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INDIVIDUAL DRIVE FUNCTIONS

TRAINING OBJECTIVE

After working through this module, the students will be able to define and classify the term
‘individual drive function' within the scope of object-oriented software structuring. They
understand the concept, the structure as well as the functional method of individual drive
functions; they know typical individual drive functions and their implementation in PCS 7.

THEORY IN BRIEF

The objective of object-oriented software structuring is to simulate the structure of the real
plant as clearly as possible by modularizing the user software accordingly. To this end, at least
one function block is provided for each field device type. This function block in turn provides
the entire control logic, the necessary protection and monitoring functions as well as suitable
operator control and visualization options. The user program utilizes this block to implement
the desired operating behavior of a machine or a process.

Motors and valves are control engineering equipment that is not controlled directly, in the
sense of object-oriented automation, but is initially modeled as function block types. Such
function block types are called Individual Drive Functions (IDF). They enable control,
monitoring and operation of the control engineering equipment by providing corresponding
connections for actuating and control signals as well as for parameter assignment and
monitoring functions. The technical implementation of the control is achieved through an
instance of the function block type and is hidden from the user. Figure 1 shows the transition
from the real motor—in this case a pump—to a block of the corresponding individual drive
function.

pump AIT23003
MotL
Motor —

M3 Releg|—
MonDynEr |—
Start|[—

FbkBunCu |—

Figure 1: Transition from real motor to blocks of the individual drive function
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In principle, control engineering equipment can be operated in four different operating modes.
The device is in one of the following modes:

— Shut down

— Manual mode

— Automatic mode
— Local mode

The individual drive function must always be in exactly only one operating mode. The
operating modes mentioned can either be equivalent or arranged hierarchically using
priorities. In addition, individual drive functions provide functions that protect against device
and process faults. To this end, different interlocks as well as execution time monitoring for the
device and for the controlled process are implemented.

Function blocks, referred to as block types in PCS 7, represent pre-assembled program parts
for processing recurring functions. They can be inserted in CFCs where they can be
parameterized as instances, interconnected, and adapted to the project requirements. The
block type in this case specifies the characteristic for all instances of this type. In control
engineering libraries, PCS 7 offers a variety of high performance and tested individual drive
functions as block types. They each model a control engineering device and make the entire
control logic available. In addition, functions are offered for the following:

— Operator control and Monitoring of the individual drive function
— Controlling signals

— Monitoring and Alarming

— Operating State Selection

— Interlocks.

Faceplates with different views allow for seamless integration into a corresponding process
control system.

Individual drive functions enable the efficient development of high performance, high quality
solutions. They modularize and type-define recurrent functionalities. This means functionalities
can be reused and centrally modified which speeds up the development process considerably.
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THEORY

OBJECT-ORIENTED SOFTWARE STRUCTURING

The objective of object-oriented software structuring is to simulate the structure of the real
plant through corresponding modularization of the user software as clearly as possible. To this
end, a separate program is created for each field device in the plant. At least one function
block is provided for each field device type.

This block implements the entire control logic for this field device type. In addition, it makes
necessary protection and monitoring functions available as well as suitable control and
visualization options. This means it encapsulates the entire functionality that is necessary in
connection with the corresponding field device type. The user program utilizes this block to
implement a desired control for a machine or for a process without having to access the
knowledge of the internal data and operations of the function block.

CHANNEL FUNCTIONS (DRIVERS)

In addition to handling the field devices through separate reusable blocks, it is often advisable
to abstract 10 interfacing also by using channel blocks (drivers). Although it is always
possible to access the process image directly by using symbol names or addresses, the
multitude of possible parameters for configuring the channel have to be set at a different
location. This quickly results in confusing programs. PCS 7 provides a number of drivers
(channel blocks) that evaluate the status signals of the modules and support testing and
commissioning of automation programs through simulation modes. In the analog drivers
according to Table 1, internal digital variables are mapped to the physical addresses and
display variables by means of the parameters VLRANGE and VHRANGE. PCS 7 can
generate the necessary drivers automatically by using channel blocks. Channel blocks are
therefore often used in the templates of the PCS 7 libraries.

Table 1: Listing of different channel blocks to abstract 10 interfacing

Channel blocks Block Connector, Parameter
Digital output PCS7DiOu PV_Out

Digital input PCS7Diln PV_In

Analog output PCS7AnOu PV_Out, Scale

Analog input PCS7AnIn PV_In, Scale

INDIVIDUAL DRIVE FUNCTIONS

As control engineering devices, motors and valves are of crucial importance in factory and
process automation. A large number of commercial types with specific operational and
signaling behavior are available. In the sense of object-oriented automation, such devices are
not controlled directly but initially modeled as function block types. They are then always
controlled indirectly by an instance of the corresponding function block type. Function blocks
for motors and valves are called Individual Drive Functions (IDF). Individual drive
functions enable control, monitoring and operation of control engineering devices by providing
corresponding connections for actuating and control signals as well as for parameter
assignment and monitoring functions. The technical implementation of the control, such as
starting performance, activating the drive, or device monitoring, for example, is implemented
through the function block instance and is hidden from the user. PCS 7 provides a variety of
efficient and tested individual drive functions as block types in the control engineering libraries.
Table 2 summarizes the individual drive functions in the PCS 7 Advanced Process
Library [2].
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Table 2: Individual drive functions of the PCS 7 Advanced Process Library

Individual

drive function | Y529 Object name

Control of motors by means of a control signal (on/off)

Motl. and a feedback signal FB 1850
Control of reversible motors

MotRevL (clockwise/counterclockwise) and up to two feedback FB 1851
signals

MotSpedL Control of two-speed motors (slow/rapid) and up to two FB 1856

feedback signals

Operation of control valves with one control signal
VIvL (open/close) and two position feedback signals FB 1899
(open/closed)

Control of motor-driven valves with two control signals
and two position feedback signals (open/closed)

VIvMotL FB 1900

PROTECTIVE MEASURES

When control engineering devices are activated, different protective measures have to be
taken. The devices themselves have to be protected from faults, and the controlled process
has to be taken to a safe state in case of a malfunction and must be maintained in this state
until the fault is rectified.

Device faults (for example, cable break, and axis break) cannot be prevented by the control
engineering side, but the effects can be minimized through redundancy concepts. Process
faults (for example, container overflow, dry run of a pump), however, are to be prevented
directly through the control. To this end, corresponding interlocks are implemented. If the
individual drive function detects a dangerous process state based on the current input values,
the controlled device is taken to a safe state (refer to the chapter Functional Safety). The
device is kept in that state for the duration of the dangerous process state. Usually, interlocks
are specified using an interlock matrix.

To detect a device error that occurred, the individual drive function often performs an
execution time check. By using certain sensor information from limit sensors in valves, for
example, the individual drive function checks whether the actuating signals that were read out
have the required effect. If over a certain period of time the measured values contradict the
actuating signals that were read out, there is a fault. If such a runtime error is detected, the
higher level control system is alerted and the controlled device is deactivated. The device
remains inactive until the runtime error is removed and the alarm was acknowledged. Simple,
binary circuit breakers are often used to detect device faults.

OPERATING MODES

Control engineering devices are generally not operated exclusively automatically. From time to
time it is necessary handle the control manually from the control desk, or to activate the device
directly on site; for example, when repairs have to be made. For this reason, we distinguish
between four basic operating modes

— Shut down: The device is not active.

— Automatic mode: The individual drive function is activated automatically by a higher
level program.

— Manual mode: The operator activates the individual drive function directly by means of a
graphical user interface of the control system.

— Local mode: The operator operates the device on site; for example, by using the
operator panel.
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The individual drive function must always be in exactly one operating mode. There are
different concepts as to how switching the operating mode connected with this requirement
can be realized safely and unambiguously. Basically, these concepts can be differentiated as
the equality of the operating modes and an operating mode hierarchy. In the latter case, the
possible operating modes are clearly prioritized in addition. A selected operating mode is
changed in this case exactly when the device is not active (operating mode Shut down) or
when the requested new operating mode has a higher priority than the one that was selected
previously.

FUNCTION BLOCK TYPES IN PCS 7

Function block types are referred to as block types In PCS 7 and represent pre-assembled
program parts for processing recurring functions. They can be inserted in CFCs where they
can be parameterized, interconnected, and adapted to the project requirements.

The block type specifies the characteristic for all instances of this type. To this end, the block
types used for a project are stored in a master data library. When the block type stored there
is changed, the changes are accepted directly by all instances. This concept of type definition
supports efficient engineering through reusability and central changeability of functions that
recur frequently.

Block identifier b [Pampe AlT25003
Block type ———#  |MotL

Motor -

1
Run feedback ———» ¢

«+——— Control output

10.0

Figure 2: Block of the individual drive function MotL

An individual drive function in PCS 7 models a control engineering device and provides the
entire control logic. Figure 2 describes the basic structure of the corresponding motor block
using the individual drive function Motor_Lean as an example.

In addition, the block provides the following functions:
Operating, Monitoring, Signaling

Process values and setpoints can be operated and monitored by means of the display and
control area. Operator authorizations and maintenance releases can be controlled. General
and instance-specific messages provide information about the device and process status.

Unrestricted for Educational and R&D Facilities. © Siemens AG 2015. All Rights Reserved.
P01-04_Individual Drive Functions_V8.1_S0915_EN.docx



SCE Training Curriculum | PA Modul P01-04, Edition 09/2015 | Digital Factory, DF FA

Controlling Signals

Control signals can be read out in the static or the pulsed mode. The signal status, which
means the quality of the actuating signal, is monitored. Internal and external setpoints as well
as simulated values can be specified. In addition, ramps or dead zones can be set.

Monitoring

The block can monitor limits and generate corresponding warnings or alarms if the limits are
violated. In addition, feedback from actuating signals can be monitored.

Interlock Functions

The block enables a simple switch-on release, interlock without reset as well as interlock with
reset. It implements a motor protection function that can switch off the motor in case of thermal
overload. In addition, a quick stop is available for motors; it has the highest priority in all
operating modes and states. If there is an interlock, the device is automatically taken to a de-
energized state and thus to a defined safety position.

