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SEQUENTIAL CONTROL SYSTEMS

TRAINING OBJECTIVE

The students will be able to successfully implement sequential control systems by using
sequential function charts. They will understand the structure and the operating principle of
sequential function charts and will be introduced to the 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 generate sequential
control systems in PCS 7.

THEORY IN BRIEF

Sequential control systems allow for time-discrete or event-discrete execution of sequential
or parallel processes. They are used to coordinate different continuous functions as well as
to control complex process sequences. Depending on defined states and events, operating
and state changes are generated in the existing logic control systems and thus the desired
sequential behavior is realized. They are implemented with one or several sequential
function charts.

A sequential function chart is the alternating concatenation of steps that trigger certain
actions, and transitions that 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 and in addition to any number of intermediate
steps that are connected through oriented edges and interposed transitions. The diagrams
may also generate feedback through loops within the SFC. Likewise, they can include
parallel or alternate branches. However, in this case it has to be ensured during the design
that the sequence does not contain unsafe or inaccessible parts.

For designing a sequential control system, particularly the formal design methods using
state diagrams or Petri nets can be applied. State diagrams are easily learned, allow
for automatic error diagnostics and can be implemented without a problem in many existing
program languages for sequential control systems. However, designing parallel structures
is not possible because state diagrams only have exactly one active state.

Petri nets are considerably more complicated. 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 can also be
implemented in sequential control systems without any problem.

Sequential control systems parameterize and activate lower level logic control systems by
setting corresponding global control signals. The effect of these control signals can be of
short duration or permanent, direct or delayed. Just like logic control systems, sequential
control systems have to support different operating modes; particularly manual control of
transitions and temporary or permanent interruption of the process sequences has to be
possible. In addition, process specific protective functions are implemented with sequential
control systems.

In PCS 7, sequential control systems are implements with sequential function charts
(SFC). SFCs offer an efficient operating mode management, high controllability through
several switching modes as well as extensive parameter assignment through different
sequence 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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THEORY

CONTINUOUS AND SEQUENTIAL CONTROL SYSTEMS

Within the scope of basic automation, different logic control systems are developed; each
implements a limited, clearly defined function. The functions are continuously processing
input signals and generate corresponding output signals. By means of different control
signals, the functions can also be activated and parameterized. To implement complicated
process sequences, for example, manufacturing specifications for products (recipes), it is
necessary to coordinate the different functions and to activate them at the right time with
the correct parameters. This task can be implemented by 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).
Depending on defined states or events they generate operating and state changes in the
existing logic control systems and thus implement the desired sequential behavior.

STRUCTURE OF SEQUENTIAL FUNCTION CHARTS

A sequential function chart is the alternating sequence of steps and transitions. The
individual steps activate certain actions; 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 unique entry
point into the sequence and is always performed for that reason. The last step of a step
sequence is correspondingly called end step. It is the only step in the sequence that does
not have a sequential transition. After the end step is processed, the step sequence is
terminated or processing starts anew. The latter case is also referred to as sequence loop.

Steps and transitions are connected to each other through directed graphs. A step can be
connected with several sequential transitions; the reverse is also possible. A transition is
enabled when all series-connected steps are active and the step enabling condition is met.
In this case, first the immediately preceding steps are deactivated and then the direct
sequential 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 step. Thus, a
purely sequential process sequence is realized. Figure 1 shows the corresponding graphic
basic elements.

Step 1
S1 ‘ < (Start step)

t1 I:::l <—— Transition 1
S2 <—— Step 2

Figure 1: Basic elements of a sequential function charts
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Loops within the sequential function chart occur when a cyclical execution within the
sequence is possible through concatenating several steps. The sequence loop is a special
case of a loop in which all steps are executed cyclically.

Sequential function charts can also be structured using jumps. 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 cause loops. Because this structuring can only be
followed with difficulty, it should be dispensed with if possible.

From the process view it is necessary in many cases to react differently to different events
at program execution time. If this is the case, a step has several alternative follower steps.
This structure is called alternative branch. The step is connected with each possible
follower step over a separate transition. To ensure that no more than one of these
transitions is enabled at any time (and the branches are truly alternative), the transitions
should be mutually locked out or prioritized. Otherwise, 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.

S1 | S1 |

i1 [ tz|:':| t1 [ ]

S2 S3 S2 S3

t3 ] t4|:|:| t2 ]

S4 S4

Alternative branch Parallel branch

Figure 2: Alternative and parallel branches in sequential function charts

Another frequent requirement consists of this: After a step, several follower steps are to be
processed simultaneously. In this case, the output step has exactly one transition that
activates several follower steps at the same time. This structure is called parallel branch.
The follower steps of the individual branches are then processed independent of one
another and then merged again. All branches end in a joint transition. Only after all
branches are processed completely and the step enabling condition of the subsequent
transition is met can the joint follower step be activated.

The sequence of a parallel 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, parallel branches begin and end with actions.
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A special control problem is the possibility of generating faulty step sequences 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 certain through the defined sequence behavior.

— Partial jamming: A sequential function chart contains an inner loop that is not exited.
Although the steps within this loop can be executed, the steps outside the loop cannot.
This makes parts of the sequential function chart inaccessible.

— Total jamming: 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 remain inaccessible.

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 the alternative
branch after step S3-if transition t3 is enabled—prevents that the parallel branch in
transition t4 is merged 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 parallel branch in transition t3 can no longer
be merged. Total jamming is the result; step S5 is not accessible.

]

t1 ]

|

-

el s 2 ]

S4 S5 S4

ta ] t5 ] t3[__]

t6 | t7|_|_| ta ||

Uncertain structure lllegal structure

Figure 3: Uncertain and illegal structures in sequential function charts
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DESIGNING SEQUENTIAL CONTROL SYSTEMS

A variety of formal design methods exists for sequential control systems. In practice,
however, particularly the models of the state diagram and the Petri nets have proven
themselves.

A state diagram is a connected, directed graph. States are shown as circles and state
transitions as arrows that connect exactly two states with each other. In a state diagram,
exactly one state is always active at a time. The states can be linked to certain actions. To
these actions, a certain execution behavior can be assigned. They can be executed once
when entering the state or when exiting the state, or cyclically as long as the state is active.
State transitions can be subject to transition conditions.

State diagrams can be arranged 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. They can be easily implemented into many existing
programming languages for sequential control systems.

Petri nets are particularly suitable for modeling asynchronous processes. A Petri net
consists of locations and transitions that are connected to each other through directed
edges. This also results in a directed graph. A location is represented with a circle and a
transition with a rectangle (often reduced to a cross bar). Active locations are indicated with
labels; they are represented with a dot within the circle for the corresponding location.

The state in a Petri network differs from that of a function diagram in that the state is
determined by the number of active locations in the entire network. The dynamics of the
system is modeled through the motion of the labels within the network. The meaning of the
locations 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 were specified are called interpreted Petri nets (IPN). For the control
design, signal interpreted Petri nets (SIPN) are used.

Petri nets can be analyzed extensively. They also permit the implementation into existing
programming languages for sequential control systems without any problem. 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 get rather complex which
makes them more demanding as a design method. Based on their structural similarity to
sequential function charts and the capability of modeling parallel processes, Petri nets do
also offer clear advantage.

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 parameter assignment and activating logic
control systems. To this end, corresponding control signals are set.

Process and control signals that are used by sequential function charts have to be declared
globally to be available to the programs of the sequential control and the logic control
systems. The signals are usually listed in a symbol table,

The control signals have an effect as long as the corresponding step is active. For
implementing more complicated function sequences it is possible, however, to vary the
processing of the control signals themselves (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.
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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. Even if there is a fault,
sequential control systems have to be operable. To this end, corresponding operating
modes have to be provided in the control system.

— Automatic mode: The action of the sequential function chart is performed when the
series-connected transition is enabled.

— Manual mode: The operator activates the action of the sequential function chart even
if the series-connected transition is not enabled.

— Mixed mode: The action of the sequential function chart is carried out when the
series-connected transition is enabled or when the operator has triggered it.
Alternatively, activation by the operator as well as the enable of the series-connected
transition may be required.

Using the manual mode prevents permanent blocking of the sequential control system
when there is 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 have to be expanded accordingly.

Sequential function charts have to be able to react to faults in the controlled devices. This
requires continuous fault monitoring. It detects and indicates faults in the controlled
devices. It enables automated safeguarding of the plant by automatically stopping the
sequential function chart when there is 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 have to be activated to take the plant to a
safe state. If the sequence is stopped, it has to be ensured that the sequence can be
continued safely and in a permitted mode even after a prolonged interruption. In the
sequential control systems, process specific protective functions such as sequential
interlocking of several devices is realized if there is a fault in the process.

SEQUENTIAL CONTROL SYSTEMS IN PCS 7

Sequential control systems in PCS 7 are implemented with Sequential Function
Charts (SFC). They include the sequencers and define their sequence topology, the
conditions for the transitions, and the actions of the steps. The start conditions and the
sequence characteristics can be defined and prioritized separately for each sequencer. In
addition, pre-processing and post-processing steps can be defined that are performed
once prior to or after the sequential function chart is performed.

Operating Modes and Switching Modes

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

In the manual mode, the commands Start, Stop, Hold, Terminate, Cancel, Continue,
Restart, Reset and Fault are available to the operator for operating the sequential control
system manually. The behavior of a sequential function chart when enabling active steps to
follower steps can be controlled through different switching modes, depending on the
selected operating mode.

— Switching mode T: The sequential control system is executed process controlled,
which means automatically. When the transition is enabled, the predecessor steps are
deactivated and follower steps are activated. (T = transactions)
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— Switching mode O: The sequential control system is executed operator controlled,
which means manually. The transition is enabled with an operator command. Each
follower transition of an active step sets an operator prompt automatically. (O =
operator)

— Switching mode T or O: The sequential control system is executed process
controlled or operator controlled. The transition can be enabled either through an
operator command or through a step enabling condition that was met.

— Switching mode T and O: The sequential control system is executed process
controlled and operator controlled. The transition is enabled only through an operator
command and through a step enabling condition that was met.

— Switching mode T/T and O: In this switching mode we can specify for each step
individually whether the sequential control system is executed process controlled or
operator controlled; in the test mode, hold points can be defined in the sequential
control system. (T/T = test transactions)

In Auto mode, only the switching modes T as well as 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 operational performance. A corresponding operating state logic defines
the possible states of the permissible transitions between the states as well as the
transition conditions for a state change. PCS 7 defines its own operating state logic for
sequential control systems and for sequential function charts. It is possible to let 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, we can specify whether a sequential control system is processed
once or cyclically, (cyclical mode option) or whether the actions of the active step are
actually executed (command output option). In addition, time monitoring can be
activated for the individual steps in a sequential function chart that indicates a stepping
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 by means of the desired signals either from the global
symbol table or by specifying the absolute signal address. Controlling the processing of the
control signals is possible by means of the SFC characteristics. In the SFC Library,
PCS 7 provides pre-assembled sequential function charts for different standard scenarios.
These templates can be used and adapted to current projects.
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STEP BY STEP INSTRUCTIONS

TASK

Corresponding to the recipe in the chapter ‘Process Description’, we are setting up and
programming an SFC.

1.

First, 350m! will be drained from the educt tank =SCE.A1.T1-B003 to the reactor
=SCE.A1.T2-R001, and at the same time 200ml from the educt tank =SCE.A1.T1-
B002 to the reactor =SCE.A1.T2-R002.

When reactor =SCE.A1.T2-R001 is filled, the liquid it contains is heated to 25°C with
the stirrer switched on.

When reactor =SCE.A1.T2-R002 is filled, 150ml of educt A from educt tank
=SCE.A1.T1-B001 is dispensed to the reactor =SCE.A1.T2-R002. When this is
completed, the stirrer of reactor =SCE.A1.T2-R002 is switched on for 10s.

