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Chap. 1¢ - GRAFCET

PLC Programming Languages
(IEC 61131-3)

Ladder Diagram Structured Text
() If %I1.0 THEN
a %Q2.1 := TRUE
v ELSE
() %Q2.2 = FALSE
END_IF
Instruction List Sequential Function Chart
o (GRAFCET)
LD %M12 -
AND %I1.0 T Right
ANDN  %l1.1 =
OR %M10 )
ST %Q2.0 41T ren
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GRAFCET History

* 1975 — Decision of the workgroup "Logical Systems" of AFCET (Association
Francaise de Cybernétique Economique et Technique) on the creation of a
committee to study a standard for the representation of logical systems and
automation.

* 1977 — GRAFCET definition, Graphe Fonctionnel de Commande Etape-Transition.

* 1979 — Dissemination in schools and adopted as research area for the implementation
of solutions of automation in the industry.

* 1988 - GRAFCET becomes an international standard denominated as Sequential
Function Chart (SFC), by LLE.C. 60848.

The international standard IEC 61131-3 was released in 1993. Five languages:
1. Ladder diagram (LD), 2. Instruction list (IL), 3. Structured text (ST),
4. Sequential function chart (SFC), 5. Function block diagram (FBD).
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GRAFCET Basic Elements

Steps t  Connections Transitions
. Simpl | )m—t— R,
: 1 Undirected or mpre )
Inactive Directed Arc
Joint _|___|_
Active 2 (parallel junction) D) = R
Initial 3 ‘ * Fork (3) == R,
( parallel branch) [ ]
A
l Joint e fork G R
[ J | |
Actions can be Direction of undirected A logical receptivity function can
associated with Steps. Ares is in context. be associated with each Transition.
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Chap. 1¢ - GRAFCET

GRAFCET Basic Elements

Oriented connections (arcs)

In a GRAFCET:
An Arc can connect Steps to Transitions

An Arc can connect Transitions to Steps

Arcs must be in-between: A Step can not have
Transitions directly as inputs (source); A Step can not
have Transitions as direct outputs (drain); Similarly
for the Transitions.

Action A

1
() T— R
: s
@)—T— R,
4
3) T R
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Chap. 1¢ - GRAFCET

GRAFCET State of a GRAFCET

Definition of State:

The set of markings of a
GRAFCET constitutes its state.

Question:

How does the state
of a GRAFCET evolve?

(1) T R,

M\

) —
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GRAFCET State Evolution:

* Rule 1: Initial State

State evolution requires active Steps at the beginning of operation (at least one).

* Rule 2: Transposition of a Transition

A Transition is active or enabled only if all the Steps at its input are active (if not it is inactive).

A Transition can only be transposed if it is active and is true the associated condition (receptivity function).

* Rule 3: Evolution of active Steps

The transposition of a Transition leads to the deactivation of all the Steps on its inputs and

the activation of all Steps on its outputs.

* Rule 4: Simultaneous transposition of Transitions

All active Transitions are transposed simultaneously.

* Rule 5: Simultaneous activation and deactivation of a Step

In this case the activation has priority.
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GRAFCET State Evolution:

* Rule 2a:

All active Transitions are transposed immediately:.

* Rule 4:

Simultaneously active Transitions are transposed simultaneously.

Example 1 Example 2 Example 3

1 2 > 8
|
H——a @——a @b @b O

5]

*N
o]
o \O—
[E—
-}
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OR Divergences: 1 OR Convergences: . 5
| +a —+b
—+a —+h |
2 3 3
If Step 1 active and a TRUE If Step 1 active and a TRUE then deactivate Step 1
then deactivate Step 1 and activate Step 2. and activate Step 3 (state of Step 2 remains unchanged).

The same happens for Step 2 and b.
If a and b TRUE and Step 1 active
(PL7) then deactivate Step 1 and activate Steps 2 & 3 (PL7) If both Steps 1 and 2 are active and a and b are TRUE
(Unity) then deactivate Step 1 and activate Step 2 then Steps 1 and 2 are deactivated and Step 3 is activated.

