated with robot- programming
(181, 1331,
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The level of‘v1suallzatlon available on simulatlan '
'packages enables a potentlally expensive problem to be

identified and rectified early on in the d351gn stage of
a project, and not when in productlcn. The safety of

the robot system is also improved [351,(38].
.2.30.4 MWW |

fOﬁf—line programming methods and languages are more

qfdlfflcult to learn and use [1] _ '

The user or programmer of a robot is restrlcted Lo o

. dommunicate. thrdugh a terminal [2]. S

_fSLmulatinn patkages- are difficult to use, and are not
".-ZLI}QXPEIISJ.‘VE {3]. o ) ’ . T SRS :

?anlsnrepanrmes batween CAD models and actual CQmponents

'manifesi. ag incorrect positioned sub—-parts, and 4. degree
'6f distartion fram.xhe expeeted shape, and this problem
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A-coﬁtrol_sgstem is essentially an arrangement of physical
components connected or related in such a manner so as to
command, direct or regulate itself or another system [44].

There are two forms of control, these being open loop
contral Awithout feedback) and closed loop control fwith
feedback). o

'_)z;ja;.1 _;&ﬂﬁg_zﬁxﬂa_cgimuagzg

The genaral;sed ppen loop control system is a control
axrangemant where no feedback loop is present

In a uontrol smtuab;on, one WOuld have some sort of energy
input éa & system. This gan be in the form of a force, |
ﬁ&ﬁsﬁu&e, dlsplacement, voltage, torque, eta, . This _
j&agg@a@ing signal is fed into one or more control elements,"
*fwhichihan include transducers, sw;tches, PLCs, mlcrochips,
gbes’ - Through a manipulating variable, ths system is acted

o8 by means cf friction, damping, electrmcal power, eta.
5gﬁaglting in some’ sort of desired output, - The operation af
pual B control system is best axplaaned thxough a flow. |

;@@ggmam.__",am- : :

S INPUT o~ dcruarne Jeowreor | [ ] oueur
if' - . . I/'O SIGNAL = ELEMENTS _ | SYSTEM

o © . Fiyg 2;18 70§énﬁl0bp-¢ont:o;. 

Open lbop ¢cntrol, to. be SﬁGCESSfullurEliES on'thE'perfeC£'
‘modelling of'the'System,' If the behaviour or operaﬁing
conditions of the system is known, then the input. signal
must be such ‘that the output is that whlch is des;red, _
‘takifng into accurnt the characteristics. 1nhprant Lo the
‘system, : '
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A’control'system_is-essentially an arrangement of physical
components connected or related in such a manner so as to
Coommand, direct_or-regulate-itself or another system ({44].
There are two forms of control, these being open loop
-conkrol (without feedbaok) and closed loop control (w1th o

feedback)

”2.11.:.._ozﬁﬂoxgxmaooaﬂﬁiﬂih

The qeneralised open 1oop oontrol system is a control
arrangement where no feedback loop is present.

In a oontrol situation; one would have some sort of energy__
~input. to a system,h This can be in the form of a force,

pressuxe, d;splacement, voltager torque, etc._

This

actuatlng smgnal 18 fed into one or more eontrol elements,:
which can: 1nolude transduoere, switohes, BLCs, mioroohips,
etes Th:ough a man&pulat;ng variable, ‘the system is. aoted:°'
on by means of frlotion, damping, electrioel power, etc. :

resultlng in- some . sort of desired output..

The operatlon of  _o

such a control system is best explained through a flow

dlagram._--.___.‘_;e

CINRUT acuaTiNG | oot 1
—E>kJ ' '

/i\

L.

“STANAL :-;.ELEMEMTS '

”;Eié'z,la,"opeo;ipop-controit»

0 7 e
+ SYSTEM .

Open lOop control, to be sucoessful, rel;es on the perfeot'
madelling of the system.  If the behaviour or operating
' conditions of the system is known, ‘then the input signal
‘must be such that the output is that which is desired,
taklng into aocount the characteristics .inherent to the

. system. S
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A problem with such control is that if the conditions of
- the system change under operating conditions {e.g. a motor
heats up, or the load on a drive changes),_it ils very
unlikely that open loop control will output the desired
results. Take the example of a motor driving an arm of a
robot, picking up a load. As the arm rises and the centre
' of gravity of the structure beyond the joint'shifts closer
" to the joint, the torque needed to displace the arm at a
'constantispeed is reduced. 1If no feedback loop is present,
and the input signal does not eompensate for this change in
“the system’s operating conditlons, the results would be
undesirable._ ' '

The difficulty of suéh axcontrbl-loop is in'preciSely |
-determinlng the operatlng characteristics of a system,
factors such ag how the age of a motor. might affect its
=eoperation helng extremely diffigult to establish. Thie___"
leads one on to the second form of control, closed 1oop
control '

ii__In a closed 1oop oontrol system, three oomponente are _"
.essentlal. They are a servo ampllfler, an actuator, and .
_'feedbaek devices [44] '

In the same way that a human uses a hramn, eyes and arms to -
_pick up an object, a control system uses ‘these three
_components. The brain uses the position of the object as
“the lnput eignal to the system and the position of the
hand, which is detected by the eyes, as the posmtibn :
‘feedback signal, . The ebjective of the oontrol system 13 "to
move the hand to the object and therefore reduce the
distance between the hand and the object to zero. This
will mean that the brain will continue to send a signal to
move to the nand, until there is no difference in p051tion
-between,the hand and the objeot



l-l'Ill!ltllli.l\..I-l.bl..ll’nu-Inl.

. - BERVO AMPLIFIER _ .

| commanp =4z

AT

' ;;a—aﬁate FeedbéCk;—,;___+.zu
———Puosn Feédback*' ——

R

.."l_'_./"‘q.II_‘.""IC_I_I‘i'_ll.'.l.._-".

i Linaéf'éérvd%amﬁlifiér_f : 5. Gearhead
- 2. PWM serveo amplifier . b, Rate feedback dev;ce
%. Brushless serve ampleler-'_:7 Posp feadback device

4. Dc mntnr:  IV - :_8. Sllprlng o

; ¢fig*2;19.tc1bsed5ic¢p ébntrpi

..’J'

”3Q Servo Amplifiers o : ' _
. The servd ampiifier can b& seen ‘a8 the brain of the eontrol

. system, and is the driving force of the actuators. It

_gcompares the cammand sagnal with the feedback signal and

' _ﬁepending on the outcome,’ control: tha power delivered,to

?the motar.- Eerva ‘amplifiers can be divided into three
;'categories, namely linear, pulse w;dth modulatcr and
-brushlass BEXVO amplzf;ars

fFeedback Devices |
. Feedback davices are used to close the loop in gontrol

'f_systems by measuring the speed or position of the output.

' This is done by means of nignals that can be related to the
speeds or positions. This signal is then fed to the servo

!ffamplifier which will. compare it with the input signal, and

if there is a difference, the servo amplifier will produce
an error 31gnal and will then control the power to the
motor in order to reduce the error signal to zero.
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Pdsition'féedbéCk devices include pdténtiOmeters; optical

_encoders, contact encoders, synchros and resolverq, and

inductosyns. '

" Rate feedback devices 1nc1ude AC tachometer, birushed DC
tachometer; and brushless DC tachometer.

-Actuators .

An analcgy is drawn between the human hand and the
actuatpr. e mctors are used, the mctors falllng 1nto
three classes tarque motcrs, servo motors, and brushless

*W}MQtOES‘_{. 
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 The projeoﬁ oarried out entsiis a feasibility study into
. the development of a substitute off—llns robot controller
systemu-' '

At present, all robots ln 1ndustry are controlled through a
. robot oontroller. Programmlng of ‘the robot is either'“_

_ on~line or. off-llhe, and control is eventually fed thx agh

" jths.oontrollsr from.the_programming source to_the_robot.::

B The feasibillty study deals with bypassing a oontrollsr as

'53;a mEans of controllmng the robot, and rather concentratss :

o on the' use of a programmabie logic gontroller (PLC) and a

personal &omputor (PC) combinatlon to establlsh oontrol.__ﬁ
atanﬁard PiC squlpped with a fast oountxng modale for axis
yﬂand 2 PC. w;th*dedscated software are the oritlcal'
@ﬁ@ats iﬁ'tho study ' : ;

jo aohzeve acoeptable oontrol of ths robot, )

ssoondary objectives*wlll have to be met; Thesa o

R-‘;- . .

g-profioiency in programming the PLC in both o

os% and Ladder 1anguagesfs S - o

'ﬂterminatlon F the operating oharacterlstios of the

bot, including optloal encoder operation and o

2¢olution, and DC motor operation ‘and aoouracy (1 e, .

7 voltage range and speeds); . o S

%*verlfmoatlon of robot oontrol by oontrolling first a  ”'.

';isingle DC motor, and later, four motors, _'

#aznoorporation of any additional PLC modules neoessary to

- enhance motion oonrrol; '

» interfacing of the PLC to the BC; -~

- determlnatlon of the PLC programming methods from the PC,

"~ i.e. control of the robot directiy from the PC; '

7fdsterm1nat1on cf the operating characteristics,

~ accuracies, and efficiencies of the robot under this type
of control as a final analysis of the- system’s industrial
.feasiblllty.
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\”-;;These ob;ectives are in the direct sacpe af the work
? carr1ed out, but are not limiting factors. The obje“nives o

must inev1tably extend themselvas finally to the

'”*f“develapment of 'a EC software package that will facilltate

‘the programming of the PLC and robbt from a CAD package or

”ffgfother simulation taal.a
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. 4 EXPERIMENTAL EQUIP MENT

_-"'.'-'appendix M 5 {391}, (see plate 1), modal" it T:.me (PT)
300v, and diatrihutad: hy uDAINICHI - SYKES, UK‘ ! It: ls a.
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_ r'aa=$, x, z,'p and'T respectiVQly.
_n of the hase,. and ]’b th.e movement ef

_._”ﬂr mmtidn is perfbrmad, ‘where exact dlmensions are
:fnhaﬁed for the geometrlc manlpulatlon matrices._ The line

:diagram given followa the pusition and conf;guration of tnéz}:f

;7robot 1n plate 1.
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&@ }frdm;the cehtre 1ine of rotation of one axik tc' ': |
jmﬁa negt. These dimensions are necessary ‘Whén aomputarlsedgff“-~'
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,f]}mach 3¢xnt of the rebot atfunture is rﬂﬂgﬁad wﬁt(

.r_gea.rmg ratics related to zhf‘ }a&manie i
| ;aetermmned. Table 1.8 (see sectien 5 2.2) list__t'
CeE pulses. of the optical encodér. per deg*ree rotat@ BEEE
.__'each a::m, as well as the geaz:ing rat:.os c-f each dru.ﬁ\ _




-oﬁ”fhe7fdbot“are'mbﬁnﬁed féur DtIS(mvomotbié; 'The'motéra
comprise of thwpe basmc subassemblzea, a motor, a.brake,;
fand an optical shaft enqoder (see appendix A4 & plate )

fThe DC serVﬁmotor are hlgh perfozmance DC motors, with |
direct excltat;nnu ‘There are various advantages of uszng
DC. servamatcrs, which ‘include hlgh starting torque, the*
;&bi Xity ta aperate at’ zero sPeed, hlgh torque at 1ow sgeed,
'high pawer conversicn efficlengy, excellent speed

"zmﬂu“'ﬁ-’“ n ra‘ﬁias Without the traﬁm'_ BalL ﬁisadvantagas ﬁf

;aﬁce&sava hacki@sh and gechanxcafjeamplaxinigg 1481 .- char )
advantages of using harmomic drives include compact eize, -_f”l
‘giving a small total envelope size, &nd high reliability, .
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Fig 4;2 External lnterfacing of the Dc mators
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© . ‘Plate 2 BC sar'wmqtcri

1 . \'\.J. . * . SR {", . .

mc sarvomotor. e . Magnetic brake. .
:3 Gptfeal shaft encoder. 5 ;4~-Ha3m9ni¢-ﬁrive-connacturg“L

.. 4}}*2*2 -_ , ,

:Calibratian of the motors revealed that the two size graups
- of the four larger motors proved to be identical in this
frespect. Curves, relatlng lnput voltage -and associated _
current, to speed, for these motors can_ba found in section
5u2.k. o o | o
| 3



©The calibrations were made with the motor’s ernd bearing
- being held stationary in order to simulat. the grip of the
harmondc driﬁe.-'The exact effect of loading from the drive
has not been calibrated, but it has been determined that
; loading causes an 1ncreaSEd current to be drawn from the
' motor power supply, and that the above trends shift to give
- 1cwer rotational speeds whllst th31r linearity is S

“over ¢ufrént‘§foﬁé¢tion'is ﬁct:nécéssafy, but over voltage

"zprotect“an may be desired, Powering the motor Whlle the

._  brake is engagad is one way of - buxnmng theae motmrs out,_
~jand this ig something that should be avoided. - ' '

sk
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_ The encoder, sonnected dlrectly to Lhe end of the motor
- shaft, is an electro-mechanical device, convert;ng angular
*position of.its shaft into a dlgltal electric signal. When
. ponneeted to suitable electronic circuits and through

'f;_proper machan;cal 1inks, the encoder is able to measure

angular dlsplacements, linear and circular movements, and

 j-alsn rutatlonal apead and accelaraﬁion._ The. incremental
'"Encoder gupplied with the robot makes use of the
phntﬁwalaatric method of contraln .This ig the most

'_'"'Mﬁa‘tll;e and rel:l.able methr.‘&d ‘A co;,;l.:.mated l:l.ght beam is

&xaps On a group of phototransmbtnrs placed
?beycn& the sﬁatic retlcle‘ By using several L
iad of onek ol bath reticles, the rasulting
gnai 1s strong; and is actually the average of
@ﬁ'tha rntatlng disk (see appéndix Ad)

mﬂunﬁéd on the DC servomotars is Pcwared by a
In piagﬁ of Slots i a disk, aur encodex is a
ﬁk markeﬂ with.a serlea of uniform Llines in'a

<

ug@aak armnnd the perimetar.‘ 2s the llnes interrupt |
tfhaam, 'inarements' of information are produc&d*in-

_ ﬂ;ggisﬁoﬁ the encoder operation ymelded a resolution of
#40 lfnea or pulses per revelution, and is thus capable of
ﬁnsitian feedbaak acruracy of 0, ‘7330 ~ The fregquency of

uhe pulsa raiatea to the number of lines on the Aisk and .
tbe disk sgeed. By usxng two- scanning heads, one obtains
two wave trains 900 out of phasa, and thus directlon of
ratation is sensed, as well as up or down counting of -
angular or linear displacements. A single line on the disn
is present to. provide a marker pulse for reference
purposes, i.e. one pulse every rotation. of the motor shoft.
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'4,3.2 EXTERNAL INTERFACING

- Before any of the encoders can be used, there external
_1nterfacing must. be known. The encoders, mounted on the
back of each motor, are accessed by a 10 pin MILSPEC plug.

. ‘Each pin is assigned & letter, and the wmring is referenced

- tbrpugh these letters, shown below

"VP:ﬂ' 'nEscRIPTIoN

A ' Lead true (+)
N B Lead ground (-)

| . .c £ Lag true (+¥)

¢ -, . . D lag ground (=)

f S © B Reference true (¥
s, X F Reference graund - )
el @ CT +5 v Dc |

1 _[Sﬁie{f,grQQnda-
- Jf?"ﬁhﬁﬁéd o

Ska up the quadrature sina wave train, and are
£hs signala._ Pins E & F form the outputs for
_wpulsa.: Pins G & H ire the only input pinb,

:paﬁer supply 1swneedea,

3 ary to. houst the mutput slénals frcm the :
to a level that. it capably of being read by the PLC
“This is szmply achieved by pulling up the signal
ai& of a sultable voltage source and resistor.
énciple is 1llustrated in figure 4.3,

Wﬁasistcr value Of 100;1 connected toa 5V power source
allows the- lead and lay signals to be pulled up to the
raquipeq_level_required by the PLC module, However, due to-
‘the voltage required by the PLC module of the reference
szgnal, a simple pull up resistor is not sufficient; and an
'emitter follOWer CerHlt is needed.

. 16



48 V.o +12 V

2100 Q

LEAD + S — .
- BN ( _ . — ) Stranggr

LY S S B

AWM DG MW

 "Fi§ 453b Puilfup of ‘encoder butput-Signal

: -QUT .

| - -Fi§“4.4, Emitter followéx cir@uiﬁ .

- fﬂecauge tha encoders hold the reference 51gnal high,

. dropping low once every revolution, two transistors are
77u$ed in the emitter follower circuit to inwvert the signal,
_fchiaving a constant low signal, going high once every
;'revaluttan.: This is needed hy the PLC module for cercain
- program executions.
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A PLC is defined as a digitally operating apparatus which
tses a programmable memory for the interna1 storage of
'inétructidns_for'implemehting specific functions such as
logic, sequencing, timing, counting and arithmetic to
_;cantrol-thxbugh'digital_tb analogue input or output

' -médulgﬂ;Jvaridus “ypes of.machinés.nr processes [31.

__Q?ha varlous ccmpcnents (see plate 3) that make up the
:.fﬂmmpleta PLC system (see aPPEndlx A5 for technical
f:upecificatians [411} are. - '

PO

hexe is ccmmlete 1/0 bus security, and
shthrough$fam11iar lanwuages (Ladder and _

. MODULS

0 is supplied with a power supply module, TSX
fhe power supply is a double-size module mounted
left hand side of the bas;c ‘rack. The panel
3~ an OR light (green) - internal voltage present o
~ and correct, ' : . _
- an ON 1ight (arange) - mains power present and -
. cormect; _ . a
_ff"a_power_supply terminal block}
- = an alarm relay contact;

- a mains power failnre'detectngON/OFF sWitch.
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4,4.3 THE PROCESSOR MODULE

A proceéessor module, TSX 947'12, is also present. Thisg
comprises: =~ the central processing unit (CPU):;

- - the serial data port for the terminals;

- the'Ijo bus interface;
- the monitoring and display functions.

Slotted znto the precessor module is a user memoxry |
cartridge. This oartrldge_is a volatile random access .
memory that is used during program creation and debugging,

:The input module, TSX DET 16 12, rEGELV°S data 31gnals from
SeNnsors and transmlts them to the procesaor after
-parformlng necessary 1solat1ng, fllterlng and matoh;ng o

: functlons.- : o : :
'__Tho output module, TSX DST 16 35, reoeives commands from

- the processor ‘and, ‘controls the oorresponding connected

- eircuits through 15olat1ng and ampllfying circuits.

- ‘Bach I/0 modulé is in the form of a rectangular box whlch
_'-"enoloses and protects the components, An. I/o status 1ight
"_'indioates the stafus of eaoh 1nput and output polnt. o

- Several different methods of wiring the dloorete IIO
i.modules can be used.-{See appendix A5 for wxring d;agram

. usad for the study )

_The TSX AXT 200 lS a. s:mple oounting and positioning module
that is usad in. conjunctlon with the T8X 47 programmable _
controller [42]. It has two independent input channels,
 each of which can count the 5V DC or 24V DC pulse signals
received from discrete. input deszes suoh as incremental
. enecoders and limit switches. The fast counting module.
oomprises of: - an up/downoounting disormmznator switoh

L for sach channel; S

- a fault llght for each channel whloh oomes
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on when the counting capacity is exceeded;
«~ two LEDs per channel indicating the logic
' states of the two countlng inputs (INO &
IN1);
- gne LED per channel indicatihg the logic
 state of the reset input (RST);
_fycné LED per channel indicating the logic
state of the inhibit input (INH); |
: --fm”one socket cannector for each channel.
a detamled summary other than the FCM. manual is to be faund
in appandlx Bz. _ '

ng jthe foilowing" o

ft"keys displayed on screen, : o
. Siﬂting oF sig lines of 24 characters (LCD), :
| and power supply cable, o -

ion sockets ZOmA serial data llnk,
':aonnectiun sockat (pplnter, tape, recorder), 
- 3 cartridge,'_ :

rd is used to enter ‘the program and data into’
y”and to dialogue with the PC. It is continuously _
sred to prevent incorrect entries and syntax errors,
@h are. indicated by an audlo warnlng '

Y bank of four toggle switches was available for use with

cha programmable controller, These switches can be used
for practlcal demonstratlons, and even to simulate the
foutputs expected from an incremental encoder; i.e,
up/downcounting (except very much slower). They can be
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used to indicat'e' the active state of a' switch in a ladder
program, and ‘functions such as reset and :thib:l.t are eas:LlY
demonstrated.
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The PL7-2 software package sopplied by Telemecanique allows
a standard IBM PC 286, AT or PS (with at least EGA display)
to operate as a programming terminal. It effectively

-_substltutes the TSX T407 programmlng termlnal by SLmulatlng _
the more advanced TSX %607 termlnal

The system.comprises of:

- the PC, or a PS, with VGA dlsplay;

a software key inserted in the BC printer port, _
an’ aotlve Aas 0pposed to pa351ve) current 1oop convertor,-
the PLC._ _ _ _

The system is connected up as seen in the following _
diagram, the current Lloop convertor {CLC) belng the o
essentlal link. between the PC and the PLC. ' |

_me L mBMpe

. Fig 4.5 PIC, current loop convertor and PC link

The flrst and foremost adxantaga of a, PLC/PC system is that
it forms the first step to . an off—line fac;lity The pC
‘does not have. to be oonneoted to the PLC when developlng
programs, and.so the user can program in any environment
desired, only transferring programs when and where needed.

