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Sequential control systems

1

Goal

The students can successfully implement sequential control systems using sequential function
charts. They understand the structure and mode of functioning of sequential function charts and
are familiar with corresponding design methods. Their knowledge regarding operating modes and
protective measures will be expanded for sequential control systems. The students understand
the interaction between the programs of basic automation and sequential control systems. They

know how to create sequential controls in PCS 7.

Prerequisite

This chapter builds on chapter 'Functional safety’. To implement this chapter, you can use an
existing project from the previous chapter or the archived project 'p01-07-exercise-r1905-en.zip'
provided by SCE. The download of the project(s) is stored on the SCE Internet for the respective

module.

The (optional) simulation for the SIMIT program can be retrieved from the file 'p01-04-plantsim-

v10-r1905-en.simarc'. It can be run in demo mode.

For unrestricted use in educational / R&D institutions. © Siemens 2020. All rights reserved.

p01-08-sequential-function-chart-v9-tud-0719-en.docx



Learn-/Training Document | PA Module P01-08, Edition 02/2020 | Digital Industries, FA

3 Required hardware and software

1 Engineering station: Requirements include hardware and operating system
(for further information, see Readme on the PCS 7 installation DVD)
2  SIMATIC PCS 7 software V9 SP1 or higher
e Installed program packages (contained in SIMATIC PCS 7 Software Trainer
Package):

e Engineering — PCS 7 Engineering
e Engineering — BATCH Engineering
e Runtime — Single Station — OS Single Station
e Runtime — Single Station — BATCH Single Station
e Options — SIMATIC Logon
e Options — S7-PLCSIM V5.4 SP8

3 Demo Version SIMIT Simulation Platform V10

2 SIMATIC PCS 7
V9 SP1 or higher

1 Engineering Station

3 SIMIT V10 or higher

For unrestricted use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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Theory

Theory in brief

Sequential control systems allow for time-discrete or event-discrete execution of sequential and
parallel processes. They are used to coordinate various continuous functions as well as to control
complex process sequences. Dependent on defined states or events, changes of operating state
and changes of state are produced in existing logic control systems and the desired sequential
flow is thus implemented. Sequential control systems are implemented with one or more

sequential function charts.

A sequential function chart is an alternating stringing together of steps, which trigger certain
actions and transitions, which initiate the change from one step to another as soon as the
corresponding step enabling condition is met. Each sequential function chart has exactly
one start step and one end step as well as any number of intermediate steps that are each
interconnected by arrows and interposed transitions. The charts may also generate feedback
through loops within the sequential function chart. Likewise, they can contain simultaneous or
alternative branches. However, in this case the design must ensure that the sequence does not

contain uncertain or inaccessible parts.

Formal design methods using state diagrams or Petri nets are particularly suitable for
designing a sequential control system. State diagrams are easy to learn, allow for automatic error
diagnostics and can be easily converted to many existing programming languages for sequential
control systems. However, the design of parallel structures is not possible because state

diagrams have only exactly one active state.

Petri nets are considerably more complex and pose a greater mathematical challenge. However,
all structures that are permitted in sequential control systems can be modeled and extensively
analyzed. Thus, necessary properties of the control system can be verified formally. Petri nets

also permit easy implementation in sequential control systems.

Parameter assignment and activation of lower-level logic control systems by sequential control
systems takes place by the setting of corresponding global control signals. The effect of these
control signals can be temporary or permanent, direct or delayed. Like logic control systems,
sequential control systems must support various operating modes, in which manual control of
transitions and temporary or permanent interruption of process sequences, in particular, must be
possible. In addition, process-specific protective functions are implemented through sequential
control systems.

Sequential control systems are implemented in PCS 7 with sequential function charts
(SFC). SFCs provide efficient operating mode management, high controllability through multiple
switching modes and extensive parameter assignment capability through various execution
options. In PCS 7, SFCs and CFCs interact and are linked by means of process values and

control values. The interaction behavior can also be controlled in detail.
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Continuous and sequential control systems

Within the scope of basic automation, various logic control systems are developed that each
implements a limited, clearly defined function. The functions continuously process input signals
and generate corresponding output signals. Activation and parameter assignment of the functions
is possible through various control signals. To implement complex process sequences, such as
manufacturing specifications for products (recipes), the various functions must be coordinated
and activated at the right time with the right parameters. This task can be realized using

sequential control systems.

Sequential control systems enable step-by-step, event-discrete processing of sequential and
parallel processes using sequential function charts (also called sequencers). They
produce changes of operating state and changes of state dependent on defined states or events
in the existing logic control systems and thus implement the desired sequential flow. Sequencers
function charts are also called Sequential function charts.

Structure of sequential function charts

A sequential function chart is an alternating sequence of steps and transitions. The individual
steps activate certain actions in each case. Transitions control the change from one step to

another.

The first step of a sequential function chart is called the start step. It is the explicit entry point
into the sequence and is always executed for that reason. The last step of a sequential function
chart is correspondingly called the end step. It is the only step in the sequence that does not
have a follow-on transition. After the end step is executed, the sequential function chart is
terminated (completed) or the execution restarts. The latter case is also referred to as sequence

loop.

Steps and transitions are interconnected by directed graphs. A step can be connected to several
follow-on transitions; the reverse is also possible. A transition is enabled when all upstream steps
are active and the step enabling condition is met. In this case, first the directly preceding steps

are deactivated and then the direct follow-on steps are activated.

The simplest form of a sequential function chart is the unbranched sequence. Each step is
followed by exactly one transition, which in turn is followed by exactly one follow-on step. Thus, a
purely sequential process sequence is realized. Figure 1 shows the corresponding graphic basic

elements.

For unrestricted use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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Step 1

o ‘ <€ (Start step)

t1 I:::l <— Transition 1
S2 €— Step 2

Figure 1: Basic elements of a sequential function chart

Loops within the sequential function chart occur when a cyclical execution within the sequence is
possible through the stringing together of multiple steps. The sequence loop is a special case of

a loop in which all steps are run through cyclically.

Jumps are another option for structuring sequential function charts. When a jump label is
reached, processing is continued with the step to which the jump label points. Jumps within the
sequential function chart can also produce loops. Because this type of structuring is difficult to

understand, jumps should be avoided if possible.

From the process view it is often necessary to react differently to various events during program
runtime. In this case, a step has several alternative follow-on steps. This structure is called an
alternative branch. The step is connected to each possible follow-on step via a separate
transition. To ensure that no more than one of these transitions will be enabled at a given time
(and the branches are truly alternative), the transitions should be mutually locked or explicitly
prioritized. Otherwise, the transitions are evaluated from left to right in most control systems and

the first transition whose step enabling condition is met is enabled.

Figure 2 shows the general structure of an alternative branch with two branches. It is represented
by bordering horizontal single lines with protruding ends. As you can see, alternative branches

always start and end with transitions.

For unrestricted use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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- e

S2 S3 S2 S3

S4 S4

Alternative branch Parallel branch

Figure 2: Alternative and simultaneous branches in sequential function charts

Another frequent requirement is that a step be followed by several follow-on steps that are to be
processed simultaneously. In this case, the output step has exactly one transition that activates
several follow-on steps simultaneously. This structure is called a simultaneous branch. The
follow-on steps of the individual branches are then processed independent of one another and
then joined again. All branches end in a joint transition. Only when all branches are processed
completely and the step enabling condition of the follow-on transition is met can the joint follow-

on step be activated.

The sequence of a simultaneous branch with two branches is also shown in Figure 2. The
branches are represented by bordering horizontal double lines with protruding ends. As you can

see, simultaneous branches always begin and end with actions.

A special control problem is the possibility of creating faulty sequential function charts through the

unfavorable use of jumps and branches. Three possible cases have to be distinguished.

— Uncertain sequence: A sequential function chart contains a structure whose accessibility

is not ensured through the defined sequential flow.

— Partial deadlock: A sequential function chart contains an inner loop that is no longer
exited. Although the steps within this loop can be executed, the steps outside the loop

cannot. Portions of the sequential function chart are thus not accessible.

— Total deadlock: A sequential function chart contains a structure for which there is no
permissible step enabling condition. In this case the sequential function chart remains

permanently in one state and all other steps are inaccessible.

For unrestricted use in educational / R&D institutions. © Siemens 2020. All rights reserved.
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Such structures are not permitted in sequential function charts and have to be ruled out with
corresponding formal design methods. Figure 3 shows an example of two sequential function

charts with illegal structures.

In the left sequence, it cannot be ensured that step S6 is accessible because, when transition t3
is enabled, the alternative branch after step S3 will prevent the simultaneous branch in transition
t4 from being rejoined again. For this reason, the sequence is uncertain. The right sequence, on
the other hand, is executed exactly once and then remains in step S4. Because step S2 is not
active in this state, the simultaneous branch in transition t3 can no longer be joined. A total

deadlock results and step S5 is not accessible.

Sl=|| | S1 |

t1 [ ] t1 [ ]

2L 13 2 O

S4 S5 S4

ta [ ] t5 [ t3 ]

te [_] t7|:':| ta [ |

Uncertain structure Illegal structure

Figure 3: Uncertain and illegal structures in sequential function charts

Design of sequential control systems

Numerous formal design methods exist for sequential control systems. In practice, however, the
state diagram and Petri net models have proven valuable, in particular.

A state diagram is a connected, directed graph. States are represented as circles and state
transitions as arrows that connect exactly two states to one another. In a state diagram, exactly
one state is always active at a time. The states can be linked to certain actions. There is the

option to assign a certain sequential flow to these actions.
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They can be executed once on entering the state or exiting the state, or cyclically as long as the
state is active. State transitions can be subject to transition conditions.

State diagrams can be structured hierarchically and linked to each other. State diagrams are
considered easy to learn and enable automatic error diagnostics, for example, through pair, time
or state monitoring. These diagrams can be easily converted to many existing programming

languages for sequential control systems.

Petri nets are particularly suitable for modeling concurrent processes. A Petri net consists of
places and transitions that are connected to each other through arrows. This also results in a
directed graph. A place is represented with a circle and a transition with a rectangle (often
reduced to a bar). Active places are indicated with tokens; they are represented with a dot within

the circle for the corresponding place.

In contrast to function diagrams, the state in a Petri net is determined by the number of active
places in the entire network. The dynamics of the system is modeled through the movement of
the tokens within the network. The meaning of the places and transitions for the modeled process
(i.e. the semantics of the Petri net) is not defined and has to be specified depending on the
application. Petri nets whose semantics have been specified are called interpreted Petri nets

(IPN). For the control design, signal interpreted Petri nets (SIPN) are generally usable.

Petri nets can be extensively analytically tested. They also allow easy conversion to existing
programming languages for sequential control systems. There are numerous expansions for Petri
nets that are optimized for specific applications or provide for more exact process modeling. For
this reason, Petri nets can become rather complex, which makes them more demanding as a
design method. Nevertheless, based on their structural similarity to sequential function charts and

their ability to model parallel processes, Petri nets offer clear advantages.

The design method that is used depends ultimately on the requirements of the design task as
well on the preference of the developer. Additional information is provided in the pertinent

technical literature.

Interaction of sequential control and logic control systems

As described above, each step in the sequential function chart can be assigned certain actions.
In general, these actions consist of the parameter assignment and activation of logic control

systems for which corresponding control signals are suited.

Process and control signals that are used by sequential function charts must be declared globally
so that they are equally available to the programs of the sequential control and logic control

systems. The signals are usually listed in a symbol table.

For unrestricted use in educational / R&D institutions. © Siemens 2020. All rights reserved.

p01-08-sequential-function-chart-v9-tud-0719-en.docx

13



4.6

Learn-/Training Document | PA Module P01-08, Edition 02/2020 | Digital Industries, FA

Control signals generally act as long as the corresponding step is active. For implementing more
complex function sequences, however, it is also possible to vary the processing of a control

signal itself (latching or non-latching, time delayed or limited).

Usually, process-specific functions are implemented with sequential control systems while logic

control systems implement all device-specific functions.

Protective functions and operating modes in sequential control

systems

As in the case of single control functions, adequate protective functions and operating modes
have to be implemented for sequential control systems. Sequential control systems must be
manually operable even under fault conditions. Corresponding operating modes must be

provided in the control system for this.

— Automatic mode: The action of the sequential function chart is executed when the

upstream transition is enabled.

— Manual mode: The action of the sequential function chart is initiated by the operator even if

the upstream transition is not enabled.

— Mixed mode: The action of the sequential function chart is executed when the upstream
transition is enabled or the operator has initiated it. Alternatively, both the initiation by the

operator and the enable of the upstream transition can be required.

Using manual mode prevents permanent blocking of the sequential control system as a
consequence of a fault. The mixed mode allows for manual interruption of the process for testing
or commissioning purposes. The step enabling conditions of all transitions of the sequential

control system must be expanded accordingly.

Sequential function charts must be able to respond to faults in the controlled devices. This
requires continuous fault monitoring. This monitoring serves to detect and reports faults in the
controlled devices. It enables automated safeguarding of the plant by automatically stopping the
sequential function chart in the event of a fault. In addition, it has to be possible for the operator

to stop and abort a sequential function chart when there is a fault.

In both cases, corresponding protective functions must be activated in order to bring the plant to
a safe state. If the sequence is stopped, it is hecessary to ensure a safe, process-compatible
resumption of the sequence, even after an extended interruption. Process-specific protective
functions are implemented in sequential control systems, such as sequential interlocking of

several devices in the event of a fault state in the process.
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Sequential control systems in PCS 7

Sequential control systems are implemented in PCS 7 with sequential function charts
(SFC). They contain the sequencers and define their sequence topology, the conditions for the
transitions and the actions of the steps. The start conditions and sequence properties can be

defined and prioritized separately for each sequencer.

