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. { ABSTRACT |

s
IS

In order to analysc and’ opurmze toe des:gn and apb:huOn _

n' “of Advarced Manufacmnng Systems (AMS) vanous

simulation t¢chfigues are curremly in usé, However,

_Jthe_se methods are’ generaliy hmﬂemb_le a;_;d are used

off-line. In this project report, a moduler, modelling

: approach is adopted to investigate the reqlﬁirements of

stiop floor device models which uperate up real-time.

o The mo'*els, when' connected tﬁgetheﬂ}, simulaté
: _the oge"atmn of the AMS. A suitable teckmqi.e for -
- -the deve!opment of these modeis is pmposed A
- 'simulation archis,ecmre to. support the- modets is-

d:swssed, Itis mtended that the models arel mnnacte:d

'mmmmcwmtmlsysmmam Area

Network. (I.AN) Advn*&gssandapphnaﬁomqf :

| .-a:is appmcn mms ﬂmﬂanonmdismed
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ad e )

. Ncw dcvelopmem}:s;ﬁ p;n uuuonand manufacmre haveledtoprosrammable andn

" flexible autométed mg:mfactu*zng systems. Such-systems contain aitomated
matenal handlmg and storage systems, intelligent, prooessmg centres such as -
computer numencaﬁv coairolled (CNC) njtchmes and robots along Wllh a control

system to co- orduate anql 'megrate the whole opera*:on.

The ﬁexlbthty of thess smems is apparent In their ablhty to take new actmn to

cope with market demand or new products. This requires copidg with the effecis

of geanng b 10 produce DEW products as well as the ability to manage machme }
- bmakdom dynamic shoq %o.}r scheduling and pmduction momtonng This type )
_of advanced manufacturin \"*' item (AMS) includes a cidss of systems dem)'ed by
2 vax}ety of synonyms suck ' Flexible Manufactiring Systems (Fhi&).awmwter
. integrated Manufaciure {dM ¥ Vanable Mission Manufactuse (VLD st wnh
T ﬂexzbmw and adapuability bqug the commén element (Bloch, 1986). ) -

ﬂ I,..::‘Manara. ‘Giuffre and Cavagmm (1982) note that the complemy, nove!ty and
sf»‘mtural differences amﬂg :he wntrollnd promes of sdvanced manufacaurmg
_ systcms,’hs.s ledio the devez@mant of multifarious systémms on 3 one by one’ baer.

creating unique samples whnsgjsoftwm is pnorly maintainable and hes m be

: redeveioped atgrcatexpcnscwhen cfnngnngmmapphnﬁom or when mnd
Further, Branduim md Gnmn (1983} potc that !his Wway of prqcm!m; fmm one

: prototype t0 amther is extremely costly offesing no nceusmilution of ezpenm.

scale’ mwnomy, increased dependabxixty and eﬁ‘acuvem of well tested and

-optirmzed modules. Bloch, (1985) states that one of the mjm problems mvolved
-~ in the control of these Systems is the need for gcneral. flexible software, eapablc '

of being tailored to'a wide vari ’9! applications,

Tao

" "I'he task of deve!opmg an admm\}\ad ..mnufacturins systcm aomputar contea! .

architecturs, the shop floor layout and the pecessary software for nﬂ~thc—shc!t
raal-nm* shop flyor cohtrol is complex. Ideasor plxﬂowpmes developed towards
these aims mu; 3 evaluated and verified. One method of achieving,this is to'
evaluate proposad systems with & complete mam:facamng mtem. However, thie |
costs involved end the dxsrupnons to existing systetm woum'be prohibmve

L . . .F B
. -
3
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In an attempt to ommme these prob!emé the use.of a reai unm, modular .

simuiation as a development and analysis aid is proposod. The use of real-mm
modeis szmulatmg the advanced manufacmrmg system shop foor. cqu:pment |
wnuld provide a powerﬁxl tool, nct onlyfo. controi system and software evaluation,
bu; also for evaluatmn of existing systems. The use of modular simulation provides
" adsz‘,mced manufactunng system bmlc'mg biocks, which allow the construction and .
simulation of almost any system conﬁguratlon. . .

1.1" The Rescarch Objectivé.

Om system, whlch fa}is undet the categmy of advanced manuinc:unng simule. ! i
system. is the programmable automation system (PAS) proposed by B!Oc'h ( 19&%6}
_The PAS system structute is iliustrated in Figure 1.1

hasia R v s s T
e tructure of the S e
- Programm Autemotion wum (F’Ag}, R 'i
P (‘hczg%u'cod from Bilocl, 1206) B
. st‘,"q' Sy#tom .- _ n B _‘_. -_ ;1
. R 2 RS Trgh.ggftgtiqn Syatem’n : . I -
Control b L : = N e : !
. . Syatcm F SRSENLT R £ SR I R TR 304 1
s b teas ' ment -ocnm (Rehata. éNC wtc } h
‘m-w ting .{ il I LR '
System). |- i v !
[ . ae e 40 - i ' ) .'1__
J : S Process|Process] ... (Process

The stornge and tmuspomtwn systéﬁa compmes pf shop ﬂoo: wuipmsnt units
or demes such as gutomated We snd retrieva.l systcms fASfRS). 'abot-‘



,putomated guided vehicle/ ?sfémz'(AGVSf etc. The lpméesses are extremely

'matenai in the PAS mquesuon. T e

broadly baséd, comprising vh

hatever types ofﬁqulpment arc uecded to progess the

&
T ’ i -l*'\' o

The storage apgd u-ansportatxon systems and the prowsses cor.sm te the  physical

'systcm, whtch k@ntmﬂed by the PAS control systetn or more agpropriately, the

PAS operatiag system. Bloch (1986) notes that the control system ds the element |

that holds the key 10: ‘\Qe rea? success of the PAS and detcnmncs tixg; hrmts and

" flexibility of the sysic A

Th:s project report is concerned mth the development of a real-time advanced’
manufacturing szmulaﬂon system which will form the basis of an mvesngauonal
tool used in evaluatmg the rcqu:remcnts and Opcraﬁonal aspects of the PAS

control systemard the physxcal systém. - - E L :! .

" The objgctive of this pro;ect report is to dmlop a real-iime modcllmg methudﬁ -
' ology whereby sach equipment type or device on the shop fluor can be nmdelled o

' Based on these models, & simulation syster canbe consiructed which completely
© . replaces the phymnl system in the PAS, thereby forming a logical ddﬂnwd -
7 mewfacturing system a8 shown in Figure 1.2, The simulation therefore replaces

"Ifhephysieal System by tnequmnihpcdsysmm PAS opemiagaymm -

| the wu; W mmung nre d-ﬁme. e

mwummmmmnmwmmphmwmmg

Y mmmmm«wm '

" namely, the aAGvamwmeymMmmmmasmsmmf "

associated wnmlhnmwmid«edkdepmmmh ofmcmmm""& r
- d]-scussed N . ...\ . R a i .”m

Insummaxy the(nbjmmh togmpose amethodofmedel mu*umion. '
description and implemenunon that will constitute the advanced manhfabmnng .

__ _syssemmodclhnsphﬂmphynfthemmrem ’ N



 Eigurs 1.2-

i o
Co "he PAS (‘pnmtmg Syatam Am:_}ns _ :
g o The La&accr Sys:em {"pﬂne-:‘i an
N . N \\"
o
- Lo b _ . >
: — The Logical Systerm
1 c _ "
: : (The logical sivste"m “
Controf o] is constructed from
. System r raal- time hop
: e 2l Hoor- device riodels) -
{p.AS . 9 K b )
- Operating I ) P
. csryst'em-) . . . :llJl. .
. . ! 'g .
J;l H I h -
g _: - o I'I[I!q fl.";:.
- ——— " 'Iu A
t-:,) . T . - R o v '

1.2 The Admeed Manmetaring Sylbm Modemrsg Appmch.

"-fm The PAS/Phaical Sontem Aishitesa, o

“ '-'nePASdpmﬁngmtemmMmmatowlmLemtk(MWmﬂ .

the individual shop floor devices which constitute the phyiwal p:n. axshown

" in Figure 13 The shop ﬂoor controilers consist of pr&*ga@pzabie Togic ¢on.”
troliers (PLC), personal computers (PC), robet coniroliels aod ONC machine
-- mn?ollers The shop floor equipment units or sysiems d:m!ét oflhe AS/RS =

" the AGVS, the conveyor systero, rabots and CNC machimn -

-The PAS cperatmg system dxercises controt by sem!in!& pn:mtives or gom- P

mands, whu:h constit:  the smallest atomic action that 2 f‘wme can be calied

tipon to perform, to the device controllers. The PAY dpes ahﬁg system monitors -

-devwe ope;azion’by status mcssages cun:»pﬂrd by the dwlce comml!ers

i J . . . L} !
ii_

K 1 .
H . A P
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he PAS a;dmocwc desm'bed, itcan be seen thet the system is modula,r .
, describable, mterface exists between the shop floor equ:pme‘h'
*mntro|pern and the FAS operaung system. Bearing in mind that the simulation

sys |archnecmm should mirror the architecture of the phymcal sysiem, we

floor device.  ©

be

model the phyucal xAS based on thei mputs and outputs of each shop

~That q}, ‘the interface betweeh each sﬁﬁap floor devica the control systemn mlu'st'
ma{fntaimd in {he respective device models. The intention is to mdmdually

- model'the shop' ficor devices (eqmpmem inits and controllers) in real-tire

and thq:se models may be wnnpcteddmo the LAN in place of skiop floor devices. '

The PAS operatmg system would not be able to differéntiate besween the
devwe's and their models. A collection of such models san thus. model the PAS

physlcgl system and form what is denpted a8 @ logical system. Thig modeiling” -

Ll
&
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» dpproach aiiuws the models to be hghly modular and retau;; the strucmre uf .
" 'the physical systcm in the !ogxcal systcm To achlcvc thxs the foﬂomng is pro- :

- posed: i
(D .. ‘l’he !og:cai system mué‘z accurately ripmduce the; mterface between the

PAS Operaung systern and physical Sys) Fm - Thus the models mist beable -
to communicate with the PAS cperat/ Ag system. ‘The logical system will
be required to executs the operanm; ,f associated vmh primitives sent by
' thie PAS operating system. Also i 1mormat10n from the logical processmust

" be mamtamea sothat the PAS operatiag system can read this mfomiatmn
~ for process menitoring and eryor detection purposes.

(2) ~ The models of the shop floor dcvxc:.s, which constitute the Iogical system,
v _must be able o “interface with éach ather 2ace they procee.s a logicat
‘ 'reprea*'ntatmn of material. For examiple: In Lie"physical system, assumen .
3 that & robot'is to deposit a partona conveyor 1n the logical systern this

' would be simulated by some form of messhge passing bemwn robot
-* model-and the conveyor model. 'I‘hereiore, a cefinite inter z st be
~ »onstructcd between the models which allaws their mtercomsg

allaws the smmiauon of matenai transfcr

, (3) . The last aipect to achieve this approach is the actual moe ihng of the
. _-:hop floor devices. These include robots, the AGVS conveyors. lhe.

C J\S;'RS snd CNC machmes < PO
" Insummary thedcvelopmentof themodelhngapproachcoﬂsists ofthreemag- |

o Ofinvesuganon. . |
-]) ) m PA.; operatms system and logical m interface. | .

:-'-.: vo2) I.uterfacmgshop floor devizes or systemsfm the simulation of thetransfzr

of material between them, - . .

. *3) : Model'mg the. shop floor dmces to allow real-t:me sxmu!ation, spec.ﬁc

. types of dewces and the various conﬁguranon possibmties

‘Thc concgpma! model for each shop ﬂoor device or system is presenzed in

F:gure 14 i . e v o E L

g . ' T ) ) - .‘_ I

iy

o oL L



Figure- 1.4
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. The propmednrcﬁteem!or__ rohatieti
18, mmm&mmmmm-ﬂmwtherASopemﬁsgworm
. svstem. Bach shop floor device modet can conmmmaicate with the FAS opérad |
system. for’ the ransfor-of, commandy sud .n{pmnﬂon. “The’ models g mm-
-mumcaw EWith cach other, umhdng the nanﬂsrofmﬂeriﬂ between :hm.

Although the cricepts behitd the real-time models requires that the simulator

e

- -f-l..J An Archited.um For Simuhtihn.

”n

&mphmmﬁsmmm

always be connected on-line tothei‘ASopmﬁn;symm.itmybe connected
on-line or off-line vmh respect to the physical system. Dué to the approach adoptad

-_mﬁmpxeﬁoumomthefoﬂowingapphchﬁmmmaﬁhwasm

s?smmmfeasihie L N T
. B . _1‘3

Cod
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An. Architecture For PAS S:mu!at:or
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Apphcauons of samulaaon fall into tgur
time .ﬂmulmon. On ka off line wmmai-ﬁm. sum!afmn.

q eﬂ-mesmﬂsmmmmﬁemmcmwmaofmemmm
'__ﬁmemmnmmmmwm&mpmmm thetimethatthe . .
- '_";-.'bﬁmhpnmmmm;ﬂmﬁmr"

“models take to provide en output b
mkembythe equivalest sisop ooz de

behaviour of the device outputs nhud of ﬂ:ﬂe in the reai system.

Offhnc smmianon refers to the mwherethesinwlatorhu o knbwledge 0f

mcssaﬁe transmissionsbemen the?ASconmﬂ mbemmdthephyualshopﬂw

devices. For off-lide slmulatioa. we asaune i;m a separate n:m of ﬁw ’?AS
operating sysmmkdevatedtosimuitﬁonm’fplmdappﬂmﬁm o

& ' - "M
. )
B
1
y ¥
/- ;
/
1
- . g
) 3
- o} _g" _I.'I. . N
!
|
e :
il h
]

dlsnnctcategories Onmdo&hnereal?

.y

" Fasterihan real- mmmmmwmmwhmmwﬁ&ammm -
o aremthesamesequenwntheontpnuofthasbopﬂoordevimbutmqu}
' before those of the physical devices. This 'allows the predictgpn of the futisre .



B Og-line s.mulaunn is possible when the snmulauom sys:em: can rmwe messagcs "

. from the PAS control system and the actual shop ﬂoor deﬂees S

- We envisage th@t the smmlanon s.yastmm1 as proposed,“mll ﬁnd use m tbe follawmg

- apphcatmn areas: . o

' OffLine Simfulation . |
(1, Conventional sunulanon apphcutmns
(2) ‘Use of sunulaucn for PAS operatmg systexﬁ design i
{B) Operator tramm.g. o e by “ B
o n-hne* Simulation - L _}""‘ .,- v .“ o

\ (1)" System testing
(2) ‘Look ahead cauabxhty
(3) Fault dctecuom

" In all the a!mve apphcaﬁa)ns it is assmmed tbat adequa:e real-time eqmpmem :

modeis of. the PAS are avmlable We ndw discuss éach apphcauon in turn

-='(1_) Cowenuomi&mu!moni.pphmm "

L@ U Simdwion for ms dparating S n Desiga. PAS
: idendﬁramkﬁmpﬂwmddmnumpemm ——
. mentson the real system. Itisﬂsocusmarymmsimnlanonmm o

the perfong,ance of the pruposed desxgns.
(3)  Operator Trammg. -

" After the PAS shop floor devices havebeen commissioned and assnming o

;. "mmﬂmhmwtamnmwmxm&m" e

the models are accurate enough, thé s 1mu?ator may be used to train - |

operators without affectmg the operat:on Df the actuai PAS physical

R
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. 1-3-2 Qn.lin:&imnlnmn

- System ’I'esung L

This application | allows the “operatmg syswm to be complete!y tested
before the shop floor devices are instalied. Tk.. can be used to venfy

the selection of bﬁ-the-shelf reai-tune controi software for thg: par- o
txcular AMS. ;’6 ,. = :

Look Ahead Capab:hn' ‘

n this apphcaﬁon we use the capability of a compi\ter smmlanon o
predfct the outputs faster than they occir in the physxcal systern. Tiiis *
ab:h“yvcan be usedto advantagc in the control'of the devices ofi t‘\e shop

. ﬁcor

- Asan mdmanon of thc possxbihues here, consider the case of the effem'_ _

: ofadopnngaeertamschedxﬂmgdecxsmn.‘lhzsdemsmnwnbesm:ulatéd o
. to determmc its effect on the Opemnou of the physical systent. The o
outcomc of the simulation can be used to decide whether to use the '_

" - particulsr decision or not. At 2 more complexlevel, ﬁ-edhack fiorpthé
sinulator ¢ap be used fo sutématically venfy that ;tie operanng system s

hasmademeeofrectdedsinn. S

_ FuultDetetStiou. Lo S s ' -
R lnthinpﬂwationtheﬁmalammnsinrea!«ﬁmewdhhouhnemth 5
Mpwmmmmopﬂmmmpmmmﬂmim o
unbemmmdmmmmmm&mdﬁtbwdn’mﬁ

agreetesomcspedﬁedto!ermm Mtnmeryacﬁcnmbe!niﬁated -

Theabove-menuonedwpiwamweanmdmumofthemundedmofa ,
mmulanonmtambmdonthemodeﬂmgappmachadomdmthmpmjm .

l report. The appﬁaﬁom prosented are based on the use of multi-compu:er
: distributed pmassingsymm for real-time control in the process control field.

Sl
|‘|

The applications 16 process corsral ste d:smsedby De Aimeida and Macuad. o
(1985) 2 . c

5 jfl.'

r
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o
L 4 'I‘he Modnﬁar Modeﬂing Appmavh

The modcliing approach used inthis pro;ect nepo:t mba%ed on&modular modeiling
approach using an object-onentatcd system ﬂmmpomuon methodc.*vgy basedon
) abstraction and uformation hiding. We mcorporatc aspects of disributed simu-
q_@ﬁgfnon in the. approach so that a real-time s:mulanon algorithm can be formulated
dhd the resultmg modular stmcmm can Ioe mamtamed to the xmplcmbmatzon
O /Mﬁ}' o L
o |
- _._”"LA Ammmmmmpnmm |
L A magnr approach to problem solvqgg =’ abatracnon, whxch invoives model
building, This is because abatmct:o 'is the extraction of essential proparties
while duca:dmgnrelevant detail, Bed; use people manage mmplemty by means
“-of abstracﬁon, abstracnon pr;mdes}ra view of the essential componems and “
- pmeesszs that define & system (Ford and Wiener, 1985),

. _ Informatwnm&ﬂnsmkesdemﬂswh ch shouldmtdﬂcctothcrpaxaofasysmﬂl."'.:--
_ inaccessible. hﬁmamhﬁnsmwtmhwmnbpﬁwopemam
implemented thus focussing astentiah on the higher abstraction (Boock, 1983)

| Modules incoeporate the concepts hbsmucnmmmmmum. n

thcmndﬂopamﬂanofuehmm By specitying a module's inserface, we
g 'ﬁeﬁnamﬁ&om&ﬂewh&ﬂmmmfp\gmﬁmmm
 essentlsl festures of the module ___‘Wmmmﬂmmm

_1denn£ymodu!eowudbnﬁ'ﬁm mputsandoutpuﬁ.lnthisway. |
abstractions aré incorporated in ead .maduh.
,_ ByencapsaﬂlﬂnawrabmmiamJ' amdwldwemmmdumm

' specifying ‘module interfzces, we deﬁmasymmmmwherem
modules and inter-relationships ellg 'us to undersiand total system operatism

on a module by module basis. We ¢al Merauucmmmpmahymm S

wfmmmmmmmwmmmmwa
__ _m&mumwwdwmam R __‘

S

1L



. o ) . \H] o oo 'l - . :’ "
.The above constitutes a description of the concepts beliind the modular

.. -+ modelling approach.” The modular approach consists of | g ecomposing the

_ reel-world system into modules using abstracnon and information huﬁ.ng. The - |

" module mterfacns are thenspecified v ~h.ch identifies how each module i mteracts .

with other moduies in the system. .- - .-

142 Aﬂm:ammammmmmgam

Further reasons for adogtmg a modular modelhng approach are enumerat ed:

1) Thereal-world system may be decothposed into a module structure WhFCh -

mirrors the structure of the real-world system. This aliows modules to| be
mter:*onnected as would the ‘functional units of the real-worl¢ system, “he
: ﬂemb:hty of module interconnection, coupled with the ability ‘of Fhe "
* - simulation system to measure variables wi!:v%h are not 5o readily measm}edn
inthe real-world, can be nsed to idertify mﬂexible real-world mterc{bn-f
o r.cct:ons - : : -

i
1
; .
q

2) ‘A simulation systcm composcd of modulcs with well defined or 5 aténda:d -

mterfm provides a flexible structure for simulation. Modules 1aay
'mtereonnected at will, to form the desired logical system simulation: |

o |
3) --System maintenance is effected by the sxmple addition or removal o f(

madules., Also unplemcntauon aspects of modiiles may be easily L -.

10 incorporate new, conceps OF more accurate implémeniations ihth |
i

mpeawthem}eofthemodnlcmﬂ:e’sumﬂanonmmaxlmgu h
“ module mmrfaoesare mamtamed '- ' '

Fromthcabuve,oneshmﬂdnote thatthedeﬁmﬂonofm:eriaoesmoneof e_

‘most important aspcets of module description since this identifies the ﬂexxbihty.

i

afthe modu.c mterqonnemons

| 1.4.3 Ammwinnmnh.

,i_-_-- '

[n this project report. the object-onentated deveiopment approac!:. based on o

‘abstraction and information hiding, is adopted'ss a method for system
decomposition. Object-orientated design may be identified by the following -

steps (Booch, 1986)



_ 1} “Define an informal strategy for the "ni-oblemhsomtion - Since we nréusms /” '
R ob}ect-onentated design as 2 :udeiting toel, the informal strategy m&s%’
+ ‘of a description of the system which is being modg!lcd LY

. ”‘{
| 2). ""Idcnt:fy objects (nouns} - << 1a the mformal strategy
3) _ -Estabhsh the v:sﬂ:nl by of each object fn relation to other objects
" 4)  Establish the interface 10 each object.
5 Implemcm cach object at a sot'twam l&el

Each module inthe system denotes an object from the problem space Anobwcx-_ _

~ bas two parts: An outside view and an inside view, The outside view caﬁ#ures"" S
; the abstract behaviour of the object or modu!e, win!e tne msMe view mdicates o .

 how this behavmm s implemented S "

In:hupm}e..rcportweammnmdwiththeoumdewcfeadxmeduie_

' {mmm%mm«mmmwwmmsmmsmm o
_'NMW(ﬁem%mﬁWsWMﬁ&mm. L
'ﬁ.j_"mmmmdm@emﬁmdmmm*".-“'

= onlyaucbm m Ievel bﬁ: ﬂ m' oy g ]
Distributed sitmulation utllizés an- stdﬂtem which i sim:’hr'tn that of a"-' e
 general real-tivie distributed cotapeier control system (DCCS). Advantages ¢
. inherent in a DCCS such s fault tolerance, increased relfability, modularity - -
. 'andinnrmedpe:ﬁnrmnoe rmmwammm 1985)\\63 npp!ytnf'_' oo

| _'th»sxmulaﬁuamm. .
 These of s mm ard:immewim&gt aWpﬂM&f
1 red-meﬂemmbcwm Thmpm{glem.upplym




'ffm%e PASand the mmmsysma&a'mzude prohlmmrh mm.{_-
chrouization, flow control and the &es:sn of amtahle naxmns md adﬂress:ng 7
schemes (MacCleod, 19;&5) R RN

# '\‘J

The concepts of dlsn'ibutcd simulation in terms of the PAS s;mulaum usuig -
Misra’s termmo!ngy, are presentzd. . T O .

@

. Bachshop floor device constitutes aphymcal process (PP) and remresents snme
compopent of the gystem to be sinlated. Each physical process ﬂpe'ates‘
-_-autonomously except to interact with other physical processes u:i the systcm e
- The interaction is the transfer of material cr the transmission of oammsnds
 und information to and from thc 'AS operaﬁng syStem. seaf 0T

B

- Intbcdmuihutedmﬂaﬁunmm,thephyﬁcalpmwmcanedlpgml o
processes (LP). Logxcﬂpmmustormthelogmlmmmandmtemmhf
_each'other.and the PAS operating system by messagt. passing. The messages
j'mmmmof@gpmwprmugwp;mamm o
' e smo a mher aﬂqiml pmes (xdmiﬁed by thc e

-

mmmmmmmmmam ogenmmable.
iystern (PAS) which is tie systea 40 be simulgsed in real i Mmmzm«n
mmwwwmwmwmﬁmvm

e
LA



- . -‘"[’ . . ) : I :
 The resl-time simulation of the PAS s to be based on 4 distrou od simu. don
architecture. This yields many advantages inherent in'a dmmbuwd computer
- cantrol systém and proviqtss for variuus appl:canom of real-nma md faster thaie -
real- tune s:mlil’atmn . - : S L

A modular modmlmg appmch is proposed for modelhng the Gonste -onts of the -

PAS. The modelling appmaéh is based on an object-orientated system develop- N

- ment uuhzmg concepts of dlstributed s;mulanon (as proposed by M*%ra, 1984) for
- -s:mulation implenentation. : .

1 6 T!!e Cantenta of 'ﬂx@ Ptoject Reﬂort. &

: Thc structure of the project report is based on the mad r modcllm,g approach
. Finst ths mdelamrnslviewand themtsmtemnlmw are discussed.

. mzmummawmmuﬁmmmm

- '-__mmﬁmmmwmm&m the literature ™
C mmwmmwmmwﬂm&mwmmmmmn

" incuss aspocts,of simmilation whwh wouki be mmmm&%s simulation.
Chizpiar-3. defings the logical system bulliing blocks. There, are the modets
. Waliable t the woie 15 build up bik logion! systken. wmm models are

m4msmmmm Meiimmw Chispteﬂpmmts ,.

thuchapmthamm‘mawhl iaanmds cmman material transfer
| mmkpmpoud miufmophaﬂmaduﬁmmumsofamteﬁai
uawﬁa:pmocolgdamnmpr?wm!imphmnm/nnnhwed -
Chapters MWMMWdeM&:PAS_
| systent canunt differentinte between the phyjical system and logical
_ systeini. This is qchieved in termms of control and automatic idéntific lonirterfaces, -,
. Aﬁmﬂ@eﬁ«ﬁmmwmmmeﬁopﬁm mpmmand' |
s eontmiler mwmmuonmn appiicuble :

SR 0. : . 1'] "

i. coveen models, fa



Cixaptcr 6 dmcusses the. reqmrcments for, bulldmg block model xmplcmeﬁtanon.n -

_ This{s in terms of logical: -models; mo' Jﬂmﬂm!mdelt and a rcal-nme simalation

a]gomnm Presenting model opsrafing mfnrmauonto the user during 3 simulation .

run is also discusséd. The 1mplerh¢i1tatmn struemr\., the logical and mathéinatical
models. fof each shop floor. device -model cannot be generahsed Therefofe, for

~ach shop floor device modet, 1hey are dxscussed inthe ap; *ices assomated wm] :

this chapter. - S - = .