: Other advantaqes include;

= PL7=2 progoamn transfer between Lhe PC and ‘the PLC,'.
- Ladder and Grafcet program storage and zetrieval,_

- extensxvo programming and debugglng énhanced through

informative di3p1ays,
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- application documenting and printing;

- on~line parameter adjustment facilitated by full screen
real-time displays;

- simpler menu accessing due to larger screen displays.

For installation and running purposes, the software
reguires at least 1 MB of free PC disk space.

Operation of the system requires extensive learning time,
although previous experience on the smaller TSX T407, as
w.ll as the large screen with informative displays, would
speed up the learning process.

Whenever a new program is written, the software has to be
configured to suit the systsm parameters, i.e. the PLC and
the various modules in use. However, configurations are
saved with each program, and are not lost at each reset.
The PLC used is a TSX 47-20, the memory module size being
8 K, and the pre-processing language is Ladder. As a
single unit, the PLC is addressed both physically and
lbgically, in network 0 and at station 1.

Plate 4 IBM PC with current loop converter
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The TSX AXT 200 fast counting and positioning module has
two independent input channels, each channel hav1ng two
counting inputs: INO and IN1. To perform both up and
downcounting, both inputs must be used. Two square wave
inputs are génerated, with either lead or lag
characteristics. If INO leads INl then upcounting takes .
 place, and if INO lags IN! then downcounting takes place.
To simulate a dual logic frequency input to the fast
coﬁnting module, a frequency generator was built. An
explanatlon of. the circuit, how it works, and the w1r1ng
diagrams are included in appendix B3&4, and sectlons

' 5.9810. The ocutputs from the frequency generator are
connected to the fast counting module to simulate the
output characterlstiqs of an incremental encoder.

The complete system (wired up), including the frequency
generator and the fast counting module is seen in plate 5.

‘Plate 5.1 The complateISystem_innnECted o
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4.7 PRULSE WIDTH MODULATOR

A fundamental piece of equipment in a control sysiem is an
amplifier. The pulse width modulator {PWM}) is a circuit
designed to requlate the switching of a power supply in
order to obtain an amplified output voltage proportional to
an input signal.

The principle behind the operation of the amplifier, the
various circuits and an explanation of each module can be
found in appendix B6. The construction o. the device is
broken down into five modules in order teo facilitate simple
analysis and testing of the circuit during its construction
phases. The ¢ircuitry that was built relates to an
amplifier designed to accept ain input signal of -10 V at
0.8 A and t¢ generate a proportional voltage in the range
of -24 V to +24 V at 10 A,

The complete PWM consists of the following five modules:
~ the voltage dropper,

- the adding amplifier;

- the pulse width modulatlng regulator,

- the driver, and;

- the inverter.

Plate 6 PWM mounted on vero board
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aThe entire cirnuit can. be mounted on a vero board (see
_plate 6} with lovse wiring being used for the inputs and

-0utputs far each module to enable s;ngulax operation. - For_---

 fina1 mperation, these wires can raadily be jOlﬂEd
htogether to form the complute PWM ' L a

' The Wt was built tn ant cipatlun of the: pxocurement nf an o
axig control module (see. sectlon 5. 13)‘_ A reqnirement of T

~ 8uch an axls cpntral system is an ampllfier, and the _
__amplzfx&at*cn characteristics of the PWM are according: to
those as spec;faed by the - manufacﬁures of auch contral '
'madules. ' '
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- 'I'he feas;b;.llty study carried Qut on the establishment oF.

_ control of the robot with the aid of a PLC is described in
.. the section that. fallows Tha study involves the discovery' :

' -'.___;_proc.ess ragammg the robat motions; encc:der and servo _

o 'motor aperatmns, and feas:.b:.lzty of tha ccntrol dec:.ded
el . S RS



 3 The encnders that are used on the robot are increnental

'_Eencoders, and are mounted on the back end of the DC servo
motors. Eaeh axis of ratation on the robot is controlied
“ by a motox,- and each axis employs encoder feedback. for '

position anntrol.; The contrel of the robot hinges on the -

equipment in the contrel study, and is loaked at first,, .

5.1.1

)‘,r" e

g

npa te the fact that none of the feur mctor*encoder _

-combinatxanﬁ wnuld yield distinguishable s;gnals, certain

ci&ﬂwit ana@yaaa{;.. ra@airs had to ba Carrled U,

4tk t”§?~$g:£ﬁg$§mepal encaders, tha establishment of
h@fiﬁ@mssiblan_;_.. : - -

"ffs_between the fcur encadera, as well

: 3 .
axpert aasié£ance.  3+s

h_ﬁﬁetaiiadhpwdefstanﬁing°of the encodex circumtry was
ébtéine@ du ing the. repair process, “and actad as an aid in
‘the control procesa‘ Wwith a thorough knowledge of the
IencoderAOPeratiqn, cnntral would be simplified.. A

The layout of the c;rcumt was only astablished in deta;l at

_Lts output end, the reason being that with lncorrect
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" gperation, this tended to be the end that received the most
damage. The schematic that follows gives an indication of
fj_the laybut’of the circuit from the power input'to'the-chip
I(the chlp used is essentially a trmggering ahip, used to_
7.';trigger a squara wave from & s;ne wave)

'+5;¥ :

| e |

S T

”ﬁ;i;lEﬁQﬁdérndirduit'F-pdwérviﬁﬁﬁﬁ,tbfdhip-f-'"
) 1f nf the clrcuit; the" twa pul g3 train Lﬂna

,in saties, and henca damage o Qna will result

_@i the dther, A third photo elartr;c el and.;;~"'
diabdon is sltuate&’on the oppesite side of the
Lk Thoatd, st a ‘$maller radius than the othér two _
%his ﬁell ia raspsaﬂible for detecting the reference' {* _1“
e ethe glass digk of tha ‘ancoder. - . o '"jf}!
BED was replaced, .and for any future replacement of -_]A»f
4LEQSI ‘4 suitable LED wonld'be ah FFE 500. Howev&ﬁ -
e potentiomgtér's have to be adzusted dave to the 1owar |

Fﬂw&r ﬁatlnq of thase mes. @: G

.-'—J\.'-.

Tha inﬂwa ‘ved beam emitted by tha LEDs are picked up by
_phatoaells positioned on the opposmte side of the glaas
_ disK tgwthe_LEDs, Each phctocell is puwered thrnugh a -
: pdteﬁt1dméter. Adjustment of this pntentiometer adjusts
. the trigger level and thus the balance of mark time to
space time on the final square wave output from the chip.

89



This prlnciple is shown in the figure 5 2, the Ldeal
balance being at 00 on the quasi~sine curve, resultlng in
a: 900 balanca in the square wave It should be notnd

3that the prlnczple of passing a light source past a slot

f; does nat result in a straight edged light intensity signal
--being received by the ?hotccell. This is due to a fraction

- of- lmght showmng at - f;rst, prnpcrtionally lncreasing as the

Ewe ‘slots align, before fad’ g again. Bo zero-visibility. L

. This results in a quasi—sine wave, and this. wave has to be
' .triggered ta produce a square wave cutput. :-: :

_.Q”

-

e apérﬁ&i@ﬁ_&ﬁ ﬁha nh&p is imperative to any analys;s and
“Jepalir to. ‘the. mlrcult., The main function. Of the. chip ds to
fpérfcﬁm the trlggering en the sine ;nput inm arder to. 6btain
a.aQuare Eraif. o As thig txigqa& level is se; acaarqug{;u
Y %amﬁaraﬁive ap—amp valua, it zs° tha strength uf the inputo
wwa%e Fhat will vary thé trzggering le%el, henae the effaat
6f t&e p@ténﬁiamater,_
el g o ?mw_g__ o --;;;&ﬁiéﬁ.p-:y
Thﬂ ¢hiP (LM‘EQOl} cnnsists of fcur cy~amps, 1a1d,&ut as in
figurp 5, T P _ _

.

i Fl@ 5, ﬁ square waye ﬁfigger;ng H  ivﬂ“u5’--=

ci._"

n f§bnt ofthe. cnlp.;_-_y_oﬁa o .n"
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appaar aQPa quasi~szne wave, and each output shauld
gfcur ance every revalution;_'

the dhip, the signal is sant to a cable drlving
sistox. By haviﬁg the output connacted ‘to the
?;;antmr of the transistor, it is possible to pull these .
; .gnals up to desirad voltages allowing for greater
if  xibllity. Tha odtput signal from'the encoder can be L
“inéreased with a . larger pull~up. Th;s will, however,
;require the use of larger resistors to limit the back
{current entering the cable driving transistors.
Thé'transistbréjape the fitSt_QQmponents to fail when
iﬁcofrect7ﬁdltages are supplied to the encoder, or the
pull~up circult ig strapped to a voltage that is too hlgh -
with a resistor that is too low.
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~ The wiring diagram for each of the signals, shown entering
‘and leaving the ¢hip, is illustrated below. '

sNtosAY

S

'}Fﬁy 5.4 Encoder cirCuit_- intd and out of chip

.

92



RS ENSQHEB_IHIEBEAQINQ

To. test the operatlon of the
connect these to the PLC.

encoders, it is necessary to

 Three power supplies are used, ‘these being used to power

-the engnder, the_motor, and the brake.

- The connections are

summarised in the wiring schematic shown in figure 5.5.

'/ SWITCH BANK * |

"f_uuTPUT“MnD-

e
et

-'—vRST . SR
fPIN 2L_.

'(PIN;ai'
oA ING

'-r- RST/INH
(PIN b}

FAST CDUNTIN& MBDULE o
_ (PIN &)' =
o+ RET/INH

1

(PIN 53
el INQ

{FIN ?)

(FIN 2)

= INL . ~ RET.

lErF N
PULL .24 V.

© D .

Fig 5.5 wiring diagram to test encoder operation
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The one 24 v circult powers the reset through the switch

bank, ‘and the other utlllses the emitter-follower (EF)

: _clrcuit to reset the ECM on the encoder reference output

The emitter*follower is only needed when the reference
output is needed tc.measure_the resolution of the encodéer.
The inconvenlence of this circuit, as well as the necessity

" of an additional 24 V power source, rendered it undesirable

in the final control cirecuit. It was declded that the

 're£erence pulse wnuld be used only for. encoder resolution
7_determinatmcn, ‘and not for f£inal pcsmtlon control of the
fmotcr.;__ 

| fe-Wi h"theﬁﬁfaEent'circuit Iaimut, the brake is powefed'by'
 };jﬁutPut 01;0 and the. motor is. switched through output 01, 4.

% The First two switches on the switch bank set the reset
CRST) and inhibit (INH) inputs to the FCM, and the second
. kwo set”inputs 10,0 and I0,1 on the input module., The

7~12=53prchamﬂ making use of this cireuitry make use of these
| ---'--';-'."E“ddregawx T |

;i 4

. ifﬁa e&ébié full ccntrcl of thehmotcrs with *espect tc their o
_:*_c%etat&mﬁﬂi position, the resolution cf the -encoders have to

jfﬁy;ﬁe #eédrately determineily i.e. the number of grid lines g
ﬂw;f‘ﬁha glasa Plate per revcluticn of the motor shaft. o '

”?;?he grid lines were too fine tn count physmcally, and thus
' _the reference pulse had to be made use of. By starting o
_h'ffccunt pulses received,as soon as a reference pulse was S
- detected, and then holding the count constant when the next.!-:r

| :jeereference pulse was detected enabled ‘the pulses per
"revclutlon cf the encoders to be determlned '

©o Alnadder.ldgic subﬁaﬁtine W&S developedithatg_when utilised
. in a counting program, would perform the desired counting
operation. This subroutine toggles Bl on the rising edge

of input Il. As shown in the fcllow1ng timing dlagram (Fig.
5.6), Bl will be high for every alternate pair of Il |
pulses._ _
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B1

: ?igfs;6=_Tihing’diagfam-- Bl'high évéry alternate pulse

'uThe program that follows incorporates the subroutlna,'

o  f;¢ounting the pulses from the encoder for one rerlutlon,

hclding the count for the next, and resettmng the count

i

”befara the procass is repeated. BT

] RESOLUTION DETERMINATION PROGRAM

-'3rw1=oj~45ff9ct'¢n sign bit |-

' fNO%OJ__.- Reset WO on 1
. B§ r;szng edge uf Bi

{ J—-{ Load buffer into
Wi,1 | carry worg (W)

ew - om | ._ 
Co S BL Bi _rxsing adge af
R R O i ,-fni_w. .1nput xz

) —

—

112,86 Bi o - - | -
_ﬂr -t e[ WOSWO+W1 ] =d  Update WO if¥ Bi
| R S L . S is high -

Fig 5.7  Program #'énnoder'resalutibn deteimination.
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The program'abéve vielded a resolution of 500 pulses per -
revolution for each encoder. This is in agreement with the
. calculated resblution of the encoders found by monitoring
the frequency of the reference pulse and the quadrature
”-pulseszwhen connected to an oscilloscope. The reference
g  pu1sé'had a frequency of 3.42 Hz, and the quadrature pulses
“had a frequency of 6. 84 Hz. This resulted in a ratio of

| "-_-__hsoo 3:1.

'1a-point of note brought out by this experiment was that the

) 1im1ting factor: in hmgh.speed countlng'was found to be the

3'1ead or lag displacement between the two - quadxature pulse ”
jtralns.- . x : : :
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. Rotatdon of'each axis is ccntrolléd by a DC servo motox;
and thus the understanding of their operation is vital te

‘the establishment of final control of the robot.

.

' On the robot are four DC gervo motors, two sets having the
 same dlmensions. Operational curves were obtainéd for
_ these motors, relatlng 1nput voltage and aSSQC1ated current
e to ratational speed.. The curves obtained follow

e
. U

lifq;Tha data fzom the mators was obtained by taking 8ix-

'”fifreadings with a tachometer at discreet voltage levels- ‘The

'~;vvl’aga 1evals were varied from 0 V to +12'V, moving up and
o 'the s¢§16'13 order to detect any dlscrepanC1es. '

Bf he'tarque from the harmonlc drive was "'”

'ﬁéﬁﬁtately as 99531b1e by holding the end -

' - The effect of a load on the end _'

_Jred ‘o, 4 free standing motor: causeS‘more

drawn by the motorf and the speed curves . B

1dwer :otatlonal 5peeds while retainlng thelr--'_ S

: ralationships are. 1mportant when terminal motian
t@bﬁt ;s“desxred, such that each axis reaﬁhes its
,ination at precisely thn rlght time.. Howevar,'*

2L sources of torque may be present and can effect _
rformance of - the motor. A'varying load on the motor-f
%ah_aauae ittt act unpredictably,_ana is present ln the
simpie example of the robot arm picking up a WELght As
bhe arm 13 raised, the centre ef grav;ty of the arm moves
cleser to the joint, cau31ng a reductlon in the torque-'_
applied to the motor. - This must be kept in hind when input
voltages ara used to manipulate the robot arms at various
speeds.. '

a7
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5.2.2

Orice tha speed of the motors haVQ been related to. varylng
inpuk voltages, it is impcrtant to determine the way the
_harmonlc dxives are geared. ' o -

'A:pradtical.appfoach to this problem was to measure the
rotational displacement (in degrees) of the robot arm, and
:ta relate it to the number of pulses the zncoder has moved
thraugh. In this manner, the number of pulses per degree
-rctaticn of the arm was determined‘ '
i . ,(r.
The encader cutput o£ each motor ‘was agcessed through the
ch, and the motor was powerea directly from a power
*aupply. For: all harizantal axes; where rotation of the arm
ekt de :plane, a protfactor was placed vertically
'qarm‘_ An angular movement of the arm
'?1ar°movement of the protractox, and a
gight on the andy - suSPEnded from the centra y
'rasulted in an angular reading being
i aaauracy to within 0 1° (see_figu:e_~_p-'r'

ﬁq in a vertinal plane required a _
%rﬁ“ph, and the fallowxng was uged, A single
fised to a horizontal plate anywhere on the
'_Ysécand thread, was placed aver the flrst, but_
at eaah end to the walls of the room. Thus one:
xd threugh the same_angle as did the robot, while
ithread remxned fixed in one pnsition (see figure :

,wﬁia exerc;sa wasg ¢arr1ed out 15 times for each axls,
3giv%pg a realistic aggregate. Table 5.1 gives the pulses
pér dagrea and the gearing ratlo (motor 3 arm) of mach
CHnis.

BT
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'_Once it had baen eatablms&ed that all the components in the
. robot system {i.en motors, encoders, brakes, ete.) were in
 working order, a decision had o be made regarding the ‘form

ﬁ;the enntral wuuld take._f" -

_'The encaders were seen to be the key to aontral, as thess
:f;could ralite how many ro*atians the motor had rotated .
-{through, as wall as the speed wzﬁh which it had rotated.

?h?mantrol cf the robot waa enyisianed is“
“ﬁhé resglutzun.of Ehe encoder and. the

;contre* hlerarchy would follcw a certaln pattexn.ff:'
Bér of the rabot would decide on and speclfy the
ion- df the end efﬁectar.: The aantrolling software (a
ﬁtrailing aﬁg\ﬁnthm) would 1nterpret ‘and act upon th;s

, nput* - o : :

"c: s

‘iﬁ an*apen“loap'ccntrol; the operating'characteristics of
the varlous ccmponents must be known, thus allowing a known
input to glva one a pradictable output,~ The DC motors

101
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voltage e speed charaatexistics have been callorated, and
this thase speed charactexistics of edch motﬁr can be
utilised to allow terminal motian control._ The desired
vpeed the motar MUSL. rotate At to glve the usar termznal
cantrol is decided thrnugh a gontr¢1ling spead. algorlthm _ _
th&t razatas & dasirsd speed to a certain voltage..-"' o

;and tha matar brake ta 1n1t1ata and H*
_ f:ks the aﬁaoder is lncremental and. not
@tor mavmmant wull ﬁ%ve to be referenced
"haa ﬁa ha taken 1nta accaunt, as. tha _ S
-- wg*;effent Ehe posit;on of the end N

it matrices Have zo be manlﬁulatad
gor thm Lo»ensura the currect end ' s

ﬁ_ftaka¢thﬁ deaired and effector |
”_m@vément for the' ﬁontrolled

he fato a xstatianak '_ R
".iﬁt&rpmet this as a Spaaific o
.:  :"?_f. f'*?3i gi  f;:f -y'mf o

:{ itself ta mnaurpnrata 8 .
;asseqsmant of this systemﬂ and

S

t‘_

i
e
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' ' ;It was realised that some form of caunting was needed in
,_jthe ccntrcl prccess, wheraby the pulses of the encoder
could be read, counted and stored. to be acted‘on when - - 8

* :netessary.- Starting from the simplest form of dontrol, it

¢ was declded to experiment with the input/output (I/O)
f.'-handling capabilities of the PLC, k%3 well as to ‘agtablish
*;h the basis for future caunting control. - Thig also presented
7w opportunity far the authnr tc gain a practical B
.'-_-understanding of tke PLC.

_- ;:Inatla11y, Ladéer 1ag1m pragrammzng was used, even thmugh }f.-'77".
_'ff{Graphcet options were available.ﬂ tt was anticxggted tnat .
f;:sraph&et wauld have to be used at a later stage for

“m i f'_ Cﬂntroj-‘ . __Lq e L

m’ﬁtmg ﬁ“m‘tic’n bl@ck tc&?m would .flf .ji' o

.t '_faiﬁ:’afax‘jrmmg'm m:st: rummg . _The simmuat:ion waa 1aid aﬁt
a,,s .&hown. below, with. tm ag Y

: 'l\ﬁin% Emgraan Jaus,img used

B to simulaxa m&tml; e e

S w., F - : b

.. lr?’: B .'I . . . : - ) . . .. . : ...“ '. o : :




_7["scHEmé?ic OF SYSTEM LAYOUT T

D-a-_.ll_ill-l‘ii'liilli“lii-.l-luq’uh.irni-- lllll s wuEen

. ouTeuT S INeut

SNy wk b renaveisven | wacusnserwn|saenpvanannfraen

- . . - . i

CDLIF TEE‘ FUNCTIDN .HL[JEK TESTING PRDERAM

|l startsreset fee

. ;. Mator -

Decremeng:

-Eh bank,-i.e. the input read by the caunter,
img an incremental s;gnal; was generated by the
af ‘one af the switches on the switch bank.

y _rasu¢ts from thms rough model served to 1llustrate the
u?ility of ther standard /0 modules in- fast input cuntral‘_“

_ it was ‘found that, in princmple, the Clrcﬂlt worked
' [rfperfect1y with the. motor running until a certain numbar of
- inerements had bean read, The problem was however, that -

 these inputs were only being read at a speed of about
'3 Hz. That is, that toguling the counting switeh at a rate.
' faster than 3 time pexr second was futile in that only the
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oo

occas;mnal algnal was acknowledged by the counter. This

__ﬂ'rate was far below the 43 Hz capabilities advertised for

. the"PLC, Further reading indicated that the software

function block itself was at fault in that it was incapable

of. runninq at this speed, and that the hlghev'SPeed
expected was only avallaﬁle on standard ladder loglc

pragrams.;:"'

Thus the counter functman blcck had to be eliminated, as

Zcounting_the pulses fram the encoder req*4red a countmng |

a*& vary much more than the CFB was capable of.