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 pumped to reactor =SCE.A1.T2-R001.

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

TRAINING OBJECTIVE

In this chapter, the student learns the following:

Setting up and editing SFCs
Establishing connections between SFCs and CFCs
Establishing connections between SFCs and the addresses from the symbol table

Testing SFC programs

These instructions are based on project ‘PCS7_SCE_0108_Ueb_R1505_en.zip".
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PROGRAMMING

1. To start, set up a new SFC in the folder ‘A1_multipurpose_plant’ in the Plant View.

(— A1_Multipurpose_plant — Insert New Object — SFC)

| SIMATIC Manager - [PCS7_SCE_MP (Plant View) -- C:\Program Files\Siemens\STEPT\S7Pro\PCS7_S_2\PCS7_MP] =N E=R ===
File Edit Insert PLC View Options Window Help - & =
O a7 2 2% < No Fiter > - HE BEMD W
B2 PCS7_SCE_MP T1_educt_tanks T2_reaction T3_ product_tanks [gg) T4_rinsing
E% PCS7_SCE_Prj ATHOOT [EHa1HOO2 [Eya1HO03 - Picture(2]
{7 Shared Declarations
=8 ulti plan
= T1_educt_tanks Cut Ctrl+X
188 educt_tank B Co CtrlsC
{e9) educt_tank B =
@ educt_tank BO Paste Ctrl+V
T2_reaction
188 reactar ROOT 2dER 2E
%ﬁ'zf;d‘z'cﬁ?a”i Insert New Object , Hierarchy Folder
& poduct_tank ! ccecs Protection , CFC
{e8 product_tark |
T4_rinsing Print 3 BLS L\\)
) finzing_tank B Addit D 3
= PCS7_SCE_Lib Plant Hierarchy 3 Henal Decumen
{7 Shared Declarations T e b Picture
B2 Models Re
port
i8] EductT ankBO0x Models b
~fg2] ProductT ankB00x Equipment Properties
H @ FreactionR0ls SIMATIC BATCH »
{2y Process lag lypes Rename B Equipment Property
- Object Properties... Alt+Return
Inserts SFC at the cursor position.
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2. Then open the object properties of the SFC.
(— SFC(1) — Object Properties)

| SIMATIC Manager - [PCS7_SCE_MP (Plant View) -- C:\Program Files\Siemens\STEPT\STProj\PCS7_S_2\PCS7_MP] =n AR ="
Bl File it Insert lew ptions indow elp =[] %
File Edit I PLC Vi Opti Wind Hel
= 2 Bp | ‘zNoFiltem jvﬂ’ TE B2EM s
[E-{=5] PCS7_SCE_MP Ti_educt_tarks (g T2_reaction T3 product_tanks [gg) T4_rinsing [feh a1HOO0
EI@ PCS7_SCE_Pr ATHO0Z [ a1HO03 i1 - Picture(2)
+]-{_] Shared Declarations Open Object Ctrl+Alt+0
A1_multipurpose_plant
T1_educt_tanks Open External View
{&] educt_tank BO01
@ educt_tank BO0Z Cut Ctrl+X
@ educt_tank BOOZ Copy Ctrl+C
T2_reaction .
{88 reactor RODT Paste Ctrl+V
@ reactor RO0Z2
=) T3_ product_tanks PEkte EEl
@ praduct_tank BOO1 PLC »
@ product_tank BOO2
T4_rinzing Access Protection 3
finging_tank BO07
B4 PCS7_SCE_Lib Print 3
B-{_] Shared Declarations
Modelz Charts ]
@ EductT ankBO0x -
Plant H h 3
- ProductT ankB00x R
1§ ReactionR00x SIMATIC BATCH 8
Process tag types
Rename F2
Displays properties of the selected object for editing. Object Properties... N Alt+Return

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 ]

General IAS Operating Parameters ] 05 ] Version ]

Name: |SFC_productn
Project path: PCS7_SCE_Pi\ASTMCPU 414-3 DPYSY Program(1)\Charts
Technological path: PCS7_SCE_Pr‘A1_muttipurpose_plant

Storage location of project: [DAPCST\SCENP01-08.545 en\PCS7_SCE\PCST_Py

Authar: |I{|ause

Date created: 11/16/2012 12:44:47

Last modified: 01/23/2015 08:23:12

Comment: SFC for production of product 1 -

[ Write-protected
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4. The operating parameters are set as follows; they can later be changed in the online
mode. (— AS Operating Parameters)

——

Properties SFC chart

r Defaults

General A5 Operating Parameters |05 | Version I

Step control mode:

I -

| ¥ Command output
[ [~ Cyclic operation

| [~ Time monitoring

Operating mode:
MAM -

SFC startup after CPL restart
& Initiglize SFC
" Retain SFC state

— Start options

[~ Mutostart

| ™ Use default operating parameters when SFC chart starts

Cancel |

Hep |

5. It is important that the checkmark is set in the OS option so that the SFC will be
available later for visualization. With the display of the version, accept all parameters

with OK.
(— OS — Transfer chart to OS for visualization — Version — OK)
Properties SFC chart — (X Properties SFC chart
General | AS Operating Parameters OS | Version | | General | AS Operating Parameters | 05 Version | |
Version: = ooom|-]
Data version: Ve0sP1
[V Transfer chart to OS for visualization :
Cancel Hep | oK N Cancel Help
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In the SIMATIC Manager we now open
‘SFC_product01’ with a double click. (— SFC_product01)

the sequential

)| SIMATIC Manages - [PCS7_SCE_MP (Plant View) -- C:\Program Files\Siemens\STEPT\STProj\PCS7_S_\PCST_MP]
2l File Edit Insert PLC View Options Window Help
0 8° L] By |-

< No Fiter > | Y@ BmEM N

(6 13_ product_tanks () 14_msmg

-1 {@y) PLS7_SCE_MP ) 11_educ_tanks ) 1 2_reaction
SFC_productlfi] oy Picturel(2)

=B PCS?_SCE_Pii ATHO02 [@ATHO03
i (L) Shased Declaations
= [l A1 _mullipusposs_plant sFC|
=1 (fl) T1_educt_tanks
(s} @) ecuct_tank BOOT
(31 ) ecuct_tank BOOZ
(1@ educt_tark BOD3
&1 ) T2 resction
- @B) reactor ROOT
Bl @ reactor ROG2
1§ T3 product_tarks
(58] product_tank BODI
91 9] product_tank BOOZ
&1 (i T4_sinsing
(<1l irsing_tank BOOV
[= @ PCST_SCE_Lib
i (L) Sheved Declaations
=) Models
1G] EchictT ankBO0x
(@) ProductT ankBO0K
1§8) Reactionfi00x
() Process tag lypes

Press 1 to get Help. PC internal (local)

[hatHO0

3*\ SFC - [SFC_product0l -- PCS7_SCE_Prj\Al_multipurpose_plant]
B SFC  Edit Inset CPU Debug View Options Window Help

R | EE G4 % ab

=l =]

== %

0= & =} Elagn ¥ ("B X XS4 QG B3N

[ o e /L

5

Press F1 for help.

function chart

7. With the following symbols from the toolbar, the sequential control can now be set up

h

it

S o o

in the SFC Editor.

Button Selection On

Button Insert Step + Transition

Button Insert parallel branch

Button Insert alternative branch

Button Insert loop

Button Insert jump

Button Insert text field

Unrestricted for Educational and R&D Facilities. © Siemens AG 2015. All Rights Reserved.
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8. For this task, you will need additional steps and transitions. To insert both, select the

button F and check the location where you want to insert them. (— F )

E=N ECR 50y

- | |

3& SFC - [SFC_productl -- PCST_SCE_Prj\Al_multipurpose_plant]
B3 SFC  Edit Inset CPU Debug View Options Window Help
0= & BE endn 9 X L6 HE BEODIN
N B[EE G 5 B

by

Insert Step + Transition

Al

- il

\RUN /[«
Switches to the mode for inserting steps + transitions.
&, SFC - [SFC_product0l -- PCST_SCE_Prj\Al_multipurpose_plant] o] 2| ]
N

B4 SFC  Edit Inset CPU Debug View Options Window Help

D& & =] chgn ¥ BH KRG HRQ BEOIN

R ||F EE £F 3 Ty abl

-l

START

(LA TR RoN /]|

Press F1 for help.

A\

Note: Step and transition numbering is of no significance to the sequence in which the
sequential function chart is processed.
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9. After the steps and transitions were inserted in this way, click on the symbol

add a parallel branch. Again indicate the location where you want to enter it. (—

START

O

END

(L4 IR RN ]|

£, SFC - [SFC_product0l -- PCS7_SCE_Prj\Al_multipurpese_plant] =] ]
1 SFC Edit Inset CPU Debug View Options Window Help -5 =%
D& & B B Gigin 9 CEM | SO -6 G | BEDIN
h || BR & & % abl

o

Switches to the mode for inserting simultaneous branches.

[4LAD TR RN /]|

&, SFC - [SFC_product0l -- PCST_SCE_Prj\Al_multipurpose_plant] o] 2]
B3 SFC Edit Inset CPU Debug View Options Window Help =& %
O=S B Gigm 9 |"EXN ST G | BEDIN
SEEET R

=

Press F1 forhelp.

Unrestricted for Educational and R&D Facilities. © Siemens AG 2015. All Rights Reserved.
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10. We are now entering additional steps and transitions in the parallel branch. Switch

again to the symbol F and insert the other steps and transitions. (— F )

£, SFC - [SFC_product0l -- PCS7_SCE_Prj\Al_multipurpose_plant] =N
A SFC  Edit Inset CPU Debug View Options Window Help =[5 =
DE&E 4 B = engn | 9B |HdRE-x R BEON
SEEEEY
Insert Step + Transition j
START
3
4
' RUN /][ 4 | D
Switches to the mode for inserting steps + transitions.
11. Click on the symbol 5 to edit normally. (— 5 )

&, SFC - [SFC_product0l -- PCST_SCE_Prj\Al_multipurpose_plant] o] ]
B4 SFC  Edit Inset CPU Debug View Options Window Help - & %
DE& s BE etd 9 BX KSR [BEDN
NEEEEET

%election an ﬂ
START
" RUN /|« D
Switches from the insert to the selection mode.

Unrestricted for Educational and R&D Facilities. © Siemens AG 2015. All Rights Reserved.
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12. The screenshot shows how the properties of a step can be changed, To this end, right-
click on the step and then select Object Properties. (— 6 — Object Properties)

£ SFC - [SFC_product0l -- PCS7_SCE_Prj\Al_multipurpose_plant] o= | ]

[B SFC Edit Inset CPU Debug View Options Window Help = [ = =
=& 4 B = Ghan | 9 ["EXH | KT |RE BEMDN
NEEE R

=

START

Cut Ctrl+X
Copy Ctrl+C

Delete Del

Copy Object Properties Ctrl+Shift+C

]
&
Paste Object Properties Ctrl+Shift+V
=]
10

Object Properties... L\E‘ Alt+Return

Select Jump Destination...

_|— Go To Jump Destination
I

= f

(ML« RN /Lo

Press F1for help.

