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Overview

GRAFCET general and basic principles of GRAFCETs

Structure and Active part
 Continuous and stored action

Example 1: Lifting Device
* Pneumatic Diagram and 2 example for GRAFCET

Example 2: Conveyor System
* Pneumatic Diagram and GRAFCET

Example 3: parallel sequence in GRAFCET

Revision and possible exam questions
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GRAFCET (GRAphe Fonctionnel de Commande
Etape Transition) is the representation of a control
function with steps and step-enabling conditions.
GRAFCET can only be used to display sequence
controls that are implemented based on the
principles of a resetting sequential control.
GRAFCET applies in Europe in accordance with EN
60848:2002-12 and as a graphic description
language replaces the function chart as per
German standard DIN 40719-6.

More complex tasks are described by multiple
connected GRAFCETs (sub-GRAFCETS): GRAFCET
makes it possible to describe a control with no
reference to the device, or to include a certain
controller type, e.g. pneumatic or
electropneumatic design (Figure 1)

Structure and basic principles of GRAFCETs

In the structure part a GRAFCET has step and
transition elements, while it has actions in the
active part (Figure 2) GRAFCET steps and
transitions are constantly changing. Only one step
is ever active for linear sequences, which can
trigger any number of actions. Comments inside
guotation marks can be entered and any pointin a
GRAFCET.

Besides linear sequences, alternative or parallel
branches are also possible. In this case, several
steps can be active. GRAFCETs are hierarchically
structured, e.g. into sub-GRAFCETSs for operating
mode functions (automatic, jog operation, etc). In
this case macrosteps are used (in Figure 2)

Structure part (Figure 3)

e Starting Step

The starting or initialization step indicates the
starting position of a controller. It is identified by
the number 0 in a double border. This starts the
process.

e Step

Every step is identified by a number in a single
frame. The status of a step can be requested by a
variable X (value “1” or “0”).

* Transition

The condition for initiation the next step is
indicated as a transition next to a horizontal line
between two steps. The name of the transition is
indicated on the left (in brackets), while the
transition condition is indicated on the right as
text or a Boolean term

(1) —— 1S3+ 0V1+ 1B1 » 2B1 "Start condition"

A

1 1A1: =1 "Raise"

() = A

"Displace"

(3) 282

"Retract lifting

3 1A1: =0 cylinder"

@ ——181 4

4 2A1: =0

"Retract
displacement
cylinder"

(8) —1— 2B1

Figure 1: Example of a GRAFCET

Structure part
Step

Active part
Action upon

A Step activation

3 2A1: =1

” Interactive connections

(3) =lc 2B2 Transition =
Transition condition

Macrostep Single action

M3 | "Automatic operation” 2A1

Figure 2: Elements of a GRAFCET

Starting step

Step variable

Biop for step 2

Step 4 follows 5 seconds
after step 3 is activated

3
(3) —l— 5s/X3

(4) Push-button switch S2 Text or
pushed AND press up (1B1) logic exprossibnies

(5) —— 52+ 1B1

Figure 3: Examples of a structure part

transition condition
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Active Part

One or more actions are assigned to every process
step. These actions are performed when the step
is active. An action is displayed as a rectangle,
while the step symbol and action field are
positioned on the same level. Different
representations can be used for multiple actions
(Figure 1) The series of action does not represent
a chronological sequence

A distinction is made between continuous and
stored action

* Continuous actions
Continuous actions are performed over a defined
time. The action is then automatically cancelled

The variable is assigned the value 1 as long as the
step is active, while 0 is assigned when it is no
longer active.

The action field may contain a text in the form of a
command or note, or the name of a variable
(Figure 2) For technology-neutral planning, the
drive designation (2A1) can be indicated, while he
valve connection reference (2V1-14) can be
indicated for a pneumatic control and the solenoid
(2M1) for an electropneumatic control. The
actions shown in step 4 describe the same
behavior: a drive is actuated as long as step 4 is
active.

Besides the step activation, assignment conditions
(B8, 3s/B9 etc.) may also be required before an
action can be executed.

* Stored action

Stored actions are set to logic “1” in a certain step
and reset to logic “0” in another step at a later
time.

A variable value remains stored (3M1: = 1) until it
is changed by another action (3M1:=0)

A variable is changed if a step is activated (1) or
deactivated (1) (Figure 3).