. %
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Théfdesign:cf'a'program operating without the use of this
.jrestriCtiva functiosn block was. a hatural progression, .
';'accumulating an incremental signal, and storing it in a

. 3word whmch could be compared to a set value.

. pme T ————— _ memee . _ . '
ﬁ B A | SIMULQTED EDUN_TEH PROGRAM |

: _"""x :
R n

~[WO=0]e—| Reset WO

S E— 'f"'rwoawo*izn—m- Increment WO on
S e . BO. rising gtdge of
e { . ) dnput O,1° -

:'ﬂl o L .
i sttt ) e Digplay first 4
e H-j&i@lh_' ‘LBSz gf WO on
DL SN SN U, pu autput mr.:dule o

.ﬂl 2 _'LEﬁs :

1~—

- ""-'_Ui 3 _. :
\ ) ) -

e, F
(. )- - Bhow 3 outputs if
ot B | Wo>=8 . =
£ o - B D [
— “ — - .
- Fig 5 12 Erogram - simulated aounter

FThe pragram i 5. 12) allowa for two inputs (both through_\'
] the switch bank), the first a resat" ‘that sets ‘the
;incremental word te zera, and the sacnnd the incremental |
-pulss.\ The program 1ncreMents a word (WO) on the rising
‘edge of qnput 2 (IO 1), This word is then displayed on the
cutput%module, for easy reference, before being compared to
ﬂa_p:eset_value. “The rms;ng edge branch is necessitated by
‘the fact that without this restriction the PLC will
_increment the word on every -scan of the program when the
‘switch is on. This means a 10 ms rate which cannot be
accurately monitored in this simulation- situation. If the
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| .CQﬁnting'wofd.prqved td;be'highér than the preset value, -
 three output$ {LEDs on the output module) were set.

It should be noted, at this stage, that the setting of an
- output on the PLC ¥esults in the closing ¢f the output

' switch and the simultaneous illuminatlon of an lndlcator,

on . the PLC panel, for that output. These indicators were

nsed. extensively throughout the following- experaments in
:j”order t6 give immediate feedback on the program’s state, as
r__they eliminate the need for any - attached, powered, S

Vindicators -such as lamps or motars* o '

_”jThis prcgram eﬁfectively simulates the counting block, wathi
o ';the same resat; comparatmve and 1ncremental facil;tles

; f fbe1ng avallable. It cculd easxly be enhanced to provlde 3
”ﬁﬂéarémantal and 1nhablt1ng{enabling inputs for completian,
‘?ﬁaﬁ far'expexlmental purposes this was - not necessaxy. The .
f*ﬁﬁﬁn&ts ‘showed that. this program was. indeeﬁ,far fastar—than.{;
' "?rﬁvzous ane utzl;smng the CFB.: '

Gy
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5. 6

It was reallsed that a fast countlng fa01llty was needed to
:accomodate the speed of the pulse tramn from the 'encoder.
_With_a_resolution of 500 pulses per revolurion, with the
motor rotating at onlky 24° err a counting capability of

2 kHz was necessary. Fortunately, this sas a result that =
'héd“bééh“antiéipatedy and a compatible: fast'countingsmodule'
'(FCM) had been procured from Telemecanigue. An:explanatioh
of this mﬁdule, and its operatlon, can be found in Appendlx'
'BZ.. Onee’ again, an understandlng of thls section is
'imperative for an understanding of the following

P aragraﬁhs.'f_h::

-géﬁion'af'the opératibn of the FCM'fofﬁéd an
t -of the feasibillty study._ The encoders emit

facement of: 900, i e, in quaﬁrature.- These o
5 or: ‘ag each other dependzng ‘on the dlrectlon of
The FCM which had been prQCured was ideally

s also elmminated the ngsd for separate
al and ‘decremental inputs, t?ese now’ bezng |
shed frnm tha dxfference 1n the two wave farms.”f?a-

33at-stap in the feasmbml;ty investlgation was _
""_Ed with tha FCM and a modltied prcgram designed to -
"~a_the generated inputs o the mcdule._ The module was .
ted through the switeh bank as shown in figure 5.13, anﬁi' -
w a'aacompanying program (figure 5, 14) used to test 1ts
:aperatian, ;f" : . L o . . o o
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| WIRING OF FAST COUNTING MODULE
(ND DISCRIMINATION)

- 24 VDG

P N e r N PR

”_:f -_):,)fﬁ; SWITCH BANK i

LI B L T BN B B BN RN N RN A B B AN |

aw .IIII_I.C"I_ID_HQQ"'.I'

. - kST = ino - R
(PIN 1) (PINZ) - (PINS5) .

4 INM/RST . o+ lNO I
CtPING) (PIN 3 - - .
S FAST. CUUNTINB manuur_

_'iraf--"-tu'l "nituulllaﬂttnila\lq'illplpii!l‘ulliili.ltiuii

L NB If 5 VDC supplied hy encaﬁer s;gnal, r;ns 3 & a do not
'-i  run thruuqh 24 VDC swmt:h bank S _ ]

lFiq;S;iE 'Gi:cuit %-win;ng of5FCM-': 

VEInitially, the FCM » was hot set an dlscriminatary input, but -
" was only capahle of reading an incremental. signal. All .
'“{sw;tch bank inputs were wired into the 5 V' FCM input
':pcznts, thus the—program only accepted the addresses
'='generated_bg this module i.e. 12,0 to 7 as explained in
 appeh&ix-B2;_5Thé'ﬁrcgram“initialiy:examinéé’the state of =
the generated sign bit (I2,5) and sets the buffer word (Wl) .
_accordingly. The five buffer inputs (12,0 to 4) are then
 down loaﬁed into Wl. As long as the aign bit is not |
: negative (thls requires careful handling in binarj and ¢an
create cunfusxon if allowed to wrapﬂ;nta e negative
 region), this buffer word is then added onto:an
‘aceumulative counting word (W0). In the event of the reset .
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bit (12,7) beinq high {due to an inpﬁt from the switch

‘bank}, or if the sign bit goes negative, the accumulative

~ word ig set to zero. The last part of the program displays
the state of the 5 least szgnlflcant bits of WO on the

output nodule LEDS.

| FAST COUNTING MODULE TESTING PROGRAM -

| e [W1=0]—] Act on sign uif
_fg P _ _ - & en sian u

Al ' I-gO; L . Nl L
1z2,r ! o Nl,l carry woard fwl{

-,wytJ; s?-f¢im¥5-:;;].:twb=wﬂ+wlﬂf¥- ﬁccumulatg wo

 an'r_ g;;.;=g' f,f“j _2ftwoaaﬂ;_; Raset NO

e F D, Display WO . -

2| S B N o . r
- . " ’ .
4

N—

bz @*Tfﬂfﬁwr B __ (01)2 R

Awdys 01,4

I S R S )_—"

Fig 5.14 Program - FCM incorporation, upcounting
On'a maérdscoﬁic'scalé; the FCM generatee a number of.
inputs according to the three hard inputs it receives from

’u_tha switeh bank, these naw inputs inciude the number of
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incrementél_pulses redei#ed since the last program scan
(10 ms ago) which are loaded inté a carrying word which

-transfers them to th: counting word. The process is then |

repeated., The reader will note that the carrying word is

- the same as the. input buffer for each scan, and is thus a

f  jraflect1on of the cnuntlng rate. Thus by observxng the
  fcanstantly updated shate of this word in debug mode, the
:'input rats can be accura ely monitored.

:;_H;The results indlcatnd that the module was working exactly'
+as predicted. A prablem that arose was that with each
*flick of the toggle switch, W0 was increasing by ug to

three units. This was due to switch bounce Whlch was now

datamtahle with thls high 1nput ‘detection rESolution. When .
wi. was manitored in. debxr mode, it was found that extremely
tast toggllng of tha 4nput pulse switch cot < only just
'gaaﬁghtha wnrd\ta reflect any state This 1nd1cates that




It now remained to test the FCM in its discriminatory mode.
' Once again, only a. single input channel was used, the other
‘only needed for simultaneous control. The following
“eircvit (figure 5.15) was'set up, this being a modification

."-oﬁ-thejpreviQQS-model-to allow for an additional input

_ffﬁesigﬁed-é¢*5~ﬁulate.the éecondfpulse-train-_-'

NIRINE OF FasT CDUNTINE MDDULE
(NITH DISCRIMINQTIDN)

zaﬂvnc
+ 10 -

-“.-__Ii!flll" -."nl'-b.iillothlcian

:)_ ?”";_*7. SWITCH BANK

NN O N LR i‘hi&ll.iu-.ﬁ-

$dERand s s anieduanionwnw] wwloniud '--ii'.qk&-:ﬁnqip'qasi

ﬁIN o) ;: S tPINE o (PIN 7).
: FAST CUUNTING MGDULE

tlkiu‘.qﬂ!‘_ﬂltli-olﬁli.-i-_cl-n-unlii--u;qung‘ig-'.._g.

, ;[N; e*iwn7: ~~ R8T e
CAPIN FY L (PIN 1) ;mmaa_.(mwm .
”;NHJRQT f jf'f' + 1No o+ INY .

Nﬁ I¥F 9 VDC suppla.ed by encoder signal, pins Sy 9y 7 % 9
do nat un thraugh 24 VDC swz,tch bank.

ff.ﬁig;sl;s Circuit - FCM incorporation, up and downcounting
:fﬂq"fﬁrthér programming is required to handle dual logic
_inputs, all this is taken care of by the FCM with results

being stored in the internal register.

112



-By toggllng the two lnput swmtches 1n succe331on (l on, 2
on, 1 off, 2 off, eie), a very slow SQuare wave traln (with-
lead on input 1) c0uld be simulated. This resulted in
up~counting. By reversing the order of switching,

R dbwhﬁcnunting could ‘also bé achieved. Switch bounce was

~not a problem in this case, the reason being that after the

- Eirst rising edge, the dlscrlmlnatlng module would lock

.f_lmmedmately to the other input for a rising edge and did-
~ _.not, therefore, ‘see' the multzple edges from the first
dj_lnput.a;__;‘ o 3

_j_The advantage cf usxng th;s form of input cantrol, was thati'
_:'1h became p0331ble to deteat a transitlon phase between up .
L angd awn-cquntlng. Thxs transition requ;res control in
”order\to prevent the 16ss of a count between 1ead apd lag -
tran31tiona, whiah would result in. a. lass of resnlution. o

gresults ylelded certazn relatlanships-

g set haa occuxréd, ‘then the next lead/lag
will rasult 1n the rﬁspect;ve count, however,u
wil 1 effact no changa in the FCM'S 1nternal N
@he next effect is. dapendant upon the last lnput'
b aing lts base ind;cator as in an iterattve -

L

:Eaparxmautaﬁ

QB

_ticnship ms illustrated below} ccvering all
gdambinanicns af consecutive lead/lags.,_'

T*znpﬂT'¢HANGEGYER$ | INTERNAL REGISTER RESULT

‘Lead - Lead = - Incremend
cLag -~ Lag .. - jDec:gmant
“Lead ~ Lag . - . Constant

3_ Lagf~ Tead 'qonstanp_ 1a'
'In addltlon to the above result, it was noted that
_incrementlng or deerementing ‘of the internal register took
place at a specific posit;on ;n the duty cycle combmnatlon
of the two wave forms. This was dictated by input 1IN0 on

* the module, with' lncrementing on the rising edge, and
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"'VThe next stage in control feasib;llty devalopment requlred g
the establlshlng of a program that could handle counting in =
. the large. reglons that thls control requlred.- 50 far,

- counting control had only been able to handle up to 32767
 pulses (2’ ) in the 16 bit.word (N¥B the 16" bit isa
 *f;sign bity. " With the encoders ‘being used, - thxs only allows S

. for abu & 65 revhlutiods of the motor, not nearly o
_ ;suff1cient for the robot's range of movement. A& pxagram
'~f.haﬂ to be establlshed that would augment thig range by -

) tmupl inq ‘i:Wb wcrda ta- gj_ve a 30 b:l.t ward (2 sign bits nct

?éﬁatheﬁ

'@Sﬁ af the encoders reference au%put. As dgscxibed

3 _rd;is smaller than & aanstgﬁt worg £CW1). This is h@w SN
ﬁﬁnal aumparason will take placa, with Wl sat frmﬁ?&ni;____pz_ :

T : - s o
. . ) S . L N . . i - _j
T P
. o '
£y . -
i B
o

’}1ncluﬁed} - Thls gives a- range of 327682 {or 2 }; 9; -1_,-

:ﬁver 2 million rEleutlbns of control.i'}“'

;aptian for hxgh revolution coﬁnting wﬁuld Ee the

'?inputs)*-
aﬁnpe in fast ¢eunting.  ;;T_ﬂwﬁ

””;'amtwas writtan (f;gura 5 1?) that lnarame _s~waxd'wﬁ
'_the FCM inputs aﬁd sets. twa aut@uﬁ indiaatqws if’t&a

amtErnal saurce, ezther Erom & ?c or & PLc.ﬁ__

The 30 bit ward ept&on a;lawﬁ fﬁr fax :.-.:;-
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;;"_*%ra".__ '<;'”“_'j***'ﬂ..fﬁrw1=dj¢gi Aot on sign bit k
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wl 1 | earry word (W1} - |
wi,z
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ﬂccumulatﬂ NO
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B 'augmentedﬁword used fnr enhanced scope as mentioned

__'faprev1ausly. By using the state of the ‘system bit (SYlB},
3’f. ari’indication of word overflow etror, W0 is made to wrap
 between 32767 and 0, with' Wl ‘being incremented or
dseremantad fcr ‘eath wrap, depending on the darect;on af

fwﬁfa nufiber by plaeing{twa blacks in series, the one |
%@éﬂk&ﬁg-tﬁé~mﬁﬁ& ﬁigﬁ'ficant ' ” ha twn wards, and the

BRI

"The program uses wcrd Wl as- a carrier for WO, and W2 is the __T'

?heleomparisan bl@ak aan be doubled up tn catex far the twg-f
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. Now that the éxact operation of the FCM, in: botn modes, had
been datermined and its operat;on.in monitored countiﬂg
'ﬁastablished, the next step was to test irs readang
_capabiiltias.“ 1t was decided thaat this should be done

?using ‘a frequency ggn&ratnr w;th o put frequencles ﬁhat
kﬁeﬁld Be varzed.and determined,

Nate that all the prevzous
_as_wgll as tﬁe inclusion of a frequency generator




"-'._'SCHEMQTIC OF FREGENCY GENERATGN
. (INTEGRATION TO SYSTEM

ol swrtes o ad .0 | FREGUENCY
1omane L [ L GENERATOR

RN I NI SO R R R A

R R B E e G B N A R L R o

F;— ﬁBT L .f;+f.wia.§ﬁ R TR
_;tE;NaBJ-;”' PN ?J

dvo o= dne
tPIN 4 APIN 5

.t.l'":.!'i-'i'_'l:'_'l e e

f:'ﬁtant, and relevant, indicatinn of the :
: '”_FGM cauld e, obta:neﬁ by obsérvmng'the
aarry;ng word. ag mentioned earlier, thmé

g;raaghaﬂ\mné of its 11mmting factars. ;
: En SR L o ﬁ*f, o |
?whe counting speed was increased by Varying the frequency

]range of the gensrator. This had to be dons slawly ag the -
:.aamplinq interval af the debug update meant that.xmmedlate 5

?effea*s in- tha systém might not. he reflectad.ln-wi'as fast;;f"

At a part;cular speed, the size of. Wi dropped off sharply
lndicating that the module was not detectlng every slngle

. 119

:*e the aorrect upﬁdawnwnounﬁing* However,:""

w o

ﬁ&ﬂ%ﬁ an’ f_&icatlon of the rate of caunting; in either”f;¥ 
rtlon, and its state would be the first' smqn Qf the ECMf*-"



‘input pulse set. A few Hertz further on, the counter

'stopped detectlng any input pulsee whatsoever. By
"connectlng the CerUlt up to an osc1lleecope, +he unstable
_point was found to be 2.72 kHz, with a wave perlod of
-BTQﬂs, and a phaee difference of 60ps (er 58° ). (See e
.flgure 5. 19 J : :

mgsw Timinq iai;agm _ef' @uxse.mm o

Ehe fect thet an overflow had not eccurred at thie speed

:£eefeffect can  be exactly menitored. At this
'lncy, the FCM eccumulatee the ceunting word ln

,fiE would eeem pese;ble to increase it by & factor

E: ?ﬁetien in countlng, wh;ch 1t Wlll do when Wl starts te_7e
Qﬁﬁk aﬁl 31._ I_-_..-"-'.__ S . e R S RS
d.__ '.*H-“j_ | o

The enly two remalnang explenatlons fOr the inab;lxty of
o the FCM tg detect the lmpulee tralne at this hlgh
';frequeney, ereithat the wave perlod is teo short for the
module %o distxnguleh, else ‘the phase difference is too
7small to deteet. The OSGIlAOSCOPE also revealed that at
;'thle frequency the 555 tlmer limitation of‘uneven duty

-cycles was indeed present;ng a problem. As this would have

:_,_nite; and thus counting'reeﬁlutlon is reduced f_"__
Seeendly, if input frequency ks not. the llmltinge“'fe :

i _{31118) befere Fde buffer size became the dlctating~*uf”

L a serious effect upon the results, it was decided to nodify -
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the"circu‘it with the addition of a more accurate tir‘nér
chip. fThis comprised the next step of the feasibility
‘research development, '
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- Now that:the feaSibility and usefulness of a generator had
_been ascertained, it was decided to build a final model.
that would conform with all the aforemsntioned requirements
of such a generator. Thus, the clrcuit which followed was
' capable of true quadrature output, frequency variability,
‘and switchable states. The layout and operation of this ]
dseednd'circtit is.mentionéd*in appendix'B4. .

. By lncreasidq the frequency 1nput to the FCM, and _ _
'monxtoring-WI as in the previous case, it was possible to
'ebeerve the llmltlng frequency at which correct operation _
' dceased._ The results were very similar to the previcus cate

'WLth counting ceasing due td the FCM’S lnabillty to detact

\ K thE inputs* R

nna,-iy‘sihg' the results, it wad seen that the lead/lag

”?}Q[interval was the limiting facter. The regults of the i

_7]eecond experlment yzelded al maeimum lnput frequency ofdt-ﬁ.: o
3487 kHz, wlfh a phase difference of GQﬂsta This’ phaser}uﬁg-ri'

e-difference ia very Closentg that. Obtalned in the first_*-ff:

'Tj;experimeﬁt (5Qﬂ8}, ‘whilst the ﬁiequendy is substantlally
'2”;larger than 2 72 kHz.-‘*'gx . L

'd7d;We can s conclude that the mlnlmum permlssible phase

1'd1fference between the twe~wave forme iy Gdﬂs In Lrue.

"“fquadrature output, where this difference is 1]4 of the wave-”n

| ffperlod, this allows fer a maximum 1nput frequency ef

By kndwing the llmitatlon of the encoder output

- readeblllty, it be eomes posszbie to define the maxmmﬁm
permissible mdtar speed as related to the encoder

'-resolutlon. By obtaining curves for each mctor relatlng

speed to input voltage, it becomes pessible to place upper :

' and lower  limits on the voltﬁge supply to these motors,

_ this_belng vztal for eqeurate open. 1oop_centrol
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As mentiened'preVicusly, the choice of open 1oop'centrol
‘'was initially chosen as none of the existing PLC modules
- had inherent feedback loops, and the existing modules wers
 expected to perform the Lask wlthout any detrimental effect
- to the control.:

' lDetermining the effic1ency of the control loop ig
fessentlal, as this will determine if the proposed system is
"fea31ble from an industrial point of view. The proposed

_e nrethod of control was through controlling each motor

-Ue_mndiVIdually; from A power supply and a PLC module. By 

- controlling one motor guccessfully, the control could
uﬂfhfultimately be extended to all four metors on the robot.
“r”Thus the accuracy of a single motor was assessed first,

‘ before the' control loop was extended to the entire robot

' "::}system.; This 13 desirable, fbr, if the control loop PrOVeS
v .qlnfeaslhlp,_tlmP and money would not “have been wasted on

';fcontrcl development that was worthless.

The loep stﬂdy requlred a s;ngle DC motor to be conneeted

fffito the FCM of the PLC. By running the program that follows
'iﬁ(figura 54 20), it was possible to activate the motor ' o

déactzvate the brake and supply power), and by reading‘thee

RN

__. ef]_Signh1s recelved from the enaoder, stop it by applylnq the
'-“4ibrake when the deaired rotational position had been

__e}qﬁrﬁitially, the program sets the outputs te both the motor
_eﬂeffand the brake when the countlng word (W0) is smaller ‘than
S 8, i.e. it has just been reset. The reset input on I2,7

-*resets WD, and initiates the countlng. Thig input is reset

. with a switch on the switch bank, and not through the .

