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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_AITZ3002
MotL
Motor —

FekRunCu [—

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 PCS7DIiOu PV_Out

Digital input PCS7Diln PV_In

Analog output PCS7AnOu PV_Out, Scale

Analog input PCS7AnNIn 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 Usage 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 >

Pumpe A1T25003
——p [|MotL
Motor -

Block type

1
Run feedback ——» o

— «——— Control output

10.0

Figure 2: Block of the individual drive function Motor_Lean

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.
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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 MotLean has a total of
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 (V8.0).
ABE33257529-AA. (https://support.industry.siemens.com/cs/ww/en/view/68154793)

Unrestricted for Educational and R&D Facilities. © Siemens AG 2015. All Rights Reserved.
P01-04_Individual Drive Functions_V8.0_S0915_EN.docx


https://support.industry.siemens.com/cs/ww/en/view/68154793

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

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
Al1.T2.A1T2S003.SO+.0+ | 11.3 BOOL Pump outlet reactor RO01
Feedback on
Al1.T2.A1T2S003.SV.C Q34 BOOL Pump outlet reactor R001
Actuator signal

_/usAr
“\aiT2L001/

L

/Tsas T Tic

|
v

T T21001/ ~SCE.A1.T2-R001
| Ve Reactor
|_ ~/ \ v
“\aiT2r001/ S0+ O\
T r B 7'\/§1T25003y‘
=SCE.A1.T2-P001 5/ v\
'\A‘IT2SOO3/"

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_R1501 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] | = || = |[s25a]

File Edit Insert PLC View Options Window Help =[] =
O & | 87 & 9 g |t |- | < No Fiter > Y R BBEMR
El-{=g] PCS7_SCE_MP B Sources Blocks gl Charts als

-[@ CPU4143DP
[-{z2] 57 Program(1

! {1 Shared Declarations
[-i@ PCS7_SCE_Lib

4 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 Inset View Options Window Help

EH &% BE| o | |Asms =% | K2
&) 7 Program(1] (Symbols) -- PCS7_SCE_Prj\ASI\CPU 414-3 DP ===

Address Data type Comment

A1T2A1T25003.50... 1.3 BOOL pump outlet reactor RO01 feedback running
A1T2A1T25003.5V.C 34 BOOL pump outlet reactor RO01 contrel signal

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.

| Edit Insert View Opti;ns VﬁndawiHelp

Ctrl+O
Ctrl+F4 ——
i o O ]
Save Ctrl+S i
eactor R001 feedback running |
Properties... eactor R001 control signal ‘
il Import... |
Export... il
|
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\NCPU 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

Inserts a copy of a saved file (of a different format) in the current symbol table. [ NUM | 4
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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 I £ ]
Look n: |}, PCS7_VB.0V2 ~| & & e B
Name : Date modified Type Size
|| P01-04_symbols_R1501.dif 08,01.2015 15:00 DIF File
a | [ | »
File name: IPD1-Dd_5)rmbo|5_H150‘l dif Open
Files of type: IData Interchange Format (*.DIF) ﬂ Ca_Incel
2|
5. Before closing, the completed symbol table has to be saved.
(— Save —» m)
€%y Symbol Editor - [S7 Program(1) (Symbols) -- PCS7_SCE_Prj\ASI\CPU 414-3 DP] =N R ==
id] Symbol Table Edit Insert View Options Window Help [= =] x]
BHE S| & BE| o o |[Asms - | w2
Status | Symbol 4 Address Data type Comment -
1 1.ATHO01 HS+- STARTIR 0.0 BOOL Main power switch multipurpose plant b
2 A1 ATHO02HS+-0OFF | I oA BOOL emergency switch OFF E
3 A1 ATHO03.HS+-LOC |1 0.2 BOOL local operation mode switch
4 A1TLAITILOOTLS... |1 701 BOOL level monitering educt tank BOO1 switchpaint low
5 A1 T AITILOMLS.. |1 70.0 BOOL lewel menitoring educt tank BOO1 switchpoint high
] A1T1AITILOOZLS... || 703 BOOL level monitering educt tank BO02 switchpaoint low
7 A1 T1AITILO0ZLS.. |1 T0.2 BOOL lewel menitoring educt tank B0OOZ2 switchpoint high
3 A1T1AITILOO3LS... || 705 BOOL level monitering educt tank B0O03 switchpaint low
] A1 T1AITILOOZLS.. |1 T0.4 BOOL lewel menitoring educt tank B0OO3 switchpoint high
10 A1TLAITIS001.50.. | | 1.0 BOOL pump outlet educt tank B001 feedback running
1 A1TILAITIS0M SV Q 3.0 BOOL pump outlet educt tank B0OO1 contrel signal
12 A1 TLAITIS002.50.. | | 11 BOOL pump outlet educt tank B002 feedback running
13 A1T1AITIS0NZSV.C| O 31 BOOL pump outlet educt tank B0O0Z control signal
14 A1 TLAITIS003.50... | | 1.2 BOOL pump outlet educt tank B003 feedback running
15 A1TILAITIS0NESV.C| O 3.2 BOOL pump outlet educt tank B0O03 contrel signal
16 ATTLAITIXOM.GO.L. || 642 BOOL valve inlet educt tank BOO1 feedback signal closed
17 A1 TLAITIXOM GO |1 840 BOOL walve inlet educt tank B0OO1 feedback signal opened
18 AT AITIXIM . XV.C| Q 0.0 BOOL valve inlet educt tank BOO1 contrel signal
19 ATT1LAITIKO02.GO... || 648 BOOL valve inlet educt tank B002 feedback signal closed
20 A1TILAITIXO02.GO... || G644 BOOL valve inlet educt tank B002 feedback signal opened
21 A1TLAITIXOZ XV .| O 01 BOOL walve inlet educt tank B0OOZ contrel signal -
Saves the current symbol table. [ [MuM | -
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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 V8.0.