1

Chapter 7 TIapS an e .atmg distributed smnuanon system compuung arc}utacturc
tothe case of the AMS simulation system. The architectureis dncussed withrespect
to cpnhccuﬂg the logical system to the PAS operating syw:tem, Ioglcsf system
0 construction and the amr-,ated é!lspiay ot' logxcal system operation.. .

Chapter 3 dlscusses work complmed ‘towards unplem«:nung a demonstra’tmn
system for evaluating model uperanon and hence validating the models and the-
concepts behmd them, Selecqon of a hardware system, a softwars developmem

environmm and [ kemei tur denwnstratlon modei mpicmemamn purposes is - ;

mewohammhﬂ:kchmrthamnm;mﬂwoy
d e memmmnufmdm&nmﬂmlam presented. Armﬂor
are mmmd mdzhe muﬁns m%nuare made

<M | /computer integrated Mfmm
. Qe computer numerically mntrolled
"CPU ] central processingumit . 1 -

i,



. DCCS .. distributed computer co'ntrc;l"%ystem S 3
© FMIS © flexible manufacturing system -
RIAU .imputand output - , - .
TAN - locl area network
_Llf__-“_,-logmlprocess -
. MS-BOS * Microsoft disk operating system
'_’-', PAS: S programmable aﬁnomamﬂ | system
“PE (. 0 petsonal cmputer ‘}i | o
P/D pickupand@spbsit = . . i
PL‘: _programmable loglc commuer : S ¢ :
PP physical process :
. PU, . . processing unit. - ,, B
5/R . storags dné mtnevq e T e o ' ,\
- UWTec Unmvsityoitha W;mters;and ’i‘echaolagy Ceanﬂ .
[ 4. f-ll._l
b

mmﬂmvﬁb'mwthugmmm

.~

'".aaddeﬁnemmu»mviewmmmapmmum

n-lmmaus SRR /

‘upofone or mors modules wlﬁsch togetier lmpimnlthemgﬂ&l.

A moduic is dependant fof tﬁe levei of aostracnnn. .
”Hus sa medumm for mvilw warkpim betwen work wik

B

a1

..»

' : msn mpmgm repou are deﬁaeda !aﬁms - o
. fols dgﬁm mg sinwlation systoth uses viw e autithes thm

| m h the mpum pggpnm" xkat mmxbim ibe j_’;-_f
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2 ovmme OF Awmcnn MANUFACTUR-
ING SYSTEM SIMULATION )

_ Thxs chapter mtroduces the concepts of AMS and its constituents, An ove‘mew of
simuiation téchmques currently in use is prescnted Based on the shoricomings'of
- the current techniques in use, the more useful aspects, ‘whish should bei mcorpo
_ rated in any AMS s:mulanon are dmcussed. :

,2 1 Intl oduction To Advanced Manufactunng Systems

-Anvanc*..d Manufacturmg Systcms (AMS) are ﬂax;ble systems whxch are cagable |
of perfonmng many different operanons in different erdcr, with practically no -
- Set-up time berwees the different operations. The CANL. is an mtegraced system X

__of tools, materials handhng devices and support eqmpment all under confputer . h

y'ctmtrol The individual machines bave automsatic 6ol changers to enable {iem to
perform sequences of operations: anc also’ to switch tr diffefent tasks without
. incurring set-up delays (Browne and Rathdl], 1983). The purpose of this is to

- achieve az efficiency comparabif to that of antomm& ass production (teansfer '
- line) with a high dwoﬁﬂmbﬂitycompamblewthat of ajbhshop Thcgenem! "
 benefits of AMS are as foliows (Eanky i983)

: Gmmr ptoductimy by means of & Breater nn.xtput and a | umt ast ona .
 45-85% smaller Hoor space. . - S
More uniform and consistent ‘*'miucts. .
Tacreased reimbdmy gue to feeaback. /
. Lesd times reduced byupto 50-75%

High unlizution of machine tools,

'-:AMSoanbnhoughtofasadis edmnagamcnzmiém&?nsymmhnbng_ o
together intelligens sub-systems of machining, welding, paiming, flame cutting,

shect metal manufachning, inspection, assémbly etc. along wiii material handiing,

identificatipn and storage systems (Ranky, 1983) and & computer oontrol system.
to co-ordinate and integrate the complete opmuon. '

o



An A_MS consists of 2 number of cells. These cells are pomﬁlpx for a number of

' reasons, They can have different physicai characteristics tolfserform the required -
coawversion on workpieces or sub-assemblies, They can have a variety of inter-

connections with differeiinacrial handling syste:"ns {robots, automatic guided

_vehlcles, conveyors etc.) and they have to communicate with ddin processing

. networks for successful integration with the rest of the system (Ramcy, 1983} A
simplified illustration of an AMS cell is chown in Flgurc 2 L

R

S
' a ~ Figure 2.1
o The AMS Cell
: ’Reproduced fmm Bioch,  1986) _ ﬁ:
{ gi Data > 'lcter:ol 3 I
A Qutside Wortd
T ’
H
| Timput L | e output,
}g] . o station ' —i. stotion’ ! P
.-1__ . L . o _
row . . _
matsriot k *compouter - fg ot
vemtory _3."“*'-’ contra! con :
' . . sy!-tom : Shomen | o {0
P AJ‘ — twanteey] . \}‘l oV |
: N i I Sy K
i i ._if. ;V :" ES n " "m— . . | . o
‘worjversior’ procané of ,,/‘ S
/ 7:“- celt . . - .4 Lo *
NN
e e -1 ¢ : —— r
o . ) g ) .
N . e /]

‘The illustration shows a cell with its input and output indicating its basic Tuhctions, )

These aré to perform the conversion process, to allow butler storage and/or

holding of wérkpiedes, 1o provide the physical lnks 10 the msterials bandling

~ system in the outside world and to provide the data communication Hils to the
~ control syftem. The phymwlhnhaﬂwmemnofm:m pan&metc.

nﬂrJﬁ

?-'I o

®
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"The data processmg hnks enable commumcanons with the databases enr.tammg

part programs, inspection programs, robot programs, machining data, real-time o
AMS control data etc. They also enable the feedback of data to the upper level
of the contro! hierarrhy, thus providing the faclhty for analysis of performance for

real-ime x.ml* recovery (&nky, 1983).

" ~Part and tool transportation inside the cell can be performed- by a variety of

eqmpmsnt such as pallet chan_gmg devices, automated pallet storage devices and
part (_:hénging devices siong with tool changing manipulators, These devices are
‘necessary for thie stand-alone and often unmanned operation of the ceil. .

The main conversion process itself can be machiriing (Eg: turning, milling, boring,
grinding, cutting, punching etc,) ¢hip removat (part washing and swarf retrieval),

welding, painting, automated assembly, inspection, pad:agng. smrage ezc Thc' |

product of the celi usually leaves throug,h a buffer store.

" ' 'Ihc-mput and ‘output buffer stores, 8s well as the materials handhngsymm. can

_ be the samn tramport semce assummg that its ca;pac:ty 1s targe enough. L

The output of v.he cell is the pmdm:t of that particular moduie of the :MS The

o outputwﬂ!mmtafaﬁmshedorw!ﬁ-ﬁnishedpm't Thepartw:ﬂalsobeqm'_" n

......

detemﬁt‘;}e subqufnt p:wmag for the part and will be distributéd over thé

,/:ﬁmﬁmmcatianneimrktsrequmdmmky 1983). 'I‘hedpiﬁwummpnnems

_ ofanAMSmdiwmed. I‘heaemc.lude.

The aummnwd mrage and retrieval system (AS/RS) “
‘The meterial handl{ng system. | S

" Robots. . A ST

- The automanc xdannhcation system.

721.1 mmﬂmmmmmsxnm

- f\smswemrs arcvimltoﬂuamomtedfactoryandpmvidc on-line butfers

between prodijction equipment handﬁng small parts and unit loads of practl-

acallyanysheandsl'mpe AnAS/RScomistsofanmnberomeand

 Retrieval (S/R) machihes moving in aisles between rows of shelves containing
pallets of raw rpatenals, in-process i;ems, or finished goods. The tutomation

y:
L

1 n



of thls prowss allows the maintcnanca of an mventory which is automancally |
o [,,updated as items enter or leave storpge. .- Tite key hicre ¢ Ties in the #uromation

of the storage and retrieval p{ocess/ﬁmoe information pertaining 10 the goods

and inventory are made mstantl Avaﬂablc to the rest of the system through
| computer networks. Hence del ;s anﬁ lags normally assoc:ated wzth manual
' symems do not anse (Bioch, 1985)

© 212 Mat:zial Hand]ina Sxﬁtem

"' 'The .material handlmg system inc!udes robots, convcyors part feeders,_
palletizers etc. However, one of the most lmportant is’ the sutomatic guided
vehicle(AGV). The AGV hasthe abﬂxty todeliver materialsover flexible routes
and to mterface aummancally with production machinery, AGVs aie used 1o

- deliver w‘ork v progress to pmducuon machines, to maintain small quammcs
of buffer stock on the shop fioor or 10. cany fimshed goods from mspecuon 0.

~ shipping (Bloch, 1985) _
* Intdture, AGVs which can move com;ﬂetely under the gmdance d’ mmputcrs |

willbe used eactusively in AMS. The AGVs will move without the guidance of

. buried cables or feflective strips ppinted on the shop oo, This will transform

: ﬁxmwtomatcd m&aunngmtmimoaconemotﬁmdbic cells o

- mahngeadzmhimontiwshuyﬂmrmiblcuwm ‘lhn.uing!e.hrga.
S }Mhmmyﬂm}emsmbemﬁw 1935). SRR

213 Robote f

:'Mmoughmbomwemmymwmmwmmmwm'
* 'is one of the prime reasons for the existence of AMS. Itisthemfore.nmmy'
: todisumstbmrcontn’buuon. . C

Inthe cell, roboturemd upmssm&chmﬁmdmregqneuﬂyas universal
tran __,erdeviceswhich load machine tmls,paﬂcuu ':rodumandpwkuppms
‘ With ﬂwﬁ'ﬂnibiﬂtyand:biﬁtymdum the motions of the
hum.m hand, industrial robots are idesl for the mtesmted operation of the

AMS 85 a general material handling device. -




" Robots 'opefhté"mréing _!o'r_a program md are able 0 handle parts and . R
~ pfoducts of almost any shape and configuration. Robots can also précisely .~ ..
+ - duplicate their motion and this repeatability allows goods of an extrcmely

consistent and lnsh quahty to be produced (Bluch, 1985) o

214 Anmmticldmﬁﬁm:mnsm:m S ﬁ

' _ Automatic xdcnnﬁcauon systcms are mtelhgent sensors on tht, computer iet-

» workthatruns the automated factory. Without such systems factory automation
" would be virtually mpossible to achieve, The system provides information
o which allows maintenance of accurate production and inventory records and

thus the ability to dctermmepart routiing from one wﬂﬁ:stamn to the next, By ]

. closing this loop bgtween information flow and material fiow better decisions

a affecungthe opnmumperfomnce ofthe complete systern can be made (Bloch ‘

1985)

'So far ths clements mmyfcrﬂwopcmﬁon ofmt& fexible euzmtqd -
" production ar manufacturing system have been discussed. One will notice that

mmwﬁ&fommmmmdmeMWmmm'

3 memmummewdmmugawd
Jofo '*’"'mdmrialmwinwmdmm:udukmﬁmﬁ*
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"2,2 The Need quAMS Simulation, ”_5;;, AR

- .

' Kay and Walmsley (1982) note that thc appearance of mcreasm,,ly automaied: -

systems within the batch production area has created demgpx}and operanon
problems that cannot be sclved by tradmcnal producuon engineering methods,

. Inparticular AMS have tirree characteristics that hlggxght the :1ieed for new d:mgn ‘.
~and analysis tools:

8,
) s

High capital investment.
High system complexity.

' High risks due to the nature of the technology .
" R The introduction of new technology and its subzeguent operat;on can be a da mg‘ '

exercise for any company. With the sums of money involved it is impc.tant to get

‘it right. This applies toj ;the number of machines up to the control sy!.tem and not

least, t0 the time it t{ ¢s to install, commission a“d oPemte . _"

xn an mtomtod plmt
Plamed improvements in manu&cmtmg emasncy are usuauy ;necema!. atrlv;d

of AMS (Kay and Wahm!cv 1982)

Rahiiejat (1986) notes that anaiynul methods have bean dmxoped to study the

. . rﬁal-l -

th

e .*.-.j'-'

L
3 -

._ _“l‘yplmﬂyaﬁnslemachmemxghtmlm,ow-mm Alamasystemmaymst -
- " 'L500,000 to 110 miltion (Johns, 1985). 1t follows that mistakes in design- and
: opemnmddbeamemelymuy Themkofmse,mcuasasw:ththawm
 plexity of the project, es;:ecmllv wberc enemve mtcg.-ated mntmism mvclved :

I_'_ahmpmingﬂaor-!o-ﬂoortimeaoﬁndhmduﬂ npenﬂomandminlabour o
cosis 10 the possible detriment of work in progress, wirchousing costs, overall
control effort etc. Now, more than ever, there is & noed (0 anxiyse the system as -
. &'whole instead of its individual eloments. To sasist this task, computer ba<ed
5 A deusnandannlymtoolsmavaﬂabletomdbothﬁmlopmemmdmdemanumg )

system dynamics and caléulate outputs. Because of the complex nature of many-

&cmdngprmes.mtable am!vdcmodelscannmbpmly mtmmdtodea!
mmt&gmmmmmmmhmmamd

assumpﬁonsareumaﬂymade Themagoramunpﬁomm -

Y "

H \..
i



I! Infiniie mpa&ty at ey ary wanmg quéuc. e

| Zero defective rate. |
Perfect reliability of systemn resomces - :
Normal or Poisson arrival of parts. . b
”‘ffd transfer umes and cxponennal proccssmg durauons.

el consequeiice of such a‘asampnons is to obtain resource unh:f.anon ra*es
éstimates of prodyction rates and queuing tﬁes which correspond to Steady state s
working characteristics. Therefore, the use of these methods is moré suitable in .
prediction o plrformance in systems with limited transient nature, sucly'as coni- E _
unuous fiow systems or fully automatic cells with long mean time bem fﬂ fa:lure
chmctensucs T :

Further, Ra(hnejat { 1986) notcs that, in general. the use of analvnc techmques is
restricted by\\r.ha follomng - o

(1) modellmg eomtraints in solvmg re.ai and’ campiex ptobiems which 1mmive
5 f:ofpmmmmuglwmtnmmmbehamour(mhason-»hne
L mmmmm«mmmmam I
(z)'_'m:&w@mmmmmwmmwmmdwammm
| _.-jp%h»:tomstamwdwnﬂwnmasMuMNﬁmmr@
mmﬁmmmmmmm L

Thmonlysi@hmmmedmmbamﬂsﬂmuymdﬂlmm|

| *applndqnmh;@pm&h«oﬁmmmhﬁwwmmm
problemstqandh:gc&ayhckmoﬂeilﬁ;mqmdm"_'_:
EaﬂyAMShad,aﬁm.aw iowunh:atmnfactor,a&actionofthedesxmvﬂges.
Rulesforscheduhngthebutchm nt pari typesthmwrekmwnwmk
o conventional jois suu“ﬂvmduaj liable who.ﬂ'__j” Hedito AMS. Smu events
5 ' happened thuch faster in AN'S than in 8 conventiosial job shop, there was no.t
| for human intervention. In other words; the speed of information processing 4
. dedmnmnhngaswﬂi}ﬂumatmrymndﬁfmumﬁngm%mm
b beynndthehumabﬂhy(m 1&86) :
|

A
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‘Thisis ﬁpecaallyths case nowasAMS pecome more complex. ’ﬂw new genem:mnn

of Systems ‘ars designed to proeess large numbers of part typc.s. The menuof 2 |

sysiem rmntly commxsm?ned ina Us. aemspawmpany reaches 500 {Barash, -

1985). Moreover today’s AMS nct only Move workpieces but also replacemem

tools in cassettes or transportablé magazines. The greatly mcreased traffic and ’

" more E:(equem "last minute® changes m producnon orders makc these systems :

hlghly complcx (Barash 1986).

- Unwersny researchers who became mtcrested in AMS mtroduccd computer»f

Sion & pnss:blc management and desxm 100! (Barash. 1986). Simulaiion
has general G \cen apphed in problem sreas where the 1»-&%ablfs and their rela-

tionshxps are clearly understood sind can be clearly stated but whem no efficient

analytical means of problem solving exist. The major advantages of simulatioh and .

this applies in pamcular in the analys:s of AMS, is that it permits contralied
expcrimentauon with little or no disturbance to the actual systent, A well designed

and implemented simulation may provide lnsisht: into the workinﬁ ofa oomplex |

. smem(ﬁtmaadnathmsﬂ. 1983), L i o
' '.'Smﬂaﬁmuwenuprmstheopﬁmmmmwmmmm-'

mmwmmamm@mmﬂmmw
mﬂdemmbcdavcl@uluanm&mmsmm S

A@nmﬂc(mmd)mphmlmhummm&mm,gmﬁ
mdnymhlethmmdmfttwmmhaamﬂmmmm

ahsmmmﬂbmmmﬁmms)mﬁmmfm' '
bamﬁu(mma.ma) T . )

N ‘{“'

Q) aelhng%mptmm:gm'l‘hsobjuﬁmuewmmmm- :
-'ongh:ms oftheplanmngundermkenaﬂd mevﬂuaw&hcopcrmnofthe

" O " - -
(é) Thcuseofthe simnhuensmemtoinmﬁgm myxpatenﬁﬂbetﬂeneek _~
R mwumﬂuﬁrdmthmmmmMmm

mmmlmmnmmmmmummmemm
' nﬁng&eaimu!ﬁonmm%mmdnmmmmmme
&yswmammeﬁmawimmmmmwmmwm o

(4) Momtormgtheopemﬁonnftheﬁk!s:ndopﬁm:dngimperfom



..

" Welch (1983) defmes oomputer ﬁmulauoz; as the pmcess of desgnmg and con- - -

o

_ structing a mathematical, logical model of a real-world system and experimenting -
" with this madel on a computer. A modcl is an ap=* tion or description of thc
 redl-world systgm in terms whick may be represented ori a computer. ’I'hus. m
- order to dcvclop a model, the system bemg exarnired must be represented bya
- set of key indicators or variables, A distinct set of these variables will define a
systcmstate Themampulatzon of these ablevalueswill s:mulatcthcmovemem o
of the system from one state to anothé, ' '

Bemg an abstmct malhemancal—logncal );epmscntanon of & rcal systam nges

* computer-simulation the following advar{kages (Weich, 1933)

(1

)

oM.

o

(5)7 :

- [‘-\. [

' i
b

" Inordetto ummmmmﬁm,mepmw symmmus:be
J sented in the sittiulation model (Wﬁlch. 1983)

Vers.fnhty computer modelimg 1s,£-'ersat11e and may be used to represent a
- variety of real-world sygzems. o ;5 ' o :

Flexibility' mmputer models am fiexible qﬁd may eas:!y be altered o

. represent different sxtgatnoas on awm!imodafi*s updated mformauon. '

Cost effective: Experimerits usmg compufer simulation enabh' thfﬂ pcr- .
formance ofa Systemtobemdd? mmuétcdﬁthout buildmg the hysm?

Wi summaty there isno real ait?i‘natxve to the usé of sxmnlanommh:ch can: dc.m- :
'*onsﬁfd.te the l_!:ugh degree of conﬁﬂenee required by the levr,l of mvestmcnﬂn AMS, ",

tomenﬂonal planning tech;ﬁqucs have been proved unahle to ‘cope with the

complex and dynamic natgare of AMS, Addmonally they cannot casily: deal wuhw
i;be total systems- npproacﬁ needed to anebie thae complex anmlgs.ms 10 be SL c- _ :

_'cﬁpsafmxyhaaﬁled(mugﬁ.loss) .t o
- Because of the complexities af the system, analyucai fodels can be mnsmzcted

: onlythh unreahsué simplifying assﬂmpnonswhtdn, areutbest, omy ableto ana!ysu,,
" thie system at stedy stafe. But in actual practicé 2 2 system can hexdlg;n-each steady

k] B
=

[
. - . :If', % '.":_ .



) T&BLE 3.1 -
Fable of ("onveyur System Building Blg . Models

Mudel Name " r: Descriptiont of Model Operation. : g

: } Conveyor ﬂ'ransport This mode} is used' tmmnsport material from one!

'--iuMOdel r _ pmnt to another, iz both dxre*‘tzons of canvcyor
motion. .
. Trap Model ﬁ" This moael traps materia) ie: stops fhe materiali .-
T _motxon and i is uscd buffenag or sortmg apphca-
e | tiops. . )
'ﬁ;‘gap and Clamp | This model tfﬂD:s ‘material hnd thcn clamps it ing
Model .‘ - 2 Jogicza iy defined. posmnn and ox:om*.:;uauaonq -

iMaten, is said to be locaicd if it is trgpped andf
clamped in such amodeh 'This model i is used

fan mter;face to all bmlding block models whic]
require mate.nal to be i ted preciseiy befot
transfer. ;*

This model is used to o detively divert maw;!ml '-
_ oaeoft\iropossnbiedh“ﬂecnms. R

 systemn buﬂdmg block consists of & mbot » del m & root workcell ;
show;(&\m Figure 38, o S | |
The robot system sbways mcludes a robot model and may or may 1 mc:luﬂ the

workcell model. ".ﬁ:e vobotworkcellmodehsnaeded fnrmudenmgr mtopera Do

as: amntenalprocessumdevice compared with rabot operauon as purelya fal -
- h;iudlmng device, This is the c&aﬂ for assembly anri f&bnmnon proaesseé( such '

- sprey p&inﬁng otc. These madeisase ¢ -cussed in more detgil in Appendix H, Since |
_1 the robot ct:ntmller is c‘iedwated 0 robot comrol itig included in the robqt model B

7
q o,

AL
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' state because part ypes | "Iwﬁﬁ different processing. rcquircmeﬁts are 51nstamiy__
released to the system ;,t short and 1rregular intervals governed by the ever
cha}ng;ng manufactumg pfan In such 2 situation it is more pertinent. 'qdl analyse
- the transient bebaxiour oF the system, and dzgltal simulation becomes ';.he coly

. ﬂble tool to perform the rtask (Cheng. 1985) o : )

. 4 C !
2.3~l Current bamulatmn 'Iechn ques Used Iﬂ Practice. It

' . I| A
In tbxs ses 10:1 physxcal and dwnal simulazion tcchnﬁqucs used in AMS stmulation

i
are l}prﬂsentcd

- i. -

o {%
S J} relatwely new method of AMS analysis i physncal simulation. A physical
~+ sjmuleticitss an operational scale model of the actual AMS. When controlied

e Hy 2 computer, a pnysu 2! simulator can be used to obtain operational data from

tike systcrv This data may tben be used as an aid in'the design, mstail.mon and
N oberation of the actual system' tD:qsch and Malstrom, 1985).

3.1 Ehxsmal&mnl&,:m S

~ Physical umulators have been devel-:»ped and applied for a number ?.gpﬁtpoa';es
mc!udmg' : . | _
_(1) den‘mnstratmg '} compicx, reatistic, opdram;gg facthty

R S T

L R ¥ ,-,‘malysmg, Axpenmennng with and cvalu,q pg the sy stern des;gn

e

A

(3) traxmrgby promdmg "hands on" expcncnce :
_ (4) dmlopmg ind testmg Lfi cuutrol and mformuion System software

(,om,lmers <ither mini or micraare interflmdwith models to send and receive
e “patrol signels and: commands snd handle information sbout the tystem
foperahon Computer control applied to the system :nsy be simpler than in an
~ actunl facility, however, the principles of control sensing, }og:c and aciuation
are the same. Therefore an in-depth analysis into the cnmroi aspects of AMS
. /= . . maybe dndertaken (Nof, Meier dud Dexsenroth 1980).

[ Physmal qimulators can compiement but not replaoe aﬁalyt.c mchmqucs or
ital sxmumtmn. Iis particular strengthisin analysmg gemeral physmal aspects
ot & productwn facallty ie: layout, dxmenszon, seqﬁences of operations etc. In_



"~ " - . - [

-

- Figure 3.5 - '
- . @ ., I._.“-- H - . y . {\) '
_ The Robot Sysiarm Building Biocks
- R N
“3
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. intertface Signoi-imerche]‘ Jnterface) .
) {Matdriat in} pt (Mctﬁrml out) :
d o L - i :

Workceli . . " " /

' Mode: ©

w

ourputs’ This sindulsses the robut's tge of .

ﬂdigital mputx 1o direct btmhmg and. s}bmenuc control. The digital output
. sigrals serve to implement conteal unctivas for activities of peripheral devices
~ angd other piéces of equipment which operate in conjunction w;th the mbm,

Eg: mveym.pmfeedm, machhp cycles, etc..