In addition, pre-processing and post-processing steps can be defined that are executed once

prior to or after execution of the sequencer.
Operating modes and switching modes

The behavior of a sequential control system in PCS 7 depends on the selected operating mode,
the specified switching mode, its current operating state and the execution options. For

sequential control systems, two different operating modes can be selected.
— Auto: The program controls the sequence.

— Manual: The operator controls the sequence with commands or by changing the execution

options.

In manual mode, the commands Start, Stop, Hold, Complete, Abort, Resume, Restart, Reset and
Error are available to the operator for operating the sequential control system manually. The
behavior of a sequential function chart when advancing from active steps to follow-on steps can

be controlled through different switching modes, depending on the selected operating mode.

— Switching mode T: The sequential control system runs process-controlled, which means
automatically. When a transition is enabled, the predecessor steps are deactivated and

follow-on steps are activated. (T = Transactions)

— Switching mode O: The sequential control system runs operator-controlled, which means
manually. The transition is enabled by an operator command. Each follow-on transition of an

active step automatically sets an operator prompt. (O = Operator)

— Switching mode T or O: The sequential control system runs process-controlled or
operator-controlled. The transition can be enabled either through an operator command or

through a fulfilled step enabling condition.

— Switching mode T and O: The sequential control system runs process-controlled and
operator-controlled. The transition is only enabled when an operator command has been

issued and the step enabling condition is met.

— Switching mode T/T and O: In this switching mode, it can be specified individually for
each step whether the sequential control system runs process-controlled or operator-
controlled. As a result, hold points can be defined in the sequential control system in test

mode. (T/T = Test Transactions)
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In Auto mode, only the switching modes T and T/T and O can be selected. The operating
mode of the sequential control system shows the current state in the sequence and the resulting
operating behavior. A corresponding operating state logic defines the possible state, the
permissible transitions between the states and the transition conditions for a state change.
PCS 7 defines separate operating state logic for sequential control systems and sequential
function charts. It is possible to have sequential function charts run dependent on the state of the

sequential control system.
Execution options

By using execution options, the runtime behavior of a sequential control system can be
controlled. For example, it can be specified whether a sequential control system is executed once
or cyclically (cyclic operation option) or whether the actions of the active step will actually be
executed (command output option). In addition, a time monitoring can be activated for the
individual steps in a sequential function chart, which reports a step error if the time is exceeded

(time monitoring option).
Interaction behavior

In PCS 7, CFCs and SFCs interact by means of process values and control values. These
values are linked to each other using the desired signals, either from the global symbol table or
by specifying the absolute signal address. It is possible to control the processing of the control
signals using the features of the SFC. In the SFC Library, PCS 7 provides pre-assembled
sequential function charts for various standard scenarios. These templates can be used and

adapted to current projects.
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Task

In accordance with the recipe in chapter 'Process Description’, a sequential function chart is to be

created and programmed.

1.

First, 350 ml is to be drained from educt tank =SCE.A1.T1-B003 to reactor =SCE.A1.T2-
RO0O1 and at the same time 200 ml is to be drained from educt tank =SCE.A1.T1-B002 to
reactor =SCE.A1.T2-R002.

When the filling of reactor =SCE.A1.T2-R001 is finished, the filled liquid is to be heated to

25 °C with the stirrer switched on.

When the filling of reactor =SCE.A1.T2-R002 is finished, 150 ml of educt A from educt tank
=SCE.A1.T1-B001 is to be added to reactor =SCE.A1.T2-R002. When this is complete, the
stirrer of reactor =SCE.A1.T2-R002 is to be switched on 10 s later.

When the temperature of the liquid in reactor =SCE.A1.T2-R001 has reached 25 °C, the
mixture from reactor =SCE.A1.T2-R002 is to be pumped to reactor =SCE.A1.T2-R001.

The mixture in reactor =SCE.A1.T2-R001 is now to be heated to 28 °C and then drained to
product tank =SCE.A1.T3-B001.
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6 Planning

All the needed actuators and signals are already implemented and interlocked according to the
safety requirements. They only still have to be appropriately linked to the sequential control
system.

The sequential function chart named in the task description only then has to be converted into
steps and transitions. The following specifics are known:

— Task 1 executes parallel steps (both reactors can operate independent of each other)
— Task 3 names a time condition
— Task 4 merges the two parallel processing steps (in Reactor R001)

The following tables give an overview of the utilized actuators and must be initialized like this:

SP_LiOp  SP_ExtLi  SP_IntLi

Value Value Value

A1T2TOO01\control_A1T2T001 TRUE TRUE FALSE

ModLiOp AutModLi ManModLi

.Value .Value .Value
A1T1X006\valve_A1T1X006 TRUE TRUE FALSE
A1T1S003\pump_A1T1S003 TRUE TRUE FALSE
A1T2X003\Walve_A1T2X003 TRUE TRUE FALSE
A1T2S001\stirrer_A1T2S001 TRUE TRUE FALSE
A1T2T001\control_A1T2T001 TRUE TRUE FALSE
A1T2S004\pump_A1T2S004 TRUE TRUE FALSE
A1T2X008\alve_A1T2X008 TRUE TRUE FALSE
A1T2S003\pump_A1T2S003 TRUE TRUE FALSE
A1T3X001\valve_A1T3X001 TRUE TRUE FALSE
A1T1X005\valve_A1T1X005 TRUE TRUE FALSE
A1T1S002\pump_A1T1S002 TRUE TRUE FALSE
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ModLiOp AutModLi ManModLi

.Value .Value .Value
A1T2X005\valve A1T2X005 TRUE TRUE FALSE
A1T1X004\valve A1T1X004 TRUE TRUE FALSE
A1T1S001\pump_A1T1S001 TRUE TRUE FALSE
A1T2X004\valve A1T2X004 TRUE TRUE FALSE
A1T2S002\stirrer A1T2S002 TRUE TRUE FALSE

7 Learning objective

In this chapter, students learn the following:

— Creating and editing SFCs

— Establishing links between SFCs and CFCs

— Establishing links between SFCs and the addresses from the symbol table

— Testing of SFC programs
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8 Structured step-by-step instructions

8.1 Creating and configuring an SFC

1. To start, create a new SFC in the plant view in folder 'Al1_multipurpose_plant'. (—

Al _multipurpose_plant — Insert New Object —» SFC)

[ SIMATIC Manager - SCE_PCS7_MP ~=10lx]

File Edit Insert PLC View Options Window Help

[ 2] 4 ek =%

I:NoFilter: j‘?‘;|%§|%5m|\?
=10l x|

=8l SCE_PCST_MP
-89 SCE_PCS7_Pi
7]-{_] Shared Declarations

T1_educt_tanks T2_reaction 3_product_tanks T4 _ringing
ATHOOT Eﬁ ATHODZ E@A‘I Hooz 1‘]— Picture(2]

T1_educt_tanks Cut Ctrl+%
{8 educt_tank Bl Copy ctrl+C
1] educt_tark BI Paste Tl
@ educt_tank BI
T2_reaction

@ reactor RO

@ reactor RO02

T3 product_tanks  Access Protection 3 CFC

@l poe ok
% product_tank Bl i’
T4_rinsing Charts

£ Plant Hierarchy
EI@ SCE_PCSY Lib Process Tags

7-{_7] Shared Declarations Modals

@ Models Rename F2

@ eductTank Cbject Properties... Alt+Return
8| product_tank

@ reactar

Frocess tag types

Delete Del

Hierarchy Folder

Additional Document
Picture
Report

* r r v

Equipment Properties

Equipment Property

Inserts SFC at the cursor position. 4

2. Then open the object properties of the SFC. (— SFC(1) — Object Properties)

E SIMATIC Manager - SCE_PCS7_MP =10l ]

File Edit Insert PLC View Options Window Help
|0 |28 % 2R sallo B [ < No Fiter > - | R@ BEMN
£ SCE_PCS7_MP (Plant View) -- C:\Program Files (x86)\...\STEP7\57Proj\SCE_PCS7_MP\SCE_ | — |EI|5|

=-{=g] SCE_PCS7_MP T1_educt_tanks T2_reaction T3 product_tarks
EI% SCE_PCS7_Pr i ATHOD EhATHOOZ FATHOOZ FCIT]:
-7 Shared Declarations ﬂ- Picture(2] Open Object Cirl+Alt+0
A1_multipurpoze_plant
T1_educt_tanks Open External View
{68 educt_tank BOOT
16| educt_tank BOOZ
16| educt_tark BOO3
T2_reaction
@ reactor ROOT Delete Del
@ reactor RO0Z2
T3 product_tanks PLC »
{8 product_tark BOOT
1] product_tark BO02
T4_rinsing Print »
Ba) rinzing_tank BOOT
= SEE_PC??_Lib ChartS_ »
B1-{17] Shared Declarations Plant Hierarchy 4
Elff;'_'] Models Rename F2
: @ eductT ank Object Properties... Alt+Return
@ product_tank

Process tag types

Displays properties of the selected object for editing. &

Cut Ctrl+X
Copy Ctrl+C
Paste Chrl 44

Access Protection 3
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3. Next, under General, the name is changed to 'SFC_Product01' and a comment as well as the
author is entered. (— General - SFC_Product01)

Properties SFC chart x|

General |P-.5 Operating Parameters | 05 | Version |

Name: |SFC_ProductD1
Project path: FCE_PCS?_PU\HS'I\EFU 414-3 DP*57 Program(1)*Charts
Technological path: |SEE_F‘CST-"_F'|j\.Pu.1_muHipurpnse _plart

Storage location of project: F:"'..F'mglam Files tB6SIEMENS \STEP S 7ProiSCE_PCS7_MPS(

Authar: Iph-admin

Date created: 05022019 024719

Last modified: 05/02/2019 02-47:19

Comment: SFC for produce of product 1] ;I
[~ Wiiteprotected

oot | _rer_|
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4. Set the operating parameters as follows; they can also be changed later in online mode. (—
AS Operating Parameters)

Properties SFC chart x|

‘General AS Operating Parameters [0S | Version |

— Defaults

Step control mode: Operating mode:

M MAN [

¥ Command output SFC startup after CPU restart

[T Cyclic operation % Initiglize SFC

[~ Time monitoring " Retain SFC state

— Start options

[T Austostart

[T Use default operating parameters when SFC chart stars

orcel | __bep |

5. Onthe OS tab, it is important that the check box be selected so that the SFC will be available

later for visualization. Accept all parameters in the "Version" tab with OK. (— OS — Transfer

chart to OS for visualization — Version — OK)

B9 [ overties s chrt x
General | AS Opersting Parameters 05 IVersion | | General I AS Operating Parameters | 0s Version I
Version: = |-
= 0.0001 | |
Data version: V9.0 5P1
Create block icon:

¥ Transfer chart to OS5 for visualization

Cancel Help Bk Cancel | Help
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Note:

— In the "Create block icon" input field, you can specify the block icon in WinCC that is to be
displayed for this block. You can thus select different variants for the same block type, if
present. Leaving the field blank results in the standard display.

8.2 Editing the sequential function chart

1. Now, double-click the sequential function chart 'SFC_Product01' in SIMATIC Manager to
open it. (— SFC_Product01)

[ SIMATIC Manager - SCE_PCS7_MP =10l ]

File Edit Insert PLC View Options Window Help
I B N (&3 |[ <o Fiter > % T BEMN
E¥ SCE_PCS7_MP (Plant View) -- C:\Program Files (x86)\..\STEP7\S7Proj\SCE_PCS7_MP\SCE__ MP _ O] x|

=-=a] SCE_PCS7_MP T1_educt_tanks  [gg] T2_reaction T3 product_tanks
=@ SCE_PCS7_Fi ATHOOT EHATHO02 EATHO:
-] Shared Declarations - Picture(2]
-1-(Eg] A1_multipurpose._plant
T1_educt_tanks
-] educt_tank BOOT
[#-Je] educt_tank BO02
-] educt_tank BOD3
=-[B) T2_reaction
-@ reactar RO01
@ reactor RO02
T3 product_tanks
+ -@ product_tank BO01
@ product_tank BO02
-] T4_rinzing
ringing_tark BOO
- SCE_PCS?_Lib
-7 Shared Declarations
E@ Models
| EEE eductTank
@ product_tank
@ reactor

By Process tag types
Press F1 to get Help. [ |cP1s23.RFC1006.1 v
EA SFC - SFC_Producto1 =10] x|

SFC Edit Insert CPU Debug View Options Window Help
O=& @ 2R BE | ehd 9| °E
k| F E 8 % bl

da e e BB me

Bl SFC_Product01 -- SCE_PCS7_Prj\Al_multipurpose_plant -0 x|
START
EMND
AT ron S]] | |
Press F1 for help. v
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2. You can now build the sequential control system in the SFC Editor with the following toolbar

buttons.
E Selection On button
¥ Insert Step + Transition button
= Insert Simultaneous Branch button

Insert Alternative Branch button

Insert Loop button

S -

Insert Jump button

abl Insert Text Field button

3. For this task, you will need additional steps and transitions. To insert both, select the E‘FLI

button and select the location where you want to insert them. (— I:"'_I_I)

=

SFC Edit Insert CPU Debug View Options Window Help
D@ &| =R BE | etdn| 9 || KLe-s Qe BEMN

k|| 28 €3 43 %, abl

Bl SFC_| Insrt Step + Transition 7_Pri\Al_multipurpose_plant - |EI|5|

START

e ron S | 3
Switches to the mode for inserting steps + transttions. v
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=

SFC Edit Insert CPU Debug View Options Window Help
DS & 2=e|0E etdn| 9 [ B |EE4 Qa|BEM(N

R |5 25 £ & 3 abl

Bl SFC_Productdl -- SCE_PCS7_Pri\Al_multipurpose_plant - |EI|5|

START

EN DE.+:I

A e run S | 3
Press F1 for help. v

Note:

— The numbering of steps and transition has no bearing on the order of execution of the

sequential function chart.

