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IST /DEEC/SSC Automagcao de Processos Industriais

Programa da Cadeira:
Cap. 3 - Linguagens de Programacéo de PLCs [2 semanas]

éap. 4 - GRAFCET (Sequential Function Chart) [2 semanas]
A norma GRAFCET.

Elementos constituintes da linguagem.

Técnicas de modelacéo utilizando GRAFCET.

Cap. 6 - Sistemas de Eventos Discretos [2 semanas]
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IST /DEEC/SSC

Cap. 4 - GRAFCET

Linguagens de programagcéo de PLCs
(International Electrotechnical Commission - IEC 1131-3)

Ladder Diagram

—
H

i

Instruction List

Structured Text

If %I1.0 THEN
%Q2.1 := TRUE
ELSE
%Q2.2 := FALSE
END_IF

Sequential Function Chart

GRAFCET
LD %M12
AND %I11.0
ANDN  %I1.1
OR %M10
ST %Q2.0
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Alguns ponteiros acerca de GRAFCETS (SFCs)

Resenha historica:

Tutorial:
Simulador:
(Fazer download e seguir projectos)
Bibliografia: * Programagéo de Autdmatos, Método GRAFCET, José Novais,
Fundac&o Calouste Gulbenkian
* Petri Nets and GRAFCET: Tools for Modelling Discrete Event Systems
R. DAVID, H. ALLA, New York : PRENTICE HALL Editions, 1992
* Norme Frangaise NF C 03-190 + R1 : Diagramme fonctionnel
"GRAFCET" pour la description des systémes logiques de commande
Homepage:

API
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Resenha Historica
GRAFCET
« 1975 — Decisao do grupo de trabalho "Logical Systems" da AFCET (Association

Francaise de Cybernétique Economique et Technique) da criagdo de um comité para a
standardizacéo da representacéo de sistemas l6gicos e de automagéo.

« 1977 — Definicdo do GRAFCET (Graphe Fonctionnel de Commande Etape-Transition).

« 1979 - Divulgacéo e adopgdo em escolas, como &rea de investigacdo e como
metodologia de implementacao de solugdes de automagédo na industria.

1988 - GRAFCET tornou-se num standard internacional denominado "Sequential
Function Chart“, pela I.E.C.
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GRAFCET

Elementos Basicos Constituintes

Etapas (steps) LigacOes Transicoes

i 1 R,
_ - Arco Simples (@)
Inactiva dirigido
Activa
Inicial

Joint (2)_—1: R
Fork (3)—‘11 Ry
| &

11
Jointefork (= R
TT

Podem associar-se acges as etapas. A cada transicdo pode associar-se
uma funcéo ldgica de receptividade.
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GRAFCET
Elementos Basicos Constituintes
LigacOes orientadas (arcos)

Em um GRAFCET:

Um arco pode ligar etapas a transicoes.

Um arco pode ligar transicOes a etapas.

» Uma etapa pode ndo ter nenhuma transicéo de
entrada (fonte);

» Uma etapa pode ndo ter nenhuma transigao de
saida (sorvedouro). 3) +— R,

» O mesmo se passa para as transigdes.
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GRAFCET
Estado de um GRAFCET
O conjunto de marcacdes de
um GRAFCET constitui o estado.
Questao:
Como evolui o estado de um
GRAFCET? @ 1 R,
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GRAFCET

Evolucéo do estado:

* Regra 1: Estado inicial

Caracteriza-se pelas etapas activas no inicio de operacéo (pelo menos uma).

* Regra 2: Transposi¢do de uma transicao

Uma transicédo esta permitida (ou activa) quando todas as etapas ligadas na sua entrada estédo
activas (caso contrario esta inactiva). Uma transicdo s6 pode ser transposta se est4 activa e se
a condigdo (fungdo de receptividade) que lhe esté associada é verdadeira.