Pi-ogrnmmable logic controliers ays often cqunected to the robd\ iﬁsml mputs |
and outputs to augment the usually Hemited ¢ cay Dilities of robot controllers in " -
" this respect (Thomas, 1°33b). The signal interface aliows connection of the ~ °

PLC (see 3.6) to,the robot digital inputs and outputs and also to sensors and

actuatoxs wnthm the workocll model or S‘;rroundmg shop ﬁoor models a'.mh as

conveyors, etc,

L
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2

- developing a physical simulator, enginéeiﬂrs can try rhany alternative concepts .|
and eliminate the Jeast desirable ones. Ah operating model can prové or dis- |
» prove certain assumptions and can !aad to better desxgza altemauves |

'2-311 m&mmm [

Phys;cal stmulators can play an 1mportant mic as, aldﬁ in the developmert

. and testing of allxmntrol software for an AMS. There are two aspects to this .
applications. Fi rst by developmg and debugging control programs on 2
sunulator, the d nger of damaglng asophisticated sysiem-can be minimized.
-Just as smport:% tin thls respect, is the fact that dontrol programs can be

developed and tested without having to walt undethe actudl facunry s

. completed. Cot sequently, production opcrancm can start mugh ea rh@r ani

" with feer prolilems. S g T '

The objective ‘l”sf these mmulators iy to prowde t,;lose contzet vnth th"
- gperating system. Experlmentat:on wnh the physical modules provxdes a1
excellent c:;ppamj hunity to: exercxsc creative faﬂhty desngn ideas and cnmputer

control develo‘%:-ut l-unhermcrc, unhke abstract models the physxcal‘-'

simulation retains the relevamt phyuﬂlipmipemes of the analyscd systerr,
 and can, therefare, b} uséd to prepare and testactual control software befor:
' the actual systei itself is insiailed (Noﬂr' ‘Méier and Densenroth, 1980).

Compared to dxj tal amntatmn, the mq{‘;r advantage of, physwal samulators' .
nisthatt.heyarci}tsua} acuveandmmpqsedoﬁacmalhardwe. S

“ The major d:sadvantages of physical simu.ators is their cost wh;ch may be
 inexcess of $10,000 not mdudmgthr.mst}of design and construction (Diesch
" -and Malsirom, 1985). Further, physical timulators are mluuvely inflexible '
after construction (Felme: and Wiener, 1985) o

Ll
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I’here isa iarge araount of 11terature avaﬂable on the. apphcauon ot‘ dtgxtal
simulation in AMS design and evaluation. It is difficult to provide ap in-depth
‘overview of all these applications sirice many apply to specific AMS imple-
mentations. Also cue to the variety of simulation languages used, it would

i



" addmﬁia of an appropriate mode! and the necessi

. . N u B - -
ﬂ - on . N K
by

" The cantrol interface models mbot ccmmumanen vnth a‘host cnmputer which .

. forms part of the PAS operatmg system. This facilitates uploadmg and down-

"

lcadmg of robot programs between the host mmputer and the robot cuntroller o '
Commands rcpresennng functions such as those found on teach pendants can
he sent to the robot contmlier frorit the host computer. Farther. outsxde sensory -

: t.omputers can transmit mfomlanon fof fobot motion control via this mterfacc

_as is the case for current vision system applicatiods ('Ihomas. 1983&)
R

Aithough wie have 1ot dlscussad the case of mtcrfaces with tactile, voice and -

- mopticai sensors, these sensors can be included | the robot syster with the
mterfaces

I'he robot {rkcell model includes an AIS mterﬁ(ice for sensors p!aced wuhm
’ thc wirkeel]. The workeell may mc;’ude pgs and fixtures and the necessary

- moling for ribot operatmn gsa prcwessmg tool (sec Appf;ndnx H., .

3.15: 'ﬂle CNC Machim Buildlng Block Model.

Mﬂn@ mﬁm in AMS nmrpomte CNC ma.chmes Thm .ﬂatiens mclude -

eqwg:mmpmmefolkmngnm
mwmedpmwmm |
Ind&;dwrkpbuhddinsmmm :
mmmmmwmm

Agmmm;mmmmﬁmkwmmmmmbmmﬁ

idamiﬂedm:hiadnpmalonswith(mlc building block models, ACNC
mcpmbuﬂmmmumm ifustrated in Figire 3.6. A major

- requiremnent is the ability of the ONC controller to cnmmum&ate with cther

f

intelhgcntdcviees over. lANs 10 achieve integrated manufactunng 6perauons and
manaaement dm’}iien -support systems via the LAN (Morris, 1984} This com-

p mnmcmuon requlrcment is ‘modelted bv the control interface and aﬁows the

downlbadmg}uvloadlngofmachmeprogrmasmiluthrn..-sferofmands
mtusmd dmgnasnc mfovmtmn. - - /; » SRR
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yo

f"
.t .
A (=}

43,

“$1



requ:re a de‘axlcd knawledgc of each languaﬁe tc understand ‘the modelmé\
approa ites adopted. This is because the majority of rodels are descnbcd in
*terms. of these languages These are, therstore, not general sno(p hut are

depcandent on the features of the simuilation language in wh;ch they ve written.
We refer the reader to 2 number of papers. - "

The paper by Lenz (1983) describes MAST whch is a}package for deszgmng 7
~ computerized metalworking Tactories. The Integt ated Manufacturmg Model-
~ ling Svstem prc nted by Engclke, et-al (1983) prov:des aa eSpccmlly useful
man-snmulahon i:terface. Rathmill, Greenwood and Heushmand { 1983)- '
- describethe apclication of dl#;ial snmulatmn inthe d:,sfgn of the Span“p systrenr
i+ inthe UL K. This paper describes a onc-aff mode} whc wil r:.qu'ire extensive. |
'ﬁ mndlflca*mns to analyse systqm changes. Tic more recent, aﬁrremly available R
| AMS ,mmulamn packages mcorporanug graphnc mun;anon are ,dlscussed by -
M Gmﬂt and Wu:ner (1986) R q - .

|-
||

T Browne and Rathyul (1983} note thai siruulation moflels built to date have
‘L C beeh built on large nurucomputers usmg specialist sm?iulanon !angungcs Eg
\\\ o : ¥ GASPW Q-G 1, SLAM GPSS:eic. In short they cumbersome w use
N o &omau&ermd eomwwrpomt of view. 'I‘heya:emt ly user fncndly and |
: \ S -.i in geners! only-the model vuilder can use the modpl effectively, Models .
N T deﬂgnedwéuammbemﬁdpﬂmm!yln ﬂﬂantinvepmdictmns_ S

\% _ o ofsysmnperfomanceparameztemuchasthrwghpm tine, numbef’ofmachme =

S VR too)sands:zcofmkmpmgcssbnﬁcmﬂmm,thuechamcmiswgaschange

A . if the physical layout changes and thus s complete reomodeuqu eﬂ’oﬂ is
" necesszuy to accommodate the’ alwmauve Iayout (Bamh, 1986). |

\ | 2.4 Pkob&ms Wl:h Current AMS S:mulatlon Teehnlqm

In qrder tu evaluate the general mquirements fora simulauon system, uses and
_ probtcms fo;ind in current AMS sunulauons are presented I

K o A AMS systen'is are bce&nnng h\ow ﬂynpl% and- thc r&ort qivulved dner r o
R smn;ﬂatmgaﬁ%gemtognylevelofdem}l@mmmgrapxdly L@rgbﬁsecnonsf LR
" of codé mustbe writteu and ‘to handle’ \*.ﬁtmplemty, udvan“&::l software
engmeedngfnethody are negessary, “he problem is thaL based on availible
hterature. no such methods are in widespzead use. ’

~ {.. B =,
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The level of simuiauon detail used for CNC mpchmes ranges from ihe capablhty

to simulgte the execution of part progmms (for:test: putposes) 10 macﬁming

manufamnng time distributions for a- machzmng stauon. This report | doe.. not.

cover the CNC tﬁach.ne m enough detaﬂ to determme the mmuiatieu mode!
* requirements. : S ‘. o ﬁ- |

]

cv

S
37 The Eqnlp;h\ent Controller Bnilding Blcck Modei. . 3 "

We define a contro pr maodel whlch is responslble for translatmg PAS operanng -

system communds df gnmlﬁewes Tsto a sequencs of sxgnalﬁ which must) ibe sent or
monitored for thf. low level shop floor device gontrol. Tius maodel K#Presents*

computing device which generates and monitors signais. The real-f)vorld PAS /|

physical system analogy could}:e a programmable controllez (PLC) ofg a personai

comnptiter (PC) with the proper interface. The model is shovm in Figize 3.7. The

gontrolier modet is completely geﬁned interms of the control a.nd sxgnﬂl interfaces.

The controller model is  used to control cozzveycr wstem buﬂdmg bl;bck models,
the AS/RS and to interface w:th Sensors ‘and actuators on the shop ﬂoor

{ i

3



(2) Cuwrrent AMS simulationsare inflexibie. Many simulation éppixcatmha apply -
' mspedﬁcpmblemsmangenms Analytic tools areused toevaiuaxe an
mma! design and then, based on this, a detailed or "emulation” mode! is

studxed. Kay and Walmsley (1982) note that "emulation” models arednev- -

itably custommd to individual systems General simulation languages are

used and the problem is described in terms ofthe codeé. Problems arise when,
. the system must be updated to accommodate new technology or the addition
o 'of new part types This means that the initial modelling effort cannot be
uscd since the necessary changes cannot be accommodated easily. Thus the
mouaﬂmg effort must be repeatcd at great effort and COSt,

(3) Real-Time Simulation: Currcnt simu !.ktxcﬁns do not runir real time aethough
[ there are s:mulatmn languages avmlabieﬁ withi a cancurrent base language.

(4) | Ditfering Levels of Simulation Dot 'ﬁwr + el of simulation are used ="
© - |in AMS. These aré: 3 i " g '

(,- ({ o ‘;”" ‘
~ola) . Enmlatxon mr‘dus ‘nr {ohpm =ll }dju *and ut.'qJ dy.ir-u}afmn

i

---syatemoperamt. : : SN

<} g Dymuniq simulation whmh shnws the general nnerut% ;. of '-mch unit
- .inthemanufa:uninaccu,m m&mﬁ#mofmmdmmrsam .
whezh;rhnchinemisamomxpiedornot. ' . «o '

'!here:mbeneﬂtsabmnadﬁuﬂngmemulaﬁnu mode! sirsc fhiese are

" used for the detalled design of robotic manufcturing\cells including robot -
mgemmmmimmwmmmwmm

- - celt interacts, Indﬁmeofdynamcmﬁels,amnfe&diminthems
mmmmmmamammmmmm@m

o

, The readermrzfemd toMills(lm)for adiswsxonofth&v#ﬁmk&,%ﬁ e

of simulatioh modeﬂing and to Rathmill, Greeswood ohd "Houghmand
(1983) for a description of the apgliuﬁon of the various simulation
dnodemn&}eveis in the. desisn of the UK. 600 Group 5 SCAMP system.

o : : S

l

{
R
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j{b) Analytic of- smﬂ\\\ Lflﬂu techmqucs fcr provmmg an mfreﬁ *tc view ot‘ ) '
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s.s Slnmhtlng ﬁieAMS Uslng Bnﬂding Block Mode!s oo

Mnc&oﬁbrleﬂydum hnwaumuhtionox anAMSwiilbepm{anned using
thehnldinghhchdbﬁnodlnthisehipmr “‘-m .

Inordertesimnlate mAMS.aai!ﬁﬂalphnraremnnalayout ofthubopﬂoor
. equipmentwill be required. Data pertsining to the cbm%‘isuaoftheshopﬂmr :

v\ deviccswiﬂa]sobenzeessuy faraxample,ednve)mspeed.sm machinespeed,

elec. ) A
b

The userw:ll use the mteramve simuistion systcm edztor and will enter in the dat /
describing the AMS iayout as well as the chafactenmm needed to definz ind;
' operationsl behaviour of the equipment in the AMS. The user will also apmfy
the material transfer interfaces, that is, the eqmpment tnit i:iterfaces for the
simulatioriof material transfer. This will allow the'Blow of material between modeéls.
to be specified and hence the fluw of material over the AMS lay”out {o be deﬁned
. The AMS ccaveyor system mn be defined using the bmldmg biock models hsted |
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Tl;oie of queumg techmques and probabﬂxtynthe ory of part generation and

o processmg time: These approaches aggregate the operation of the AMS and
 the results apply to steady state operation only. As any plant manager will -
' state, no plant éver reaches steady state since new orders.are p:o_ocsséd; W

goals must be met and scheduling is on-line, real-time (Feltner and We e,

* 1985). The results of these methods are therefore in doubt. Also the arrival

and processing times of parts are not stochastic but deterministic and based

| on demand. The technigues of probability theory, however, arc not.invali-
 dated by this statement but can be used forsimulating breakdcwus ete. which

can be modelled stochast:caily ard can be treated on an _aggr_egate basis.

Manjr si 'nl'atilon languages are used for AMS simulation. Apart from
requiring/ a médelling-expert to build models, their construction is time

'consuming and unlk:ss the models are w,ell desxgncd they can be mﬂe:uble
. Mills (1943) notes that one of the mujor ;oroblems of these languages is that
> the control and decision rules for the opération of the AMS are included in

the model. In many cases the designer must then us¢ these bmltrm facilities

 rather than using eontrql rules which apply to the specific AMS ‘This aspect”
: -asveryhnpurmbcca.ise cne shouid, inmodelbuﬂchng, 'differentiate
_' betwcm the systam contrci md the bchavicmr of the shop !loof equtpmcni‘

Biokh (19&) notes that cm'm:t skmﬁanon methadwei qu:orate ﬁxed _
-"'mntmlstmegiesbutdoma:’ihemnmanowforthe@uum&énof
m:mmwmmwmm@wwmmm.-

thhcumim Intheamlyﬁsofmwmmﬁmtﬁenmm

'heavﬁyonﬂw;xperiemeafthemsm o

: Monahonmmowfmmamuonafmummammm; o
mﬂmmmmmmwwmmmgoﬁhc -
'_mwwmmumnaﬁmmmﬁon&mm- '
. ized, nutular, off-the-shelf software for sysiem consral. RN

: Current AMS opﬁmnnnn ty smﬁiatmn requires an iwraﬁw;:roceﬁ of )
1imnmﬁngaﬁensys&em.evahmt!ngthemuhs.cbmﬂmihesimuhﬁbn -
modciaadrepeadngtﬁeprwm Ihkisaumcoomnmingmthodanﬂreﬁeﬁ .
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m Sectmneo 1. Each conveyor scctmn mlﬁbe charactenscd in terms of conveyer
.Pngth,r apeed and the points at which material transfers may be made Scmcﬂ
aud actuators may be ﬁmulated using the eqmpment controller model. -

LR -

In the case of thc AGVS the user will enter in the namber of AGVs. their Bper‘— o
ational characteristics such as Speed material transfer mechanisms. and paths of

- vehicle travel. Thé positions on the shop fi ioor at wh:ch matenal tragsfer is possnb!c o

will also be deﬁncd

|I " ’ "

I the case of the AS/ RS the user w;ll enter in the position ¢ of the storage. rackn

" and its physical dimensions. The speed of the $/R 'machine will also be cﬂfined

along with a material transfer mechanism. The points at wluch material traesfer
ocenr will also be defined (piekup and dahvcr pomts) :

A robotw:ltbesnmulatcd&gggtherobot svstcm buzldnh,b modei Parameters f*
' descnbmg the <notion of the robot end-effector will be requ;red along with the-

J-

coordinates of all the- pomts on the shop fioot v hv'l the robots envelope 4t whmh

- matenal transfcr tgkas p!acea (\—\ '

N "" N

. A machining station will be simxlated using the buildmg block modeis deﬁncd in . .

this chapter amng with & CNC machine bmlgimg block model. Generaﬂy.

] machxmng station will mcludé‘ 8 CNC machine, a robot for workpiece loa-

dmg/urﬂoading and tool chmghg. A simple conveyor sysiem will be used for _
worlqmce or tool magazine b mdmput/mltputwandfrpmhic machimng " a

$tation. An AGV may be used to iransfer workpieses and too! ragazies to and |

_fromthcmachmingstation. : ’t,_ i oy ,\ P
-Onoeauthzdatafotthaoom;}le {AMShasbeenentemdmdveriﬁrdby\the

.39 Chapter Snmmary . ,_.-\?f L @

o

simulation system, the simulation mny‘efoeecd The niser will select the simulatt}hn
exgcuuve fyom where the simulation \\?m be initiated. The &mu!ition will be sei\

Up for one of the real-time or fastet than. real-time simillation ‘applications as .
defined in Sectlon 14. The simulation v}m execute acmrdmgly with graphwal
results bcmg dlsplaygd ° ‘s\m =

Lt - a . R
EERY el : . -

n
Ll

i

3
Thls cnapter has mtrocbwed tha jogical system b dmg biock models wh.ich can
be.interconnected by the user toﬁform a sxmu!anon o\’ the PAS physlca] system{xe

%
u,



2.5 Requirements For AMS Simg!atldh. |

* The above section shows the sho;tcomings of current simulation methods. Based -
~ onthe points raised, 2 number of features that shonld be mduded in any simulation
* system are enumerated, " . : -

(1) Evaluationof ControISnftware l"nsxs the ablhtytodemgn,tcst and optimize

control software before system commissioning. This ihcludes the complete
 manufacturing computer system hierarchy. This 4ids i the integration of
. +the entire manmfaciuring process. Lenz (1983) notes that a simulation that
“aids manufﬁcturing system design and control must be able to simulate
systems and let the dmgner stady .a.ltematwe hardware and software con-

o ﬁguranons 2

(2_) Phys:cal System Conﬁgnratmn. ‘The sunulator should allow the easy

* insenion and editing of the konﬁgummn of different shop ﬂaor maclunery q
- layouts and ns optirmznnon. ' '

(3) The simulation should be at ‘such a level of detail zhat itis poss:.blc to

o -understand or gain ingight into the operation of at sach level in the system
hiararchy “This will ﬁ!cihtate fhe design snd construction of modular AMSs

whichl meuﬂybe adaptedto thereqmremcutsof,phangmgtechnologyand - -

'_"thamdwaddnewpartpr?esmmtlwsystemmcnu

o "'(i) | Anmheruseﬁzl aspect of a simulator would be the capability o use expert
. gystems to analyse the stages and outcomes of simulation runs, Using its -

_--"___knuwledgebmthesymmcmndsuggmmapatthMSopnmﬁon. |
(5) “The use of feedback tor reai-ﬁme mouitoring and control of the AMS, This
3 wmmowlltemﬁveachedtiingmhswbew“tcdbeforethesmmn
" subjected to thern. Alio if the models represent the physlcalgnastem suffi-

" the physical system shouid coutain. Thus this mformazzon canbe compared
\ to facilitate on-line Eafmt analysis. B .

.{6) The simulation should allow 8 customer order t0.be fully checked, t.hus

' allowing a qmck quotnuun and examination of all the requxrements_

s rmmmtoaocepttheorder 'I'h:scanmammmtheeﬂfimencyofmnn _

) asement aspects and snmoth out the pmducnon mun.

. aentty acc&mtc!y, then the simulator will contain all the mformnuan that
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to form the logxmal system) The control arid AlS mterfanes support model com-

_ munication with the PAS operating system via 2 LAN. The signal .gntcrﬁnces low
controller models to be oonnccted to control other buxldmgblock modelsandtheir
associated penpheral dewces on ti:e shop floor where appropnate. Thie. matenal ey

transferinterfaccallows the transfe: flogical material between the buildingblock R

* models, which comprise the Togical sy. »m. Each building block model represents

an entity which must be modelled to simtate thc AMS operatmn in real-time oxe L

£

faster than rezl-time. : o g

A short dcscnphon of the steps rcqmred in samulaﬁng an AMS have been
described. Although thm dcscnptmd is a look intd| | & future and extensive deml?
is dgcking in the desmpt:pn,m pruv:des m51ght into the ease of canstmcnng an .
AMS simulation (fuc to the modular modeh 5pproach '

“This compicte§ the first stage of the modular modclling approach. The next s:age :
s the specxﬁcatwn of the model interfaces, This stage is discussed in Chapters 4 .

. and§. -Chapter 6 discusses the requirements for constructing modeh s0'that they
.may W the physieal systu,.m uperaﬁon in renl-tlme or futer than reai-
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(7) The sunulator should also be able o e.xamme the AMS operation under ali

- operdting ehrcumstances (a valuable . aspect of computer simulation)

including coping with machine brukdawﬁ. commnmcm onfailures and the L

_ loss of P rts on the shop floor etc.,

(8) Oneof the most lmportant aspects of the sunuiator is the man- mclnne
- interface, This aspect asxmulatot determines how ﬂxe users will react and,
- . _usethe smmlati;r thus 1determnnng its success as a deplgn and operanon aid o
" in AMS analysis. Us%ful points 1o note are the abﬂuy to construct AMS "

systems using graphﬂ;a] symbols, animated colour dlsplays of the ‘systern

aperation and the prebentat.on of results in a simple and easy to understand

manner. The user shpuld be able to base his decisions on the information
-which is mmedxately; available, rather than on printouts of statistical data.

This is noted by Mﬂls (198#) who niotes that ssmulatmn, pamcularly whern
. 'using colour graphxcs, aids communication and helps build confidence ina
project by allowing potential problems: to berecognized and the appropnate
corrective actions takan. This allows management t0 quant:fy the risks

involved, the preject team to° understand the System constraints and the

wmmexmmmmmsmmmhm

26 mmqu . ___{' U e
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Wmmmw

ﬁmmuammmmmm} I DU

To ach.lm these atms this project raport has been written io lay the foundanon
_for the dev‘elopment of 8 sxmulaﬁon systeth mcorporanng the esscnuai feh'ur#s
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, Eeonﬁgur.tuons and ease of changing ' .'

B interconnected. The interface must bm

4.1 Modéel vaewm mzeml 'rmmfe#

T}:e rmn for adoptmg a maduh‘#;: “mmlation appi*oach is the development of

: mode ls which can be arbitrary. interied nected or mferfaced to other models. This

is essential to provide the ﬁc:ublhty ﬁél d in simulating advanced manufacturing
systéms. This allows the vcmuiauon m pe with a variety of marmfactunng system
plant layo‘ut.

Since we are mudeihng anautomated ufacmﬁng systcm which oonsmts of thr
interconnection of the manufacturing sdpiipment under discussion, it is ncoesfmy

S mpmdcﬂzesamemterfacbpossibmn _ foreachmodcl,asemstsm“themsnn

facturing system itself, Each model mug
the passage of material since, at phymcal leyel, this is how thie shop floor machmefy
ommon to all models so that arbltrary

*in;erconnecnon is viable. This section

\'t!:erefore, have a material mtcrfaca for

mdelscanbeintereomemdaslongasﬂ

; describestheduﬁmﬁonofmchanﬁnezﬁce called the common material interface. .

The intexface models the intemonnection of the shop ﬂoor ec{;:jpment uader

We ﬁrst dssmss ti:e model view of mﬁIl trmfer and then thﬁm materlal. \ :
Based on this we discms the denva!mn of _je material _trnnsfe; i_nmfwe N

L .

'I]wmnsferofmmam bexwmslwpﬂoo@ daimerequipmmumtsxsmauy

~ associated with some form of mechani { motion or.operaticn, Eg: the robot

gripper releases or grips material, materlal ariives at the extreme point of a
conveyor -+ the shuttle mechanism of the’ AS/‘RS transfers 4 load at the extreme

. point of moticn, At & physicallevel the devwea are not aware of mateiial transfer.

They have no way of knowing; 7hethermatenal has been receivedior delivered.
At an informational level, howcver. sensors are placed at strategically chosen
pesmons so that'it is possibie to xdenﬂfy whether material has been u'ansfemd

4]
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3 SIMULATION SYSTEM BU;ILDING BLQQKS. ~

In this chapter the loglcal system bu:ldmg blocks are defined, The bmldmg blocks -
are defined in accordance with the shop floor devices or systems used inthe AMS,
The aim is to provide building blocks which can be interconnected accdrding to

_' the possible mterconnectmns that exist in the AMS physic... systemn. In this way

the sxmulat:on system user can construct a logical sysiem smted to hxs pamcular

\ " requirements and accordmg to the shop floor Iz; L. | o
' Eil-h bmld;ng block constitutes a separate madel or logical process (Lp) which

" rhust be J jodefled. ’[‘nase models and sheir mterfaees provide! the exte. nal view of
 the logical system. That is, the view of the logncal system that the user sees. In this
chapter%xdcnhfy the building block models for each shop floor devics or system
under distussion as & first step of the modular mcdelhng approach. However, 0
fac:jztatq hnr discussion, we bneﬂy descnbe the general building block mode ®

mterfaces. A short descnpuon of how the building biocks will be uscd m con- -.q .

sﬁucﬁnga simuhtwrn of an AMS is presented e . N

3.1 Bnalding Block Model Interfaces

i

’Shereram fonr gmem! mterfmcs that deﬁne tie bmldmg blor'k modcis wh:ch are

vuibletott‘eum'ﬂmem s : . T P

Y 'I'heControl Interf
2__) The Aumﬁ¢ Idanﬁﬁm System (AIS) Interface
') ’nw Common Mmm.l Transfer Interface. L,

4 msmmm .

_The contral in:cr&ce aﬂows the interconnect\ion of models with the PAS openting
system for the transfer of commands or primitives, shop ficor device. stams
» information ahd program uploadmg/dnwnloadmg (see Section ."wi)(L

The AIS intevface” models the mnsfer of mfomiauon fmm mtelhgenz sensor& r

3]

w:thiithe shop tloor. de‘uce or system buﬂdmg blnck models tq thei’AS opcrat.uu

)

.-"., .

systeny (see S¢ “on s.a) _ _ P - _
'The common material transfer mterface models the transfer of material Betwezn )
building block models (see Chapter 4). L e o G
H nx?' ! ! . i " o o - e
\ |
a * SRR/ . .

", .

Ll



- andthxsiactmustbemcmpomﬁedmthe models. Toachievethlseﬂchmodelhas'

In ﬂns pro;ect report, models are constructed at a physwal 1evel where the simiu-
o lation system user s the option of placing sensors as required. Since the models B

are constmcted from & physical viewpoint, they are not aware of material transfer

_ four ﬁmctxons avaﬂable w'hzch defino how material is transferred between models.

These are c:ﬂedmateml transfer functions and are made up of the following:
1) SendMaterial . T - . ot o o .

! -
ra N Recem Materia]l

©3) GetMatera .

4) Material Ready For 'rmnster

+ These functigns define the prowdure whereby material is transferred between

- __'Ihe im:cnunf Matcrial Rcady Fbr Transfer makes mazerial ‘availgble in one
',_‘modglwthntltmaybenmex\;m whentheqthermode!mestheﬁmcnon '
- Get mwm! (see Section 4.5.1), : . .