——

4. After three steps and transitions have been inserted in this way, click the == jcon to insert a

simultaneous branch. Then select the location where you want to insert it. (— E)

EA sFc - SFC_Producto1 =]
SFC Edit Insert CPU Debug View Options Window Help

DS $B2R|0E | chan| 9|78 3
N FEO SR

B% SFC_Prod)(gdso Miep iy ehla]il multipurpose_plant - |EI|1|
=]

RRs|aaBmsSme |

START

HL

END

ATy run A | 3|
Switches to the mode for inserting simultaneous branches. v
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E3 sFC - SFC_Product01 -1of x|
SFC Edit Insert CPU Debug View Options Window Help

DE&E| $ e 0= eidn| 9|8 32
N FEEG SR

B4 SFC_Product01 -- SCE_PCS7_Prj\Al_multipurpose_plant o |EI|£|

|

Reslaa(BmsSme |

START

iy EEELG

-
AT run A | 3|
Press F1 for help. v

5. Additional steps and transitions are then also to be inserted in the simultaneous branch.

Therefore, change back to the E‘FLI button and insert the additional steps and transitions. (—
F)

[EA SFC - SFC_Productol -0l x|
SFC Edit Insert CPU Debug View Options Window Help

DS & e 0E e 9|83

KAasae zasmwe |

SEEEEES]

= Insert Step + Transition 7_Pri\AL R

[ I T | O | 2
Switches to the mode for inserting steps +transitions /ﬂ
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6. Then click the E icon to edit normally. (— h‘)

E srC - SFC_Productol =]
SFC Edit Insert CPU Debug View Options Window Help

DE&| 4 2e BE ehdn| 9|85
K| FEE £ 8 T abl

B EEEalhleh] cto1 -- SCE_PCS7_Pri\Al_multipurpose_plant - 0| x|

LR e BB

START

& 7
E 9
10

EMND

0 K I A K | [
Switches from the insert to the selection mode. i

For unrestricted use in educational / R&D institutions. © Siemens 2020. All rights reserved.
p01-08-sequential-function-chart-v9-tud-0719-en.docx



Learn-/Training Document | PA Module P01-08, Edition 02/2020 | Digital Industries, FA

8.3 Editing properties of steps and transitions

1. The procedure for changing properties of a step is shown next. To do this, right-click on the

step and select Object Properties. (— Step 6 — Object Properties)

E srC - SFC_Productol - 10| x|
SFC Edit Insert CPU Debug View Options Window Help

D2 &| e BE ehdgn| 9|85
| FEE S T abl

Bl SFC_Productdl -- SCE_PCS7_Pri\Al_multipurpose_plant - |EI|5|

Al

Qe | | mEMN

START

E—

Cut Ctrl+X
Copy Ctrl+C
Delete Del

Copy Object Properties Ctrl+5hift+C —

& Paste Object Properties  EhelH-Shift+

Object Properties. .. Alt-+HReturn
Seleck Jump Destinatian. ..
50 Tio JumpE Destinatian

11
A e run S | 3
Press F1 for help. v
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2. In the object properties, each step is to be assigned a name and a comment for better clarity.
(— Name: EductB003toR001 — Comment: educt tank BO03 to reactor RO01 — Close)

Properties - 6 -- SCE_PCS7_Prj\Al_multipurpose_plant\\SFC_Productil H

EEEE N [nitizlization I Processing I Temination I

Name: IEductEﬂlD&oHﬂ'I]"I Mumber: F [T Confimation
Run times
|V Minimum; I— Mapdmurm: I_

Comment: educt tank B003 to reactor ROO1 |
=

05 commert: ;I
=l

Acknowledgment “

information: _I
=l

Apphy |ﬂﬂﬂﬂ Frint... | Browse... Goko | Help

3. Confirm the prompt to save changes with "Yes". (— Yes)

Assign parameters to step/transition (253:1 x|

The properties of step B
have been changed!
Do you want bo zave’?

Mo Cancel |
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4. Similar to the properties of the steps, the properties of the transitions can also be changed.

To do so, right-click the transition and select Object Properties. (— 1 — Object Properties)

il xi
SFC Edit Insert CPU Debug View Options Window Help
DES| s BrR DE a3 EX KR4 Q8 (RSm(
k| P EE £ 4 P abl
Bl SFC_ Product01 -- SCE_PCS7_Prj\Al_multipurpose_plant - |EI|5|
;l
Cut Ctrl+%
Copy Ctrl+C
Delete Del
EACtEO0HCROL | et ok 3003 12 " Copy ObjectProperties  Cirl+Shift+C
Paste @hject Properties il +-Shift+y
Object Properties... Alt+Return
Select Jump Destination. .. —
] o To Jump Destination
==
10 11
I
AT run ]2 | 4|
Press F1 for help. v

5. Here you also change the name and the comment first. (— Name: Init. OK — Comment: all

initial conditions are fulfilled — Close)

Properties - 1 -- SCE_PCS7_Prj\Al_multipurpose_plant)\SFC_| |

Condition I 05 Comment I

MName: IIn'rt_OI{ MNumber: |1_

3l

Commert: all intial conditions are complied -

51

w

Apphy |ﬂﬂﬂﬂ Erint... Browse... [Fo to Help
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6. Save the change. (— Yes)

Assign parameters to stepftransition (253z ﬂ

The properties of transition 1
have been changed!
Do pou want to save?

Mo | Cancel |

7. Repeat the previous steps until the SFC looks like this. It is important to also enter a

minimum run time of 10 seconds for the 'Stir' step.
(— Run times Minimum: T#10s)

_lojx]

SFC Edit Insert CPU Debug View Options Window Help
DS&| s e DE e 9 BE D0 aa BEDN |
DEE- R

B4 SFC_Product0l -- SCE_PCS7_Prj\Al_multipurpose_plant - |EI|5|
ﬁ 2l initizl conditions are complied _I

EductBO03toR001 | educt tank BX3 to resctor RODL EductB0O02toR002 | educt tank BOOZ to reactor RO0Z

level RDOL min 350 ml level ROOZ min 200 ml

Heating25°CStir | heating reactor RO01L to 25 =C... EductB001toR002 | educt tank BOO1 to resctor RODZ
[ o1 »= 25 <C || temperature RO0L min 25 °C level ROD2 min 350 ml
Wait wiaiting for parallel process Stir stir for min 10 5

# both parallel branches finih...

ROO2toRO0O1 reactor RO0Z to reactor RO0L

r o

Heating28°C heating reactor RODL to 28 °C

temperature RO0L min 28 2C

RO01toProdBO01 | resctor ROD1 to product tank ...

reactor RODL empty or produ..

I I I LT K | 2
Press F1for help. EESE v
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Properties - 11 -- SCE_PCS7_Prj\Al_multipurpose_plant\\SFC_| #

E RN nitiglization I F‘mc:essjngl Temination

Name: IStir Number: [11° [~ Confimation
Run times
Minimum: IT#H]E Mazzsimum: I—
Commert: Stir for min 10 s N
[-
05 comment: :I
E
Acknowledgment -
information: _I
[
T Gose | ety ||t 4|+ i | Bowse. | Gow | Hep
EA sFC - SFC_Product01 =10] x|

SFC Edit Insert CPU Debug View Options Window Help
DS &+ = 0E | etdn 9|8 5K
h|F =8 al

Bl SFC_Product0l -- SCE_PCS7_Pri\Al_multipurpose_plant - |EI|1|

Q5| QG| BED (N

START

Trit_0K all initial conditions are complied

EductBO02toR002 | educt tank BOOZ to resctor RODZ

EductBO03toR001 | educt tank BOO3 to resctor ROOL

m level RODL min 350 ml m level RDOZ min 200 ml

Heating25°C5tir | hesting resctor RDD1 to 25 °C... EductB001toR002 | educt tank BOO1 to resctor ROOZ

temperaturs RODL min 25 =C lzvel ROOZ min 350 mi

‘ Wait wraiting for parallel process Stir stir for min 10 s
Stir [11]
| T#10s —
stir for min 10 5
# both paraliel branches finish...
Press F1 for help. 0B85 v
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8.4 Editing steps and transitions

8.4.1 Transition: Init_OK

1. The actual function of the sequential function chart is implemented in this section. The
'START' step should not contain any instructions. Therefore, start by double-clicking on the
transition 'Init_OK'. (— Init_OK)

EA sFC - SFC_Producto1 =]
SFC Edit Insert CPU Debug View Options Window Help
DSS Lo O |9 [ BX X5 Qa|B5m(N |
N FEOS R
Bl SFC_Product01 -- SCE_PCS7_Prj\Al_multipurpose_plant ol x|
START
ﬁ allinftial condiians are complied
EductB003toR001 | educt tank 5003 to reactor ROOL EductBO002toR002 | educt tank B00Z to rezctor RO02
Heating25°CStir | hesting rescter R0 o 25 °C.., EductBO01toRO02 | educt tank BODL to reactor RODZ
mperatune ROOT min 25 °C el RO02 i 350 ml
Wait weaiting for parallel process Stir stir for min 105
# both paraliel branches finish...
Press F1 for help fiBHﬁ /ﬂ

2. Select the 'Condition' tab and add the initialization conditions by clicking on 'Browse'. (—

Condition — Browse)

z

| fofl =l

z

2] feoff =l
2 feoff =]
4 feoff =l
s fff =

=

ZI2|8|2|8 Ilililillll

& fwl =l

i =l &
& fof | &

N fwl =l —
o] fwf | [ [
Cloge | Spply |ﬂﬂﬂﬂ Print... | [ b | Help |
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3. A window opens for adding 1/0Os or symbols.

Browse - SCE_PCS7_Prj\Al_multipurpose_plant A
Flant View |Cnn1pnnent View I Runtime Groups I Symbals I

A1 ulionecse i /0s itereds |

SB™] A1_multipupose_plart N.. /| Datat.. |1/ |CFCi.. | SFCa..| G

- ATHOOT

-y ATHDO2

-y ATHDO3

L2 SFC_Product01

-- T1_educt_tanks

@ TZ_reaction

@ T3 _product_tanks

[#-[B| T4_rinsing

1 i B

Close Apply Fiter... | Back Update | Help

4. Now, select the 'Symbols' tab, select the symbol of the main power switch 'A1.A1HO01.HS+-
.START" and click 'Apply'. The symbol is entered on the left side of the first condition. (—
Symbols — A1.A1HO01.HS+-.START — Apply)

Browse - SCE_PC57_Prj\Al_multipurpose_plant |
" Plart View I Component View I Rurtime Groups ~ Symbaols |
Symbols "

Symbol /| Address | Data ... | Comment all
A1LATHOD . HS+ . START 00 BOOL  Main power switch multipurpose plant J
01 BOOL  emergency switch OFF
0.2 BOOL  locla operation mode switch

A1ATHD02 HS+OFF
A1ATHDO03 HS+-LOC
A1T1LAITILODT.LSA=SA+

700 BOOL | level monitoring educt tank BOO1 switchpoint high

I
I
I
I
AITIAITILOOTLSA-SA- | 701 BOOL  lgyglecsiosos cdict iocle OO ouicbo it Lo,
AITIAITILDOZLSA+SA+ | 702 BOOL A
AITLAITILDOZLSA-SA- | 703 BOOL e
ALTTAITILO03LSA+SA+ | 704 BOOL General | Condtion
AITIAITILD03LSA-SA- | 705 BOOL |
A1T1AITIS001.50+0+ I 10 BOOL :. 1 |['A1ATHOD1 HS+-START"  fiulf]= =] ﬂ
A1LT1AITIS001.5VC Q@ 30 BOOL
A TUAITISN2S0-0- 1 11 Bool p 2] fafl =l 1
A1T1AITIS002.5VC Q@ 31 BOOL -
A1T1AITIS003.50+ 0+ | 12 BOOL E: 3 T = ﬂ &
al 4 =] )
Close I Eilter... i" fwl jl ﬂ_ a
s | 1)
| el =l 1) &
| | 1| &
| ool =l W T
| wf =] w_| 3
Close I Apphy |ﬂﬂﬂﬂ Eririf.... | Browse... | {E [l {x] | Help |
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5. Next, enter '1' or "TRUE' on the right side of the first condition, so that the next steps will be

processed only when the plant is switched on. Apply this value. (— 1 — Apply)

Properties - Init_OK -- SCE_PCS7_Prj\Al_multipurpose_plz A
General | Condition | 05 Comment

_1 [I'’A1ATHO01 HS+START"  fislf|= =][TRUE [t

2 wl =l )

2 il =] 6] & =

4 f | o]

5 ool =1 o] |

5 o[ =] oo [
7 = o] 8
e =] ) &

o =] 1)

o Wl | |
cose  |[hpy ] | t] 4] =] P | Bowse. | Gow | Hep

6. Now add conditions so that the EMERGENCY STOP is unlocked and the local operation is
deactivated. Close the dialog. (— A1.A1H002.HS+-.OFF — 1 — A1.A1H003.HS+-.LOC —» 0

— Close)

Properties - Init_OK -- SCE_PCS7_Prj\Al_multipurpose_plz |
General | Condition | 0% Comment
_1 ['A1ATHO01 HS+START"  fiulf|- =] [TRUE [t
_2 [I'matHoo2Hs—oFF = =][TRUE i)
_3 |'mAtHo03HS+-LoC" fidlf|= =||FALSE ] &=
] ool = ]
5 & =] ol |
5 =l | T
] =l il %
e o =] o &
o o =] ool
o] o =] L
T Gose |tk | e 1| 4| =] Pie. | Bows. | Goto | Hep
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8.4.2 Step: EductB003toR001

1. Next, open the 'EductB003toR001' step. (— EductB003toR001)

E3 src - sFC_Producto1 =10l x|
SFC Edit Insert CPU Debug View Options Window Help

DE2& e BE ehgn| 9|88
| F =S8 a

Bl SFC_Productdl -- SCE_PCS7_Prj\Al_multipurpose_plant -0 =|

R4 RE(BEDN

START

all intial conditions are complied

EductBO0Z2toR002 | educt tank BOOZ to reschor ROOZ

=i [Tz GG =duct tank BOO3 to reactor RD01

level RODL min 350 ml m level RODZ min 200 ml

EductBO01toR002 | educt tank B0D1 to resctor RODZ

'y = W E : rdy e, OO enie TE DT FWTT = T el I Lt e BOWYT i FE el x
[ KN LA K [ 4

Press F1 for help. [ 0B35 7

Heating23°C5tir | hesting rezctor RDOL to 25 =C...