* Regra 3: Evolucao das etapas activas

A transposicédo de uma transicdo leva a desactivagdo de todas as etapas que a precedem e a

activacdo de todas as etapas que lhe sucedem.
* Regra 4: Simultanéidade da transposicéo de transicdes

Todas as transi¢des activas sdo transpostas simultaneamente.
» Regra 5: Activacao e desactivacdo simultanea de uma etapa

Neste caso a activacéo é prioritéria.
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GRAFCET
Evolucéo do estado:
*Regra 2a:
Todas as transi¢des activas sdo transpostas imediatamente.
*Regra 4:
TransicOes simultaneamente activas séo transpostas simultaneamente.
Exemplo 1 Exemplo 2 Exemplo 3
C
10
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Divergéncia em OU: Convergéncia em OU:

Se a etapa 1 esta activa e se a é Verdade, entdo Se a etapa 1 esta activa e se a é verdade (e b é falsa),
desactiva-se etapa 1 e activa-se etapa 2, entéo activa-se a etapa 3 e desactiva-se etapa 2,
(a etapa 3 mantém o estado). (a etapa 3 mantém o estado).

Se a e b verdadeiros estando a etapa 1 activa, entdo | Se as etapas 1 e 2 estao activas e se a e b séo
desactiva-se a etapa 1 e activam-se as etapas 2 e 3 verdade, entdo desactivam-se as etapas 1 e 2 e
(qualquer que seja o estado de 3 anterior). activa-se a etapa 3.

Divergence em E: Convergéncia em E:

[1]

a
B [
Se s6 a etapa 1 esta activa e a é verdade, nada muda.

Se as etapas 1 e 2 estdo activas e se a e b sdo verdade,
entéo desactiva-se as etapas 1 e 2 e activa-se a etapa 3.
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Se a etapa 1 esta activa et se a é verdade, entdo
desactiva-se a etapa 1 e activam-se as etapas 2 e 3.
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GRAFCET

Exemplo de evolucédo do
estado de um GRAFCET:

(Accéo ao nivel. Também podem ser
accdes a transicgao)

@ T R
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GRAFCET ! 2
Problema de modelagéo: }::J:

Dadas 4 etapas (1 a 4) e 2 transicOes (t1 e t2) escrever o troco de
GRAFCET que resolva o seguinte problema:

Quando as etapas 1 e 2 estdo activas:
» se t1 for verdadeira, activar a etapa 3 (e desactivar as etapas 1 e 2);
» se t2 for verdadeira, activar a etapa 4 (e desactivar as etapas 1 e 2);

* caso contrario tudo se mantém.
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GRAFCET ! 2
Outro problema de modelag&o: ~ b Tb
3 4
Dadas 4 etapas (1 a 4) e 2 transicOes (1 e t2) escrever o trogo de
GRAFCET que resolva o seguinte problema:
quando a etapa 1 esta activa e t1 for verdadeira,
ou
quando a etapa 2 esta activa e t2 for verdadeira
activar as etapas 3 e 4.
API P. Oliveira Pag. 14
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GRAFCET
Evolucdo do estado de um GRAFCET:
Conflitos:

Existem quando a validacdo de mais do que uma transi¢do depende de uma mesma

etapa ou se varias fungOes de receptividade podem tornar-se verdadeiras a0 mesmo tempo.

=

——ab|(2——1ab
of-+ 0w of-a o VT LG
T
I e R I R e
= =
Transicio 1 Trés hipoteses
O mutuamente
prioritaria .
exclusivas
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GRAFCET

Exemplo de modelacdo de um sistema de controlo

]
Q—7— m
m ‘ 2 H Direita ‘
carrega
a b (2)—‘7 b
res(qu_erda L et 1 ‘ 3 H Carrega‘

= (3)—F p
p
‘ 4 H Esquerda
4 a

API P. Oliveira Pég. 16




IST /DEEC/SSC Cap. 4 - GRAFCET

GRAFCET

Exemplo de modelagdo de um sistema de controlo

* Tapete A, com sensor a que detecta se existe peca;
* Tapete B, com sensor b que detecta se existe pega;

* Manipulador sobre base linear com dois comandos

D e G, para a direita e esquerda, respectivamente.

Sensores X, y e z que detectam quando este se encontra sobre
A base, o tapeta A e o tapete B, respectivamente.

* Pinga com comando para agarrar a peca PP, e sensor que
detecta o fim de curso (fpp). Para pousar a peca recebe

0 comando DP e tem dois sensores de fim-de-curso fv+,
em cima e fv- em baixo.

* Efector para empurrar as pegas com os comandos P+ e P-,
e com dois sensores de fim-de-curso fp+ e fp-.