(— File —> Open — Libraries - PCS 7 AP Library V8.0 — OK)

| SIMATIC Manager - [PCS7_SCE_MP (Component view] -- C:\Program Files\Siemens\STEP7\S7Prcj\PCS7_SCE\PCST_ M...[ = || & |[z23]
Edit Insert PLC View Options Window Help -[&][=
C Mew... Ctrl+N Vo BHEM e
? ‘Mew Project’ Wizard... 55| Spmbols
Open... Ctrl+0
Close
Multiproject 3
57 Memary Card 3
Memory Card File 3
Save As... Ctrl+5
Delete...
Reorganize...
Manage...
Archive...
Retrieve...
Print 3
Page Setup...
1 PCS7_SCE_MP (Multiproject) -- D:\.APCST_SCE\PCST_MP
2 PCST_SCE_Prj (Project) -- C:\..ASTProj\PCS7_SCE\PCST_Prj
3 PCS7_SCE_MP (Multiproject) -- C\..\57Pro\PCS7_SCE\PCS7_MP
- 4 SCE_PCS7_MP (Multiproject) -- C:\..\STProf\SCE_PCST\SCE_ MP
Ope Exit Alt+F4
Open Project &
Uszer projects  Libraries l Sample prn\ects] Multiprojects
Mame | Storage path -
e Gruppe_00_Lib ChpltemphGruppe_0hGrup_Lib
eGruppe_‘I 4i_Lib C:AProgram Files\SIEMEMSNSTEP?ASTProfGuppe_14%Gup_Lib
Q Guppel_*_Lb C:hpltempiGuppel_#%Gupp_Lib
@627 _Lib D:APCS7-Projekled\GZAT_MPAGZAT_Lib
@ Mok _Lib D:APCS 7-ProjsktetMokasMoks,_Lib
@:PCS 7 4P Library Va0 C:\Program Files\SIEMENSASTEPPAS 7ibs\PCS_7_AP Librany_v80
@& PCS 7 BasisLibrary 480 C:\Program Filesh\SIEMENSASTER?AS 7libe\PCS_7_BASISLIERARY_...
@ PCS7_SCE_Lib C:\Program Files\SIEMENSASTER?AS 7P PCS7_SCEAPCS?_Lib
eHedundanl 10 CGP Y40 C:“Program Files\SIEMENS4STEP?.57libsed_io_1 =
eHedundanl 10 CGP W52 C:\Pragram Files\SIEMENS4STEP?.57libsed_io52
eHedundanl 10 MGP 32 C:\Program Files\SIEMEMNS4STEP7.57libsed_io_0
@ 5FC Library C:\Program Files\SIEMENSASTER?ASFlibshsfclib_B0
@ 5FC Library C:\Program FileshSIEMENSASTERPTAS Tlibshafclib_B1
OSFE Library C:%Program Files\SIEMENSASTEFP .S Vlibshsfolib
@ SIMATIC_NET_CP C:\Program Files\SIEMENSASTEP 7S 7libsh\simaticn
@ Standard Library C:AProgram Files\SIEMEMSYSTEP?S7libsstdib30
@ stdlibs [v2) C:\Program Filesh\SIEMENSASTEP 7S 7libshstdiibs <2
] I b
Selected
User projects:
Libraries: 1
Sample projects:
Multiprojects: Browse...
ak Cancel Help
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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)

| SIMATIC Manager - PCS7_SCE_MP =nECR (="
File Edit Insert PLC Options  Window Help
0= | &8F 4 [ *  Componentview No Fitter > an BZEM N
Plant View -
& PCS 7 AP Library V81 Process Object View P7\STlibs\PCS_7_AP_Library V... [ = || = |[ 52 |
-G PCS 7 AP Library ) | Type | Siee | Authe
Process Device Plant View 57 Program
Process Device Network View S7 Program
v Offline
Online
- | LargeIcons
Smalllcons E\PCS7 MP [E=R[EoR )
=1-{z5] PCS7_SCE_MP List | Type | Size | Authc
. Source folder
L]
Details Black Folder Offiine
Filter... Chart folder 7418
Define Columns Symbol table 53198
Show All Levels MNum*
Hide All Levels MNum-
v Toolbar
v’ Status Bar
Update F5
‘4 L} 3 ] ‘4 L 3
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 - PCST AP Library V8L = =
File Edit Inset PLC View Options Window Help
Y= & 2 fo T E | <MNo Fiter » = BEMIN?
PCS7_SCE_MP (Plant View) - DAPCST\SCE... [ = |[ @ || &3 | | & PCST AP Library V81 (Component view) - ... [-=-|[- = [3a]
[El-{=g] PC57_SCE_MP Object name | AS Ass =688 PCS 7 AP Librany a1 Analoghd onitoring [
-9 PCS7_SCE_Pyj El{z7] Blocks+Templates AnalogMaritoring Fb - R

g Blocks
&2l Templates
MPC10x10 blocks

=@ PCS7_SCE_Lib
{7 Shared Declarations

CazcadeCortrol ]
CascadeContral_Lean 211
CascadeR ]
CazcadeStepControl &1
DiigitaldMonitaring 31
Digitaltdonitaring (]
Digitalonioring Fb [
Doze_Lean |
[Dose_Lean Fb

Frocess tag tupes

FhwdDisturbCompensat
GainS cheduling

ManagedMatarStarter [
ModPreCon By
Motar2S peed B
Motor_&W_EwvertTs [

otor_Lean IR
MotorF eversible
MotorS peedControlled
OverideControl
« [m 3 ] m 3
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 'MotorLean’.
This is done be opening the CFC 'MotorLean’ in the master data library with a double
click. (— MotorLean)

.

2 SIMATIC Manager - [PCS7_SCE_MP (Plant View) -- D:\PCST\SCE\P01-04\545 en\PCST_SCE\PCST_MP] = =
File Edit Insert PLC View Options Window Help — &
O |87 db 2 By iR | < No Fiter > =% HEM| W

El+{=s] PCS7_SCE_MP

E1-8p PCST_SCE_Pri

| @] Shared Declarations
Al_rultipurpose_plar

T3 product_tank
7] T4_rinsing
=-§% PCS7_SCE_Lib

{1 Shared Declarations

@ Models

4 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)

2 CFC - Motor_Lean -- PCS7_SCE_Lib\Process tag types] =1 el |

[ Chert Edit Inset CPU Debug View Options Window Help NER
O&E & me g Ghogin | 9 ®EDOI -l&aq BEM 8

& New Chart

New Text
@ All blocks
@ BIT_LGC
@ COMPARE
@ CONVERT
@ Channel
@ Diives

@ FLIPFLOP

Interlck 4
b -
® LogicDi -

& MATH_FP
& MATHINT

& MULTIPLX
& SHFT

@ WRD_LGC
@ Other blocks
57 Program(l)

Fe. B @
%
. z
[~ Find initial letter < T"\Aﬂ“l 0|

Press F1forhelp = [A/Overview  [0B32 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.

Unrestricted for Educational and R&D Facilities. © Siemens AG 2015. All Rights Reserved.
P01-04_Individual Drive Functions_V8.0_S0915_EN.docx

16



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

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)

53 CFC - [Mator_Lean -- PCS7_SCE _Lib\Process tag types] EI@

[ Chart Edit Insert CPU Debug View Options Window Help = =S
D& &R |mMBEE= 6 ain | ¥ ® BOh e BEMIN

[l Mew Chart

[]---Q All blocks
-y BIT_LGC
[]---Q COMPARE
- COMVERT
[]---Q Channel
- &y Drives
[]---Q FLIPFLOP
-y Interlck
[]---Q LogicDi
[
[
[
[
[
£
[

m

— Cutdtart
Pos7DiCu
L oBaz]
Digital .