'Inamnmuy theaboveﬁmctiomdcﬁnc howmodets miermatmal Ixmrderw_—.-- o
: wwmmkmddmwofmmm&rmumﬂyhgmndmr_

et

| 4.2 ModelempnuAnd Ownts.

models. sze finetions are, called at a ‘specific point of simuluted motion or .

operation wherc matennl is transferred u'resiiectwe of material availaMty fnr - |

tmmt'er

-y

interface iv wecessery, Ihsmterfaceuwdehthepmminmmﬁm{ot

.materis} transfer hmaﬁwﬁwdmnﬁm&mmm is
'demibudinmhsofammdalmferpmtoml(m&momu} o

T

. ﬁn. B

a
o]

Asaﬁmstepindevelopingtheammonma.mﬂmter Lcentunmssarytodcﬁne '

and model material used in the logical system. This section presents a definition

il . 'g._

' of the material and then discusses the operations which the material is subjected ..
' to.machwwmemmﬁncmﬂngm’sobimWethenshowthatthasmn'
definition is suitable for representing the processing operation of uch modeland
'hence,mmmbkmformtheinpupmﬂmmndeachm
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The signial interface model& the mtcrconnectmn of shop ﬂmr controiler models

such as progranunable lag,lc contiollers (PLC) ot personal computers (PC) (seeﬁ_

Secnon, 3.7) to building block models for their function control as=well as the
mterfacc to senscrs and actuators on the shop foor (see Section 5.2). '

These interfaces define the bmldmg block models. We note tha* since edch butldmg N
block modelis a logxcal process (see Section 1.5.5), the mterfaccs are all hiessage E
passmg intesfaces and suppart cominunication over 2 LAN, The following shop -

~ floor dewces are dlscus'icd with respect to presenting thq AMS sxmulatmn buﬂdmg

blocks ;. ) “ :lh-ﬁ : l o

A . b . P A

o ;i i - : i

D (.omre}orSystem _ ' - ' i

2), Automated Guxded Vehicle System

- 3) mAutemated Stor ¢ and Retrieval Systefn.

"5)- CONC Miichines.

4 obots.” | _ T L

" 3. 2 Conveyor System Bm!dmg Block Models. || .

The oomeyor system configuration will be tailored towarda the parncular tasks
the system is to perforn in the AMS. The “unit" functicns perforined by the con-

ve;mm&mmﬂdewndontheomaﬂmmrsystemapemuonmqumdmd C

- its layout on ‘the' shop fioor. Inordertqprowdcforaﬂpossxblelayouband

operatioys, it is nocessary 1o provide -modulsr bailding block conveyor modals
from which the user can form ¢ the desived conveyor systemn or systeins. The reader

is referred to Mulier (19&8) fdra bnefbackpoundofmnveyorsymms, Wedzscuss

the vm conveyor sy;tem buﬂdxng biock mode]s

LIS

-'3-21 mmm

.|.'|

'-./_}.

‘We limit our d!SCllSSlOﬂ to the pamm!ar case of powered roller or cham type_

conveyor sys:ems

Fiwbﬂlty in bmldmg up a cungr?:nt system -provided by usmg maduiar _
| ese modéls are identified by deeomposmg .
. the oonveyorsystem operations int¢ atomic functions whwﬁ will thcnconsnmte

- conveyor building block models.

a qaonveyor system ouzldm,g block niodel
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4.2 1 Mat:xiameﬁnimn.

oA .. __(

In the sgmnla.tmn of the aatmna;ed factcry we deﬁne matenai to oonsist of
B parts, tools and paileta The role of each i is dwcussed :

C . Parts: Apan;saunitofproducnonfmmtherawmazenalmmttotbeﬁmshed. )

product. Parts oandergo assemb!y. fabmaamu matepat ‘handling operstions.
A partjoay be d..sm‘be;t inl ferms Qt' thie fabriozd ion operations it has been
- subjected to and the collection of par' iz have gona into it§iasssinbly; Paris

~ . may also be  subjected to transpo%ranons, pailetizing 2ud locating oper- |

atxons witiich all fall wader : ,e,mﬁecnvc nameof matef'ai handlmg operatxom

Tools: S Atgot ‘“m"m of performing operations on parts, Toots may
o “Baly be mb]med to waterial hand.mg operam;,ns e

Paliedl . | . Pallets in the’ simulation are a genersl means for transporting

: pam ls imd mher pallets mpsllet may thereforc cnlybe o

'I‘he automated mamxfasmnng system performs many’ typa of prooessmg
operations on material to achieve production cbject:ves -These operanons,

called production processes, can be broken down into two major types of_,_,‘... L

operatmns. These are: - I
)" mawria! handhng npcranomand , o
fabliﬁtion npcxaﬁom. N

(w T

&

.,, A more detailed -



- " ) _j(wy L | ) .
. : T
Fi uré A *
v The Generclised Conveyor System
' BUlldmg Block Medei '
\ Signel mr.erféce g
: Commoﬁ Ma"\éﬁ&! f' Lemmon Materic!

" Tramsfer tn tericce
(Mctﬁ'ricf

Conveyor S-ys__tgm
Building Block

Trangter Interfoce

(Materigl out)"

S

: Mode!
”. el : -c‘ 0
' {AIS interfoce
‘.?}' . . -,? ) n .
o a e -
'-_'__"dqhmﬂm&%emmmmmmmhﬁww 5
nxporter, Mstributor and & aweuupm!eeder dmnpﬂng "

'mmmotmmmuom&mmwmmmsumm

J"'-_symmfunwmmdmm

mymmbmdomcfmbhmodehwdmﬂawﬂmopermnofmww

,Bachmndelcsnbe dewfbedasmms&mmmmteﬁahram&r

mmmaxsmmﬂwmmm:nmmm The

| 'generalised comymsys@&mbuﬂdingbiockmodclismmtedmﬁgmu

] o "
—I"'\_ .
. b . h
.
# - L
i i .
- 7
[
I . -z
o
. . o
. . _— . .
} 3 :
n n
n

T



i

X

4

L

'I'he pnmaxy promsing opemmm used in fabrmﬂng matﬂ-lal are formmg,_

machmmg, assembly and Sivishing. These operations are: ﬁmhcr enumerated
m'I‘able41 e & :

Accordmg to the matenaldescnpmns and representanans (shown in Appendxx .

A) it mpossihle 10 associate material with the provessing operations it has been

*ubjected to. For example, transport operations change the location of material

on the shop floor. An ass¢-abled part is déscribed by a list of its constituent

 partsand fabrication operanons are assomated with the part awordxng toalist -

of operations it has undergonc

In concept; the list of parts which oonstitutes an assemblcd ‘unit represents the

bill of matérisls for the assembled umt. The list of fabrication operations .

rcpresenzs a route sheet (Tompkins and White, 1984). It is therefare possible

wdetermineuhere apart{s,o:mhat thepmls.aftertthas undergone pm- !

cesdngapr.mions. ' SR : ‘

, 'Apoi.m ﬁmumatbympenmposingahm oimatenalsmdarome sheet,

omobtainsamperauonprmchm{'fomhmmd%te, 1984), Thischart
.. gives aa oyerview of the flow within « Cacility. Assume that such & chartis
1-cnmmdfmmtheuumblyandfabn ah a:;listsnsodmdwitbapmafm '
| " by the simulation snd timjug informaticn is also added

mthecﬁm&.lnttﬁaﬁmammuntofmmnﬁmmybewhm This .
"ﬁwmmﬂdaﬂweichmwbedw&edmengm it has undergone.
oL m&mmmpmmmwﬂm\

?‘myaiwbc chmmehhmmmondmmmynfm?
ring systemand the ability of the control mmmwwwgg}
'-Mtheranﬂyshmyxddthsproducdonmmmm .

LN

R N



33 AGVS Building Block Models.

-The discussion. on the 'AEVS focuses on the particular case of inductivé.ly gm'déd
automated vehicles. Thé AGVS is dccomposed into & number of building block-

modeis which facilitate the construction of the AGVS A Building block model is -

__V_\reqmred to mode! a truck on the shop ﬂoor

r-—lh- . Oparating statt or Supecvisor
y N — =
9 N Supervisory computer
- - N ot aem———
. :
TRUCK , INSTALEATION
oo v lt- |_-'—‘M
Electroraagnetic
.[Mf_mz‘{fn ) _u—-aw Pa!.d:ﬂL?ﬁlli.h N
Ased én:!rik.g;s e mrmqpmt r.rgrm's
hs Staering :ufﬁ:h codls nductive n;;pnm':
' s (T fedorine guide wice.
Antennss ﬁ\“}‘ " ' : Ca#:mewsmdin the
, piifpennemnienst . ©. ouitte wirs and
LU separately contralied
R rsnsmicors ) fommsndpel 1R -sncpivers
Rracoivers ' | joge IR transeniniers
Dsta irensmission {“.1...._._ Inductive deta'tran-
sntenmas . ) S| seniseon cirowit T et
. "
Operpting unit
3 1 " keysoard
1 Rudio transmitier

&

\

)

The AGVS will be made up of a number of truck models coiresponding to the
number of trucky actually used in the physical system. A further model is necessary
which represenfsthe AGVS floor installation andis accessibli: by eachtruckmodel.
'I’he floor mstallanon modei mamtains a record of the paths of truck travel over

Lo

B 1
\\_ :
b
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The p’rima:y pmecssing opcrauom used 1n fabﬁcnﬂng mmw e fnrmmg.
- MWmly and ﬁm:ﬁhmg. 'l'hese operanom are funher enumemed
in Table 4 k _- . . s \ \ F\. ‘
. Azcordmg to the mar.emi desmpnbr-sand reprf: scntatmns {shown ;nAppendxx
' A)itis possible wsssocmte matqrialwitb the processing operauomnhubeen
subjected to, For example, transport oﬂeranon? change the location of matenal
on the shep floor. An assembled part jis de ibed by a list-of its constituert,
‘parts and fabrication operations are associa b.d with the part according _;q a list

of operanons it has undergone ' |

In concept, the hst\q pasts which consututes au assembled unit reprucnts the
bill of materials for the assembled unit. The list of fabrication nperauoﬁs
represents a route sheet (Tomphns rnd White, 1984). 1t is therefore pﬁss;b{e
G 10 tiewnmm! where a part is. or uhat the part is, aﬂer it has undcrppne pro
""-:wwinsopamﬂm ' , - -
R z%x;xomt ofm;x:hn bﬁmpenmpmmabﬂlofmatcm’ mzd a route sheet, :
OR "abmmmnonpmmnﬂompmm White, 1984). This chart.
mmgfth:ﬂwwuhinaﬁdmy Ammethatmduehmis-
mmmmmym fabrication lis! ssociated with a part afer
-mha sinmlsﬁmmﬂ mw mfamum is..m.wm '-

Wﬂkku&mu&:ﬁe&aﬂwmnhmf" __
- '_j__initspmdlm’l‘hasemdmch

: ..:_Q



_- - ’ _ |
the shop Soor and the placemem ufsqgsm and actuators mu:ﬁ\ the shop floor”
., instailaticn. Data can be transferred between the floor installation and the AGVS.

supervisory domputer (which fom:sparto{ the PAS operatmg system) md betwen o

the fioor instaliation and the trucks. . S

" Theinteraction of the floor mstalla.uun mth the tmcks and supemsm‘} comput#r e
lsshown in Figure3.2. Based on tlus,wc provide each tmc}:modelthhaan ifiterd: 1ct,
to the floor iustallation model. The floor installation comq;umcates wxﬂyf the - -

supemsory computer and thxs is modelied by a control interface. Tmcks receive
,commands ot primitives and send status information to'the PAS operating system -
ﬁamdhmmnmdummm%mmrfmmmodeﬂedbyamm S
interface. The AGV truck snd floor installation models are i} ‘medmpagm -

- 33.5«:Appemﬁ fmﬁ:ﬂherdkmsmnﬁ‘thcAGvsm BT

b R Wooo. - o [ 35 o ] . o ) B
B e L The AGVS | -ntg_;-gg.ﬂloegks_ ' B R A

r bus tﬂtnvfac!] - i |

i Commgn Materigh” : . _
Transier Interfoce e o

[
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TrABLE4: ,_‘“\'_ |

i : A " Table orMannfactaring Processes - "@-.-
. “{(Corhpited from Eary and- .i‘*qhnson, 1962 and Carson, ﬂi\a]z an;

1Young, 1972) S . | &v
[e— RCoacyTa. —— i
Fabrlcation Ope;a%ns- | S a -\
Machining P‘Em“‘ : ' o \
] Temig % Grinding iy
i Shaping ' . . Drilling SN D
M;]_[mg S o o E :

. Forming Processes i L “ﬁ
\Costits 5 . .- ° olbpioning
Embof,mrg o7 Stamping
beams e T L
o Wﬁd‘ﬂl ,, © . ., Insertion -7
Hent Treatment. -~ = . Paimting  —=.

-

423 snmmm. o o m. R

This section has deﬁned a mode! or represcntaﬁoﬁ of matenal which is pro- '
cemdbythesimuhtedmamfacmrinssystem Uszngthisrepresemwcums »
ossible w use the material deﬁned here as the general mputs and ﬁﬁ:puts of 4
~each éqmpment model. Thxs is- because, by compamon of the mputs and
A, .

o )
. n.

B,
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. correspondng outputs of a modcl the operation of the modgl can be deter-

" mined. We cart therzfore say that the model operation, in terms of material N

~ processing operations, is. completely sPcc:hed by its material inputs and the
correapondmg matenal outputs. -

One furtnc. .{Spcct of these representations is tnat a Iarge amount of mfor-
matmn may be obtained from the assembly and fabrication lists perlauung to -
‘the operation of the simulated system. This completes the ﬁ;st stage in the
deﬁmw-n of 2 common ‘material interface. -
| §

: 4.3 Material Inte_rface chssiﬂc&_tion.

N, : .
In the se-\ “l:;.d Step m me constmcnon af a cormmon interface, it is necessary to

eom;:de 2 knowledg: base whereupon a solid foundetion for the construction bf -
m}%rfam may be bmd In the case of autmted manufacturing equipment, it is- -

necsary wduiwofdgducetheme ofthe interface and what typeofinterfaces

'Manmmmm This can be determined from the knowlsdge bse.

" 'I‘othigwd.ﬂppemBMuduadiscussionoﬁhemcusmterfwesmammmd |

- mmwsymmﬁmmeml transfer, One should note that the terms used
in Appendlx B are ﬁppropmm for the physiul system and mt t.hc sinslatior: , -

m. : . -J ﬂ}r

;'Bﬂwonthaﬁhm;mnpmmudinwﬁ.minm&wdwiﬂm;-"

--Mmtbavmmlseqummwomhummmﬂm g
15 shown in Table 42, mmdmmﬁmuemm& L

o

-'mmmdtheimarfweisdwﬁedbymohmmtblﬂﬂu

_Mntenalmﬁermfmmthefirsttomesecond. N

1) active -active interfoce. ‘_-. .
2) ' Astive-passive interface. I
3) . Pauivc-‘.cdve interface. -~

mschmmmmmwmchmpmntunim ragponsibie t‘ormmmltrmsm

'For ezumple, in an active-active interface, 2n AGV with s cotiveyor top will transfer
- meterigi to & conveyor, if both conveyors are operating in the required direction

of motion. An sctive-passive interface is illustrated when an AGV with a lift /lower

(£} -
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top deposits materml bn acouveyor The: conveyor isnotinmotion, A passwe-actwe '

m\yerface oceurs when a fobot pncks up matenal off a convcyor which i is not in
motwn. : ’

| TABLE 42 |
B Materia! xnterrm Classification o
. s mtemsamnnc

MWM&M:W&WW&:WM@WM
dmwmmmmmuueomnrwpaofimmnmm
inTable4.2.° gre cases whore equipment such as an AGV, fore:umph.wm

~ interface with an input/output statfon which is 2 solid phiysical structure which can
. accept ¢ load frora the AGV. mmd“nlteminiumﬁmumﬂlthmeded
 bya robot, for example. Metypesofmterfuualwaysmnmap&me enuty
) manymueﬂaltrmfor

" In summazy, theknawledpbnse mpw@formemmm

‘stagein developing 2 common material intsrface, ’Ihtslastsupn:hcdevalopmm

: " of & material transfer pmtocol end'a mmepml structure for supporting the
" protocol. :

X

i
i

—
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4 4 Matenal Transfer Protoco}s '
ol

“ i‘he actual transfer of matsrial in the physxcai system is asso&ated wnh a mech- _.

atiical motion or operanon This motien or operation is kssoczated solely with the

" model. From tbe mode' interface point of view, this mechanical mouon indicates -

the models intention of .naterial transfer. At the extreme pomt of this motmn,'
coup!:ed with certain conditions bemg fulfilled, material transfer can occur. Some
neccssary condmons for load transfer are: ) ' '

B § 3 The e:nsteuce of 2 load. !

+2) " The equipment parnc:pating in the inte:face are workmg \ogethcr to o

complete load transfer. . : o

3} The interface mechamsms are compatlbte

In modelling these aspects of the interface, “which mcludes the nature of 1}\6\'- |

mterface, we can state the following:

1) Froma nmdelling point of view the mechanical motwn or operatmn n&eded
forioadu'amfarinthephymnlsymmismhtedby :hemodel and indicates

) "thémodelsintenumoimm

©2) “Thointisface itselfonly becomes operationa! when the sirmilsted mechamical
o mcﬂonmﬁm!oadmbumnmmpoﬁmohhnmwon For example,

--mmemmﬁmmmﬂmmofﬁmwvmmwmdmmaon:o o

P amwornndhpbwthdmememm»thepohtwhe the
T interfacebemesopenﬁunﬂmdamncuondeﬁmdh%nonﬂ be
usedtoiniﬁnte&ema!m&r oo

. | _ .

- 3) The interface is sclely responsible for 1 ad transfer between models. Losad

- trepsfer between models can only occar whén contitions; pemimng 1o both
modzls which constitute the interface, Bave becn fulfilied. |

fﬂramter cannat be completed, the interface must take appr&pnm action ba.sed .
on wihat would occur in the physical system. ‘The interface i is thus concerned with

tnmfemngmateml once jt has been mlemdbytheAGV for mmplmand
transferving it to the model the AGVi is mtcrfnced with

’nﬂ

.- ',,}\' ) 1 ! R
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The dxscusslon above indicates the necessity of ‘condition emiuanon fer foad’
tran.sfers to be successful. These conditions exist on both srdes of the model
" inferface. This suggests thatin order-to effect load transter, each mode! must know
that, at'a specified location, an interface exists to another mnodel. The model,
howevcr, is not aware of who the partner is or how the partuer operates.. Also,
information must be supphed to the interface by the mode! (or the interface must | °

g obtam mformat:on from the model} to faclhtate condition evaluation. * -

ln summary we note the need for commumcatzon benm:cn model; handled solely

by the interface and the nced for certain ‘conditions tobe sansﬁed Yorload transfer,

“If these conditions are not fulﬁlled, the mtetface ales appropriate action. The
interface, therefore, supports message passyPg between models, enndition evale-
atmn and tnking ap;:ropriate action if necessary. The ) message passing, condition

" evaluation and. fault action taken are specified in terms of a material tmn.fer o

protoscolir .

’I‘hemateﬁaltmmfetprotoeolmﬁﬁhnwmmgesmmed ﬁihat
ccndim:obeevnluatednre,whatmfnrmaﬁonisneedadmwa}

~ ensures that tiumodels are unaware of this since tho models mon.yaw_r_b-_ i
memmmmam:cmammmemmam dag .

the mmmﬂmhmmﬂmms«ﬁmn v

\

the. actaous takcn if '

.on
o

,-. condxtiom are not met. We present slmple. general

exampies of the condititus that must be evajusted. In_genersl, condition

.eveivation and the actiup inmc of s oondition mllure m@eciﬂcforthewmn

in the interface. \-\

mmtmufthemﬁauaﬁe&‘smemndzmtham*beevdmtedfor
example,inthemo!maeﬁwpmimufau.ﬂ:emdclknmit

" transfer a load (indicated by simula:ﬁ:g the activation of a mechanicsl moﬁon

orpmomwh:chaﬁminaresmldadums&r).namelthusmdimiu
m:emim to transfer Y load Howevcr, atﬁ:e extreme point of transfer, where

]

-

s

L

"y

L

Cdeiar ks

o .



Ll

the intsrface becomes am\ﬂ}.-. due @ ﬂ:e modcl (:.allmg a materral tratisfer
functmn, a number cf conditions for u\.oessful material transfer must be ful-

" filled. Examples of these candmous ary as fallows-
1) ~Themodelwhichis toreceive the

d cannot accept the faad ifthe iocatlon ,
where the load is to be plazed is giready occupled.

f "]‘

'7) -if the Jargest ¢ dlmensnm cnf tnﬂ,,!éad makes it too big to allow handhng by

‘the receiving modei s}m i xg r; schanism,

) 'I‘hepomt.uwherethe'ﬂanhsm placed:snotapmntwhere the fccexvmg :

_ mdel can acccpt the foad. - _
lt‘any one of the' abave conditions are not met, load transfer cannot take place.-

* In this’ e, appropriate acﬁog? must be teken. In the physicalsystem., it would

- be: At 1éult 10 detetmine exactly what would happen to the load. To simplify
1 mmemu’nlw the ouieomc can b: pwdictem the material is assumed lost to

' Lheﬂmﬂaﬁgmsynem. Note that the modelilnnt informzd ot‘the loss, since

pmmm mmu, :
| ‘m mmmmmw

. ’lnfammr.n from ogc.h parmer» in- the intcrfnce necessuy to fadhtate
'eonditlon evaluation andfmlum ’actiiin In mmt cases this information is
_Mmmammzmmm ldurmaﬁonmaybemqmedonthe “

the r:idel dc.et niot always have a means of detecting this occurrence. This is

iy bmd on the assuinpaian tht the majority of material handhns operanom will
- not(imarpo:m ogtical amd wetlle sensing. © - - L
s Ipmmmtheoondiﬁms thatmusqg%eﬂdﬁlledmdﬂwacﬁontakenlfthe%
416 1ok, ave specific for mm of the various inarfaces and are diso depéndent

ouhadmdérﬁm 'I‘benﬁan, fw awh mmfam showri :n'!'ahle 4 2. a

{,l- n

opmung yate of the simuised eqm;unont or tranifer mechanisms. It is also

_mmwm«mwmmwammdmwdﬂ transfer To. '
mmmmmubymmm&mpcm '

el



| \"_‘4.4.4 Snmmm

' We discuss mcssagé passmg for eachrinterface type'

'44.31 Ammmmmmm

 In thiis case the ﬁrst model sends a request to the second for it to accept 2 __I _

~ioad. All the necessary information for condition evaluation is passed along
with the request. The second interface evaluates all the conditiors and; '
indicates to the first model if load transfer is successful or not. If the transfer;
is not successful the appropnatc action is taker by-the first model. o

[
I

1432 Acﬁm:Ea.mim Tt face, |

T
c ‘*Tne message passing pmcess here is the same as'the above case except thaf
nouheckim 'done to ensure that the second mode} has activel ,rpamczpated

m :he tnnsfcr

_ .4‘4‘3“ x.g;gmmlnmfm.

Inthucasetheectiwinmfaceundumqﬁestw:hepmmemm This
ua;eqsmtforaloadtranster&omﬂ:epmvesxdeoftbemt&rfacemthe’ o
- active side. If a load is present and ready for transfer, all necessary infor’
mﬁmaﬁM@dumprmemmMuﬂequﬂomué
'checked.lfmnﬁercannoamrthentheamsldemkesapqmpnm
action. _ .

A tull protocol speciﬁcaﬁoh 'for robot/cdnveym-. mnveyor/con@qyor and -,
AS{RS/Conveyor mserfwe types is shown in Appendlx C.

EY

e

" In this sbétion we have defined 2 materlal transfér pmtm.ol The pfotoco!

~ specifies conditions which must be fulfilled for ioad transfer and the action
" necessary if these conditionis cannot be met. The protocol includes message
. passing, which defines how each side of the common interface commuriicates,

A g T g

P T



| sb thiit e nature of the physical interfaces is preserved in the modencd

- jnterfaces. The condition sectiofhof the protocol is specific to the partners that
form the common interface, wlille the manner of message passing is specificto

i
_ the nature of. the mtcrfaccs

" This completes the stages necessary foFthe defi mtaon of a common matcnal
s trausfer interface. The ideas presented bere can be\kconceptuahzed inthe |

strucmrc shown in Flg‘urc 41

e

A

o ’ - s .
s . a (1= i
L Figure 4.1

a
Conceptucl Represen&otaon of

the Material °

Transfnr interface -

n

a2, " ) a . ) . . .
' T com oo £ Area of modet
' / interaction R
P = i
’ I ; " ‘ . 5“}. "

N

+ - e . Moterigr
: Trongfer
interfoce

B Common ]

Tronsfer uspects re!e‘bont
" to miodel A ]

te model B

R T

Transfer gspects. relevant

" ?}‘ \I, B

4.5 A Structure For Frotml Implementation.

|
'y - 5 I’
i ..j gl

in t.hxs section we present a structure which allows tmp mplementauon af the _
material transfer protocol. Two su‘urtures are described. One for active-active and
active-pagsive interfaces and the semmi for pasmc-actwe interfaces. The abilny B
to change protocols for differem model interfaces. acco;;d.ng toa gzven mterfaee -

namre, is also supported =

b

A
W
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'l'ghc J{Fow*-v‘m? rcpresentat:on of the actwe-acuve or: acu«e-passwe mterface
huré is sheyn in Fzgure 4.2. The message passirg pmoedm'e, which is constant "
mté‘n{aces lrrespecnve of the condmon{ actmn specnﬁcanbn, is shown in

4]

e

i ) - " -

h
e — T

in Fignired s, 'nzemessage passing procedute, whzdi iseonstnntforthese interfaces
irrespective of the condition/action specxﬁcanon, is shmrn ﬁi‘ﬂwchm format in
thures 4,610 4 . ' :

P

.
. h“. n
. -~ TJ;’H
Yoo Figure 4.2
R § o - , o
s, Active—Active ¢r Active—Passive -
Gk“ interfoce Structure -
. . (i
: " . / .
Co.:mon Materigl Tronsfer interfoce Module |
3 ( b L] jcommuniey . 1N
C L AT T Sensing™ Seten Receiving | |\ /'
_ . ] o {Protoce! nau “IPt oeols | a
todd " | Madule | rwhmg, ' Moduis Receivel _
4G .t 1 Paossing). Lo )
rS«ru:‘. v : r Qutputow: 7
_\.‘tﬂpﬂt - - "‘“7& .
"Tranafur aspects " Yeanefar aspacﬂi RN -
rltcvons to - - reid vcmt ~to - &
’ modtl AT moudi B"r\ )
. ’ " § ; .