Operating State Selection

The operating modes mentioned above: local mode, automatic mode, manual mode and
shutdown are available for all individual drive functions in PCS 7. They are prioritized in the
descending mode in the sequence mentioned. Automatic and manual mode have the same
priority. In addition, it is possible to take the block into another operating mode by means of
configurable input parameters, regardless of the currently pending control (forcing of
operating modes).

Display Blocks with Different Views

Display blocks provide for each block type a corresponding block symbol and, depending on
the use case, corresponding views. Typical display blocks are, for example, the block symbol
itself, the parameter view of motors and valves, or the limit view of motors.

This list clearly shows the complexity and the functional scope of a customary individual drive
function. The number of available inputs and outputs is correspondingly large regarding these
blocks. For example, the individual drive function MotL has more than 53 connections. To
keep the complexity of the program design low nevertheless, it is possible to hide inputs or
outputs that are not needed. Moreover, the individual drive functions in PCS 7 use a uniform
and integrated scheme for designating the inputs and outputs.

The individual drive functions in PCS 7 provide a large functional scope and guarantee
constantly high quality and reliability of the algorithms used. All block types are tested
extensively and have proven themselves industrially. This considerably reduces the effort for
developing efficient high quality solutions.

LITERATURE

[1] Seitz, M. (2008): Speicherprogrammierbare Steuerungen (PLCs) Hanser
Fachbuchverlag.

[2] SIEMENS (2014): Process Control System PCS 7: Advanced Process Library (V8.1).
A5E33257529-AA. (http://support.automation.siemens.com/WW/view/en/90682917)
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STEP BY STEP INSTRUCTIONS

TASK

As the first program, we are creating in the Continuous Function Chart (CFC) a pump
motor for draining the liquid from Reactor RO01. The pump motor has an output for activating
the pump and an indication to check whether the pump is actually running.

Table 3: Assignment list

Symbol Address | Data Symbol Comment
Type
Al.T2.A1T2S003.S0+.0+ | 11.3 BOOL Pump outlet reactor R0O01
Feedback on
Al.T2.A1T2S003.SV.C Q34 BOOL Pump outlet reactor R001
Actuator signal

\,/ LISA+\,‘

“\ ]
\A1T2L001/

L

/Tsas T Tic O\

|
W.

ST T21001/ ~SCE.A1.T2-R001
L /7 v Y\ Reactor
| \ _ .
“\aiT2ro01/ /S0 T\
- {_ a 7\6‘IT2SOO}V‘
=SCE.A1.T2-P001 ;/ v\
'\AITzsoo:y'

Figure 3: Excerpt from P&ID flowchart

When creating the program, a pre-assembled chart 'Motor_Lean’ from a PCS 7 library is
used. It is copied to the master data library belonging to the project and adapted there. Then
the program is loaded to the PLC simulation and tested.
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TRAINING OBJECTIVE

In this chapter, the student will learn the following:

— Creating and importing symbols with the symbol table

— Using master data libraries

— Creating and editing CFCs

— Compiling and downloading the project centrally

— Testing the program by means of the control functions in the CFC

These instructions are based on project 'PCS7_SCE_0103_Ueb_R1503_en.zip'.

PROGRAMMING

1. Before starting with programming the individual drive functions for the pump motor, we
have to create the symbols for the global variables. To this end, we select the Component
view in SIMATIC Manager, highlight the folder 'S7-Program(1)’ and open the symbols of
the symbol table with a double click.

(— SIMATIC Manager — View— Component view— AS1 — CPU 414-3 DP — S7-
Program(1) — Symbols)

)| SIMATIC Manager - [PCS7_SCE_MP (Component view) -- C:\Program Files\Siemens\STEPT\S7Proj\PCS7_SCE\PCST_MP] | = || = |[5a]

File Edit Insert PLC View Options Window Help - & =
= & o Bg| 2t [ < Na Fiter > | s BEMIN2
E--@ PCSY_SCE_MP | Bl Sources Blocks @Charts nbols

=-8p PCS7_SCE_Pi

L ast

2-[§ cru414-30P
[H-{z1] 57 Program(1

it Shared Declarations
@ PCS7_SCE_Lib

o m k

Press F1 to get Help. PC internal (local)
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2. We now can specify the symbol and the comment for each address in the symbol table.

Symbol Table Edit Insert View Options Window Help
FEH S| % BE| o o |[Asmos =7 | K2
&) 57 Program(1) (Symbols) -- PCS7_SCE_Prj\ASI\CPU 414-3 DP [ =@][=]
mbol ¢ Address Data type Comment
1 A1T2.A1T25003.50.. | | 13 BOOL pump outlet reactor RO01 feedback running
2 A1T2.A1T25003.5V.C| Q 3.4 BOOL pump outlet reactor RO01 control signal
3

3. If available, the content of the entire symbol table can be imported in *.dif format.
(— Symbol Table — Import). In this case, the imported table is integrated in the existing
table.

I Table| Edit Insert View Options Window Help
Open... Ctrl+0

Close Ctrl+F4

Save Ctrl+S

eactor R001 feedback running
Properties... feactor R001 control signa

I Import...
Export...

Print... Ctrl+P
Print Preview...

Page Setup...

1 SCE_PCS7_eng_Prj\SIMATIC 400(1)\CPU 414-3 DP\..\Symbols
2 SCE_PCS7_Prj\ASI\CPU 414-3 DP\..\Symbole

3 SCE_PCS7V80_Prj\SIMATIC 400\CPU 414-3 DP\..\Symbole

4 SCE_PCS7V80_Prj\SIMATIC 400\CPU 414-3 DP\..\Symbole

Exit

\lnserts a copy of a saved file (of a different format) in the current symbol table.
L ni
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4. Now we select the source file in the 'Data Interchange Format' (*.DIF)
(— P01-04_symbols_R1501 en.dif - Open)

-
{% Import g

Suchen in: | |, PO1_04_eng |« @ ek B
Mame . Anderungsdatum Ty
| || PO1-04_symbols_R1501.dif 08.01.2015 15:00 Dl

' 1

Dateiname:  |P01-04_symbols_R1501 df

Pk
Cffnen I
Dateityp:  |Al (ASC.” SEQ.” DIF".SDF) | Ml

v

5. Before closing, the completed symbol table has to be saved.

(— Save — m)

5 Symbol Editor - [57 Program(L) (Symboels) - PCST_SCE_Prj\ASI\CPU 414-2 DP] = =R
5] Symbol Table Edit Insert View Options Window Help [— =] ]
@E|§|g¢g|nn||msmbms =Y | w2

Status | Symbol S Address Data type Comment -
1 I 0o BOOL Wain power switch multipurpose plant b

2 A1 ATHO0Z HS+-0FF || 0.1 BOOL emergency switch OFF E
3 A1 ATHO03 HS+-LOC | | 0.2 BOOL lncal operation mode switch
4 A1TLAITILOM LS., || 701 BOOL level monitoring educt tank BOO1 switchpoint low
3] A1 T AITILOM LS. || 700 BOOL level monitoring educt tank B001 switchpoint high
& A1TLAITILOOZLS... || 703 BOOL level monitoring educt tank BO0Z switchpoint low
T A1 T1AITILOOZLS... || 702 BOOL level monitoring educt tank B002 switchpoint high
3 A1TLAITILOO3LS... || 705 BOOL level moenitoring educt tank BOO3 switchpoint low
9 A1 T AITILOO3LS... || 704 BOOL level monitoring educt tank B003 switchpoint high
10 A1TLAITISOM.S0. | | 1.0 BOOL pump outlet educt tank BOO1 feedback running
11 A1 T AITIS0I SV E| Q 3.0 BOOL pump outlet educt tank BOO1 control signal
12 A1TLAITIS002.50.. | | 1.1 BOOL pump outlet educt tank B0OZ feedback running
13 A1 T AITIS002ZSVE| Q 31 BOOL pump outlet educt tank BO0OZ control signal
14 A1TLAITIS003.50.. | | 1.2 BOOL pump outlet educt tank BOO3 feedback running
15 A1T1AITIS003SVE| Q 32 BOOL pump outlet educt tank B0OO2 control signal
16 ALTLAITIXIN.GO... || 842 BOOL valve inlet educt tank BOO1 feedback signal closed
17 A1 TIAITIXOM GO, || 640 BOOL valve inlet educt tank BO01 feedback signal opened
18 A1LTLAITIXIM . XV.C| Q 0.0 BOOL valve inlet educt tank BOO1 control signal
19 AlLTIAITIX002.GO...[| 646 BOOL valve inlet educt tank B002 feedback signal closed
20 A1TLAITIXON2.GO... || G644 BOOL valve inlet educt tank BOO2 feedback =ignal opened
21 A1 T AITIX0DZXV | Q 01 BOOL vahve inlet educt tank BOO2 control signal -

Saves the current symbeol table. | [NUM | v
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6. In extensive libraries, PCS 7 provides a variety of prepared blocks and also pre-
assembled charts, called templates. We want to use exactly such a template for the pump
motor. To this end, we open the PCS 7 AP Library V81.

(— File > Open — Libraries - PCS 7 AP Library V81 — OK)

)| SIMATIC Manager - [PCS7_SCE_MP (Component view) - C:\Program Files\Siemens\STEPT\S7Prof\PCS7_SCE\PCST_M...[ o || & |[=254]
Edit Insert PLC View Options Window Help [=]=]x]
O New. CtieN 1 Re BEM N
El- 'Mew Project’ Wizard...

Open... Ctrl+0

Close
Multiproject »

S7 Memory Card 4
Memaory Card File 3

Save As... Ctrl+S

Delete...
Reorganize...

Manage...

Archive...

Retrieve...

Print »

Page Setup...

