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Plan and implement automatic processes - Exercise: Planning the process chain
with GRAFCET

10 Plan and implement automatic processes

10.1 Exercise: Planning the process chain with GRAFCET

Target:
| can create a GRAFCET sequence chain for the bending machine using the
functional description.

Task:
Create a sequence chain for the bending machine in GRAFCET so that the
function is implemented using the function description from the "Model"
chapter.

Function:
1. Initial step
No actions are performed in the initial step.
The step chain remains in this step until the start button (S5) is pressed
(positive edge) and the magazine is not empty at this point (B3).

2. Move press to home position
After starting the system, the bending machine should first be moved to the
home position. For this purpose, the motor M1 is controlled with Q1. To
prevent the motor from jamming, it may only be activated as long as the
end position S1 has not been reached.
If the press is in the upper end position (S1), you can switch to the next step.

3. Move the transport carriage to the home position
Now that the press is in the home position, the transport section must also
be moved to the home position. To do this, the motor M2 is controlled with
Q4. It may only be activated if the end position S4 has not been reached.
If the transport section is in the home position (S4) and there is no
workpiece on the carriage (B2), you can switch to the next step.

4. Retrieve workpiece from magazine
To pick up a workpiece from the magazine, the motor M2 must be
controlled in direction Q3. Actuation may only take place if the end position
S3 has not been reached.
If the transport carriage is below the magazine (S3), you can switch to the
next step.

5. Move workpiece into press
The workpiece must now be moved into the press. Motor M2 must be
controlled in direction Q4. This may only take place as long as the end
position S4 has not been reached.
If light barrier Bl is interrupted by the workpiece during the movement, the
carriage must stop and move to the next step.
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6. Bend workpiece
The workpiece is bent by moving motor M1 in direction Q2. Downward
actuation may only take place as long as the end position S2 has not been
reached.
If the press is in the lower end position (S2), you can switch to the next step.

7. Reduce press
After bending, return the press to the home position.
Motor M1 is controlled in direction Q1. The motor may only be controlled as
long as the end position S1 has not been reached.
If the press is in the upper end position (S1), you can switch to the next step.

8. Move workpiece to removal position
The bent workpiece must be moved forwards to the removal position at the
end. Motor M2 is controlled in direction Q4. Actuation may only take place as
long as the end position S4 has not been reached.
If the transport section is in the front end position (S4), you can switch to the
next step.

9. Waiting for acceptance
No actions are performed in this step. Once the workpiece has been
removed (B2), you can return to the initial step.
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chain into program code [FUP].

10.2 Exercise: Convert GRAFCET sequence chain into
program code [FUP].

Target:
| can create an automatic program using the function description and the
sequence chain created in GRAFCET.

Task:
Create the PLC program for the automatic sequence for the bending
machine so that the function is implemented based on the system
description.
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Picture 1 System diagram
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chain into program code [FUP].

Procedure:
1. Create a new function block, select the desired programming language and
assign a meaningful name:

—8

2. Declare variables for the sensors and actuators in the function block
interface:
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3. Declare the step flags in the static area of the function block interface, an
instance for the edge evaluation of the start button, as well as a variable for
initialization and for the positive edge of the start button in the temporary
area:

4. Program the evaluation of the positive edge of the start button (S5) in the
first network:

5. Program the initialization of the chain in the next network. The function
description indicates that the step chain should be initialized when the start
button is pressed (positive edge) and the chain is not in the initial step
(SRO1):
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6. In the following networks, implement the individual steps using flip-flops
based on the GRAFCET. A new network must be used for each step:
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7. Assign the actions in the next 4 networks below the step chain.

a It must be ensured that the movements of the motors are only controlled
until the corresponding limit switches are reached, as otherwise they may
run on block and be overloaded.
The control should therefore be a continuous action with a condition:
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8. Call up the function module in "MAIN" and create an instance:

—8

9. Connect the function block interface with the input and output variables
from your variable table:

10. Commission the system in a structured manner with the aid of a
commissioning protocol.

10
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Solution

1
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chain into program code [FUP].

Solution:

The solution can be found in the TIA Portal project "Biegemaschine_FUP.zap17".

12
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10.3 Exercise: Convert GRAFCET sequence chain into
program code [ST / SCL].

Target:
| can create an automatic program based on the function description and
the sequence chain created in CGRAFCET.

Task:
Create the PLC program for the automatic sequence for the bending
machine so that the function is implemented based on the system
description.
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Picture 2 System diagram
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Procedure:
1. Create a new function block, select the desired programming language and
assign a meaningful name:

—a

2. Declare variables for the sensors and actuators in the function block
interface:

14
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3. Declare the index variable in the static area of the function block interface,
an instance for the edge evaluation of the start button, as well as a variable
for initialization and for the positive edge of the start button in the
temporary area:

4. Program the evaluation of the positive edge of the start button (S5):

5. Then program the initialization of the chain. The function description
indicates that the step chain should be initialized when the start button is
pressed (positive edge) and the chain is not in the initial step:

15
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o.

chain into program code [ST/ SCL].

Implement the individual steps from the GRAFCET in the following CASE

structure. For each step, create a new CASE in the structure that maps the
step number:

All actions are reset in the initial step. This ensures that no actions remain set
if an active step chain is aborted by an initialization request.

In the initial step, the transition is extended by "AND NOT Init", which

prevents the step from being exited in the same cycle if an initialization
request is made.