'reference pulse Qf the encoder. When the motor starts
-rotation, ceuntlng of the pulses is initiated. ‘When word
WO reaches 3000 pulses, the motor power is cut, and the
‘brake applied simultaneocusly. Thus, theoretically, the
motor should have turned through 6 revolutions.
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. MOTOR QVERSHODT TESTING PROGRAM

_ o _ 01,4
LWOCE ] S e B} - Set outputs
01,0 {(brake & motor)
(85) - wWhen WO reset

- : ; ' [W0=0]—  Reset countei

_[Wi=0l-—] Act on sign bit

— S — LWis—1]
% o T ¥ T Wi,o0 :
— SOV KPR wwel )=y Load buffer into

s - S Wl | carry word (Wl)

— rWO“WQ*W%?, Q-fﬂccumﬁlata W

u:fgwc>saoaﬂ 3J~')rﬁ 7--3‘** (R ]

Stop motor then ||
. o 0348 | ergage (unpawer) . ||
S A N (R)_J brake when count
St :lgw S complete '

a*;Eiggs,ZO'ZPrqgram -.motcr'control-accﬁfacy_

f;;By therving the counting word WO in debug mede; the error,

CiE any exists, can be compared to the required 3000 pulses.
f,f{an error was- Qbserved, this always being greater than the
f;;_desired 3000 pulses, Lndlcatlng that the motor was
 ?_nvershqot1ng the . stopplng pos;tmon.. At low speeds of: the
;I}motor the overshoot was low, increasing as the rotatmonal

' speed increased. The reason for the svershoot can be _
 'attr1buted to the momentum of the motor carrying it beyond
'the point of stopping, as well as a delay in the reaction

of the activation of the electromechanical brake.
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The curves (figure 5.21) of the overshoot for the two sizes
- of motors follow. The curves also give an indication of
‘the bucket counting effectferror'at-L'ase'voltages, the
‘difference in these values being the minimum error that can
- be attributed entirely to the momentum of the motor.

a prablem'envisaged with this oversheot is that this error
can behave in an unpredlctabla manner. That is, if the
robot arin is llftlng a welght up, the torque applied to the
" motor by the robot arm acts . opposite to the to:que applied
by the motor to the arm, and thus a smaller overshoot error
.can be expected. When the arm is putting a WElght down,
 the turque applled to the motor by the arm is in the same
di:eation as the torque applied by the motor to the arm, )
~.and the ¢vershoot error can be expected to be larger. Th;s'

"f ‘error is complléated by the many positlons the robot

ganmetry can assum& 1n carrylng out a task.

If a task tc ba performed by the robat is allowed to zun
with this nvershoot, a cumulatlve error for each motor will.n
reault, giving an undesirable ﬁinal pasition cf the end -
efi@gtar‘ A form of feedback’ campensatiaﬁ of this - -
og&rmhaot éan he developed, i.e. the avershoot can be read, o
aﬁﬁ!'he motor can be mnstructed to move back the number of

pu&ses the mctor OVershot the desired mark. BY performing f f:

t&&ﬁ tagk & number of‘kimes,_the overshont error will
evﬁntually be xeduced to. zaro, or. very cloge to zero., It _
the ﬁvarshaot can be antlclpated £rom. the graphs, the brake

can be commanded to activate that much before the motor has .{

r&aehed its £inal. posit;nn. HoWﬂver, the loading on the

rﬁbdt arm ccmplicatES thms lSSUE; mak;ng the overshoot

estlnatian a meme guess,  and the correct;Ve process :

described above would have to be repeated to ensure

_ accuracy. Regardlqss, termlnal motion of the robot arm
;.wili:také'mucp;lbngEr.us;ng this ’correction pzocess’ than
_if the arm moved to the correct position the First time.
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Another feature that is difficult to incorporate inte an
open loop'system'iSISPEed control. Speed can be determined
in a number of ways. The time interval between two -
successive pulses from the encoder can be measured.

_ Another method.would entail the counting of phlses within a
© certain time perlod. A third method, as described in

- section 2. 11.2 regarding closed loqp contrpl_makes use of a
' rotational tachometer, but this is not feasible as the

"-F;muﬁgrsicnithe_rcbot-are not equipped with'Subh deviges., A

ﬂf;¢IQSéd 1qcp control system would be able to determine the
‘speed ‘the motor is rotating at, .and adjust it according to
sume predefined controlllng algcrlthm. In- an open loop

"‘l,'systamr a predatexmlned valtage, relatlng to a certain

1”matar gpeed will have to be speclfled,_without any dynamlc |
'_adgusﬁmenf to the sPeed - -

:Farvcpen 1aop contggl toeoperate accurate yy'ﬁhe'rQSQOnﬁe“
_of’thaJ ystem e sqme input’ aignal must be known one -
hundxe& percent, : _tnat the outpuﬁ 15 that wh;ch LS '
5@xpecta&*, In the case of a robot whose motions' are o
2Gﬁntra&1&d'Hyrﬁﬂ“mators; ‘this gives rise to certain f 5 o

The effeat of exfernal l«ading on the motor .
@E@Hﬁ&ﬁn unpredicta@le, and indeterminable

 bperation makes the ‘idea of ah open loOp
ggm:undesirable. ‘Some form of closed loop

:_bntxcl envmsaged.for the robou¢ o
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The open 1oop COntrol discussed thus far does not 1nclude
-any form of load or errox compensation. The robot
controller used at present enploys closed loop control
When the robot arm has reached its desired posztion, the
-arm 15 Held in. place by an Qpposing torque applied to the
fmotor.. In th;s way the arm is held f;xed, and in the case :
of an- unoalculated losd on the arm, the closed loop control
aystem_senses this. load and applxos an opposlng ourrent to
‘the motor, causing the arm to remain fixed. Incorporating
1oad oompensation into ‘an open. loop system {without making,_
‘use of the. brako) is impossihlo, and is even extremely
-oompl&x in: a olosn& loop systom._ However, this will have
'to bo look&d at 1f suocessful coﬂtrol is- to he achleved._
:mhe brake is only oﬁgaged when tﬁe power to the robot is B
jintoxmuptadw'anggis nqﬁ'use&, aofwas envisaged in the open B
1oop oontrol gysten,, for- stoppioo the motor when it has .
' ‘ed position.-rThis suggests that the f L

>] robot &esigners,“and excessive
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| From thé diéadvahtéges.cdndludéd'by studying a form of open
loop control for the robot, and due to the fact that the
eiiating robot controller uses a closed ‘loop control
system,_mt was declded to investigate the possiblllty of
additional modules for the PLC that had some form of
1nherent feedback, util;slng_qlcsed loop control.

The existence of a. madule supplied by Telemecanlque, _
»although nct yet commercially avallable, became known of
during the caurse of the feasmbility study, an axls econtrol
system.. This system, at f:.rhzr:.s‘t.r seamed as if it could solve
.many; if nat all of the prbhlems encountered with open locp
centrcl, an& thxs was investigated in more detail. "

:@[11.:11]

- TSX AX. 2

TTeX xm‘wa

a Fig 5.22 Axis contfol.preébntation
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A

The TSX AXM 172 module is for use with TSX 47—30, TSX 67
‘and’ TSX 87 PLCs running software version V3 or higher..
.~ This programmable axis. cantrol module is designed to . ': :
'.cantrol & variable speed drive that determines the mation L
" of a moving part along a linear axis with servo loop L
.".positlon control, accord;ng to the lnstructions given in
the user program. This concept is referred to as axis |
control, and can be adapted to a rotatiunal system through o
- the translation of linear coordinates lﬂtO szrcular 3
'CODrdinatesa_ 145] ' : ' ' L

_; nghe Tsx Ax 72 SOftware is. used to. program and debug the
N Tgmodule, operated through a TSX TEO? terminal. o E
_ ',fA TSX ¥BT 172" operator terminal can be conneated to allow |
"”.5opérﬁt1ng and adjustment functibns.

'The TEX AXM 172 E \EESented as . Shown._ It 13 a: single e E
 ghei t modnle, eoﬁpﬁms;ng a number oﬁ partS- :J'-'_;- .;_u;: ﬂ
(2) 10 mdlcator Lsns. | BRI N
S module paWeronand__‘- B R
= o © operafing correctly,

'-.ﬁ.=-_.ftHu;a iz A P R S CL
.lno to ln4 1nputs at state 1t ' ; ,

| (3) aconnectorforthaanaiogomput. |

ji-(A}'.-:a cbnnec’carfor all encaderinputs._ﬂ_.-_ 1 -
o and th94relay outputs,

(5} aremoyable TSX BLK4 ferminal
" "block equipped with 32 screw '
y tarminais, SRS _

S SRR '”:f REEEEE R N & S
(&) a 9-pm subm:mature D- WPB con- R N .
nectorTSXCAC 04 o IR [SW

o (7) an ad;ustment potentiometerfer | o
o '_'the analog 0utputaffset level h o L

. Fig 5.23 Axls control mcdule
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. Q‘E,u:__.... o -

The 1nterna1 layout of the moaule and the way in Whlch it

is to be cbnnected is shown below._

"-'A;‘ip|icaﬁbn U __.TSX"AXM 172 Module  PLG Processor

S N e T yatisn
M Y77 Sérvol - | parameteis

Y

- !{' 11 wo |
s 1 Rders L TIW
‘program [T [

F

A
1

1
]
4
)
i .

&

. '..\ s :
"i'&i;JVﬁﬁ#mws.

SN

‘“ﬁfintéfhaiflaybut&9f mg§u1a_ E

’,amas"fiva ma;ﬁ*functldna.-_--:?:7-'«lﬁ¥~

Alth@ugh praqrams are intendad to caver )
: itive cyele {see. flgures 25 & 5 26}, it
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 The module catérs for a'dbunting vate of 36 kiz (compare
'ftwith the fast cguntlng module’s advertised counting rate of
2 kHz). The modnle advertises ‘& propartional feedbark
_ positiana& uompensation serVQ 1oop, requiring ‘only three -
- inputs from an. encndef, and allowing for an addit1ona1 two
 ~inputs gatering for event detectiﬁn (i.e, cam, home

- position, and points, ete.) and a variable speed drive

.g&afaty interipnk signals It afférs & single analog output,

:_; fi L@ oan anly\cmntrﬁl qne axis per madule, and four

”*ﬂ;auxiliary rala& outputs w;th one being 3351gned to the
'fvarzabia speed erVE saféty 1nterlock 1nput. - '

thf#ﬁgﬁ tha SthWAre package‘_ As ‘ig the

aﬁ'qperatg 1ndependently.-

_ﬁoparations (done to f&c1lltate termxnal
§ the rabutla,:ﬁﬁquzring only 4n encader 1nput,ﬁ
' positien and’ spéed are determined, they can.
a Féadback’ c@ntrollad Be. output used to faed an .
_'§“ﬁhrﬁugh Whléh tha»mctar is driven. |

-=‘:\_.: A

_ Q\ﬁontralliﬁg parameters (input by tne user), velocxty
§&§Wﬁﬁ arsa- QEnerated fxom whlch autput voltages ane
g&nerated.- This allows for acaurate posrticning, mlnlmum
a#enﬁhout (deV1ation of the control system from ita
raquired setpoint before the control oscmllations settle _
down to the acceptabla llmits),_and minimum dynamzc laadxng
on the system caused by 1nstantaneous start up and -
stappmng._ Through the closed loop control, a voltage is

" bgrammlng tbrmlnalf once the mudulezf% 1F-.

xﬁn;almultanedusly, and 1a$tructed to ffk”¢§j 7¥”



_ -'generated ccrrespondlng to 3 required motor sPeed, ensurlng_
_ _the speed is maintalned between an upper and.lower 11mit

"5,13,4-Q3

'The main funﬂtlon of the servo loop is to link the. posltion _
- 4 moV1ng part ko, an instruction value. As in all servo
;'1contralledlequxpment, static and dynamlc components are o
*3Jdepéhdent 6&%*@3 complete mﬁt;on system (including both the
"-algcrithm and mechanlcal parts) and on the- variation of the
- instruction over timeé: The machine layouu«af the control |

loOP is shawn in fmgure 5. 27¥j f_ ' :

. (} \‘-‘...
U rmedule ,

. i iy

e  poad arve; o

e i

o Dinorentental | 3
I S

¥ cﬁsstance ccwered in'a'slngle shaft revnfutron*

Eig 5 27 AXM sarVD 1oophg[  g7.
_Tf ilﬂha iﬂcremamtal enﬂoder used in the faedback loop gan
) '_zﬁfiaither be 1lnear or rnfary.; In both cases it pravides a- L
”fjfj:fsignal w;th a f&equenaﬁ propoxtional to the velccity and a ;]
”__::;_namher of pulses that is prapoﬁtional to ‘the pnsztxon. N
o  ;  j:Hance, this nbntrnl mbﬂula golves the problem of hoth -
Lfffhf :§'adcurate péSltlQn and speed contrnl._u DR ',.-'{5
:g]fjwhe varlous servo’ 1aop paramaters and thalr effects on the"
isystem{g responsmveness are included in Appendlx BS

'T“'. -




']Equlpped‘with exten31ve error checking facmlitles, numerous_._;

. safety devices, and the capabllify of closed loop control,.

__“._the axis control system investigated tends to overcome mdny
'_wfof the previously envisaqed hurdles, maklng it an _
-*“attractive propositlon in the development of robot control._

"“Lg_As yet,_it is nat commeroialJy available to industxy, and’
na;fffeole agency has been given to Mlorodyﬁe.f This company
' should be approached regarding the ‘procureiment of such a
’~jmodu1e, as exténsive and valuable work ‘investigating the

B :Eull operatinq Chﬂraﬁterlstics of the module can b & carr;r.e 4.

. '_.('n



6 CONCLUSIONS

Thé”dévelopﬁent’oflthe industrial robot is seen by some as
othe panacea of the 'ndustrial environment, and an '
_'increasing number of people are getting involved, either

through ohoioe or through necessity. ' :

_"..'-i.‘..hé 'use'i of”a'- robot has to be justified, and no longer is

. the financiol'donsideration the only one. Implementation
_o_oaf a robot has many advantages, 1nclud1ng. -
= increased produotiv1ty, |

, .é'inoreased flex:blllty. _

-~ zeduced labour, materials and energy t:osts,

FL*oimPrDVed qualzty and oonsistency,

“ .-:_.humanlzation of the WﬂrkplaCEr

”ﬂof;other economic consideratoqns includlng direot and’.

;*nlndﬁxoct costs, _f~,j'a- .

V%h&re io not itich more that can be done to prevent day
’har%than making them faster, lighter and more
"ever, an areafreo61ving growing inmterest is
'jntrollers, wzth manufaoturors concentrating
-cod and sophlsticated controllers. Th S is -
the area of researoh that was pursued in this

_ _-_be p:ogrammed in two ways, on-line and off—line,
: _f ﬁ£§§od3 include lead through and teach pendant
,hramming, while off-line programming deals with some -
_.,fiof textual language providing instructions to the
1"%ipulator, whero the progsram is interpreted by the robot'”
fsoftware system, Off—llne programmip ¢ 48 gamning '
fpopularlty amongst users, not least because of the many |
fadVantages asgociated with it. There is a move afoot to
CAD systems, whereby the robot and its envzronment are

fsimulated on a computer ~ In this manner, money and time is

saved by 1dent1fying problems in the conceptual stage of
" robot lmplementatlon ' ‘ : :
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The progect dealt Wlth a fea31b111ty study into PLC control
'of a robot; essentially bypassing the existing robot
:'centroller, and creating an off-line programming facility
- with = PLC/PC‘;nterface. Other than the advantages
. assncmated with orf—line programmlng, a large cost saving

is realised, as the price of a PLS/PC system is at the most
. 50% that of a robot controller, Further, the flexibility
 of PLCs ari91ng from their modularity make them extremely

adaptaban to any . control situatlon.- -

'”The feasibility study could not. successfully carried out

‘unt&l it was determined how all the components in the robot .

system op&rated, and were fully oparatlonal._ Thus the _
rePalr of enccders, and the determlnatlon of resqlution and o
_gearing had. to- be. carrled out. B : '
AL aptical shaft encoders were repaLIEd “and thelr
*nterfacmrg and aperating characterlstics vere determined
:Tha r&solutlon Qf each encoder was found to be 500 pulses
fpex ravnlutman.;;: e

“The dinterfacing of the DC SErVO mctura ahd the
fal&atrmmechanical brake was ‘detarmined, E .
;mhakﬁ;apératxng characterlstics were determlned, and curves 

Considerlng the ex;stlng equlpment, and that none of the “
:avallable ELC modules were capable of inherent feedback
:ccntrol,_an open loop system was decided on as the form of
control. ' ' - o

thé:fbrmfthe feasibility study took was in determing the
suitability of a fast counting module for motor/encoder
useé. The encoder was linked up to the FCM, and acceptable
-signals were obtained. By controlling a single-motof using

137



 Ladder language, the control could be extended to four
motors simultaneously using Grafcet language. By knowing
- the resclution of the encoders, as well as the number of
' pdlses required to bring about a certain angular
_ displacement of each. robot arm, poSition control would be
: _possiblé; By powering the motor and disengaging the brake,
and by recording the pulses of the encoder, the brake could
' be applied and power disengaged when the motor has turned
- through the requ;red nunber of pulses. |
"By carefully calibrating the speed of the various motors
- over a range of voltages, speed_contrql would be possible.

o Various observatmans were made and canclu51ons regardlng
- - the open. loop control system were drawn. .
. -The momentum of the motor carrled it beyond the stopping
'ilpoint desmred, and this was related to the delay in
'.actmvatlng the hrake¢ At hlgher sPeeds the overshoot was
-greater than at 1ower speeds, and this overshoot was
valibrated fox the various motors at various speeds. " The
buaket affect associated with. this overshoot was also
;¢allbrated. Wlth these errors calibrated, they could be
'1ncorporated lntn ‘+the control loop. This 1s essentially
what open lcop contrcl hmnges around. The behavionr of the
stem st he absolutely predlctable, and thus the output
achlavad is what, is expected, - It is possmble to compensate
kfor the ovarshoct and buck st effect, but at is impessible
to predigt how accurately the system will behave with
_¢ifferﬁnt robat positions and geometries. As the encoders
_are%ig remental, this error would be cumulative, resulting
;;n an undesirabla system with regard ac uracy._

’&n&tp@r observation made regards dynammc lcadlng of the
robn@ arm. The load on the motor from the arm and
SJbsEquent welght (that the robot plcks up) changaes as the
a:m;xbtates about its hinge; moving its centre of gravity
‘cloger to or further from the joint. The speed of the _
motor does not remain constant as the toque applied to the
notor changes, makzng dan open loop speEd ¢ontrdl systenm
unpredlctable and undESirable
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Further, algofithms necessary to predict and compensate_for'
‘the external effects experienced by an open loop system are
too complex co be worked out and communicated through the
'PLC/PC network at any satisfactory rawe.

Once the anticipated open loop system was found to be
unsatisfactory, 2 closed loop control system had to be
investigated that could be incorporated into the existing
PLC system. This closed loop control wduld have to
;cmmp&nsate for dynamlc loadlng of the motorsr variable
“ speed output; and correct pOSltlonal accuracy

: An axis. contra; system, supplied by Telemecanique but not
yat cammarclally avallable* wasg lnvestlgated.- This module
catars far rate feedback, as well as pos;t;on feedback,
agreezng Wlth the requ;rements oif closed loop contxol.
Fus;tman feadback is. effected thrpugh the encoder signal,
thﬂ exxpr algorithm working to provlde no error due to 2 ero

n, ia supplied to the motor.j

eontrol Was deemed undesirabla for robot cantra‘
S+, and Ehus a closed loop cdntrol system’ was

ﬁlgn terms ‘of an axls control module, which seemad
B cater for all the problems encountered with open loop
:Gpntral‘_ The procurement of such an axis control module
-gwhen it is avaalabla) is highly recommendad for any ;
_further work in Lhis field., :
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6 FUTURE WORK

As the project ls an ongoing one, the future work proposed
_wxll form a good base for any work carried out in this
field.

The mnly motor that was not accessed was. the motor _
3cantrolling the roll or swivel of the wrist, i.e. the'T
agis. The operatlan of this motor must be fully
established for complete contrcl. .