< ‘The coneepn;nl rr;pmentaﬁon i the pmwe-acuve interface structury is shown

nemmnmchammdacﬁonm:ﬂmofmﬂigw&ﬂmem :

implemented from the condition/action specification sectionof thé protocol, Each

receiving ioads. The sending mc%meemng protocol qunlel are implemented

* from a protocof spem.ﬁcmon. Enmpm of prowcol spe&ﬁeanons are shown in
App..ndjxc. g - i N IR 'm '

: ofthcm&ﬂacushown;ﬁ?abie@zwmhawnsmpmmlﬁcruadingsnd ._
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'4,5.1.1 am_mm

o

_ 'Ihrsfumﬁon dcposm‘-natenal in the Loau 1dkbenu Inputshown in Figme
4.2:The interface module then takes care of vy necessary opcratmns for

. matm.al mnsfer I| |
.451.2 mmmm. Ll e

‘This ﬁmcnnn fetches :nalcnal from the Rw.*.md Load Output (see Fxgure

) 42). This hmcuon is associated with simulated mijtion which recems

L mmUn the casewhere there is no monon ‘associated w:th“mntenal
N m&zmkmmm@ammr(&emﬁdm "recaived"
or), it is the responsibility of the receiving modst to respond

”FMMmmMWamawmw&mmwkﬁm
mwle,ambotfctcbeammm!!owdmam 'l‘h:sﬁmeﬂmis
"-"tkawmplemmwMﬁon(S}Mifmmmm;m&mwyfm
_‘ tringhés (by the’ Material. Ready For Tramfer fanction) and the
n"f'_.-_Gg: Mmkcﬁkdmumﬁ;uﬂlmamﬁaﬂ

g |fw



“ 4.6 Chapter sfumnihrsr.;.. i

- 'This chnptcr has dmzsseti aspects af modclhng themterfaces for matenal passage
- between models of the shop floor equipinent. The model view hides all i ¥
- A*CESsary error. checlcmg fcr matena.l t:ansfer To suppart the model wew,
commoen material transfer interface module is required. The mterfaqe module
operates according to 2 transfer protocol. The pmtoco‘ specities, the condmons
. for material transfer and the aétions necessary if transfer is not successftﬂ

_ The deﬁmtmr of such an inter'ace famhtates the arbitrary interconnection, of
- models according to- *_hg interface classification shown in Table 42. From this
class lﬁcatxon, the general nature of the mterface is obsctw-d This charactensuc
© g modelled in the simulation system matenal fransfer interface. In proposing
: qmatehal transter protocol spccxﬁﬁuons we have attempted to model the physicat
. aspects of m&teml transfer in.the real-world to me gru.ast extem possiblﬁ )

S in the deﬁmtion of miaterial, we have not included the orjentation of matert="yut
_-;l"'hawewdthsmtena!sposiﬁonasitmomamndthesimumcdshopﬂmr
' mmwmmmmmmmmwnmmmamm*
%ndmewmsaﬁcmmvammwmmmms&wmngimﬂ-m

: mwmwmmmummmmnmmurmmn&mm
1_mdwww&eﬁmmm@nmmaphﬂw)ﬁw&mkmmmdw
_-_mmmmmmmmmmmw
. matetial st the interface, the inverfuce mechauisms will be activated. Jf there are
mmmwmmmmmmm
'-mwmdm@;bembycondim“mmﬁddummm
. beingmet.- | |
.Inmam%mmmmmwndeﬁmd 'l'hls
interfwmuthmemnjormupom B . S :
1) m:nterfacedeﬁnesssundardwhehﬂlmthearhim yetnons:mnt
_mmwmonoftquode!sofﬂmshupﬁwreqﬂpmem. '

“-2)' :ulhamwﬁaufonmpmdwmdeumgpmmmmrhmmr-_
' _poratesthephyamlpmper&esinhemntintbeimmacﬁmofﬂmshop.



oo

3) Thq] mrerfaee h:des ail aspects of matensl ml’hsfer not relatsd to the mode]
usclf . - _ - .

Note that the eoncept of Passive and Active matenal transfer is derived from .
‘Muller's (1[&83 classification of load transfer for dnvcrless trdnsport systems (see

. Figure B.1)and has been extended i in this chaptcr for the shop floor devices under ..
discussion. i“urthcr information is'derived from the discussion by Gtoover ang
anmton {1986) on.the mechan. mterfamng of the vanous systems irich -
" constitute anAMS R o "

&

=3



© interface must snppcﬂ. These sre:.

s r"ﬁs OPERA'I'ING SYSTEM AND. BUILDING o
BLOCK M()DEL INTERF‘ACES R .

L Ll

In Chapter3, the control, AIS and signal interfaces for busldmg block modeis were *

i%ientified .These interfaces provide the simulation systein user wnh a flexible and
tonsnstent eansa)fcontmllmg the building biock models. Further, these interfaces
ensute that fhe PAS operatnig System cannot differentiate’between the physica!
system and the loglcal systcm 'I'lm chapter describes these interfaces i mete
deta:l :

-
\

5.1 Contrél Interfaces

The eontrol mctfaoe aliows model mmmnmcatwn with the PAS operating system.

- Based on the work prese':tcd by Bloch (1936). thcn. aré three aspects that the
1) _ PAS commands orpnmltrm o
2) Eqmpmeut status. '

"3 Prummwadins/uploadhg.
_'I’hrcscupmat.ehemdmmdkmwd

. -s.m* mmmmmm

| Blmh (1986) sumts mat ln order t0 maiqtain total automauon system

.- . Dexibility and to ensure that. thé system controi i3 at least as flexitie aad as
capable 25 the’ actual equipmtnt ori the shop fioor, itis important that 4

command exists for everv ‘capability of the shop floor eqwipmrnt That is, a

comuzand or primitive, which is the smallest, discrete action 'p;hnt the shop flgor:

equ:pm-.m can be calied upon to ;‘iérfm

Bmdonmochmmyomemsmmm(ma' yres 1.1and $.1), -
the PAS primitives reprcsent the: machine code instrustions of the central

prooeﬁmg unit (CPU). These ‘nachine code iustructicns a)m fixed from u usors

point of view, but flexibility is nbtams,d!mm tbe soquenrmg, ie; pmgmmmng .



of these atomic E'{hchinie'cod'é ftructions, The program execution is controlled
- by the PAS Opefatmg eystem which therefore orchestrates the operanon of the »

shop floor equipmem r‘*{ ~r

o
" - ["( .
' . Y " . .

_ Figuﬁé 8.1

-

"
13

Strucmf/e of the
von. Neuwriann Machine |
{Raproducod ?am Blach, 1986)
.{‘J " - T
2 Lo o,
{ # : :':, &
’ : . .aton..
I (Memow}
- L L
. of '.x
. . N “\
. a N 3
o Controi % A
NE T _ i, B
L - “x
’ | Processor _
3 i |
- Primitives can be cc _ctnd together in uquemto form groupmgsknmvnas

opermom (see Bloci, 1986). An oper-‘ ion is the set of primitives néeded to
direct a particular machine to perform a isgically distinctjob [These operations.
" are used by the PAS opmungsynemmperfom’i 2 process" ie; mmw
mmformatlon perfnnned o any mput into the PAS. .

Shop ﬁoor equipment units typically have betveen 10 'md 10 pnmnives or

-‘l'

-commands, depending on their complexity. Also mﬂuencmg the numbez of.
pnnnuves is the sophistication of the eqmpment cuntrollers, w!uch then per-
form the low kvel d‘qu:pment centroi. SR

"=~5-1—2 mlmts:m

_ The PAS. opérating system aeedato maintuin nrecords of the cuzrentopera::onal

i}

e

- status of the shop Boorequipment and mfonnauon relating to the equipmient
- or process on the sh”apﬂﬂoor. describing aspects of the proceks The PAS

n



operating system accesses this information from the eqzupmcm controller and
" updatésitsintertatdata structures, whu.h are used forreal time decision makmg
1. ST _ . T I

'-m&mﬂmnlmdmsﬂlnlnadma S
One Of the features of advanced manufactur\mg systems is the capablh‘}ﬂ 10
. produce.a variety of products with virtually no time losses to change overffom - o

. one product to the next. This permits the system to produce vasithle com#«g - ;
. él.l.

_nations and-schedules of products This capabmty is achieved by device ODI‘w, ,-‘5-1,
troilers which can accept & program, corrésponding to the particular product, "
- thal hasbeen dcveloped off-line and downloaded directly to the manufacturing
eqmpmem controlier {Groover and ‘Wiginton, 1986). The coatrol interface
. Tnust support this feature, es;:eaaily in the case of robots or CNC (oomput#r
_nuxnemdly mntrolled) machmes .

~Inmmmary ﬁ-eproposeamodelwntrolimerfncewhnchcansupportﬂloithe
"'abm&mumdmmbemcuymsamasmemwmmmuys- -
. tem/eqaipment controlizr interface, Appendix D shows some examples of the
‘vatfous prizitives and status i:fommrequfremeﬂmforanumber ofthe
'u;nmmmbuﬁd!nsbiockmh\mderdwnn. o

_:514 wmcnmmm f*j- o o

m&e«mm@ummmmmm&mmm&h
primnitives and stetus information requirements for each shop Rooe equipment
uﬂnmmmmhwmmmmmteamnammhedun- T
dancy n vl allow 1otai control fexibility from the pomt of view of tie PAS. '

‘Some uizhereasonsthaimndardmrfacesdonotyetemtmdue to the fact
that no attempt bas been made to dictate any limitations on the typé of
eqmpmntthstmbe mtmdmdmtotheaummmd muhcm.gm
{Bloch ,1986). A.second reason is the pmhferaﬁonof 2 number ofunique __
_'somtions for dnﬂdrent production simuom where ea.ch wiutton is deiismd -

.l' |

' .- A ‘
ma&“rg . - ; . . . v ‘IT‘?"I'_ ,
A . : 'S .

(s



'Furthermore, pmmtwcs and statas mformatmn may depend onthe opcrandns
-pcrformed by the various types of shop floor devices. This is apparent m the
chse of robots and CNC machmes These machines are programmabne hnd
hence their nperatmns m-y vary. Also, ihie interface may depend on the various

equipment configurations possible. The eqmpmcnt contrelier software may be N

i dedicated to each individual apphcatwn thus the pnnuﬁves may vary framﬁ.hﬂb
. ones shown in Appendxx D. :

.\:
N

Inorderto standardlze the ¢ =trol mtcr‘ace, a survey of all possible eqmpmem '

types and processes in automated man.lfacmn'lg systems is necessary. From
this one can develop aset of all cncompassmg primitives and status jnformation -
requirements for eacb shop floor eqmpment type. Since this is not within the *
scope of thzs WOTK, We ive described an interface mwhxcl: the usermay develop
his own set of pnmmve,s which wﬂ! form the standard 1ﬂr the particuiar
apphcanon. S |

5.2 S‘ignalalnterfam

-

| "Slgnal“ tntertaoes allow the irztcrconnection of the eqmpmen* 1comxoller models
with the sh, P ﬁoor equipment o; Bmldmg block modeis. This must constitute an

especiauy flexible interface since'it must allow all the various equipment con-

| ﬁgumﬁonspossiblewbemkenmtoacmt. For eample, thé real-world aralogy

of this interface is the connection of motprs. sensors and sctuators to equipment
‘controllers, ie: this interface models thewinns connactionhetweenthe shop ﬂaor
confroller and the equipment. - ° :

Fraom the point of view of the cuntroller mode} a pmmnvc or command is &

macso-instruction and s:g;nnls are micro- instructions. The conu;ou mod.e! st
* transiate the primitives into a seqnenee of signals being sent or momtored for the
low level control of thie eqmpment models. 521 Conceptunl Represcntauon Of

The Signal Iaterface. ‘ : o . "

1 The signal interface an be coaceptuahzed ssan array. ofs:gnals. havmg the ;alnes
. of true or false, Whenever 2 state change ofthcsignalomamessagemdlcatmg
this state change is sent between the controlier and aqmpment mudels, ‘For

example, to s rh~ conveyor in the forward d:recnon, a message correspondmg
10.2a location “’-"‘er the mgnal array (the loution identifias which motor to start)

G-I



w o

One may argue that thc deﬁmnon of a signal mtcrfaoe advocates anmmely ae
low level approach to model construction. This may indeed be the qae Ar . -
aiternative approach to modeilirg the cmunment modeis would be from e -
levelof the PAS primitives. The ioblem 13 0ne of smrd.zation of equ‘?pmcm
L o
4 | f E ,
oo . RIS
. __ n h e
;
& 5

’ h ; 5w - -
. s sent from tl:e mntrcller to the eqmpmem model md:caung a staze chmge irom
false m true. When this signal is received by the eqaipment model the conveyor
. operauon in the forward direction can be simulated. The interface has anarray-
format so that a given s1gnal may be assocxated witha Spectfic SEnsor o7 actuator.
* within the eqmpment model. The conceptua} stmctum for this mterﬁacc is shown
a T mFlgureSZ ' : Ja -
AR .
rﬁi ' - . - _
ok \ . -~ E_l‘g_ka_fe 5. 2 | ._G
Com:eb‘uol Represcntot'cn S "
i &f the : B
& S:qnuq Interfuce . m -
E[il.?::l%‘.r . . n 2 \.35 ! -r._ ' : | n
3 “Signat - | TRUE | FALSE| PALSE |~ TRUE
ot vele T 1 . :
.1. - . % . ) e
Inmry &Mmmwmmﬁmmdmﬂma -?}
& - sigoal dmn@e of state, betweea the controller modah and aquipqem or buﬂding
' bloctmdeh,inboma‘imcﬁm " ™ : :
- . 2 ; T - Es ]
5.2.1 mmmmm B

i . .
.| 3 . L.




"+ upits and modular cantrel so&wam for all levels of eontrol Since these arenot
i . limitedin aqy way, the a;:-;:roachof modelling from the pnmmve level, would--
limit the scﬁpe ofiapplication of the models. . S

Further, the structure proposed here; ie: the use ofa signal interface, servcsﬂ' O
two purposes. As a research tool the' resultmg models would be extremely
flexible in allowing all types of logical equipment configurau@ns which can’
then be analysed to provide suitable, modutar, automated manufacturing sys-
tem building blocks. Secondl§, s a post-dessgn mol, the controlier model
software will be available and must. L tested Usmg this - approach thls is

S ’ﬁiemodellingappmach adoptedhemnsteaanb! as 'ongas :herexmosmdard ‘
: ﬁortimlpmemumtsandconuolw&ware Once a'statid: =rd has been developed -
'mmﬁmmms eelloommllers,fcrexmqﬁe, communicates with the shop.”
: -“ﬂaorequipmsutmode!s,th:ﬂenbm:yprovidadby"hengnalmterfmwﬂluo -
'_hnwbmqmmmwmbedmmmmqummmtwmm
‘..I_imﬂem!ymdﬁzdmmofpnnm&smdemﬁmmsm L
Omﬁmhnrnrgumcmasnimtthcmofaa mterface:sthuet-upeffort
- neadedmmnmoqmpmmmodelamw troller models in the simuletion
| '-'-'-:msMhmmwhgmzaMlﬁoWQummMpmbhm:s
'-"’_oﬁsetbyﬂmfwthuthamommdsymmdcdgnmmiomdmmm "
'.;mwﬁmtmmsﬁmmﬂwmawdsmhuwz -
---_mmmcmwwuwdwmmmmm_ _

s 53 mmmm smm mmm, o ST

Tompldnsmdwuhze (1mjmtha:intheautommd£nmq theabiiity 10
kn»wwhennndwbemthe msourusafpmducﬁonaremdadhofpwmum :
' mpormtoschimpmpercommmhdmfmamonwerypmdimmd'
: wmpmammundManembdedbﬁlofmﬁahaswnasmemk,ﬁmuxam .
otherpmdueﬁonnfpommmmbecapmmdmdmmmﬁmdmarw~mm
'-Th:scknbereaﬁudbymeuseofanautomatedidenuﬁwtmnsysmm(ﬂ.”p}mth

the appmpmw senson e

‘\

&
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Since the sxmuiatxon system is mu:nded as @ tool for anakys.ng the control of the
advanced manufacmnng mtem,s ivis ncecssaxy to support the use of an AIS and

’ or.building block model, This interface fonns the Boundary between the mydel
and the ATS central dmnputer It is assumed that the AlS:computers will form part

- a.ssociatedsensors.'rcachxew thxswc deﬁncan"AIs mtcrface foreach n

 of the PAS operating system and all necessary information will be exchanged -

- betweenthe AlS computem andthe PAS opcrahz»gvs 21 control computerssuch
as the, PAS cell comroueri“*k; Bloch, 1086), forexample. « .

o The interface should model the communicution between the shop ﬂoar sensors
_ and the AIS computers, mmmaluge vanctyofsystemswmch range from bar

-code, radio &equency, surface acmxsncal wave, megneticstiipe and machme viston

systems (H:]! 1985).-We do not attcre‘pt to define an interface in this work bm )

.  note that i n is necessary to support *he AlS in the ssmulnuon system. -

| ,_’- Whem materia[ imses an aummatic zdentiﬁmnon sensor in eqmpmém :

. model, 2 message to the AIS ccmputer is gencmed which con snoh infor-

. _matinnastheumque material idenﬁtyandﬂntmandlmﬁonwhamms o

-idannﬁeﬁ

g
0l

fs.a cmmmmq e

- hmmﬁmwwmmmmmmma o

: .lemmmmmmmmdMebmmmmﬁm

| ’openunssymmmﬁmuuthePASceL controller, the AGVS supervisory -

mmm,&mmmmu&wmmormmoémpm Theintezface ™

" suppomalltheﬁuﬂmsﬁoundmthomterfmebemnﬁh?ﬁmﬁngqmm
' andthersalsyngm. .

mewlmﬁmmmkmmofmmmmumm
5ensors. !nﬁomationmmmrmwm ucnuﬂcaﬁon,m..mbepmedwm

- mmmtmwMitkmmmmm&Mforqu
manufuamﬂgsymmmm!. . . . .

S
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A &

'I‘he slgnal mterfaee Eorms the boundary bctween mbdeis of thu. shap floor

 equipment (manufactunng system hardwat c) ‘and their controllers (software: -
aspects) The ﬁgﬁ&l mte:fac» is structured so that all eqmpn ‘ent types and their .
A various mnﬁgumnons may be gimulated. The array- structure ot‘ the interface
- allows i individual sensors and actuators 1o be addressed . |

- |:
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) -Inthiswwkmdeﬁmalogiwmodehuwﬁectﬁonofpmmwumm-' .

6 BUILDING BLOCK MODELIMPLEMENTA: - -~y

. TON o v

+ Atthis stage of‘fhe modular modetling approach, 'thé sfmulation system has becn

deveioped at the highest level of abstraction: That is, the building olock models -

- have bc'/ fentified and their interfaces specified. We now proceed down a level -
 of abstraction in ordef 1o “look” msxde the models and descnbe how the-y are

implementsd.

There are five aress of momnmededtmdennf} tie mtemai mpdmme
"_bmldingblockmodols.'mesearc : A

'.1)* Inglca.lnmdels. | o P - .
3. =-A xeal-ﬂm Wlﬂon slsomhm and fastor than-f M«ﬁm sumhtiqn o

’ 3o

4 Modtlimg equipmcm breakdown

S} Graphical, mlvammyammﬁiqmmmm L
.'_mmmmmm mpic j_,__,ﬁn;mwmummms B
5 __fnthiscwm‘ . SRS i
" "n' :

which characterise mdels.Asxmuhﬂonmwmmrmythenulmam or'eli

dhmwmemtm@r,mabthcuvﬂu«udmmmmmml-
~ for his particuiar use, mmmmzpmudua&mmmwmmem ’
_selectshismwofthcemﬂpmentorcomﬂerme!s.Itisthusupmtheuserw
.mmmaogwmmmmemmu N T

Based on thie Wionprescnted by Lemnox, 'fho..a,m mmm (19%).%\

- -wmmmmamwnmalmwmmmmm-
bwckmmlwuuimammﬁondaﬂmeinfomﬂmwmm}buthe' R
' _mmnmmamﬁmumsmmmmm'-- .

-
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" the functions ﬂzat the build Fs block. ,.Aqm[ates. Examplcs are, posn’ble vé\l’oaties
. of the AGYS trucks, the vafiods typed of load transfer mechanisms possiﬁle for -
the tn.c,hg aﬁ. : f -

‘The :mgér&unchonufthe ingwal modd*.! sto guidc the sxmulaﬁén system uscr in - |
“election of parameters whi oh ensures that the moc;lel wiil accu:atcly sunulatc the
operatmn f’f the physicai Wﬂt that the user is rdodelling, Again, using the
AGYVS as'an example, the ipgical tnodel framework will guide the user to define
%spemﬁcnuckspeed ﬁaﬁmsmntweioatymodel is assumed. Also, the user will.
be asked to specify which load transfer mechanism the truck will incorporate. The
wwﬁlbegwenall the ruom.,Eg:h&/lowerm,oonwywmonorfmkhﬁ _
" ete: The user continues theﬁammorkunﬁlthespmﬁcmodel@?mr

- mmtea&tedmhabecnchbscnordeﬁned PR

o ) : -
Inth!swatkmhwe “p«ndedacomprehbn.smmfomnonbmuponwhmb. _
aﬁeﬁdhﬁaﬁm&d mkmayhewmucted Hmver,ApnendmsEm
1 tnchade wiusiples of the oty cliséat el tps -

nal or %mmm mmmmmgw |
mmtemmmnm mmmuwﬁm," hématical -

Wtypuofmodehspemﬁedfmmthebﬁalmodslmmdd&fﬁumt :
mthemﬁcalmodelsmsinnnmtbemqmredbehaviour More exact models may , -
ummmem and thizmnyrequlreemmmwt}w
usua!mthemncalmodé!qimuse hgeneral.:hemthmaﬂmlmodelsmqmred
here.relmmodmmnmgandarr thusbasedonr-lewton'sumofﬁamm

./.1
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models - IRy range fsom 8 simple time F"ﬂ;!y (Eor tmu-. invariant opemuons whg.re |

T
T ;5\

0 ial

the - of operation can b ‘easily measured from the physmal syst.m) or linear

motion mndels at constantvclocxues to modais needed todescribe robot dynamicx '

. Partofthe funcnon of a mathematical model is 0 incorgorate the parameters of n
each logical modcl which allows us to dxsungu;sh betwecn zhc basu: operatmns of &

each equlpment or bmldmg block modcl type. . /—\\\ E

Ty : :
: N :
63" ReabTime And Faster—'l‘han-ﬂeal- Pgme Simuhtion n

" “Tnis section pments the real-time s:muiation algorith which fnrms :he basis for

won

- building block model operanon. More spec.iﬁcia.lly this is the gcneramn of the S
: comctwqueme of output messagesand theunmngmerdertomodelthephvsical.

processes (PPs) of the AMS. We first discuss the fequired mods! descriptions for -

. -mmmmmmngmmmedgﬂmthmmeqmdmmmd o

wprmtmﬂgmithm.maiguﬂthmprmtednbmd odtheasymchmnom

T I

| "memﬁmdngmum&hmmmnmmmm'

- MWMMmemu.
H |

:"_"':j e by_w_

B&hbﬁhhsﬂo&md&hdeﬂmdmmdeqﬂmmmwsm

andamodelmmdmpum&chmoomldﬂed.

5

P P
'1";

,_ 'Iheeqnipmnt statesdeﬁms the physical operation ofthabuﬂding bm”'

- models. For example, thewmmmﬂmddhasmmmm'

. areor Forwn:d.On RevemandStop mequipmen;sta:esmm



 ciated with commands or sxgnals sent from the PAS operar'zg system or

controller models tespectively. Foi examph; sxgnai 1 1mphes start the

., conveyor in.the forward direction. The conveyor tranSpon model state _ |

changes to On_ Forp sard on receptmn of this signal. The equtpmm states -

are dependant on the phys:m mechanisms ind thenr sssaciated operation.