1 PCST_SCE_MP (Multiproject) -- D:\..\PCST_SCE\PCST_MP
2 PCST_SCE_Prj (Project) -- C:\...\STProj\PCST_SCE\PCST_Prj
3 PCS7_SCE_MP (Multipraject) -- C:\..\57Proj\PCS7_SCE\PCST_MP
4 SCE_PCST_MP (Multipraject) -- C:\..\57Proj\SCE_PCST\SCE_MP

Op¢ Exit Alt+F4 4

T A

szer projects  Librares |Sample proiectsl Multiproiectsl

Mame | Storage path
@ CFC Libram C:AProgram FilestSIEMEMSYS TEF?AS Flibshchclib
@ DRVPCS7_APL C:WProgram FileshSIEMENSASTEP?AS Flibs\DRWPCSY_

rogram ' j
C:WProgram FileshSIEMEMSASTEP?AS Flibs\PCS_F_BASISLIBRARY_\VE0

2 PCS 7 BasisLibray va1  C:\Program Files\SIEMENSA\S TEP7AS7lbs\PCS_7_BASISLIBRARY_VE1

@ Redundant 10 CGP Y40  C:\Program FileghSIEMENSAVS TERPAS Flibshred io_1

C:\Program Files\SIEMEMSYWSTEP?AS Plibsred_ich2

@ Redundant 10 CGP V52

Selected
ser projects:
Libraries:

Sample projects:

M ultiprojects: Browsze... |
Heb |
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7. To drag this template from the library to the project, go to the Plant view of the project. (—
View — Plant View)

[E=NEoR ==

ﬂ SIMATIC Manager - PCS7_SCE_MP
File Edit Insett PLC Options  Window Help

a% 4 [ * Component view Mo Fitter > g ZEM k2
Plant View _
@ PCST AP Library Va1 Process Object View PT\S7libs\PCS_7_AP_Library V... [ = || = |[ 22 |
@ PCS 7 AP Library ¥/ | Tope | Size| Authe
Process Device Plant View 57 Program
Process Device Metwork View 57 Pragram
v Offline
Online
— | Large Icons
Small cons EIPCS7 P =S E= 7
= (=] PCS7_SCE_MP = | Type | size| Authe
-8 PLS7_SCE_Pii| Detaile Source folder
Block Falder Offline
Filter... Chart falder 419
Define Columns. Syrnbol table 53198
Show All Levels MNurn™
Hide All Levels MNum
@ PLS7_SCE_Lib
v | Toolbar
v Status Bar
Update F3

4 I n

|«

Changes to the Plant View.

8. With Drag&Drop, Motor_Lean (library, templates) is moved to Process tag types (master
data library).

(— PCS 7 Library — Blocks+Templates —» Templates — drag Motor_Lean to Plant View
— SCE_PCS7_Lib — Drag process tag types)

"

| SIMATIC Manager - PCS 7 AP Library V81 [ = =]
File Edit Inset PLC View Options Window Help
as 3 2 p T |EE | < No Fitter > =% BHED K
,
28] PCS7_SCE_MP (Plant View) -- DAPCST\SCE... | = || = |[ 22 | | & PCS7 AP Library V&1 (Component view) -- E-@
{25 PCS7_SCE_MP Object name | AS Ass e PCS 7 &P Library Wa1 [27] &nalogtanitaring

- PCST_SCE_Pi
E@ PC57_SCE_Lib
{7 Shared Declarations

{2 Models

E| @ Blocks+Templates

-{z7] MPC10%10 blocks

[0 &inalogtanitoring_Fb
CagcadeControl
CascadeControl_Lean
CazcadeR

..... . (2] Process tag types

CazcadeStepControl
DigitalSkonitoring
Digitalkd onitoring
Diigitalt anitaring_Fhb
Dose_Lean
Doge_Lean Fb

- FiwdDisturbCompensat
GainScheduling

M anagedtd otarStarter
ModPreCon

[0 Mokor?S peed

2 Motor_&y_EventTs

3 MotorHev313|bIe
[ b obor'S peedControlled
OwerideControl

o (1 mn

Press F1 to get Help. CP1623(RFC1006)
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9. Now we are making a change centrally for all process tags of the type ‘Motor_Lean’. This
is done be opening the CFC 'Motor_Lean’ in the master data library with a double click.
(— Motor_Lean)

"

| SIMATIC Manager - [PCS7_SCE_MP (Plant View] -- D:APCS7\SCE\POL-04545 en\PCS7_SCE\PCS7_MP] [ = =]
[5 File Edit Inset PLC View Options  Window Help — [l
0w 87 7 & 2 By - E | < No Fiter > =% =B M

E-{@s] PCS7_SCE_MP

=89 PCS7_SCE_Pi

- B Shared Declarations
Al_mulipurpoze_plar

{1 Shared Declarations

@ Models

L n 3

Press F1 to get Help. CP1623(RFC1006)

Note: CFC stands for Continuous Function Chart and is a graphic programming language for
describing continuous processes. In the CFC, pre-assembled blocks are placed,
parameterized and interconnected. This way, the programmer creates an overall software
structure for controlling a machine.
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10. A CFC consists of chart partitions with 6 sheets each. In the overview, all six sheets are
displayed with gray sheet bars. In the sheet bars, the incoming signals are shown on the
left and the outgoing signals on the right of the sheet. By double-clicking a sheet, its view
can be changed.

(— Overview — Double click on first sheet)

37 CFC - [Motor_Lean - PCS7_SCE _Lib\Process tag types] [ ]

[® Chert Edit Inset CPU Debug View Options Window Help NEE
DE&S meEe [ XEO -8 BEMK

~f@ New Chart
New Text

2.y All blocks
5. BIT_LGC
2@ COMPARE
o @ CONVERT
2@ Channel

2 @ Drives

o @ FLIPFLOP
- Interlck g
2@ LogicDi L]
o @ MATH_FP
7@ MATH_INT
7@ MULTIPLX
7@ SHIFT

7@ WRD_LGC
7@ Other blocks
g 57 Program(l)

I Find it letter i a1l B

Press F1 for help. = A/Ovenview  OB32 Motor_Lean Motor_Lean\OR_00S

Note: Using the tabs in the lower bar, we can switch between the chart partitions (maximum A
to Z). Here only chart partition A is initially provided.
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11. We now are making a change in the 'MotL’ block with the process tag type 'Motor_Lean’.
To this end, its properties are opened with  Object Properties.
(— MotL-> right-click -> Object Properties)

R CFC - [Motor_Lean -- PC57_SCE_Lib\Process tag types] EI@

[ Chart Edit Insert CPU  Debug View Options Window Help = =S
D& s2E mEEs 6% din | g Z BOh Jdeaam8Mk

[ Mew Chart

]Q All blocks

- @ BIT_LGC

- @ COMPARE
- @ CONVERT
]Q Channel
]Q Dirives

@ FLIPFLOP
]Q Interlck

- @ LogicDi

- @ MATH_FP
- @ MATHINT
- @ MULTIPLX
- @y SHIFT

- @ WRD_LGC
]Q Other blocks
H-[ZH 57 Program(1)

m

— Qut3tart
Pos7DiCu
. oBaz]
Digital A

Cut Ctrl+X
Copy Ctrl+C
Delete Del

Predecessor for Insertion Position Shift+F11

Go to Insert Position

Object Properties... Alt+Return

G B @]
e

I~ Find initial letter

|2

V.4 KN - 1 2

Press F1 for help. —

12. You do not want to change the general properties such as operator control and
monitoring; therefore, we change to the 1/Os.

(= 1/0s)
M
Properties - Block -- Motor_Lean\Motor @
General I /05 ]
Type: MotL Block group: '7
Name: Motor]
Comment: Motor - Large -
Inputs 85 [v OCM possible
Intemal identi FB1850
emal identfier ocM.
Instance DB: DB6E
[¥ Create block icon:
Name (header): MatL ,7
Famity: Drives
[~ MES+elevart
Author: AdvLib81
To be insetted in OBAasks: Special properties

v OB100 [Warm restart]

Messages...

[¥ Readback enabled

OK Print Cancel Help
[_ox |
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13. The connections are represented in a table together with a variety of properties that can
be set. The most important properties are introduced below. In the '‘MotL' block, we are
only deleting the Invisible feature for 'AutModOP'. This makes the connection visible in the
sheet. Exit the Properties with

(- AutModoP — L1 -5 ok

s =
Properties - Block -- MotorLean\Motor ™ = &
General 1/0s I

# |Name / 1/0| T.. | V.. | In..| Ac. | Fee | Feeo | S | Tee Invisible W..| A | Id| Ueee | Toee | T | ~
284 | AutAct OUT |5... C1I L] C1IC] - ™ v E
286 | AUtACt.ST cr| oo Lo [Ree [ 1] nilnlER = O] \=!
285 | AutAct.Value | 0 < OO Ol v O ™
15 | AutModLi IN |S... 117 110]1e.. [v] V]
17 | AutModLi.ST NS L. L <. |[11[] 11071 Si.. [v] []
16 | AutModLi.Value IN| ...]0 ST 1l 0gfv.. ™ []
13 | AutModOp IN [B... |0 1! [] B LE N ] ][N |
234 AV IN | ANY O C 11 (... v O i
110 | AV_AH_Lim IN |[R... |95.0 1! [] (]| []!A... [v] []|N
115 | AV_AL_Lim IN |R... |50 milm 11 C1 1A & N
116 | AV_Hyst IN |R... |10 C11 ] 11 1A V] N
306 | AV_OpScale ouT |S... 1107 1107 IA... V] []
307 | AV_OpScale.High | e L [ | 11T 110 1H.. V] N
308 | AV_OpScale.Low ol 0.0 [EnINr TRl IR L... V] ] IN
302 | AV_Out OuT |S... 117 11 []IA... V] [v]
304 | AV_Out.5T vr| e | L [ | [T 1] miiElES V] (]
303 |AV_Out.Value o 0.0  [RSESNINT TAINT 1101 v... [v] [] (N
112 | AV_TH_Lim IN |R... [85.0 1! (]| [] A [v] HEL
113 | AV_TL_Lim IN |R... [15.0 1171 (1 []IA.. [v] [] N
305 |AV_Unit OUT |INT |0 1! [] [11[]IE... [v] HEL
111 | AV_WH_Lim IN |R... |90.0 milm 11 C1 1A & N
114 | AV_WL_Lim IN |R... |10.0 1! (]| []!A... [v] []|N
95 |BatchEn IN |B... |0 111 RN E. .. V] ]
96 |BatchID AN 1., 1! [] [ =[BT C... [v] 1N
97 |BatchName N |s.. |" 110 117 [c.. V] ]
52 |BypProt IN |B... [0 188 [11[]]18.. V] [] N
103 [CSF IN_[S... Moo | [ [] C1ICL[C O] = L
;A\r === = m = : | »

@ e | e |

Note: By clicking on the header of a property, the representation after this column can be
sorted alphabetically.