2. Select the 'Initialization’ tab and click on 'Browse'. (— Initialization — Browse)

Properties - EductB003toR001 -- SCE_PCS7_Pri\Al_multipurpose_plant #]

=Rl Initislization |F‘mc:essjng Tenninatiunl

e =
L2 |¥ =
[3v =
L4 =
_5 |7 =]
& |7 -]
7|7 -
8 |7 -|
L9 |7 =
0 [w] =|

Close | Apply |ﬂﬂﬂﬂ Prirt ... |

£
17

ZIRIZIZ|Z|Z|2|2|8 |2

&

I
18
b=

By jlin] |
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3. In the 'Plant View' tab of the selection window select the valve block 'Valve_ A1T1X006' in
CFC 'A1T1X006'. (— Al_multipurpose_plant — T1_educt_tanks — educt_tank B003 —
A1T1X006 — valve_A1T1X006)

#
Flant View |Curnpnnent View I Rurtime Groups I Symbols |
_educt_tank BOD3VAIT1X006 valve_A1T1X006. |/0s fitered>
EHE A1_multipurpose_plart & | _Name /| Datatype | I..| CFCi... | SFC =
-t ATHOO AcAcquireld DWORD LN I
Eﬂl ATHDOZ Ac Priority BYTE IN
E@I ATHOOZ Acquireld DWORD IM
I3 SFC Product0] AcRequest BYTE IN
- AcSafeNotM_. DWORD N
=l T1_educt tarks AcSafeCrMsk  DWORD | IN
() educt_tank BODT AcWait TmMax | REAL IN -
(Bl educt_tank BOD2 AutModLi STRUCT N
E@ educt_tank BOD3 AutModOp BOOL IN
E@j A1TiL003 BatchEn BOOL IN
) ATT1S003 BatchID DWORD | IN
S0 ATTIX008 E:;cphrgame gggl{qa[ﬂ] m
-4} Eror CloseAut STRUCT | IN
4 PbkClose CloseForce  STRUCT  IN
-4 FbkOpen Closelocal  STRUCT  IN «
&} Interdock ClogeMan BOOL IN
.8} OR_Local CSF STRUCT  IN «x
&} OR_00S CtiChnST STRUCT  IN x
- EN BOOL IN
g E”tp;“ Enfcqure  BOOL IN
ol rem _| EventTsin ANY IN
-4 Protect FxtMsg STRUCT N
-} valve_ATT1X006 ExtMsg2 STRUCT IN -
EEI--@ TZ_reaction ;I 1| | r
Qose | oy | Fher. | Back Update |  Help
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4. First, set the 'ModLiOp' input to '1l', so that the valve can still only be controlled via
interconnections or SFC. Because the 'ModLiOp' input is of data type 'STRUCT', you must
first right-click to open the shortcut menu and click 'Open Structure' there. (— ModLiOp —

Open Structure)

|
Flant View |Cun1punent Wiew I Rurtime Groups I Symbols |
..educt_tank BOO3WATT1X006 walve_A1T1X006. [/0s fittered >
E@ &1_multipurpose_plart _a | _Name /| Datatype | 1..]| CFCi... | SFC ]
Eﬁ ATHD EdVal10a ANY IM
Eﬂl ATHDOZ Fault Ext STRUCT IN
- ATHOO3 FokClose  STRUCT N «
B Sre Produatd FkOpen STRUCT | IN «x
T1 _d ot tark Feature STRUCT IM
ikl 11_eduet tanks Feature2 STRUCT | IN
-@ educt_tank BOO1 Intl En BOOL IN
(B8] educt_tank BODZ Intlock STRUCT  IN «x
E@ educt_tank BOO3 Localli STRUCT IN =
g A1T1L003 LocalOp BOOL IN
Jg_ﬁ A1T15003 LocalSetting | INT IN
: ManModLi STRUCT IM
anModOp
=58 QT;”?E ManModOp | BOOL IN
T T A
E- FokClose Maonitor Open Chart —
E’ FbkOpen MonSafef  Show Blodk
4} Interock MonTiDyr  gpont
-4} OR_Local Mon TiSta ow1f
&} OR_DOS S_Feld e
SQEV Open Structure
E‘ ELI‘th..I‘t MsgLock Open Structure
4 Pemni | NoFbkClose  BOOL IN
g Protect NoFbkOpen  BOOL IN
i valve_ATT1X006 Occupied BOOL IN =
Eﬂ"@ T2_reaction ;I qI I Y
Close | oy | Fte. | Back Update |  Help
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5. The structure dialog opens and you select 'Value' of data type BOOL. With Apply, your
selection is applied on the left side of the first instruction. (— Value — Apply)

|
M ame | [ ata t_l,l|:u3| 10 | CFC interconnection | SFC access [writing) | Commenk |
pOOL 1N | !
5T BYTE I Signal Statusg
Close obpply | Back Help
v

6. Now, enter "1" on the right side of the first instruction. This sets the 'ModLiOp' input to SFC
mode. With 'Apply',"1" is automatically replaced with "TRUE". (— 1 — Apply)

Properties - EductB003toR001 -- SCE_PCS7_Prj\Al_multipurpose_plz |

Initialization |WEEteEEE I Temination |

1 ||7|"I}(ﬂ'ﬂﬁ'\valve_MﬂXﬂ'ﬂ'E.MndIJDp."u"aIue ;=|1|

2 7]
e
e f]
5 o] -
s [7]
7 7]
o 7]
o]
o o]

Cose [ Apply Iﬂﬂﬂﬂ Firt.. | Browse.. Goiw | Hel

=
| >

2|22 |Z|2|2|2|8|&

&

=]

For unrestricted use in educational / R&D institutions. © Siemens 2020. All rights reserved.
p01-08-sequential-function-chart-v9-tud-0719-en.docx



Learn-/Training Document | PA Module P01-08, Edition 02/2020 | Digital Industries, FA

7. Then add inputs 'AutModLi' = '1' and 'ManModLi' = '0', so that the valve is set to automatic

mode. (— AutModLi — 1 — ManModLi — 0 — Apply)

Properties - EductB003toR001 -- SCE_PCS7_Prj\Al_multipurpose_planty ]

General | Intialization |Eeteseeon I Temination |

Y

;| [V 1X006'walve_A1T1X006.ModLiOp.Value = |TRUE
| 2 [¥]1X006\valve_A1T1X0D06 AutModLi Value = |TRUE
il [#] %006 \valve_A1T1X006 ManModLi Value = [FALSE
& |
5[]
o [v]
7 |¥]
o [v]
s [l
0[]

ﬂﬂﬂﬂ Fii. | Browse.. Gotn | Hel

8. The same must now be done for Pump A1T1S003 and Valve A1T2X003 because they are
also involved in filling Reactor RO01 from Educt tank BO03. Then, change to the 'Processing’

tab. (A1T1S003 — ModLiOp.Value = 1 — AutModLi.Value = 1 —» ManModLi.Value = 0 —»

IZIZ|Z|Z|ZIB|R|=|=]=

&l

p=]

Apply — A1T2X003 — ... - Apply — Processing)

Properties - EductB003toR001 -- SCE_PCS7_Prj\Al_multipurpose_planty |

General | Intialization |Eeteeeeron I Temination |

_1_|~[1x006walve_ATT1X006 ModLiOp Value = [TRUE H -
| 2 [¥]A1T1X006\valve_A1T1X006 AutModLi Vi = [TRUE it
il|7|A1T1Xﬂ-[lﬁ'walve_ﬂ1T1)(H'I]'E.Manl".ﬂndu."n = [FALSE it
Ll ] 15003\pump_A1T15003 ModLiOp Value = [TRUE ]
il [¥]15003\pump_A1T15003 AutModLi Value = [TRUE ]
il [+| 5003\pump_A1T15003 ManModLi Value = [FALSE F{i]
L||7|2xﬂ-n3wa|ue_mszma.hﬂoduop.vmue = |TRUE F{i]
ilWll)(ﬂlﬂ&‘walue_mTEKDDE.MMD::IIJHEIUE ;=|THLIE F]
9 |~[x003walve_A1T2X003 ManModLi Value .= [FALSE ﬂ
10|~ o - |

| Browse... 5ot |

I
@
o
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Properties - EductB003toR001 -- SCE_PCS7_Prj\Al_multipurpose_plant} k|

g

o |¥] -]
7 |¥] -]
5[] -]
s |v] -]
0] -]

Close Smply |ﬂﬂﬂﬂ Print ... | Browse. .. [Fm b | Help |

9. The instructions for opening the valves and starting the pump are entered in the 'Processing’

IZIZ|Z|Z|Z|Z|Z|Z|Z |2

&

tab. For the valves, set inputs 'OpenAut.Value' = '1' and 'CloseAut.Value' = '0'. For the pump,
use inputs 'StartAut.Value' = '1' and 'StopAut.Value' ='0". (A1T1X006 —» ... —» A1T1S003 —
... > AlT2X003 — ... - Apply — Close)

Properties - EductB003toR001 -- SCE_PCS7_Prj\Al_multipurpose_planty ]

ialization | Processing Terminatinnl

i I|7|F1Xﬂ-l]ﬁ'walve_mT1Xﬂ-ﬂﬁ.0penﬁu.rt."nfalue - |THLIE

z
LI

2 I|7|F1}(ﬂlﬂ'ﬁ'\valve_mT1}(ﬂ'[I'E.DnsePu.rt.Value ;=|FALSE il
3 ||7|T'ISH'I}B"-.pump_MT'ISH'I]'S.Startﬂ.Lrt."Jalue - |THLIE il
4 ||7|T'ISﬂl[IlS"upump_.ﬁ.'IT'IS{I'I}E.StDpALrL"I.FaIue ;=|FAL5E il

il [V 2X003\walve_A1T2X003 OpenAut Value = |[TRUE
il [ 2X003\valve_A1T2X003 CloseAut Value = [FALSE
7 (W]
o |v]
s v
o o]

ﬂﬂﬂﬂ Firt. | Browse.. Goto | Hel

=

=
2

Z|Z|2 |8
=

Cloge |

h=]
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10. The instructions that are to be executed when completing the step are then entered in
‘Termination’. You must close the valves and the pump here. The valves and the pump could
also be reset back to manual mode and operator mode at this point. However, it is
recommended that this be saved for the 'END' step. Proceed by copying the instruction from
'Processing’ to 'Termination' and then inverting the values (TRUE' -> 'FALSE' and vice
versa). To copy and paste, select the numbers in front of the instructions and open the

shortcut menu.