13. In the object properties, each step is assigned a name and a comment for better
transparency. (— EductBO03ToR001 — Educt tank BO03 to Reactor RO01 — Close)

Properties - EductB001ToROOL -- PCS7_SCE_Prj\Al_mulipurpose_plant\W\SFC_product01 @

Initiglization ] Processing ] Temination ]

Name: EductB003ToRODT MNumber: 15 ™ Confirmation
Run times

Minimum: — Madmum: —

Comment: Educt tank B3 to reactor RO01 -

0S5 comment: a

Acknowledgment -

information:

e | om | | 4] 4] 2] | aowse.._| e |

14. Confirm the question whether the changes should be saved with "Yes".

(— Yes)

Assign parameters to step/transition (253:10030) lﬁ

The properties of step B
! k. have been changed!
Do you want to zave?

e Mo Cancel

Unrestricted for Educational and R&D Facilities. © Siemens AG 2015. All Rights Reserved.
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15. As for the steps, the properties for the transitions can also be changed. Right-click on
the transition and then select Object Properties. (— 1 — Object Properties)

3& SFC - [SFC_product01 -- PCS7_SCE_Prj\Al_multipurpose_plant]
[ SFC Edit Inset CPU Debug View Options Window Help

DE&E| 4 B =] Giogin| 9 | CE 3| W %

[E=1 EoR )

- || =) =

® I BHEDIN

A | EE G S5 R a

=

Cut Ctrl+X
Copy Ctrl+C
EductBO0ITORO01 | St tark 5003 to rescter 20. Delete Del
Copy Object Properties Ctrl+Shift+ C
Paste Object Properties Ctrl+Shift+V
s Object Properties... Alt+Return

Select Jump Destination...

Go To Jump Destination

R O 3 3 g B

Press F1for help.

== 5

16. Here you also change the name and the comment first. (— Init._ OK — All initial
conditions fulfilled — Close)

Properties - 1 -- PCS7_SCE_Pr\A1_multipurpose_plant\\SFC_product01 @
Condition ] 05 Comment ]
MName: llnrt_OK— Number: 1
Comment: Allinitial conditions futfiled| i

Close %ﬂm ﬂ ﬂ ﬂ j Browse... Help

17. This change is saved, too. (— Yes)

Assign parameters to step/transition (253:10031) ﬁ

The properties of transition 1
l k. have been changed!
Do you want to save?

e Mo

Cancel
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18. Repeat the previous steps until the SFC looks like this. It is important to also enter a
minimum execution time of 10s at the step ‘Stirring’. (— T#10s)

B SFC - [SFC_product0l -- PCS7_SCE_Prj\AL_multipurpose_plant] =N o 5|
[ SFC Edit Inset CPU Debug View Options Window Help - |[F =
0= & =] Grgi | 9 B |HA-x | RE BBEMIN | k| FE S a

START

Al initial conditions fulfiled

N

EductB003ToRO...

Educt tank BOO3 to reactor R...

Heat25°CStirring

Leval ROOL min. 350 ml

‘While stirring het to 25°C

Temperature RO01 min. 25°C

I

EductB002ToRO...

EductBOO1ToRO...

Level R002 min. 350 ml

Educt tank BOOZ to reactor R...

Level RO0Z min. 200 mi

Educt tank BOO1 to reactor R...

Wait wair for parallel process Stirring
| Stirring [11]
T#10s -—-
ntlnue if both branches ar...
R002 To ROO1 | Pump from RO02 to ROOL
Reactor RO01 empty
Heating 28°C | Heat up to 28°C
Temperature RODL min. 28°C
R0O01ToProdB001 | Pump from reactor RO01 to p...
Reactor RO01 empty or prod...
' RUN /[« |

e

Press F1for help.

0B35 SFC_product(1

Properties - Stirring -- PCS7_SCE_Pr\Al_multipurpose_plant\\SFC_product01

=

Inttialization ] Processing ] Temination ]

Name: Stiming Mumber: |11 [ Corfirmation

Run times
Minimum: TH10= Mazdmum: —
Comment: s
05 comment: -
Acknowledgment -
information:

|ﬂﬂﬂﬂ Prirt... Browse...

Help

Close £ |

Unrestricted for Educational and R&D Facilities. © Siemens AG 2015. All Rights Reserved.
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19. Now we have to implement the actual function of the sequential function chart. No
instructions are entered in the step ‘START". Therefore, start by double clicking on the
transition ‘Init_OK’. (— Init_OK)

£, SFC - [SFC_product01 -- PCS7_SCE_Prj\AL_multipurpose_plant] =N BR[|
B SFC Edit Insert CPU Debug View Options Window Help [=][=][x]

DEG s BP0 e 1B T4 QAQBEMN |y [ TESS hab |

START

Allinitial conditions fulfiled

Init_OK [1]
All initial conditions fulfilled

N

EductBO03ToRO...

Educt tank B003 to reactor R...

Level RO0Y min. 350 i

‘While stirring het to 25°C

EductB002ToRO...

Educt tank BOO2 to reactor R...

Level R002 min. 200 mi

EductB001ToRO...

Educt tank BOO1 to reactor R...

Heat25°CStirring

o

[DB35 SFC_productdl 7

AT Run AL |

Press F1 for help |

20. Select the ‘Condition’ tab and add the initialization conditions by clicking on ‘Browse".

(— Condition — Browse)
Properties - Init_OK - PCS’

Condition |05 Comment |
i) [ =l
2] |
3 | 2
: B
| [ I S
| [ =l
| [ = 3
| [ = &
9 | -
10 ~| +
Close I Apply |ﬂﬂﬂﬂ Prirt ... | Browse...hl Goto Help
21. A window opens for adding I/Os and symbols.
Browse - PCS7_SCE_Prj\Al_multipurpose_plant @
Plart View IComponent View I Runtime Groups I Symbaols I
Al_muttipurpose_plant® 1/0s fittered= I
=B Name /| Datatype | 140 | cF.. |
- ATHODT
[} ATHOD2
[y ATHDO3
[ 5FC_product1
@ T1_educt_tanks
| @ T2_reaction I
@ T3_product_tanks
[-{E T4_rinsing I
Il ] 1 ¥
Close Apply Fitter... | Back | Update | Help
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22. Now, select the ‘Symbols’ tab where you select the symbol for the main power switch
‘A1.A1H001.HS+-.START"; then click on ‘Apply‘’. The symbol is entered on the left side
of the first condition. (— Symbol — A1.A1IHO001.HS+-.START — Apply)

Browse - PCS7_SCE_Pr\A1_multipurpose_plant

Plant View I Component View I Runtime Groups ~ Symbols |

| Symbaols
Symboal /| Address | Data ... | Comment
A1.ATHOD1 HS+ START m BDOL Main power switch multipurpose plant \_I

A1LATHO02. HS+OFF
ALATHO03.HS+.LOC
A1TIAITILO0T LSA+ SA+
A1LT1AITILO0T.LSA-SA-
A1 T1AITILO0Z LSA+SA+

BOO emergency switch OFF
n.z EOOL local ope Properties - Init OK -
180 BOOL  level mol
181 BOOL levelmo| [ Condtion | OS Comment |

|
|
|
|
|
|
|
A TIAITILO03L5A-5A | 185 BOOL levelmo| _2 || [~
|
aQ

182 BOOL  level mol
(| A1T1AITILO0Z LSA-SA- 183 BOOL  levelmal 1 ||"A1ATHO01.HS+ START" |= vI |
ALT1LAITILO03.LSA=5A= 184 BOOL  levelmaol _II I
A1LT1AITIS001.50=0+ 10 BOOL  pump oy 3 - &
ALT1LAITIS001.SV.E 30 BOOL  pump oy
A1LT1LAITIS002.50+0+ I 11 BOOL  pump oyl 4 -
ALT1LAITIS002Z.SV.E Q@ 31 BOOL pumpou
Al iT‘I A1T15003.50+.0+ 1 2 BOOL Dump ouf i" I_;” — g
'l
. Y| |
ose Apphy Filter...
— 2 [ =l &
& [ = &
g -
10 - 3

Close ﬂﬂﬂj Fiint.... | Bmwse...l Goto | Help |

23. Next, enter ‘1’ or ‘TRUE’ on the right side of the first condition for the next steps to be
processed only when the plant is switched on. Apply this value. (— 1 — Apply)

Properties - Init OK -- PCS7_SCE_Prj\A1_multipurpose_plant\\SFC_product01 =

L]

_ 1 |"ALATHOD1 HS+- START" [- =
2] [ =

3 - 3

4 -
S [ = L
s [ =
2 [ = &
e [ =l &

3 >

10 > 1

Close |ﬂﬂﬂﬂ Print... Browse.. Goto | Help |

24. Now add the conditions that EMERGENCY STOP is enabled and local operation is
deactivated. Then close the dialog.
(— A1.A1H002.HS+-.OFF —» 1 — A1.A1H003.HS+-.LOC — 0 — Close)

Properties - Init OK - PCS7_SCE_Prj\A1_multipurpose_plant\\SFC_product01 =

Lx]
Condition | 05 Comment

_ 1 ||"A1.ATHO01 HS=-START'| |= v”THUE

_ 2 |"A1.ATHD02 HS+-OFF" |= v”TF{UE

3 |["A1.ATHO03.HS+-LOC" = ~|[FALSE £

4 -
| | A
| [ =l
A | [ =l 3
il [ = &

9 v

10 - 1o 1

Apply |ﬂﬂﬂj Prirt ... Browse.. Goto | Help |
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25. Next, open the step ‘EductB001ToR001*.(— EductBO01ToR001)

5.& SFC - [SFC_product01 -- PCS7_SCE_Prj\Al_multipurpose_plant]
[ SFC Edit Inset CPU Debug View Options Window Help

D& &8 B Glam| 98X | &S %

®o BEMIN

=N BN )

=& %

NEE LY

START

m Allinitial conditions fuffiled

Educt tank B002 to reactor R...

EductB003ToR001 [6]

Educt tank B0O03 to reactor RO01

L001 >= 350 ml

Heat25°CStirring | Whike stiring het to 25°C

RUN /]|

N

EductB002ToRO...

EductB001ToRO...

Educt tank BOO2 to reactor R...

Level R002 min. 200 mi

Educt tank BOO1 to reactor R...

Press F1for help.

0B35 SFC_product(il

El

| o

26. Select the ‘Initialization’ tab and click on ‘Browse’. (— Initialization — Browse)

Properties - EductB003ToR001 -- PCS7_SCE_Pr\Al_multipurpose_plant\\SFC_product01 @

Initialization l Processing ] Temination ]

el

=

217

3 e

4 |¥]

5

=1H

_& |®]

N

|
|
|
|
|
5 || =
|
|
|
|

0o

=1

el 1] 2] e e

| Help |

| Browse.. ’4
L

27. Next, in the ‘Plant View” tab of the selection window in CFC ‘A1T1X006° select the
valve block ‘Valve A1T1X006°. (— Al_multipurpose_plant — T1_educt tanks —

educt_tank BO0O3 — A1T1X006 — Valve_A1T1X006)