1 2
] AND Convergences (join): 2 '

+ a
;

If Step 1 active and a TRUE If Steps 1 and 2 active and a TRUE
then deactivate Steps 1 and 2 and activate Step 3.

AND Divergences (fork):

then deactivate Step 1 and activate Steps 2 and 3.

Note: to make Unity Pro similar to PL7 the option “allow multiple tokens” has to be enabled. Page 12
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GRAFCET

Example: 1

[ )

. (1)1 R
GRAFCET state evolution | |
~ 2 3 — Action A
QT R
4
Level activated Action. Actions can also be |
activated during transitions - see next.
BT R
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GRAFCET

GRAFCET state evolution, Conflicts:

There exist Conflicts when the validation of a Transition depends on the same Step or when
more than one receptivity functions can become true simultaneously.

Solutions:
1 1 !
I I — B
(T— a @7 ba (I)— a @b (1)__(3)3_3422;_ *
T L
2 3 2 3 ) 3
@ h é 11
Transition 1 Three mqtua Y
Horitary exclusive
P hypotheses
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GRAFCET Examples
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GRAFCET

Example 1: modeling a control/automation system

|
1
1 (Iy—T— m
-~ 2 Right
load
a Qr—T— b
3 Load
) ()
L ()
4 Left
@71 a
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Chap. 1¢c - GRAFCET

GRAFCET

Example 2: modeling a automated transport workcell

P+
|
fp+
(7
Vi fv+
v- — V-

* Conveyor A brings parts (sensor a detects part ready to lift).
Conveyor B brings parts (sensor b detects part ready to lift)

* Hanging crane, commanded with D (droit) ¢ G (gauche),
uses sensors X, y and z to detect crane over the base,
over A, or over B, respectively.

* Clamp of the crane grabs and releases parts with commands PP
and DP. Limit switches fpp and fdp indicate grabbed and
released part.

* A holding platform moves up and down with commands V* and
V-, and has two extreme positions, top and bottom, detected by
switches fv+ and fv-. Part release can only be done having the
holding platform up.

* Effector pushes parts with commands P+ and P-. Limit switches
fp+ and fp- indicate max and min pushing positions.

* The output conveyor, C is always ON. Conveyors A ¢ B are
commanded by other automata, independent of this workcell.
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" :
GRAFCET Example 2 (cont h y v
e
I ! ]
I . S il i B
i «— Solution — L0 £
| !
T (a+h).(xfp-fus) P Ny <> / b
: A a
2 HD ' <]
| I/ | >
SN NI ;
iHFEP Fpliwn T | ™
T frp o=
E: it To guarantee alternating A and B, modify the program, adding the
Fr ot following GRAFCET: —
| 10|H priarnte A
b DF +¥3.a
1 fdp 11 H priorite B
[ +%3 b
__f"-.-"_ —_
aHF+ and changing the receptivity function * to: ~ %.2. [b+xX10] + 2
—~+fpo+ Explanation: grab part in y, if there exists part in a and if b has not
g H - the priority, if b is true and has priority, then grab part in z.
T fpo- Note: terminology X10 of PL7 changes to S 1 10 in Unity Pro
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Logic of Conditions and Events
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GRAFCET Transitions can be (i) conditions, (ii) events and
(111) conditions mixed with events

f - | !
QNN S E— b E—
if l | Ta. b | |

(a) Events 1fand | f obtained from a condition f (b) Event Ta.b obtained from event Ta and condition b
ta __| | | Ta | |
Tb | o g '

Ta.Th | Ta+Th | | |
(c) Event (Ta.1b) obtained from events Ta and 7 b (d) Event (fa+ 1b) obtained from events ta and 1 b

Grafcet: a powerful tool for specification of logic controllers, R. David, IEEE Trans. on
Control Systems Tech., 1995 v3n3 pp253-268 Page 26
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GRAFCET Transitions can be (1) conditions, (i1) events and
(111) conditions mixed with events