* O tapete de saida estd sempre em movimento

*QOs tapetes A e B sdo comandados por automatismos a
montante, independentes do trabalho desta célula.
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PR
GRAFCET é‘\_ﬂ Y v
= ™ :_;4_.&’ “B
(a+h).(xfp-f) e i v :h s
— [ﬁ : e P it
fp- fp+ < ==
3 mI e
Solucdo: v- _‘ fu-

Para garantir a alternancia de prioridades modificar a
condicdo assinalada por (*) v.a. (E+><1 0*z

Significado: pegar em pega emy, se existir peca em a e se b ndo
for prioritéria; caso contrario continuar, parando em b.

Além disso, para implementar as prioridades juntar o seguinte
GRAFCET:
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GRAFCET

Solucdo com melhoramentos:

Cly =y

4 2 bex20.CH

a) Apds depositar uma peca,
procurar a seguinte

-1 b) Optimizar o local de repouso
do manipulador de forma a
poupar tempo — solucéo 6bvia y.
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GRAFCET

Exemplo de modelagdo de um sistema de controlo

Sensores: i reservatdrio
m
by, hy, b,eh,
Actuadores:
Vi, V,, W, eW,
w w
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GRAFCET

Exemplo de modelagdo de um sistema de controlo
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GRAFCET

Exemplo de modelacdo de um sistema de controlo

API P. Oliveira Pag. 22
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GRAFCET

Eventos e propriedades

Ta=la’

Ta.a=Ta Ta.a’=0 Ja.a’=Ja la.a=0
Ta.Ta=Ta Ta.Ta’=0

Ma.b)=Ta.b+Tb.a Ta+b)=Ta.b’+Tb.a’
Ma.b).M@.c)=T@.b.c)

em geral, se 0s eventos a e b sdo independentes

Ta.Tb=0
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GRAFCET

Outros mecanismos auxiliares

Macro-etapas M10

API P. Oliveira Pag. 24
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GRAFCET

Outros mecanismos auxiliares

Pseudo Macro-etapas
Macro Accoes
* Forcar accoes

e Trancar acgoes
* Mascarar acgoes
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GRAFCET
Implementagdo em DOLOGS80
O estado de cada etapa é armazenado numa meméria auxiliar.
No arranque fazer:  Por resultado de R,
AM128 em M100
SLMXx
AML AM3
AM128 AM2 AM4
SLMy AM100 RLM1 K 1+ R,
(etapas iniciais) SLM3 AM3 —
RLM128 AM1 AM4 E“
AM2 RLM2 . .
AM100
SLM4
API P. Oliveira Pég. 26
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GRAFCET

Implementagdo no TSX3722

Etapas
Name Symbol Functions
Initial steps ( symbolize the initial active steps at the beginning of the cycle after ini-
tialization or re-start from cold.
o
Simple steps { show that the automatic system is in a slable condition. The maximum
number of steps (including the initial steps) can be configured from:
ou Iil * 1-96foraTSX 37-10,
* 1-128fora TSX 37-20,
* 1-250foraTSX57.
The maximum number of aclive steps al the same lime can be config-
ured.
API P. Oliveira Pég. 27
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Implementagdo no TSX3722
Macro etapas
| Name | Symbol Functions
Macro sleps Symbolize a macro step: a single group of sleps and transitions.
The maximum number of macro steps can only be configured from 0 -
63 for the TSX 57.
Slage of Macro Symbolizes the slages of a macro slep.
steps The maximum number of stages for each macro slep can be configured
ou m from O - 250 for the TSX 57.
Each macro step includes an IN and OUT step.
o
API P. Oliveira Pég. 28
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GRAFCET

| Name

[ symbal

Functions

Transitions

AND divergenc-

allow the transfer from one step to another. A transition condition asso-
ciated with this condition is used lo define the logic conditions neces-
sary lo cross this transition,

The maximum number of transitions is 1024, It cannot be configured.
The maximum number of valid ransitions al the same lime can be con-
figured.

Transilion from one slep lo several sleps. is used lo aclivale a maximum

as | of 11 steps at the same lime.
T T

AND conver- Transition of several sleps to one: is used o deaclivate a maximum of
gences 1 11 steps al the same lime.
OR divergences Transition from one step to several steps: Is used to carry out a switch

| o a maximum of 11 steps.
OR comnvergenc- Transition of several steps to one: Is used to end switching from a max-
85 imum of 11 steps

P. Oliveira
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GRAFCET

Implementagdo no TSX3722

Arcos

| Name

[ symbol

Functions

Source connec-
tors

“n" is the number of the step "it comes from” (source step).