14. We can now close the process tag type. It is saved automatically after each change.
(— Chart — Exit)

‘ Chart | Edit Inset CPU Debug View Options Window Help
New... Ctrl+N &
Open... Ctr+0 =
Open Parent Chart =
Copy to Chart Folder Eoe

Close

In_

Ly

3 PY_]
Properties... =PV,
Footers... E
=

Check Consistency » fXel
Compile >

Read Back... e

Print... Ctrl+P
Print Preview st1

Page Setup...

1 SCE_PCS7_Prj\Al_Mehrzweckanlage\T3_Produktspeicher\Produkttank BOO1\\A1T3X001
2 SCE_PCS7_Prj\Al_Mehrzweckanlage\T2_Reaktion\Reaktor ROO1\\A1T2H011

3 SCE_PCS7_Prj\A1_Met kanlage\T2_Reaktion\Reaktor ROOI\\A1T2L001 1kO:
4 SCE_PCS7_Prj\Al_Mehrzweckanlage\T3_Produktspeicher\Produkttank BOO1\\A1T3L001

B B B B B o oo e | | [
TR

Exit Alt+F4

[ e
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15. To use the process tag type 'Motor_Lean', it is dragged to the chart folder 'Reactor R0O01’.
(— Motor_Lean — Reactor R001’)

| SIMATIC Manager - [PC57_SCE_MP (Plant View) -- C:\Program Files\Siemens\STEP7\STProj\PCS7_SCE\PCST_MP] E=nEcE (=T

File Edit Insert PLC View Options Window Help . =S

O = | 2% & =] S| e |cNOF||ter> ﬂvﬁ? o BRI
H-me| PCS7_SCE_MP

=89 PCS7_SCE_Pi

© B[] Shared Declarations

-[Ea] A1_mulipurpose_plant
T1_educt_tanks
T2_reaction
reaction ROOT
reaction RO02
T3_ praoduct_tarks
T4_rinzing

=g FCS7_SCE_Lib
-] Shared Declarations

1‘3_}] odels

4 1 b

‘Insert CFC" was executed successfully for1 of 1 objects. PC internal (local)

16. Because this chart will be used to activate the pump A1T2S003, it is now renamed
A1T2S003 and opened with a double-click.
(— Reactor RO01 — A1T2S003 — A1T2S003)

] SIMATIC Manager - [PCS7_SCE_MP (Plant View) -- C:\Program Files\Siemens\STEP7\57Proj\PCS7_SCE\PCST_MP] == ]
File Edit Inset PLC View Options Window Help = & =
|:N0Fi|ter> jY‘; HE BEM

Oe |8t & 2 “n|g |EE
H-{=a] PCS7_SCE_MP 25003
B-&) PCST_SCE_Pi
| @1 Shared Declarations
Al_multipurpoze_plant
T1_educt_tanks
T2_reaction
reaction ROOT
reaction ROO2
T3_ product_tanks
i T4_rinzing
- PCS7_SCE_Lib
&7 Shared Declarations
(Y Modek:
Process tag types

o mn F

Press F1 to get Help. PC internal (local)
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17. With a right-click, we open the properties of the 'MotL' block.

(— Motor_Lean — Object Properties)

28 CFC - [ALT25003 -- PCST_SCE_Prj\Al_multipurpese_plant\T2_reaction\reaction RO01] =n EER=<=|
[ Chart Edit Insert CPU Debug View Options Window Help =l
DE & %R MO ES 6 gin | 9 ®EDODN A agBEDN

[ New Chart i
-[F) New Text FbkRun
[ @ All blecks ;"?Eii"
isita
[]% @SYSTEM [FY_-1n Bad
-y BIT_LGC Hsimon PU_nut
5@ coveaze IS
[EubsPy_ -Faq|—
- @ CONVERT His _kelza OutSkart
[]---Q Channel His Pcs7Diou
[]“'Q Drives His_Ext Di gi tal |
[{TextEerf FU_In Bad[—|=
& @ FLIPFLOP Hiede 0sim0n PU_Out—|
- Inte.rlck. :E‘l:“i‘:‘? Cut Crl+X
[]---@ LegicDi —m; ; : ®
-8 MATH_FP Copy S
[]...Q MATH_INT Delete Del
MULTIPLY Peymit
S EoEles Predecessor for Insertion Position Shift+F11
] Q SHIFT Interloc
[]...Q WRD_LGC HInDd oot Go to Insert Position
Hrnaz
(-8 Other blocks Heosic Object Properties... Alt+Return
-8 57 Program(l} [MEirstInE I
]
Intarlock
Intlk®z
Interloc
Hrnas out
1 Hrnaz
fe. B @ Mresis
[TEirstInE
Evvor
ﬁ 0r@s
[~ Find initial letter E _|_|\A /—“‘_l Bozdical N
Press F1 for help — A/Sheet 1 OB32
18. The name of the block is changed in the general properties.
(— Pump_A1T2S003 — OK)
Properties - Block — A1T25003\Pump_A1T25003 ==
General 1 /05 ]
Type MotL Block group:
Mame: Pump A1T25003)
Comment Motor - Large .
Inputs: 85 ¥ OCM possible
i Intemal identfi FB1850
emal igentirier: OCM...
Instance DB: DBY5
[V Create block icon:
Mame (header): MotL ,7
Family: Drives
[” MES+elevant
Author: AdvLib81
To be inserted in OB/tasks: Special properties
v OB100 [Warm restart]
Messages..
[ Readback enabled
Prirt Cancel Help
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19. Now the time for feedback monitoring after the motor block was operated successfully is
changed to 10.0 seconds. To do this, we open the Properties dialog for the input
'MonTiDyn' with a double-click and enter 10.0 as Value. We exit the dialog with 'OK".

(= MonTiDyn — 10.0 — OK)

258 CFC - [A1T25003 -- PCST SCE Prj\Al_multipurpase_plant\T2_reaction\reaction RO01] =n =R
[ Chart Edit Insert CPU Debug View Options Window Help =
D= & BEEs|& « |[etdn| 9 R BOl Jaqa=ED|w

[ MNew Chart i
New Text FbkEun
[]---@ All blecks e
Digikal Pump_A1T 230@3
[]"'Q @SYSTEM MFPy_1n Bad ot
- @ BIT_LGC Hzimon PU_dut otor -
(- @ COMPARE Hsimpu_in DRzt o—hizdLiop s _Relea
Hzubzpu_1 S _Rea|— O—futhadlp  MonDunEr[—
- @ CONVERT His_Eelea Oosli Start OutSkart
(-4 Channel His FbkEun FhERundu[— PesT0iu
[]“'Q Drives = _Ext dA—{hlonitar Di 3 tal A
restrs S.8—uonTiska B aa—|=
[]Q FLIPFLOP _;\odzz ! EN ) prTTY @—:‘:V;LH PU_zu:_
[ Q Interlck Hoataxcha 30— MenTilus B—SimPU_In PU_ChnsT [—
[]...Q : LS HngLotohe B startval DosAct[—|
EP Properties - Input/Output his_Releo M5 _Rea[—
[ = AE#0—ps_Ext
o g Block:: Mot purmp_41T25003 16401 entRer
: - Hlode
-y 140 MonTiDynamic - IN[REAL) [ E{patarehs
A6#8—|DataXch
=% s I A6#E—|MS_Xch :
-S| Value: ]‘ID.D I lrwerted
&
I Invisible
I~ Watched
Comment: Monitoring Time of Feedback [z] —‘
12 e
Archive: Mo archiving ¥ ‘ -
[~ Find J .

Prees F11|  Operator authorization level: |2 05 additional text: — A/Sheet 1 0B322

Force Process object view
™ Add forsing V' Parameter
I Forcing acti I~ Signal

Force value:

[ MES-relevant

Cancel Help
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20. Next, the feedback is connected to the input address. This is done by right-clicking on the
input 'PV_In’ in the 'PCS7Diln' block and then selecting the interconnection to the
address.

(— PV-In — Interconnection to Address)

28 CFC - [ALT25003 -- PCST_SCE_Prj\Al_multipurpese_plant\T2_reaction\reaction RO01] == E=H|
[ Chart Edit Insert CPU Debug View Options Window Help
SICA,21%D032xDC24W _@_5_1] -
~{ih) Mew Chart 0_MS Mainktsnance State
New Text FbkEun
G- All blocks DesHlATG
Disital Pump _R1T 250635
-4 @SYSTEM Mo
[]--Q BIT_LGC “feedback vun" —,— B 2in0n Interconnection to Address... F3
9—5inPy_] - HS_Relea[—|

[+ COMPARE o || Textual Interconnection... MonDanEs —

- @ CONVERT 5 _Feld Start[—

[]..Q Channel BOSI0A ) NDIE2R0E24N_4 It Invert Ctrl+R FbkEuniu—

& Dri O_M5 Mainkenance State 16805 _Ex+ L
= % mes ELEL b | PRI Delete Interconnection(s) Del =
- FLIPFLOP Mode

I .
i@ Interlck B5) (R 31013240C240_1 [nataray Object Properties.. Alt+Return

& L Di OMODE_11 Mode Channel 11| 60— o4 o cH
& Q ogle G(S)(A,1)50I32=DC240 _1| 4 A680—HE Xcha B Estip
- @ MATH_FP hi data exchanse Channel Permit
-8 MATH_INT Intlock

Parmit Protect
[E3) Q MULTIPLX Intlkoz A—stavtChn
-4 SHIFT Interloc CiF
- @ WRD_LGC Pavmit Tnad Dut
9—1na2
- Other blocks E1iA, 2140052500240 _B_E_1] AND—| i
[+ 57 Program(l) hl data exchanze Channal 2 A—|FivetInE
ST TR, 21 0032x0024%_B_E_1
OMODE_28 hods Channel 23
Intarlock
Intlkoz
Interloc
N Quk
1 Tntevlock 1m0z
fe [ WL AND— Lo <
1—|FivetInE
Evvor
;ﬂ 0vae
Find initial letter < Leaical v
g — [Iha /1l o
Press F1for help — A/Shest 1 QB32

Note: Like the PCS7DiOu block, the PCS7Diln block is a driver block for interfacing with the
PLC 10. If the value 'PV_In" in one of these blocks is interconnected with an address that is
also configured in the hardware configuration, the input MODE is supplied automatically with
data during the compilation that is run later.