Cut Ctrl+X
Copy Ctrl+C

;@ MATH_FP
]Q MATH_INT
@ MULTIPLX
1@ SHIFT

]Q WRD_LGC
@ Other blocks
728 57 Program(l)

P I
|

Delete Del

Predecessor for Insertion Position Shift+F11

Go to Insert Position

Object Properties... Alt+Return

Ge. B @
e

I~ Find initial letter

2%

DT /1< - 1 2

Press F1for help. —

12. You do not want to change the general properties such as operator control and
monitoring; therefore, we change to the 1/0Os. (— 1/0s)

M
Properties - Block -- Motor_Lean\Motar @
General ] 1/0s ]
Type Mot Block group:
Name: [Motor]
Comment: Motor - Large P
Inputs: 85 v OCM possible
Intemal identffier: FB1850
emal identifier OCM._
Instance DB: DB66
¥ Create block icon:
Mame (header): MatL ,7
Family: Drives
I~ MES+elevant
Author: AdvLib81
To be inserted in OBAasks Special properties
v OB100 [Warm restart]
Messages..
W Readback enabled
Print Cancel Help
L ———
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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 — O — OK)

r —— B
Properties - Block -- MotorLean\Motor ™ g u

General 1/0s I

# Name / I/0| T.. | V.. | In...| A.. | F... | Fo. | S, | T... | C... | Invisible W..|A | Td| U | Towe | T | »

284 | AutAct oUT |5... 01l [ 1]t ™ v E

286 | AUtACt.ST o] et [ [ LI mlinlEN ¥ O] E

285 [ AutAct.Value e P T Olfv. v N m

15 | AutModLi IN |S... 1! ] RN 1. V] V]

17 | AutModLi.ST | 1., [EAT A 11011 si.. V] []

16 | AutModLi.Value IN| ...[0 SN TR 10l v. V] ]

13 [AutiModop IN [B... |0 1] Ol ] ][N 1

234 [AV IN | ANY 117 11 []]Pr... v/ [] |

110 |AV_AH_Lim IN |R... |95.0 11 [] (]| []|A... V] []|N

115 | AV_AL_Lim IN |R... [5.0 11 [] (117 [A.. V] ][N

116 |AV_Hyst IN |R... |10 11 [] (]| []|A... [v] []|N

306 | AV_OpScale ouT |5... miiE 111 lA- & O]

307 | AV_OpScale.High e | e | L | < | [T 1] C11 1A V] N

308 | AV_OpScale.Low TR EE TE N IR L. V] ][N

302 |AV_Out oUT [S... 11 ] 111 1A.. V] ]

304 |AV_Out.ST o | | L [ < | [T 1] 11011 si.. V] (]

303 | AV_Out.Value o 0.0 [RSSINT TR 1l v.. [v] ][N

112 | AV_TH_Lim IN |R... 850 11 111 ]A.-. V] ] In

113 | AV_TL_Lim IN |R... |15.0 11 [] (11 []]A... [v] []|N

305 | AV_Unit OUT |INT |0 milln (1107 1E. V] N

111 | AV_WH_Lim IN |R... |90.0 (117 (111 [A.. V] [] [N

114 | AV_WL_Lim IN |R... |10.0 1B (]| []|A... V] []|N

95 |BatchEn IN |B... [0 11 [ B EE [v] ]

96 |BatchID AN 1... 11 [] []H T C.... [v] []|N

97 |BatchName IN |S.. |" 11 [ IRl C... [v] ]

52 |BypProt IN |B... |0 11 [] [11[]]8.. [v] []|N

103 [CSF IN_[5... M. | L[] Ol 0Olc. O] V] i

;"‘i’ i = m = = ‘ »
M Print Cancel | Hep |

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)

253 CFC - [MotorLean -- SCE_PCS7_eng_Lib\Models]
[ Chart | Edit Inset CPU Debug View Options Window Help

New... Ctrl+N E]
— Open... Ctrl+O0 =
1 Open Parent Chart =
1 Copy to Chart Folder E
Close L'IL
Properties... ﬁ
2 Rels
ooters... |
i e
Check Consistency » B
o
i Compile [
it
Read Back... @
Print... Ctrl+P %_
- : ic
Print Preview StIr
Page Setup...
1 SCE_PCS7_Prj\Al_Mehrzweckanlage\T3_Produktspeicher\Produkttank BO01\\A1T3X001
2 SCE_PCS7_Prj\Al_Mehrzweckanlage\T2_Reaktion\Reaktor RO01\\A1T2H011 —
v 1.
3 SCE_PCS7_Prj\Al_Mehrzweckanlage\T2_Reaktion\Reaktor RO01\\A1T2L001 lk?:
evlc
4 SCE_PCS7_Prj\Al_Mehrzweckanlage\T3_Produktspeicher\Produkttank B001\\A1T3L001 a
2
Exit AlteFd  E=
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15. To use the process tag type 'MotorLean’, it is dragged to the chart folder 'Reactor
R0O01’. (— MotorLean — Reactor R001’)

| SIMATIC Manager - [PC57_SCE_MP (Plant View) -- C:\Program Files\Siemens\STEP7\S7Proj\PCS7_SCE\PCST_MP] == ]
[ File Edit Inset PLC View Options Window Help =[] =

b= &8? & ] Ba |t E
13| PCS7_SCE_MP
=-EP PLST_SCE_Pyi
| @] Shared Declarations
A1_multipurpoze_plant
T1_educt_tanks
TZ_reaction
reaction OO
reaction RO02
T3 product_tanks
T4 _rinzing
=@ PCS7_SCE_Lib
D Shared Declarations
@ Models
Process tag types

|:N0 Filter =

- | RE mEM

4 L 2

Tnsert CFC': was executed successfully for1 of 1 ohjects, 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 R0O01 —» A1T2S003)

[#5] File Edit Insert PLC View Options  Window Help

2 SIMATIC Manager - [PC57_SCE_MP (Plant View) -- C:\Program Files\Siemens\STEP7\S7Proj\PCS7_SCE\PCST_MP] ==
= ([ =

0= |57 & B

|:NOFi|ter>

- @ BEMN

A-{zs] PCS7_SCE_MP

=& PLST_SCE_Prj

#-{_7] Shared Declarations
= A1_multipurpoge._plant
T1_educt_tanks
T2 reaction

T3_ product_tanks
T4 _rinsing

=-4% PCS7_SCE_Lib

(7] Shared Declarations
@ Models

Process tag types

4 L1} 3

Press Fl to get Help.