Properties - EductB003toR001 -- SCE_PCS7_Prj\Al_multipurpose_plant' |

m Initialization
| 1 [#[r1X006\walve_ATT1X006 OpenAut Value = [TRUE
| 2 [ 1X006\walve_A1T1X006 CloseAut Value = [FALSE
| 3 || T15003\pump_A1T15003 StartAut Value ;=|ﬁ &l
| 4 [ZIT1800%n0mn A1T1S002 StapAut Value :=ﬁ
|—5 Unda Chtl4+-Z nAut Value :=|ﬁ [ _ | ﬂ .
I 6 S e et Value ;=ﬁ 5 Urda CErl+2 _I ﬂj
! T THIY 1=|_ _3 Cut % = ﬂ
3 Delete Ctrl+D [ TeeCom Chrl4C =
9 - -
Seleck Al CErlH-f : I— 5 Delete Ctrl+D ﬂ
10 - - = B |
[ I t Emj Li Cirf
nsert Empty Line Properties - EductB003toR001 -- SCE_PCS7_Prj\Al_multipurpose_plant’ | ﬂ

Copy Action(s) Cir

Clo.  Paste Action{sy Gt mw [

£

Temination

[

ing

|2

[ 1 X006 \walve_ATT1X006 OpenAut Valus - [FALSE ﬂﬂ o)

_ 2 |[r1X006\walve_ATT1X006 CloseAt Value -4 [TRUE ] 6] - |
il|7|T1Sﬂﬂ3\pump_A1T1SME.StanM.Value = [FALSE )

__4 |[T15003\pump_ATT15003 StopAut. Value 4 [TRUE ] f e | b |
il|7||"2Xﬂﬂ3\\ral\.re_ﬂ1T2Xﬂﬂ3.0penﬂ|.rt.\u’alue = [FALSE )
ilpll"ZXﬂﬂE\\ralve_A‘lT2X|}D3.Closeﬂl.rt.\u’alue = |[TRUE H

7| = i)

L[] | )

o || | ®

L[] I %] - |

Close | ﬂﬂﬂﬂ Erirat.... | Browse... (G b | Hel

o
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11. Then, close the properties dialog for the 'EductB003toR001' step. The SFC Editor shows the
'Init_ OK' transition and the 'EductBO03toR001' and 'Stir' steps grayed out because

instructions already exist there. (— Close)

Properties - EductB003toR001 -- SCE_PCS7_Prj\Al_multipurpose_planty |

| 1 F[r1X006\walve_A1T1X006.OpenAut Value = |FALSE f[:-:]il
_ 2 |Jr1x006\walve_A1T1X006CloseAut Value = [TRUE it
il | T15003"pump_A1T15003 Start Aut Value = [FALSE il
Ll |7|T1Sﬂ'ﬂ'3\pump_.ﬁ.1T'lSﬂ'DB.StDpPu.rt.Value - |THLIE il
ilFIFZKH'I}SWEWE_H'ITZXH'DS.ODEHM.VEIUE = [FALSE ]

il [#|r2X003\walve_A1T2X003 CloseAut Value = |[TRUE
7 |¥]
s [v]
s o]
0¥

Apply |ﬂﬂﬂﬂ Fint.. | Bowse. | Goto | Hel

EA sFC - SFC_Producto - O] x|
SFC Edit Insert CPU Debug View Options Window Help

IR EEIET RARE:
NEE Y

=
2

|Z|Z|8 |8
=

p=]

RR-& | @a BESOM(N

Bb SFC_Product0l -- SCE_PCS7_Prj\Al_multipurpose_plant =10l x|
=
START
&Il initizl conditions zre complisd
EductBO03toR001 | educt tank BDO3 to reactor RDOL EductB002toR002 | educt tank BOOZ to reactor RDDZ
level RDO1 min 350 ml level ROD2 min 200 ml
Heating25°C5tir | hesting resctor RODL to 25 =C... EductB001toR002 | =duct tank BOD1 to resctor RODZ
temperaturs RO0L min 25 °C lzvel RODZ min 350 ml
Wait waiting for parallel process stir for min 10's
AT Te run |4 | L|LI
Press F1for help. [ 0835 /
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8.4.3 Transition: LO01 >= 350 ml

1. Now, open the 'L001 >= 350 ml' transition. Enter the condition that the level of Reactor R0O01
is greater than or equal to 350 ml. (— L001 >= 350 ml — Condition — Browse — ...Reactor

ROO1\A1T2L001\Level _A1T2L001.PV_Out — right-click - Open Structure — Value — >=

— 350 — Apply — Close)

Properties - LOD1 == 350 ml - SCE_PCS7_Prj\Al_multipurpose_plant\\S |

05

General | Condition | 05 Comment

;Ilevel_ﬂ'lTELﬂ'I}'l PV _Out Value ﬂ| >= »][3500 fix]
4]

2] ]

=
|

-
£
L

-
Al foll =l 8L
2 o =l %
o fwf = -
ol =l ]

Close | Apphy Iﬂﬂﬂﬂ Eritit.. | Browse.. | [Fm b | Help |
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8.4.4 Step: Heating25°CStir

1. In the "Heating25°CStir" step, again add inputs 'ModLiOp', 'AutModLi' and 'ManModLi' for
'stirrer_A1T2S001' and 'control_A1T2TO001' in the 'Initialization' tab. For the control, switch
the setpoint setting to SFC mode 'SP_LIOp' ='1" and to external setpoint setting 'SP_ExtLi' =

'1'and 'SP_IntLi' = '0". (— Heating25°CStir — 'Initialization' — ...)

Properties - Heating25°Cstir -- SCE_PCS7_Prj\Al_multipurpose_plant} |

General | Intialization |JENreeEE I Temination |

1| Jr2s007 stirer_A1T25001.ModLiOp.Value := [TRUE i il
ilpl?ﬂﬂ-l}ﬁstirrer_mmﬂm AutModLi Value = |THLIE ]
ilFIESE-I]"I‘«stirrer_A'ITESﬂ'D'I.I'l-"lanl'l-"lu::le."n.n"aIue = |[FALSE i)
Ll [# 1 T001"control_A1T2T001 ModLiOp Value = [TRUE i)
ill?l:Tﬂ-DW:urrtml_MTETﬂm AutModLi Value = [TRUE ]
il [¥|001'control_A1T2T001.ManModLi Value -= [FALSE ]
Ll [¥{2T00T\control_ATT2T001.SP_LiOp Value = [TRUE ]
iIFIETﬂ'I]"I‘-J:nntmI_MTETﬂ'I}'I SP_BxdLi Value = [TRUE ]
il [¥]2T001\control_A1T2T001.SP_IntLi Value = [FALSE ]
1o || | ] |

=]

ﬂﬂﬂﬂ Frint.. | Browse... [Hio b | Hel

2. Then switch to the 'Processing' tab and add the 1/0Os and values shown. These properties are

used to start the stirrer and assign the setpoint 25 °C to the control.

Properties - Heating25°CStir -- SCE_PCS7_Prj\Al_multipurpose_plant) |

m Initialization | Processing Terminatinnl
1 ||7|T251]-D1\5tirrer_A1T251}D1.Startﬂ.l.rt."l.nfalue ;=|THLIE f[:-c]il
2 ||7|T251]'[I'1\5tirrer_ﬂ.1T251}D1 Stophut Value ;=|FALSE i)

il [#|r2T001\control_A1T2T001.5P_Ext Value :=[25.0
e ||
5 ||
5[]
7 ||
5[]
5 [F]
10 [

Close

IBIZIZ|Z|Z|8|2|=

(E{wl{x] |

=
o
=]
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3. Inthe 'Termination' tab, stop the stirrer and set the setpoint to 0 °C. Then close the dialog.

Properties - Heating25°CStir -- SCE_PCS7_Prj\Al_multipurpose_plant\\S |

| General [ niiglzation | | Temination |
| |7|TESﬂ'I]"I"-stirrer_MTESﬂ'D'I.StartALrt."n.n"aIue ;=|FALSE f[x]ﬂ
2 ||7| T25001 stimer_A1T25001.Stophut Value = |THLIE ]
3 ||7|T2Tﬂ-[ll1‘~.c:nrrtml_ﬂ1T2Tﬂ-[I"l.SP_E:d.‘u’aIue - |ﬂ.1} ]

¥ -] )
5 o] .|

& ¥ .|
7 || ;
o ¥ :

9 |¥
10 7]

Cloze |

i L A Goto | Hep |

8.4.5 Transition: TO01 >= 25°C

1. Now you set the properties for the 'TO01 >= 25°C' transition. For this you need the measured
temperature. (— T001 >= 25°C — Condition — ...\T2_Reaction\reactor RO01\\A1T2T001\
In_A1T2T001 — PV_Out — Value — Apply —» >= — 25.0 — Apply — Close)

Properties - TOD1 == 25 °C -- SCE_PCS7_Prj\Al_multipurpose_plant\\SF ]

General | Condition

1 [[run_a1T2T001 PV_Out Value | fif[>= Z][25.0 )
2] o =l
3 o =l
4 o =l
5 ff =]
5 o =]
] o =]
A o =l
o o =l
o faf =

et ¥+ P | Bowse. | Gow | Hep |

o=
|

=

@EEEEF@EE
T
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8.4.6 Step: Wait

1. The 'Initialization’, 'Processing' and 'Termination' tabs remain empty in the 'Wait' step. This is
indicated by the tabs not being highlighted.

Mhniﬁalizaﬂunl Processing  Temination I

1| -
L2 |¥] S
L3 |¥ S
4 ¥ -
5|~ S
L& |7 S
7|7 S
L8 |~ S
s |wl -|
0[] -|

Close Smply |ﬂﬂﬂﬂ Print ... | Browse ... [ b | Hel

8.4.7 Step: EduktB002inR002

£
LD

|BIZ|Z|8|2|8|2|2|8 |2

&l

=]

1. Now complete the simultaneous branch. Start with the 'EductB002toR002' step and utilize
the figures below. (— EductB002toR002)

Properties - EductB002toR002 -- SCE_PCS7_Prj\Al_multipurpose_plant} k|

General | Intialization |JEteEE I Terminatiunl

;| [¥] 1X005\valve_A1T1X005 ModLiOp Value = [TRUE fli] il
Ll | 1X005'\valve_A1T1X005 AutModLi Value = [TRUE il
il |7| H005'walve A1T1X005.ManModLi Value = |FALSE ]
Ll I7|'1 5002'pump_A1T15002 ModLiOp Value = |TH UE i)
i||7|'1su-uz’~pump_mT15m2.mrnﬂadu.xra|ue = |TRUE i)
i|l$| S002\pump_A1T15002 ManModLi Value = [FALSE fli]
LIFI'ZXH'DEWEIVE_MTZXE'DE.MDEIIJOp."u’aIue =|TRUE il

=
-
2

2 ||7|2xu-u5xua|ve_mszu-uﬁ.mmodu.vame ;=|THLIE
5 ||7|De:ﬂ-u5wa|ue_mmﬂ-u5.Manmndu.vame ;=|FALSE

10 || |
ﬂﬂﬂﬂ Frirt... | Browse... (G b | Hel

=
)
=

EA
g

=]
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Properties - EductB002toR002 -- SCE_PCS7_Prj\Al_multipurpose_plant s |

glization | Processing Tﬂ'minatiunl

1| [r1x005\walve_ATT1X005.OpenAut.Value = [TRUE i il
il [# ] 1%005\valve_A1T1X005.CloseAut Value = [FALSE ]
il|7|T'ISﬂﬂ?\pump_MT'lSﬂ'DZ.Startﬁ-.Lrt."u"alue - |THLIE ]
LIFIT'ISﬂ-l]'}l"-.pump_ﬂ'lT'ISﬂ-DE.StDpALrt.UaIue ;=|FALSE ]
_5_|#[r2x005\alve_ATT2X005 OpenAut Value - [TRUE ﬂ
i||7|r2xu-n5wa|ue_mmu-n5msem.xrame = [FALSE ]

7 ¥

-|
s ||

9 |¥
10 ]

Close |

i I D T T Goto | Hep |

Properties - EductB002toR002 -- SCE_PCS7_Prj\Al_multipurpose_plant}\S |

[ Genera | intilztin
| 1 [ 1X005\walve_ATT1X005.0penAut Value == [FALSE Hi’
il FIF'IXﬂlﬂﬁ‘walve_ﬂ'lT'I)(ﬂll]'ﬁ.[:loseﬂl.rt."u’alue - |THLIE ]
ilplT1Sﬂll]'ﬂpump_mT1Sﬂl|]'2.5tartﬂ|.rt.‘n.|’alue ;=|FALSE f]
LIplT'ISﬂ'[I'Z‘-pump_mT'ISﬂ'[I'Z.StDpALrtHaIue = |TRUE ﬂ
ilIFIFEKH'[I'EWEWE_MTEKU'DE.OpenM.UaIue = [FALSE ]
_6_|¥[r2x005\alve_A1T2X005 CloseAut Value := [TRUE H

L7 |F] )
L& |l )
L9 |l %)
10 || ) - |

[ b | Help |
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8.4.8 Transition: L0O02 >= 200 ml

1. The 'L002 >= 200ml' transition then looks like this. (— L002 >= 200 ml)

Properties - LOD2Z == 200 ml -- SCE_PC57_Prj\Al_multipurpose_plant\\S |

05

General | Condition

;Ilevel_ﬂ'lTELU'DE.PV_DULVEIUE ﬂ| >= [][200.0 fix]
2] fwl =l
| fwl =l
A Wl =
5 wf =
& Wl =
A fwf =l
| fwl =l
| fwl =l
L | =l

et ¥+ pie | mowse. | Gow | Hen |

8.4.9 Step: EductB001toR002

ommert

=
|

=

@EE@@F@@@
T

Cose ||

1. You must make the following interconnections in the 'EductB001toR002' step.

Properties - EductB001toR002 -- SCE_PCS7_Prj\Al_multipurpose_plant} K|

General | Intiglization |EEyreEre I Termination |

_1_|#[1x004walve_ATT1X004.ModLiOp Value := [TRUE i il
il [#]1%004\walve_ATT1X004 AutModLi Value = [TRUE ]
il [#] X004\walve_A1T1X004 ManModLi Value = [FALSE ]
Ll [¥{"15001\pump_A1T15001 ModLiOp Value = [TRUE ]
5 |w[15001\pump_ATT15001 AutModLiValue ;= [TRUE H
il [#] 5001\pump_A1T15001. ManModLi Value = [FALSE ]
7 | 2x004\walve_A1T2X004 ModLiOp.Value ;= [TRUE s
ilFlﬂﬂﬂd\valve_mTEKH'M.MMDdIJHaIue - |THLIE ]
9 |~[x004walve_A1T2X004 ManModLi Value == [FALSE ﬂ
10 |¥] | ] - |

i O D R O Goio | Hep |
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Properties - EductB001toR002 -- SCE_PCS7_Prj\Al_multipurpose_plant s |

glization | Processing Tﬂ'minatiunl

1| [r1x004\walve_ATT1X004 OpenAut.Value = [TRUE i il
il [# |7 1%004'walve_A1T1X004CloseAut Value = [FALSE ]
il FIT'ISE'D'I"-.pump_A'IT'ISﬂ'D'I Starthut Value = |THLIE ]
Ll FIT'ISE'I]"I‘-.pump_ﬂ'IT'ISﬂ'D'I Stophut Value = |FALSE ]
5 |@[r2x004\walve_ATT2X004 OpenAut Value = [TRUE ﬂ
i||7|r2xu-n4wa|ue_mmu-m.msem.xrame = [FALSE ]