Destination con-
nector

e —

"n” is the number of the step "it's going to" (largel slep).

Links directed
towards;

* top

* bottom

* right or left

quence),

These links are used for swilching, jumping a step, restarting steps (se-

P. Oliveira
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Informac&o associada com etapas e com 0 GRAFCET:

| Name | | Description
Bits associated | %Xi Status of the i step of the main Grafcet
with the steps (1 (i from © - n) (n depends on the processor)
= active step) - - -

Yo X Mj Status of the j macro step (j from 0 - 63 for TSX/PMX/PCX
57)

YoX].i Status of the i step of the j macro step

%Xj.IN Status of the input step of the j macro step

%Xj.0UT Status of the output step of the j macro step

System bils as- | %S21 Initializes Grafcet
sociated with 1 o;502 Grafcel resets everything to zero
Grafcet

%523 Freezes Grafcet

%S24 Resets macro steps to 0 according to the system words
Y% SW22 - %SW25

%S25 Setto 1 when:
+ tables overflow (steps/transition),
# an incorrect graph is run (destination connector on a

step which does not belong to the graph).
API P. Oliveira Pag. 31
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Informacéo associada com etapas e com 0 GRAFCET (cont.):

| Name | | Description

Words associat- | %XIi.T Activity time for main Grafcet step i,
ed with steps ar’rox“-r

Activity time for the i slep of the j macro step

%X IN.T Activity time for the input step of the j macro step

%X.OUT.T | Activity time for the output step of the j macro step

System words | %3W20 Word which is used to inform the current cycle of the num-
associated with ber of active steps, to be activated and deactivated.
Grafcet %SW21 Word which is used to inform the current cycle of the num-
ber of valid transitions to be validated or invalidated.
%SW22 a Group of 4 words which are used to indicate the macro
%SW25 steps to be reset to 0 when bit %524 is setto 1.

E informac&o associada com transicdes?
N4o faz sentido estado ou actividade.

API P. Oliveira Pag. 32
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G RAFC ET | Macro step 63
= =
Main graph Macro step 0
General structure: Page7 P 7 |
(e [rry T ]
Page 0 | Page 0 |
! ]
= = |
_d —_d
— (- J_
Caracteristicas:
Humber TSX 37 -10 TSX 37 -20 TSX 57
Default Maxi- Default Maxi- Default Maxi-
seftings mum settings mum settings mum
Main graph steps 96 96 128 128 128 250
Macro steps 0 0 0 0 8 64
Macro step sleps 0 0 0 0 [} 250
Step total a6 96 128 128 640 1024
Steps active at the 16 a6 20 128 40 250
same time
Transitions validat the | 20 192 24 256 48 400
same time
API P. Oliveira Pag. 33
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1 2 3 4 5 6 7 8 9 10 1
GRAFCET 1
. L . el T T [T T T ]
Editor: 8 paginas s t
s L T T I T T T [ ]
. : I
e Paginas0a7 s [ [ 1 II%{]I [ ] [ |
7
, sf [ [ 1 1] [ 1 1 [ |
* 154 células (14*11) s T
of T T T T T T T T 1
1
el [ T T T [ T T T [ 1]
13
Caracteristicas: el [ T [ T [ [ T T T ]
# The first line is used to enter the source connectors.
® The last line is used to enter the destination connectors.
+ The even lines (from 2 - 12) are step lines (for destination connector steps),
# The odd lines (from 3 - 13) are transition lines (for transitions and source connec-
tors).
+ Each step is located by a different number (0 - 127) in any order.
+ Different graphs can be displayed on one page.
API P. Oliveira Pag. 34
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GRAFCET
Divergéncias OU [T T 1@ T T T T 1
(e Convergéncias) 1 t 1 1 T 1
ualjusliza]izalieliehiean s
|| I|
+ 1 1 + + 1 1 1

Caracteristicas:

¢ The number of transitions upstream of a switching end (OR convergence) or
downstream of a switching (OR divergence) must not exceed 11.

® Switching can be to the left or to the right.

Switching must general finish with switching end.