Fast scan cycles: Slow scan cycles (give intuition to the logic) :
' r
l / / F/uu?ﬂ-'f
shte

—-—
D
.- —~ - -

you see spikes but are just
zoomed-out scan cycles
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GRAFCET Transitions can be (i) conditions, (ii) events and
(111) conditions mixed with events

Properties of events (edge triggers) mixed with conditions (Boolean variables):
Ta=|a’

Ta.a=1a, Ta.a’ =0, la.a’ = |a, la.a=0

Ta. Ta=1a, Ta.ta’=0

T(a.b)=ta.b+tb.a, fT(a+b)=Ta.b’+1b.a’
T(a.b).t(@a.c)=17(a.b.c)

Homework:
In general, if events a and b are independent Test these properties using
the PLC dev env in
Ta.tbh=0 Structured Text, i.e. RE(),
FE(), ...
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GRAFCET / SFC Reference
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GRAFCET Other auxiliary mechanisms

Macro-steps ~TETo
v
15 ,//
Va2 o (1) = tm
~
| |
N h2 ./.// 2 ] Vl 5 ] VZ
- 4 1 hl 1 hz
16 3 W1 6 Wz
MI10
- —— v, —— b,
B ™~ . 4 7
\\\. |
S 1
17 Vl \\\
~ S8
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Creating a
Sequential
Function

Chart
in Unity

DB + =7

1=.-4=,_

%a Structural view

Project

| 7] Motion

S Program

5 Configuration

| 7| Derived Data Types
| ] Derived FB Types
5 Variables & FB instances
Elementary Variables
Derived Variables
Device DOT Variables

10 Derived Variables
Elementary FE Instances
Derived FB Instances

:| Communication

Unused Macros
Actions
my_actionl
my_action2
Transitions
my_trans

3 — ER tst2_sfc
[ @ tst3_sfc

tst4_timing -
| »

=101.x]

3 4 2

gy

¥ Bus

Transition
controlled by
the input
%i0.2.0. Force
this input to 1
to see the SFC
jumping to the
next steps.

See inside

5 _1_2 actions
3 outputs

being set

NOT %iF.z.z

Can use
variables and
functions. Edit
function
my_trans to
see the inputs
it depends on.

Megated
variable is
offered directly
by the GUI.

Run this experiment in
simulation. Force to 1 the
transiticns and see eventhing
runing fast.

1| Chart :[I'u'IA.S...I

Ready

HMI R\ mode

joFree | |

TcPIP:127.0.0.1 | |




-10ix
HE - 2> Q [ & 6

Hide Locate FEBack Forward Stop Refresh Pt Options

Contents |Iﬂdex I ﬁearchl
: Steps properties dialog box K »

= ) Unity ]
@ Whats New
General Safety Instructions R —

% Compatibility Rules 4 Submit Peedback

@ Addendum General tab =
= ] Unity Pro Software

= <5 Languages Reference
@ Safety Information Swep properties: 5 1_1

Representation of the General tab:

(L] About the Book _
|27 General Presentation of Linity Pro Geneel [ Actiors ] omement ]
(27 Application Structure Step Narne R | O iritial Step
(2 Data Description -
= a Programming Language Supenizion times and deday time
(23 Function Block Language FBD () "SFCSTEF_TIMES variable ) Literls
[27 Ladder Diagram (LD} BN M | |
[l £3 SFC Sequence Lang!uage E:l i | |
(L) General Information about SFC Sequence
[C7 Steps and Macro Steps Lelay | |
= £ Actions and Action Sections
5] Action
% Action Section
a Qualifier
=] 3 Transitions and Transition Sections [ ok [[ Cared |[ Apply |[ Hep |
% Transition
=] Transition Section Elements of the General tab:
@ Jump
5] Link Element Description
=] =3 Branches and Merges
[£] Attemative Branches and Altemative . Step Name Enter the step name in this text box.
@ Parallel Branch and Parallel Joirt - _ _ _
@ Text Ohjects Initial Step When this check box is activated, the cumrent step
(I Single-Token becomes an initial step.
(23 Multi-Token __ - _ _ _ _
Supervision Define the step supervision times and delay time in this