7 ¥

-|
s ||

9 |¥
10 ]

Close |

i I D T T Goto | Hep |

Properties - EductB001toR002 -- SCE_PCS7_Prj\Al_multipurpose_plant}\S |

[ Genera | intilztin
| 1 [ 1X004\walve_ATT1X004 Openfut Value == [FALSE Hi’
il FIF'IXﬂ'[ll-i‘wahre_ﬂ'lT'I)(ﬂ'[lui.[:loseﬂl.rt."l.n"alue - |THLIE ]
il plT'ISﬂlD'I\pump_MﬂSﬂm Starthut Value = |FALSE f]
LIFIT'ISH'D'IRpump_MTEﬂ'D'I StopAut Value = |TRUE ﬂ
ilIFIFEKWWEWE_MTEKU-D-#.OpenPu.rt.Ualue = [FALSE ]
_6_|¥[r2x004\walve_A1T2X004 CloseAut Value := [TRUE H

L7 |F] )
L& |l )
L9 |l %)
10 || ) - |

[ b | Help |
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8.4.10 Transition: LO02 >= 350 ml

1. The 'L002 >= 350 ml' transition then looks like this. (— L002 >= 350 ml)

Properties - LOD2 == 350 ml -- SCE_PC57_Prj\Al_multipurpose_plant\\S |

05

General | Condition

ommert

;Ile'uel_ﬂ'lTELU'DE.PV_DULVEIUE ﬂ| >= »][3500 fix]
2 fwfl =]
N fwfl =]
| fwf =l
| fwf =l
6 fwfl =]
2 fwfl =]

=
|

@E@@EF@E@
T

R -
A wf =l &
A | fwf| = -
ol ff| = ¥

e | il

ﬂﬂﬂﬂ Erint.. | Browse... | G b | Help

8.4.11 Step: Stir

1. The 'Stir' step has a minimum run time of 10 seconds. You already set this parameter back at
the beginning. You must now initialize, start and then stop stirrer_ A1T2S002.

Properties - Stir -- SCE_PCS7_Prj\Al_multipurpose_plant\\SFEC_F |

General | Intilization |WEREEETR I Temination |

1 |IFIFESU'DE"-&tirrer_MTZSﬂ'I}Z.MudUOp."Jalue ;=|THLIE f[:-c]il
b |FI"ESH'DZ'-&tirrer_A'ITESH'DZ.MMDdIJHaIue - |THLIE ]
3 |pllSﬂ'DE'\stirrer_MTESﬂ'DE.ManMndU."JaIue ;=|FALSE i)

_4 |~ = )
5 o
507 o
A )
)
i)
)

_8 |7l
s ¥
10 || |

i O D R O Goo | Help |

Close
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Properties - Stir -- SCE_PCS7_Prj\Al_multipurpose_plant\\SFC_Productdl |

1| T25002'stiner_A1T25002.StartAut.Value ;= [TRUE ﬂﬂ
i|l¢| T25002'stimer_A1T25002.StopAut Value = [FALSE fli]
g )
e |¥] )
L5 |7 -| i)
L6 ] -| i)
il
il
ol
il

_7 | =
_8 |v] <]
_9 |7 =
10 || |

Close

Properties - Stir -- SCE_PCS7_Pri\Al_multipurpose_plant\\SFC_Product0l |

| General [ ntialzation | Progessing | Temination |

| |7|TESﬂﬂE'\stirrer_MTESﬂ'DZ.StartMHalue ;=|FALSE f[x]ﬂ
i|IF| T25002\stimer_A1T25002.StopAut Value = |THLIE ]

5 |v] )

L4 |7 il

_5 |~ |
_6 |~ =
7 |~ _
_8 v =
9 |¥ =
10 |~ =
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8.4.12 Transition: Parallel_OK

1. Parameter assignment of the simultaneous branch is now complete. The 'Parallel_OK'
transition remains blank. This means that as soon as the 'Wait' and 'Stir' steps are

processed, the 'RO02toR001' step becomes active.

Properties - Parallel_OK -- SCE_PCS7_Prj\Al_multipurpose_plant\\SFC_| |

m Condition |05 Cumment”

| fofl =l
2] faf| =l
3 fofl =
| fofl =
5 fofl =l
| faf| =l
Al fofl =]

=

I
e

ZI2|2|8 |2 |8 |8|8 |2 |2

&
3 o = &
o folfl =] —
o fofl =] ¥

Close Spply |ﬂﬂﬂﬂ Prirt... | Browse... | ot | Help |
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2. The sequential control system looks like this.

E3 sFC - SFC_Product01 -1al x|
SFC Edit Insert CPU Debug View Options Window Help

D2 & =2 BE | etdn 9|8 52
& | F 2= £ E a

Bl SFC_Productdl -- SCE_PCS7_Pri\Al_multipurpose_plant - |EI|1|

R4 | QG BEDN

START

all initizl conditions are complied

EductBOD3toR001 | educt tank BOO3 to resctor ROOL EductBOD2toR002 | educt tenk BOOZ to reschor RODZ

level RO01 min 350 ml level RDDZ min 200 ml

Heating25°CStir | hesting reactor ROO1 to 25 °C... ‘ EductB001toR002 | =duct tank BOO1 to resctor ROOZ

temperaturs RODL min 25 =C level ROOZ min 350 mi

‘ Wait waiting for parallel process ‘ Stir stir for min 105

# both parallel branches finizh...

RO02toR0O01 reactor ROO02 to reactor ROO1
Ao run S|4 | 2
Press F1 for help. [ B35
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8.4.13 Step: RO02toR001

1. Next, interconnect the 'RO02toR001' step.

Properties - RO0ZtoR001 -- SCE_PCS7_Prj\Al_multipurpose_plant) \SFC_| |

el LBl Processing | Temination |

_1_|#[25004\pump_A1T25004.ModLiOp Value := [TRUE i il
ilpIESﬂ'D-l‘-pump_ﬂ.'lTESﬂ'M.ALrtMDdIJ."I.FaIue = ITHLIE ]
ilFltSﬂ-IM‘-.pump_MTESﬂ-IM.ManMDdU.‘u’aIue = [FALSE ]
_4_|~[2x008walve_A1T2X008.ModLiOp Value := [TRUE H
i||F|2><ﬂ-u5wa|ue_m1“z><ﬂ-u5.mmodu.vame =|TRUE ]

[ ||7|5=:ﬂ-nawa|ue_mmma.Manmodu.vame ;=|FALSE

[0
Ea )
i )
r
)

s ¥

10 ||7| =] =

Help |

|

1 |IFITESﬂlﬂd‘-pump_MTESﬂ'M.StartM.Ualue ;=|THLIE f[x]il
2 |FITZSH'D-T\pump_MTZSﬂ'M.StDpM.UaIUE ;=|FF|.LSE ]
3 |F|r2><u-uawa|ue_mmu-ua.openm.urame - |THLIE i)
4 ||F|r2><u-u5wa|ve_mszu-ua.uosem.vame ;=|FﬂLSE ﬂ

5 | 5]
L6 |7 i
L7 1] %)
& | )
)
il

s | |
10 |w] <]

i I e O O D Goio | Help |
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Properties - RO02toR001 -- SCE_PCS7_Prj\Al_multipurpose_plant! \SFC_|

[Gercro | tizaion | Pocessing | Teminaion |

| 1 |¥|T25004'\pump_A1T25004.StartAut Value = [FALSE

2 |plTZSH'D-P-pump_MTZSﬂ'M.StDpM.UaIUE - |THLIE

3 ||7|r2xu-nawa|ue_mmma.openm.vame ;=|FALSE

4 ||F|r2xu-nawa|ue_mmma.unsem.vame - |THLIE

5| |

N |

el |

_8 |v] -

!
9 ||F| :=|
10 ||7| :=|

Close |

8.4.14 Transition: L0O02 <= 50 ml

1. The 'L002 <= 50 ml' transition must be interconnected as follows.

Properties - LO02 <= 50 ml -- SCE_PCS7_Prj\Al_multipurpose_plant\SFC

General | Condition

05 Comment

1 [fevel_ATT2L002 PV_Out. Value fiiiff<= =|[50.0

2] ffl =l

3 ff| =]

4 fff =]

A foff =]

| ffl =l

| foofl =l

2 ffl =]

o ffl =]

o ff| =]

=

IBIZ|Z|Z|Z |Z|B]8|2|=

=
|

Close

et =] Fi | Bowse. |

(G b |
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8.4.15 Step: Heating28°C

1. In the 'Heating28°C' step, the control is activated again. Because it is already set to SFC
mode and automatic mode, only the setpoint has to be specified. You set this back to 0°C on

the Termination tab.

Properties - Heating28°C -- SCE_PCS7_Prj\Al_multipurpose_plant\\SFC_| £

General | Intialization |WEAreEEEr I Termination I

1 ||7|T2T1]-[I'1\::nrrtml_mT2Tﬂ-[I"l.SP_E::t.‘JaIue ;=|28.ﬂ i)

2| )
5[]

e |¥] )
5 ||
o |¥]
7 1¥]
o |v] -
s || -]
0[] -

ﬂﬂﬂﬂ Erint.. | Browse... G b | Hel

£

|BIE|2 |2 |2 |8

=]

Close

Properties - Heating28°C -- SCE_PCS7_Prj\Al_multipurpose_plant\\SFC_| |
| Genersl [ Intisization IRt
| 1 F¥[r2T001\control_A1T2T001.5P_Bxt Value :={0.0 f[:-:]il

2 7] o
3 [7] )
e 7] )
5 ]
s 7]
77|
s 7]

9 |¥
10 |~

Close

i I L e D Goto | Hep |
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8.4.16 Transition: TO01 >= 28°C

1. The condition in the 'TO01 >= 28°C' transition now looks like this.

Properties - T001 == 28 °C -- SCE_PCS7_Prj\Al_multipurpose_plant}\SF |

General | Condition | 05 Comment

1 [[run_a1T2T001 PV_Out Value ff[>= =][28.0 )
2] ffl =l
3 ol =l
4 fff =l
5 ff =]
5 o =]
A ff| =l
A ff| =l
o fff =l
o ff =

el ]3] 2]_rn|_sowe. |

8.4.17 Step: ROO1toProdBO001

=
|

=

@E@@@F@@E
T

Cose [

Loy
=]
=)
T
S

=

1. The last step "RO01toProdB001" of the recipe fills the content of Reactor ROO1 into the

connected Product tank BOO1. The interconnections are shown below.

Properties - RO01toProdB0O01 -- SCE_PCS7_Prj\Al_multipurpose_plant)} |

General | Intizlization |FEreEre I Termination |

1| [25003\pump_A1T25003 ModLiOp.Value ;= [TRUE Hi’
2 |FIESH'DE‘-.pump_MTESﬂ'DB.MMDdIJ."u"alue - |THLIE ]
3 |FIESH'DE‘-.pump_A'ITESﬂ'DE.ManModU."u’aIue ;=|FALSE F]

4 | Fl'BXﬂ'D'IWaIve_MTBXﬂ'D'I ModLiCp Value = |THLIE
5 | |F|'3><ﬂ-n1wa|ue_mT3xﬂ-m AutModLi Value = |THLIE
[ | |F|;>=:u-u1wa|ue_mT3xu-m ManModLi Value = |FALSE

7|~
e ¥
s ¥

—
Ii
=

=
b
==

E Bl B o o

L0 |®] =
Close [ b | Help |
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Properties - RO01toProdB001 -- SCE_PCS7_Prj\Al_multipurpose_plantl | SF |

Processing Tmninatiunl

1| [T25003\pump_A1T25003.StartAut.Value ;= [TRUE ﬂﬂ
ilplTZSE'DB"-pump_MTZSE'DS.StDpM.Ualue = |[FALSE ]
il |7|r3>=:u-mwa|ve_mT3xu-m Openfut Value = |THLIE ]
4 |[r3x007 \walve_ATT3X001.CloseAut. Value == [FALSE ﬂ
5 |7 -| i)
L6 ] -| i)
7 ] -| i)

il

)

|

_8 |v] <]
s |~ |
!

10 | = =
Help |
Properties - RO0O1toProdB0O01 -- SCE_PCS7_Prj\Al_multipurpose_plant)\SF |
| |7|TESH'IB"-.pump_MTESH'DE.StartMHalue ;=|FALSE f[x]ﬂ
2 |FITESE'IB‘-.pump_ﬂ'ITESE'DE.StDpM.Ualue - |THLIE ]
3 | FIFB)(H'I]"I ‘walve_A1TIX001 .Openfut Value = IFALSE ]
4 | FIFB)(H'I]"I ‘walve_ATTIX¥D01 Closefut Value = ITHLIE fl]

5 |v] -]
iy -]
7 17|
5[] q
5[] |
0[] g
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8.4.18 Transition: LO01 <= 50 ml

1. The 'LO01 <= 50 ml' transition is the last transition of the recipe. It can be enabled when
Reactor R001 is empty (<= 50 ml).