Another aspect of the robot. itsa‘f that needs 1nterfac1ng
;with are the limlt swmtches assoclated with each axis.
'Becauﬁe the level of control achleved was not . as desired,
:this interfaclng was ‘not carried out, but is eﬂsentlal for
'safety raasans wnen full control is realised. , - '

;Wmth the PLC{PG interface, 1nvestigate ‘how the PLC can be
addressed £rom the\PC It is desirable that the user only
lé'fpr, with the’ Pc, end point’ coordinatea, and through the
'ggﬁmrulllng*modules and algorithms associated with the PIC
;;__acted an, rasult;ng in the mavement of the robot to the
: “Jirad poaition _ Instead af the user writing a new
E:I,awr.‘:chr.am fox, @ACh new robot mntlonr “these simple user inputs
'.-reQﬁlreﬁoy_;g:,,  : . :

The_preﬁurement of - an axis contmwl system is highly L
reacmmended. as the development of.-a closed loop £irm of
coatrol‘W1th the exiatlng equlpment ig very difficult, if
not impossible. '

Thezaﬁisjccntrql systam’ must be incorporated into the
existing PLC unit, The existing PLC system must be
upgraded to a TSX 47 30 system {by replacing the processor
module and memory cartridge) to enable axis control module
usa.  Ascertain if this system is capable of being -
programmed and controlled with the installed softwars.
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The control lcdp characteristics must be investigated,

First with a single motor. The speed and positional
-accﬁracy of the loop are the important factors that need
consideration. The module should be capable of stopping
and holding a motor in a requirel position, under load
I(even dynamlc load), without the use of the brake. The
module’s speed control capabilities should also be
:finvestigated, as this is important 1f terminal mot:on is to
ibe realisedw

QOnca"the_donttci_of a single motor has been accompllshed,
the procurement of a second module ls necessary, as each
‘module (in only control one axis. The comtrol of two
motors must be 1nvestigated, 1coking -at diSCIEPanCleS in
-vtha cummunicatinn rate, if_apy, of Simul*a“”"f ~t§_ :
contyﬁl. o - N | :

e AN

o

P -

 ﬂnca tha suitability Qt ‘the axis ccntxal systam has been .
.1astabiishéd, anmﬁnter*éeq *abot motion must be cana;dered.
T ””fr%iaﬁﬁanshipa betwean ‘ths movements of the end
Alator apd. sumcassiv%&mctmr rotatiois w .t be )
A Thmﬂ, & user input will rasult in a desired
& the end eﬁfector.' o

s%&qa'in this project, a aLmulation package
?Eﬁ locked at, whereby the robot and its working
ént are smmulated an arCAD system. Dafining robot
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ROBOT CONTROLLER
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© COMPARISON BETWEEN CONTROLLER AND PLC

© ROBOT FONTROLLER
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- Harmonic drives are a major advance in transmission design.
They provide extremely large speed reduction in a single
“stage, coupled with high output torques. This is obtained
through multiple'tqqth éngagement,_as muach as 15 to 20% of
total'tcoth complement. They are 11ghtwe1ght, more
.relldble, and more efficient. Input and output shafts are
f-cﬁaxial and concentrlc, allowing machine designers to. |
'_dramatically reduce the space needed to accammoaate high
'ratia,_high torque drzves.-,__

"3;1”ﬁaxménigfd:iﬁejunitsfhave'tight backlash, an output
iaééfmbtioﬁ:df’héttér'tﬁan 2 minutes of arc being quite
common. . Terque transfer is by a single, low friction
ballrace, elimznating the cnmpound ‘logses associated wmth
mu'tlﬁatage gears, shafts and bearings.' Tasts have yieldad
effiaiana;ea ﬁf up to 90%

s le ﬂ&_vas offér high, single stage reductlons, with
__fﬁﬁ’mp:”aiSZO 1, A dr;ve of this capacity would
Py the same. envelape slze as a standard 80:1 drive
rther, harmonma drives can be aoupled tugether to
_éxcellent reductions,

&fﬁaﬁm@nfb drlve chSlstS af three bas;c components, i.e, a
LT generator, flexzspline, and circular spline,_shuwn

@éi@w ln figure A3.1.

Fig A3.1 Harmonic drive components
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The flexispline is a flexible toothed steel ring which can
be deformed. It ig forced into an elliptical shape by the
elliptical wave generator which is situated inside it,
acting as a former. This wave generator is specially
 constructed so that, even if the flexispline is held fixzed,
'.ethe'gonefator can still slide round on the inner surﬁaoe of
o the spllne, and so rotate. This is accomplished'by fitting
 _a ballrace onto ‘the surface of the generator so that there

is very 1ittle friotion between: it and the flexispllne As

- the generator ms aon oiroular, as it rotates ingide the
3f1e315pline (fixed), the flexispline is deformed
(elliptically) by the generator. For a complete harmonlo-
_]drive; the wave generator “and flexispline are fitted into

'_the oz:cular spline wh;ch oomprlses an lnternal-y toothed

golid steel ring.. The size of the teeth on both apllnes
'f}ara the same, hOWEver, there are a few' less teeth on the

- tdeth on the elliptmcal flexxsplxne only mesh with those on
N _3;HT the omroula'eSPline in two areas. If the oircular splmne
S is held staﬂ'wh;f

' these avess nf vontast {not the flexzspline) that rotate

*ﬂfaroun&-with the wave generator. L

_..o

“euler spline, once the flexisp&ine has been
galost the whole surface of the circular spline
errator has comﬁieted one whome revolutlon), the

; ;ﬁ@liﬁe will end up those few teeth away from its .

#@ generator, the flexispline moves a few teeth in the
ﬂ@@ﬁsite direction. Thue, ‘an input sheft oh the wave:
;rator will result in & hlgh geareng raduction’ from the
;{exispline._ “The operarich is’ illustrated in the’ follow1ng
Tﬁieg6am (see fmgure A3.2Y .

Lo
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ff;{f*[’o;flexzspline than on the oircular spline. 2s a result, the

'y ‘ag the wave generator 1s rotated, ie_

rﬁaheoe ite aten leks teeth on the Flexispline than S

:uﬁgiaal sterting point. x{hat is, for each rotation of.the_

Pl



travels velh the major eilipneal axw,

" Each turn of the Wave Genaratae mpvesthe . Wher the Wavk Generator his turhed ihiough

Fleasptine pwotegih ighwards ontheGirgular - - - 10 dlochvwsn tha Flexsplicie Bes fegreised by '
14, R ST Ty onelboth tglavve 1o the Corcutay Sgine, -~ -+ -

Splios, -
SE F:.g A3.2 Harmonic dig'i"sfe _'-'opefati_oﬁ i

i Lo . ©owa
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b OPTIGAL SHAFT- ENCODER
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LED iohrsoures .

- Fig A4.1 Cut .'away'
of a typical encoder

. .The i camponents responsable for the operatlor
- of a rotary encocier are; :
.« AnLED light sotrce
 »A siofted, synchronising mask
e Avotating, siotied dise .
- '« A series of photoelsctric receivers. .
‘The light; transmitted from the LED source, passes
- through the slots in the mask and is thus ahgned

onto-the photaelectr;r recelvers,

 Asthe dise rotatas the light beams are mterrupted
- by the siots to give the apprapriate OUtpLIt signal,
L via the recewers

optical éncbdg’f caspinante.

-F'i.g' A4.3 Encoder
pulse train

'ZERO PULSE QUTPUT EACH HEY
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““Inoremental cutput™: To measure displacement
This encoder will output a “pulse-train” ‘sigrial, such -
that each pulse will represent a prec:se angle of '
| shaft rotation.. . )
I -Machine positioning may be determmed bya

i system processing these output puises, Two offset
~ output signals are provided so that direchon of
rotation may be determined.

. Principal areas of apphcatmn ) n L
—oe . Counting, speed contrl, feedbac%k sngnaumg. hnear '
f_'__and angular posmoning *

'_..“Abso!ute atﬂput" ‘i‘b gwe actua! positlan -
~The output from this type of encoder constitutes ™
“abinary code for Bach angular position of the shaft _'
The rgsoluttor Is equai to an whare N number '
ofbits, - o .
- Multiturn encoders with “absoiute aufput" are
avaliable; giving.a resoiutmn mf m X 2“ -

$ - Typical applications: - .

B Angtiler and finsar pt)sltioning. measurement er
o dzstances lavel&. etc . _

. o ¥ig 3.4 Incremental and absolute encodérs
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pome SUPPLY

1 An bx lighi: (sreen) - intemal valt-
.ag&s pt‘esem: and correct:, L

. 2*“‘ Gﬂ 113113 ('nt'ange) - ma:’.ns pcmar
_“.".}_Present and coﬁect, L "

-

. 3A yower supply :eminal block, :

4~

. & _"3-An alarm rel&y cantacl: X

S5 a'L maim power £si1ure demctor T (
GWDFF awitohy i

B procesor fault
MEM ' usar wemory fault -
RURLE faule '
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Each carr,r:t,dge i:nmpr‘ises :

. i A co:twr*caded extraetdrt .
Biaek E‘PN}H memq:y N P

L 2 A suca.n; pmi for aras.«. ’
' :I.ng anﬁ prq,;eqxing Emlqg__ L

5 A Iacat.ing device : .‘-1‘:'- e

tfiuacim of l:ha arugt&m o ' o MY

.-:0-

Fig AS 3 Uﬁer memﬁxy aaruyxﬁqa

f})ISCRETE I/O MnDULEa

Fig A5 4 Biscrete Iim module
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@iring diagram for diderete 1/0 moduies |




FAS‘I‘ COUNTING MODULE

(1) A metai case which protects the comp0~
_' © o nents - phys:caily and agamst radiated
e electrical nonse S

(2) l% opening on the leﬁ. side whlch rgwes
.8ccess to the upcoqmwﬂ!downccuntmg
d:scnm!natcr sﬁvitches fu Qd‘Ch channel

(3) One faultnght ) far each channel which '.
cotnes on when __-@ cﬁumtmg capacity is

axae&deﬂ.

gm

;ﬂ.Nﬂi e

3@,@ _a&:g :..-_rpsi; ART éﬁ_o countifig and p;’:ssif"éfi.o'nizfsg -module.
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APPE*\TDIX B

cvunter functicn block S
:j7Fast counnlng module ) _
;fFrquEncy generator cne:ff 
'Q FrEquencY generator two

© Axis ccntrol system
_;”?ulsa width modulatar
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COUNTER FUNCTION BLOCK

.Thexcounter function block accepts rising edge inputs to
increment or decrement an internal register ’‘value’.
Outputs are set depending on how this value compares to a
- redefinable internal word ’preset’, |

_ The-block’has_four inputs and three outputs which are
summarised below in terms that make their interpretation
far simpler than the manual indicates. Each block is

' labeled with an arbitrary user number (i), and ’preset’ can
be set from the adgust mode (if modify is allowed), else
from withln the normal programmlng mode or w;thln the
prngram by addressing bit. Ci,P.-

L
D
ia

R
P
__b

) -'iFig El;i_fihe_function block elvmant

iﬁbu;“R  . The reset input sets ’value’ to zer?d Wht 't ig
A ;;é*fhigh (n6t necsssarily a rlsing edge) . :

iﬁpﬁtﬁﬁ-}ﬁfmha preset: input sets 'value’ to ‘preset’ when
gf_Ifff[*ff'femis high (not necessarily a rising edge).
;ﬁpﬁt E;=1fTha up-caunting 1nput irurements 'value’ on its
R " .pising edge only.’ '
Input D : The down-counting input deCraments *value’ on

. - its rising edge only. - : :

gﬁﬁpqt E:, The empty output is set high 1f value' equals
LY =1 (set low at all other times).

Gutpit D: The done output is set high if ’'value’ equals

© . tpreset' (set low at all other times)

Output F: The full output is set high if ’value’ has been
.. incremented to zero (will not be set if value’
'reached zers from +1).
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TI—IE FAST COUNTING
'MODULE (FCM)

'The'principle-ofjthis module iS-that it aécepts a single or
double input pulse train, and generates a number of
readable 'inputs’ that ‘can then be used fox different

- applications." '

_ Tha prlmary (hard) ‘inputs to the module camprise 24 V reset
_ _and 1nhib1t switches, and 5 or 24 V dudl loglc pulse inputs
-(preférably square waves]. The module reads the inputs
mizch- faster than ..e PLC’'s standard scan rate (time to zun
through & single lteration of a program}, hence its fast
count.ing, cap L ‘tles. These inputs are interpreted
(depending on wial or single Joagic 1nput) and their results
stored in-an. internal register. It is this storage pomn*
that camprises the generatad inputs that are readable for
pragram use. o SR

The intexnal raqister is made up of 16 bits. Bits 0 to 4
and 8 to £ are dag 5 blt buffers for the count ing
ﬁtérage oﬂ the 2 input cnannels D and 1 reapactzvely.
Bits 5 and.ﬁvfre th@ respective sign hits associated with
*hﬁag buffers, and bmts 5, By 7, and ¥ are set H;gh
"”ﬂtﬁ the: aountlng inhlbit and buffer reset -hard

mnguta fcr the tWo channels respectively. Bit 5§ (not the
Eﬂx ﬁwﬂ&), is a bit -common, to both channels and ind;cates
ﬂﬁﬂﬁ”ﬁiﬁﬁer of the 5 bit buffers 13 full. ‘This is - '

: u‘--aoed.chamnel. Lights do appear an the nodule to'__.
imﬁmate thé. state of the hard inputs {reset, inhibit, and "
%he twn cnunting channels) The counting channel lights
wall f£lash at the frequency of input, but will look steady
far hiqh frequencies (see fig Bz 1 that follows)

- a
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THE FAST COUNTING
MODULE (FCM)

.The'principle'of this module is that it accepts a single or
double input pulse train, and generates a number of '
readable ’inputs’ that can ‘then be used for different
applmcations. :

_The'primary ‘(hard) inputs to the module comprise 24 V reset
aqﬁ inhibit switches, and 5 or 24 V dual=logic.pu19e-inputs
ipreﬁarably_square waves). The module reads the inputs
much fastér than ..e PLC's standard scan rate (time to run
through & single iteraticn of a program), hence its fast
cmuntlng capa‘f Weies. These inputs are interpreted -
(depand;ng on wual or single kagic input) and their results
stcred in &n 1nternal reglster. it is this starage poin’
that camprises the generated inputs that are readable for -
pragram use. S

-ma 1nterna1 reqn.ster is made up of 16 bits. Bits 0 to 4
and 8 to £ are 4 as 5 b-t buffers for the counting
wtﬁrage nf the . asinput channels 0 and 1 resp@ctively.
Eite 5 and ﬁxare the respectlve sign bits. associated with -
ﬁh@ﬁa hugfgxs; and bite 6,vE, 1, and ¥ are set hlgh
a@a@%dxmg to the ccunting inhlblt ‘and buffer reset hard
inputs for the Ao channela re5pectxve1y, Bit S (not the
ﬁ@a ﬂaﬁﬁir is & bit commdn, to both ¢hannels and’ mndicates
w%ﬁaf“ LeHer cf the 5 bit buffers is full. This iz .
&&@“ f';ia& by & fault l;ght on the panel, corresponding to'
ﬁhﬁ.ﬁﬁﬂéﬁded channel.. Lights as appear on the module to
imdiaate thé state of the hard inputs ({reset, 1nhib1t, and
gha twa cauntlng channels) .. The counting channel- 11ghts _
will flush at the frequency'of input, but will look steady
for high frequencies (ses £ig B2.1 that follows). |
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‘”'3“3i S1gh.b1t is aﬁded.as the most smgnlflaant bit of the -

- incremented for every pulse input However, for dual logic
lnput (two quadrature pulse train inputs, up/down~count1ng,
and discriminatlon set), the buffer is dec/incremented

-dependlng on whether the one pulse train 1eads or lags the

. other. ThlS buffer is updated constantly, 1rrespect1ve of -

) what - is ‘going on in the main program’s cycle._ '

' -Co'_inting inputs INO
_ M _ 2; -
~ Countvalue SRS __ 2 ._
. Ghennels . - Ch0 Ch1 . R - |
'coum.ng b!ts ixy4 yC O 0. 0 e ot o 5
. Ixy,slxy,’B e D .0 N 0_. __0 _ ;_.1 .;. 1 1] n
_ 4*_MW2-~MmA,'n-o’ ¢ 6 o ! 0
'.'ij' ky@ 6 0. %+ 0 oy_j: DR
L kyQ y8 6 3 o 4% - 0 .
: The maximurn va!ues that can ba codad nn thetive oountingblts are+31 anu-aa ¥

T A phaae shlit of+90*ar w2 Ca phase shnt of 90" or - m*z

Fig 32 2 Tlming dlagram of pulse traln f

_ if;With the sign bit setting {bit 5), ‘the count;ng ranga _
' ffactually reaches 85, This bzt can be - used as an extra hxt;f 
_;-althaugh the protection provided by a negative range -
_; ¢warﬂ1nq is than 1ost*zn the wrap betwean 64 and 0, and is
\ '7only useful for’ uphcounting situationa. To' da«hhis, the

.-_'-.Z_.._buuffar_ ) This giﬂ‘es a 6 blt bUffe;r: (2 ‘=G4) , Which J‘s [T
_interpreted in straight banary. véﬁng the sign bit as

 ';';ydes1gned, when set at 0, the. buffer bits (0 to.. 4} can be o
. . interpreted in straight binary: ~When this bit is high, |

__ tihowEvar, the correct negative value is read by obtaining - . .
fthe onas complement of the buffer,_adding 1 to this te get-'u-"'V"'

L the true complement, and cnnverting this value to straight

_ Tbinary and ingertihg a mlnus s;gn in front of it. e-_
" table overleaf gives a list of values encompaESLng nhe -
'pwhole ranqe of the 5 bit buffer. e

/»This module is used as a counter, in a program, by
o dewn-loadina its buffer into an accumulating count&ng word

) 1.'71'. .



'-ch“Pvery scan. Slmply put, ‘this means that as the program
is running through its steps, the ¢ounter is accepting

_ pulse inputs and accumulating them in its buffer. ' As the
_;ﬁrcgram comes round to reading this buffer, all the pulses
accumilated: since the last scan are down-lcaded and the

o  buffer lS reset.

Updaing . | -
otiopus |

2 I R 17 ofoutputs

T Ry r’sfé _.. 3 :cj::snar{qiler. ap'e_ratian o

| [;?jﬁ{jeu : _ .

':Thia maans, that ‘on’ each ELC scan, anythlng frmm 0 to 31
ffﬁs) puls&s ﬁill be. added to the accumulatlng word: in the
- prégram. Thia is where the madules 11m1tations become

ﬁQagparent@_f i

f}riratly, the module magt acanned frequently enough for its -
_buffer not to overflow (1nd1cated by the setting of bit §
*and the Lllumination af the respevt;ve fault light). ‘That
ﬂfzs, the buffer must be doWn«loaded and reset before is can
vfacnumulata mcre than 31 pulses.. 28 the standard scan rate

3 pf_tha_?&c 15_10 ms, the input train pulse period must not
T“Excéed 0,32 ms._ For up-countlng, using the sign bit as an
7;add1tional bit on the buffer will allow this value to reach
::64 bafore Qverflow, thus reducing thlS problem to well
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'°.with1n the limitations of the fOIIOW1ng Ones. It should be
T neted, however, that in this case after éach scan, the
-f?buffer must be set to ~31 (or 0 over the 6 bit range) to
5'av01d it send;ng a fault 31gnal half way along its counting

- wange. ° - : "
  ?se¢ondly. the dnwnrlcading of the buffer glves a bucket |

- effect in that the word 1s 1ncremented in blocks which may
range from 1 to 31 counts in size. Thus the resolution of

© .. the counting system may be ‘reduced by up to 3100 %, Curves

}giv1ng~this resoluticn fcr varylng goan . rates and. input
-frequancies dre. given balow, but this~ can be abservad on
pxegram g8 :tinn by manitbrlng {in debug moae), the size
of the word being used to transfer this buffer to the
accnmulating'gnrd,_ _3 

A 3 n‘n'a.«_ ‘-44- EEYETE |
Hovens drarsardvns ruslivisndeenar fonninf
L PR SYPTTE SRR reriayl CLTTICTISOTY [P

R IO Crviua Fepnimarbiany o -

ETPPN TTTTPF-SPTRes 3

, '-...ui_“..l,.i_ :_.'I‘. _'.._

Wenibrnsandivines

" YTH

B CLITTE TR ST LY I8 - B

i”'_‘iv_c .;!!_t-.l S
way n'_'e._n'. +1
FITTVR-TTES S
sesmedaesaant

EET E e IS e, P KL T Ll

AL LTE BN

‘;.'. .
e
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e

' e
L T Fnon{ (LIEE) TERECRLE
i 3 .

R ER

Fa .
Fevrnpsharpenienrane
H H

srfunirasfen

Jeerieer x . )
[ETT IS SFE T oTs T

¥ K ' ' S ." .'-'.' _'"-.-'._.'-'.-'-_.. . : _;,

SR RS | ANEREES | R T

*-Eig)azksf cduhtiag}accp:agy_su:ve? - |
The&a first twa pLoblams can be reduced by prcgrammzng the
mcdule anta tha faat‘task of the’ RLC. in’ whimh the " scan
rite &s réﬂucad fram iﬂ ne. to 5. ms‘ The problem however is
th&ﬁ ﬁ&iy ﬁne mﬂﬁulﬁ can he cunflguxed into th;s taak, and |
'@&y thia applicatian is galng to require WO 1n
‘%ﬁ aimultanauusly cantrol four motors.;' ' B

. mtatian fs that the 1nput pulse rate to the
: $xn&ad ;ts capablllties (advert:sed as being :

ﬁrzminat@ry countlnq requires a difference L
'” ftwa rlse times (lead/lag). Naturally large '
A of tthe input ‘trains would result in small -
timas whmwh may- eventually becnma incoherent._
ia somathlng that must be»monltored.