Browse - PCS7_SCE_Prj\Al_multipurpose_plant @
Plart View ]Companem View ] Runtime Groups } Symbals ]
| ...educt_tank BOOIWA1T1X006"\Valve_A1T1X006. 1/0g fitered>
=-[Ea] A1_mulipurpose_plart Name | Data type [ 110 [ cr. [ sFC.. | Comment «
[l ATHOO1 AutModLi STRUCT IN T=Auto m
[ ATHOD2 AuthModOp BOOL IN 1=Auto m
5 ATHOD3 BatchEn BOOL IN Enable re
BatchID DWORD IN Current By
% ?:Cimd”m: BatchName STRING[32]  IN Cument B =
B _educt_tanks BypProt BOOL IN Bypass pr
) educt fank 001 CloseAut STRUCT N T=Closs: |
E-{Edl educt tank BOD2 CloseForce STRUCT IN 1=Close 1
= @ educt_tank BOD3 Closelocal STRUCT IN % 1=Close [
- AITILD03 CloseMan BOOL IN 1=Close: |
{@ A1T15003 CSF STRUCT IN % Control sy
£ ATTIX008 EN BooL N
&} Eror EventTsln STRUCT IN Timestam
ExtMsg1 STRUCT IN Extemal n
& PokClss_ATT1X006 ExtMsg2 STRUCT IN Extermal n
-] FokOpen_A1TTX006 ExtMsg3 STRUCT IN Extemal n
4 Intedock Ext\a104 ANY IN Extemal v
-4} OR_Local ExtVa105 ANY IN Extemal v
& or_00s ExtVa106 ANY IN Extermal v
5 - ExtVa107 ANY IN Extemal v
g Cut ATTTX008 BxtVal0 ANY IN Bxtemal v
e FaultExt STRUCT IN Reserved
4 Protect Fbkilose STRUCT IN x 1=Close:
i d Valve ATT1X106 FbkOpen STRUCT IN x 1=0pen:
[E2) @I T2_reaction ‘h Featurs STRUCT IN Status of
BB T3_product_tanks Feature2 STRLCT N Siatus of _
[ [B1 T4_rinsing = m —
Close Filter... Back Update Help
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28. First, we set the ‘ModLiOp‘ I/O to ‘1* for the valve to be controlled only by means of
interconnections or SFC. Because the ‘ModLiOp‘ I/O is of the data type ‘STRUCT", we
have to open the shortcut menu with a right click; then click on ‘Open Structure'.
(— ModLiOp — Open Structure)

Browse - PCS7_SCE_Prj\A1_multipurpose_plant e ‘ @
Plant View | Component View | Runtime Groups | Symbols |
..educt_tank BOO3\\A1T 1X006\Valve _A1T1X006. | 1/0s ditered>
=B A1_mutipupase_plant + _Name | Data type | 1o | CF.. | SF =
-[h ATHOOT | Inti_En BOOL IN
= ATHO02 Intlock STRUCT IN x
[ ATHDO3 Localli STRUCT IN x
BB SFC_product0 lotomng T
B T1_educt tanks Pracrii
G+{E educt_tank B0D1 ManMadOp
(B educt_tank BO02 ModLiOp [ |
=-{E educt_tank BO03 Monitor Open Chart e
[ A1TILO03 MonSafePos) Show Block
B ATTIS003 Mon TiDynar o lee
- ATTIX006 A m;"gj';’f il 5
g Ehf’g R MsgEvidT Apply IO 3
58 Msglock
& FokOpen_ATTIXD06 NoFblClose
4 Intertock NoFbkOpen |
L4 OR_Local Qccupied
i.&f OR_0OS gﬁsg
lostip
4 Out_ATTIXD06 Opaniut
& Femi OpenForce
4t Protect OpenLocal
L&t Valve_ATT1X006 OpenMan
{6 T2_reaction | opst_in
[=-(Bil T3_product_tanks 05_Pem 2
1 mJE T4 dinsina MK T o
Aply Fiter. Back Update Hep | |

29. The structure dialog opens; select ‘Value' of the data type BOOL. With Apply, the
selection is included on the left side of the first instruction. (— Value — Apply)

Structure - ModLiOp =

Mame Datatype | [/0 | CFCinterconnection | SFC access [writing) Comment

leooL iw [« | |
5T BYTE IM Signal Status

Apply N Back Help

30. On the right side of the first instruction, enter "1". This sets the ‘ModLiOp* I/O to the
SFC mode. With ‘Apply‘,"1" is automatically replaced with "TRUE". (— 1 — Apply)

Properties - EductB003ToR001 -- PCS7_SCE_Pr\Al multipurpose_plant\\SFC_product01 @
Processing ] Termination ]
1 [F[MT1X006\Walve_A1T1X006 ModLiOp Value - |1| i‘

_2 ¥ =
e =
4" =
_5 ¥ =
_& ¥ =
:=|
=|
=
=

2|7
2|7
s v
oo

Close ﬂﬂﬂﬂ | Browse.. | Help |
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31. Now add the 1/Os ‘AutModLi‘ = ‘1 and ‘ManModLi‘ = ‘0‘ for the valve to be set to
automatic mode. (— AutModLi —» 1 — ManModLi — 0 — Apply)

Properties - EductB003ToR001 -- PCS7_SCE_Prj\Al_multipurpose_plant\\SFC_product01 @
Processing I Temination I
1 ||7|\1T1XDDG\VaIve_MT1XDDB.ModLiOp.‘u’aIue ;=|TF{UE il

2 |[1T1X006\Walve_ATT1X006 AutModLi Value = [TRUE
Ll |7| T1X006\Walve_A1T1X006 ManModLi. Value .= |FALSE
e w

5@ -
o [ |
7| .|
s |w
N -
0~ < -

Cloze I Apphy |ﬂﬂﬂﬂ Frint... I Browse... Goto | Help I

32. The same has to be done for the pump A1T1S003 and the valve A1T2X003 because
they also participate in filling reactor ROO1 from educt tank BO03. Then, change to the
‘Processing’ tab.

(A1T1S003 —» ModLiOp.Value =1 — AutModLi.Value = 1 —- ManModLi.Value =0 —
Apply - A1T2X003 — ... = Apply — Processing)

Properties - EductBO03ToRO01 -- PCS7_SCE_Pr\Al_multipurpose_plant\\SFC_product01 E
Processing I Temination I
1 I|7|\1T1XDDG\‘JaIve_MT1XDDG.I'U'IodIJOp.‘u'aIue ;=|TF{UE ﬂ

ilFl.‘lT‘IXDDB\VaIve_MﬂXDDG.MModLi.‘u’alue ;=|TF{UE
ilFIT1XDDB\VaI\re_MT1XDD6.I'u'IanModLi.‘u’aIue ;=|FALSE
L|I7 11715003 pump_A1T15003.ModLiOp Value -= [TRUE
i||7 (1T15003\pump_A1T15003 AutModLi Value -= [TRUE
i|I7||T1suuaxpump_mT1suu3.ManModu.Va|ue = [FALSE
Ll ¥ \T24003\Walve_ATT2X003.ModLiOp Value -= |TRUE
il F|.1T2><m3\va|ve_mmm3.m ModLi.Value -= |TF{UE
il [¥| T2X003\Valve_A1T2X003 ManModLi Valus -~ [FALSE

10 |®] | ~
Close I .ﬂpph’t Iﬂﬂﬂﬂ Print... | Browse... | Goto | Help |
Properties - EductB003ToROOL -- PCST_SCE_Prj\Al_multipu roduct01

| General | Initilization | Pmces{iﬂg |Tewnination|

el
_2 |7
_3 |
_4|¥
5 |# =
_6 ¥ =
_7|¥ =
8|~ =
9 | =
_o || = =]

Cloze I Apply |ﬂﬂﬂﬂ Print... I Browse... Goto I Help I

=
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33. In ‘Processing’, we now enter the instructions for opening the valves and starting the
pump. For the valves, the 1/0s ‘OpenAut.Value‘ = ‘1 and ‘CloseAut.Value’ are set to =
‘0°. For the pump, use the 1/Os ‘StartAut.Value’ = “1° and ‘StopAut.Value’ = ‘0.
(A1T1X006 — ... - A1T1S003 — ... - A1T2X003 — ... - Apply — Close)

Properties - EductB003ToR001 -- PCS7_SCE_Prp\Al_multipu

[General [ niazsion] Frocessng |NERNTSY

roduct0l

1 IFl’t‘lT1XDDG\Val\re_MT'IXDDG.OpenM.Valué = |TRUE

2 Ipl\'lT1XDDG\Val\re_MT'IXDDG.[JcseM.VaIue = [FALSE

=

3 |I7|.A1T1suua\pump_mT1suua.5tanm.'ura|ue = |TRUE

4 |l7 A1T15003\pump_A1T15003 StopAwt Value - [FALSE

5 | @ [MT2X003"Valve_A1T2D03 OpenAut Value = [TRUE

[ IFIUTZXDDS\VaIve_mTZXDDS.C]oseM.VaIue = [FALSE

_71¥ |

8 |e

2 e

10 |®] | ~
Close I Apply |ﬂﬂﬂﬂ Print ... I Browse... | Goto I Help I

34. Now the instructions that have to be executed when terminating this step are entered

in ‘Termination‘. Here, the valves and the pump have to be closed again. The valves
and the pump can also be reset into the manual mode and the operator mode, but we
want to wait until the step ‘END’ to do this. It is easiest to copy the instruction of
‘Processing’ to ‘Termination’ and only invert the values (‘TRUE' -> ‘FALSE* and vice

versa). To copy and insert, the numbers preceding the instructions have to be checked

and the shortcut menu called.

Properties - EductB003ToRO01 -- PCST_SCE_Prj'Al_multipui

m Initialization Temination I

roduct01

_7|¥

8 |¥

N

10 |®] | =
Cloze |ﬂﬂﬂﬂ Frint... | Browse... Gata | Help |
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| 1 | T1X006\Valve_ATTIX006 OpenAut Valus = [TRUE ﬂ
[ 2| W [MTTX006\Valve_ATT1X006 CloseAut Value - [FALSE
| p———
[ 3 |W[AIT1S003\pump_A1T1S003.Start At Value properfies - EductB003ToR001 — PEST_SCE_Pr\AL mulfipu roduct01
I 4 |W|ATIT15003\pump_A1T15003.StopAut Value
itializati o Temminati
I 5 W 1T2X003Walve_A1T2X003 Openfut Valus m
=1 | -
I [ Value 1 =
| | Undo Ctri+Z  f— — Undo Ctrl+Z  pb— I :I
= 2 =
g Cut Ctrl+X 3 Cut Ctrl+X -
9 Copy . Ctrl+C 4 Copy crl+C [T
1 Paste ¥ Crl+V 5 Paste A Ctrl+V -
Delete Ctrl+D d  Delete T cweDd [
d  SelectAll  Properties - EductB003ToRO01 — PCS7 SCE PriVAl multipurpose_plant\SFC_product0l =
| General | Initialization | Processing | Temination }
1 ||7|\1T1XDDG\VEIVE_A1T1XDDG.OpenM.‘u’alue < |FALSE i’ =
2 ||7|\1T1XDDG\Valve_MT1XDDG.OoseM.‘v’alue <|TRUE
3 |l7|.mT1smaxpump_Mﬁsma.StartM.Vame < |FALSE - | Help
4 |l7mT1sm3\pump_mT1sma.smpM.vEnue 4 |TRUE
5 ||7TITZXDDS\VEIIUE_MTZXDDS.OpenM.‘u’alue A [FALSE
5 ||7|x1T2xm3\Va|ue_MT2xm3.0osem.\.ra|ue - |1|
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35. Next, close the properties dialog for step ‘EductB003inR001‘. The SFC Editor shows
the transition ‘Init_OK", the steps ‘EductB003inR001‘ und ‘Stirring‘ grayed out because
instructions already exist there. (— Close)

Properties - EductB003ToR001 -- PCST_SCE_Prj\A1 multipurpBseiplantiskc_productol N

[ #MT1X006\Walve_A1T1X006 Openfut Value - [FALSE i‘
2 | W \IT1X006 Valve_ATTTX006 CloseAut Value = [TRUE
_3 | #[ATT15003\pump_ATT15003 StartAut Value = [FALSE
ﬂ ¥ | A1T15003\pump_A1T15003.StopAut Value - [TRUE
5 | [MT2X003\Valve_A1T2XD03 OpenAut Value .- [FALSE
6 | W[T2X003\Walve_ATT2X003 CloseAut Value - [TRUE

_7|¥

_8 ¥

9 el

10 || - =]
Close 6 | |ﬂﬂﬂﬂ Print ... | Browse... Goto | Help |
¥, SFC - [SFC_product01 -- PCST_SCE_Prj\Al_multipurpose_plant] =0 EER=")
A SFC Edit Inset CPU Debug View Options Window Help - |5 =%
0= & B Gign| 9 "B KRG RE BEDN || k| F EE LG T ab

START

m All initial conditions fulfiled

-l

EductBOO3ToRO... | Educt tank BOO3 to reactor R...