For this to happen later during the compilation run, 'Generate module driver' has to be
selected.

21. The address that signals whether the pump is running can then be selected conveniently
directly from the symbol table.
(— AL.T2.A1T2S003.S0+.0+)

3;3 CFC - [A1T25003 -- PC57_SCE_Prj\Al_multipurpose_plant\T2_reaction’reaction RO01]
[ Chart Edit Inset CPU Debug View Options Window Help
FE LR MBES &« e me | BON - |aa 280
M= - S11A,21%0032=0C24V_B_5_1 -
~{i New Chart 0_ME Maintenance Skake
[ New Text FbkRun
[]...@ All blocks Pcs7Diln
Digital
i@ @SYSTEM S faseAilz o0
[]...Q BIT_LGC “feedback run f 5 imn Interconnection to Address... F3
I:I"'Q COMPARE 2:“'“”‘1 Textual Interconnection... {35 :
SFubsPu | ManOynEy
[]"'Q CONVERT S _Feld Stavt[—|
- Channel GO510A 4101 02xDCE40_1 " Invert Ctrl+R FbkRunu
D 0_MS Maintenance Stakas AE#0—5_Ext L
£ Q nves ELL s P Delete Interconnection(s) Del =
[l FLIPFLOP ot
-
- @ Interlck ﬂmsg?ij':’;mg:"n”i"’;: D"-‘“x" Object Properties... Alt+Return
5@ LogicDi =l liede Bhamme #0—natokc
- MATHFP  [21.T2.21T25003.50+.0+
- MATHINT &21.T2 . A1T?H015 . HO+-. 0+ BOOL @ 4.4 reactor RO0O1 decanting to reactor R0O02 statu #
[]---Q MULTIPLY @;\1.1‘2.;\1123015.35+.51'ART BOOL I 7.6 reactor RO01 decanting to reactor RO02 start
[]---Q SHIFT anl.fz.anZHOJS.HS—.STDP BOOL I 7.7 reactor RO0O1 decanting to reactor RO02 stop
2! QWRD,LGC &Al.f:.anEHOlS.HD%——.D%— BOOL Q 5.4 reactor RO0O2 decanting to reactor RO0O1 statu
[]---Q Other blocks &Al.TZ.RlTE-IOJS.HSJr.SI‘ART BOCL I 5.8 reactor RO02 decanting to reactor RO0O1 start
-3 57 Programi(l. @RI.TZ.R_'LTZHOJG.HS—.STOF BOCL I 5.7 reactor R0O02 decanting to reactor RO0O1 stop
&nl.TZ.RlTZSOOl.SD#——.D#— BOOL I 2.0 stirrer reactor R001 feedback running
anl.rz A1T25001.5V.C BOCL Q 4.6 stirrer reactor RO01 control =ignal
&Al.fz BR1T25002.50+-.0+ BOCL I 2.1 stirrer reactor R002 feedback signal on
&Rl T2.R21T25002.5V.C BOCL Q 5.6 stirrer reactor R002 control signal E
& .T2.21T25003.50+.0+ - pump outlet reactor R001 feedback running
B ﬂ'B =) l @Rl.f; A1T25003.5V.C BOCL Q 3.4 pump ocutlet reactor RO01 control signal
=l &a1.T2.81T25004.50+.0+ BOOL I 1.4 pump outlet reactor RO02 feedback running
anl.TZ.AlIZEOOLSV.C BOCL Q 3.5 pump outlet reactor RO02 control =zignal
™ Find inftial letter &Al.fz.anETOOl.TU.S BOCL Q 4.5 temperature reactor R0O01 control szignal
&RI.TZ.A1T2TOO2.T\’.S BOCL Q 5.5 temperature reactor R002 control signal |
Press F1 for help @RI.TZ.AlTZXOOl.GQd——.Od— BOOL I 65.4 walve inlet reactor R001 from educt tank B.. 7|
] [ +
.
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22. Now the activation of the output address has to be interconnected. This is done by
right-clicking the output 'PV_Out’ in the block 'PCS7DiOu' and then selecting the
interconnection to the address. (— PV_Out — Interconnection to Address)

2 CFC - [ALT25003 -- PCST_SCE_Prj\Al_multipurpose_plant\T2_reaction\reaction R001] =N EER=<=|
art it Insert ebug iew ptions indow elp o (=
[ ch Edit I CPU  Deb Vi Opti Wind Hel
FE 2R |MEES 64 glin | 9 ®EBODh Jdeaqa mEMN

[l Mew Chart i

MNew Text

] Q All blocks

T22E03

- @SYSTEM

- @ BIT_LGC

-8 COMPARE Lo

r onDynEy —

- CONVERT Start Qutskart

[]---Q Channel FhkRundu[— Pes?lidu

[]...Q Drives i 3ital |

- @ FLIPFLOP : o{ssnon . ]

5 Q Interlck 8 | GO 6] Interconnection to Address... B

[]...Q LogicDi P O startlal Uozhl Interconnection to Runtime Group...

i@ MATH FP ::: _Relen WS _F . .

E]"'Q MATH_ INT JTIT C elete Interconnection(s) el

1640 Taxtre

- @ MULTIPLX " M :‘od:z ’ Object Properties... Alt+Return

[]"'@ SHIFT DataXchs

[]...Q WRD_LGC 16#0—|DaktaXchs

[]--Q Other blocks HeRETE Seh

] S7 Programil)
T fe. [®_ @

|

[~ Find initial letter E _|_|\A /—“‘_l ‘ ;
Press F1 for help — A/Sheet 1 OB32

23. The address for activating the pump can once again be conveniently selected from the
symbol table. (— A1.T2.A1T2S003.SV.C)

}:! CFC - [ALT25003 -- PCS7_SCE_Prj\Al_multipurpose_plant\T2_reaction\reaction RO01]
[ Chart Edit Insert CPU Debug View Options Window Help
=5 4 6B BB E = 6 gin | ¥ A BEON Jaqa | mxED N
g% New Chart i
B Mew Text
- All blocks
- @ @SYSTEM 125003
@ BIT_LGC
@ Covpate wE
[]”% CONVERT ‘ S:uvt OutsStart
[]--Q Channel FbkREunOu[— Pes70iou
i) @ Drives ‘ 0 gital |
=@ FLPFLOP : om0 . 1
[]“Q Interlck 3 o simPU_In  PU_Chn Interconnection to Address... F3
[]..Q LogicDi ] O startual Oosh) Interconnection to Runtime Group...
Ms_Felea ME_F
- MATH_FP W — o~
o Q MATH INT 16015 _Ent elete Interconnection(s) el
[]“Q MULTIPLX " mw_;:::hr Object Properties... Alt+Return
-y SHIFT DakaXcha | ‘ ‘
- @ WRD_LGC — Nt bg
[+ Q Other blocks A1.T2.A1T25003.5V.C
[-gH 57 Program(l) @AJ.TZ.AJTZHOJ.G.Z—ISLSTARI‘ BOOL I 5.6 reactor R0O02 decanting to reactor RO01 start +
@AJ.TZ.AJTZHO.’LG.HS—.STOP BCOL I 5.7 reactor R0O0Z2 decanting to reactor RO0O1 stop
@AJ.TZ.AJTQSOOJ.S(H—.CH BOOL I 2.0 stirrer reactor R001 feedback running
@AJ.TZ.AJTZSOOJ.EV.C BOOL Q 4.6 stirrer reactor RO01 control signal
@AJ.TZ.A1T25002.50+—.0+ BOOL I 2.1 stirrer reactor RO0Z feedback signal on
@AJ.TE.AJTZSOOE.SV C BOOL Q 5.8 stirrer reactor R002 control =ignal
i ﬂ’B =) ' @AJ T2.A1T25003.50+.0+ BCOL I 1.3 pump outlet reactor RO01 feedback r.l')‘ll'lg
e[ 121 72 31T25003.5V.C |BOOL |0 3.3 |pump ouclec reactor ROOL control sigmal |
@AJ. T2.R1T25004.50+.0+ BCOL I 1.4 pump outlet reactor RO02 feedback running
I Find initial letter @AJ.TZ.AJT;SOOQ.SV.C BOOL Q 3.5 pump outlet reactor RO02 control signal =
@AJ.TZ.AJTZTOOJ.IV.S BOOL Q 4.5 temperature reactor RO01 control signal
Press F1for help @AJ.TZ.AJTZTOOZ.IV.S BOCL Q 5.5 temperature reactor R002 control =ignal
@AJ.TE.AJTEXOOJ.GD+—.D+ BOCL I 65.4 walve inlet reactor RO01 from educt tank B.
@AJ.TE.AJTZXOOJ.GO+—.O— BCCL I 66.0 walve inlet reactor R0O01 from educt tank B.
@AJ.TZ.AJTZXOOJ.X\’.C BCOL Q 1.4 walwve inlet reactor RO01 from educt tank B.
@AJ.TZ.AJTZXOOZ.GCH—.(H BCOOL I 65.5 walve inlet reactor RO01 from educt tank B.
@AJ.TZ.AJT2X002.GO+—.O— BOOL I 66.1 wvalve inlet reactor R001 from educt tank B.. ™
4 1l
I +

Note: The placeholder at the output of Pcs7DiOu ‘output start' should be deleted; otherwise,
there will be a warning during compilation!
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24. Before the program for the pump motor can be compiled and loaded, the PLC simulation
S7-PLCSIM has to be started from the SIMATIC-Manager.