Eha enormaus advantaga of thl$ module, 13 the fact that iL 3
handlea discriﬂlnatory counting without the extensmve
prngramming that would normally b#-requlred to do this.
Naturaliy, in this application, this facility is lmperative_
as bi-directlonal ccntrol of the motors is required and the
directicn of mQVEment is an essential pgrt of the faedbaak_
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- loaps . Naturally this reduced.pregrammlng will increase the

"3: capabi11tias of the PIC in that it will not be requlred to

__ {P$rfGrﬁ the time’ consuming calculations that wculm
T'fﬁtharwise be necessany. -

'4JFor wse. Qf this madule, it must be emphasisad that the?'-V

'1npuﬁs’:are gene:ated by the module, but shéuld be tredted
as- dlrect inputs fof programming, and ars addres:ea,thﬁOugh
the’ rﬂspe&tive module location e. g.FIZ,c if the modulelis '
in slot 2 af the PLC rack. The. reset’ input zeros the P
internag register, it use w1th1n,the program also allo*“v\
for zeroing. aﬂ’the accumnlatzng word. It shauld be no ed
thﬁt*ﬁhe mnly?yR? to reset an averflow fault 15 to pow.r :
the " resat input. S _ftfw : : '

Ths inhihit input, not. “““31 ¥ use& within the programfff, f ;‘""'

& E‘i ) R

uxamwﬁ oo

gigiEJ3?§S 1y6dﬁle #iri@ﬁ'ﬁdgﬁigu:atiqhi
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APE‘ENDIX B3

FREQUENCY GENERATOR 1. 35 ?
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. FREQUENCY GENERATOR 1:
- DESCRIPTION & OPERATION

The génerator had to meet a certaln number of

~ specifications. Firstly, it must be able to generate a
jtwln SV Square wave outputp secondly these putpuLs must be
~ in quadrature (QG out of phase), and 1astly it had to

' span a frequency range from 1 Hz to over 3. KHz,

fThe bireuit:makés use- of'a 555 timer ¢hipp charaaterised*by.
o its. ability to generate & ‘square wave output with a
variable fraquaney., The. - principle of operat;on behind the _
genaration of a quadrature output iuvolves dupllcatlng this
sguare wave, invertlng one of the’ signals, and qeneratlng _
-twa further square wa"es -gRactly half the fxequency of the
farst twa, each related to one-of the first. The idea is
that the first two. waves, will bs 180 oyt of phase o
'cinvertedir and thus the second twu, of half the frequency,_
will ba 9n° out of phaae (quadrature} ~This principle is

;Tha circuin diagrﬁm iallcws later (see figs B3.3. & BB 4),_
Zwith a&l tha nanﬁﬁsaxy Gircuit protectlon, and with each
ah&pvbméaa ma&ﬁaﬂrﬁaa aeqragated identificatian. . -

wcapac;turs has been added across these -
ﬁfmﬁquancy range- switahing facllity giving a
_ i&fcambmnation wmth the potantiometer, as

1 (IpF) : 5.8 Bz - S6Hz
gorl2s (LAE) ¢ 61 Hz - 582 B
tqr ._3;-.' _c.._'o:‘t.,i@:t: 634 '_Hz_ - 540_0 Hz
utput from the 555 tlmer is channelled into twa NOR
ganas 1 8 7402 Quag 2 ;nput NOR ch;p, consisting of 4 NOR

gates? One gate is used to invert the signal and send it
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‘straight out for further uSE}"and another two are strung in
' geries to. 'beef. up’ the signal ' (otherwise unchanged) 80
'that the following chip can read it easily. This gives the
- two inverted signals required. for quadrature development.
-These two signals are then fed into a 7418107 chip
'compris;ng two r;sinq_edge trzggered JK £lip flops. By
;]autputtiﬁg a squave wave with its-edges triggered by a
r;sing edge input, we get a square wave exactly half the
.:freqnency of. the ilnput- form. Using the’ lnverted 555 timer
foutputs as inputs to these flip flops, we get two s;gﬁals-*
_*exaetly in Quadrature.

EslininEnligh

P e

TN EEa R | TOGGLE ON RISING EDGE

[

\ f.{; ﬁ:”;    #_ ; ; ]£_;~ | '?ngs':

| TosLE on RISING EDEE

”;‘?ig BB¢1  Aﬁhiéving3qﬁadfa§ﬁ:e:7'

-Wha prmbl@m with thls circuit was one that had bean

-ﬂaﬁticipated, i.e. the 535 timer does not giva a: corstant o a

uéuty ﬂycle {ratio of mark to space. tmme) over all
ffraque&ciasau The dlsadvantage of this 1ncons¢stency is
‘that the. rinal wave. farms will not be. in qu¢drature,_i.e .
.the kising edge of the second pulse will not fall exactly
| nalf way aeress the maxk gpace of ‘the first, as is.
"il&ustrated in the follawing timing diagram. o

e

© Fig BS.2 Problem encountered with 555 timer chip
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As this situation worsens, the lead/lag between the two
pulse trains becomes indistinguishable. It was hoped that
the frequency rage required of this circuit would not be

‘high enough to allow this problem to be too severe, this

~ risk being taken on the grounds that a more accurate chip

ﬁould_take time to identify and acqﬁirg;

S W

10nF -

i o

L_._ — - m— - . . y

7415107

'.@ig_tﬁ_B;-Cirﬁuit diégfam'f frequency. generator 1

179



Qi

66_

60"

55

50"

[, TN
o

ot 0.
25 P 2

kol

:!;

T

15

i,

. ¥

v §

3
g ~ ot e ry P
T

Hdr

=L

p———3
. 1

| <RGEH LU

T~




| APPENDIX B4
FREQUENCY GENERATOR 2
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FREQUENCY GENERATOR 2:
DESCRIPTION & OPERATION

The replacement of the 555 timer chip shown in the first
frequency generator circuit did away with the need for the
NOR gates inverting chip. The reason.for thié was that
this new c¢hip had a number of fuﬁctions that the 555 timer
did not, namely ah enable switch and two outputs, one of
them lnverted ‘The new circuit is laid out as in figure
B4, 1.

The operation-of-the ¢ifcuit,is exactly the same as the
first generator, with inverted signais being used to
gengrate a quadrature output From a twin fllp flop ehip.
Naturally, the frequency ranglng available form this
circalt was different from that obtained\from the first.
in addltian, a few: mnre capacitors were necessary to
'achiaga,a flui@_:aﬂge. These ranges were as follows:

capaditoffl*(16Qﬁ?J'g'4”éJﬂz 52 Ha
Capacitor 2 (BOAF) & 6.2 Ha = 62 Hz
Capacitor -‘3"-‘"{1@&?3 : 96 Hz - 943 Hz
Capacitor 4 {;ﬂE} 202 Hz ~ 1980 Hz
Capacitor: 5 m 1,11*) + 440 Hz - 4360 Ha

T 4
1;

Y
D |
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. Fig B4 ‘Bread board layout - frequency generator 2
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12 Senm Loop Parameiers :

B‘Bsolullon (A}

" Thisis lhe distance lhal the mcvlrlg part musl fravel to [ncramsnk the sansor
signal.

Tr_ilsgiv@s e ' :
N_ = .numberof pulsas per revoluﬁon{rotary} oruwerﬂmlangm of the sensar' .

. “flipear). - - . _
R L = useabwlenglhottha Iinearsénsor

B _ I Ihe case ofaltnearsansan the calculatlon ofR!sImrnediata
n _UN ' '

".ln lha casB oi a rotary encodsr. the posmon of ths reducﬁon gear i crmcsl B

ot

o é-'ecihivaleﬁt rﬁﬂucﬁun tatio e8ulling from the reduction ratios located

o).
: i mul casas

._',’._

-w : |Inaarvaloctly

- s‘ B3 dislauﬁeuavvalled
' e fmuem e
hg numharutincremén(sfuramven rnutm

o 0

Poa]liul‘l Gain L

The perrorrnance of 1he molmn sonttol system is usualisr wxpnassed a5 a
Iunclion of lhe posiliun galn KPOS N t

. RPOS = Wde

_de poﬂtiunermr T o

- between the erisoder and the [dadsarew pilch (aensor pnsiﬁbﬁ 8 wilh o

: Wf{h veloghly' ‘and pusiﬁon m:aasured at the same poinl nn 1_ha machlr:e__ S

systent.

KPOS : represems ths static gain of tha transfer funcuon whan npsratlng as
an open Toop, '

M the valoclty s ﬁunstar‘t. KPOs re*presenls the i 1nuerse value of lha llrna _ o

' requfred to carrect the pasit[un i expressed as 1fser:m1d

184



1.3 Pregigion/ Slabll:iy

Increasing the position gain KPOS improves precislon, rsdudng KPCS
_improves slabmty (the pracislcn -stabillty trada-ut?}

When the vaﬁau!e _speed diveis eu'riedtly ad[usted the perfbnnance ofthe
entire system ig gummarized by the following formula: _

- 4m’.KPOS.T~1

T ' Ui constant for tha vafiabla speed drlve!motorfmecl'lanlcsj drlve
. assembly, :
T - dsmplng o_neiiic:ent

The nve:mn 'ua[ue asa l‘unctiun rﬂ m ls

.m{damgdng) gar o emr 4
Example* o

"Taal)msandiheusarrequfresama!dmumouerrunuu%ormaomh. '
ThafaslﬂtisaKPOSVameofa e .

xPcs-1r4m=*r=1z{4xo7n?)=ao1o-;=1as' '

Frasaniaﬁon i i
| mkmmm T S
e SRR . outplk :
Ry o T L
. o Meilting "--_ > o
““’5 pece . T ooy Y inpuls

. -_,:éem~up1he ﬁetewnues . S _
o o Thisfuncﬁoﬁi% notaccassiblebytheuser. ltis uaedboentertha instmmlon
-+ -vaalues for eref « Y} 2nd vref = 1) s a function of the bvermi-and velocly
values specified by the “ser slong with the acseleration (ACCE) and.

- ¢ deteleration valugs. sat In the: conﬁgurailnn and ths velnaty modulation
aﬂlcisnt....-' : _ _

| scealing - EER - -
S - Qapandlng an the maimum velodw. distancs and resoiution, the module

 calculates the vaius of the scaling factsr KR {tha‘l is also refarrad tu as the
~ maching chaactaristic factor). '

a _ The uger cariactess aﬂnead]us!mantunhls factor (functian F8Tan the XBT
 tarminal) Yo sompensata for any [dck of pracision in the maching paramaters
e entarad tn the cunﬂgurahun (refer 1o Part 2, Sub-section 3.2},

B Lipuountwﬂowncounter

- Thegumofthe sensnﬂncrements glves the pasita:r[ of the moving oh;acrand '
allows anitoring of it mottnn _
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Presarl!atiort {conl'd )
'rvan g

Propomonal nain fac!cr _
' KVAH:sC KPOS UMAX

G cnnstanl : :
UMAX : the value of thg varlable smad dn\re rnstmctmn cnn-sspondlmg lt'f
VMM vnloclly (UMAX < QV} : . '

© Thedseruntersthe requlradKPosvalueinlhamnﬁguraﬂonandthemodula -
caiuulates l‘w corresponding K\IAH vafue. IR :

.Peaki.im!t!ng S SRR T A

. Thg LIM\! faclcr enlarad in lhe conﬁguratmn allows the usar to ad]ust thav N '
o authnnzad velacuy overrurr value. : _' R . '

5%.@ LIMV < 2{3% uf VMAX

’/

“: 7 ‘The teed torvard factor otiaviron compensalion factor e Sipressedasa
LT pergenkage. 100% corcaspuinds ta the valus that would complefely remove
. Ay pogilion stror at senstant veﬁwhan using a variauie speeﬂ drlve

7 without santiuoys eiror.
Whan KY ircrenses, the puilios.

daereasgs. however !ha rlsk ol an -
wvrmen including 'he risk of stap point overrun Is increased, .
‘ﬁaerjamra 2 comprafiise betwesn the two must be found.

M lﬂmnmas.mposiﬂonemrpms Ihmughaminirmmhwelandmay o
# gtmnge stgn whets PN inoresses. W

’"&ﬁlﬁ B angm vmtaga csfbemen +ov anmov. o

ie sﬁmwawaamres R Y

g,

- pragortional ta'the vatamty {KV) |
'_Onca qu nvp separa’te ad;ust é;s {KP@S and. KV)' hava been- mads B

.. peparptaly,he user will v the

: tlert b@lween prsdsion slabﬂny a spoed, -

L urctona:

| :'_':_j'.a{p} | U+KVpI100KF03}
C amﬂ,p} Tp’JKPEJS+leFOS+1

;;..

o I 'a(p) _ -aLaplaoe tmns{nrm ortherepreaamationo( lrue machlne molion
R - asafunt{’iicn offime, . - _ _

o eret{p} = aLaplats b'a.fsfurrn‘bt the reqlﬁred rapresantatlon of machine _
** motien a8 & turiction of time, {sefvo loop referencel.
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o st oral pmpurﬁonalactlonmxmmﬁ\ mera lsan addedacﬁcm. BT

tpusslbla enmpmmisa for the applica— o

- hasunting thal the varisble spsed cive I correcly adjustad the transfar' R



.3 Performauce Lavals
?'Erwr‘l'ransfsrruneliun '_ '

R TP e
_eraf(p) xpos ._m’“‘” W”"'”’ szmpo3+prkpo3+1

. This mmtionmll give the thearstics] avarage arror velies aﬂaratabﬂlsaﬂon. ' f'
- ag A function of the input s:gnai It is ﬁwmed that thera s no commnou‘i o
: 'Vanabre speed drive errar,

- Nebe s allufthsfonnulasaregi’ranhrmfemmly.meyaswmsmatmenﬁm -
1 system s periecty adaed.

Maﬂa lo asisp P arqv .}u'ccﬂstam
ﬂae(t},.:m -i«dév :

”._’__t-'-Jnﬁ:ﬁta R =
. B .Jeaalutfan : . '
- day :returned arror du_a x#} ihﬁanable s,:aed drive{')

':nespansmus:m? erafms.w {V = velogity) -

Lttty ) waow:«.mdev
-*Jnﬂmta KPGS' e

d&{!} P .'{I«“‘ 720 59 K. {1 KW‘IGO))+ds

'_mmﬁme e w* At

: g;tngv bty ;
.#mh k" w\i'ilaxm'mmwavalt:x:lty F’Q

S L‘

.3 -M.-_,emaznddegmfumﬂnn arefm-*llzm,‘
g i ura[jnn) | :

_-&w:thKVMGO- de(t} v T.& *Ha-rfav;, R
| g infinate mscjs B |

: !fvaﬂahle Ta le lnﬁ'uducedg' a:VWA n

o 72000
defy . H{i-.‘l-a- VMAX. }+ﬂev
{~infinate .Kﬁa- -.5-- 75*

it dew;..dgm ‘:?E‘M E Ly |
wm't h'H -smﬁcgalnotmmrandvad&bhspaedddvemembly_ R
dv(t} -mrmm&mmmmmwﬂaﬂawma :




84 Ganeral Pracadura

Gompleta machlne systam pe:farmaﬂce Is descnbsd hy lhe tolltming ap-
proxlmaﬁnn farmula

'W.KPGS.T ;-_1_ |

KPC)S = pnsitinn gam.

T umamﬂstantfurzhevanablaspaeddﬂve.motnr mecha‘.nicalpans
. - pszombly in secongds, .

mﬂ e stahimyfamar -

Kieniification mnmusas finding 2 numencal vaiue{ur'r 0 thatme user tan.
" pradict the parfarmance L the maching systam: anc[ chack that the ad[ust=_
. manin 1 opﬂmlzed for tha appllcaﬁan. _ _ .

Procudure S . : - _
S Sem:t an insirucﬂnn value with Hnaar evoluﬂnn pver t!me. tha slape ahouid
- e shch that the vénable Speed drive daes not hava o imltthe intensity.

+ Raed the true veladity Instruction (tachpmeter-génerdtor),

» Underthess sonditions, Tis glen by ana of the twa forrmulas shown below ;

Talt O
Tewp.
EETTY ] SEmeRAE—e——— T
.. _I .. . .g'"" ’ .'l C ) .
L ey |
.}*":' B ;
T -’ !
RaVMAW .
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'APPENDIX B6
PULSE, WIDTH MODULATOR



PULSE WIDTH MOIULATOR

'A.pulsa wideh modulator (PWM) is a commOnly used device for
'the control of servo motors- The device operates by
'switching g power supply at a rate proportlonal tc the -
voltage Qf_the_input s;gnal.,_?hus, a. small_analog szgna;"
‘ean be given to the PWM, and a source of any size can be .
~gwitched to produce the desired ﬁntput,-'The'main ‘advantage
iof thig’ type of amplifier is that it can cater for any
;input 31gnal; as it dees not use this as a source for its
output.. The prmnclple behind its operatlon can best be
vexplained thraugh a timing diagram. ' ' '

1 :-Mm'. -

&kh& pulse pericds are kept Lonstant, their mark :
is:tha prnportlonal factor. At hlgh frequenc;es, the o .
:;®é 9utput voltage is praportional to the mark tlme. ;;__?f"
”f:autput vnltaga can Be regulated between the “f_'"____ L
_:fyﬁhe above pulse’ train,ﬂwheré one of these llmits ff:.”:**-
inegﬁtlve and the cther positzve. ﬁs these llmits - :
"eﬁni:ely depgndant upon the reguiated power supply, the o
f'anqe is limitad only by the avallable source., -

g ?WM uirauit cons;sta of five smalleqacerU1ts, each
_&plalned below '

1This circuit takes a8 v DC load and reduces it tufa 24 V
‘e output. Tha 48 ¥ input mnst consist of a —24 vﬁand .
+24 ¥ pale.. “The result is a *12 V-output._ (see figure
'Bﬁ 2}._” ' . : -
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'f-_12-v.

dql
u]l_

wV e e

""rhe chip usad :Ln the ascillatory madulating ci.rcuit

‘ .Iraqumred an. ivput m.gnal in the xanga of 0. to. +24 VAs '
-'.-_:’e:ha input signal ranges f:r:om ~10 ¥ to +10 V, it :Ls o
-_'3'ne¢esaary to add a’ constant valwe td this s:.gnal in arder L
to b::ing it :Lntc the acceptibla range R

A;n adﬁing op—-amp (LM ’741) is useti to add 12 V to thm range o

w nmts ,pmduae an output rang:,ng %rcm +2 v to +24 V,

0

(0 tos24¥)

. Fig B6.3 Voltage adder
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An Lit 3524 ‘chip is used ta control PWM regula"ion Thf'i': _
chip is ered as below, S -1-24 V -

L 3
L, .

£
®

o | @ . __B- ou.t. .

B 0 O

. Fig B6.5 The signal driver :
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_'The invertor takes the regulated, modulatlng signal
 produced by the chip, bolstered through the driver, and
uses them to switch the output power supply between 1its low
‘and high states. It is the ratie of mark time spent in
 each of these. states that dictates the average output
_'voltage The 15 A diodes, as well as the 2N3055
- trans;stors are to be mounted on heat sinks.

+24.\

'fhi;iﬁf?'

- 0-— B1 i..n :

o 25|

R R Y mer
| e

)ngaoas SR S

B _"{f..Z£TTS§ 15iA [ 32 in

v

'Fig B6.6 The invertor

f]_A'péréon'cégééructingfsﬁch'a'PWM must take note of the fact

'fﬁthat there is a chlp available that performs the task as

”f?well, espechlly des;gned for servo/encoder loop control.

'-L:Thé paet Gf uhe PWM w1l1 be able to achieve the desired

- amplification fxom 10 V at 0.8 A to £24 V at 10 A,
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uninitiated

Almost every article in the technical press these days seems 1o
- mention programmable logic controllers (PLCs), and they all take it
for granted that everyoné knows exactly how they work. However, if
you happen to be in a plant where PLCs are riot used, or are i

management and de not always gst a chance to
with the latest technology, this article is for you.

- What i¢ programmable canirel
anyway? You are familiar with
‘relay conirol, Folay control s a
callection of contacts, coils,
_switches and Input and oulput
. sigrialg. This Ts how planiz or
" - machines Used lo be contrg ted,

and In many cases skll are, "he

cantrel function J5 decided by
the mathod of witing up thede
" glameots, and this syslem can
be thought of as wira-
-prograinmed, or wire-logia con-

trol (WLC). - .

+. What I alf these yelay olg-

ments are repliged by one

standard unit, which is- then

- connadted only fo the Input and -

" putput slgnals, and easy to
chiange coritol Runctisng are in-
cluded? Well, that s exactly

- what has been dong, dnd it is.

-. contepller,

. +@Graat, 1ot us siart using It!.