The sideways arrow / flag indicates that an action
is stored until an event occurs. An arrow appears
in front of the variable 2B1 in step 9. In this case,
the signal change from “0” to “1” is interpreted as
an event, this is referred to as a positive edge.

a. Action 1

b. Action 1

c. Action 1

Figure 1: Representation of actions

H Action 2 H Action 3
| ’-l Action 2 JJ—{ Action 3

’ Action 3j
e. Action 1

Action 2
Action 3

| Action 2

d.

Solenoid connection 2M1 ]

How ) [sHe] (e ]
B8

Step 5 must be active and
assignment condition B8 must be

ﬁ

satisfied
3s/B9 2M1 is only performed 3 s after B9 is
n 2M1 activated.
(Time left -> start-up delay)
2s/X13
If step 13 is active, 3M1 is
Sl executed after 2 s.
B9/5s 2M1 remains activated for a
2M1 further 5 s after B9 drops out.
(Time right -> OFF delay)
4s/X15

If step 15 is active, 4M2 is activated
forupto 4s.
(Time negated -> time limit)

Fiaure 2: Examnles of cantinnniie antinne

3M1: =1 N 3

If step 7 is activated, the valve coi
4 3M1 is assigned the value 1 until it

3M1:=0 receives the value 0 when step 11

is activated or when step 12 is
12 3M1: = 0 deactlvated.v
. . (On completion of step 12)
2B1

If step 9 is active and 2B1 changes
the value from "0" to "1", "Part_OK"
receives the value "1".

I

art_OK: =1

15s/X25
Pump: =1

15 s after activating step 25 the
pump is switched on until it is
disconnected at a later point.

25

Figure 3: Examples of stored actions
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Example: Lifting direction Displacement cylinder 2A1 ~— .
The technology diagram layout diagram provides a :

clear sketch which indicated the arrangements of
the components used and the sequence:
Workpieces are raised by the lifting cylinder 1A1 and

placed on a roller conveyor in the top limit position Werkpinta

by the displacement cylinder 2A1. Both cylinders

then return to the starting position (Figure 1). The 182 — ﬁ

motion sequence can be abbreviated as follows ( + =

extension, -=retraction) 1A1+ 2A1+ 1A1- 2A1l- Lifting cylinder 1A1
1B1—

GRAFCET enables a range of representations. While
GRAFCET chart according to FIGURE 1- Example of

i - Technology diagram for the lifting device
GRAFCET describes the sequence of a lifting device Figureil:tlec ay

at the actuator level, the GRAFCET according to
FIGURE 2 — GRAFCET of the lifting device is created 0
for pneumatic control with directional control
valves. (1) —— 183+ 0V1+ 1B1+ 2B1 "Start condition"
The control sequence is divided into 5 steps. The 4
starting step O defines the position of the controller 1 1A =1 “Raise"
directly after it is switched on. The conditions that
are required for the onwards switching o the control @) 182 4
are indicated at the.transmons between the steps. 2 2AT: = 1 “Displace”
For example step 1 is only executed once
+ Start button 1S3 is pressed (3) —f— 2B2
* Main valve 0V1 is switched to “a” 3 JAY: "Retract lifting
. .. . . =0 cylinder"
* Pneumatic proximity switch 1B1 is actuated by
cylinder 1A1 (4) —'— 1B1 4
* Pneumatic proximity switch 2B1 is actuated by oAT: =0 “Retract
. 4 iy displacement
cylinder 2A1 cylinder"
Raise Displace B2
282
AT ZAT Figure 1: Example of a GRAFCET
w3 | |, v L] |,
14 12 14 12
D> <+=1 1
o Rl el ;
= A Al e S Y e
o 1 L 5 o t
= 4 : E | (1) —— 1S3:0V1+1B1+2B1  *"Start condition”
| | |
o z?; J w & 2,'
HLINW =N mm mm Nk 1 W3-14 | "Raise"
1] v3 1 3 1 3 1 3 1 3
] (2) + 1B2
O b
_.I 3 2 2V1-14 "Displace"
/\
(3) 2B2
Figure 3: Pneumatic circuit diagram for a lifting device ; e
) o o - . 3 V3-12 Rle_trgct"hftmg
Circuit diagrams indicate the controller function in cyancer
the selected technology, e.g. pneumatics, and the (4) —}— 1B1
interconnection of the individual elements of the Retract
- ; . 4 2V1-12 displacement
controller (Figure 3) The components of a circuit cylinder”
diagram are not arranged based on their position, (5) 2B1

but rather on their function levels of supply,
signaling, connection, adjusting and drive elements  Figure 2: GRAFCET of the lifting device
(from bottom to top)
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Conveyor system for containers