2

6-312 Model Statesi  '° '3'- "_

Apart from the coﬁtrollcr buxidmg black mod..l, all cher model& srnulate ""'_'_

material and/er mobile shop floor eqmpﬂ:cm motion over ﬂ;e shop floor,
‘Therefore, the material and,mobzle eqmpmeat units.chane their- iocation
- onthe shop floor. The locauons of s:mulatcd material and mobile equ.pmem
umts at discrete mstants in time speafy the model state. The model state is

a wllecnpg of all valm xweded to describe mawnal or mob;le eqmpmem £

T
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Inthw**gmmh!poﬁﬁonmamwtdm wasﬁzm.&mmp&e L
sy be maintained, Further, medismbemtﬁmmmmvsm
re

canthusheuse&mcnmumonmﬂnhemodeimwtogeumw events.,!'or‘ =
. cxample, the next event for the truck is when it Feaches the branch point

position and abmchm the pﬂhof&avelmbemlmﬂated. Th‘s..*é

' whcmadeamonmtmbemadonswwhmhpathmm

| mmodered«cipﬁonnmp!&dfrmntheMmodelofme N
buﬂ&ngﬁockhthumytbemrmyheaskadtomaiytbskﬂﬂﬂm
- installation, for example, wkuch mrecordedmme ﬂoormsudlanon mede! -
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operations mcigd& tuol transpht to the cotrect machings, tool loading and tool
c.hangmg, el A tm\l is alsg a und :@.- z#zy of ““=ntifying the fabrimﬁon operaucns
o 13 ~ . o gy
) | ol. \ T Jf f -

” \\ T Figure & e
A ' : - ) .
H-},‘.-.m_v. "' Part Represeniation ,n the Simulation System .
w‘«x T [Part-;\iar'ﬂq : Upiquely idertifies part '
1¥ Tl F?éri Dimerigion | llsed -_,fer'.handling requicements) "
i 1  IGlobmt coordinctes . Part locolinn on shao floar
[ Part Located @ if Port hoy bLees, positioned and oridntotel ’
b lrort Ust @ Parts wnich make up this unit
W H‘i\ ' = - . |
E ’f{! EFobno soan List : L:sl ot pron-\u.l lhvs unit hat undm ,;..M __I T
C L e
'll. R . " ;! ,
b ' A 1 .
o b Procf=s | Workstatfon Time of 1 1. Titviw of
ngerdone fWhere ProcossediProcessing!’ Port MO agsembly ‘"5,‘ t
S|\1r°r s:\;m i.'-":mt Station 1!290 %ecsi "::-:_ Port 31] 230 Secs 1o )
A . qut" 32| 270 Seos
L \\ - . b
u" , n 1

n suhjected to. Also, & comp.a “ison of % part representation

odsl and its cem'espond!ng ou'put rei;meﬁ:mnon. \irdquely
ing operauons of the model

it £

. R oo . e
oL s} R o -
- B - .
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ible to progrmt v.he Sm,p floor equipment to produce
uires:that machhmry be capable ofchangmg tools.
logical system (o simulate tooling operations. These

vasious types of I,
Tools are thus nec:“pssa ryin

: asdescribedabave,itispmlb%e onpem:aloﬂhepmaadi\
> uniquely identify the pazt (zic g with the part name) and tie

o0



as an. environment for the im'plementatian and operation of an 'AS}’RSFdemoa-
srratmr mudd Furtker, the tools available for software developmcnt majke thesc
comt:-uters ideal for thas pu:pose on a smatl scale. - . él

o
d 3¢ dectmn Of A Snt’tware Development And Run-Tlme E nviirun-

. | .
ment.-:. S o -

IJ
5 . " . t FOE : I
: Tnmughom 1*1:«: wark the conaept of m{'dulmty hashbe enadop.sd The aq‘vanhtgeﬁ
of this approach are apparent In the ease of partipomng he smtm,,atrJn systeni

- and for futnre mmntcuance. not only for ihe simulation system software, % but als¢ -

", for the concep“s presented in thiy prou:ct report. ‘¢ herefore, the postibility of
o -analntaimng this modularity in terms of the simulztion sysiem softwérc are of
" primary importance. For this reaton, the programming cnwromnent for the
Modula-2 programrmng language has been selected. T i

Modula-2 siipports me@o;cepts of mouuldn ly in that the language uses moﬁu‘es '

for the wmtmcuon oi:software. sys:em.s ‘Also supported is the ability *o compiie
modul:zs separa.ely, thus ailowmg the collecticn of tested and verified modulcs in
8 softwa,‘e hbrary : . - N

In Mod'&ia A mo.iules consist of two parts I‘I“.g;sc ate a [ﬁ‘imnon Modulc und an
Implerxentauon Module. The deﬁnnwm mbdule specifies the endties OF the
. moyie that are available io the pm‘grammcr. This essentiaily specifies tae module
":_atc.fawe The 1mplememauon mody | includes the code thar implements thesu-

eniities.fff'!}ac inplementation module may not be availab': to the programmer
“once the medule ha{ﬂpeen erified. Using ‘the module concepts of Moduls-2, the:

modulanty of .*ystems ardJ the concept of abstraction and information hidinyg are . |

’ supporwd y ' _ . ) L

: Ty .,
|

-8,{ A produla-2 Snftwnrg"Enjrirpnment For _Slnéu!aiiion. -

a

There are 2 aumber ¢f K&odula— 3 systemns for IBM-PC 6r comipatible systems. For
. the purpdse-of a dewunstranon modeél, we note that the mode! itself iz made up .
" ‘of further modules. These modules havs been developed by adoping a process

viewpoint. Thet is, many of the ma~ules which make up the model, run concur-
rcntbr. We wish to support thls in the simulation mherwise the module code must

)

4
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_ 'I'he model smtes. the eqmpment states and the model structure descﬂpt:on
mmi titute ¢ inputs to the real-time algorithm from which it is possible, in
| c?m] anctief with inputs reoewcd, to genemte the a.ppropnate LP output

messases.' EE . ..

632 mmmmwmmm
atlﬂ.lh

Events are OCCUrTenices of sénsor activationsand matena.l transfers The acmm
occiirrence of the event is manifested by mowztmg a message with the cvent
usd this trinsmissinn of the message. An even' is thus said to occur when a.
-.-mageeoﬂ@cndingwthoeve ; transmitted between LPs. lngencml,an
event is ¥ tuple (1,m) where t is the real-time of occurrence of the: ‘message m. |

Ingezm.. Y& Bressage m may specify 8 sensor activation ormteml transfer. | i

__Wwﬂlmmofnent-ﬁmﬁe&dmdtbammmmF ither | '

~Wsmbudded,mﬂmthommmddesmnmohhemm

\’_Mamwmbamhymdthe quip

:hs'propbudbym (im)speciﬁesthuu’supemc@syuch
ronously With tespect to each other, Synchronization is ach vedbylﬁmrpo-
timﬁeﬁmmmﬁhmu%h&umywmmmy

”he s.lg:
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that apams subjected to. For example, aspray pmnting toe} arambotwork-staﬁon

.may cause & pm'i fabrxcauo:rhst to include the entry: spray pamted at work-smnon o

5’ "
. “ : n - ]
4 . .

| 5A.3 Palle%s

A tool may be subjected to masanal hand‘xng operatzons, A tool is represented by
' memcture showanxgureAZ, B e e O

=

‘,5 : . N ' * n

I

' In the loglcdl system, 2 pallet is the general nime given to material coutainers and

supporis. Since it is not posslble.ﬁp include all the various ty;gps of coqtauﬁb;s and

supporis used in automated manufacturing, we generalise them in te¥ms of pallets. *

Therefore, a pall‘t may be thought of as represeiiting totc boxes. bins, eartons,m
pailet boxes, skids, etc. Since we are not interéted in the exdct physical pature of
- tlwu supports and containers, we chamctemezpa!lets as follows: In the loi‘wal.

: system, 2 pallet is a means for trans;!omn;. storing and locating parts, tdols and

a‘ampmmwm, 1984).

byonc.ina'

- .In prac tice; paileumuan ofteh prnvides a smtable solunon Phrts can be. |
ar-angsd on ¢ pallet in a grid, located on a spigot or between guidu 'l'hc robot

o canbe taught to pmk up mm unil the pallet hasbc;enempﬂed

=
o

‘o

- pallets. Ndie that a palletmuay containy another pallet. A piliet ia. thus the Support .
- ﬂﬁmwwmqumamﬂmdwmcmmawﬁmtconm |

- mmmumt@vmmmmpponmenniﬂmdpﬁme Amzmwm
deﬁnadn:hom{;tmbcmdo:hmﬂedmmm lnmemqthemm
hadumﬁemoipav&wﬁmhmharsim&mtbeunﬂbadhumm B
gmthntammhgygm*:hmethismdbawmﬂatherpnum)mhunnaufing AR
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© as an envircnment for the i lmp ementation and operanon of an AS/RS.demon-
" stration mddel. Further, the to

s available for software developmem muake these
fe on asmal' scale.

computcrs 1deal for thxs purpo

-.-\

{

83 Selectmn Of A Softwaj,l'e Deveiop meut And Ruu-’l‘;me Envwﬁm
.ment, s

. o ‘ n
a. -.“h. -

Throught-'}'ut this work the conceptof madu!ﬁn'ty hasbeen adopted. The advantages . -
" of this approacb are appatent in tipc ease of partitioning the simulation system

and for future maintenance, rot oniy for the s:mulatmnaym,m software, but also
far thc concepts presented ih this  projec: :J}“:‘eport Therefore, the possibility of
mamtalmng this thodularity in terﬁs of the simulation sys;cm software are uf

. primary imporiance. For this reqbon, thc programming Envnmnmem for thf

Modula-z programuning language Eids bat.n :selected

~

: Mcdula-z supports the concepts ot*lmodulamy in that thc !anguage uses moduleq
for the construction;, of software sy%cm., Aiso supportcd is the ability to compile

modules separaiely, thus ahowmg the. colwmon of msted and verified moduies in .

awfmmhbrary C T H\1

.~

Tn Modula-2, modulés consist of two pams These arc a Deﬁmuon Modnle andan
. Implementation Module. ‘The definition module specifies the- entities of the
" module that are available to the programner, This essentially specxﬁes the module
i fintcrface The 1mpiementation module includes the code that imple:..ents tiu'.sc
“entities. The 1mplementanon module may not be available to the prosrammer '

once the module has been venﬁed Using tbe module concepis of Modula-2, the
modulanty of systems and the wnoept of abstraction aud m.t'ormauon bshmg are
supported : Lo

. . . B i
L .- - i

"8.4 A Médula’--?- Software Environment For Simulation.

_ Thereare a nurcher of Modula-2 systerms for IBM-FC or compatibie systet:.s. For

the purpose lmf a demonstration mgdel we note that the model itself is wiade up
of further modu}es These modulés have been developed by adopting'd process

_ mwpomt That is, many of the modules which make up the modcl ren concur-

retly. We wish to support ihis in the ssmulauon othermse the module code must



| For%eal-tupe f ulatmn, hnwe,,ve* De mmelda, Macl.eﬂd and Ypma (19&5)
propose that the tiree field of output messagvs be camparcd with a globa%
real-time cl'splr The LP then sends the messages , when the difference hctwew \\
message-sent-time and, the real-time clock is some ﬁgfmed constert ss. Thus .
only when a” ' _ ) Sm

ac

(messagesem time) - (real-um*) =g " 0y

m‘l the’ transmltnng L? send the message to other LPs.

The constant ss takes into'account delays in the transmlssmn of mcssages Thns '
; mdwatcs the requn'ement thataLP must beableto genera' ethe message bcfore =
| its messageé transmission time, je: the LP must be able to sifulate
faster-than-real-nme Am:fher requirement is that each LP must have syn-
_ chromzed real-time. clocks or 2 global-timie reference. Faster-than-reai-time
. s;mulanon isa specxal casc of real-ume sxrnufanon ant! is dl .1ssed in Gection”

' 634

' For real-time s:muiation the LPs take on the propemes of real-t.me syszems
. Thatis, they mustbe able to rcspond toinputs add take these inputsinto account
uptothe mmnge transmission time, Because the LPs must respondto alli inputs
we can predict model operaqpn some time into the future. However, the LPs
cannot be certain that the predmtions miade are correct unnl the eventsare o °
' be simuiated by. message transfex;” in veal-time. This is due to the fact thatall *
-rmtput memges at tune Tu - *fémcdtm of inputs recewed up tn mne T . "

: mwove oonwtutes 8 sonstraint on the algonthm propoud by Mism (1984)

._ sincew v-atipmdm operations up to time T but if the predictions are incorrect,
¢: some input is received betwean the time of prediction and T, tijen the LP

must be able to update the predicted messages and this may require old pre-

~ dictions to be discarded’and new ones to be made. This iz a difficult probiem

" 1o solve for wrich no simplé solition exists. This is discussed by Misra (1984)
interms of rollback ami sqcavery. This aspect must be mqlnded in the smu%auon.

algorithm. -- o | |

Further, bceause of thls it is not deslrnble {70 predxc! tuo far ahead since the

" LPs may spend too rnuch time generating events (predictions) which nay be
_discarded-later. Wq !memﬁcre impose the requirement tha: anly one event be
Ipred:cted ahead Eur each evént that js independent. All gvents which occur |
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be adapted for sequenti Iexecuuon. "Phcrefum. the Modu! a-2 e:mmnment must L

support the execution of § proceescs Also since the simulaticn system is dmrcn by

a real-txm Joek, the proqesses must have access to thié syste,m s resl- time. Finally,
‘the models and the mtcrna.l modules rommummte by mesmge passmg, hem:e the

etmronment must SUPPOI’! these rcqwemcnts ERR .

s

‘Modula-2 prov:d“ a nnmbez of Tow-level features whlch includes co-routines.

How ver, a kernel writtén in Modula-2, wluch Supports the Monitor caticept; - .
dcsmL d by Terry (1986), is dccmcd Sumable for ‘demonstration modél unpie- .
-, mentation purposes. Moaitors allow for inter-process commuméhtxon and ience

message pas.ﬂmg The kcrncl supports nmc-slmng where the uses se:ects the
requlred ime-slice. - " - . :

. I ) f':

' The only pr‘ablcm. howe.ve: is that the kuernel was. uuually written for the Voli tion -

N _Sy:mm Modula-2 lmp"lmntauon which was not avaxlzk‘a Tor this project report.

Funhar mve:ug:zlon m,o the various mplemenmuuns,avaﬂable found that many .
m:plementatiom, althdugh supporting co-routines,” could not support task

miwﬁng initiated by Hlterupts which is necessary for performing task switches .
aa the npproprme sime.. This is mm the Iack of the 10Transfer primmve in

'-fannd Mwmnmﬂwm

'.__pezwngamm

' Logitech system uirice the Logitech and Volitibn system implementations dre not
©directly compatible, Funher.umforpwvlﬂmgthemwmmal-manda_

rihes mw{ﬂ! the Inpted! Wmmiﬂeﬁiﬁe& 'ﬂwprob!em bemgn
- the IBM-PC operining systesn, MS-DOS, is not rc-anmnt.mreﬁo‘re Hisnot

, pdNohprumkmeﬁwhihSkm;”«hmmcﬁm However, .
- tyehwmmmus-mmmmsmﬂ-, L

ite: ons, However, mmmmztmptemmmm

mecim).hudmwmmmrmﬁmbym, ;

clieck to'se¢ 1 MS-DOS is in a critical section or-noty waif added. The finalised

. Modils-2 kerne] is shown it Appéadix J. The oliowing

]

" changés and additions that bave; beery made to the kam for execution oh the”" 5
| "Lag:tech M.odulx-?»z impiesnentation & also inflorder fo the mqmments _
" 'pmamed Ew demopstratloii model implementation. - | -

!
' " =
[ '
o ) ! - - Ef
L] o
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mdependemly must be generated An cxamp!e of this is the maten ,Amts on" _

- the transpon made! of the conveyor. For each material unit an evé,‘nt must be

" ge‘zera,,ed since these e?ems are all independent. According to the avove

reqm; 2Mment weTannot generate more thanone even. r a material unit since
these will be dependant on-each other, i ie: one must occur beforethe other. -

‘ A slmulallon algpntbm whnch takes the above into cons.lderatlon is pmposed-
' ?dn the rfoilowmg page. The algorithm apphes for the bmldmg block miodels
undec distussion. The real-time simulation algorithm mlaws the generation of

) events based on the model states, me modei structure detmptson and the mputsq

received in real-tlme

-' We note u.h&t when messages arg scheduled for transmtssmn, the message wnh '
the sho:test time until its Lransmxmon in real-time is- sem next (un.ess it is

mcelied)* o o o oy

'1 '?.T

634 Mh.mn.mms:mm S

For ﬁner-dm-mul-xim mm!anonm msﬁﬂfemd’with themmmshﬂ

it&ammiblemsmdoutmtmmgu formdwtedevemnndlkiskmn
thatmﬁuﬂ:erpmputs will bemveawhich%ayaﬁect theontpntmm&ge.
Mammmug@meﬂonﬁmemﬁm ofthe?ﬁsopewinasymm

Fwther,mmdr. ren Wumwﬁm(im) ehce . _
vmmmﬁmummwmmmm !tmmtbemhe

zwthemsmiqgsymmwmbwmmmmemmmpm:

w2 veceived. That ¥, we cannot sseme that the PAS operdting system can
ﬂennfymuamqesuﬂﬁchwmmwmn@mwhnheen. -
jfnmulatedmhemnde’rhmfom the inputs thet the PAS operating system .
fﬁ rebeivesin’festerthgn“g’eal ﬁmeopeuﬂﬁnmu;tbeglobaliymmuhed,m' "
fito ensumm:eqrrtetweof ‘decisions ifude in real-time simulation mmhes‘

thosemadehxfaswrﬂfmreal-timwimmaﬁen. e o
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-Ad Summary: . . %

Talnng the above i into amount, the representaﬁon of pallets is shown in Fzgum- R
A3, Pallets may only undergo mateml handling operations with the condition |

that the largest dimension of material being put [iuto the pailet may not be
' larger than that of the con:ainmg paﬂet.

' 'l"here are dev:ces whose aperauon fall under the tmego'y«( material hamihng o
_ that are used in automated systems to locate parts, containers and sypports. If -

apartor pallet is subjected to these operatmns we assume that its posmon and

‘orientatyon ark then ¥nowa. The operation may update the global oo-ordma 5

of the material. Jf the- material undergocs 8 !ocaung operation this is"also
reflected in the maa,nal rcpmemauon.

Figure. A3

“Paitet Reprasentation in the Srmu}ptioh "S-ystsm

Batiet Nomae Uniquely identifies poillet

IPciht Gimension. © Used for mhnlm mqucﬂmnm _ :

caordinotn Palm 1ocotion nn mp ﬂoeri : S
\\ 'thd ] . J} _

lﬂmw num\mmmwmmu}_ -

. n t m . e . "
U e ‘Mqﬂ Mm " Lict of material
in pallet

ﬁfﬁn&ﬂlﬂ mkm mataric Hored In wﬂoll |

A Featon o;;stomd T T Postion o ared
. :-___=_:t-zﬁbfﬂiﬂf o matericl ”
¥ seum in_potiet . _
o P«W cuntaimd n
nbm panaf g —— _
oo o l‘-l‘:nui voet. Suucrigies] -

?;'_

) "hl paﬂct qu'mu o Nigrorehicol
struzure of fqrthc-r parts or polma‘

g
"

. t'.\' I

In this appeuduc, matenal asused in th.'.!mulated manufacnn‘ins sy'stem has been

defined and described. We' have alsol presented some of the i‘eawns for the

sn!ecqon of the gwen matenal represemaﬁmﬂ 'I‘i:e trcatment of "masarial® ir this



mmmmymaedmuowmimmmm;
. 'er in terms of the Logitech primitives avatlable for this, Thess -
pdmiﬁv«m‘ldescdbedimhc[nﬂmch h‘bmymodule namedm S

" The moduls (L Section was added to determme mheﬂur MS-DOS i,
| in a criticat sq&unn, ie: MS-DOS ﬁmcnonsarebemgexecumd at thetimesthata |
. task switch is equired. The module CheckCriticalSection u.!es an undocumnted
- DOS cali (34 ) which checks ¥ DOS isina cntic,jd sectlon and thus overoomes
the fion-r een{mcyoms-nos (Logitect Modula—?/Sb User's Manual). "

'_ To maintain {he system real-time, a small semen of code waps added to procedure
£l in'module CLOCK. The code cour;ts the numper of clock interrupts

 which occur. Jﬁn IBM-PC computers and c@moatxlmes the: gre approx:matc}y 182
clock interq s per semr.i{ The siry ‘anon module& whu:h reduire the system
real-tizs F the m&u!e Sysie m’l‘xﬂne “The’ pgr rmﬂe QetSystemTime in thls
!mdul;e, *eqllms lbe-‘\vmh eu;r:u.,}hat '!1 Sy m\n ,‘{ ba en mnnmg. '
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. While no inputs ue_ehmu_ndnpmmps scheduled for
outprt - Ty
donoting | o .:

End {while}. i

: Ifw(i)schaduhdﬁmmﬂpm U "
Ten o .

LE time : ~ me of messape tnsiioion”

Send all tesaages icheduled for cviput. .

Update tha L mode] stainif required. !

Cienomate new event(s).. . ¢ o

Scheduie message imnmission time(s)

mgmwmmmm(s)

av 10 GheRL in mhmr

End {if}. :

' R N

. U inputs rectived o 5

S ; W-flu " . . SLP

o dime ! ‘mdinpmm
S G o )
L -,' m Il; ey .
- ne -hup
S umu.mum.. -
" : :..Mmmqamw“ i

Mwlm
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' ' mmmmm
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mmmmwmmm T |

Wlull. 00t dimulntion ending time do
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~ more subtle pmblem whlch arise when mateml rcprmnmuon is OTmﬂdemd in -
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A ‘building black roodels which form the basis for'the construction of a logical AMS

- . .
i ki

j .

91 Review. ’ '55 o - - S

P
n

Tke modul ar nwdellmg approach has led to 4 number of modules bemg identified
each mth a number of tnterfaces. Th:’: initial decomposition approach provided -

system whdsc operation can then be jimulated. The interfaces defined for these

‘building Blbek models allow their interconnection with the PAS aperating system
' ,;for logical system control. The modds can also be connected to eaclt other 1o B
‘simulate the interaction of the phyucal system shop floor de‘hqn wiiki respect 86

material transfer betwe en them. A common material transfer iriterface modile is _

~ used to manage material passage between modelsand hides aHl aspectsof mtenal .
- transfer that the lna;#els arenot aware ofsta physxmiwel :

Thebd%ﬁmab!ockmaﬂckwre ftmhbr dgoomposed toidentify anintergal module

struictute. The/internal modules specify how the building block mode! operation "'

:uw Thﬂmwml moduifs Stmcm:eubawd on logzcal and math-

. __-_mmmmmﬁrmmofmﬁmdmmmmu |

mmms}m mode} mpommau,pulauonqlgomhmwhmhf SR
" aacepss builing biock mode! fnputs and, in conjunction with the model state and

aemmmthcnaoeswyoutputsmreal-ume or

bemgsmmlsted.nmldtngbm models miay be coufigured for execution overa

| numbeér of processors. This ecHitates 7éal-time or faster than real-time dimulation

L3

ﬁ 0 be donirolled " ‘bontroller puilding blocks. Further, the >~
. mch&mmmpm&ﬁcmmcﬁmdhmﬁekﬁ&&c?ﬁmmm"
Thes&numianmhimvaﬂ:am @Mﬂmﬂuhdtyof&ephysicalmm

and animated displays of the sirmilation. The use of a distributed computing system -

clmecturc ailows for the sinmlaﬁon apphcanons presanted inSection 1.4, "

Foon

%
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A global time refercmce is proposed for the faster-than—real time case. S}"n- :
‘chronization iS”&ChieW.'-d bya global "cal-zimc- ¢clock refercnce where the clock
mne is sca!ed by a constant . 'l"hus -

(logical system time) = (seai-time) x ¢

where - {logical system tirne) > (real tune)

- The scale factor  is chosen s0 ihat the FAS operating system An rﬁpond
sufficiently quickly to the loglcal system operaiion. This ailows/ﬂhe sequence’.
of decisions made by the operating system in fastcr-than-rea!-m-xe operation

- 1o match these made i in real- nme operation. ;"

In sumimiary, for faster-thzm-real time simulatign, a global ;ogxcal system time

reference is required where system time is some muitlple Q of real-time. O i is

_ awfuncnon of the PAS operating system response, the execution speecl of the

: mdmdual LPs and the required spced ot‘ s:m:.iation -
N

\\
. 6 4 Modeiﬂng Equipmem Breakdm

An important ameet of mode.lhn; mtbm.i:ed equ:pmem unm is the ability to
simulate equipment failures. In a jeal time simulation system as proposé‘d here,
" “_thezﬂec:ofbreakdmwﬂlmnheconagulsysteminitsabrhtytotake conﬁngency -
ﬁwmmmmmys ofmodelling equipmemfiumes mdwmchcm mhoq is" :
: msennundmplymwmmdbymnipum:mdelwmm?m xample,
"thefailurenfaeomyor h‘amponmodaimtorcanbemmnlmdbynot vechuling -
anyoutputmmxg«forthepuﬂcularoomeyormodel .
'I’ha userm]:e given the choice of selecting which equipment breaks dwn, the
time of breakijown and the equipment downtinte. Eq,akdowns may also be;
modelled statistically whcre the user prtmdes the pmlﬁabnhues for equ:pment

brcakdown. S : i! ,.//

- Although we have notm;:orporated the possxbxhty of equz bmcnt breakdown in :hc,.
internal module structure, this should not be too dlfﬁcqllt to add. Each LP can
" memﬁorate 2 breakdown routine which preventf the transmission of Inessages or
the .receptw_n of inputs aixd hence material n'apr;sfer or sensor acuvguon.
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: nOfthnththatminAMS ﬂmoftbemmtnnpornmhthemawhme

-mamnaiisexchmsedbemnshapm;qnlpnenLManmmbemn
mmwmtitmumowwmnﬁwmmmmgohme&me B

wpuofmzcmmemmwmmﬂmmdphmmm To
" model thess interfiices and 10.include sii
- :discumdmﬂmawendmmrst:{w)'_ _ _ 5
f,ichammsofmm%mm daduwdandhememodeﬂu ’I‘heva{iom."?
| -Woimr&mamdimmd. ST o "

'. 3.1 Amw w:md m smm lnmfnm

mmrm'nmmammmmr mmamsm»r c

n The A.S]’RS mnsists of smgg mcics, i m@ and. ré tﬁmz (S.’R.__ -
- ' ut (170 stations or Pick.j and Deposit (P/D) stations. »

e 'm”m;mmmWM&N&WWtWM/RShmdwwMIM.“-'1  e e

th‘*“'?‘“eww“nﬁmwﬁmlshwprmndsﬁomﬁmanng, E
-W)mmﬁmfﬁmmmﬁrm&gm; rieving
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Fmauy, Modula-2 has been ;m;%md asa h:gh-—level“hnguage far expreuing the
W%mtableﬁom T‘hereasonforth&scheieebemgthatunduia-huppam ..
the cont:epts of abstraction and information hiding which forms the basis of the

- modularmodelﬁugapproachnsedtbroughoutthfspmjectModula-2hasalsobeen‘_ -

chosen since it supports simple real- nmcpmyammmgpnmmveswhmh may be .
extended to include advanced real-time (se{‘*“\erry, 1986) and dxsuibuted real—ﬁme
progranumng primiﬁves. . . :

;9.2 The Model!ing Methodoloy

_Inthismjeafeponamodular modellmg approach has beed ysed to 1dennfythc R ‘
© stéps necessary to constriict real-time models of AMS shop ﬂoor dev:ccn. The

modular approach has been apphed 10 specific systems or devices in the AMS.