Dlpmmmiuqust{l!__}_ I vI . o Fiee Ref vI
3

& 2011 Schneider Electric. All nghts reserved.
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1. GRAFCET / SFC Transitions
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1. Transitions can be variables x|

Transition condition | Comment I

or sections />
3] Program ™ Invert transition condition

""" EagmMAST — Type of transition condition
|_:_|.S Sections _ &+ TRANSITION section " Vanable
E% tstl sfc 1

.......... Chart - jmgl— j j ~TRANSITION section

------------- Unused Macros e . .

G &S At S oy rans ] 7ﬁi|
............. mv_achmj_ ) : | :
............. my_action2 JEEE :+5_1_2 éf: /

=3 Transitions ) . =) :
= o e ——— 0K Cancel | prl Help

I~ ' ' I

_|of x|
1 2 3 4 5 6 7 8 i’
1
. %%i0.2.10 . %i0.2.11 . %i0.212 . . my_trans .
2 — ] )
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Properties of Transition Sections (Unity Pro)

Transition sections have the following properties:

 Transition sections only have one single output, fransition variable, whose data type 1s
BOOL. The name of these variables are 1dentical to the names of the transition sections.

 The transition variable can only be used once in written form.

 The transition variable can be read in any position within the project.

Alternatively, can use a fransition function to define the transition logic:

 Only functions can be used. Function blocks or procedures cannot be used.

e Only one coil may be used in LD.

 There 1s only one network, 1.e. all functions used are linked with each other either directly
or indirectly.

 Transition sections can only be used once.

* Transition sections belong to the SFC section in which they were defined. If the
respective SFC section 1s deleted then all transition sections of this SFC section are also
deleted automatically.

 Transition sections can be called exclusively from transitions.
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2. GRAFCET /SFC Steps
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2. Actions are associated to
Steps

Step properties: 5 1 2

Gereral Actions ICummem I

Time
o g Qualfier % Literal ) Yaniable
) Program ' 5 - -
.......... e ] o] | F
&y MAST 1 - 5_1_1 S 1.2 . —
El.a Sections //// ) ) 2 EEE——————.S .
oo B stiske pr——— Hidgiy action
............. Chart ) ) ) one v
------------- [ Unused Macros my_tra New action
E_] ........ @ Actions ' + Dd .
—@ ] . Delete action
[5] my_action2 Pl e up
e @ Transitions A
F— m'!rl_trans \\\ 4 MD'I.I"E dﬂ!ﬂ
Edit Action section
B} my_actionl <Action=> : [MAST - tstl_sfc] - 10| x|
1 2 3 L &] a8 11
410
1 i
L
41
2 A
. i L
]2 12 412
: ] <)
4 Actions, contrarily to transitions, can have multiple outputs [§ _
4| | b
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Actions can be of various types

S5tep properties: S_1_2

General Actions |Enmment |

Time Action
Qualifier |7¢':' Literal € Wariable || € Varable {* Section
Mone = I Imy_ac:tinnE j
If you want to—s
M
make a R 1
* 5 action Modify act
section, not a E Modify action
] New acti
variable, the P New action
P1 Delete action
default ol
1 Move up
“None” is ok
fove dowr
for almost
. Edit Action section |
everything
oK Cancel | Heb
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Show / Hide actions

5rg| Chart : [MAST - main] = R X

4 5 6 7
I| 1 | | |
— ey g e
2 [ A ERE ong helper_section = .
\ ______________ menu "View ->
3 | actions Expanded display"