o @)

File Edit Inset PLC View Options Window Help NEER

D (22| % =@ | sal[o 2] %[ B [<orer> <D (W@ BEMIN
]--@ PCS7_SCE_MP '\A1T2SDDS§
CBesen |

| -] Shared Dedlarations
E@ A1_mulipurpose_plant
: (B T1_educt_tanks

= (B3] T2_reaction

~(Ed] reaction ROO
(B4} reaction RO02
(B T3_ product_tanks
Fl-(Bd) T4_rirsing

= PCS7_SCE_Lib

B Shared Declarations
-ﬁ Models

ﬁ Pracess tag types

T F——

Press Fl to get Help. |PC internal (local) A

25. The PLC simulation acts like a real SIMATIC S7 CPU. However, the inputs and outputs
have to be inserted first before they can be monitored and operated.
(— Insert — Input — Insert — Output)

TR T

Fie Edt View [Tnsert] PLC Bxecute Tools Window Help
DS ES |  inputvaricble R BERN | EeaEaaalana | REE nlm|

Output Variable F3

Bit Memory F4

F11
F12

Timer

Counter

Ctrl+F2

Generic
Vertical Bits

@ S7-PLCSIM1
File Edit View [Insert] PLC Execute Tools Window Help
DEEQ|  mputvariable R B@E# R Eeaaaaa aaa B vle

Output Variable F3

Bit Memory

Shows an Inp|

Timer
Counter F12

UN
cTop ¥ STOF

Generic Ctrl+F2

Vertical Bits

Shows an Output Variable. |Default: MPI=2 DP=2 Local=2 IP=192.168.0.1 I50=08-0(
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26. Next, the addresses have

(> IB1 - QB3)

correct byte

be entered.

@ 57-PLCSIM1 - ASINCPU 414-3 DP

File Edit View Insert PLC Execute Tools Window Help
0@ S |rcsmrcear
iE # in W E E E | S A E
BJIER | n T=0

%

BB | W

[@crv [of & mEl[BEe (o @ [=]|Es. o] @|[=]

Egg ™ RUN-P B 1 Bits = |[[eB 3 gis

=

FEE 4 3210
N I o o

Press F1 to get Help.

V= — —

27. For loading from the SIMATIC Manager to S7-PLCSIM to take place using the correct

interface, the PG/PC interface will be set correctly.

(— SIMATIC Manager — Options — Set PG/PC Interface)

{11 Shared Declarations
A1_multipurpose_plant
T1_educt_tanks
TZ_reaction

SIMATIC Logen Service...

Text Libraries 3

reaction ROOT Language for Display Devices...
] reaction ROD2 Manage Multilingual Texts 3
3 product_tanks
T4_rinzing Rewire...

=% PLS7_SCE_Lib
-] Shared Declarations

* Models Compare Blocks...
Process tag types

Run-Time Properties...

Reference Data 3
Define Global Data
Configure Network

¥ Simulate Modules
SIMATIC PDM 3
Configure Process Diagnostics

PCS 7 License Information...

Charts 3
Shared Declarations 3
Plant Hierarchy 3
Process Objects 3
Process Objects (Onling) 3
Process Tags 3
Models 3
Control modules 3
SIMATIC BATCH 3
05 3
05 Import...

‘Compile Multiple 05s' Wizard 3
Chx Data 3
Set PG/PC Interface...

4« | i b

Processes interfaces and parameter assignments for devices and assigns them to each other.

ﬂ SIMATIC Manager - [PC57_SCE_MP (Plant View) -- C:\Program Files\Siemens\STEPT\S7Proj\PCS57_SCE\PCST_MP] EI@
File Edit Inset PLC View [Options| Window Help NER
O & | &7 Customize... CrlAl=E | - | B BB M|
H.{=g] PCS7_SCE_MP [ Access Protection >
=8 PLS7_SCE Py Tienpalles .
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28. PLCSIM(TCP/IP) is set as interface here. (— PLCSIM(TCP/IP) — OK)
Set PG/PC Interface (eS|

Access Path | LLDP / DCP | PNIO Adapter|

Access Point of the Application:

STONLINE (STEP7)  —> PLCSIM{TCP/IP)
(Standard for STEP 7)

Interfface Parameter Assignment Used:
PLCSIM(TCP/IP) Propetties..

B PLCSIM(Local) ,
EAPLCSIMMPI) L
B2 PLCSIM{PROFIBUS) | Copy...
#APLCSIMTCP/IP) Al
Kl P—Tr— ’

(Assigning Parameters for a virtual dummy
device which is simulated by PLCSIM for
TCP-IP)

Interfaces

R

| Concel || Hep |

29. Now the project folder can be highlighted and compilation and download of the objects
can start.

(— Plant View —» SCE_PCS7_Prj -» PLC — Compile and Download Objects)

)| SIMATIC Manager - [PCS7_SCE_MP (Plant View) -- C:\Program Files\Siemens\STEP7\S7Proj\PCS7_SCE\PCS7_MP] (o ===

File Edit Inset PLC View Options Window Help [-[=]x]
D |27 & 2R [ dal[e 2 %[} & |[<to Fiter> -% @ BmEMmN
]--@ PCS7_SCE_MP Shared Declarations M _multipurpoge_plant
E%W T S
[ {5 Open Object Ctrl+Alt+0
Cut Ctrl+X
Copy Ctrl+C
Paste Ctrl+V
Delete Del
Insert New Object >
Multipreject 4
PLC 3 Compile and Download Objects...
Access Protection >

PC57 License Information...

Shared Declarations 3
Plant Hierarchy 4
Process Tags 3
Models 3
Control modules 3
SIMATIC BATCH 3
] Rename F2
Compiles/dow Object Properties... Alt+Return bjects. Y
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30. In the following selection, 'Compile and Download Objects' is selected for the hardware

and the charts of the AS1. Then the folder 'Charts' is highlighted and its setting checked

using 'Edit’.

(-~ M - M - M - charts — Edit)

Selection table:
Objects Status Operating Mode Compile Download
|--Bp PCS7_SCE_Prj
EHE Ast
ih Hardware undefined
£ cru4iaame STOP
Blocks
Charts undefined
Connections undefined
w-E As2 Ll Ll
w-E 0s O O
 Settings for Compilation/Download Update View Log Select Dbjects
Edit... I Test | Statug Operating Mode Single Objsct All.. | Select All Deselect Al
™ Status during Open
[~ Compile only ¥ Do not load if compilation srmor is detected
Start | Close Help L

31. When compiling the charts, it is important to compile the entire program and to have the
module drivers generated.

(— Entire program — Generate module drivers — S7 Download)

Compile Program / Download to Target System & —~ u
Compile Charts as Program | 57 Download |
CPL: CPU 4143 DF
Program name: ASTVCPU 414-3 DPMSY Program(1)
Scope
¢ Entire program
{* Changes onlp
v Generate module drivers Block Driver Settings...
[ Generate SCL source
|
Abbrechen Hife
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32. When downloading the charts, it is also important to download the entire program.
(— Entire program — OK — OK)

Compile Program / Download to Target System-—-_ u

Compile Charts as Program 57 Download |

CPL: CPU 414-3 DP
Program name: AST\CPU 414-3 DPYS7 Program(1)

Download mode
(%" Entire program
" Changes only
™ Totest CPU {entire program)

Show Changes

¥ Inciude user data blocks

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

[ Read the notes in the onling help about possible effects

Abbrechen | Hife |

Download (244:4028)

o Note that the blocks in the CPU will be deleted if you
_h download later [e.q. in the Simatic Manager with
—— "CPU->Compile and Download Objects").

Also note that the operator input from the 0S or test mode
will be lost if the set values values are not read back into
the offline program.

|
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33. Finally, we can start ‘Compile and Download Objects'. The warnings and instructions
regarding plant safety should be read carefully. Prior to compile and download, the CPU
has to be switched to STOP.

(— Start > OK — Yes)

Selection table:
Objects Status Operating Mode Compile Download
|--Bp PCS7_SCE_Prj
EHE Ast
n] Hardware undefined
£ cru4iazme STOP
Blocks
Charts undefined
Connections undefined
B As2 Ll Ll
=-8 0s 1 [l
— Settings for Compilation/Dawnload Update————————— View Log Select Objects
Edit... | Test | Statug Operating Mode Single Objsct All... Select Al Deselect Al
™ Status during Open
[~ Compile only ¥ Do not load if compilation rmor is detected

Compile and Download Objects {3280:826)

\ Downloading program changes during operation can, in
g h the case of malfunctions or program errors, cause serious
damage to personnel and equipment! Make sure also that
downloading to the individual CPUs is not done
simultaneously after compilation.
Make sure that no dangerous situations could occur
before executing this function!

Compile and Download Objects (3280:822)

Cancel |

\ If you want to download changes online, please make
4 h sure that the prerequisites have been met [e.g. comect
— settings selected, no previous complete compilation from
the 05].
A complete download is only possible if the PLCs are nat
in RUN.

Do you want to continue?

Yes | No I
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34. Ultimately, the errors and warnings are displayed in a log. Close the window.

(- k)

~
/| Compile and Download Objects - _ :-Ehg

Datei Bearbeiten Format Ansicht 7

‘Date: 05/21/2015 time: 07:04:07 PM i
Compile:

PCS7_SCE_Prj‘\Aasl'Hardware

-> Object was compiled without errors

pate: 05/21,/2015 tTime: 07:04:12 PM
Compile:

||PCS7_sCE_Prjhasl’cpPu 414-3 pP\Connections
-> Object was compiled without errors

pate: 05/21/2015 tTime: 07:04:16 PM

\|Compile:

PCS7_SCE_Prj‘\asli\cpPu 414-3 pP\57 Program(l)‘cCharts
-> Object compilation was executed (with warnings)

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

m

Date: 05/21/2015 time: 07:05:17 PM
Download:

PC57_SCE_Prj‘\Asl‘Hardware

-> Object was downloaded without errors

Date: 05/21/2015 time: 07:05:19 PM
Download:

PC57_SCE_Prj‘“\As1\CPU 414-3 DP‘Connections
-> Object was downloaded without errors

Date: 05/21/2015 +time: 07:05:19 PM

Download:

PC57_SCE_Prj‘\Asi\CPU 414-3 DP\57 Program(l)‘Charts
-> Object was downloaded without errors L.