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

(— MotorLean — Object Properties)

3 CFC - [ALT25002 — PCST_SCE_Prj\AL_multipurpose_plant\T2_reaction\reaction RO0L] E=n =R
[ Chart Edit Insert CPU Debug View Options Window Help - [ =
D&l =i |(|hEE® G alin | 9 X EBEDN R 580 K

[ New Chart it
New Text FbkEun
[]-Q All blocks :?’72‘;"
isita
[]Q @SYSTEM PY_In Bad
- @ BIT_LGC Hsinon PU_Quk
) @ covense En o
M 5ub=PV_. -Feq[—
- @ CONVERT His_Felea Gutstart
(-4 Channel Hiis Pcs7Di0u
[]-Q Dirives :"‘5—5"* Disital |
1 @ FLIPFLOP [ omerer o | . |
-4y Interlck :zﬂt":‘:’ Cut Ctrl+X
[]-Q LogicDi —m; ; : =
- @ MATH_FP = Copy Ctrl+C
[]-Q MATH_INT Delete Del
B Q MULTIPLY Pavmi £
Uiz Predecessor for Insertion Position Shift+F11
[]-Q SHIFT Interloc
[]'Q WRD_LGC S Duk Go to Insert Position
H1no2
- Other blocks iy Object Properties... Alt-Return
[ [€8 57 Program(l) HEivetine |
J
Interlock
IntlkD2
Interlac
Hino1 Qut
1 Hino2
fes [B..  #L MLese=
FivstlnE
h Evrer
Il ovas
- t Legical S
[~ Find initial letter < —|—'\ 2
— A/l 2
Press F1 for help. - AdSheet 1 0B32
18. The name of the block is changed in the general properties.
(= Pump_A1T2S003 — OK)
Properties - Block - ALT25003\Pump_A1T25003 =5
General I |/Os ]
Type: MotL Block group
Name: [Pump _A1T25003]
Comment: Motor - Large R
Inputs 85 v OCM possible
Intemal identifier: FB1850 ocM
Instance DB DB35

W Create block icon

Name (header): MotL ’7

Family: Drives

™ MES+elevant
Author: Advlib81
To beinserted in OB/ tasks: Special properties

v OB100 [Wam restart]

Messages

¥ Readback enabled

Print 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)

32 CFC - [ALT25003 -- PCS7_SCE_Prj\Al_multipurpose_plant\T2_reaction\reaction R001] =[]
[ Chart Edit Inset CPU Debug View Options Window Help - [|& =
D& & e Es & G glin | g m% # BOh Jsa &m8M W

[ New Chart it
[ New Text FbkRun
[]-Q All blocks Pl im
Digital Pump_R1T2500 3
- BSYSTEM oot Bes foet
[y BIT_LGC Hsinon PU_Duk Motor -
Bl @ COMPARE HsimFy_In Ooshck o—ldLiOp M5_Relea
HsubsFu_1 W5_Rea[— O Authodle  MonDunEr(—
[]'Q CONVERT iz _Relea OosLi Start OutStart
(- @ Channel Hiis FhkRun FhkEunDu— Pcs7Di0u
[].Q Drives s _Ext 1—{Moni tor Digital |
M1extRef F-B—llonTiSta PU_In Bad[—|=
(1 4y FLIPFLOP e o—sinon P _Dut [—|
[]-Qlﬂter\ck HDataxzhs F.B—lanTi0us B—SimPY _In PY_ChnsT[—
i L ~ Hhntaxcha . i Ostartval OasAct [~
E : MEF'roperties - Input/Output S _Felea WS _Feq—
&3] ¥ o 16805 _Ext
[].g M Block:: MotL. purnp_A1T25003 1 5un—| N
; : Mo de
- 5H 10 MonTiDynamic - IN[REAL) = ot ascha
[].Q W X 16#0— DataXcha
@y Ot Value: ]‘ID.D il e ey OIS Kb
E-{EH 57
[ Invisible
™ watched
Camment: Maritaring Time of Feedback [2]
] Ei g
— Archive: JND archiving ¥ -
ind initi
»
Press F1for Operator authorization level |2 05 additional text: | [A/Sheet 1 0B32

Force Process object view
T T v Parameter
T Forcing act 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)

SN

[y New Chart
B New Text
[]-@ All blocks
- @SYSTEM
-4y BIT_LGC
- COMPARE
- CONVERT
[]-Q Channel
[]-Q Dirives

- FLIPFLOP
[]-Q Interlck
[]-Q LogicDi
- MATH_FP
-y MATH_INT
- MULTIPLX
-y SHIFT

- WRD_LGC

[+ 4@ Other blocks
[-{ZH 57 Program(l)

;T =
’7

[~ Find initial lstter

Press F1 for help.

.3

37} CFC - [A1T25003 -- PCS7_SCE_Pr\Al_multipurpose_plant\T2_reaction\reaction RO01]
[ Chart Edit Inset CPU Debug View Options Window Help

.
MEEs| & -« G| I =] S BEDN - aq | 58MK
510A,21%0032x0C240_0_5_4 -
0_ME Mainkanance Skaks
FbkEun
Pes7Diln
0iaital Fump_R1T 25003
“feadback vun" _,— [ Interconnection to Address... 3
—ZimPY_] z WS _Relea[—
- Textual Interconnection... -
B—ZubsPu | MenDunEr[—
15 _Fela Stave[—|
EOED A, A1NDI32xD024U 4 i Invert Ctrl+R FbkREuniu
0_ME Maintenance State 16w0—{S _Ext
1680—T et Rad Delete Interconnection(s) Del =
T
QS Ege DN ER TR0 A [t pataxer Object Properties... Alt+Return
OMODE_11 Mode Channel 11 1648 nataxcH
BOE) (A, 4050152x0024Y_4 16#0—{s_xcha 0—Rrstap
1 data exchanss Channel Pevmit
Intlock
Pavmit Protect
IntlkE2 B—Starkihn
Interloc CSF
Pevmit L nut
@—In22
S10A,2150062xDC240_0_5_1 AND—] oi e
1 data exchanse Ghannel 1—FivstIne
S1(A,E100G2=DCE+H B 5 4 —
OMODE_26 Mode Ghannel 23
Interlock
Ink1k@2
Interloc
Indd out
Tnkzrlech ] o—1naz2
AND— L ozic
1—|FivstTnE
Error
[2%-2)
Losical 2
WYk i
— A/Shest 1 0B32

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. (— A1.T2.A1T2S003.S0+.0+)

}7} CFC - [A1T25003 -- PCS7_SCE_Prj\Al_multipurpose_plant\T2_reaction\reaction R001]
[ Chart Edit Inset CPU Debug View Options Window Help

Press F1 for help.