'Although the models for each case cannot be generalised, the steps needed to .,

- develop real-time models for each case apply. The steps required in developing

smﬂmmwmm&gmtﬁoﬂﬂmoﬁhispmjmupoﬁmdme -
enumemtedinthis section, : .
b'-‘!"‘nnssdcrthewscd‘tmodeninsaspcaﬁcmsmnpﬂoordemarspmm o
mmwmmwmmmwmﬂwdmuhﬂmmm 0

n

Amwﬁmmummwmmwmmm T
mhmmmmmwmwmmmm S
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'In su'mhary, the LPs can also incorporate the requirements of modelling equip-
ment breakdowns which is 1mplemented by interfering with the nurmal trans- -

6.5 Graph:cal Animation Of Bmldung B}ock Model Opera?fon.

Tho. simulation systern would be useless | xﬁ the 5ystem users cannot gain insightinto
the equipment operation by means of the building block modcls Obwomiy,
information may be obtained fromt the PA§ cperating system momtonng procesSes

mismon “of messages

""" which give the PAS operating system a view of the overall process. However, the
" - equipment models have one very important property. This is the. aml:ty to ailow L
the measurement of variables which cannot be easﬂy measured, if at all, in thc ('L

physical system Coupled with compl.ter aids the itiformation obtained may be
mampulated into a format most useful to the mmulatzon system user. '

- g In tH proposcd simulation systemn there are numerous ‘ways of obtmmng infor- -
man o from the raodels. Siice we are at the ievel of detailed model operatzon, )
- this | ,:J an appropriate place to discuss the aspects of pr-ssanung graphxcally

pted model opet. mon in real-time.

o

, M equi;p'xibnt mddr.l contains ‘all the mfonnauon necessary to descnbe its

rwm um‘shle, discrete instarices in time. This forms the basis for snimated

.dhptays of each equipment or buﬁc\mg block model or possibly the ovérail, shop
ﬁoaﬂopermon. e e S

fminwndedh;texstodisphydwmoﬁanoquneﬂai,thét?wlnfthcAGVS

‘ um:lqa an the'shop floor, the S/R machine in action, e1c. This type of animation
fomh; & very convenient means of prov:dmg information to the user. Hamver,

there* are probiems involved and thése are discussed.

"\ -\ The Tjor problem is dus to the factithat information necéssary to descnbe model -

operi ionis only available at variabig, , discrete instants in time. Animated di.splays
ave o{hntmuous and moverent is depwted by updating the meving abjects at small
enough time inczements on the scred]n so that the motion seems continuous to the
viewﬁ; In the s:mulanon system pqmwd here, the time interval between the

~ discréte time instances may vary in the order of seconds or-eveh minutes.
\'Ihe fore, to provide an animated s"stem wzll requu-e the. interpolauon of model

pe on between these mtetvdls
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withaadda'uonal or more wphmﬁmmdmmtd gmdang&\mechmm mordea |
10 meet the reqmremems tmposed by tighter ckeatm Other types of AS/RS. :
:mdudedeep%ane f\S/RSandstoragewmmh. T Wl

5

Interfadng AS/RS MConveyur Systeﬂu. | - & ;

Inmanycasas,AbIRSs femsnreuner&cedasthz!’mstanonsviaacom%
syatem.lnailcaws,thacq rsystemcwimellymterfaceswnhthc pickup; e
and duc!mscspurs of the S/1 m:hme. ‘Sometimes, the transverse conveyor’

{which cfosses the front of the systtsm) is a chain driven live rolleé' conveyor

m,d@m%tsmmﬁmﬂﬂlybmd&mtsqmmm

w08 'f;.:ﬁummwvmde Sym (AGVSWW “ .

ol g M m In unit load q'stems. AGVS cquipmum

74 ’”f'ﬁiwprwmotmmmmwmv equip

| dropeffend pickup meverinl (Bugit, 1980). |

‘--::.maemummmmvmm@umm mumwm -
-wpsfcr“:hpoﬁdm ‘masesial on smorm,zrd‘lﬂm topgto

a lnter&newithmmyors ,. ) : , |
Iiawahﬂae&&%andmmmmﬁceump\wwmmnm The . =

- ‘i/Rmchinthmdhngmedmmmkucﬁvemthugtisresponﬂblefor :

y wquinngordmposingoftheloadatthemchqnmae mtscanausand:hc,
' -"smmmtimsm;hamck. “ 1-.__ e

'ﬁ

. i

" with chain transiets an& \1 conveyors bringing the matcrial inio the pickizp - e
'. : smm;hmms, 8 sqiiaring operation is performed at the pointoftransfes
. _' MaMMﬂoniu;npmﬁonmper&mad atthaS/Rmcﬁ:ne pickuppoint.

5. "fﬁe th Ml!m pmtionlng gm m

el
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_ ,._mmfnrmwﬁaiiftheydommmalmdy Othermterfaommaybespec:ﬁed' |
| betweenthcmodelswhichmakeup.a\ephymmlpmoesmndmnemwy o
forthedewworsystemopmnon&sawhole

Ty

Constmct 2 Iogica! modet of the phys:cal process

"T'mssmmqmmm-depthanﬂymofshopﬂoor devxmorsymmsmd. -

inpmeﬁcewh:chperformthcmebmcfuncﬂonasthephysmlmm;
peﬁmAmﬂncdmofallpammﬂenuededwdewnhetbemaﬁwm

.op&*anonmformednuoastmcturewhwhlcadstheusermmesewcum
~ of these panumeters. Inthmwaytheuse'spec:ﬁes bmldmg ‘block medel

operation for his particular use.

Idennfy the xf'aemal modules needed for bmldmg bloci: model unplcmcn-
tanon. :

Stepa1w3mnﬁfytheex1emaimawofthebuﬁdmgb’ockmodeis These
sumartperfomedunderthecomtmnuhaﬂhemodehidennﬁedmustbc -

| mﬁdeﬁed t0 loek exacﬂy the same a5 the shop floar device or systes. |

. _Ltstep‘i andthc Iommngmm, the modeumsmewptﬁnmhangcs to faulnate :
B ﬂwmplcmaﬁonoﬁhe behaﬂwrofthebuﬂdmg blockmodel, ln tinsstep .

esical topeeseiasion which raodsls the physical
mﬁt&mmmmmmmmmmm«. o

o "'::ff'*rmsamidmmann of e difteceny Wmﬁ*“ ‘*‘“ et
mwmmﬁmmwmmm -

(;ﬁ‘) Model states:

mﬁ\ﬁmpmnuﬁbnofmﬂummtmm&bﬁjequWnt-_ e

motion over time, This representation ujlpdatad a&speaﬁedby the
realtime simninion algonthm.x

*J' : . _' . ﬂ



. time, - S i _
The overhead associdted with this scheme is not minimal. The scheme requires 2

' graphm inierface whereby each modcl sends the necessary state information to |
- the correspondmg graphics mudule The graphics module must incorporate the

‘Ef

~ 'The reason for thzs is that the models themselves cannot be concernad with gens
- erating the graphic 1:1fonnatibn necessury since this may ensure that the models
.o not run in real-time. The process must be handed ovér to a graphics display
moduie for each equipment model. The graphic display module must then be

responsible for receiving system state information when ava.i‘labl_e,_imérpé}ating
model operation between tits intervals and displaying this graphically in real

__.‘.\"

same mathematicn} models as the equipment or building block model so that
mterpolauon can’yd performed. The graphic module must also have the capability

to ensure that the state cf the _displayed model matches that of the eqmpment ‘

model at the end of the interpolation penod

The advantages of this scheme-include the fact that the graplue. mndulcs may ¢ each :

UL on s¢parate pmcessors which leaves the cquipment models free to szmulatc

) andwm&dmwngmalﬁmeyaphicdisplays.m e:achequipmcmor
. building block model operstion may be displayed separately or may be combined

: mﬁamnﬂwﬂapmwb&hmtﬂm&m&qmof&eshapﬂwr'
"~ witt oach section contaizing § mimber of builiing block models. Finally, the
'ymcmdﬂmmmretheinfomaﬁmmmdsommelommm :

opemﬁoa nisy be rejdayed off-line,

."‘Iheicvelofgmphicda i!ﬁependmntheamn:oiuseﬁﬂiniormaﬁonthatme
- user needs, Obviously, the detail ofma:eﬁejpomﬁonandommﬁanisnma
o reqmmmentoithedmglaysforthxss:muianonsystem.'rheﬂawofmﬁalmrough'

thesystcmandtheoccumnwofmﬂ umcevenmzsbnpormnt.lntheeaseof
robots, although enough information exists to show the detailed arm motion, only

 the end effector position is required. CNC machines cun be displayed by showing -
their states as busy or free and matarial loading/unloading. Real time eventssuch
~ asmaterial being lost can be depicted by showing the materia! falling on the floor,
" In summary, the role of information presentition is of major importance in any
 simulaticn, The design of an information display interface occupies an important
aspect of any mode! develop!ment process, Further, rhe mniﬁuhnon of raw data .

3

i
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. The Autorated Guided Vehicle é.ymm (AGVS) is an espaclaily Bexible :;m ~" |
forhormmﬁmmpmandisaqhbleforbothwiemmopmmmh .
a ‘small tndobef of destinations as well as complex and ceumrally controlied
umspgpprm%eﬂmbihtyof&esystemﬂuinthegﬂdamewiuwhich S
_  is usually responmble for the uuiuctwe steering of the truck (tﬁe AGV).: '
' The concept of an AG‘L’S inclydes all systems w}nch m‘e capable of funcuos:ing o
,witbautadrivcr ThemaincomponemsofanAGVSm S o e

"51) thetmekaru*atler -
2 me ﬂaor systcm with the mstallztion of the wire gm&am sy'stem and the’

~

g "w meqmpmmmemm both mbwd the mm;u in '-__.?f S

: fer loadtmusﬁer Tﬁmm Wﬁ» ritzns fulie
'_,mmmmmmﬁmnma '-;-..
\ ﬁwmmnedmmuﬁmngmwmmomtmommm :
Considet the case where both the fuckarthetmctorm md theloadu'ansfcr

_;station are attive during Joad handling. In this case the transfer of pallets cccurs”
from stationkry conveyors to convayor ssgments mountsd on the tractor wsin
i * (chain or roller conveyors). The trastor trains with lifting plutoﬂum also used -
e mhftpaﬂetsfromsmdmehninwrmrde?owpunmahthm

TR s
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" floor devices ‘or systems. This section 9__

-

¥ K : R e

_ . (iv) Model Structnrc Descnption

) 3 " events associatad wnh matenal or mob:le equipment.
5) elaze model mputs o model outputsin real -time,

-of the building block model are identified.
scify the internal module interfaces, o

' eimerfaouofthzm:malmodu!ﬁaresﬁeﬁlﬁedmmofmmodtdes
i __mtheachothe:?hismnybzint‘aeformofm&ssagbpmsinsor

operate o roquired, the bu'ldiﬂ? Block modei is ‘

I’J

Operatmn ofa s&mulation eonstructad dutonomous mduh%yﬁd: otk

. Thisisa convenient representationo ofthe shop ﬂoor device or systern
“structure. The: representanon facilitates the ,genuauon of next.

Lﬂﬂs step the real-time sm'ulatian algorithm is used tqf relate model inputs -
1o ;E;nodel outputs using the mathematical model, the equipment states, the
' ! iel states and the model structure represemauon, In {]:ns step the modules .




'."_"'_:_"\ﬁmw;mmmwhwmmrmmum&mk
Mﬁmmmmv&mmmmmmrmmm |

into an understandable and useful fomzat wﬂl greatly enhance system under '
standmg andgive crcdiblhty tothe sunulanorﬁy:.tem. Therefore, the incorporation
of graphxc moduigs as described; albeit at a hxgh overhead, is jusnﬂed

6.6 Constmcting Bnﬂding Block Models

The ‘previous sections bive identified all (he aspects which must be taken into .
account to construct each building biock model. These aspects identify 2 number.
- of modules which, coliectively, implement the operation of each building block
model. The internal module structurs-of each building block must snpport the
wmmmemmﬁmmemmw
behmowotthemspomdmg:hopﬂoordem .

- In geneml, each building block model will iriclude a modei Structure desgnptmn
madnlemdmm@mofmamuhnngthemodelmumm The structures
Mmmwh@mmmmwmode!motbewem&edmdm
Mdﬁcusudmanlppe:*wforeachm :

mmmmmmrekduwdmAWEm

e ;ﬁm m mﬁy éimﬂ inAppendleu !‘-‘w I :elpecﬁvely

mmmwerethﬁmmmdmm
modules of the bailding block medshwtlmrd‘al-ﬁmeand faster-than-real-tinie

models may be developed. Further, mquim&mﬁmmdcmaseqﬂpmm
- breakdwmmdamofpmnnngmodeic}waﬂonbygmpmmmmd

displaye e boeo dhcussed
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:mct& a&iwedbymofmaddiﬁonﬂlmdmm&rsﬂdmwiﬂ:h&mgmd .
Fm:hﬂmmmloadqgmu*enﬁumammu |

unit with emh clear height.”lhellftingud lowenng cquipmentmiu.ﬁi‘ickk =

_umﬂv dtmng ins- L L e
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municate by exch.mgmg fmessages. These xeqmremems are d:smssed bv De
- Alineida, Macleod and ‘}pma ( 1}]85) and are presentcd here apccaﬁcally for the '

.. case of AMS sunulationj

‘f ]1;-, reqmm,meuts for d?ﬂsm'buted mmula*ion are: o 45 u

° 9.31&nm”13}hn1amn.

(#) From a‘;l external observer’s pomt of view, 4 LP at any !wcl is .
‘modeljed to ook exactly tie same as. its corresponding PP.

(u) A sui lcmmulaﬁon architec:uremaatbe choun toensure rhat any
LP comnmmcate thh any uthcr LP .

\

B }! | (i)“mxemmmmmqmnﬁnm SR

" f{ - (ix)A!ithereal-umesimnlmout o
il G All the LPs muit execute.at the same. muluple of Teal-time so that

BRI me PAS mmﬁng system can maintain synchroninﬁm between

- T --9.4 Recommendations %‘or Future Inmtigatien. ’
: E I‘hearcas forfutureizmsugauon. andennﬁedmtlmprojeczregpon,mpmenwd.
. - - o "?: - . ) ;- . . - . I -I ) ‘ clﬁ [
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- 7 "AN ARCIHTEGTURE FGR SIMUI.ATION S

Up to tlns stage ofthe worka modular simutation system has been pmposed \vhx.re;f o
the advanced manufacturing system has beéen divided up into a number of models

" called logical pmecsscs The lagtcal pmcesses include nAS/RS, robot system,
AGVS; controllér and conveyor buildmg block nodels. lelectiw:iy. these models

- s:muiate the | operauon of the AMS." '

. This cbapter discusses 3 compntmg system archxtecmre that suppoxts the inter- -
eonnecdonofthescmodclsinfmmngthelogml&ldbnndtbemnmngofthe
~ real-time of faster-than-resd mmmmmmmmmw_
memﬂmﬂmoimwwmmmandmumakodmd.

'J.l Au Azrchitectum For Admwl anfaeturlng Sy#tem Simula-

. ' .h B co Fl . . o
R A A TR SR PR S R T, ream*“@mﬂw’mmmbm

mmmammaaimﬁymwmapwm* .
mmmaanMmpmmmﬂ mmm

: 4) Proeasdn;m&ts MMunﬂlkﬁmo@nmmdethyMas L B

;/) R showninFigure 2y T o
Theiinerfaoew zsdiseumdhmwfnme aibei PUs are eonsidercdinﬁecﬁon :

R~ . .

T A T T ¥

a L

e e | ke b




'Mnmmaemmsmdwmmmﬁrsmﬂmrmmta«mmm
W&Mmmhmdahe:mﬁamwmmﬁh«mamnﬂud%p |
. R equipment control is necessary. This requires an in-depth investigation Into
'mmmmmm:smﬁwdamsmmm Asetof
K pm&mmruchdeﬁwmtmmnpﬂedmr,memfommamm -
. to roaintain sufficient information relating to device operation munbespecz o
ﬁ«: Finally, tstandardfmprogmmdawnlmdmg/up!mdmgumuy o

- ’9.4 2 cgnmnm m Mgﬂg]g,

mofﬁthrehvuﬁaﬂon. __;':.” _ R o




ksmmmy amixmmomeimomcmmmmmm
théﬂwﬁwr induée the foilmngposﬂhﬂim actm-pamlve, pmm-acnve, o

i

: Hmc:onvqo\msmmrm /‘j

—

Gomwommﬁégdwheﬁmﬁﬂismbemﬂzqmﬂymmspmﬁcf
- points over A ﬁxed’path. The major types of conveyors used in automsted manu-
e\ fncumnsg«stems in _uda powy;mdﬁ‘mmws.mmraxl conveyorgbelt f

.&

i mmammmmammmmamf.
-'wnmmmmm&emwmmbuw

N e-_awﬁonmayhenﬁwwh&t&eothumpmmwmwhm(ﬂ#m |
_mndmﬂarmmwmﬂombothinm&m). :
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-'."_9.5 Geueral Observatlons

L

.'.Shapzm (1987) notes that the real value i computer—nmegrated mamxfacmre- :
‘(CIM) is desived from the total intégration of data collection and Trom the

automation of ali aspects of the manufactulmg process. Ta be eifective, a CIM

: systém shouid encompass everything frqsinmoncepmal design through product a

delivery and inciude. mmputer-m:egmtedfdmfnng, des:gn, engineering and test.

‘ o atrempting 1o prov:de amodular modelhng phllosdphy which can be mtegrated -
. _mto the' mnqepl of CILL anumberof 1mpilca1.ions in the work prcsented are notcd

- 1) The system level ap;jmn ok adopted for éAMS mmuiatlon itas required that ali
' aspects of AMS be considered. This has preciuded a detailed mvestlganon.
_ H{ﬁwmr, some’ detail has becn prmmed to allow dxscusmon of the simu- -

: Iigﬂmmmuww . ..\. N - | . ) .w-\’ t; B

a ‘}_ﬂ}:
L

xivbyor buiding block me els 1‘},;.«. .:.
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_BA Robot Interfaees

i R

| 1;-,The robut, as deﬁned by the Robotj nstithte of Amenw, is a pmp:nm.mie,f_-

" multi-function manipulator designed tp move materisls, pms,topls orspecia!ised

 devices thr ugh yuriable programe? motions for the performance of 4 veriety
‘of tasks (Productivity Internationa), 1984). Industrial x""obnts generally conslst of
) the ﬁ-ame/stmcrure the mampula;or‘ the mns'o!ler,zhe power supply andi in mcre
sophmwated robaii a sensor 3 "yste,tn. The mantipulator ‘is a senq—cvnu’elled
‘mechamcal arm which is capable o§ posmonmg the end effccforigapper) any- "
where in three dimensiopel space‘mtbihn the Inmtsof the working emfeiopae of "hf :

\' b

" -Rohot tasi:s faﬂ into two ca:egones«. materiai handbt:g and fabncanon Thf' rdbo:

7 can exequte these tasks becaiise of it wbility to tise wools and' grxppem. Gﬂppers

' _.mmwmmmmmqpadmcesmmasmmumﬂ
msmuoncupsmvm:s mls."hemmmalgﬁppmumaﬂymieymeahle. :

R ﬁngcthﬁke,kvemmdmvorgromhmdmghthavamm!setsoﬂhmwed

ﬁmﬁemﬂau.., robot form the rizsterial mafériﬂerﬁoewith"_
_WMMMQMMszuW .

) PR Lo B
R VoAl e
P el '_ .
L

- mehmiupommmmbmamuwpmmmm'
Ewﬁmmmww.ﬂnmmmmmepwgmm
positions. :
__ -'hmmdmmhw&mmwﬂmmmw
mm&mwwmmaw Inmmd.amnfmﬁns"
- the orientation and position of the material is necessary when the robot deposits
" :hemerialonthemveyor Tothisend,stmpingmdclampingimmonthe

B mnwyotmusedmswpmdxhenclampmmmpodﬁan&mpaumwuh"

' pamortoalsprecmei) posmoncdinthe palletmmed.‘l‘he paliet:salsosmpped
and clnmped ina posmon The robot can then maiipulate !he mdmdual

: pans.'l‘imzsgenmllythecasefaraﬂ q‘obotmterfacesm}i]@mdﬁnumnlong
wit.h customised means are used to pq&non aid orientate material. -

Pt

o

N ;} .

FRatme

i,



.f"r.-'._':,l‘a : L L . A -k ! “-\\ ‘I‘l

- 7.2 Ccfnstmcﬂngﬁ Logical System For ESimuiation.

. - ,z .
g We d&sﬁbuss haw each pmcessmgumt (PU) in the s:mulanon chaster»m used inthe

. cnnstnkcmn of a logical sunulauon system. u,,mg the bmldms biock models or
logwnlprocesses. S . S St

)

5 121 Bmming!lnit&. Lo T

The bunldmg block models execute on tlie processml uits. Thc internal
modules of the building block models may be distribuitac as reqmred overa
numher of, PUs ternatwely, r.mre than one mode! may fiin on & smgle PIJ

7.2.2 hmmm”“wm:med

"-,_____

\

;inmmwﬂnmhdmthemmqtmwwmw bmlding
\ - Wockiipdal. For eadh mode! selocied, o uaer it gaided withiz the framsv.ack
m&mmnmmmmwm

N Tl usiﬂggraphia:nl means o v
‘\Oncg zheloglml \,mhasbeenmuuaedandthedmribunon ofthe imernal:

modulzs“ot cach bm\kﬂng block model cver the processing units has been -
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Inautomaaed mufmﬂngsyzéms th&mb%\;ﬂ\mdwload«aﬁdunw aodio .
change tools of computer rimerically “controlied {(CNC). machines. These
. 'machines may have their own cpstomised loaﬁ/unim and tool changing faciliies
-, but will gmem.lly exhibit the charactegistics of robot type interfaces. The robot
imarfaeeisacuwpassrvemnamremthcmbotumspomble maimmtﬂlj °
cases, for acquiring a load and disposing of the Joad. o "

One further interface not yet discussed is the fobot-robot mwrface Thxs is thie. _

case whereé two robots manipulate and mﬂmﬁi between them. Research o
) is auremly mderway to study the requirements of th;s mtcractmn 30 that ap_ .y

utiderstanding of manufacturing-device: mrdmation can be developed, It is
- hoped that the deductions from this study witl aid the d/;veiopmem of fuily ﬂe:ubie .
. _mtomated manufm:nna systems (Hawker et- ai, 1986) ‘
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. used to test the proposals put far\vard here. The rnajn\r point is to lnmt
of the dcveiopment such thata workmg i ototypp may \ievcloped mtlnn
t‘ramc ailuwab!c for such a deveiopment. \ : |
In summary this project report has W as a vehicle’ for \Q\cqumng ) smhll \\
of the extenswe k!wwledge base needed };n working with advanch mamxfactura
systems. Valnable experience in the fields of software engincerng; sithulation an l \
. real-time dlsth’buted computcr oantrol systcms has been gam;‘&, v ,f \:

. N /
_'9.6 (.oncluﬂinir Statements e B L j// :

: )aptcr 2. the use of phymcal and dlgltal szmalauon for the anaws A of A}’ Sis
 presetited, Phymml mmulntion pmwdes flexibility with regard to:’ mx{l //ymm L
- evaluation and is the major advantagc of this approach. I the case Jv dxgﬁa:! .

: smu!mon, the programmabitity of }he computer and the man/nmul f inter.

+ face aliovs & variety of systems tg be simulated af smtanyleva"ofd\‘nm\
:--mmmmummme}&mmmm@mm - \

mmmmwmmmmq Aular wiods
-mmmmmmmmmm,h :

s.imz!tu‘on, whics ailows almost amy AMS to be e Thé B .J J.

;I'inthxspm;mmpomcanbeuwdamwgnmol//mmm
-"I‘mdoptimmmandasamemhmolfom /’ AY |

‘1) ths standardization of AMS building bl/c/ a:ad m« the ptc'iﬁ;_i;}n”r.,\ff%‘.?

- ofttheshelfsoftwareand ' / Tkl Y
:_'2) hrwﬂugmwwmedmdnnumMAMSmmlm&mm
. I | ) . | (. i .\u o \’g - | B
e . _\\;-:.'.:._\_:



stopying timss-of the sirpulation fun ahd the simulition can be initiated. Note.
thatthe internal modules ofsingle bnﬂm§blo¢ modelsmyaisobedismbu:cd'
overa number of PUs dependmg on promgsing speed reqmrements

The graphxcal oulput from each model cm be observed by display screen(s)
connected to the PLIs where the graphics mo‘qlules are executing. Also sections |
- of the logical system operation may be dlsplawd from the diSpiay screnrf Yof |

PR

“the central graphics modules. This is achieved' by drspiaymg the outi . b
number of graphics modules on one display screen, thus gmng an ovcmw e
the operaﬁon of sections within t.he logxcal system. N

i

7.5 Chapter Smnmq.
'!n thi:s chapm we have adopted the dzsmbuzed .umulau:.m compnung ss';,snzemf o
umMammwmmnammm(xsm,.mmormm |
. fmmtb&w&ﬂwmo{qummmm
: hw 1.4. Spmndly the simulation srchitecture captures ti¢ modularity of .

* the plysicd system, thus providing ease, of logioal system contigustion. Finally,
. chitest provideetha mmemMum srchitoctiires,
_ mly modqlarky ﬂm‘bﬁi&oﬁmmﬁw.;eﬁbﬂﬁymdmhwmy
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shop ﬂoor relauw o an
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e xoq&uon of ihe partl on the logs
e C : -",pmgz We arenax\concemed mth
; "'Irter*ség in terms of apan list md a

. s cﬁ{luch hiave been use.d to asserble thy part under discussion.

" he cmﬂpa:ad to a bill of matena!s The fabrication list

ngyperations which a part bas beent mbjccted to. An entry
| in" this list ngha inc:u‘géa
£y ns agzm.lar toa roﬂ;e sh&e& %e parm hs‘ and fabncanon h..@: may. mi'f updarcd

m Iw‘lw or mm.hnmng staxmhs, wh:ch are capable of performmg n‘m.se opezanons r
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w’sc ad in detaji and a stru(.mre for eacn
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ws the; assembl scquence, and :f required, the ume of -

e iol!owmg: nvetmg at machmg 1. The f,a]mc&mn list
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) mmnx C: MATERIAL ' SFER PROTOCOL smmunms
i This appf'ndlx includes the pro "--::; spemﬁmuons for thr~e fodel mtgrfaces
_f ~"I'hese £rel -
- 1 onveyor/Ccnvcyor hlterfacc \ N _ o
II "2} 1Autt9mated Stomge Retneval '-.“ /Coﬁvqor Intcrface _ » )
B 3 ; Robot;Conveyor 'ntﬂface " ".Im" - vh qh"

- omguwomybr upauetmpmmwdandthmphyﬁennym":
. uNlag prewmatic o orwmmmwmmmm’ - KROWD
._pmiﬁmmdammﬁonmdmmmammmm‘hm _.