35.If you want to view log details, check at Logs and click on Single object.
(— Single Object — Close — Close)

rl Logs pa— — l‘:'||El|g1

Compile l Check consistency] Download] Block t_l,lpes] Module driver]

Filter: | <Muo filkers j g

Fesponzible user: plt-admin
Compiling all chartz az program A514CPU 414-3 DPVST Program(1] on 21.05.2015 15:.04:20
Generate block, drivers: on
Generating SCL zources: off
Set sampling times from 21.06.2015 19:.04:27
B Value of parameter SampleTime in block 41T 25003/pump_a1 T25003 was changed.
Setting sampling times completed: 21.05.201519:.04:27.
The empty OB at the beginning wasz deleted. [t will be created again if it iz included in automatic block, installation.
A1T25003Permit | ntlk02: 140 10071 has a textual interconnection
ATT25003 nterlock. Intk02:1/0 In01 has a textual interconnection
A1T25003Protect. Inthk02:1/0 In01 has a textual interconnection
End of code generator: 21.05.201515:05:10

Note: Four warnings are indicated here. Delete the empty OBl and existing textual
interconnections. They occur because of the unconnected connections of the template. These
connections are connected in chapter PO1-05.
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36. To test the program, the CPU in S7-PLCSIM is switched to
(— S7-PLCSIM — RUN-P)
[ @t s7-pLcsM1 . - [E=EE

File Edit Insert PLC  Execute
O & | & |rcsmrcear  ~
2 i i iy - e R iy = R NI
0
%

View Tools

1] T=0

Window Help
BB W

[Blcry (= @ [l |BEE .. [ = | =

[ ]|Eles..[= | = [=]

Hg; 3 lE 1
Ooc [ RUN .
CIRUN

654 3 210

RN N CERE

|Bits

Press F1 to get Help.

'RUN-P".

37. Before the individual blocks can be monitored in the CFC, the chart has to be switched to

the test mode first. (- CFC — ¥ )

I8 CFC - [ALT25003 -- PCS7_SCE_Prj\Al_multipurpese_plant\T2_reaction\reaction R001] =n EER=<=
[ Chart Edit Inset CPU Debug View Options Window Help =
D= & mEEe 64 glin | 9 ®EBODh -aa BmEMN

[ New Chart 1 Test Mode (on/off) f -
-[E] New Text FbkRun
-8 All blocks [Pactitin
Disital Pump_A1T25005
[]”Q @SYSTEM _,7 Fu_in Bad|———— ilo L
=@y BIT_LGC a—{simon PU_Dut okor —
[]“Q COMPARE a—{zimPu_In DosRct oo dLing M5 _Felea
O—SubzPU_I HE_Raa|— O—Authadlp  MonDunEx—
- @ CONVERT 15 _Relea osLi Start Qutskar
[]--Q Channel ul FbkREun FbkRunilu[— Pes?Dit
- @ Drives 16803 _Ext 1—{Meni tar Digital |
1E#E—TawtRat B nanTitn Fu_In |=
& @ FLIPFLOP N 10 B—ionTiDun o{simon
(-4 Interlck [ {pataxcha EC o simpu_l
icDi 1680 —Dataiichy O Rapidstp B startyy
=@ LogicDi 16#0—{5_X<ch L [T s _Rels
- MATH_FP Pavmit it
- MATHINT —{Intleck 164015 _Ext
Fevmit Protect 16#0—|Taxtkas|
@ MULTIPLX Int1kD2 @—{startchn Hade
[ Q SHIFT Intzrloc CIE [E{vataxet
[]..Q WRD_LGEC TnDd oot 1648 DakaX <}
o—In82 164015 Hehy
[]--Q Other blocks el
€8 57 Program(l) 4—FirstInE
1
Intarleck
Intlk®D2
Interloc
| out
1 @—Inaz2
fe. B[ @ ANO—Logt
A—|Fi¥stInE
Evvor
;ﬁ Or@s
[~ Find initial letter < Bozitcal
el YA B | 5]
Toggles between test and edit mode — A/Sheet 1 OB32
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38. The blocks that are to be monitored must now be explicitly activated for monitoring. The
same applies subsequently to the individual connections of the block.

(— Pump_A1T2S003 — Watch On)

%2 CFC - [ALT25003 - PCST_SCE_Prj\AL_multipurpose_plant\T2_reaction\reaction RO01 OMLINE] (=8 E=R ===
[ Chart Edit Inset CPU Debug View Options Window Help =[]

neE & mE B q ar ¥ BEONdeaa 2Ems

~[#% New Chart
New Text
e All blocks
@ @SYSTEM
@ BIT_LGC —
@ COMPARE
@ CONVERT Sutstar
@ Channel T T pes7Diu
Q Drives i sital
@ FLIPFLOP
@ Interick
® LogicDi
& MATH_FP

& MATHINT ack
& MULTIPLX P e
@ SHIFT

@ WRD_LGC
@ Other blocks
57 Program(l) Go to Insert Position

Object Properties... Alt+Return

m

PU_Tn Bad——
o—sinon FU_dut

ofsinpuan  pu_chst - L
B—Skartlal Deshck
ns_Relea NS _Rea—

Copy Ctrl+C

Watch On

Predecessor for Insertion Position Shift+F11

[ & B
[ Find initial letter <) Logical
/e 5

Press F1 for help. - A/Sheet 1 Test: RUNNING(Process)

39. To continue, we have to make the connections for the automatic control 'StartAut' and
'StopAut' of the 'MotL' block visible. If there should be an error, 'RstOp' and ‘MonDynErr'
should be made visible, too.

(— Object Properties)

2 CFC - [ALT25003 -- PCS7_SCE_Prj\AL_multipurpose_plant\T2_reaction\reaction RO0L ONLINE] = e e
B Chat Edit Inset CPU Debug View Options Window Help - =)=
=& =it ¥ & #HEDON J&aa 2EM 8

Y New Chart i
New Text

@ All blocks
& @SYSTEM
@ BIT_LGC

& COMPARE
& CONVERT
- Channel
(=] Drives
- FLIPFLOP
- Interlck
(- LogicDi
-8 MATH_FP
- MATH_INT
-8 MULTIPLX
- SHIFT
-8 WRD_LGC
-8 Other blocks
-8 57 Programil)

Copy e [ L

Watch On

Predecessor for Insertion Position Shift+F11

Go to Insert Position

m

Object Properties... Alt+Return

T He. [B_ @ = |

[ Find iitial letter t e e &

Press F1 for help. — A/Sheet 1 Test: RUNNING(Process)
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(— RstOp)
r —_ - - -- e ™
_Eﬁgpeﬂlﬁ— %.—— A1T25003\Purmp_A1T25003 p— g u
| Generl 1/0s |
# Name /O | T.. | Va..| In... | A | Fee | o | 5. | Tow | C. | Invisible W) A | Tdeee | U | Tewe | T | =
34 |Stoplocal.Value IN[ .. |0 <c.| [0 [ [ Ol v. [N
35 |Stoplocal ST IN| .16 [=c.| [ Ol 0| Si. O
36 | LocalSetting IN |INT |0 Old 0 |Le. O =
37 | FbkRun N [ST.. a0 OlOlt=- 0O 1=
38 | FbkRunValue N Old Ol ve O
39 | FbkRun.ST IN| . Old Ol s O
40 | Menitor IN |B. |1 Old Ol 0= O N
41 | MenTistatic IN |RE..|30 Old Ol 0| M. O N
42 | MonTiDynamic IN | RE..|10.0 [HENN O O [ M. [l ] |N
43 | MenTiDyStop IN |RE..|30 Old Ol 0| M. O N
44 |1dleTime IN |RE..|50 Old O 0 |5t O
45 | PulseWidth IN |RE..|30 Old Ol 0 |c. O
46 | WarnTiMan IN |RE..|00 Ol g O[O [ W O
47 | WamnTiAut IN |RE..|00 Old O 0O | W.. O
48 | RapidStp IN |B.. |0 Old Ot N N
49 | RstOp IN |B. |0 Old Ol 0|l9. N N
50 | Rstli IN |ST. Old 0 |Li. [¥]
51 |RstLiValue N[ [0 |[<ca| []]|[] Ol v O
52 | RstLiST IN| .16 [=c.| [ Ol 0| Si. O
53 |BypProt IN |B. |0 Old | O | By.. N
54 | Trip IN |ST. Old Ol fi=.
| 55 |TripValue IN| .1 <c..| [ | [ | 0 |Va.. [N
B 56 | Trip.5T IN| .16 [=c.| [ [ Ol 0ajls O
I| |57 [Permit IN [ST.. a0 Ol0l= 0 =
| 1 ] ¢
Pririt Cancel Help
b

(— MonDynErr)

r —_ - - - - e ™
_Er?perhﬁ— %.—— A1T25003\Purmp_A1T25003 e - u
General 1/0s |
# | Name /O | T.. | Va.. | In...| A | F. | Feeo | S | T | C | Invisible | W | Ao | Id..| U | T | T | #
242 | MS_Releaze Value w |0 Ol g O v O
243 | M5_Release.ST S 15... Ol0 O[] S [v] O
244 | MenDynErr OUT| ST... Ol0 O | [ |Fe. ]
245 | MonDynErr.Value o || e [N <c| [ [0 OV [v] [l
246 | MenDynErr.ST v | e (160 [=en] [ | [T O | Si. O
247 | MonDynStopErr OUT| 5T... Ol g [ [ |Fe-
248 | MonDynStopErr.Value = <c.| 1110 OV O
249 | MonDynStopErr.ST w | e 160 | <en ] [T O[] S O
250 | MenStaErr OUT| ST... Ol0 O | [ |Fe.
251 | MonStaErr.Value = <c.| 1110 OV O
252 | Mon5taErr.5T w | e |16 | <en ] [T O[] S O
253 | CurrMon OUT| DI... [0 Ol0 Ol 0 |c. N
254 | R_StpAct OUT| 5T... ol0 Ol
255 | R_StpAct.Value s <o ][0 Ol ve O
256 | R_StpAct.ST v | e (160 [=en] [ | [T O | Si. O
257 | LockAct OUT| ST... Ol0 Ot
258 | LockAct.Value = <c.| 1110 OV O
259 | LockAct.ST v | e (160 [=cn] [ | [T O | Si. O =
260 | GrpErr OUT| ST... Ol0 Ot |3
261 | GrpEm.Value = <c.| 1110 OV O
262 | GrpEr.ST v | e (160 [=en] [ | [T O | Si. O
I| [283 [RdyTostart OUT][ST... ol0 Ol
| 264 | RdyToStart.Value = <c.| 1110 OV O
I 265 | RdyTo5tart.5T v | e (160 [=en] [ | [T O | Si. O -
| 1 ] ¢
Prirt Cancel Help
b
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40. Next, we switch to Automatic with 'AutModOp' == 1 for the manual/automatic mode.