Level ROO1 min. 350 i

Heat25°CStirring | While stiring het to 25°C

Temperature ROO1 min. 25°C

Wair for parallel process

EductBO02ToRO...

Level RO02 min. 200 i

EductBOO1ToRO...

Level R0O2 min. 350 mi

Stirring

Educt tank BOO2 to reactor R...

Educt tank BOO1 to reactor R...

Parallel_OK

R002 To ROO1

I 1 Y LA

Continue if both branches ar...

Pump from RO02 to ROO1

sl

Press F1 for help.

0B35 SFC_product(1
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36. Now, open the transition ‘L001 >= 350ml‘. Enter the condition that the level of reactor
ROO1 is larger or equal to 350ml. (— LO01 >= 350 ml — Condition — Browse —
...Reactor RO01WA1T2L001\Stand A1T2L001.PV_Out — Right click — Open
structure — Value — >= — 350 — Apply — Close)

Properties - L001 »>= 350 ml -- PCS7_SCE_Pr\Al_multipurpose_plant\\SFC_product01 =

_1||]1\LeveI_A1T2LDD1.F‘V_Out.\c’a\ue - - |350.u
21 -

3 < A

5

4 -
| =k B
CH | [ =l
A | [ =l &
| [ = &

9 v

10 - 1
Close |ﬂﬂﬂﬂ Print... Browse.. Goto | Help |

37. In step “Heat25°CStirring®, again add the I/Os ‘ModLiOp’, ‘AutModLi‘ and ‘ManModLi‘in
‘Initialization® for ‘Stirrer_A1T2S001° and ‘Control_A1T2T001‘. For the control, switch
the setpoint entry to SFC mode ‘SP_LiOp’ = “1° and to external setpoint entry
‘SP_ExtLi‘ = ‘1" and ‘SP_IntLi* = ‘0". (— Heat25°CStirring — ‘Initialization* — ...)

Properties - Heat25°CStirring -- PCS7_SCE Prj\Al multipurpose_plangW\SFC_product0l I

Processing | Temination |

_1||7|\1TZSDD1\Motcr_mTZSDD1.I‘u'IodLlOp.VaIué =[TRUE ﬂ
Ll l7|.1Tzsm1\Mmar_MT25m1 AutModLiValue = |TF{UE
il|7|TZSDD1\Motor_MTZSDD1.ManModLi.\c"aIue ;=|Fp.|_SE
L]l? | T2T001\Control_ATT2T001 ModLiOp Value -= [TRUE
i||7 T2T001"Cortrol_ATT2T001 AutModLiValue - [TRUE
Ll [ 2T001\Control_A1T2T001.ManModLi Value - [FALSE
Ll [ [1T2T001\Control_ATT2T001 SF_LiOp Value -= [TRUE
i|l7 | T2T001\Control_A1T2T001.5P_ExdLi Value .= |TRUE
i]p 172T001\Cortrol_A1T2T001.5P_IntLi Value .= [FALSE

0@ | =l
Apply |ﬂﬂﬂﬂ Print... | Browse.. Goto | Help |

38. Then switch to ‘Processing’ and add the displayed I/Os and values. This starts the
stirrer and the control is assigned the setpoint 25°C.

Properties - Heat25°CStirring -- PCS?_SCE_Pgml_multipurposem
m Initialization Termination I

_1||7|MTZSDD1\Motor_MTZSDm StatAut Value = [TRUE ﬂ
Ll l7|mTzsm1\Mmor_m1'zsmw StopAut.Value -= |Fm_5E

Ll IV [A1T2T00T Control_ATT2TO01.SP_E¢t Value = [26.0

|
5w =
6 || -
7 1¥ |
8@ =
5@ =
_1o [® = =l

ﬂﬂﬂﬂ Print... | Browse.. Goto | Help |
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39. Under ‘Termination’ the stirrer is stopped. Set the setpoint to 0°C. Then close the

dialog.

Properties - Heat25°CStirring -- PCS7_SCE _Prj\A1_ multipurpose_plantWSFC_product0l e

Genera | niazaion | Pocessing| Teminatn |

| 1 |AIT25001\Motor_A1T25001 StatAut Value -- [FALSE

=

2 | |7|MTZSDD1\Motor_MTZSDm StopAut Value -= |TF{UE

3 | WIMTZTDN\Comml_MTZTDm 5P_BEd Value

Joo

N |2

5@

_& |7

7|7

[e]®

N

_10 |7

=1

sy | e 4] 4] =] o

| Browse.. Goto |

Heb |

40. Now we parameterize transition ‘T001 >=

temperature. (— TO001 >=

25°C’. For this, we need the measured

25°C — Condition —

.\T2_Reaction\Reactor

ROO1WA1T2T001\In_A1T2T001 — PV_Out — Value — Apply — >= — 25.0 — Apply

— Close)

Properties - TO01 >= 25°C -- PCS7_SCE_Prj\A1_multipurpose_plant\\SFC_product01

1 |[To01un_a1T2T001 PV_Out Valud [>= ~[[25.0
2 [ =l
3 S &l
4 -
sl [ 5
| [ =l
2 [ =l &
2 [ = &
9 -
10 S I 1
Apply |ﬂﬂﬂﬂ Prirt... Browss.. Goto | Help |

41. ‘Initialization’, ‘Processing’ and ‘Termination‘ remain empty In the step ‘Wait“. This is

indicated by the tabs not being highlighted.

Properties - Wait -- PCS?_SCE_PI]\Al_muIﬁwrpme_plant’\\SFC

m In'rt\alizatinnl Processing Temination “

1|

=

_2 |7

_3 |7

[

5%

_8 |7

717

L& |-

8 |¥]

_10 %]

=1

Apply |ﬂﬂﬂﬂ Prirt ... | Browse.. Goto |

Hep |
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42. Now fill in the parallel branch. Start with step ‘EductB002ToR002‘ and utilize the

figures below. (— EductB002ToR002)

Properties - EductB002ToR002 -- PCS7_SCE_Prj\Al_multipurpose_plant\\5FC_product01

=B Processing I Termination I

1 ||7|\1T1XDD§\VaIve_MT1XDD5.ModLiOp.‘u'aIue

2 ||7|.1T1XDD&WaIve_MT‘IXDD&.MModLi.‘u"aIue

= [TRUE il
;=|TF{UE

Ll |7| T1X005"\Valve_A1T1X005.ManModLi Value -= |FAL5E
llpl\'lT'ISDDZ\pump_A'IT'ISDDZ.ModLiOp.‘u'EIIue = |TRUE
il|7|n'|T'ISDDQ\purnp_MﬂSDﬂZ.MModLi.Value ;=|TF{UE
il|7|IT'ISDDQ\purnp_.Pl1T1SDD2.Manl‘u‘lodLi.‘u"aIue ;=|FﬁLSE
Ll |7|\1T2XDD§\VaIve_M TZX005.ModLiOp Value -= |TF{UE
i|l7 1T2XD05\Valve_A1T2X005.AutModLi Value -= [TRUE
ill? TZX005 Valve_A1T2X005.ManModLi Value -= [FALSE|

o |#]

g -

| Close I| Mpw[ﬂﬂﬂﬂﬂ Frint.... | Browse... | Goto | Help |

Properties - EductB0D2ToR002 -- PCS7 SCE Pri\AL multipurpose_plant\SFCiproductol IIINES]

Genea [ naizaion ] Frocessng  Temivaion |

I AR P 1 T 140054 Valve AT1T 1005 OpenAut Valus)

I 2 pl\'lT'IXDD5WE|IV3_MT1XDDEDOSBM.‘u"alue

= [TRUE il
= [FALSE

I & FI\'I T2X005Valve_A1T2X005 CloseAut Value

[ 3 [[AIT15002\pump_ATT1S002.5tartAut Value = [TRUE
[ 4 [ [A1T15002\pump_ATT15002.StopAut Value = [FALSE
|T |7|\1T2XDD&WEI\re_MT2XDD5.OpenM.‘u"alue ;=|TF{UE

;=|FALSE

_7 |7

_8 |~

_9 |

10|

=1

Close I ﬂpplyyﬂﬂﬂﬂ Prirt... | Browse...l Goto | Help |

Properties - EductB002ToR002 -- PCST_SCE_Prj\A1_multipurpose _plant\\S
[ General | Inalzation | Processing | Temination |

BRI} T X005 Valve_ATT1X005 Open/ut Valuc) YIS il

il|7|\1T1XDD&WE|IVE_MT1XDD5D@5BM.‘u"alue = |TRUE

ilplu"ﬂT'ISDD?\pump_MT'ISDDZStartM.VaIue = |FALSE

Ll|7|u‘\1T'ISDD?\pump_MT'ISDDQ.StopM.VEIIue ;=|TF{UE

Ll |7|\'|T2XDD5\VE|I\re_MT2XDD§.OpenM.VEIIue = |FAL5E

il ¥ [\T2XD05"Valve_A1TZX005 CloseAut Value = [TRUE

L7 1] |

& |7 |

9 |¥] |

10 |®] | ~
... | Browse... Goto | Help |

ENEEIER:
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43. The transition ‘L002 >= 200ml’ then looks as follows. (— L002 >= 200 ml)
Properties - L002 »>= 200 ml -- PCS7_SCE_Prj\Al_multipurpose_plant\WSFC_product01 =

;||]2\Leve|_mT2LDu2_Pv_om.vE|ué |>= ~| |2m_ﬂ

2 [ =l

3 [ =l &=

4 [ =l

5 [ =l L
s [ =l

A | =l &=
& [ =l &

2 - -
o =l 3
Close &I Apply |ﬂﬂﬂﬂ Print.... | Browse... | Goto | Help |

44. The following interconnections have to be set up in step ‘EductB001ToR002".
Properties - EductB001ToR002 -- PCST_SCE_Prj\Al_multipurpose_plant\\SFC_product01 3|

(BN
Processing I Temination I
1 ||7|\1T1XDD-IWE|I\re_A'IT1XDD4.ModLiOp.‘u'aIue ;=|THUE ﬂ
2 ||7|.1T1XDD-IWaIve_MT'IXDD-i.MModLi.VaIue ;=|THUE

il ¥ | TIX004\Valve_ATT1X004 ManModLiValue - [FALSE
il|7|\1T1SDD1\pump_A1T1SDD1.ModLiOp.‘u"aIue = |TRUE
iIFIL'IT'ISDD'I\pump_MT'ISDD'I AutModLi Value ;=|TF{UE
ilFIIT'ISDD'I\purnp_MT'ISDD'I.ManModLi.‘u"aIue ;=|FALSE
Ll ¥ [\ T2X004\Valve_A1T2X004 ModLiOp Value .= [TRUE
il ¥ |1 T2X004'Valve _A1T2X004 AutModLiValue = [TRUE
il |7| T2X004"Valve_A1TZX004.ManModLi Value -= |FﬁLSE]

10| ] =
| Close I| ﬂpphr[xlﬂﬂﬂﬂ Pririt... | Browse... | Gota | Help |
Properties - EductBO01ToR00Z -- PCST_SCE_Prj\A1_multipurpose _plant\\S

e e el Teminaton |
1 'IT'IXDD-i\Valve A1T1X004 OpenAut.Value ;=|THUE ﬂ

il|7|\'IT'IXDMWEIV&_MTRDD-ID@EEM.‘u"alue = |FALSE
il|7|.A1T'ISDD1\pump_MT'ISDD'I.Starlﬁd.rl.‘u"alue ;=|TF{UE
L||7 A1T15001'pump_A1T15001 StopAut Value -= |[FALSE
il v [A1TZX004"\Valve_ATTZX004 Openfut Value = |TRUE
il ¥ [\1T2XD04\Valve_A1T2X004 CloseAut Value = [FALSE
7| -
s |o [
|
|