+ To avoid crossing several transitions at the same time, the associated transition
conditions must be exclusive.
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GRAFCET
Divergéncias E
(e Convergéncias)
[46]
Caracteristicas:
# The number of steps downstream from a simultaneous activation (AND diver-
gence) or upstream from a simultaneous deactivation (AND convergence) must
not exceed 11.
+ Simultaneous activation of steps must usually end with a simultaneous deactiva-
tion of steps.
+ Simultaneous activation is always shown from left to right.
# Simultaneous deactivation is always shown from right to left.
API P. Oliveira Pég. 36
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GRAFCET

Conectores

10 [9]
1]

N

T

e B s S

P. Oliveira
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Regras para divergéncias e convergéncias:

ou

E

Rula
For swilching, iransiicns and destination con-
naclors must ba andered on th SAma page

INustration

S | Page 1
To end swiching, the scurce connaclors must
b ertered on the same page as the desting-
on slop. Page2
For an end to switching followed by 8 retum (o
dostination, thara mus! be as many source
confiectons s sleps bufors the end of swteh- [+ ]
g,
Page 1
10
4 5 6 |Pagez

Rule

To activale steps simullanecusly, the destina.

tion connectons must be on the same page as
he divergence step and transition.

To doactivale simultanecusly. the conver-

gence sleps and transiticn must be on the
same page as the deslination connector.

Whan seviral $WPs converge onks oo Iransi-

tion, the source connector has the number of
tha furthest upstream stop on tha kit

P. Oliveira

Hiustration

Page 2

Page 3

B}
&

Page 1

Page 2
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GRAFCET

Programacéao de Acgoes

The PL7 software allows three types of action:

+ actions for activation : actions carried out once when the step with which they
are associated passes from the inaclive to the aclive state.

+ actions for deactivation : actions carried out once when the step with which
they are asscciated passes from the active to the inactive state.

+ continuous actions : these aclions are carried out for as long as the step with
which they are associated is aclive.

Note: One action can include several programming elements {sequences or con-
tact networks).

These actions are located in the following manner:

MAST - <Grafcet section name=> - CHART (or MACROK)- PAGE n %Xi x
with

x = P1 for Activation, x = N1 Continuous, x = PO Deaclivation

n = Page number

i = Step number

Example: MAST - Paint - CHART - PAGE 0 %X1 P1 Action for aclivating step 1 of
page 0 of the Paint section
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GRAFCET

Programacéao de Acgoes
Exemplo de ordenagdo de execucdo de acces:

Activaling %X50 H Continuing ".:,xsuH Deactivaling %X50 |

E Activating %X51 H Conlinuing %X51 H Deactivaling %X51 |

Exemplo de Activacéo/desactivacao: Exemplo de ac¢do em continuo:
%L1 %L10
%M25 SR4 %M10
| ¢ Tﬂ
H
API P. Oliveira Pég. 40
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GRAFCET

Estrutura da seccdo de GRAFCET

4

Preliminary processing LD, IL. ST

v

Sequential processing

Subsequent processing
LD, IL, ST
API P. Oliveira Pég. 41
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GRAFCET
Inicializacédo da seccdo de GRAFCET
Initializing the Grafcet is done by the system bit %S21.
MNormally set at state 0, setting %S21 to 1 causes:
+ active steps to deactivate,
+ initial steps to activate.
The following table gives the different possibilities for setting to the system bit %S21
to 1and 0.
Setto 1 Resetto 0
® By setting %50 to 1 ® By the system at the beginning of the pro-
® By the user program cess
® By the terminal (in debugging oranimation | By the user program
table) ® By theterminal {in debugging or animation
table)
API P. Oliveira Pag. 42
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GRAFCET
Reset da seccdo de GRAFCET

The system bit % S22 resets Grafcet to 0.

Normally set at 0, setting %S22 to 1 causes active steps in the whole of the sequen-
tial process to deactivate,

Note: The RESET_XIT function used to reinitialize via the program the step activity
time of all the steps of the sequential processing. (See (See Reference Manual,
Volume 2)).

The following table gives the different possibilities for setting to the system bit %522

to 1and 0.
Setto1 Resetto 0
® By the user program # By the system atthe end of the sequential
® By the terminal (in debugging or animation process
table)
API P. Oliveira
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