(— AutModOp — Properties — "1")

22 CFC - [ALT25003 -- PCST_SCE_Pj\Al_multipurpose_plant\T2_reaction\reaction RO0L ONLINE] (=3 E=H ===
[ Chert Edit Inset CPU Debug View Options Window Help _ =)=

D& & mEE=s ¥ wme | EOD e |mEmR

~[8 New Chart
New Text

5§ All blocks .
- @ @SYSTEM Properties - Input/Output (=X
- @ BIT_LGC
- @ COMPARE Block:: MotL.pump_a1T25003
- @ CONVERT 140: AutodOp - IN[BOOL)
- @ Channel —— Ouesears
- @ Drives Value 1 —‘ pT
- @ FLIPFLOP
5 S

(- @ Interick
[
[
[
[
[
[
[
[

m

Digital

@y LogicDi Comment: |1=Auto Mode: Auto Mode by Dperator
- @ MATH_FP

+- @ MATH_INT

£ @ MULTIPLX oK l Apply | Cancel Help

- @ SHIFT |
- @ WRD_LGC
@ Other blocks [ ous]
g8 57 Program(l)

[ Find infial letter g oA Ll ;

Press F1forhelp. - AfSheet 1 Test: RUNNING(Process)

A\

Note: During testing, we should not omit setting the feedback 11.3 within 10 seconds after
activating the output Q 3.4 in S7-PLCSIM. If this is not done, the block Pump_A1T2S003
shuts off and reads out an error.

A

Note: If there is no feedback, the pump block not only switches the actuating signal START to
0, but indicates by setting the output 'ModDynErr' to 1 that the run signal of the pump had not
arrived on time. All connections have to be made visible. To prevent damage through repeated
switch-on attempts, the pump block has to be reset before another attempt is made.

To do this, input 'RstOp' has to be briefly set to 1 and then again to 0!

By double-clicking on this input parameter of pump block Pump_A1T2S003, the dialog window
shown above is opened. In the field Value, we first enter a 1; this value is transmitted to the
control system by clicking on the button 'Apply' and the error outputs are set to 0. To return to
the normal method of functioning, 'RstOp' must be reset to the original state by entering 0 and
‘Apply' once more.
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41. Next, the pump is started with (StartAut == 1 and StopAut == 0)

again with (StartAut == 0 and StopAut == 1).

and can be stopped
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42. If the run feedback was not switched on in time in the PLCSIM, an error is displayed in
'MonDynErr'. It can be acknowledged with RstOp' == 1.
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TESTING THE AUTOMATION LOGIC WITH THE SIMULATION

Entering process states manually in the simulated control system is still possible with
justifiable effort for small functions. For more complicated runs with several dynamic process
variables, the limits of what is doable are quickly reached. Here, using process simulation is
recommended.

For this course, the essential relationships of the process that we are automating here were
mapped with the simulation software SIMIT. The model maps the dynamic behavior of the
pumps, valves, containers, reactors as well as the local operator panel with main switch,
EMERGENCY OFF, switch-over to local operation and the corresponding operator controls.
The dynamic processes have been accelerated in comparison to reality by a factor 5 to 50 to
keep waiting times short.

The simulator operator interface is shown in Figure 4. On the left side, it shows the process
scheme as well as the signal levels of controlled and measured variables. On the right side,
the ochre-shaded local operator panel is shown on top, below that a series of control elements
is provided for the simulation.

Using the simulator is simple; we only have to make sure that the assignment of the inputs
and outputs was not changed.

With the simulator, pump activation can now be checked very simply:
1. After S7-PLCSIM the simulation program is started.

2. The simulation starts with the 75% filled educt tanks; all others are drained. This state can
be restored in the simulation control any time with the option 'RESET'. The option 'RESET
50%' fills all tanks as shown in Figure 4 to 50%.

3. For testing, the motor block is activated as described in the previous section under Step
41. In the simulation, the actuating signal of the pump is illuminated green.

4. The simulated motor startup takes about 2 seconds. Then, the motor’s running indicator
flashes green in the simulation, and the signal level for binary input | 1.3 of the control
system is set.

5. To open the supply path, the valve for product tank T3.B001 has to be opened as well. In
the exercise below, this valve is activated by a suitable individual drive function. If the
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pump is switched on and the valve is open, we can watch in the simulation how the
contents of reactor T2.R001 are pumped into product tank T3.B001.

6. Using the simulation controls, the product tanks can be drained and the educt tanks can
be filled. When the tanks are filled using the simulation control, first the simulation has to

be separated from the control system. To this end, the button with the horizontal line (=)
is clicked once. Then, the valve can be opened with the button to the right of it. The
actuating signal flashes green. After approximately one second, the signal of the limit
switch for the open position follows. After an additional 5 to 10 seconds, the first level
changes are visible.

7. With 'RESET' and 'RESET 50%', the simulation can be returned to a defined state.
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Figure 4: User interface of the process simulation
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EXERCISES

TASKS

In the exercises we apply what we have learned from theory and from the step by step
instructions. To this end, we utilize and expand the available multi-project from the step by
step instruction (PCS7_SCE_0104_R1503_en.zip).

The objective of this exercise is to create a CFC that can be used for controlling the valves of
the plant. The exercise is based on the knowledge acquired through the step by step
instructions where a similar CFC for controlling the motor was created.

In addition, a CFC is created for scaling the level, which means an analog input value, from
the digitalized to the physical value. This task adds to our knowledge because the CFC is
created without a template but still with a block from the library. This CFC is required for the
chapter 'Functional Safety'.

The following exercises are based on the step by step instructions. The corresponding steps
of the instructions can be used for each exercise as an aid.

1. Insert the template 'ValveLean' as template in the process tag types (analogous to
'Motor_Lean' ‘). This template is used to implement the valves.

2. In the chart folder 'Product container BO01' of unit T3_Product_memory, an object
instance of the valve template is to be inserted and renamed to A1T3X001. Open the
CFC and also adapt the name of the block 'VIVL'. Now, close the feedback and control
signals (see Figure 5 and Table 4).

3. Download and test your implementation with the SIMIT model. The following connections
should be visible for this: 'ModLiOp', 'AutModOp’, ‘'ManModOp', 'OpenAut’, '‘CloseAut’ and
'RstOp'.

4. To incorporate the analog level sensor A1T2L001 (see Figure 5), create a new CFC in the
chart folder 'Reactor RO01'. Name it A1T2L001 and open it. Drag the block 'Pcs7AnIn’
(FB1869) from the catalog to the CFC. To do this, select the tab Libraries in the left frame
and then use either the search function at the very bottom or open
PCS 7 AP Library V81/Blocks+Templates\Blocks/Channel. As soon as the block has been
inserted, rename it Level A1T2L001.

5. Now assign parameters to the block 'Pcs7Anin' by setting the input value 'Scale’ to
High = 0 and Low = 1158.0, and the 'PV_InUni' to 1040 (for the unit ml). Connect the input
'PV_In' of block 'Pcs7AnIn' with the symbol for the actual level value (see Table 4) of
Reactor ROO1.

6. Now implement the high and low level sensor of product container BOO1. For this, set up a
CFC in the chart folder 'Product_tank BO0O1' and name it A1T3L001. Open the chart and
insert the block 'Pcs7Diln' twice from the catalog (analogous to exercise 5). Name one
block A1T3LO01_LSA+ and the other A1T3L001_LSA-. Interconnect 'PV_In" with the
sensor signals.

7. Next, create the CFCs for the main switch, the EMERGENCY OFF switch and the switch
for local operation. As in exercise 7, a CFC for A1H001, A1H002 and A1HOO3 is created
in the chart folder 'Multi-purpose plant’; the block 'Pcs7Diln' is added, named, and
interconnected with the respective address to 'PV_In".
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Table 4: Symbols for implementation of the valve control and the fill sensor

Symbol Address Data Comment

Type

Open/close valve inflow
A1.T3.A1T3X001.XV.C Q0.6 BOOL Product tank BOO1
Actuating signal

Open/close valve inflow
| AL.T3.A1T3X001.GO+-.0+ |115.4 BOOL Product tank BO01
Feedback open/on

Open/close valve inflow
A1.T3.A1T3X001.GO+-.O- |115.5 BOOL Product tank BO01
Feedback closed
Actual level value
Reactor RO0O1

Level monitoring
A1.T3.A1T3LO01.LSA+.SA+ |118.6 BOOL Product tank B001

Trip point H

Level monitoring
A1.T3.A1T3LO01.LSA-.SA- |118.7 BOOL Product tank BOO1

Trip point L

Switch on multi-purpose
plant

Activate EMERGENCY
OFF (NO contact)

Activate local operation

0| A1.T2.A1T2L001.LISA+.M IW 512 WORD

Exercise

A1.A1HO01.HS+-.START 10.0 BOOL

~| A1.A1H002.HS+-.OFF 10.1 BOOL

A1.A1HO03.HS+-.LOC 10.2 BOOL

| =
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Figure 5: Excerpt from P&ID flowchart
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