Containers arriving on a conveyer track need to be separated, raised and
moved onto a second conveyor track (Figure 1)

The containers arriving on the lower conveyor track are stopped by a
blocking cylinder 1A1. After start signal 1S3, the blocking cylinder moves
back and the container rolls onto the lifting platform. It then triggers
signal 2S3. Cylinder 1A1 moves back into the blocking position and lifting
cylinder 2A1 raises the container. Displacement cylinder 3A1 is actuated
in the end position of 2A1 , which moves the container onto the upper
conveyor track. The two cylinders 2A1 and 3A1 then return to their
original positions. The “cycle” is completed.

Displacement cylinder 3A1 Signal element 2S4

Lifting platform
with rollers
Locking cylinder 1A1 Lifting cylinder 2A1

Figure 1: Technology diagram for a conveyor system

A) Complete the Pneumatic circuit diagram

B) Develop a GRAFCET
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Displacement cylinder 3A1 Signal element 2S4

T
/ ¥

fre
Signal element 2521 1r /

Signal element 2S3

WAl

Lifting platform
with rollers

Locking cylinder 1A1 Lifting cylinder 2A1

Figure 1: Technology diagram for a conveyor system

Raise

Lock

stopped by a blocking cylinder 1A1

after start signal 1S3, the blocking

cylinder moves back and the

container rolls onto the lifting

platform.

triggers signal 253
cylinder 1A1 moves back into the
blocking position and lifting
cylinder 2A1 raises the container
Displacement cylinder 3A1 is
actuated in the end position of
2A1

3A1 moves the container onto the

upper conveyor track

cylinders 2A1 and 3A1 return to

their original positions.

Displace

A1) | f

|

I
= HY
v

3

Figure 3: Pneumatic circuit diagram for a conveyor system

HINTS for Examination: The red circled valves and signals usually need to be added.
See how cylinder 3V1 differs from the other t wo cylinders 1V1 and 2V1. Also 254 is
not directly related to the 3V1 movement which is important for the GRAFCET

development later
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* stopped by a blocking cylinder 1A1

» after start signal 1S3, the blocking cylinder moves back and the container rolls onto the lifting platform.
* triggers signal 253

* cylinder 1A1 moves back into the blocking position, lifting cylinder 2A1 raises the container

* Displacement cylinder 3A1 is actuated in the end position of 2A1 (triggered 2S52)

* 3A1 moves the container onto the upper conveyor track

* cylinders 2A1 and 3A1 return to their original positions after container triggers 254

"Starting position”
(1) —+— 1S3
1 1v1 - 14 | 'Retract locking When developing the GRAFCET
cylinder from scratch, always double
(2) —+— 2S3 check your GRAFCET with the
" - information in the task and the
h 2 V1 - 12 Ex_tendnlocklng o |
cylinder pneumatic diagram !
"Extend lifting
"Extend
£ SVl-ie displacement
(4) —+ 2S4
"Retract lifting
(8) —1= (252}
Figure 2: GRAFCET for the sequence of a conveyor
system
Lock Raise Displace
/ 252 4

[A1] daﬂ: i | 3A1

V2 9§ V2] |k
V1] 2V1 3V1 14
14 g 2 g5 14 s S ) <2 LR E
o (N[ A<y SNIyARE EShNll
LT I T T I | T T
| vV | ViV V1V
; [ 5.1 3 I 5| 53 | |l 51,3
[1s3] 5 | 2S3] , | 254] 5 | 252]
3 1 %3 1 ;3 1 gs 1 gs

Figure 3: Pneumatic circuit diagram for a conveyor system
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Revision and possible exam questions

You are allowed to use your blue handbook, please familiarize
Edt 4 = 432 following
Edt 3 = 382 following

* How does a continuous action differ from a stored action?

*  Whatis the meaning of a double frame around number1? || 1

* Explain the term “step variable X3”.

* How are time delays displayed in a GRAFCET?

* How are start-up delays displayed in a GRAFCET?
* How are time limits displayed in GRAFCET?

* Create a GRAFCET with stored action for lifting device (Figure 1)

Displacement cylinder 2A1 /~—_.

Workpiece

iB2—1"| ﬁ

1B1—

Lifting cylinder 1A1

Figure 1: Technology diagram for the lifting device

¢ What are interactive connections ?
¢ What are transitions ?
* Explain structure part and active part!

* What is the meaning of (1) and (1) on an action field