Properties - L001 <= 50 ml -- SCE_PCS7_Prj\Al_multipurpose_plant\SF £

General | Condition | OS Comment

1 [level A1T2L001.PV_Out.Value fiiiff<= =][50.0 s

2 fwl =l i

3 ool = o] &
| ol =l [l

s = ]|

] wf =] w | T
il fwfl =] )] &
8 ool = ] &

o fwl =l o | T
1o wf =l w_| 3

Cose [

e ] $] =] it | Bowse. | Gow | Hew |

8.4.19 Step: END

1. Inthe 'END' step, automatic mode needs to be switched off and manual mode to be switched

on again for every valve, pump, stirrer and controller used. (— step 56). The internal setpoint

setting must also be set again for the control. (— 'Initialization")

H
_1_|~[T001\cortrol_ATT2T001 AutModLi Value = [FALSE it il
Ll | 001'\control_A1T2T001 ManModLi Value = [TRUE fli]
il [V PT001\control_A1T2T001.5P_EdtLi.Value = |FALSE flil
Ll plETﬂ-D'I\::DntmI_A'ITETﬂ'Iﬂ.SF_IrrtIJ."u"aIue = |THLIE ﬂ
5 ] : )
Y : )
B : )
o ¥ : )
s || : )
10 |¥] - 0+ |
Close [5m bm | Help |
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AutModLi ManModLi = SP_ExtLi SP_IntLi

Value Value Value Value

A1T2T001\control_A1T2T001 FALSE TRUE FALSE TRUE

2. Then, all utilized pumps, valves, stirrers and controls are set back to operator mode.
(‘'ModLiOp' ='0"). (— 'Termination’ - 1)

Properties - END -- SCE_PCS7_Prj\Al_multipurpose_plant}\SFC_Product0l =]
[ Genera | Intiaization [LEeetae] Teminaton |
1 F|'1xmswawe_ﬁwmms.mwuop.vﬂme ;=|FﬁLSE il il
2 FI"ISﬂﬂH\pump_MT'ISDDE.MudIJOp."u"Ellue ;=|FALSE fw]
3 |7|2xﬂu3xua|ve_mmma.ru1uduop.vame ;=|FALSE i)
4 FIFESD'I]'I\stirrer_A'ITESDm.MndUOp.‘u’aIue ;=|FALSE ﬂ
5 IFI!TD'I]'I\cuntmI_MTETDm.MudUOp.‘u’aIue ;=|FALSE ﬂ
[ F|25m4~.pump_mT25{mMuduop.vﬂme ;=|FﬁLSE M
7 |7|"zxmafwa|ve_mmuu3.rﬂoduop.vmue ;=|FALSE M
2 F|25m3mump_a1msnu3.muduop.vame ;=|FALSE ﬂ
9 IFI'EXDDH'u'aIve_MTSXDm.MudUOp.‘u’aIue ;=|FALSE ﬂ
10 IF|'1xm&xuawe_MTmm&.Muduop.vmue ;=|FALSE )] = |
Close ﬂﬂﬂﬂ Fini.. | Browse.. Gow | Hep |
(— "Termination' - 2)
Properties - END -- SCE_PCS7_Prj\Al_multipurpose_plant\\SFC_Productdl |

[ Genersl | niizsion RRNER Terminain |

O

1 |7|'1smmpump_MTmmz.Muduop.vame ;=|FALSE
12 |¥[2X005\valve_A1T2XD05.ModLiOp.Value = [FALSE
13 |¥["1X004'walve_A1T1XD04 ModLiOp.Value = [FALSE
14 || 15001\pump_A1T15001 ModLiOp.Value = [FALSE
15 | I¥|2X004'\walve_A1T2XD04.ModLiOp.Value = [FALSE
16 FlFESDD?\stirrer_MTESDDE.MudIJOp.‘u’aIue ;=|FALSE
17 Fl?’l’ﬂﬂ‘l"-.cnrrtml_A‘ITETDm 5P_LiOp.Value ;=|FALSE
18 [
J1o [w]
2|

ﬂﬂﬂﬂ Frirt... | Browse. .. G to |

EIEIE]
L

N

s

s

s

2|88
5

z
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ModLiOp  SP_LiOp

.Value .Value
A1T1X006\alve A1T1X006 FALSE
A1T1S003\pump_A1T1S003 FALSE
A1T2X003\Walve A1T2X003 FALSE
A1T2S001\stirrer A1T2S001 FALSE
A1T2T001\control_A1T2T001 FALSE FALSE
A1T2S004\pump_A1T2S004 FALSE
A1T2X008\valve_A1T2X008 FALSE
A1T2S003\pump_A1T2S003 FALSE
A1T3X001\valve_A1T3X001 FALSE
A1T1X005\valve_A1T1X005 FALSE
A1T1S002\pump_A1T1S002 FALSE
A1T2X005\valve_A1T2X005 FALSE
A1T1X004\valve_A1T1X004 FALSE
A1T1S001\pump_A1T1S001 FALSE
A1T2X004\valve_A1T2X004 FALSE
A1T2S002\stirrer A1T2S002 FALSE
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EA src - sFC_Producto1 N =]
SFC Edit Insert CPU Debug View Options Window Help

D&+ =00 end| 9|8 %
| F EE S8 a

Bl SFC_Product0l -- SCE_PCS7_Pri\Al_multipurpose_plant - |EI|1|

KR4 QaBEmN

START

all initizl conditions are complied

‘ EductBO03toR001 | educt tank BOO3 to resctor RO0L ‘ EductBO02toR002 | educt tsnk BOOZ to reschor RODZ

level RODL min 350 ml level RDOZ min 200 ml

Heating23=CStir | hesting resctor RDD1 to 25 °C... ‘ EductB001toR002 | =duct tank BOOL to resctor ROIZ

temperaturs RODL min 25 =C level ROOZ min 350 mi

Wiait wiaiting for parallel process Stir stir for min 10 s

i both parsliel branches finish...

ROO2toRO0O1 reactor RO02 to reactor ROO1

Heating28°C hesting reactor R00L to 28 °C

tempersturs ROOL min 28 °C

ROO1toProdBO01 | resctor RDOL to product tank ...

‘ END

RN T K | _'|d

Press F1 for help. [ DB35 2
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8.5 Compiling and downloading objects

1. After all steps and transitions of the SFC are complete, you can compile and download the
project, as you have already learned. (* SCE_PCS7_Prj * PLC * Compile and Download
Objects...)

=l

File Edit Insert PLC View Options Window Help

D& [82 & % B2l a2 2| %[ & [[<No Fter> % | vE BEM W
[® SCE_PCS7_MP (Plant View) -- C:\Program Files (x86)\..\STEP7\57Proj\SCE_PCS7_MP\SCE__MP ;|g|5|
[Ba) 21 _multipurpose_plant

Shared Declarations
= = lahal lahelinn fisld
Open Object Ctrl+alt+0

Ll ZEr| -
Capy Chl+E
Paste CEE[Y,

Delete Del

..@_[eé Insert Mew Object 3
@ re:  Multiproject
FLC

Access Protection 3

PCS 7 License Information. ..

tir:
=-§® SCE_PC37_LI Shared Dedarations 3

-] Shared De

{2 Process ta

Plant Hierarchy

Process Tags

Models

Flant Types

Rename F2

Object Properties... Alt+Return
Compiles/downloads the objects to be selected under the highlighted objects. v

* vy v v
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2. Prior to compiling and downloading, open the settings for compiling and downloading the
charts. (— Charts — Edit)

WCompile and Download Objects ;lglil

Selection table:

Objects Status Operating mode ‘Compile Download

[=-Bp SCE_PCST_Pi

=-ER Ast

ﬁh Hardware undefined

-[@ crus14aDP
Blocks

Charts undefined

% Connections undefined

-8 As2

-2 0s

EEEE
EREE

OO EE
OO EX

— Settings for compilation/download Update Wiew log Select objects

| Edi... | Test Status Operating Maode Single Object All.. Select All | Deselect All |

[ Upon apening I Upan opering

[ Compile anly ¥ Do not load if corpilation eror iz detected Check project |

Devices connected to an enterprize network or directly to the internet must be appropriately pratected
i‘: against unauthorized access, e.g. by use of firewalls and network segmentation.

Far mare information about industrial security, please wvisit:
hittp: v, gigmens. com/dindustialzecurity

Start | Cloze Help |
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3. Here it is important to select 'Entire program' as the "Scope' and 'Download mode' on the
"Compile Charts as Program" and "S7 Download" tabs, respectively. (— Compile Charts as

Program — Scope: Entire program — S7 Download — Download mode: Entire program —

OK)
Compile Program [ Download to Target System JE3| il compile Program / Download to Target System =
Compile Charts as Program | 57 Download I Compile Charts as Program 57 Download |
CPU: CPU 414-3DP CPU: CPU 414-3DP
Program name: ASTCPU 414-3 DPAST Program (1) Program name: ASTVCPU 414-3 DPAST Program(1)
Scope Download mode
' Entire program ' Entire program
" Changes only " Changes only
" Totest CPU (entire program)
I | Generate module divers Black Driver Settings... |
[ | Generste SC1 soce ¥ | [Ficlude user data Hlocks

Show Changes

Before downloading the entire program, the CPLU is set to STOP and all blocks are
deleted. Do you want to download the 57 program?

Read the notes in the online help about possible effects

= Auto-archiving

Browsze far Yersion Fraject ...

I | Archive project after successful download

Apbrechen | Hife | ok | Abbrechen Hilfe

4. Confirm the warning with "OK". (— OK)

Download (244:4028) x|

Mate that the blocks in the CPU will be deleted if pou
I b, download later [e.q. ik the Simatic Manager with
T "CPU->Compile and Download Objects"].

Alzo note that the operator input fram the 05 or test mode
will be lozt if the zet values values are not read back into
the offline program.
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5. Now you can start compiling and downloading. (— Start)

E‘?Cﬂmpile and Download Objects ;lglil

Selection table:

Objects Status Operating mode Compile Download
=8P SCE_PCST_Prj
=-ER  Ast

ﬁh Hardware undefined
=-[# cru4t43DP STOP
Blocks

Charts undefined

% Connections undefined

-8 asz2
-8 0s

EEEE
EXEE

OOEE
OOEE

— Settings for compilation/download Update Wiew log Select objects

Edit... Test Status Operating Maode Single Object Al Select All | Deselect Al |

[ Upon opening I Upan opering

[~ Compile anly ¥ Do not load if corpilation eror iz detected Check project |

Devices connected to an enterprise network or directly to the internet must be: appropriately pratected
i:‘: against unauthorized access, e.q. by use of firewalls and network segmentation.

For more information about industrial zecurnity, pleasze visit:
hittp: £ fwan, giemens. com/dindustialzecuriy

| Start | Cloze Help |

6. Carefully read all warnings that follow and confirm them. (— OK — Yes)

Compile and download objects (3280:826) x|

Downloading program changes during operation can, in
I_\ the zase of malfunctions or program ermors, cause senous
— damage to perzonnel and equipment! M ake sure alzo that
downloading to the individual CPUg iz not done
gimultaneouzly after compilation.
b ake zure that no dangerous situations could occur
befare executing thiz functionl

Cancel |
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Compile and download objects (3280:823)

\ [f wou want to download changes onling, please make
_h zure that the prerequizites have been met [e.g. cormect
- zettings gelected, no previous complete compilation fram
the 05).
&, complete download iz only poszible if the FLCs are not
it RLIM.

Do wou want ko continue?

7. The log should contain no errors and at most only warnings. To see details for a warning,

view the log of the single object. (— El)

,'I Compile and Download Objects - Notepad - |EI|E|

File Edit Format View Help

|

Date: 05/09,/2019 time: 09:24:20 AM
Compile:

SCE_PC57_Prj“Asl\Hardware

-> Object was compiled without errors

Date: 05/09/2019 time: 09:24:24 AM
Compile:

SCE_PC57_Prj‘asl'cpruU 414-3 DP\Connections
-> Object was compiled without errors

Date: 05/09,/2019 time: 09:24:29 aM

Compile:

SCE_PCS7_Prj‘aslicpPu 414-3 pP\57 Program(l)‘Charts
-> Object was compiled without errors

Date: 05/09/2019 time: 09:24:44 aAMm
Download:

SCE_PCS7_Prj‘asl'Hardware

-> Object was downloaded without errors

Date: 05/09/2019 time: 09:24:47 AM
Download:

SCE_PC57_Prj‘\Asl‘\CPU 414-3 DP\Connections
-> Object was downloaded without errors

Date: 05/09,/2019 time: 09:24:47 aM
Download: |
SCE_PCS7_Prj‘Aslicpu 414-3 pP\57 Program(l)‘Charts

-> Object was downloaded without errors

4] 2
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8.6 Testing the SFC

1. You can now set PLCSIM to RUN-P mode. (— PLCSIM — RUN-P)

Fils7-PLCSIM1  AS1\CPU 414-3 DP Y ] |
File Edit View Insert PLC Execute Tools Window Help
2@ a

JreeamEa R |aEanoes

;Iglﬂ-

[cPUJCP: MPI=2DP=21P=192.11 4

=101 x|

D= IPLCSIM{TCPHP]
IR n +1 ||
%

=101 x|
DDE“F: ™ RUNP

Coc
L]

Press F1 to get Help.