b

FE| 4B MEE= | F - Gign| 9 = ¥ EBHDON dea mBM|w
T e o T E
New Text FhkRun
Pos?hiln
D e s
[]-Q BIT_LGC “feedback vun” —,— B Zimon Interconnection to Address... F3
e Q COMPARE 2:;:':2:;1 Textual Interconnection... xj;;:i:::
-8 CONVERT s _Re1d Start[—
[].Q Channel BEE) (A, A)5DI32x00240_4 i Invert Ctrl+R FbkRunoul—
. 0_MS Mainkenance Skake —
[].Q Drives - i::E—Tz;::v Delete Interconnection(s) Del E
[+ 4@ FLIPFLOP N er—
- Interlck BLEVERTIAITEZA00 24 -1 [ fpatasen Object Properties... Alt+Return
[]Q Log\cD\ OMODE _44 Mode Channel 44 1640 T
5-@ MATH_FP l21.72. 21725003, 50+. 0+
[]'Q MATH_INT @Rl.rz.anzHOls.i—lD+—.D+ BOCL Q 4.4 reactor R0O01 decanting to reactor R0O02 statu =
H QMULTIPLX anl.TZ.AlTZHOJS.HSLSIART BOOL I 7.6 reactor RO01 decanting to reactor RO02 starc
[]'Q SHIFT &Al.fz.anEHOJS.HS—.STDP EOCL I 7.7 zreactor RO01l decanting to reactor R0O02 stop
E]'Q WRD_LGC &RI.TZ.A1T2HOJS.Z—1Q+7.Q+ BOCL Q 5.4 reactor R0O02Z decanting to reactor RO01 statu
[]_% Other blocks @Rl.TZ.RlTZHOJG.HShSTART BOOL I 5.6 reactor R0O02Z decanting to reactor RO01 start
[] ST Program(1) @AI.TQ.AJ.TZHOJE.HS—.STOF BOCL I 5.7 reactor R0O0Z decanting to reactor RO01 stop
@;\1.1‘2.;\11‘25001.5o+—.o+ BOOL I 2.0 stirrer reactor R001 feedback running
&Al.rz.nlrzsom.sv.c BOCL Q 4.6 stirrer reactor R0O01 control =ignal
&Al.TZ.AlTESOOE 504+-.0+ BOCL I 2.1 stirrer reactor R002 feedback signal on
&Rl T2.21T25002.5V.C BOCL Q 5.6 stirrer reactor RO02 control signal =
=1.T2.81725005.50+.0+  [BOOL |I 1.0 |pump outlet reactor R0DI fesdback running |
= &Rl T2.21T25003.5V.C BOCL Q 3.4 pump cutlet reactor RO01 control signal
fs |E. & anl T2.R1T25004.50+.0+ BOOL I 1.4 pump outlet reactor R002 feedback running
’7 anl.fz.anZSOOLSU.C BOCL Q 3.5 pump outlet reactor RO0Z2 control =ignal
&AI.TZ.A_'LTETOO_'L.TU.S BOCL Q 4.5 temperature reactor R001 control signal
[~ Find initial letter &21.T2.21T2T002.TV. 5 BOOL 5.5 temperature reactor RO02 control signal |
@RI.TZ.A_'LTZXOOJ..GQ+—.Q+ BOOL I 65.4 walve inlet reactor R001 from educt tamk 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)

74 CFC - [A1T25003 - PCS7_SCE_Prj\A1_multipurpose_plant\T2_reaction\reaction R001] =[]
[ Chart Edit Inset CPU Debug View Options Window Help - [|& =
D& & 8B, ma Es 6% ain | ¥ & B0 -laq mEM w

[ New Chart it
B New Text
[]-Q All blocks
G- @ @SYSTEM Tasees
[y BIT_LGC
- COMPARE s
v anbunEr [—
[]'Q CONVERT Stavt OutStart
(- @ Channel FhkRunou[— Pes?0i0u
(- Drives I:.stltul = )
i @ FLPFLOP : PEESTIEN . .
[]'Q Interlck < O{SinPU_In  PU_Chn Intercennection to Address... F3
- @ LogicDi © Ostartval ) Intercennection to Runtime Group...
Ms_Felea s _F

-4y MATH_FP l .
o Q MATH INT P Delete Interconnection(s) Del

- 16807 exkRaf
[]'Q MULTIPLX " Hode Object Properties... Alt+Return
-y SHIFT ataichs
- WRD_LGC 16#0—|DataXcha
(1@ Other blocks HeReTls Ao
B-{ZH 57 Programi(l)

T e B @
L]

[~ Find initial lstter 3 —'—'\A .ﬂm | ;

Press F1 for help. - AiSheet 1 0B32

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

%2 CFC - [ALT25003 -- PCST_SCE_Prj\Al_multipurpose_plant\T2_reaction\reaction ROD1] =5 E=R==
[ Chartt Edit Insert CPU Debug View Options Window Help — ==
DS & 4 & mBEE = 6n oin | 9 = EBEDOI Jaa 23ms
[ New Chart i
B New Text
[]-Q All blocks
- @SVSTEM 1esees
-4y BIT_LGC
o @ conpue .
&1 CONVERT Skark OutStark
[+ Channel FbkRunu— Poz70i 0u
[]-Q Drives ‘ proats =
- FLIPFLOP . e oy [
- Interlck 3 | Interconnection to Address... F3
e Q LogicDi ] B—{stavtval Oosh Interconnection to Runtime Group...
Ms_Felea Ws_FE
E: mii:jl:‘r 45“‘3—::5_Ext Delete Interconnection(s) Del
- MULTIPLX . i Object Properties... Alt+Return
1y SHIFT ataxchs
] WRD_LGC — e | | |
[]-Q Other blocks 21.T2.R21T25003.5V.C
-z 57 Program(1) &Al.TZ.AJTQHOlE.HSLSTART BOOL I 5.6 reactor R0O02 decanting to reactor ROO1 start +
@Al.TZ.AJTZHOlE.HS—.ETDP BCOL I 5.7 reactor R0O0Z decanting to reactor R0O01 stop
&Al.TZ.A1T25001.50+—.0+ BOOL I 2.0 stirrer reactor RO01 feedback running
@Al.TE.AJTESOOJ.SV.C BOOL Q 4.8 stirrer reactor R001 control =ignal
@Al.TZ.AJTZSOOZ.S(H*.(H BCOL I 2.1 stirrer reactor R002 feedback signal on
@Al.TZ.AJTZSOOZ.SV.C BCOL Q 5.6 stirrer reactor R0O02 control signal
| ﬂ'B = 'L.. &Al.TZ.AJTZSOOS.SOLQ#— BCOL I 1.3 pump outlet reactor R0O01 feedback running
Pa1.12.31T25005.5v.C __ |BOOL |@ 3.3 |pump outlet seactor ROOI comczol signal |
@Al.TZ.AJTZSOO&.EOLD#— BCOL I 1.4 pump outlet reactor R0O0Z2 feedback running
[ Find initial Ietter aAl.TZ.AJTZSOOQ.EV.C BCOL Q 3.5 pump outlet reactor RO0Z control signal =
@Al.TE.AJTETOOJ.TV.S BOOL Q 4.5 temperature reactor R001 control =ignal
Press F1for help @Al.TE.AJTZTOOQ.TV.S BCOL Q 5.5 temperature reactor R002 control signal
@Al.TZ.AJTZXOOJ.G(H*.CH BCOL I 65.4 walve inlet reactor R0O01 from educt tank B.
@Al.TZ.AJTZXOOJ.G(H—.O— BCOL I 66.0 walve inlet reactor RO01 from educt tank B.
&Al.TZ.AJTQxOOJ.X\’.C BOOL Q 1.4 wvalwve inlet reactor R0O01 from educt tank B.
@Al.TZ.AJTZXOOE.GO+—.O+ BOOL I 65.5 walve inlet reactor R0O01 from educt tank B.
&Al.TZ.AJTZXOOZ.GCH—.O— BOOL I 66.1 walve inlet reactor RO01 from educt tank B.. ™

“ 1 +

Note: The placéholder 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. (— @I)

o e |

File Edit Inset PLC View Options Window Help :
E@IE?@I&EI&I@%I%:}-EEEE (1 |[ < No Fiter > - @ BB M
@] PCS7_SCE_MP [FEATT 25003

E@ PCS?_SEE_P[I .........................