16
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7. Call up the function module in "MAIN" and create an instance:

—a

8. Connect the function block interface with the input and output variables
from your variable table:

9. Commission the system in a structured manner with the aid of a
commissioning protocol.

17
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chain into program code [ST/ SCL].

Solution

18
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chain into program code [ST/ SCL].

Solution:

The solution can be found in the TIA Portal project "Biegemaschine_SCL.zap17".

19
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10.4 Exercise: Extending the sequence chain with GRAFCET
[1] - Time function

Target:
| can extend an existing GRAFCET sequence chain.

Task:

Expand your existing GRAFCET sequence chain so that the following
functional description is fulfilled.

Function:
The bending process should be adjusted. The press is currently lowered (step
6) until the lower end position (S2 actuated) is reached. The press then
moves back to its starting position (ST actuated) (step 7).

In future, after the press has reached the lower end position, the system
should not switch to step 7, but to a wait step (step 6a). This step must be
activated for 2 seconds. After this time has elapsed, you can switch to step 7
and thus start the upward movement.

20
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Solution

21

fischertechnik




Plan and implement automatic processes - Exercise: Extending the sequence
chain with GRAFCET [1] - Time function

Solution:
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10.5 Exercise: Converting a modified GRAFCET sequence
chain into program code [FBD] - Time function

Target:
| can adapt an existing automatic program using the function description
and the sequence chain changed in GRAFCET.

Task:
Adapt the PLC program for the automatic sequence for the bending
machine so that the function is implemented using the modified system
description from the exercise "Extend GRAFCET sequence chain [1] - time
function".

23
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Procedure:
1. Declare a new step flag and an instance for the delay time in the static area
of the function block interface:

2. Program the new step using the SR element:

3. Adjust the set and reset conditions of the previous and subsequent steps:

4. Commission the system in a structured manner with the aid of a
commissioning protocol.

24
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Solution
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Solution:

The solution can be found in the TIA Portal project
"Biegemaschine_Erw_1_Zeitfunktion_FUP.zap17".

26
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10.6 Exercise: Converting a modified GRAFCET sequence
chain into program code [ST / SCL] - Time function

Target:
| can adapt an existing automatic program using the function description
and the sequence chain changed in GRAFCET.

Task:
Adapt the PLC program for the automatic sequence for the bending
machine so that the function is implemented using the modified system
description from the exercise "Extend GRAFCET sequence chain [1] - time
function".

27
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1. Declare an instance for the delay time in the static area of the function block
interface:

2. Program the wait time below the CASE structure. A free number must be
used as the index for the step, for example 600T:

3. Program the step:

4. Commission the system in a structured manner with the aid of a
commissioning protocol.

28
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Solution
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Solution:

The solution can be found in the TIA Portal project
"Biegemaschine_Erw_1_Zeitfunktion_SCL.zap17".

30
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10.7 Exercise: Extending the sequence chain with GRAFCET
[2] - Counting function

Target:
| can extend an existing GRAFCET sequence chain.

Task:
Extend your existing GRAFCET sequence chain from exercise "Extending the
sequence chain with GRAFCET [1] - Time function" so that the following
function description is fulfilled.

Function:
The bending process should be adjusted. The press currently remains in its
lower end position for some time (step 6a) before the upward movement is
started.
This already has a positive effect on the workpiece quality.
In addition to the waiting time, the bending process should now be carried
out three times in succession for each workpiece.

The step chain must be adjusted so that the bending processes are counted
when the press is opened. If 3 processing operations have not yet been
recorded, the bending process must be restarted.

Once the workpiece has been bent three times, it can lbe moved on for
acceptance.

3l
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Solution
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Solution:
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10.8 Exercise: Converting a modified GRAFCET sequence
chain into program code [FBD] - Counting function

Target:

| can adapt an existing automatic program using the function description
and the sequence chain changed in GRAFCET.

Task:

Adapt the PLC program for the automatic sequence for the bending
machine so that the function is implemented using the modified system

description from the exercise "Extending the GRAFCET sequence chain [2] -
Counting function".

34
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Procedure:
1. Declare an instance for the counter in the static area of the function block
interface:

2. Program the meter in a new network:

3. Adjust the step chain:

35

fischertechnik




Plan and implement automatic processes - Exercise: Converting a modified
GRAFCET sequence chain into program code [FBD] - Counting function

4. Commission the system in a structured manner with the aid of a
commissioning protocol.

36
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Solution
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Solution:

The solution can be found in the TIA Portal project
"Biegemaschine_Erw_2_Zaehlfunktion_FUP.zap17".
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10.9 Exercise: Converting a modified GRAFCET sequence
chain into program code [ST / SCL].

Target:

| can adapt an existing automatic program using the function description
and the sequence chain changed in GRAFCET.

Task:

Adapt the PLC program for the automatic sequence for the bending
machine so that the function is implemented using the modified system

description from the exercise "Extending the GRAFCET sequence chain [2] -
Counting function".

39
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Procedure:
1. Declare a variable for the counter in the static area of the function block
interface:

2. Increase the counter when you jump to step 7 and reset the counter in the
initial step:

3. Program the alternative branch:

4. Commission the system in a structured manner with the aid of a
commissioning protocol.

40
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Solution
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Solution:

The solution can be found in the TIA Portal project
"Biegemaschine_Erw_2_Zaehlfunktion_SCL.zap17".
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