5 [v]
T ] =l

| Close I| )‘pphrhelﬂﬂﬂﬂ Pririt.... | Browse... Goto | Help |
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Properties - EductBOD1ToR002 -- PCS7_SCE_Pr\AL multipurpose_plant\SFCIproducto 1 MNES]
m
[ 1 [WMT1X004\Valve_ATT1X004 Openfut Value - [FALSE il
2 | W \TT1X004\Valve_ATT1X004 CloseAut Value = [TRUE

3 |W[AIT1S001\pump_ATT1S001 StartAut Value = [FALSE
4 | W [AIT1S001\pump_ATT1S001 StopAut Value := [TRUE
il |7|\'ITZXDM-\VEIVE_MTEXDM.OpenM.VaIue = |FALSE
6| [MT2X004\Valve_ATT2X004 CloseAut Value = [TRUE
_2|¥] -
8 W] |
o || |
0[] -

Close &I Apply |ﬂﬂﬂﬂ Print.... | Browse... | Goto | Help |

45. Transition ‘L002 >= 350ml’ then looks like this. (— L002 >= 350ml)
Properties - L002 »>= 350 ml — PCS7_SCE_Pr'\Al multipurpose_plant\WSFC_product01 3|

1 |p2\Level_A1T2L002.PV_Out Vaiud [>= ~|[350.0

2 | =l

| | =l &~

Al | =l

sl | =l L,
sl | =l

21 | =l &
s | =l &

2l | =l

o | =l A
Close [I Apply |ﬂﬂﬂﬂ Prirt... | Browse... | Goto | Help |

46. The step ‘Stirring’ has a minimum execution time of 10 seconds. We parameterized
this at the beginning. Now, Stirrer_A1T2S002 has to be initialized, started and stopped
again.

Properties - Stirring — PCS?_SCE_Pl]\Al_muItipurpose_plant\\SFC_prﬂductl]

ProcTising | Temination |

[ 1 W [\1T25002\Motor_A1T25002ModLiOp Value = [TRUE i’
il|7|.1TZSDDE\Motor_MHSDDZ.MModLi.VaIue = |TRUE

il |7| T25002%Motor_A1T25002 ManModLi Value -= |FﬁLSE]

N [
5 |w -
6 |¥]
_7|F]
_8 ¥
N
10 [ -]

Close I Apply |ﬂﬂﬂﬂ Print... | Browse... Goto | Help |
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Properties - Stirring -- PC57_SCE_Prj\Al_multipurpose_plant\\SFC _productl]

m Initialization Temination I

1 ||7|A'ITZSDDQ\Motor_MTESDDQ.StartM.VaIue ;=|TF{UE

2 ||7|.PA'ITZSDD2\Motor_MTESDD2.StopM.‘u"alue ;=|FALSE

=

_3 |7

_4 |

_5 |7

_6 |¥]

7|

_8 |7

_9 |

0 |#

[

| Close I| Apply L\‘Jﬂﬂﬂﬂ Frint.... | Browse... | Goto | Help |

Properties - Stirring — PCS7_SCE_Prj\Al_multipurpose_plant\\SFC _productﬂ

[ General | Intiization | Processing | Temination |

| 1 |7|.PﬂT2SDDZ\Motor_MT2SDD2.StartM.VaIué ;=|FAL5E

2 ||7|.P«'IT25M2\Motor_A1T?_SDD2.StopA|.rt.Value ;=|TF{UE

=

_3 |7

4 |

_5 |7

_& |7

1|7

_8 |¥]

_8 |

10|

=1

Gose&l Apply |ﬂﬂﬂﬂ Prirt... | Browse... | Goto | Help |

47. Now, the parallel branch is parameterized. Transition ‘Parallel_OK’ remains blank. This
means that as soon as the steps ‘Wait' and ‘Stirring’ are processed, step

‘RO02ToR001‘ becomes active.

Properties - Parallel_OK -- PC57_SCE_Pr\Al_multipurpose_plant\\SFC_product0l

=

(|

m Condition |05 Comment I

2l [ =l

2] | =l

=1 = &

S| =

S [ =l L1
& |

| | =l &
& | =l &

2 | -
o | =l N
Close i! Apply |ﬂﬂﬂﬂ Print... | Browse... Goto Help
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48. Now, the sequential control system looks like this.

START

m All initial conditions fuffilled

I

EductBO03ToRO0... | Educt tank BOO3 to reactor R...

Level Ro01 min. 350 mi

Heat25°CStirring | while stirring het to 25°C

Temperature RO0L min. 25°C

Wait Wair for parallel process Stirring

Parallel 0K

Continue if both branches ar...

R0O02 To ROO1 | Pump from ROO2 to ROOL

hRUN /|« ———— Pump from RO02 to RO01 A

Press F1 for help.

EductBO02ToR0... | Educt tank BOO2 to reactor R...

Level R002 min. 200 ml

EductBO01ToR0... | Educt tank BOO1 to reactor R...

Level RO02 min. 350 mi

&, SFC - [SFC_product0l -- PCS7_SCE_Prj\Al_multipurpose_plant] ===
B SFC  Edit Inset CPU Debug View Options Window Help — | =
D= S = Gigm | 9 [TER KR -A QG BEDIN | (k| FEL SR a

il

0B35 SFC_productD1

49. Next, step ‘RO02ToR001’ is interconnected.
Properties - R002 To ROO1 -- PCSY_SCE_PrpAL_multipurpose_plant'\\SFC_product0l

Processing ] Termination ]

1 | [MT25004'pump_ATT25004ModLiOp Value - [TRUE

2 |V |1T25004\pump_A1T25004.AutModLi Value .= [TRUE

3 | ¥ T25004\pump_A1T25004. ManModLi Value - [FALSE

4 | |\1T2XDDE"-—.VaIve_A1 T2X008 ModLiCp Value = |TRLIE

5 | |.1 T2X008"\Valve_A1T2X008. AutModLi Value = |TR UE

6 |v | TZX008"Valve_A1TZXD08.ManModLi Value -= |FALSE

L7 1P] |

_8 |7

|
3 |F |
0 |# |

| Close || Apply [}lﬂﬂﬂﬂ | Browse...
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Properties - ROD2 To RO01 -- PCS7_SCE_Prj\AL multipurpose_plant\SFC_producto 1 INE

m Temination I
;l|7|u‘\1TZSDDti\purnp_MTESDDd.Starert.‘u'alue = [TRUE il
il |7|u‘\1T2SDD4\pump_A'ITESDD4.StopM.‘u’alue = |FAL5E
ilpl\'lTQXDDR\VEII\re_MTZXDDB.OpenM.Value ;=|TF{UE
Ll ¥ [\ T2XD08"Valve_A1TZXD08 CloseAut Value .= [FALSE
_5 ¥ =
_s |¥] :
_7|¥] :

_& | :

o 9]
T o] =l

.t’-‘«ppl.yl |ﬂﬂﬂﬂ Print.... | Browse... | Goto | Help |

Properties - R002 To ROOL -- PCS7_SCE_Pr\AL_multipurpose_plant\\SFC_product(: =
[ General | nalzaiion | Processing ] Temination |
| 1 |7|u‘\1TZSDDtI\pump_MT2SDD-1.StartM.‘u"alue ;=|FAL5E il

ilplu"ﬂTZSDD-i\pump_MTZSDﬂd.StopN.rt.Value = |TRUE
il ¥ [\1T2XD08"Valve_A1T2X008 OpenAut Value = |[FALSE
LIplﬂTZXDBE\VaIve_MTZXDDBDoseM.VaIue = |TRUE
_5 ¥ =

_6 | :
_7 |® :
8 ™ :

2 |F]
10|~ [=1

Close &I Apply |ﬂﬂﬂﬂ Prirt... | Browse... | Goto | Help |

50. Transition ‘L0002 <= 50mI’ must be interconnected as follows.

Properties - L002 <= 30 ml -- PCS7_SCE_PrpAL_multipurpose_plant\SFC_product0l E

Condition | 35 Comment

_1_|p2\Level_A1T2L002.PV_Out Value [ <= ~|[50.0

2] | =l

3 =l &

| =

S [ =l 1,

S [ =l

2 | =l &=

8 | =l &

N | =l

1o [ =l 4
Close i I Apply |ﬂﬂﬂﬂ Print... | Browse... Goto Help
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51. In step ‘Heating28°C’, the control is activated again. Because it is already set to SFC
mode and automatic mode, only the setpoint has to be specified. At termination, it has
to be reset to 0°C.

Properties - Heating 28°C -- PCS?_SCE_Pr]Ml._multipurpose_plant\\SFC_p
[ General [l Processing | Teminaion |
1 ||7|R‘IT2TDD‘I\ControI_A‘IT2TDD‘I SP_Exdt Value ;=|28.Cl il

_2 |7 :
_3 |7 :
_4 |7 :
_5 |7 :
_6 |¥] :

7 7]
o v
o 9]
T o] =l

Close I Apply |ﬂﬂﬂﬂ Print.... | Browse... | Goto | Help |

Properties - Heating 28°C -- PCS?_SCE_Pr]\hl._murtipurpose_planf\\SFC_p
m Initialization I
1 ||7|R1T2TDD1\ControI_MT2TDD1 SP_Ext Value ;=|D.'|21 il

_2 |¥]

|

2 e |
4 e |
5 |¥] |
s | =
_11¥ |
|

|

|

N
10|

Close I Apply |ﬂﬂﬂﬂ Prirt... | Browse... | Goto | Help |

8 |®]

52. The condition in transition ‘T0O01 >= 28°C’ now looks like this.

Properties - TO01 »= 28°C -- PCS7_SCE_PrpAL_multipurpose_plant\SFC_product0l E

Condition | 35 Comment

;"rmm \n_ATT2TO01.PV_Out Value | = | |23.n

2] | =l

2 =l &

| =

S K3 | L1

S K3 |

2 | =l &=
8 | =l &

N | =l

1o [ =l N

Close &l Apply |ﬂﬂﬂﬂ Print... | Browse... Goto Help
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53. The last step “R001ToProdB001” of the recipe fills the content of reactor R001 into the
connected product tank BOO1. The interconnections are shown below.

Properties - RO01ToProdB001 -- PCST_SCE_Prj\Al_multipurpose_plant\\SFC_product01
Pchising I Temination I
| 1 |7|\'|T2SDD3\pump_A1T2SDD3.M0dLiOp.VaIue ;=|TF{UE il

il FIL'ITESDDS\pump_ﬁ'I T25002 AutModLi Value = |TF{UE
il|7|IT2SDD3\purnp_MT2SDDS.ManModLi.‘u"aIue ;=|FAL5E
Ll ¥ [\IT3X001\Valve_A1T3X001 ModLiOp Value .= [TRUE
il |7|.1T3XDD1\VaIve_M T3X001 AutModLi Value = |TF{UE
il |7| T3£001"Valve_A1T3X001.ManModLi Value -= |FﬁLSE
2 ¥ -]
_8 |7 |
|
|

o || ?
0 |# :

Close I Apply |ﬂﬂﬂﬂ Print.... | Browse... Goto | Help |

Properties - R0O01ToProdB001 -- PCS7_SCE_PrMAl_multipurpose_plant\\SFC_product01 =N

(===
m Tmnﬁ\im |
[ 1 #[A1T25003\pump_ATT25003 StartAut Valud = [TRUE il

2 | [ATT25003'pump_A1T25003 StopAut Value - [FALSE
3 | [MT3X001\Valve_A1T3X001OpenAut Value .= [TRUE
L' ¥ [+1T3X001\Valve_ATT3X001 CloseAut Value - [FALSE
5 || =l

i :
¥l :
8 ™ :

N
10|

Close I Apply |ﬂﬂﬂﬂ Prirt... | Browse... Goto | Help |

Properties - RO01ToProdB001 -- PCS7_SCE_Pr\Al multipurpose_plant\\5FC_product01 E
[General | naizaton | Processing | Teminaton |
| 1 W |A1T25003'pump_A1T25003 StartAut Valug := [FALSE i’

il|7|u"\1TESDDS\pump_MT?_SDDS.StopM.VaIue = |TRUE
il ¥ [\1T3X0014Valve_ATT3X001.OpenAut Value -= |FALSE
Ll |7|\‘IT3XDD1\VE|I\¢&_MT3}(DD‘I CloseAut Value = |TF{UE
_5 |7 =

_6 ¥ :
_7 e :

_8 |¥]
_9 |¥]
0|7

Gose&l Apply |ﬂﬂﬂﬂ Prirt... | Browse... Goto | Help |
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54. The transition ‘L001 <= 50ml’ is the last transition of the recipe. It can be enabled when
reactor ROO1 is empty (<= 50ml).