717 Shared Declarations

=-(B] A1_multipurpose_plant
@ T1_educt_tanks
T2 _reaction

@ T3 product_tanks
: Fl-[Ea) T4_rinsing
= PCS7_SCE_Lib
(7] Shared Declarations
ﬁ Models

----- {2 Process tag types

T e —

Press F1 to get Help. |PC internal (local) y

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 Variable — Insert — Output Variable)

@ . ™

File Edit View |[! )LLC ixecute Tools Wildow Help
0 D”ﬂ@ “ ‘InputVariabIe F2 %E-N|R’.’HJ\EEEJEEEEPEJEIJ@”I][E| n o+

Output Variable F3

T=0 I

Bit Memory

Timer

Counter F12

Generic Ctrl+F2

Vertical Bits

@ S7-PLCSIM1
File Edit View [Insert| PLC Execute Tools Window Help

DEeES Input Variable R |B A&
[ Output Variable =

® pEanoea aaa| B i

Bit Memory

Timer

Counter F12

Generic Ctrl+F2

Vertical Bits

Shows an Output Variable. |Default: MPI=2 DP=2 Local=2 IP=192.168.0.1 150=08-0C
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26. Next, the correct byte addresses have to be entered. (— IB1 — QB3)

@) S7-PLCSIM1  ASI\CPU 414-3 DP ol s

File Edit View Insert PLC Execute Tools Window Help

O & & & |rcsmrcear) BB =N

(= i v i i - e = Ry

BIEE T=0

5

Ecry (=] B [El|Ble [ o[ =]|[Eek. o = |[=]

H T oAone RN I ECRE R
TES 4 32110
mininin nininl

Press F1 to get Help.

L= — =

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)

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

File Edit Inset PLC View [Options| Window Help - =[x
O | 87 Customize... Ctrl+Alt+E —leg? a8 2EM
H-{=] PCS7_SCE_MP Access Protection ’
E‘% PLS7_5CE_Pri Change Log 3

Shared Declarations
Al_multipurpose_plant
T1_educt_tanks

SIMATIC Logon Service...

. Text Libraries 3
T2_reaction
reaction RO0T Language for Display Devices...
reaction RO02 Manage Multilingual Texts »
T3_ product_tanks
T4_rinsing Rewire...

- PCS7_SCE_Lib
{1 Shared Declarations

Models Compare Blocks...
E Process tag types

Run-Time Properties...

Reference Data 3
Define Global Data
Configure Network

v | Simulate Modules
SIMATIC PDM 2
Configure Process Diagnostics

PC57 License Information...

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

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

4« | 1] b

Processes interfaces and parameter assignments for devices and assigns them to each other.
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28. PLCSIM(TCPI/IP) is set as interface here. (— PLCSIM(TCP/IP) — OK)
Set PG/PC Interface X

Access Path | LLDP / DCP | PNIO Adapter |

Access Point of the Application:
S7TONLINE (STEP7) —> PLCSIM{TCP/IP)
(Standard for STEP 7)

Interface Parameter Assignment Used:
PLCSIM(TCP/IP) Properties..

B2 PLCSIM(Local) -
B PLCSIM(MPI) L
B2 PLCSIM{PROFIBUS) ] Copy
[#@PLCSIM(TCPAP) |-

< | 1] J »

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

Interfaces

it

[Coa ) [ ]

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)

2 SIMATIC Manager - [PC57_SCE_MP (Plant View) -- C:\Program Files\Siemens\STEP7\S7Proj\PCS7_SCE\PCST_MP] =n Nl <=
File Edit Inset PLC View Options Window Help [=][=][x]
D |86 | % B2 |l |[2 2| 2% 5 & | @ [[<NoFier> - RE BEM(
]--@ PCS7_SCE_MP Shared Declarations A1_multipurpose_plant
= %W . Ll e
Lo Open Object Ctrl+Alt+ 0
Cut Ctrl+X
Copy Ctrl+C
Paste Ctrl+V
Delete Del
E@ PEST Insert New Object 3
w05 -
H ]
=3 Multipraject
P PLC b Compile and Downlead Objects...
Access Protection 3
PC57 License Information..,
Shared Declarations 3
Plant Hierarchy 2
Process Tags 2
Models 3
Control medules »
SIMATIC BATCH 3
4 Rename F2
Compiles/dow, Object Properties... Alt+Return hjects. v
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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 — ™ _; Charts - Edit)

g Compile and Downic

Selection table:

Objects Status Operating Mode Compile Download
|=-Bp PCS7_SCE_Prj
S Ast
In] Hardware undefined
o[ crU4iasTR STOP
Blocks
Charts undefined
Connections. undefined
B AS2 ] Ll
=-8 0s ] [l
r Settings for Compilation/Download Update Wiew Log Select Dbjec
Edi... I Test | Status Operating Mode Single Object All.. | Select All Dezelect Al
[~ Status during Open
™ Compile orly ¥ Do not lnad if compilation emor is dstected
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 - - X
Compile Charts as Program |5‘,.r Download I

CPU: CPU 414-3DP

Program name: ASTVCPLU 414-3 DPAST Program(1)
Scope
*' Entire program
" Changes only

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 Taraet System_‘_ u

Compile Charts as Program 57 Download I

CPU: CPU 414-3 DP
Program name: ASTWCPU 414-3 DPAST Program(1)

Download mode
{* Ertire program
{" Changes only
" Totest CPU {entire program)

Show Changesz

¥ Include user data blocks

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

f Read the notes in the online help about possible effects

Abbrechen | Hife |

Download (244:4028) X

Note that the blocks in the CPU will be deleted if you
y ]A download later [e.g. in the Simatic Manager with
R "CPU->Compile and Download Objects").

Also note that the operator input from the 05 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
= As1

W Hardware undefined

E— CPU 414-3DP STOP
Blocks

Charts undefined

? Connections undefined

-8 As2
-8 o0s

HEEE
HEREE

OoE=
OoEx

[ Status during Open

i~ Settings for Compilation/Download Update —— Wiew Log Select Dbject:
Edit. Test —l‘ ’7 Status Operating Mode Single Object All | Select All Dezelect Al

™ Compile arly ¥ Do ot load if compilation enor is detected

Close | Help L

Compile and Download Objects (3280:826) X

\ Downloading program changes during operation can, in
j 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!