.mmwm«immmmmmmmmwmwm
| m;ﬁmmwmmmwm ?

Recei*ﬂngchcndmgModules,p __--’r} S man

Theterms receiviuso:sendmsmdules refer tothesendmgmci mmfprotocol
modules that exist within the common material transi;er interfage mﬂdu_!; (we
: (ﬁaptcr 4), 111 aome cases tho terms sending of" l'ecemﬂg hlerfg,ce modisfu m

..,.usedwhenthsuseohheabovetammoldykmhmng. AT
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8 MODEL mmwmmmm FOR DEMON- o
- srm'rmn OR VALII}ATION PURPOSES o

- . r' B . b ' F:} ) Iglﬁ“-
There ara thxee major reaslhns for devclomng demonstranon mod&’!s Tbese are: \ ‘
1 To gam expeneuqe with the t,hooretual conqepbt proposed ' ) __

2) Vahaatc the modz.hng approach alad s:mulat:on algonthm R

o
-3) Gsm cre@bﬂi*y for the modelling approach o

) Wark has been. sw;ted tMthe ﬂevelopment of demanstrauon mode!s. The -
08t suttabie moddel for demonstration purposes is deered to be the A:s[RS Tl:qe
resson is that this system, lneorpo*;tes all the dancepn ropcseu. The isterm |

‘ reqmres ﬂoneroner model andzﬁe inéorporation oi-all cpuom ag spoc%ned‘iw*

" the AS/RS logical model. Sceondy, the possibility of comparison end intercont

_. mmmms;tuwmwm IMermad&lvalﬁtﬁanmu- :

~Awat '-medmm:swmmwm :
o!mr%o; umqmmmmmmmmmamsm |

' sysieis simmilased ax well, This mecemitaizs the seading of PAS primitives tothe -

Asmsmuumﬂwmmmmﬁammmdnm A!sha-

_ ampﬁﬁedmofmnimﬂng ﬂlﬂ AS;RS operation ﬂoug thh mensive ani- ‘

__ mmon djsplay fadhﬂmismcessm . : *“3 '

g 8.2 Sqlection Of A Cpmputer System

- e
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e a

B Duewmlﬁﬂ&ﬁﬁwotmm-PCmpmmmdemmum ch
: hnm&edeﬁredmphmpmmm wnqgu&mue dee\'medmtmmibw

e

- ™



ca
- 'or/Conveyor lnterfm.e.

I‘hr'.,prcxﬁcauon descn‘bes the protocois for material transfer bezween two
convevor models. ‘This spcclﬁcatnon supports, an active-active mt-wrfacc An -

T‘*e Material Transfer Protocol Speclﬂcation For A Convay-

=

‘ wexample of ﬂus type.of interface is the intexconnecnon of two powered roller
'conveyors ’ - -

Vo

- gt poelox cuit ointoebetp.
_ '_;MNmmmmMmmw (mm)thopm .. E __
Ve W Fm A smm Conve

=

- Mawna!mmuim&mdwmmmmyormmnmmm. .
" difection of conveyor motion is wwards the cutput point and the load for

[

. Convegot.

Ir g.uf,’ Outnut Point Deﬂnition.

1 Points at which matemi is rmivedhby the eomyor model are deﬁncd as
_ "input” points. Bach input point is characterise in teyms of three dimen- -

- sion; \:artesian co-ordinates. 'I‘hedimension ofthe i mput point corresponds

= mthoﬁhyﬂmlmqmw:dth R . _ .
2) Mmaw&smeddknamnedaﬁormww&&mmm'-._.i..
+“odel sre dafinad s toutpur’pobats. Emmmnmmm L

mﬁmﬁtﬁnw«mamm

3}‘ mwwwmwwWMquﬁn cixher.'_.'_. -

IoAWW

In thisneﬂonuw memgepum mamammandm:mm

actinn fcr the wmymfeonveyor interheo is delcrihed.

" Condition Evsluation at the Sendln; Conveyor

trasisfer renches the output plint. Tn this case, the sending conveyor tnterface

mdmawn&ammazmmwmwmm«mfwhw a
aceepuheload Theund\ngmmymmmmmmeMdmthcs

ur



P

C

r...cemng conveyor mterface ﬁdulc utong with all the neuemry mforma!ion

© for condition evahmtion. The sendt ng conveyor interface moduie then waits

© fora reply
Condition Evaluannn at thc Receivms Co:weyoﬁ\ ,
Ther reeewing mnveyor interface module will aceept the load if the follomng

' condiuonsare fultiied. This is called condinm. waluation

. . El : :, N ) N ._
& i AR S o R .
) e . Wit - o .
. Pl Ll - Lok

A} The scndmg conveyor output point comsponds to the recemnz conveyor

Jnput poiat (in terms. gtglobnl co-ordinates).

E) m"oudmbohandled}bythewwﬁngwmmdel(inmmsof
Wmmrwidth) .

C} mmmfsmm}mawmqﬁa

D) mm'mcmqmummhmmbchmmm
___mmeWktMMammtm i

ﬁnﬂm m Mh:om m muea. mawhl transfer :t s.mml’u!. 'm

mMin'themmmmﬂimd mmam'mm'&
: ‘ft_mdlmtwthenmﬂmsm mropiyeotha smmm

=:Ea?wmm:mmummmmmwmwmnmm

mﬁmwhmm1hmpiymthomdhg

\If'_'-mmmmmhmw@

Q) nmm@m@wmmmwmm ‘I‘huaul

\ "?mmmummmwwatmawmmdmm
comveyor model. Thio reply to the senling conveyor !nterfnmmdule:s'_

nupﬂuddqwithth:hﬁﬁﬂthﬂﬂdamm



rs e Co. o -

Whanthcuﬁingmwmmmmapoﬁﬁwmpmload
. tranisfer is assumed to have occurred. 'Iheloadnrdmm-cd&pmthasendmg
g wmy&rmodd.ltthambhmmthcmnﬂnamrmodﬂeddacs
- the load as it is sssumed lost; Jthcaascoftharep’ybomsneganvem:hthe
=ﬁctthnmchadmmmmmefaﬁmngmm.l .

'Phescndmgcomyormmm ewﬂlbeinformedbythesendmgcon

" veyor model'if matennl transter is still being at...npted. If this is the case, the
_ahoveprucmmllberepeatcd I not, the cmmyarmodelwmperfomd}e
nmmoperaﬂomenmmﬁnlswhnumpmmthewmfr&a |
theoutputpoimomwmxmaiumﬁmyu&couwpom : “

. -This compleres the wnmwmmw ammiw inmhee praroml

|
v

_ Protoco: 1
" Moduls % b
Conveyort_.
Mods! A
& . r’f’,
-0 -  Common Mqt.rtm
’ ‘ o Inttrfccc ‘ ¢
h"‘\.’L . : s Pk - e
.L\'n I , .‘.: . kN
lr o f ' - ol \
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N \1 - . i '. - L S
C.Z 'Fhe AS/RS/Conveyor Masterial Transfeﬁ- Protocol Speclﬁcation

g‘lus spec:ficanon descnbes ths protecol for maxenal transier hcmmASfRS and
anveyor hodels. This specificztion supports an acnve—nassive mwrfam where the
AS!RS is the active entity in the imar‘ace '

- Input/t‘)utpnt ant Deﬁnitlon.

P mhpm[output pomt deﬁninons ‘or the comreyor mndelm showninSecuan
> CA mtﬂ)utpnt Paim Deﬂniﬁon. Th% tullowq\x are :he ﬁcﬁmdons for the ’

- ,.u matmmhmmbymAS/RSsQrm/RemWWRf” o
mzchimmndclm daﬁnedas .nput'mm*ﬁ Eachpoint is chapcterised
e G thieee di - f_mmmrdinntas. mmpﬂ‘mt‘, L

50 pli 'mpmwmﬁmm depostt (*/D) ctatban . .
olliies o the S/R mackine model.

i yias wﬂ wm !'mm ﬂhe Au/RS m MM as, ‘ A

Mfteris) Trunatei t'mmbomnmxsm o

'mmmmmwmmmmmmwwmm{

° .-mmmmmummmmmmmmmwmw .'
. ﬁrmm&rmmcmmdﬂwthemm L

°Mmﬂumuummndwmm$s’nmmumm anisci

" basboen activatod and reaches the extrems poins of its similated motion 16
,phkupaMﬁeAS;’RSmuideMamqmwtbcmi ‘

send!ngmoduleshowinsthcnmeﬁtopickupalm
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CondmouEvaluatmnatthe Conveyor \ - 5 _ B
uest, it will sead the load
inj _mpduleifthc foll_owing :

 When the conw.yor sendmg module receives the
- and alt uemﬂarymﬁorm:m:mtothe AS,’RS Y

r.____'—-

condilions are mets -

A) There isa load to transfer to the. %"!R'*atﬂ' autputpomtot‘theoqmveyor :

Condition Fa:iure Actiorat the Conve - f

- f the above eondnion fails the AS/R;. reces. ng modn1¢ is given a ncgatwe "
o replyr.nd the simulation system is informed. If the above conditionis wrue, ther/
S nmumwmﬁmmmmms?mmmmnm
t\- - -"'-'--I"",Ffwmmmononmeﬁ[ﬂﬁsida. R -

nditio Mionmm &S/RS

,_ Iftht AS!RS TecHive; } 2 neganve repiy from ity mnvcyor, the m&r cycie at
‘o rtﬁemeivingmduie is terminated. The §/R machine continues mmﬁm but -

WbﬂutamanmdethloMmmsuMwbeMif
zﬁefaﬂﬂwln;mdiﬁms are inet: o :

| 5 &) mm&mmwmﬁwmyﬁg |

B) ‘Ihsmmd'misamawymmhga m«mmw

L cx mmmmmmmmmmmamm
Cnndm Mthm n the AS{RS. m "o

H’w&mmwmmwimmlmsmmmm&emm E

symmanﬁttwsimulauonmxsmmdoﬁheomm It all conditions

~ gre met load transfer is ;umm! nad tha '»/R ma&ine |1'¢l hmdimg moch~ _
:nism (the slmttle) cgmes the 1YY, - o \a ’ :

“r .
‘-‘L.

Material 'i‘raml‘er me The AS/RS»T» The Conmor Mode!.

m&ﬁsmummeWMMMM‘uﬁmmdmmm

&cﬁmﬁrmmfer&omﬂwﬂfas‘ww&yotk' ' d. The protocol.

suppnm an a;ﬁw-pas[ive intrrf,soe, wﬁcrc l& AS?LﬁS is acm entity "

‘uﬂ

&

iV
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CoudxﬁonEvaluanonmthe&S{RS R N
" Material transfer is mxﬁatedbythe Asms:emmodulewmmmd s
uam&rmehmmb&nmmmmﬁemmwf

its simulated motionn  depositing aload. The AS/RS sending module willsend  ~
amqmmmewwwrmngm«aulefo*mwmeymmmpuimd |
ifthe fotlowing condinonsarsflﬁﬁned e

A) msmmchmisammgaload Vi

Law

| ConditionFaﬂnrcAcdonut'ﬁ:eAsms. T e
n-m'ammmmmmmammmmmm

i n
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: I
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Concoptuai ﬁgpresentot:on “of tha Common Material intarfocc_ '"
R for on A_S_/RS/Coveyor !ntarcor‘lnertaon - "
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‘ Protocol ratocol
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mAS/RS;:...

By
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gpﬂo&!mﬁmmb@mdwmoddmelmm

" eqnipment lnmrfaq. The grotoco! will deteet nﬁrw&duukm_m

mmmm;mmdmmmmm
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i Robot Ni\ ) gnpht/ ' tput Point Deﬁnition. ?._ e e .
_ _— ‘:‘ _.r-.;‘.}'._’ ﬂ;: N e L ¢
v Sinc;thc-'raboi' niare mmpulatmg mechamsm is the mbot gripper whii:h

e mams in the robot wo?&-spaca, the robot model matena:. interfaces do'not ©
| .oceur al d;ﬁned lomﬂons. The interface location can vary aa:ordmg to the , r
robot progmn currently being executed. Therefore, i is necessary to be able
to determine the robot model'd'intent.for material transfer according tq/r.be

robot program. T&:ercfcm, the mbm model mputf output pomts wdeﬁned as.
. follows: N

B + _:.J"‘S.-.-u_‘ | Ry
o : -

1) Arobw wtmt" point aeours whenﬁerobot mode} ind;ca:u '.‘S"intentm
" depost mﬂa&ﬁkmwhmﬂnmbo‘mrm ﬁ*omacloséd :
mmmnpenm(relemmcloaﬂ ms cmr}'ing) andthzrotmt;s :

: .-\'\,_'0'

ﬁantmwhemmmm:u:&imm .
" ; mmfsmMmmmmmmn s

S mm mmmm To m nom Mml-

N .'§ _"“'Fdwm«hamememhmmadelnnﬁammdmfer
| 'Mwwwmkﬁeﬁmm robot model’s receiving modulé will send
) "awwmmmmm&mmﬁﬁdapaim

The roeeivitig motule sonds all the nmsary infammion for cmdnion
"_whkmionattheinmﬁnepmmr. ’ \ .
i
li
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. The robot rec..wing intemoe mﬁdule !ahﬂﬂ waits ;}or A repiy If lhf; .eply »&a S
negative, the mbo: mode! continues bperanan wlthout the Toad ang. the-} o
simulnnonsynemxsinfpmed otthemrmmsmletﬁ the robot
recm mtcrfw: pmtoeol qudlﬂeanon RN

o
r -

Load Transfer From The Robot Model To A Cohvzyor ModeL

" e

The conveyur reccivmg mudulé, waits for 2 rmues* &om thc mba{ acndmg

mottule, When request is received, it imiplies that the robot wishcs to deposit ¢
abaﬂonthamveym Onrecelpmfthe requcst, thf:oonveynrrm'vingmodulc
nnmewhmethefouowing conditions iozsuccessfnlload tramfer. st
Oanﬂrtiqn Mmien at thc .._oweyor. ; fos b N k ’ . g{_f - _ -

A.) nmmwmwammmmemmm
mwwmmammmuummmmm
hmdmpu&cb&dammmm R

B) If%mmpmmmammmmmmw

[ ™ ST
o oo .-}.-,'J} - !
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Failufe of conditions {C) and (D) nnplws  load.loss, In ail cases of wndadon '
faﬂme.mesumﬂanansystemtslnfomwd Ifanmnd:twmarefulﬁﬂedthcload’_ :
- ﬁomthzrabotnmdelwﬂbephmdmthapﬂktmwrgw
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(“1 Fot equipmem state inputs, the message is E(t,s) E dcnotcs a

message from the equipment state generation module tisthe

_ real-time of arrival of the message and s is tfie equzpment state
T {(On_ Forward, On Reversc, Stop). Ty

'2)  Oupui Messages.

- The output rnmages of the event generatmn module are deﬁned as
fol!aws ' '

(1) For material tmnsler f the t:rﬁnsport model, the message is

- MO(t,m). MO denotes 8" material output message. t is the
real-time of material transfer and m is the name of the matena]
whmh to be transferred nﬁ the comrcwr transport model.

(u) Forscmr acnvaﬁom,themessage:sS(t,m,s) Sdenotesascnsor :
activation mage,tlsthereai- time of activation of ibe sensor, -
e mkmmn!mmmnﬂwmchmedﬂmmamﬂon
- and s is the name of the sensor (S1 or $2). The m field hasbeen
- N indudedinthemeasageforclamynniy
‘ ._jnni-'nmewm B o )
Fw&epumad%mmph theinpuuandtheirarﬁmﬁmntthc
o 4 mmmmnxmwmmwammx
| _-um&mé w{hmoﬁoqﬂpmentmmfarmem:ph)mr” ;
l'm&imm o , . Y

Event Genention Module Input/Outpnt Sequence.

'Iheopeminnufthe mntgenmtionmodu!efmthcmput messagcs s
speﬁcdin'!‘ableE.l is shown in tabular form in Table E.2, This table shows

hwmempﬁtmmgﬂmmdmgemumqmtmmgmemﬂ-
'nmeﬁmulationdgodﬂmshmln&moné.ss ' -

' TheMemscsPradac&edm:dNotSentmmmdmthcmwﬁeldoﬁhp o

material list. Thess messages are sent at their predicted times as long as they

have not been cancelled previously. The Messages Sent column in Table E.2

.
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_shows the rea!-nmes that the evem generanon mndule sr.nds the predictsd
-messages. The LP Tum.-. Change column in Table E.2 indicates how the LP tige
changes acoordmg 1o message inputs and outputs‘.

B Snap&hots of t“* ’transpon model ot tithes t=10 and t=20 seconds are shown |
in Figures E4 and E.S. The snapehc‘i'” can be eompletely generated from the
- information maintained in the matenal list (model state) and the model”
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APPENDIX F

' APPENDBK Fe m AS/RS M«)DEL
'I‘hlsappeadlxdismsseﬁdm s:ionment ofthe intcmnistrucmre e AS/RS mo jel

“ o as specified in Chaptar 3, “The logical model, the model descn;mon and a mcdule
e structure for mplemcnmmn sre dzscmsed.

the AS/RS zuuding Block Lngical Modea.

o %)&S/Rsmmmamwnme&-ﬂmﬁng:
’ '} Storage mﬁmm descrip

L I}Jl

which include acuve—passive. passim—aeﬂwur give-ac
istics, The shuttle mechani .mcaninduﬂe mwpﬁvﬁehﬁmmn ragardin;.

© i
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.I S S Pargrmeters for AS/RS‘ Smroga £ Description
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I- . . N e - . on . . ) - :1
JI ’ L’: e L \ g A
N Height of storage miot e ! ’
i H = Total height of utoroge rogk
o o b Langth of sist N @
\ b L = Total’ length of storoge rack ~ 1
I S T -__D o quth of siot N
w ii ) . . X . .‘ i ? I_ ili - . N
- nii)Smphmnt H T “ |
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matcnai arnvni ar dxspatsch hlongmth mfonﬁauon for the atomge and rétneval . o
of material in thJ/ rack struet e, Eg sensars"wh:ch if the: stomge slot is oocuplcr.!

- or AIS sensors for matmal zdenﬁﬁcanon
C I, ¥,

o

mmmmmmtmm and at slots in the storags rack.
tﬂmmﬂnﬂumﬁdﬂmpsmd:ofMWRmadzmpmiﬁonbymupmw

fal
kR .

-

. on meswwn&mmmmmuwmmlfgmmﬂmﬂwmﬁumme T
L swrngemckandasrm mmsmmbm&;rmmphmwmmnm |
~ jthese strips as the S/R machine "passes” by and.informs the controllier model. In
’ "'this way, the controiler mouel can Feep track of; Ehe $/R machme posx’ion ane!
: hence mntrol the S/R machine‘with respect 10 iﬁ posluon.

' ﬁy placmg thm strips in the correct positions, a sensor to slot relanonship wlnch »
" _.allaws the S/anashme tobe positioned at the reqyired slot, is defined. The user ~

responsxble for defiiing this relationship by selet‘t.ms where the light rﬂﬂ&cﬁve |
‘m'lps ate 1o bc placed, for exampl:\‘
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F.z Asms Mathematica] Mode!
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IR X = th am!y Vit
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'I’he moddm:tum descnption inciudes the rack stmctufe snd semplaccment
‘on’the rack. In this way the mwentfm:hesmmachmemumw:begem .
srm,d ‘The model structure desmpum. is mcorpomed inthe storage racl: model
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F.d AS/RS lntemal Module Stmctnre.

dism;sed.
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AS/RS inu-.mal module strucmm is shuvm in 1Fmg,m‘e F.2. The modu.les are

Figwe F. 2
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APPENBIXG-THEAGVSMPDEL e

This appendix discusses the welopment ufthe mterna! modlﬂe structure of the
'ﬂAGVSmodelasspeaﬁadinChaptetﬁ.mmcalmodaLthcmodaldum
mdanwdulestmcnneforimplemmunonmdmssed. P‘}“

&
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plmmmofsemm and ameu&fm'm transfer ofmformanwtemen the
individum tracks and the ﬂoorimuﬂg JoMas we!l as between fhe floor immiiatwn-

and the AGVS wpervlsoxy wmputcr

Mathematieal Mode!s.

The mathematical models required to d&scribc the phy.-.ml charanmnstzcs of the
 trucks are based on Newton's laws of mation. The mode] may describe the truck
with constant speeds and may include truck mlemﬁonjdemlemnon parameters '
asprwmdbymonser Tramfermehanismmybedemibedusmgmmm tifhe
mm.ﬁmmmmmmmmmmummm ‘-
\ onthetmn"sfexmchmminm SR . o




- G4 The Internal Module Stracture Of The AGVS Model. - o

A

The mtemal 'nodulc stmctu.e of the tmck is shmm in Figure G. 1 Each truck
model mwﬁam with the ﬂoor installaﬁon model and this interaction is also
_'iﬂ% m

Thenwdelmmrcdum‘lmﬂn locatxoqsof&cnsors onthetnmkactiﬁtaﬂdue .

mmmmnmmwm&wmtdmmhmmm -
_ mmmmmmmmemﬁmﬂmmdwmmwmmr
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of travel, This module sends this information to the common material trausfer: |
 intarface when reqmred for evaluatmg the oondmons neqma:y far material.
-?transfer. ' : .

R & : " Data input vis the date’translér systam
o Dan’m#:miia’m ’ _ Gm‘o_'_lwr‘m A E Maghets and uﬂwr:‘ . . "

N S SRR 1

_ Wamﬂlon procanmp My on-boasrd conirol um‘i‘.r

" an-baard |
the trwek |

N

'Ihe ﬂmmﬂa&oa model plays two mles. Firsily, :he tmck cvent generanon |
modnlemthedumpmmoithe ﬁwwummmmmintheﬂeorl .
imanamnmoéel togeneratzmttcmtsﬁm tbes:mulatimoﬂmckmoﬁonaver'
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" each truck musi be able to access information from the floor installation mocel.

~ far the truck on the shop
o ._tanbnmybedisplayedavera

Secondly, mformanon for trucin control is t;anmttcd vm thr ﬂoor mwlahun
model. The tmck/shop floor installation interface is common to all trucks since

This is a special interface since it models data transfer htwcen the floor instai-
lation and the truck and allows the fruck to acnvate sensora plaoer} on thc shop
ﬂoona.;thetmck'pmes by | o ’

G5 Animnted Dﬁsplay of Trnck Motzion and Opemtion. . X

The n'uck mntxon. tmnfer mechamsm operauon and sensor act:vanon are d:s-
played. The truck motion over the shop floor can be animated by noting the truck

Ioaanonre’laﬁve tothe pathit mummngon mdmpeﬂmposmgrbegnpﬁw symbni
Y i:zmltxtion representnﬁon. “I‘he shep ﬁocr instal
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Ced - e - . APPENDIXH ,

- APPENDIXH.THE ROBOT SYSTEM MODEL "

The robot system model consists of 8 robot madel and a workoell modcl as shown
in Figure 3.5, The robot is a complex piecs of cquipmant to model in tertus of its~
P ingical and mathematical models.ﬂin this appendix, the concepts behmd{r mbot

model a.;d workeell model opera’non are dlscussed

¥

H.x T‘he Robot Model. .

\'\ '

. oy
'Asmdprevkmly.thememaﬁonmxdmﬁonefmatemlkmtmsidered; ‘

_’_mﬁr%m&homﬂdyﬁmlmﬁouufmtﬁﬂ&hmmthe _

:;umwmuammwmummwm speafy,

end-affector positivn may be calculeted Ths reaktime siulation sigocithim is .
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WEND!X I 'n-m sncp FLOOR EQUIPMENT eemom MODEL

" f ’l'ha shop floor equipment controller modet is-used, ro receive commands zlnd
cmrppiie eqmpmw' status. The model is responsit:'s fortranslating ccmmhnd: or -
pnkmtives into'a smem of signals which must be.cent or mmtored fo; he '

Lwr-levei oqntroi OFE the simp floor. eqmpmcnt models.

In lfhls wark, the cdpr‘roiler mode. rcpresems a computing dcvxce whlch genexa e

swfaals The realworld analogy may be a progsantmable | ;ogm controller (PLL, ior

. parsonal compmﬁzr (PC) with the required infcrface This appendix pruems L,he |
| cmi'tmﬂcrmodel structure and a logical model neededrto allow the user o spemfy -_

.;he contrnller ﬁor His pamcnlar we. -7 o
:. .l 1 . . .“- '-" . " " ". g B .
.‘;i.l mCoatrollerModei Stmmll'e- S -
Il controlier mode! s completely defiusd i terms of its eoatzol And sighal
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o psiud ol 'WMMW ﬂnmmﬁm,

| mMmm % Slngle eommand or- primitive. A 20dvic: @ st the:
1whmmmmmmmmm mmm&mn_w
mqﬁundseqmofnndingmmnﬁmﬂngafsimh e
Thegfsmus module operates as a datahm, stoting the :niwmulon md 10
mm;m equipment status and would also be responsible. for acquiring this
intmmon Tneeominmdmdulamymdinfmﬁonmmmmmoduie
; and must therefore, be able to accessﬁnd upds.te thzs informaﬂon. ' |
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P!()C!Dm Sm'l?m (P" PROC; Nﬁ:ﬁnbm
/' Paramseie:ADDRESS); :
L Seart apmu-drh procedure P, poincer 1o Pasameter
ook warsspece of sive N )
mm&opi'm ) :
(* Stogs: a process mlly Y ' -
PROCEDURE, GetParameters (VAR l’.lum!e =ADDRESS); °
. {* Get pointer to pemuictes block *) .
FPROCEDURE COEGIN; - * W
{* Dantte ment otltuuchiu; ascqum o!pmm '} f:"\ )
PROCEDURE COEND; SR
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