' Firstly, those input and output
sigrials should be divided into

. digital and analog signals, Digi-
tal are the op/off, highlow sig-

- called a programmatila fegio

. mals, which can galy have two -

values, for example, the slate of
& pumg, Analog signalz can
" have one of & ranga of values,
tor example, the temperature of

A llquid, Tn miost applicatione, -

bt ypes of signals are found,
A controller is therafore a

" methad of tking input signald,

combining them according to
sama 50t ol logle; and then
. -ansiering the result to the out-
‘put skynals, Inptt Sgnals come
fram pushbultons, fimit
switches, pressure swilches

And températute sensors. Ok
" put signals are sent to cons -
tactors, molors, clutchas, vaives .

or aven pllot lamps,
Wire-programimed logic was
designed from a wing of Jogie
diagram, and each. application
usually had a diferent cabinet
and internal elements. The PLC
however, i a standard mass-
- producsd unit, and smaller
size: vhe mathed of combining
the signals s wiitten info the

-program - memoty via a key-'

board, @a, Instead of wiring up

* m cablnetfull of relays, af that ks

needed is to typeina ta'_w state-

miénts. It Is even vasler to dupli-
cate this process if more than
one application is required,
simply by copying the program
12 the other PLGs,

- The AEC A020 PLG is typi-

cal of tha smallet standalons -

PLCs. It is’ compact, mainten-
arice fres and ¢an be pro-
grammed very quickly, It even
ctiecks tealf and will indicats if
there is a fault, :

OK, but how doas It work?
THe heart of the PLG Is a
microprocassor (MPU), not un-

like those fotnd In the IMB PCs |

that are commonplace today.
The MPU deas te calculating

“and the eantrsiling of all the sig-

ngls. To do this it uses a list of
statemants that have been
typad I, which 1s khawrt a3 the
user pipgram. 1t alsd has other

statamunts which are lsaded

when It J5 mada that handls the
managément of the whole
davlce, and saves the user from
doing alithe work, - o
- Thesa user programs. are
starad In memory, and consist
ol a ntimbar of singla control
statements, The capscdity of the
memaly is fimited, and is ayall-
abla In amotints of 1024 skite-

monts, known 435 1K of |

memory. Tha statemants defing
axzctly how the lacoming $ig-

nals must be combined to

achieve cerlain Gutput values,

- After processing the lust state.

ment the program starts &t the

beginning, continuing fn this -

cycls indefinitaly, _
* Thera is also another part &

- mamory that stores any inter-
mediate results. Al the start of

‘ihe program cycls a snapshot af
alllij;: 7

ara used for all the calculations,

and the resulls are stared in -

memory- too, uritil they are
transferred to the cutputs. The
value of limers and counters is
also stored in this memory. The
AD20 has 16 timers and 16
counlers. - o

Whaete can PLOs ba used?

The epplications cover a very

wide field. They are found

e Inpint signals §s Yaken and-
stored In memery. These values .

keep up lo-date

“Ewnbinaton T
Facrninal

™ "" ot

L] ’

Flgure. 1. cbqi-inﬁ water
temperaiure controller '

Typical applications include:
O cat washing plants;

3 pracessing machines;

0 ventiiation plants;

Q ransporting plants;

0 galvanising plants;

T Saiching plants;

01 tazile machines;

0 packing machines;
Eln\gashing- and drying plants: -

G wwal machines.

‘Can wa hava a simpie but

practical éxample?
Assume you hdve to contrdl & -
fan whare the lollawing situgtion
oustd, . ” :
The caoling water of an
angine Is checked by a
temperature senscr (B1) (Flg-
ure 1), When the temperature
firtlt i3 reachad the sénsor unit
switches on 4 fan malor {M1)

" pravided i key operated switch

{S1) is switched on ds well, A
imer unit swilches off the fan

- after 10 min, but only if the

sensor indicated a tempetature
fass than the limit polnts, .

. - 2, AND sensor BY

. 3.0R contactor K2 -
4, = relay K1
5. AND ralay K1~ .

1 B, AND NOT ralay k4
7.=  contactor K2
8. AND contactor K2
g, = timer K3T

10, AND times K3T

. {time reached)

11.=  relay K4

Figura 2. Ciroult disgrem . This can, of coursa, bo done
' BT
e
. ..' . 3 -—Kz o
1. AND switch 51 Ao

Figure 3. Loglo tataments

LA Ll [d e KT 7w 310X 0V
2A 8l '|s.5_m-la..\ W {1hx K
1,0 K2 (6o % (9. w wariees

Elgure 4, AG2D instructions

whersver thare is somathing
that needs 1o be controlled. Tha

- gpecialty of the PLC is the con-

trol by usé ol Boalean logic.
fungliews, and sltuations where
the gontrol logic must be
¢hanged often.

by conventional relay fagic, but
this Is only a simple exsmple,
Conaider the WLGC solutich first,

On the signal Input temminal of .

the controller there Is the key
aperated switch {S1) (Figure 2)
and the tamperalure jisnsor
{B1}. Cn tha outpyt termina) of
the contaller {s the contactor
(K2) of tha fan motor, For Ihe
signal ¢ombination, the logiz,
this control requires twe auxll-
iary rolays and a timer. “he nla



and r/c cantacts are wired up
aither in parallel or in saries.
The program is made by wiring
up according to the wiring
diagram, .

The realisation uf this con-
tral is only passible if, one aker
the other: o
[ the witing dlagram is drawn;
G the amount of élements
{relays, contaclors, tirmers) s
Q the wiring-tables and con-
struction plans are ready;

Q the =ablnet for the housing uf
the elaments and terminals is
available,
- Changrs In e functions of
. the sontroller have always
méaant change in the wiring
diagram and therafore in ih..
witing, and quita ofteri afso I
the lype of switching elements.
The pragramming of such a
control is done by screwdriver
and wire. o
- Tha PLG sokition i$ based
ati the AEC AQZ0. The wiring
diagram can be the same, i the
logie of the single curent paths
are transférred into control
stalements, the rasuils are as
shaown in Figure 3, Naw, this
gan be condensed inte PLC

notatien to give 12 short PLC
ure 4},

control instiictions {
. “'Thesa 12 control Instrue-
_Hons ara the bases lor the user
program, which will be writtan
into the pregram memory, The

program fanguage is stardard-
ised-{DIN"19230), According o

that a contral instruction con-
sists of an aperator and an
operaiic, Tha operater part of
&n instruction tails the PLC how
to combine v signals, =

" QOperators sre, for axaniple;
Q1A (AND); .
Qo Q(OR); o
0 AN {AND NOTY;
£ ON {OR NOT);

. Q= {retates to, thal means
. gwitch

onoroff).

. The operand part ¢f an in-

- struction tells the PLC whigh
signals will he combined. An
oparand consists of an Index

- and a parameter, and the AQ20
" formatis shown in Figue 5.

To ailow the controlier to

handié the 12 Instructions, the
operater and the operand must
be written in a way the AO20

- egn understand, Al first afl
aperands will be tolated to ter-

- minals, or to Intarmadiate
siotage ragisters (Figure 6).

-~ To wiita the prapared pro-
gram into the memury of the
AD20 In the form of an instuc-
tlon fist, a programming unit is
needed. Ta do so any standard
data tarminal or printer with
kayboard wilf do, provided they
tave a standard inlerface. The
interface is required 10 connect
the pregramming unit to the
AD20, It Is only inportant that
the requirad Intssfase daia of
such @& davice fulfilis the re-
quirements of the AD20.

And this really works?
Yos, and an impariant ad-
vantage of the A0 s that the

complets pragramming .and
handling intelllgence is pait of
the hardwars. .
_Undar programming in-
teiligence is understood that the -
controller alreacv knows all op-
arators and operands with
which to do logic control, such
as: timers, counters, Jumps and

. — ~
Aelybes by Dutsl

“Figute 5. ADR0 instruction

"ymat -
Kay-uperatesd
“sWitch 5
Tertipetature
“gansor
=
alay -
Timar
Contaclor

1 =lput 11

Bl
K1
Kd
K3T = timet

sinpwt 1z
=Int points. M1
aiﬂtpﬂ;ﬂlﬁ Wd

Figure 6. Input and output

signats -

Cenakaligs [ Guipet
Jomina | tepe

—ln
x
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. Flaure 7. The program

logic commands. B
‘Handling Intelligence means
that the nacessary furctions for
the didlogue batween operator
and contraller can be given via
the keyboard of the program-
ming unit in the torm of charae-
. This handling system quides.
the user by dri‘glosgue batween
the programming unit and con- .
troller, An Important part of this
saction of tha firmwara is the
checking of the rght functional
cadurs, That means chack-
g the inplt sequence and the
proper Input of operation and
operand. Handling etrors will be

.indicated. on the programming
u' .

un : o
. But, bagk to the axample,

You have written the program : .

for the fan control and also re-
laled fhe operands 1o the terml-
nals of the AG20. Thal was fiart
of tha deslgn work, and is now
finished, All that is left s the
wiiting -of that program, the 12
instructions, info the controfler
(Figure 7), At lhis stage you
should be thinking to yoursel
that PLCs arg not that complax,
And you are right! What you

. should row consider is a proper

training ¢ourse, available at
mast PLC suppliers,
607-16-02 sarvice tyupon

. lers,

Tl
K2 moutput- Q1 -

PLC offers networking capabllity

Sgquara D's SYMAX Modal 50
¢an ba programmesd with an
I8M PC using SY/MATE solt-
warg in additfon 1o its own
handheld programmer. The unit
5 also compatible with the
SYMET LAN for communica-
tion with other SY/MAX control-

The UL-isted PLGC % in-

-iended for applications tequiring
¥2 or mora- IO and can handle
up to 255 VO. Plug-in mémory
packs with 1K or 4K RAM, 4K

x| f

PC 'p._rbgram ming

R Ts tiow pogsible 1o program
“both versions of slectronic
Fasto sequonce contrals {the

- Step Oontrollar and the EPC
" 101 19" plug-n card), not only

with a plug-in programmer, bat
ko with a PC, using the simple
métrix language. Fests can
supplr the necossary softwara
from Its overall FST (Festo Soft-
ware Tools) package, _

Inputs and. cutputs are pro-
grammed with 4 X; 0 of 1, Each
slop ¢an ba assigned & timg
and a monltoring time

(watchdeg), as well as addi-
Hona

furctons such as jump!
and ‘Yloop’, and tha output of

taxte Via the seral interface fo’

displays or printars. The 'stap
magnifiar, a window system,
allows sach stap to be dis-
playsd at Increased size and
pravided with statemants dnd
commenis, _ -
Tha advantages of PC pro-
firamming are menu-guided

“EEPROM or 4X EPROM we
used, This allows users to send
prepragrammed meamory ﬁadss
%o a job site lo accomplish pro-
gram changas.

Other features are; 4-
function maths; synchronous
shift ragister commands; tmers;
counters: relay logic functions;

analeg YO; simple progam da-
velepment in Boolean-larmat,
' Tha Aulomation Foundation

of PLCs

programiming with ‘help’ fune-
tions, the Tacliity for tha pro- -
gramming of EPROMS, archiv-
Ing and dacumentation, fast
‘cammissioning and lesting, and
m retrofitting of exising eon-
: 5,

The method of carrying ot
the simple programming of a
sequence using the plug-in pro- -

- .grammer nonatheless rémains
attractive, offering the ad-
vantaga of the teachIn mode
_and ¥'mple standstif diagnosis,
. the conlrols cari be sup.
plia_d';aaasemh!ed In houslng,
‘including. power supply unlts
and terminal strips for inputs
and outputs, Preassembied
solutions ¢an also insorporate
&én interface card, This card car-
ries intaprated solencid valves,
which do not require tubing con-
hectians, to act g5 9n Inletface
W the preumatic systeni.
: _ Fosio SA
607:21-05 servize coupon



Bunalng rius, Co*mputérs
and workstations

There is & move afoot to make changes in the packaging, architsc-
ture, and support of mid-to-high-level programmable controllers to -
~achieve a higher-level industrial control appliance.

. The lower end of the program-
" mable controllar (PLC) market
has become increasingly domi-
nated by compact, low-cost
units that embody the concept
of an induslsial control ap-
pliance - a single device dedi-

 cated to performing-all the lad-
dét logic contrel functions re-
quirad for & $pecific appication.

Medium to large PLGs, on
the other hand, are tl_'t‘;j:a]c.istlly_'
eornbinec with industrial com-
puters, indusirlal wotkstations,

. and losal-area networks.

(LANs), as woli as third-party

- and custem softwere packages. -

Each iz optimised to parfaim &
- particular function. But when
these devicas must share capa-
bifiles = ke dalabase access
or controltand semmunications.
- —the resultis oifen a less-than«
ideal solution from the stand-
. point of both cost and per-
‘formance, - i

An extrems, though nat tm-
realistic, example is an applica-

tion requiing a PLGC parforming
Taddar logic, linkad Y an ASCI
. Basic module, iviked fo an In-

dusirial computer performing
. vonladder logie control and
other functions (M!S, data log- -

ging, etc}, linked to-an industrial
- warkstation o1 other man-
" machine Interdats devica — all

.- connected to & Jocal area

network (LAN). lh this cade, the

usor must link as many s four

- differant hardwara producls —
each with lts. own channel of

. support. In addition 1o all of this,

the usor must deal with the mul-

tiple sourcas af software and -
softwars support that may be -

-reguired.

Bundling PLC, computar;
anid workstatlon -
There is a move afcot to make
changee in the packaging, ar-
chitecturs, and support of mid-

to-high-level PL.Cs, The diving .

" force behind itls the deslrg foc 2
higher-level indusirial control
apr_iiance « & single, Integrated
unit able o perform mast, if not
all, of the functons that mid-to-
high-level control applications

‘demard, . - . '

The new wiils combine the
tradifonal capakiilities of & pro-
grammable controlier, an 1O In-
terface, an industrial computar,
and {when approprate) an In-
dustrial workstation for man-
machine Interacs, They fully in-
tegrate lhe control, cormunica-
tions, information processing,
and opetator interface functions
inte a single controt platform,
Examples includa GE Fanuo
Automation's Gimplicity/GIMatar
DX, Alien-Bradley's Pyramid {n-

tegrator, Vivid Technology's

L[34000 Integrated Logic Con-
troliar, and Nematron's Uitra

. CIM. These can directly com-

municate with traditional PLC
temote HO and/or emulate a
PLC, and can support displays
:'nEdTne:wock_s' - typically DEC-
. The units ans dasigned for
applfcations requiring bod a
PLC and an Industrial com-
puter, and provide maxinium af-

© fieiency when a dlsplay or o
- glor nterfaca device (le anpgt

dustial woikstaion) Is also fé-

Haking the marriage work |
“With scanner cards, an industri

al computer can communicate

dirgctly with PLC remate VO
- without the need for a PLG -

OPU, Allen-Bradiey, Modicon,

" Texas Instruments, and Gener-

al Electric (via GEnius YO} cur-

‘ tently offar these cards comt

effectively and economically

- achieved. By locéting all com-

putational elements logathet
both aconemy and perfartiance

" pan be improved.

Advariages of this agproach
include: - .
QOreduced number of devices
raquired; - -
Qa univarsal, Intagrated gro-
grammirig panel;
O built-Fa operator Interfaca;
[ indusirial-grade mass siotage

_davicas diractly accessible;
" Qapen archilestute stpporting

third party hatdwarg and soft-

ware, -

0 compllance with da facio
hardwara and software stan-
dards;

-Q replacement” of many hard-

vired camponents such as but-
tons, lights, qauges, and leop
coniroliers; '

0 compatltility with installed

mercially; other suppllers may. VO,

provide them as well. As an
aliomative, remols VO proces-
sors, such. as Transition Tech-
nofiagy's TransPort [/Q,

Digitronics Sixnet, or Action In-
stument's O PAK, and Oplo
_22's Oplomuy, can be linked In

muliple combinations diractly to
the conipwter's serial poit to

1 supervisoRry |
“VsySTEMS

|BATEMANEENIII]

| BATEMAN PAOCESS NS‘I_FIWD\I'IDN 1sareny

| AFE7 BLCON/ ORSPEC |

507-13.01 servics coupar
provide copracassing functions
and 1O signal isclalion.

When they are used with ap-

. gropriate software packages,

fuch as thé Flo-Pro Flgwchart

Programming System {Univers

sal Automation), 38-Ladders
{Wizdem Systems), or Relay
Lagider Logle (Burr-Brown), in-
dustrial computers can emulate

“the funclions of a PLC while
j:orwiding ganerally highsr per-

rmanca, -
As Indicated before, simply

amulating ot raplicating the PLG -

GPLI's furictions 15 not encugh.
The key is 1o b able 1o ink the

RLG KO database directly and .

gfficiantly with program running

an the induetrial compuier per- .
- {atming hén-traditional PLC

tasks — as wall as laddsr or fow
logle, By sharing a common bus

ard memory, this can now be -

0 greater cholca of application-

- spedific hardware and sottware,

This architecture fills a need,
and will probably bacome moré
popular with tima. it integrates
several items that work much
batier together and apart, and
has the prospect of driving
dewn the costs for Users,

- Noemairon Is reprasented in

South Alrica by Genwest.
607-13-02 service coupon °

Industrial workstation

T L

‘the Series 100 workstation's
fourdine, 20-character-per-line
display and 20-position keypad
imiaka it easy for plant-floor ap-
grators to view and change PLC
selpoints. Tha unit can also be

set up for alarm annunication,
recips eniry, report printing, and

 other operater functions, -

Powering the Series 100
workstation is an 8032-based
milcroprocessor running at

‘11 MHz. The ynit provides 8 k-

bytes of buili-ln non-volatile
memory for storing up W 160
screen files. Memory can be ex-
panded to-24 k-bytes for storing
up ta 300 screens. The
-] emory madel also
fantures a réaltime clack

. Users can connedt the
Saties 100 workstation ta PLCs
viz ts AS232 seral port. A self-
powered RS422 converter is
avalablo as part of the worksta-
tieii's connecting’ cable, Alsa
fegtured are RS232 and paraliel
(Cenlronics-compatible} prnter

mt. "
The Serles 100 worksta-

~ ‘tiop's display area measures

78 mm wide by 25 mm inch

. high, lts sealed-membrane kays

provide audibla and visible
fagdback, Alsa on the front

" panel are LED Indicatars for

_ 'ﬂ'-u'l-"l_JFau-l-t". ‘Alarm’,
K ‘Communications Active’, and

board’,
... Gast p aluminium, the
Sottes 100 workstation s
sealed lo maet NEMA 4/12
standards for dust-ight, watar-
tight eperation jiy harsh envran-
fments, It can maunt in a NEMA

Jinks to most PLCs
“and becomes fully
operational in less -

| than an hour

Built Int the unit re communi-
cztions drivers for PLGs |

maniufactured by Allen-Bradiey,
General Ejeciric, Madicon,
. Square D, Texas Instruments
and Westinghausa, : '
. Nematron provides the
_Series 100 Workstation with
" inenu-driven sonfiguration soit-
ward, which runs on an |BM PC
or compatible, and eliminates
the need for ussr programming.
The' soitwara's fil-in-the-blank
prompis ensble a ussr to salect
the PLC model and memory
siza; setup communications
- ports; edit descripions of regis-
ters, Hmars, counters, contacts,
‘and coils; save, retriave, list,
arid erase files on the PC's disc
drive; transmit Information lo
printers. connected to the PC;
"and download all entered data
to the workstalion's memory.

412 encloaure with a cut-out

"~ and four serews, The unit

measuras 280 mm wide,
150 nirm high, and 50 mm thick.
It weighs 1,6 kg,

Newiatren pionedred the de-
velopment of rugged, low-cost
industrial ator interface tor-
minals, which it calls Ingustrial

. Workstations. Nematren's pro-

dugts range from relatively
slmple display taminals to 1OM
PC/AT-compatible modeéls with
high-resolution calelr graphics
eapabilites, Ovar 20 000 units
arg instaited on plant foors
worldwide, Customers Include
some of the b gost automoative,;
pelroleum, chenical, steel, tex-
tile, and food-processing com-
panies, amang others.
B07-13.03 service coupon



FLU-Dased sy

energy costs by 70%

A new lighting system, nstalled
- in electical angineering offices, -
and controlled by & Spracher
" Schuh Sestep 390 program-
mable logic cantroller, is provid-

ing an enényy saving of 70 io.

80% over conventianal offica

lighting, Thé "movemant..

degendent llumination system’

wan the coveled enargy-

consarvation Prix ‘Eta’,

awarded t¢ the originators,
" Herzag + Krull, '

The new system has met
with astonishing success In ap-
.plications whare farge interiors -
must be illuminated to maet.
widaly verying usagi pattems.
Typically this dernant! Is experi-
onced in sales rooms, éxhibition
halls, museums, werehousas,
undargriuind garages, passage
argas in holals and generally in

;mst publie or Industrial build-
ing Mabinbil

achiowed by the optimisation of -

light sources tombined with a

subistantial reduction ir llumina- -

- Hon-time:

Light sources are sptimised
- by the combinallon of base -

Tighting and accentualion light-
i‘:?«. Basa lighting i= fuorgsaant,
with 2 high. itludiination yleld,
and infinftely fequiated by’ high-
fraquency baflasts. The com-
- plomentary aceentuation ight-

}:E gonsists of Tew-voltage

. halofun spot lamps.: In exhible

~ flen and sales areas in partcy- -
- iar, this credtes a plessadt, fndl- -

* vidually variable stmosphere,

- Sprecher + Schuhengihesrs ine -

stalled a ribbon cabling system,

T & the coiling, a5 a ragulat gid,
. s Watlights could be art -

“and te-simanged, in any desired
* o she system is s Oepéndence
¢ ol movement, Tnfrared

- fotesation an visitor fre
- Om the detectian, by the

- sensofs, of movement, the PLC -

toms on the operating System
© - and tha llumination i raised o
& -presprogrammed fevel, I no'

" further movement Is detected -
" . within o defined time, the light- .
fng iy that sectoris turned o In -~

-additicn 1o energy saving, this,

_system can be uged as a-

strveillance systocrm,

_ The Spracher + Schuh

Eqstep 330 processos informa-
Waa trom the infraned movement

%, . o i
" Thehigh ensigy savings are.