Cancel I

Compile and Download Objects (3280:822)

\ If you want to download changes online, please make
j h sure that the prerequisites have been met [e.q. comect
o settings selected, no previous complete compilation from
the 05).
A complete download is only possible if the PLCs are not
in RUN.

Do you want to continue?

Yes I No I
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34. Ultimately, the errors and warnings are displayed in a log. Close the window. (— m)

B
| Compile and Download Objects - _ E@g

Datei Bearbeiten Format Ansicht 7

|DatE: 05/21/2015 tTime: 07:04:07 PM i
compile:

PCS7_SCE_Prj‘\asl'Hardware

-> object was compiled without errors

pate: 05/21/2015 tTime: 07:04:12 PM
compile:

PCS7_SCE_Prj‘Aasl’\cPu 414-3 pP\Connections
-> Object was compiled without errors

Date: 05/21/2015 time: 07:04:16 PM

Compile:

PCS7_SCE_Prj‘\As1\CPU 414-3 DP\57 Program(l)‘Charts
-> 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:

PCS7_SCE_Prj‘\Asl'Hardware

-> Object was downloaded without errors

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

PCS7_SCE_Prj‘\As1l\CPU 414-3 DP\Connections
-> Object was downloaded without errors

pate: 05/21/2015 time: 07:05:19 PM

Download:

PCS7_SCE_Prj‘\Asl\cPU 414-3 DP\57 Program({l)‘Charts
-> Object was downloaded without errors _—

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

SR

-
i logs - — -

Campile l Check consistency] Download] Block twpes | Module driver

Filter: | <Muo filer: j g

Responzible user. plt-admin
Compiling all chartz as program 4514CPU 414-3 DPYST Program(1] on 21.05.2015 13:04:20
Generate block drivers: on
Generating SCL sources: off
Set sampling times from 21.05.2015 19:04:27
W alue of parameter SampleTime in block 417 25003/pump_a1T25003 was changed.
Setting sampling times completed: 21.05.2015 19:.04:27.
The empty OB1 at the beginning waz deleted. It will be created again if it iz included in automatic block installation.
AT 25003 Permit. Inthk02:1/0 1n07 has a textual interconnection
A1T25003 ntedock. Inthk02:1/0 1n07 has a textual interconnection
A1T25003. Protect ntk02:1/0 1007 has a textual interconnection
End of code generator: 21.05.2015 19.05:10

4| 1 | r

Note: Four warnings are indicated here. Delete the empty OB1 and existing textual
interconnections. They occur because of the unconnected connections of the template.
These connections are connected in chapter P01-05.
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36. To test the program, the CPU in S7-PLCSIM is switched to 'RUN-P

(— S7-PLCSIM — RUN-P)

oo E) ) |

r@ 57-PLCSIML . 5 -
File Edit View Inset PLC Execute Tools
O & & |pcsmmepary -

i # iH T oE & = S A E

B 0g
5

Elcv (o] B [E|[Be .o & [=]|[Be. =)= ][=]
CIsF

Window Help
BB N

1] T=0

U TG B 1 leis  «| |[[ee 2 e+
EQENFH”“ 7654 3210 ||7654 3210
Dletop [ STOP wres|||FEEr CECC ||IFEEE FECE

Press F1 to get Help.

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

to the test mode first. (— CFC —» ¥ )

3 CFC - [ALT25003 - PCST_SCE_Prj\AL_multipurpose_plant\T2_reaction\reaction RO0L] =n =R
[ Chart Edit Inset CPU Debug View Options Window Help = e
0= & meE g = G dlin | 9 = BEhdaa|msm|s

[ New Chart | Test Mode (on/off) f -
New Text FbkEun
[]-Q All blocks Fcs?Diln
Disital um
- @ OSYSTEM o el
-4y BIT_LGC - O—{zimon PU_Dut Wotor -
51 @ COMPARE O—5imPy_In Oozfck 0—MadLi 0p MS_Relea
—|5ubzPy_1 WS _Rea|— 0—futhodlp  MenDunEr —
- CONVERT M5 Felea osli Start outsta
(-4 Channel " FbkRun FhkEunnuf— Pos7DiC
[].Q Dirives AbaE—ns_Ext A—Manitay [pisital |
A6HE— T axtRaf F.B—menTista PU_In |F
&1 @ FLIPFLOP " 10 0—{HanTibyn o sinon
-4y Interlck [ opatanzhs 3.0—{ManTi04s o—sinpy_]
. 68— natakchs U RapidSte B startly
E : II;ADE"I'CIS‘FP 1680—S Kcha o—{kst0p IS _Rele
- a Fermit I
- MATH_INT Intlack 1680 _Ext
m Q MULTIPLX :e:’;:mtz B Protect 1680 T ax ke
" —|StartChn Maode
[]-Q SHIFT Interloc ESE [ Zataxet
[].Q WRD_LGC 1n@41 Ouk 16#0— DataXcH
5@ Other blocks o—1naz 4680—{MS_Kchs
i AMD—| o e
6] S7 Program(l) 17ri3;t1nz
1
Interlock
Intlk@2
Interloc
N Quk
1 o—1naz
B |E.. L. AND—Losic
L CY G
Evvor
;ﬁ ovad il
Find initial lett: 4 Logical
[~ Find initial letter ! _'_'\AJ[—H‘_‘ ]
Toggles betwesn test and edit mode. = A/Sheet 1 0B32
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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)

F (CFC - [A1T25002 - PCS7_SCE_Prj\Al_multipurpose_plant\T2_reaction\reaction ROO1 ONLINE] = EEH =
[ Chart Edit Inset CPU Debug View Options Window Help kS

neE & = q 6 % AL e BEmse

T Mew Chart F

-B) Mew Text
-G All blocks
- @SYSTEM
-y BIT_LGC
(- COMPARE
(- @ CONVERT
1@ Channel
-y Drives
1)@ FLIPFLOP
- @ Interlck
B
B
B
B
B
B
B
B

Dutstart
FosT0iou
Digital

m

Pu_In Bad
o Simin PY_Out
O—{SimF¥_In  FU_Chn3T[— L

B Startial [EELELS
His_Relaa MS_Req

;@ LogicDi
@ MATH_FP

- @ MATHINT .
- @y MULTIPLY P
) @y SHIFT

@ WRD_LGC
@ Other blocks
¥ S7 Program(l) Go to Insert Position

Copy Cirl+C

Watch On

Predecessor for Insertion Position Shift+F11

Object Properties... Alt+Return

L = ]
I~ Find initial letter % S ha L Losical .

Press F1for help. - A/Shest 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.