Fils7-PLCSIM1  AS1\CPU 414-3 DP

File Edit View Insert PLC Execute Tools Window Help
DEHEB [rcsmacearn || 2R BEw(W | e naaslaan
BI[BE| n +1 [
lolx]

SF ;
Cop M
Cloc T RUN
BN, 5107 e |
Press F1 to get Help, [cPUJCP: MPI=2DP=21P=192.11
2. Double-click the sequential function chart in the plant hierarchy to open it. (—

SFC_Product01)

=10l x|

_ SIMATIC Manager - SCE_PCS7_MP

File Edit Insert PLC VWiew Options Window Help
D |32 e & B a0 B |2 B & | < No Fiter > - (B a mEM|
E® SCE_PCS7_MP (Plant View) -- C:\Program Files (x86)\..\STEP7\57Proj\SCE_PCS7_MP\SCE__MP - IEI|£|
T1_educt_tanks T2 reaction T3 product_tanks
ATHOOM [y A1HOO2 [EHA1HOO3
ﬂ- Picture(2]

4_rinzing
> Product11

=) SCE_PCS7_MP
=8P SCE_PLS7_Pi

[#-_7] Shared Declarations

Al _multipurpoze_platt

(B3] T1_educt_tanks

{&] educt_tank BOO1
@ educt_tank BOOZ2
@ educt_tank BOO3

@ product_tank BOOZ2
T4_rinzing

rinzing_tank, BOO1
=-§% SCE_PCS7_Lib

-] Shared Declarations
A2 Models

2 Process tag ypes

Press F1 to get Help.

PLCSIM.TCPIP. 1 o

@ |
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3. In order to

observe the sequence, test mode must be activated H.

(— Test Mode on/off ¥)

EA src - sFC_Producto1 =lalx
SFC Edit Insert CPU Debug View Options Window Help
@& =00 e E% &R aaBdsm(w
DNEE T ®
B% SFC_Product0l -- SCE_PCS7_Prj\Al_multipurpose plant =10 =]
[

START

all initial conditions are complied

EductB0O03toR001

Heating25°C5tir

‘ Wait

educt tank BOO3 to reactor RODL

level RO min 350 i

heating reactor ROD1 to 25 ©C...

temperature RDO1 min 25 °C

wiziting for parzllel process

Toggles between test and edit mode.

EductBO02toR0O02 | =duct tank BODZ to reactor ROOZ

level ROD2 min 200 ml

‘ EductBO01toR002 | educt tank BOD1 to resctor ROOZ

level RODZ min 350 mi

‘ Stir stir for min 10 s

0835 /
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4. The simulation must be reset, the main switch and Emergency Stop selected and local
operation deselected.

Prozessbild —_E2aX
2o e 00y Q&) H2EF KUjR: LA
[ ?l- b&l b&l Vor-Ort Bedienpanel / Field Operator Control Panel
Hauptschalter E NOTAUS E LOKAL =
Main Switch Emergency Local —
T1.8001 T1.B002 T1.8003 T2.RO01 T2.RO02

START STOP STATUS START STOP STATUS
® ® ® Von / From T1.B001

Von [ From T1.B002
Von | From T1.B003

Rihren / Stir

¢ . ¢ Heizen [ Heat

Entleeren / Dischargs

iilen [ Clean
0.0 I'I’i| 0.0 ml - ! - -
2.R00 5 RODZ Umfiillen [ Decant o o

20.0 °C I\/I 20.0 °C Legende Signalanzeigen [ Key for Indicators

‘entil: Stellsignal / Gedffnet / Geschlossen
E Valve: Control Signal / Open [ Closed

Motor [/ Pumpe: Stellsignal | Laufmeldung
g L ] g L ] @@ Mator [ Pumnp ¢ Control Signal [ Running Indication

Heizung: Stellsignal
Heater: Contral Signal

T4.B001 Simulationssteuerung / Simulation Control Panel

X . Beftllen/Charge TLBOD1 == 5 RESET _ RESET50%
Q Befiillen/Charge T1.BO02 == Entlesren/Discharge T3.8001 |__
D—:’ D—c’ Befillen/Charge TLB0O3 = Entleeren/Discharge T3.8002 |__|
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5. You can now start testing the SFC. (— Start)

Elc o romeo B _iBix]

SFC Edit Insert CPU Debug View Options Window Help
D& | 4 B2 0| 688 s
R [58 == £F 3 Ty abl

SFC_Product0l -- SCE_PCS7_Prj\Al i ONLINE -|E||5|

KRS a]BmEMN

START

[ ineox || =8 initisl contions ave comgl..

EductBO03tcRO01 | =duct tank 5003 to reactor B EductBD02toRODZ | =duct tank BO02 to resclor Rd...

l=wed R001 min 350 mi le=vedl RO02 min 200 mi

Freating meactor A001 to 25 S0

I KN 3 VA | K | _'|j
BT Bl : 7
o] | (mlwlwlml
manuaL R st Il Hoid  |lIP Resume |# Command Output
ALTO x Ab*Trigger start processjng,"ETE | . STDICI ||_ D}JC”C Operatic:n
& |4'_.. Fiestart |K\ Feset |_é Errar ||' Time Monitaring

I RO
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6. Der flow of the sequential function chart is then visible. Active and previously processed
steps and transitions are marked.

SFC - [SFC_Product0l -- SCE_PCST jlAL i _||:||5|
9 SFC Edit Insert CPU Debug View Options Window Help 81|
DS &E| s 2R BE| e8| EX|<das Qe BEm K \
N
=
START
2l initial conditions are complied
[ ’ aduct tank BM3 to reactor RODT [ 3 educt tank BOOZ to reactor RODZ
leve] RDOL min 350 mil lewed RDOZ min 200 ml |
heating reactor RO01 to 25 °C... EductB001toR002 | educt tank BOO1 to reactor RODZ
temparaturs RODL min 25 °C level ROOZ min 350 ml
waiting for parzllel process stir for min 10 5
| -
LD Do ruw /]« | »
> o DEX ] I o]
AL | I o
MANUAL | Stat | I Hold  [IIb Fecune [P command Outut
AUTO |>< Abort |\/ Cornplete Stop [T Cyclic Operation
'
6 |J'_p Festart |K\ FEse Errar ||_ Time Manitaring
Press F1 for help. [ RUN(Process) .~
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SFC - [SFC_Productdl -- SCE_PC57 jlAl i _Il:llﬂ
F5 SFC  Edit Insert CPU Debug View Options Window Help _|5||5|

D& s me0a|eaE@EKRseaaEme
R [= == a2 472 abl

[

START

v/

2l initizl conditions are complisd

(=l an =0T =duct tank B3 to reactor ROD1 \/’ (=l an =TI =duict t=nk BOOZ to reactor RODZ

Jzwel RDO1 min 350 mi lewel RO0Z min 200 mil |
\/ g r s T 0 [l heating reactor ROD1 to 25 °C... \/’ (=l an =[N R =duct t=nk BOD1 to reactor RODZ

temperature RO01 min 25 ©C lewel RO0Z min 350 ml

tir for min 10 s

[T run /14 | | _'lll
> Fun > [Run Ll [T -
| MANUAL | | [ ke

MANUAL' b Start | 11 Hold |||) Fiesume ||7 Cormrmand Cutput
AUTO | Abort [ Comples B Swop | Cylic Operation
& |"'_p Festart |K\ Feset |_é Errar ||_ Time Monitoring
Press F1 for help. | RUN(Process] -
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7. Current conditions and values can be displayed by double-clicking on or opening individual
steps or transitions.

Properties - RO0Z2toR001{HELD) -- SCE_PCS7_Prj\Al_multipurpose

05 comments {initialization) 05 comments [processing)
Initialization Processing
i [p_A1T25004 StartAut Value = [TRUE ]| il
20 [p_A1T25004 StopAut Value := [FALSE filfo
3 |:_A1T2X008 OpenAut Value = [TRUE Hh
40 |:_A1T2X008 CloseAut Vialue := [FALSE ﬂ'”
g | -] I
g | -| ]
1 | -] i
8| | = i
J | -] [
1 | -] o] =

Coss | | 1] 4] = Goto | Hep |

 Previous Cond. | Cond_ afier Eror |

[200 0155 ﬂpnzw_om.vmue [<= [po0 ﬂ|5[:-.|:- —_

| i N i
| ] | ] &

| ] N ]

| i N i

| i | i

| i N i 2
| N

| |

| m

| o
] i) -
[ ) '

Coss | | 1] 4] = Go to Help
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8. Inthe 'RO01toProdB001' state, the SFC and the simulation look like this.

2 100% > & & | -

=3

| T1.BOO1 T1.B0OZ I T1.B0O3
. $ .
£ é . % e Yooe

7120 ml 310m\
2.RO0( 2.R002
20.0 ° ClI\/I 20.0 °C

| T4.B001

D«'QDJ

T3.B001

$¢

T3.B002

Xo

Vor-Ort Bedienpanel / Field Operator Control Panel

Hauptschalter NOTAUS LOKAL =
Main Switch E Emergency E Lacal —
T3 Ran1 T2 pOnd
SFC - [SFC_Product01 -- SCE_PCS7. i =] 3]
[ SFC Edit Insert CPU Debug View Options Window Help & x|
Von [ Fry N
von /e DB | b R D e [V HE-sas mEm|e |
Von [ Fit \‘*@{}ﬂ-}*ah\‘
=
Rithren | v/ waiting for parallel process v/ stir far min 105
Heizen [
Entleerel # both paralll branches finih...
Spiilen [
Umifiller 4 COIPITGOI SO cooctor R002 to reactor ROOL
Legende &

O g
|
Simulation
Befiillen/Chz »

Befiillen/Chz
Befiillen/Chz

e e g

reactor RO0Z empty

heating reactor RD01 to 28 °C

.|Run .‘RUN N

Ir El
5 0 1 1

[ maraL | \
MANUAL | P Start 11 Hold IIF Fecume  |F Command Output
AUTO | XK Ahort &~ Complete | Stop [ Cyclic Operation
6 J'_; Riestart a2 Resat é Errar [~ Time Monitaring
Press F1 for help. [ RUNfPmeEs 4|
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8.7 Checklist — step-by-step instruction

The following checklist helps students to independently check whether all steps of the step-by-
step instruction have been carefully completed and enables them to successfully complete the

module on their own.

No. Description Checked

1 SFC_Product01 created and configured

2 Sequential function chart created

3 All steps and transitions named and commented

4 All steps and transitions (except Wait) edited (grayed out)

5 END step (Initialization) contains manual setpoint setting and
operation of temperature control (SP_EXxtLi, SP_IntLi, ManModLi,
AutModLi)

6 END step (Termination) contains enable of operator mode of all 16
utilized blocks (one ModLiOp each)

7 END step (Termination) contains enable of setpoint setting of
temperature control (SP_LIOp)

8 Successfully tested

9 Project successfully archived

Table 1: Checklist for step-by-step instructions
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O Exercises

In the exercises, you apply what you learned in the theory section and in the step-by-step
instructions. The existing multiproject from the step-by-step instructions (p01-08-project-r1905-
en.zip) is to be used and expanded for this. The download of the project is stored as zip file
"Projects" on the SCE Internet for the respective module.

The purpose of this exercise is to implement an additional recipe that allows cleaning of the
reactors. The following task suggests a possible concept.

9.1 Task

In the 'Al_multipurpose_plant' chart folder, create the SFC 'SFC_Rinse' that cleans Reactors
R001 and R002 with rinsing water. The cleaning is to consist of the following steps:

— Filling the reactors (up to 500 ml) with rinsing water
— Stirring the rinsing water (for 20 seconds) in the reactors
— Draining the rinsing water to the product tanks.

Design the rinsing operation in such a way that both reactors are cleaned at the same time.

Check whether both reactors are empty (< 50 ml) before rinsing starts.

9.2 Checklist — exercise

The following checklist helps students to independently check whether all steps of the exercise

have been carefully completed and enables them to successfully complete the module on their

own.
No. Description Checked
1 SFC_Rinse created and configured
2 All steps and transitions named and commented
3 Parallel processing is available
4 Start transition is available
5 END step (Termination) contains enable of operator mode of all

utilized blocks (one ModLiOp each)

6 Successfully tested

7 Project successfully archived

Table 2: Checklist for exercises
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10 Additional information

More information for further practice and consolidation is available as orientation, for example:
Getting Started, videos, tutorials, apps, manuals, programming guidelines and trial software/

firmware, under the following link:

siemens.com/sce/pcs?

Preview "Additional information"

Getting Started, Videos, Tutorials, Apps, Manuals, Trial-SW/Firmware

SIMATIC PCS 7 Overview
SIMATIC PCS 7 Videos

Getting Started

Application Examples
Download Software/Firmware
SIMATIC PCS 7 Website
SIMATIC S7-400 Website

WOW W W W W N
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Further Information

Siemens Automation Cooperates with Education
siemens.com/sce

Siemens SIMATIC PCS 7
siemens.com/pcs7

SCE Learn-/Training Documents
siemens.com/sce/documents

SCE Trainer Packages
siemens.com/scel/tp

SCE Contact Partners
siemens.com/sce/contact

Digital Enterprise
siemens.com/digital-enterprise

Industrie 4.0
siemens.com/future-of-manufacturing

Totally Integrated Automation (TIA)
siemens.com/tia

TIA Portal
siemens.com/tia-portal

SIMATIC Controller
siemens.com/controller

SIMATIC Technical Documentation
siemens.com/simatic-docu

Industry Online Support
support.industry.siemens.com

Product catalogue and online ordering system Industry Mall
mall.industry.siemens.com
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