Properties - LO01 <= 50 ml -- PCS7_SCE_Prj\Al_multipurpose_plant\W\SFC_product0l =

()
[Genera | Condtion 05 Commert
1 |pTilevel_A1T2L001.FV_Out Value [<= [[500
2 [ =l
3 | &=
: =l
A | [ =l B
A | [ =l
| [ =l 3
A | [ =l &
E] | -
10 | it
Gose£ I Apply |ﬂﬂﬂﬂ Print ... I Browse... | Goto I Help I

55. In the step ‘END’, the automatic mode has to be switched on for all utilized valves,
pumps, stirrers and control and manual mode must be switched on again. (— step 56)
Regarding the control, the internal setpoint must be set again.

‘Initialization’
Properties - END -- PC57_SCE_Pn\Al_multipurpose_plant\WWSFC_product01 =
General | Intiglization | Faier) I Ten'nirgon I
| 1 || T2T001\Control_A1T2T001 AutModLi Valus -~ [FALSE i’
2 FI"ZTDM\.ComroI_MTZTDD‘I.I'u'IanModLi.‘u"aIue ;=|TF{UE

3 || T2T001\Control_A1T2T001.5P_ExtLiValue = [FALSE
4 [ [1T2T001\Control_A1T2TO0 SP_intLi.Value = [TRUE]
5 |V =
s |P] ol
A |
g
9|~ =
_10 || = |

Cloze I Apply |ﬂﬂﬂj Print... I Browse... Goto I Help I
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56. Then, all utilized pumps, valves, stirrers and controls are reset again to the operator
mode. (‘ModLiOp* = ‘0)

‘Termination’ - 1:

Properties - END -- PC57_SCE_Pn\Al_multipurpose_plant\WWSFC_product01 =
[General | nialzation [ | Temination |
1 FIX‘ITZSDDS\pump_MTZSDDS.ModIJOp.VaIue ;=|FALSE il
z FIHT&XDD“VaIve_MT&XDD‘I.MoleOp.VaIue ;=|FALSE
3 |¥[M1T25004'pump_A1T25004 ModLiOp. Value = [FALSE
4 | [\1T24008\Valve_A1T2XD08 ModLiOp.Value -= [FALSE
5 | [\1T25002\Moter_A1T25002.ModLiCp.Value -= |FALSE
6 | [T 1X004\alve_ATT1X004 ModLiOp Valus .- [FALSE
7_|#T15001\pump_ATT15001 MedLiOp Value .- [FALSE
2 I7|\1T2xomwa|ve_mszom.ModUOp.Va|ue ;=|FALSE
9 | [\IT1X005\Valve_A1T1X005 ModLiOp Value = [FALSE
10 [ M T15002'pump_A1T15002 ModLiOp. Value -= [FALSE |
Close I Apply |ﬂﬂﬂﬂ Prirt... I Erowse... G ta I Help I

‘Termination’- 2:

Properties - END -- PCS7_SCE_P\Al_multipurpose_plant\\5FC_product01 =
 Genero | ilzcion JRetReR Temincton |
11 | ¥ [T 2X005\Walve_ATT2X005 ModLiOp Value - [FALSE |

12 |7|\1T2XDD3\VaIve_MT2XDD3.M0dLiOp.‘u"alue ;=|FALSE
13 |7|\1T1smaxpump_mT15m3_Moduop_Va|ue ;=|FALSE
14 | ¥ |\ T1X006\Valve_A1T1X006 ModLiOp Value .= [FALSE —
15 |7|\1T250D1\Motor_A1T25|}D‘|.I'u'IodLiOp.‘u"aIue ;=|FALSE
16 |7||T2Tm1\t:omro|_mT2Tm1_Moduop_'ura|ue ;=|FﬁLSE

17 |7|1T2Tm1\c::mm|_mmm1 SP_LiOp Value ;=|FﬁLSE
Bl
19| -
2 [F] -l -

Close I Apply |ﬂﬂﬂﬂ Print.... | Browse... Goto | Help |
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&, SFC - [SFC_product0l - PCS7_SCE_Prj\Al_multipurpose_plant] [E=nE=h ==
[ SFC Edit Insert CPU Debug View Options Window Help =& =
0= & BE engn 9("EX Lo QG BEMIN |k |F £ % abl
5|
START

Allinttial condttions fulfiled

I N

EductBOO3ToRO... | Educt tank BOO3 to reactor R... EductBO02ToRO... | Educt tank BOO2 to reactor R...

Level ROO1 min. 350 mi Level RO02 rmin. 200 mi

Heat25°CStirring | Whik stirring het to 25°C EductBO0O1ToRO... | Educt tank B0O1 to reactor R...

[_7oot5=257c_| Temperature Roo1 min. 25°C [ o02 =350 m | Level R002 min. 350 mi

Wait Wair for parallel process Stirring

ﬂtlnue if both branches ar...

R002 To RO01 | Pump from ROO2 to ROOL

Reactor RO01 empty

Heating 28°C | Heat up to 28°C

Temperature ROO1 min. 28°C

RO01ToProdB0O01 | Pump from reactor ROD1 to p...

L001 <= 50 ml

Reactor ROO1 empty or prod...

T I T TP A K ﬂj

Press F1 for help. 0B35 SFC_product(

57. After all steps and transitions for the SFC are completed, you can compile and
download your project in the known manner.

(SCE_PCS7_Prj - PLC — Compile and download objects...)

¥ SIMATIC Manager - [PCS7_SCE_MP (Plant View) -- C:\Program Files\Siemens\STEPT\S7Proj\PCS7_S_2\PCS7_MP] [l rE e
File Edit Insert PLC View Options Window Help -5 x
0w |87 2 2% < No Fiter > R A =R i3
Shared Declarations &1 _multipurpose_plant
= Glnhal lahelin fisld

Open Object Ctrl+Alt+0
Cut Cirl+ X
Copy Ctrl+C
Paste Ctrl+V
Delete Del
Insert New Object 3
Multiproject »
PLC » Compile and Duwn\uﬁobjects‘..

_ Tit Access Protection 3

- PCS7_SCE_Li
{20 Shared De PCS7 License Information...

Shared Declarations 3
Plant Hierarchy 3

Process ta Process Tags 3
Models 2

Compiles/downloads the Control modules 3
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58. Prior to compiling and downloading, open the settings for compiling and downloading
the charts. (— Charts — Edit)

28 Compile and Download Objects ==~
Selection table:
Objects. Status Operating Mode Compile Download
E-E2) PCS7_SCE P
EE ASt
Hardware undefined
S-[8 cPus14-3DP STOP
Blocks
[55) undefined v [v]
§j Connections undefined | =]
=8 As2 O O]
=-8 0s O O
Settings for Compilation/Download Update Wiew Log Select Objects
Edi. [\, ‘ Test Status Operating Mode Single Object Al Select Al Deselect Al
I~ Status duing Open
I~ Compile only ¥ Do not load if compilstion enor is detected

59. Here it is important to select the entire program for “Compile Charts as Program” as
well as for “S7 Download” for Scope or Download mode. (— Compile Charts as
Program — Entire program — S7 Download — Entire program — OK)

Compile Program / Dewnload to Target System ] Compile Pragram / Download to Target System ]
Compile Charts a5 Program | 57 Dowload | Compile Charts as Program 57 Dewnload |
CFPU CPU 4143 DP CPU CPU 4143 DP
Program name ASTNCPU 414-3 DPAST Program(1) Program name: AS1\CPU 414-3 DP\S7 Program(1)
Scope Download mode
{%" Ertire program {* Entire program
" Changes only " Changes only

" Totest CPU (entire program)

[¥ Generate module drivers Block Driver Settings

I Generate SCL source

T

Before downloading the entire program, the CPU 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

Abbrechen Hiffe Abbrechen Hiffe

60. The warning is confirmed with “OK®. (— OK)
Download (244:4028) 2

Mate that the blocks in the CPU will be deleted if you
l ke download later [e.g. in the Simatic b anager with
B "CPU-» Compile and Download Objects").

Alzo note that the operatar input from the 05 or test mode
will be: lost if the set valuss values are not read back into
the: offline prograr.

'
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61. Now we can start compiling and downloading. (— Start)

3 Compile and Download Objects [E=——~
Selection table:
Objects. Status Operating Mode Compile Download
E-EZp PCS7_SCE Pri
EE ASt
Hardware undefined
=-[ crusrs3De sTOP
Blocks
Charts undefined ™ [v]
¥ Connections undefined | =]
-8, AS2 O O]
=-8 0s O O
Settings for Compilation/Download Update Yiew Log Select Dbjects
Edit Test Status Opsrating Mode: Single Object Al Select Al Desslect Al
I~ Status during Open
I~ Compile only ¥ Do not load it compilation eror is detected
Start M (Elese Help

62. All warnings that follow are read carefully and confirmed. (— OK — Yes)

Compile and Download Objects (3280:326) X

Downloading program changes during operation can, in
l i the case of malfunctions or program emmors, cause serious
"' damage to perzonnel and equipment! Make sure alzo that
dawnlaading to the individual CPUs is not done
simultaneously after compilation.
Make sure that no dangerous situations could occur
before executing thiz function!

ak. Caticel
N

Compile and Download Objects (3280:822)

If you want to download changes online, please make
l k. zure that the prerequigites have been met (e.g. comect
T zettings selected, no previous complete compilation from
the O5).
& complete download is only possible if the PLC: are not
in RLN.

Do pou want to continue?
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63. In the log, no errors should be shown, warnings at the most. Details for warning are
provided in the log of the individual object. (— X)

T )

[ Datei Bearbeiten Format Ansicht ?