Lo _Joooaction /0N L -~

ol S6m % | |
5 | | g12|M m1[}_set ;: 21 3| P1m11_set ;: :
: i POIm10 reset bl I I POIm11 reset bl | j
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. . [Hugh Jack 2008
GRAFCET/SFC can be converted directly to ladder logic (Hug :
! B Ea
[ p:ﬂﬂm —H LL m;__] .
1 —| STD 1 ;- L\ step 2
—F}ep 4 ) L/ -
Memory variables: Code to run once:

Assign one Boolean variable to 1. Initialize steps and transitions

each step (s;) and transition (t,). Code to run at every scan cycle:

2. Check transitions and activate steps
3. Perform activities for steps

4. Enable transitions (jump to 2.)

Create memories to keep output
values.

[Hugh Jack 2008] Automating Manufacturing Systems with PLCs, Hugh Jack, 2008 Page 63
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The complete program, four sections (zo see separately in the next slides):

2. Check
Transitions

1. Initialize Steps

3. Perform Activities 4. Enable

and Transitions ..
— - for Steps Transitions
Pl
] 1 {L | stepl tramsition 1 automatic en . . )
Y g I Il /7 sepl step — step | T
— I 1 L) [ {7 powar || {0 stepl
U Y e e 1 1 L) 11 | T-";'
\, s PN . A o
— () sl —
T — | o " 1

L (U smp3 (Y, { '\_I '_i;dﬂ _In’ L \-: mansition |

..\._../, = transifion 7 reset barton P _'., L/ o
— |1 || ( Y ostepl . b step 2 .
| sepd H I R, step 3 o I (o) step 2
— |1 f | advance 11 Vo
\ /N tmamsition 7 11 L) il
| step s U ¢ mmsition
— P — — — 1]
lmi.nsnmn pm'tl..le‘rec[ S I Y part hald Ly
| step & i i 1 i L] L) step 3 P
/ o ) R I () step 3
. . 7 papsition 1 step 4 — 11 WY
] tramsition 1 [ ransiion 1 I / '\ remct s
ramsiion 3 bottom Emit — b A— L " transition 3
| mansiton Il 11 4 L " stepd — '\.__./'I
_ I 11 L) f \ advance o,
— ! | A
(U | mmnsiton 3 T sition 3 i NS L[ [ | mmsitond
Ny — 1 I step 5 . Ry
N, A Y light step 4 .

L (U ) tmnsition 4 I I L U] T {7 stepd
N { o) transifion 4 A 11 L
ST I ..\-_-". o e
:\L | transition 3 ransition 4 stop batton . ,-"f .\'. advance P mnsition 5
I 11 [ steps T U L | Hmmen
e L [ L) M Ny

| (U | mnsitons R - step 5 -

e ; “ Y power [ ¢ s
(.. mansition 3 L . { 1] StED
(U transition 7 Y L/'I U I | L,"
(" ;) mamsition 4 step “ { L\.' transition 7
il 1 |
mamsifion 3 top limit p— |l [, e M
11 11 O step 6 I VoM
11 11 \ J o”
- PN .
o, [ 4
f U‘. transition 5 + E:pmf‘.ﬂ.d.
oS o
transition § part detected . .
| | | | fo step 2
1 1 \ L,
4 U"-. tramsition §
"\,__/'
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Application

The conversion of Grafcet / SFC to Ladder, detailed 1n this chapter, can be
mimicked for other sources and images.

Petri nets, a theory foundation of Grafcet / SFC [Pavid9%] i1l be introduced
in a later chapter.

The conversion sketched 1n this chapter is explored to make Structured
Text (ST) from Petri nets Www-Gasparl9]

[David95] Grafcet: a powerful tool for specification of logic controllers, R. David, IEEE Trans. on
Control Systems Tech., 1995 v3n3 pp253-268

https://ieeexplore.ieee.org/abstract/document/406973

[www-Gasparl9] Petri net to PLC converting. Inputs and Outputs mapping, J. Gaspar, 2017-2019,
https://web.tecnico.ulisboa.pt/~1st13495/course_utils/pn_to_plc/pn_to plc.html
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