(— Obiject Properties)

F2 CFC - [ALT25003 — PCST_SCE_Prj\AL_multipurpose_plant\T2_reactionlreaction RO01 ONLINE] [E=n E=h ===
[ Chart Edit Insert CPU Debug View Options Window Help - || & x

0 & (el q 6 ¥ AL des mEmie

& Mew Chart it

Mew Text
) All blocks
B @SYSTEM
[ @ BIT_LGC
[ Q COMPARE
[ Q CONVERT
[ @ Channel
[y Drives
-y FLIPFLOP
[ Interlck
[E
[E
£
£
£
£
£
[

Copy [T N —

Watch On

Predecessor for Insertion Position Shift+F11

@ LogicDi Go to Insert Position

@ MATH_FP

m

. Q MATH_INT Object Properties... Alt+Return

@ MULTIPLX
@ SHIFT

@ WRD_LGC
4@y Other blocks
o-{g8 57 Pregram(l)

T fe. (B ML

[ Find initial letter % -

[>ha AL »

Press F1for help. - A/Shest 1 Test: RUNNING(Process)
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(— RstOp)
r —_ - - .— e ™
_E@peﬂlﬁ— %.—— A1T25003\Purmp_A1T25003 o gt M
|| General 1/0s |
# | Name /O | T.. | Va.. | In...| A.. | Fee. | Foeo | S | T | Co. | Inwiisible | We.| Ao | Ide | Ueee | T [ T | =
34 |Stoplocal.Value IN| .. [0 <c.| 11O Ol v ][N
35 |Stoplocal 5T N[ . (16 [=ca| [ [ Ol Si. O
36 | LocalSetting IN_[INT [0 0ol Ot 0 E
37 |FbkRun IN |ST.. AL OO Ol 0= O [
38 | FbkRun.\Value N Olg Ol ve O
39 | FbkRun.ST IN| . Olg Ol Si. O
40 | Monitor IN [B.. [1 Olg Ol 0= O N
41 | MonTiStatic IN |RE.|30 0ol Ol 0O R
42 | MonTiDynamic IN [RE..[10.0 Olg Ol a M. O N
43 | MonTiDyStop IN [RE..[30 Olg Ol a M. O N
44 |1dleTime IN [RE..[50 Olg 1 O |5t O
45 | PulseWidth IN_ [RE..[30 Ol gd O Oc. O
46 | WarnTiMan IN [RE..[00 Olg OO | W.. O
47 | WarnTiAut IN [RE..[00 Olg OO | W.. O
48 | RapidStp IN [B.. [0 Olg Ot ] N
49 | RstOp IN [B.. [0 Olg Ol ajlo. ] N
50 |RstLi IN_[ST.. 0ol 0O 0Ot =
51 |RstliValue IN| .. |0 <c.| ]| O Ol ve O
52 | RstLi.ST N[ . (16 [=ca| [ [ Ol Si. O
53 |BypProt IN [B.. [0 Olg | [ |By.. N
54 | Trip IN_|ST.. 0 1=
i 55 | Trip.Value IN| .. |1 <c.| 11O O [ | Va. ][N
B 56 |Trip.5T N[ . (16 [=ca| [ [ Ol 0als O
I| |57 [Permit IN [ST.. A OO Olol= 0 -
| 1 ] ¢
Prirt Cancel Help
b

(— MonDynErr)

r —_ - - - - e ™
_E@peﬂlﬁ— %.—— A1T25003\Purmp_A1T25003 e P M
General 1/0s |
# | Name /O | T.. |Va..|In..| A | F. | Foo | S | T | C. | Inwiisible | We.| Ae. | Tde | Unee | T [T | =
242 | MS_ReleaseValue w |0 Ol d Ol O
243 | M5_ReleaseST v | o |16, Olg [ ] Sie [v] O
244 | MonDynErr OUT|5T... Ol 1 [ [Fer ]
245 | MonDynErrValue v | [0 <. [0 O OO Ve [v] O
246 | MonDynErr.ST v | e (160 = [ [T O | Si. O
247 | MonDynStopErr OUT| 5T... Ol d | [ [Fe-
248 | MonDynStopErr.Value o || e I <c..| ][O O v O
249 | MonDynStopErr.5T o | e [16. | <en] [ [ [ ] Sie O
250 | MonStaErr OUT| ST... Olg | ] |Fe.
251 | MonStaErr.Value o || e I <c..| ][O O v O
252 | MonStaErr.5T o | e (160 | <en] [ [ [ ] Sie O
253 | CurMen OUT|DL.. [0 Ol /¢ N
254 |R_StpAct OUT| ST... Olg Ot
255 |R_StpAct.Value o | I <o [0 OO Ve O
256 |R_StpAct.ST v | e (160 = [ [T O | Si. O
257 |LockAct OUT| ST... Olg Ot
258 | LockAct.Value o || e I <c..| ][O O v O
259 | LockAct.ST v | e (160 = [ [T O | Si. O =
260 | GrpErr OUT| ST... Olg Ot 1=
261 | GrpErr.Value o || e I <c..| ][O O v O
262 | GrpErr.ST e | (160 [=en]| [ | [ O ] S O
| 263 |RdyTobtart OUT| ST... Olg Ot
| 264 | RdyToStart.Value o || e I <c..| ][O O v O
I 265 |RdyTo5tart.5T v | e (160 = [ [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")

I3 CFC - [ALT25003 - PCST_SCE_Pj\Al_multipurpose_plant\T2_reaction\reaction RO01 OMLINE] == =
[ Chart Edit Inset CPU Debug View Options Window Help S

D& & mBE < | =) REOMd&aa 2E5M

[ New Chart

& All blocks i
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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) and can be stopped

again with (StartAut == 0 and StopAut == 1).
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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
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the 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.B0O1.

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_R1501_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
'MotorLean' ‘). This template is used to implement the valves.

2. In the chart folder 'Product container BOO1' 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 'Pcs7AniIn' 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 R0O01.

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 B0OO1' and name it A1T3L001. Open the
chart and insert the block 'Pcs7Diln' twice from the catalog (analogous to exercise 5).
Name one block A1T3L001_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 A1HO03 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 BOO1
Feedback open/on

Open/close valve inflow
Al1.T3.A1T3X001.GO+-.0- [115.5 BOOL Product tank BOO1
Feedback closed

Actual level value

0| A1L.T2.A1T2L001.LISA+.M IW 512 WORD Reactor ROO1

Level monitoring
A1.T3.A1T3LO01.LSA+.SA+ |118.6 BOOL Product tank BO01
Trip point H

Exercise

Level monitoring
A1.T3.A1T3LO01.LSA-.SA- |118.7 BOOL Product tank B001
Trip point L

Switch on multi-purpose

A1.A1HO01.HS+-.START 10.0 BOOL
plant

Activate EMERGENCY

~| A1.A1H002.HS+-.OFF 10.1 BOOL OFF (NO contact)

A1.ATHO03.HS+-.LOC 0.2 BOOL Activate local operation

| e

L
M
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I
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Figure 5: Excerpt from P&ID flowchart
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