Date: 04/09/2015 time: 05:55:17 PM
Compile:

PCS7_SCE_Prj‘\Asl\Hardware

-> Object was compiled without errors

Date: 04/09/2015 time: 05:55:25 PM
Compile: fl
PCS/_SCE_Prj“As1\CPU 414-3 DP‘Connections H
-> Object was compiled without errors

Date: 04/09/2015 time: 05:55:29 PM

compile:

PCS7_SCE_Prj‘\As1\CPU 414-3 DP\57 Program(1)‘\Charts
-> Object compilation was executed (with warnings)

Refer to the log for the single objects for more information. -

Date: 04/09/2015 time: 05:59:46 PM
Download:

PCS7_SCE_Prj‘\Asl'\Hardware

-> Object was downloaded without errors

(|Date: 04/09/2015 time: 05:59:50 PM
pownload:

PCS7_SCE_Prj“asl’\CpPuU 414-3 DP‘Connections
:—> object was downloaded without errors

Date: 04/09/2015 time: 05:59:50 PM

pownload:

[ |PCS7_SCE_PrjhasiicPu 414-3 pP\57 Program(l)‘\charts
-> object was downloaded without errors -

64. Now, set PLCSIM to the RUN-P mode. (— PLCSIM — RUN-P)
(@ s7-pLesi1 Asticpy 4143 DP = [ B

File Edit View Inset PLC Execute Tools Window Help

0 &F & [pcsmrcenr ~|| # BB E-W\k‘?|
"i’EI’iEI"i’EI‘i’EI"iEI"\EIE|"I’EI"i’EI’\’EI|

BIE o+ | o)

5
Ecu (o] @ [=|[BB .ol = Be. o= [ =]
I RUN-P e 8 fees | flfmB 1 Es  ~]

SetCPUtoRunProgramMode| 3210 TES 4 3210
S | | rror|\rrce e

=
B

Press Fl to get Help. CPU/CF //J
_
@) S7-PLCSIM1  AS1\CPU 414-3 DP Lo 1

File Edit View Inset PLC Execute Tools Window Help

0 & & [pcsmrcenr ~[| & B2 R2[& E-W\k‘?|
mEEDEsE e

BIE o+ | o)

DP
Eor T RUM
B s1oe s |

Press Fl to get Help. CPU/CF //J
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65. With a double click, open the sequential function chart from the plant hierarchy.
(— SFC_Product01)

] SIMATIC Manager - [PCS7_SCE_MP (Plant View) -- C:\Program Files\Siemens\STEPT\S7Proj\PCS7_S_2\PCST_MP] =N R
[@] File Edit Inset PLC View Options Window Help - |7

(= & 2 Bp | e < No Fitter > Y| Em BB N
= PCS7_SCE_MP T1_educt_lanks (B2 T2_reaction (B2 T3 product_tanks (g T4_rinsing

ATHOD [EHATHODZ [E3ATHOOZ @SF product0l
-7 Shared ec\aralinms - - Picture(2)

&) educt_tark BODT
{g9] educt_tank BODZ
1] educt_tark BOO3

Ea| T3_ product_tanks
& product_tank B0
: E-8] product_tank BO02

[-§® PCS7_SCE_Lib
[ Shared Declarations
() Models

8] EductTankB00:
; ProductT ankB 00X
FieactionRO0x

[ Pracess tag types

Press Fl to get Help. @ PLCSIMITCP/IP)

66. To watch the sequence, switch on the test mode. (— Test Mode on/off)

&, SFC - [SFC_product0l -- PCST_SCE_Pr\Al_multipurpose_plant] (=N EoN ===
[ SFC  Edit Inset CPU Debug View Options Window Help - & %
D& & D7 e 3ER[KRSQQ BREM WA FTEIS B

m Al initial conditions fulfiled
EductB003ToRO... | Educt tank BOO3 to reactor R... EductB002ToR0... | Educt tank BOO2 to reactor R...
Level RO01 min. 350 ml Level RO02 min, 200 m
Heat25°CStirring | While stiring het to 25°C EductBO01ToR0... | Educt tank BOOL to reactor R...
Temperature RO01 min. 25°C Level RO0O2 min. 350 ml
Wait Wair for parallel process Stirring
T ~
[ RUN /][4 | v
Toggles between test and edit mode 0B35 SFC_product0l
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SCE Training Curriculum | PA Modul P01-08, Edition 09/2015 | Digital Factory, DF FA

Local operation has to be deactivated.

2w

T1.B001 T1.B002 | T1.E003

- E ¥

0.0 ml 0.0 ml
S RO0 2.R002
™~ ™
20.0c M M 20
X X'
T3.8001 00

T4.B001

Xe Xe

%Qm’

f100m = & & 5 2 E

activated.
=
)
=
—_ =
E
Vor-0rt Bedienpanel / Field Operator Control Panel %
[E]
Hauptschalter =] NOTAUS 7] LOKAL T =
Main Switch Emergency Local =
T2.RD01 T2.RD02 9
START STOP STATUS START STOP STATUS E.
Von/FromT1.BOO1 N B &
Von/FromT1.B002 N B
Von/FromTLBOO3 | L] [
=
Riihren / Stir B B H B e
Heizen [ Heat H B N B g
Entleeren { Discharge L | H B [
Spilen [ Clean
- - 2]
Umfillen / Decant | N B E,,
=
Legende Signalanzeigen / Key for Indicators
Wentil: Stellsignal / Gedffnet | Geschlossen —
X Valve: Control Signal / Open / Closed
Motor / Pumpe: Stellsignal / Laufmeldung g
@ Motor | Pump : Control Signal [ Running Indication =
Heizung: Stellsignal ﬁT
M Heater: Contral Signal
Simulationssteuerung / Simulation Control Panel I
Befiillen/Charge T1.B001 = g RESET RESET 50% %’
p— =
Befiillen/Charge TL.B002 == =1 Entleeren| ) B
— RESET Simulation

Befiillen/Charge TL.BO03 = a

Entleeren) |yoirere Hilfe dber F1-Taste,

Eigenschaften

68. We can now start the SFC. (— Start)

4, SFC - [SFC_product01 -- PCS7_SCE_Prj\Al_multipurpose_plant ONLINE] =N R "
B SFC Edit Inset CPU Debug View Options Window Help =
0= = ¥ BH| LR e BEODIN
START
All initial conditions fulfilled
EductBO03ToR001 | Educt tank B003 to reactor RO... EductBO02ToR0O02 | Educt tnk B00Z to rezctor RO...
2v=| RODL min, 350 ml =vel RODZ min, 200 ml
Heat25°CStirring | whil stirring het to 25°C EductBO01ToR0O02 | Educt tank BOOL to reactor RO..
Temperaturs ROOL min, 25°C Level ROOZ min, 350 ml
' RUN /]| 4| b
Idle T |
PANUAL s I
MaNUAL | P Start | ] Hold I Becume | Command Outout
i 1 .
AUTO ?( A Trigger start pmcessing.| | Stop Levellepeiaion
& ‘_; Fiestart |K\ Fesat é Errar [ Tirme Manitoring
RUNProcss)
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69. We can now monitor the execution of the sequential function chart. Active steps and

steps that have been processed are indicated.

3& SFC - [SFC_product] -- PCST_SCE_Prj\Al_multipurpose_plant ONLINE]
B SFC Edit Inset CPU Debug View Options Window Help

E=Een
BOD

D@&|s e Po adalV EX KR4 QQREm|W |y [+E68 5w

Educt tank BOO2 to reactor RO...

Level ROOZ min. 200 ml

While stirring het to 25°C Educt tank BOO01 to reactor RO..

Levsl ROO2 min, 350 ml
AT Run /[ |

Temperature RD01 min, 25°C

=

BRw R i T ]

s | EEEENE
AAMUAL | B Start 11 Hald I W Command Qutput

AUTO | K Abort v Complete | M

@ | ¥y Restat  |@>  Reset g Error

Stop [ Cyclic Operation

[~ Time Monitaring

Press 1 forheb.  RUNPeees)
i SFC - [SFC_product0l -- PCS7_SCE_Prj\Al_multipurpose_plant ONLINE] o o[z
A SFC Edit Inset CPU Debug View Options Window Help mmm

D@ &2 Po adwlV Ex <[4 aQmEm|w| y+E058%a

v/

Educt tank BOO2 to reactor RO...

Level RD01 min. 350 ml Level ROOZ min, 200 ml

FER bR e[Vl hilk stirring het to 25°C » Educt tnk B0O0L to reactor RO..

Temparzture RO01 min. 255C Level ROOZ min. 350 ml

AT run /1 |

2

> Fun > RN . i -]

AL | NN
haNUAL | P Start 11 Haold I W Command Output
AUTO | K Abort ~ Completz |l Stop [ Cyclic Operation

& ‘_; Restart "4 Resst é Errar

Fesume

[~ Time konitoring

Press F1 for help.

RUNProcsss)
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70. By double clicking on or opening individual steps or transitions, current conditions and
values can be displayed.

Properties - R0O01ToProdBOO1(ACTIVE) -- PCS7_SCE_Pr\Al_multipurpose_plant\\5FC_product01

05 commentsiclosing)

mp_A1T25003. Start Aut. Value :=|TRUE ﬂ

_IA'I_multipurposeJ)lant\TZ_rez = IFHLSE ID

1
2

S_IA'I_multipurposeJ)lant\TE’a_ pn:=|TRUE I'I
4_|M_mu|tipurpose _plant\T3_pn = |[FALSE [o
5| | = |
6| | = |
7 | = |

ERRE R oo | v |

Properties - L001 <= 50 ml{FALSE) -- PCST_SCE_Prj\A1_multipurpose_plant\\SFC_product01

4

ERRE oo | |

71. In the state ‘RO01ToProdB001’ the SFC and the simulation look like this.

Prozessbild —_mROX 4
i 100% ¥ & & | H 2EF KUjd: ZxAx Sresx BT E: wlrigsy g
]
> 3 DJ—‘ DJ—| Vor-Ort Bedienpanel / Field Operator Control Panel %
g
Hauptschalter NOTAUS LOKAL 7
Main Switch E Emergency E Local - —
T1.B001 TLE002 TLBOO3 T2.R001 T2.R002
START STOP STATUS ~ START STOP STATUS g
. . ° Von/FomT1.BOOL N N E
Ven/FomT1.B002 N B
an From TLBO0) 2 GrC . [SFC_productol -- PCST_SCE_Prj\Al_multipurpose_plant ONLINE] =R e =
p— e Hh SFC Edit Inset CPU Debug View Options Window Help [-]&]x]
ren | Stir
. Qi . o Rooe Kooe - DD“QH{,E\Eﬁllﬂéﬁ\ﬁ\“@XIKQ’F\-Q\-\QGAI%EE\R‘?|
‘ ‘ Entleeren / Dischar{ Reactor RODL empty
374.0 ml 310 ml ST/ ED
2.R00 1 roo2 Umfiillen / Decant v

22.0 °C, I M A I\/I 20.0 °C Legende Signalanze
e :
i“ g ° @)‘@ » Pump from resctor RO01. to pr...
M

T3.B001 T2.8002 )
I T4.8001 Simulationssteuerun|
Befiillen/Charge T1.B0I
X X
Q Befullen/Charge T1.B0!
{><., {><A, Befllen/Charge T1.B0I .
AT RN /¢ | ’

R >R | r -]
| MANUAL | ‘ |—|—rr|—£|
MARUAL | P Start 11 Hald [IF Fecume |V Command Output
AUTO | K Abort ~ Complete |l Stop [~ Cyclic Operation
6 J'_; Festart | ™ Resat é Enar I~ Tirns Monitaring
Press F1for help. ‘ v

Unrestricted for Educational and R&D Facilities. © Siemens AG 2015. All Rights Reserved.
P01-08_Sequential Function Chart_V8.0_S0915_EN.docx



SCE Training Curriculum | PA Modul P01-08, Edition 09/2015 | Digital Factory, DF FA

EXERCISES

TASKS

In the exercises we apply what we learned in the Theory section and in the Step by Step
Instructions. The existing multi-project from the step by step instructions
(PCS7_SCE_0108_Ueb_R1505 en.zip) is used for this and expanded.

This exercise implements an additional recipe that is designed to clean the reactors. The
task below suggests a possible concept.

1. Create the SFC ‘SFC_Rinse’ in the chart folder ‘A1_multipurpose_plant’ that rinses
reactors R001 and R002 with rinse water. Cleaning consists of the following steps:

— Filling the reactors (up to 500ml) with rinse water
— Stirring the rinse water (for 20 seconds) in the reactors

— Draining the rinse water into the product tank.

Design the rinse process in a way that both reactors are cleaned at the same time.

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