Steirt CUis orrice -Iignt-mg

sensors.and controls the fight-
Ing of numarcus, differanty
structired sectors, secounting
for tha differance batwesn large
arads and passagi Zoies, the
incidenca of daylight, pause of

The Sestep 390 lighting controller

night cperation, and #itis being

-used in u secutity application. -

[ PLCs alitornate aluminium producer

d senaars

- Tha camplately. upward and
downward-sompatible Sastep

-family of PLCs plays an n- .
creasingly important role in the . -

* solution ot sophisticated indus-
trial automatic conirol tasks, .

Dopencing on tha performance
roguiraments, different contrel
ler tizex are avallable, fram the
modidar compact Seslel 280 to-
the high-perforniance Sastep

- 680 which can contral compleX.

Sprechar » Sehth
S (o1 4038022
6072003 service coupon

watér pollution contred systems.
are maléd 10 programmable
conirollars, S
The 50-person ataff splits
the timé spent working with pro-
grammable: controliers between
installatin of new systems and

" raplacement of the plant’s exist-

ing controllers with Squaré D
_ units. The existing controllers’
ware made redundant by sup-
“plier, and their new model
wolild not run the ofd programs.
-. The Square D controller was
chagan for two reasons, the
ecommitmant to compatibility
- throughaut tha preduct line and
the sarvics suppatt, E
-The stafi have ali ahtended
2-day training eoutses 'and do

- afl the PLC progranming. in-
©hougs, - . .
... While the company inlends’

19 continve expanding the
planr’s programmable controller
systems, thelr approsch em-
_phasises r'aligbility: For exam-=

P T

- Newhsra in North Amierica is -

_ hore alumisium produced than  §
4t the Intales Alaminiun Goma~ i

ration. Intalco’s sprawling facil-. 3

Ity ahurns _out 262,000 ¢ of

- aluminium annually,

" "Foca] polnt of tha 23.year-  FLRY

- oid plant is & seres of six long,
narrow bulldings riagersbiing
. oversized chiekan coops, These

buildings &ontain the pollines -

cansisting of 720 elactrolytls. 3P

tally each cing mero B

paltern. -~ [oc. . alonof mokten aluminium evety
The fundamental inndvation ] :

A vishr 1o the plantn 1080 ¥

- Whé ralurnid today would not -
scay gt drgas and supply fm
Lisney,

riotlice immediately the over-

- whelrning changes in the plans | %

" oparations. But throughout the Gt

plaol, older,

~than 70 programmable
- oonpoler-baged systems,

‘as part of a -major piacy of

_ _equf;nanx purchased irom an
aulsade:'t.‘lgpliar.
. An of

casting machine, The manutac-
‘furer produced the machine

.. With a programmable contraiiar,

- rathar than the vsual rafay
board, Proving itself on that first
plece of machinery, the -pro-
grammabla cantreller has quick-
ly found its way into virually all
ot tha plant's key oparations,

- Those eperations begin with
credling carbon eléctodes used

- & lransmit the intense sfeclie
Gurrent (140 000 A) inte the
pots. With one aof sach pats 18
alectrodes reguiring. changing
daily, Intalco's electroda
manufaciuting process is. not
nearly as large and complicated
as the smelling process itself,

- fronically, though, the: facd-
-ity’s first programmable control- |
lorwas Introduced ints the plant

r was placed for a-

,QQU}F?I!EBI is-opera-' A
- fing urider the control of more,. |

~mataf

i the pollines, each ol the

48 granas that seprice the pols
has its own. cantrafter, Those
sranes are of J & add alumina
{pulverised ».d chomically ax-
- tracted from haugite) to the

pats, brgak tha ciust that forms

on top of the malted metal,

change ¢lestrades and ather

-

“génaral sefvice funclions, Inthe -~ -

casting house; where tha liquid
aluminium is fermed into vari-
ous shapes and sizes of Ingots,

many casting pits and saws are -

controller pperated, And finally,
the plant's. extensive air and

_A!mil;lum"l smelted In 720 ¢i§e!ratyil£'eeiisﬁ_'hnhsgd' In sI‘x
“bulldings tiat Torm the heart of Inlaleo’s facility, Eacti pot-
“raquires # constant slecrle current of 140 600 Ao llquify tha -

_ ple, T the earboin slectroda pro-
duction area, the 23-yearold -
. hard-wired panels sre replaced
~with 12 pregrammable conirof-

ler gystems, Although functions
handled by the panets could ba -

* managed by fewer program-

mable controlers, Intalce dis.
parses lasks across more con-

trollers lo provide greater over-

all dependability, _

. This task-specific ph 'zh';
ensures a 24 by a day, 365 days
ayeat saleguard, -

The Automation Foundation
_ (a11) 493-628001/2
607-19-03 sarvica eotigon



L. ylwean | the plant flocr PLCS and
. -Bradiey PLC-B ﬂpmmssors used’

~ Pyramid Integrator improves control
of continuous steel casting brocess

| The ma]or industry growth sectors adoptiig automated manufactum

as a splution 10 ensure future survival are forécast to be automo-

Hive, electronics and machinery. Howaver, the first UK company 1o
utilise Allen-Bradley’s Pyramid Integrator is not in one of thase
~areas, but at Sheerness Steel, which perhaps indicates how
' process- me:iustry management has a better understandmg of the

. benefits of awtomation. In the process industrigs, companies cannot

suwive wsthoyt automa’uan as their managers hava understood for

‘many years, /

- Sueetnasg Steel is s 3

750 000 Ya pf bcﬂJcer of quality
" »rofiled steel, in bar, rod snd
billet form, using Tecycled serap
- fram car crusting plants 45 Tis
feudstock,

The Shesmess Steal plant
on the Isle of Sheppey was
designed and equipped o pro-
duce high yield, quallty assured

- but low cost steal to meot the- .
- demands of today's in!ema~ -

- Honal markels,
" Gommissioned I the early

" 1970s, tha plant has bean at -

“the forefrant of the application
of the computarised manufac-
. tureofstesl, .

C 0 'The regent Installation: of &
dual A-B Pyramid fntegralor lPij

o _,systam there has ensbled the
N iV 1o achisve hatter con-"
' ’trbl of Mg~ tuntindous casting

- pprocess, intagrating data be-

supervisory levisl computers. .
Utillsation of the Pt cancopt
Integrate -all. process and

o

. b matiagetiant functions is partof

“ pan ovetal statagy & climinate
plant floor manual data entry
;and make the whole syslom

. multivandor comgatible, Ir-.
;rEspecﬁce bt hardware type (The

TUBM, PDP or VAX), An Blés.

" tronic data interface. for
“sustomer order entry Is slso
plarinad.

o The scrap steel is maltad_."
. _and risfined In two slectiic sre.
furmaces, rafed at 80 MVA and

. 48 MVA respectively, and a 95t

tadle fumace, Two d-strand -

. casters areusedforﬂmnm-

_managed

- highways and intarface wnh the

two Pyramid Integrators which -
serve primarly as compraben-
sive gateways to the Etheimet

“LANS, [ this way, total commu-

nication across the antire
‘concast' process netwark is
pravided the llnes being.

cestor, _
Information pruc_essor :

. - Data is uransmilted between the
_ fouridry and main.administration

o block {from the Allen-Bradiey

A PLC-230Ys used in the ladla furnace whéfa !Iqulﬁ s!eel
undergqes sacondaw ;raetmaal prios 1o cast g .

Hinwols ﬁshng progiss, aach

fine having a Pyramid Iriegrator
lnterfaclng with the five Allen-

1o goyein tasting on that line;-

" Ona PLC ls.affocated o each |
strand, controlling il oparations .
speclﬁc o the casting procasy,
‘$uch as mould 'tj:scil_!ation,-.,. C

~atrand speed, cooling,

“the. Secondary 1urnace ko.-‘
‘achipve the recuired steel qual
ity and compogitiun belore .
baing passed & g?ae cashng'."-'

moukds,

“All the 'PLouﬁ sit up data

compkiy calculgtions and

- MieroVax inferination processor

within. the Pyramid [ntegeater to

- *he VAX 3300) using fibre
" dpilcs, connecling at ¢ach and
o Ethemateable, .

‘The unlque flaxibdiy nf the

. Pyramild Integratdr, which !yr
- tally eontains the MicraVax i
formation. proltessor, a PLC-

§/250 programmabie: controler

© and a configurable visian inpu . -

- moduls {although only tha- -
MicroVax informalicn processor

1§ used at Sheerness, 10 im-

- prave throughpul and response.

timeag) n a single chassis,

) . makes i ideal for the 'concast -
. process appllcation,-

‘The MicreVax information
‘processor modula provides softe

- ware utilities for close coupliri L
batween hardware and softe .

ware, from sha plant floor 10
contral information

ng, . .
~itds acmiditasking, multi- -
" programming compuler pro-

cassor capable of péiforming
* hot mlling

bravaxaaoo pro~

stock s further pracessed by .
fo formt ‘the reinfore:

stralghtaning and flame cutting,

fitth procegsor on each ling

is employed for. ganeral pur .

poses common 1o &l four - .

Afrands; such ag’ !amperalur& Lo
“Addiionally, & PLE-290 1§

used In the tacke fumace Whets - .

secgndary traatnient prior

casting, Moltan sieel from the - h
pnmarymeltismnmrtremadin e

ey
T

‘liquid stesl undargoe 'z C: _:. .

sUparvisory Rancgons.

Programmable ¢anteoller

-data. I8 transfated by the i~ -

forration ssop mogule 1o

o procs
~ the higher level VMS format
vod by the DEC MicroVax

,mputer and- back again

‘ﬁmugh a shared msmory imter-

A{ace. Faalures include & M-

- -bytes of RAM, ang. DECnet/.

- . Ethernst port &nd a lour~

“ghannal RS232

At Shoarnesspusnteal the PLE

* 40 table is inpotted 1 e T

legratar eyery hall second with
g rasganse within fess than

100 sns.. i revlired the speed of -
_ the data throughput covld be in-

ereasad qvan further. -

Management infarmatlun
Froject-managed by Scomagg,

-.ofié of the independant

“paling In the
. Pyramid Selutions Programeme, .
" insiallation of tha system was.
© - completed within two waeks
- and without the loss otany pro- "

ies partici-

drgineating. <o
lignsBradisy

" strucliﬁnsi fi

- level
- trof and managermant.

ing Yu's, coiled rod, merchant
mur&gi. angles, ﬂaé; ?nd ;:th:r
seclons pradiced by the plan

- In the bar mill, control -and
management of blﬂel re-haating.
‘W mere than 1000°G, delivery
_of billets to the mill and the ..
speed of continuous Telllng s
lae,ll&tsd by the yse of PLC~
procassars. In-
inpyt by the
“fUrnacs operatot ot the DEG

-.Vax lavel and lransferred by
“>garlal fink 1o an Allen-Bradiey

PLG, Extensive refurbishment
of the rod mill currently laking
place will enpbile similar use of
PLCE:do achieve the raquired
2t rod -manufacturs, con-

For more informalion on the
Pytaimid Inlegrator gancept con-
tacl the Jocal agént, Flaxible

" Aulomation Sysiems, at tels-
phore (011) 887 0820/1/2 via

- the service coupon.

60?, 19-02 service coupdn

A \mde ange ol inforrnatinn '.
1 now available to Sheemsss

. Steel as a result of integraling
- the averall system, giving man-

agament rauch tighler-control of

- thg business, For Insiance,

casier performance, maigrial

T teaeking  hateh idnatifieatian



~ Charcoal briquet maker improves productivity ~
~ with PLC-based interactive automation

* The expents at the Kingslord Products Company récently joined in the deslgi of
-autornation improvements 1o thelr charcoal manufacturing facility. Kingstord

wanted lo improve quality amd increase the productivity of its Kingsford Charcoal

. briquet plant in Burnside, KY, USA.

 Kirigstord uilised the experiise
- of ks own gmploypos, oaliing

upon Bumsidy's equipment gpe

eratars and anglneers to bullda .
for new sutomation

foundation
_ systams and equipmant,

. Thelr-waork cama to & cilinax
‘late: st yaar, when durng 2 10-
wook shuldown mare than $6

“ miliion In imorovemants were

frslallad In tha facillty. Included
- In tha lmpravaments was & can-
trol systom bacedf on the SY/
MAX :;Lr:gramrnablo controllar
fami SerasnWeare?2 colour

graphics software, Thase bm-

- provaments gave operalars
grealer cantrol over tha briguet
manufaciuriig pracest whilt in
£teasing praductivity, -

Abelleridea = - .-
* The arigin of madern ¢hatonal,

ke modern automalion, tracas

Iis roots back ty Honty Ford. in
the yaars prior ta 1820, Ford
operaled a sawmill In the wood-
lands around iron Mouniain, M,

to make woodan parts for the -

Madel T automobille. Ford saw
the growing piles of wood
scraps, and lell thero had 1 ba
awey tousethem,.

In 1821, afier raflning a
method (or uining wood chips

" inte charaoal briquets, Ford

uvponed his Tirst ¢harceal
manutecturing plant, E.G,

' alors wara asked: * :
nead to know frem your equip-

Kingsford, who owned épe 6f

Ford's eafljast automobile

doslarships and was distantly
related 1o Ford by marriage,
_:;las Eflla‘art named Manager of
S bl dom,
A s?i?a: of acquisitions and

-aquipment transfers svolyed

Into the prosentday Kingsford

Producls Company. Today, the
Kingsford Products Gompany is
recognised as he leading char-

coal briquet manutasturar in the
USA, A Fortusie magazine sur-
vay rasently tdentifled
Kingslord's briquots as ono of
tha "100 producls that Amariea

-makes bost, - .
- That ¥ind of tradifion fa -
) -:aun!itr translates [ conEUNDI

emand, and In Kingsford's
cask tho pieed 1 Wcrease lha

. productiviy of the Bumslde

plant. With the plint operating
24h rﬁr day, tha putchase- of
additlenal equipment was a
loglcat starting-ptint. - .

Paul Gundiff, a plant
enginaer, notes; “Wo fracag-
nleod it 1o achisve our goals,
we had o integrald the various
stuges of our produsilion pro-

- 888, Tho whole piant, pevple

antd aquipment, neaded to oper-
aleasaynit - .

Bolora nnylhing was on the
drawing-board, Kingsford opor-

ut do-you -

ment jo-'do your Job bagt? The
answeors comptised a plopdse.
“contral wish list - {804 ratos,
. epoed rales, fomparaiures and

praseured, tronds, (avals, the

gtatus i mailerlal handling

otplpment and the siatus of ins
terdapendant aqulpment bp and
dowrs the line. :

Intéractiva production

Assistad by aquipmey pur- -

chased from a Squére-
kibuter, Kingstord took whal ap-

orators dasignad and, 1650
. 1ungs of ladder logic ang 3300
 latar, gave it to themina

Plghly interactive SY/MAX con-
trol cysteim, '

Thvtng SYIMAX modal 700
programmabla coplrollers, & -
SY/Net Ioval area network,
SerobnWara?2 goltwara, thrae.

sY#/lew worketavions, and

" gaverdi 1BM PCIAT-compatible .
_gumiputers, provide oparadgrs

and gnginears with a hend in
the manulacturng process they

-did not have belora. The SY!
- MAX gysloms, along with riew

wood drylag, briquet drylag,

conveyor and packaging. ecul;r g
Is

mant,-complotas he set of oo

Kingsiord neads to improve pro- -

-

D dise

duciivity, .

Trucked inio the plant from
area lumber mills, wood by~
praduots continue lo be iha

" maln raw roatarial In Klrigaford's

ghafcoal briquets, The
manufacturing process begins

-with the loading GH-ood by~

produdts an & cenveyor that

“leads inta the ratort aten, In the
ratort asea thy wood by -
‘praduets are deled throogh
heatlng In & new rotary dryer, -

than tumed inte diar, ot car
bonlged, In the controliad en-
vrohrdientofarelort,.

The startup and shuidown
spquansas of the rotary. dryer
ond retort fond systom &re ps-

pedally fmporiant, The cantrol

gystomm is st to respond to 5§
dilfarsnt alagm painls. o

in hir hrigqueting area, In-
gredients that Include cher and

-a stare], Mindor sre-blanded and

prossad [rito the familiar briguat,
‘The SY/MAX systemn regulates
the mixlng bf the Bindsr for the

charcoal blending procbss,

Onee the briquets sre

formexd, thay are moved by con-

veyors Iit6 a dryer, The prida of
the Burnside plant i& & nev;,
morg atiialent Yriquat diyer,
Here briquets are drled at a
controlled rale o ensure they

. prrriorm to sonsumer sanslac

tion, L .
Explalns Lawy Recker, Bri-
gueling Managing: “We must

“have control. \g ensure that all
‘our briquats are precisely and
uniformly ddad, and so that aur
- oustomers are complately

thalr pear-

saticliod with

formance,” . -

A EYNRw workstation digs

plays sereens that detall svanty

- Toading ug ko, throtigh and past

the briquet dryer. Equipment
diagrams on tho sctoens

nge colour fo 1ol operators

chs,
'l[::z]r staliz ~ graen for oparals

and yellow [f not able to ofi-
erale 55 intended,
The conlrol of temparalirs

I the zones thiough thermon
couple inHins is of erllicel Impor-

tance. Whon he tempsraiire in
a diyer zone réachos a danger

polnt. tha zone Jurns red.on the
. SYMew-monitor, lerting sper

afors to take action, The mator
currents of fans ara displayed
and the o

br_lﬂu?_t :g:gd wfe alsd: contrallod
anodisplayed,
' ‘f?\a' dry briquets ora gang-

" portad by miaterlal handling

pauipmont b storage slos ba-
fote packaging, Feeders and
ootvayors fink the sllos to smali
hoppars abave the packaging
seales, Paskaying control room
oparalors Use B SY/View worlt-
station 1o monflorand control
the packaging gyktam, sulacting
silos, the roule for ihe convayor
syslem and foad rates into the

Informiation from Squars D

- sthadu

fion of dampers
* that bilng heat lo and kom the

packaging scales and other
siquipmant. Packaged brigusts -
move down thixr Ting 16 balers
and thon ofitd automatic pal

- lotisers where: they ans placed
“on paflets, - T

“Tona of achlevements.

Regarding the Installatiors arid
gtarup of the now atipment,
‘Padd Gurdiff says aperator n-
Volvement played a oriveal rala,
"Wa started vp il areas in lass:
fme thaa mast alher companies
wouid use in starlngop a singla

_aren, Most of the coniral loglc

wag tostad and approved by the
oparafors bofprs eomplaling tha
gatling -and: el of the me-
chorlcal sdulpment.
Thras montes after the now

“aguipment and. corire! systams.

ware In placa, Kingelord’s aper
ators and bnglheers pointed
proudly 1o & major achievement,
During the first month aftee
starlup, they had produced al-
most double the first month's
le! production. .
Kingslord's operators son-
tinwe to look for ways 1o use all

“thelr capabliiies and theze of
-thair squipment. Larty Dackar
" potes: YThe automation. of our..

troduclion represenls d shifl In
culiures. We worderad how our

. oparatars would lake to aute-

mation. That is no longer &

“Guastion, Now they are pushing

us Tor van more,” :
Squars-D products are
marketod and supported In
Gouth Afrlca by Tha Automatisn

, Faundation CC., .

607-23-03 service coupon



The first step in understandmg
“motion control

f‘ontroi sysiems are enjoying a tremendous growth and many of these applica-
flons ars coming from englneers new io this field. The puipose of ttis documeant
is to describe in simple t&rms: a contrel system, the working thersot and the vari~
ous components that can be USed in such a system andwhenlouset.-

A contrd} systom s an arranqe-
ment of physical componanis
sonnacted of retated In such a
wanndr 4s 1o command, direct,
: nrnegulata itsetf or ancther sys-

Oﬁa of the st slmplaat.

tasks faf !he hman E“?sh
parform, to migtion,
diﬁi;;cault Subject in the mech-

Valgetronical engineering .

fisld, A child of six manths can
. already move hit hand io an
objoct

Iveuslgnallbxhaannwm

Zoter 15 ho. oljost snd e 1

Gyes must Wil the braln when
Eethand hax reached’
o

and a closad
tom s quita avie
L s¢en as follows:
braln = sarvo amplifier -
- uyeE = leedback
amns = actuators,

The brain uges tha posqu

control sy

“ta tha dystem and the posit
: ci the hand, which s
by lha eyas. as thg posmon

wants to take hekdaf, | - .

In this basie example of a. |

_ closad loép sonirel system
thare arg tHrae basle elsmants.

Idant!l.ed ,&‘? brain, tha arm
The bralp most -

ha ok | -

The eﬁmpaﬁsan between |
the “§8ava-inentoned system -

ant and mist - | .

jeclad . The seve

1 the durcome, coni
1 delivered v the molor. Sene-
- amplifiers. ean be divdad Into

| pulse
Bmhbss sarve amplifiers,
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